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ABSTRACT 

Eleven p o t e n t i a l B r i t i s h Columbian and Washington State o i l 
ports w i t h accompanying route a l t e r n a t i v e s were compared on a r e l a t i v e 
ranking b a s i s i n terms of p o s s i b l e environmental r i s k from marine o i l 
s p i l l s . I n i t i a l l y , a r a t i n g system of n a v i g a t i o n a l r i s k , b i o l o g i c a l , 
economic and s o c i a l f a c t o r s was developed to derive a BIOLOGICAL RISK 
INDEX, an ECONOMIC RISK INDEX and a SOCIAL RISK INDEX. These indices 
were compared port/route to port/route by several ranking methods to 
determine the r e l a t i v e l y " l e a s t r i s k y " or "most r i s k y " port/route 
a l t e r n a t i v e s . C onsideration was given also to preventive, cleanup and 
compensatory measures relevant to o i l s p i l l s . 

RESUME" 

Onze p r o j e t s d'ame*nagement de ports p e t r o l i e r s , en 
Colombie-Britannique et dans l'e"tat de Washington, a i n s i que les diverses 
options de routes maritimes ont e'te compare's en f o n c t i o n des dommages 
pre^visibles "a l'environnement r e s u l t a n t d'un deversement de pe"trole. On 
a d'abord e'labore' une e c h e l l e de classement tenant compte des dangers de 
na v i g a t i o n et des facteurs b i o l o g i q u e s , e'conomiques et sociaux. Le but 
e t a i t d ' e t a b l i r un i n d i c e de risques b i o l o g i q u e s , un autre de risques 
economiques et un trois i e m e de risques sociaux. Tous ces indices ont 
s e r v i "a comparer les uns aux autres les diverses combinaisons port-route 
a f i n de determiner, selon c e r t a i n s baremes de classement, quelles 
combinaisons pre*sentaient relativement l e plus ou l e moins de r i s q u e s . On 
a e'galement tenu compte des mesures de prevention, de nettoyage et de 
compensation qu'entrafnent les de'versements de pe"trole. 
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PREFACE 

The r e s u l t s of t h i s comparative study represent only a 
c o n t r i b u t i o n towards a r e l a t i v e r i s k a n a l y s i s of various routes f o r 
d e l i v e r i n g o i l to eleven port a l t e r n a t i v e s i n B r i t i s h Columbia and 
Washington S t a t e . Emphasis i s predominantly on marine aspects of 
a l t e r n a t i v e r o u t i n g s ; any complete environmental assessment would have to 
d e t a i l such other fa c t o r s as a i r p o l l u t i o n p o t e n t i a l , t e r r e s t r i a l 
p i p e l i n e impacts, cleanup c o s t s and terminal s i t e c h a r a c t e r i s t i c s . 

This study w i l l doubtless generate some strong " p a r t i s a n " 
r e a c t i o n s . However, i t i s hoped t h a t readers w i l l assess i t as a whole, 
re c o g n i z i n g the conceptual and l o g i s t i c c o n s t r a i n t s of such an a n a l y s i s . 
The c o n t r i b u t o r s to the study would welcome comment on the general 
approach used, as w e l l as on s p e c i f i c aspects of the r e s u l t s . 

For the sake of concise p r e s e n t a t i o n , t h i s volume i s 
i n t e n t i o n a l l y a summary one. Methodological and t e c h n i c a l d e t a i l s can be 
found i n the appendices located i n a supplementary volume. 
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CHAPTER 1 

INTRODUCTION 

1.1 BACKGROUND 

Shipments of crude o i l from Alaskan and offshore sources 
through Canada's P a c i f i c c o a s t a l waters have led to concerns about 
p o t e n t i a l o i l s p i l l impacts on marine resources and adjacent s h o r e l i n e 
environments. This concern has been heightened by s p e c i f i c proposals f o r 
new or expanded supertanker terminals i n B r i t i s h Columbia and Washington 
State. 

Responding to t h i s i s s u e , the Department of F i s h e r i e s and the 
Environment requested i t s Estuary Working Group ( P a c i f i c ) to compare the 
r i s k s associated w i t h shipments of crude o i l to tanker terminals at 
eleven p o t e n t i a l port s i t e s i n or near B r i t i s h Columbia. 

The study was o r i g i n a l l y intended to provide a general r e g i o n a l 
perspective against which to view a s p e c i f i c proposal f o r a major o i l 
port at K i t i m a t , B r i t i s h Columbia. The current u n c e r t a i n t y regarding 
proposals f o r other terminal s i t e s does not reduce, and perhaps 
increases, the need f o r a comparative a n a l y s i s . 

The a n a l y s i s bears s i m i l a r i t i e s to one applied i n 1976 i n a 
study of p o t e n t i a l o i l ports on the East Coast e n t i t l e d "An Environmental 
Risk Index f o r the S i t i n g of Deep Water O i l P o r t s " by F i s h e r i e s and 
Environment Canada. However, i t i s s t r o n g l y emphasized t h a t the methods 
applied i n t h i s West Coast study d i f f e r s u f f i c i e n t l y from the East Coast 
one such that the r i s k values of each are not numerically comparable. 
Paramount amongst the d i f f e r e n c e s between the two studies i s that the 
East Coast one evaluates only port s i t e s , while the West Coast study 
p r i m a r i l y considers various routes to each port s i t e . 

This report assesses r e l a t i v e r i s k . I t i s not an impact 
a n a l y s i s . In f a c t , a l l the information necessary to conduct a proper 
impact study at any one, or s e v e r a l , of the s i t e s described h e r e i n i s not 
presently a v a i l a b l e . 

1.2 OBJECTIVES 

The p r i n c i p a l o b j e c t i v e of t h i s a n a l y s i s i s to compare the 
r e l a t i v e v u l n e r a b i l i t y of marine resources to o i l s p i l l s which may occur 
from crude o i l shipments to eleven p o t e n t i a l West Coast supertanker 
terminals. The general method was to evaluate various components of 
v u l n e r a b i l i t y , to combine them in t o indices of r i s k f o r each p o t e n t i a l 
port/route, and then to order the ports/routes i n groupings from highest 
r i s k to lowest. 

Although the major o b j e c t i v e concerns p o t e n t i a l supertanker 
terminals and routes, a second, more general, o b j e c t i v e e x i s t s . I t i s to 
f u r t h e r develop and t e s t methods i n the d i f f i c u l t f i e l d of broad-scale 
environmental assessment of shipping and port development a l t e r n a t i v e s . 
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1.3 SCOPE 

The region under examination includes a l l of the B r i t i s h 
Columbia coast plus portions of the coast of southwest Alaska and 
northwest Washington State. The time frame i s n e a r - f u t u r e , based on 
p o t e n t i a l crude o i l demands f o r B r i t i s h Columbia, Washington, and other 
northern U.S. states (the Northern T i e r ) . Data was extracted from the 
most recent or accurate records and sources a v a i l a b l e . 

There i s no attempt to i d e n t i f y s p e c i f i c causes of tanker 
accidents that would r e s u l t i n o i l s p i l l s , although i t i s g e n e r a l l y known 
that c o l l i s i o n and grounding, r a t h e r than s t r u c t u r a l f a i l u r e , ramming, 
breakdown, f i r e or e x p l o s i o n , are the dominant p r o b a b i l i t i e s . The focus 
instead i s on comparing the r e l a t i v e impact of marine s p i l l s upon various 
port and route a l t e r n a t i v e s . 

Other p o l l u t i o n sources which are a consequence of o i l tanker 
t r a f f i c ( a i r emissions, terminal f a c i l i t i e s and p i p e l i n e c o r r i d o r s ) are 
given an overview i n t h i s study, but they are p e r i p h e r a l to the main 
o b j e c t i v e and no r e l a t i v e ranking of them i s attempted. 

The most immediately c a t a s t r o p h i c environmental event, an 
e x p l o s i o n , does not play a part i n the current a n a l y s i s . I t i s 
emphasized, however, t h a t such an event could obviously cause major 
damage on land as w e l l as p o l l u t i o n at sea. 

There i s a broad range of factors which can be taken into 
account i n determining n a v i g a t i o n a l r i s k . Those dealt w i t h i n t h i s 
report concentrate upon p h y s i c a l environmental parameters such as water 
depth and v i s i b i l i t y . The temporal and s p a t i a l v a r i a b i l i t y of these 
e s s e n t i a l l y u n c o n t r o l l a b l e , n a t u r a l c h a r a c t e r i s t i c s provides the basis 
fo r s i t e / r o u t e n a v i g a t i o n a l r i s k comparison. 

However, there are other, c o n t r o l l a b l e undertakings pertinent 
to marine t r a f f i c management and to shipboard and terminal operations, 
which can lead to s i g n i f i c a n t coastwide improvements i n n a v i g a t i o n a l 
safety and p o l l u t i o n prevention, regardless of the p a r t i c u l a r choice of 
s i t e . These include n a v i g a t i o n a l a i d s , v e s s e l t r a f f i c management 
systems, ship c o n s t r u c t i o n standards, crew q u a l i f i c a t i o n s , operating 
requirements, p o l l u t i o n prevention equipment, contingency plans and 
others. As w e l l , compensation funds provide means to reimburse a f f e c t e d 
r e s i d e n t s when s p i l l s do occur. The Canadian Coast Guard has already 
made s i g n i f i c a n t s t r i d e s i n these d i r e c t i o n s through the promulgation of 
r e g u l a t i o n s (e.g., Navigating Appliance Regulations, Ship's Deck Watch 
Regulations, Non-Canadian Ships' Compliance C e r t i f i c a t e s ) , the 
establishment of n a v i g a t i o n a l aids and Vessel T r a f f i c Management (VTM) 
systems, the development of comprehensive n a t i o n a l g u i d e l i n e s (e.g., the 
TERMPOL CODE) and the maintenance of the Maritime P o l l u t i o n Claims Fund. 
Although not included i n the rankings developed i n the r e p o r t , such items 
are given a b r i e f overview i n Chapter 9. 

In the examination of s i t e / r o u t e a l t e r n a t i v e s , i t i s important 
to keep i n perspective the general goal of reducing, to the maximum 
extent p r a c t i c a b l e , a l l n a v i g a t i o n a l and environmental r i s k s . The r e s u l t s 
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of the present comparative study must not be viewed as an end i n i t s e l f , 
but rather as only one of several major parts of a broader context. Only 
through a combination of optimum s i t e s e l e c t i o n , implementation of 
coastwide r i s k - r e d u c i n g measures and port/route s p e c i f i c m i t i g a t i v e 
design can the o b j e c t i v e s f o r n a v i g a t i o n a l safety and environmental 
p r o t e c t i o n be achieved. 

1.4 PORTS AND ROUTES STUDIED 

The ports selected f o r a n a l y s i s include some fo r which 
c o n s t r u c t i o n or expansion of o i l terminals has been proposed or seems 
l i k e l y to be proposed, and others which have received l i t t l e p u b l i c 
a t t e n t i o n i n the o i l port context. P o r t s i n the l a t t e r category have 
been assessed to broaden the range of the a n a l y s i s and because they are, 
or could become, a c t i v e general p o r t s . 

The ports are shown i n Figure 1.4.1 w i t h p o t e n t i a l tanker 
routes from outer c o a s t a l waters. Roughly from north to south the ports 
are Port Simpson, R i d l e y I s l a n d , K i t i m a t , B e l l a Coola, B r i t a n n i a Beach, 
Port Moody, Roberts Bank, Esquimalt, Cherry P o i n t , Burrows Bay, and Port 
Angeles. The study does not attempt to c l a r i f y the possible 
i n t e r r e l a t i o n s h i p s between p o r t s , e.g., how development at one port might 
reduce shipments to e x i s t i n g t e r m i n a l s . 

P o t e n t i a l routes include the a l t e r n a t i v e s of routing Alaskan 
north-south tanker t r a f f i c close to the B.C. Coast (nearshore routes) and 
200 n a u t i c a l miles to seaward (of f s h o r e r o u t e s ) . (Mideast tankers would 
also generally be 200 n a u t i c a l miles offshore u n t i l t h e i r f i n a l 
approach.) 

A l l ports are capable of handling very large crude c a r r i e r s 
(VLCC) except Port Moody which would be l i m i t e d to 125,000 DWT tankers 
because of a 55 foot depth l i m i t a t i o n under the F i r s t Narrows Bridge; i t 
i s therefore not c o n s i s t e n t w i t h the assumed maximum vessel s i z e of 
325,000 DWT f o r other p o r t s . However, Port Moody was included as i t 
already has e x i s t i n g o i l terminal f a c i l i t i e s . 

Although Esquimalt would never l i k e l y be a p i p e l i n e t e r m i n a l , 
i t could act as a port f o r transshipments to smaller tankers and 
therefore was included as a possible l o c a t i o n on Vancouver I s l a n d . 

Terminal design f o r a l l ports i s hypothesized the same as that 
o r i g i n a l l y proposed f o r K i t i m a t by K i t i m a t P i p e l i n e L t d . (500,000 b a r r e l s 
per day) and d e t a i l e d i n i t s TERMPOL Submission to the M i n i s t r y of 
Transport. I t should be noted that d i f f e r e n t ports could r e q u i r e 
d i f f e r e n t numbers of tanker v i s i t s to supply 500,000 bpd, depending on 
draught and l e g a l c o n s t r a i n t s . However, f o r the sake of comparison, the 
study assumes a uniform number of v i s i t s per port. 

1.5 DEVELOPMENT OF INDICES 

In the a n a l y s i s which f o l l o w s , i t was necessary to work from 
both q u a l i t a t i v e and q u a n t i t a t i v e data and to combine a considerable 
number of sets of d i s s i m i l a r information. 
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To do so, considerable judgement was used i n the development of 
indices g e n e r a l l y r e p r e s e n t a t i v e of the broad range of values at r i s k . 
The index numbers f o r i n d i v i d u a l s e t s of data were combined as described 
below to produce f i n a l i n d i c e s . (Chapter 7 provides much more s p e c i f i c 
d e t a i l on the various i n d i c e s . ) 

Four main indices were c a l c u l a t e d f o r each port and associated 
routes. These included: 

- NAVIGATIONAL RISK INDEX: N a u t i c a l , hydrographic, 
c l i m a t i c and oceanographic data were combined to 
produce an index of o i l s p i l l r e l a t i v e p r o b a b i l i t y 
f o r the various port/route options. 

- BIOLOGICAL RESOURCE INDICES: Shoreline b i o l o g i c a l 
c a p a b i l i t y , salmon escapements, other f i s h e r i e s 
values, marine-associated b i r d s and marine mammals 
were used to develop i n d i c e s of e c o l o g i c a l value, 
as d i s t i n c t from purely economic resource-use 
considerations . 

- ECONOMIC RESOURCE INDICES: These indices focussed 
on the commercial value of marine resources, on 
f i s h i n g v e s s e l s and on r e c r e a t i o n a l c r a f t . 

- SOCIAL RESOURCE INDICES: S o c i a l values were 
r e l a t e d to popu l a t i o n d i s t r i b u t i o n s i n c o a s t a l 
communities. Consideration was given to the 
d i s t i n c t i o n between non-native and na t i v e c u l t u r e s . 

To o b t a i n the f i n a l composite i n d i c e s , the RESOURCE INDEX 
values were m u l t i p l i e d by the NAVIGATIONAL RISK INDEX values to obtain 
BIOLOGICAL, ECONOMIC and SOCIAL RISK INDICES f o r each port/route 
combination. 

In a d d i t i o n to these r i s k i n d i c e s , the study also assessed 
r e l a t i v e o i l s p i l l cleanup c o s t s , reviewed a i r p o l l u t i o n f a c t o r s and 
summarized major impacts along a l t e r n a t i v e p i p e l i n e c o r r i d o r s . 

As data were used at a uniform l e v e l of g e n e r a l i z a t i o n f o r the 
coast, many d e t a i l e d sources of information were excluded. I t i s 
emphasized that c o n s i d e r a t i o n of more d e t a i l e d information would be 
mandatory i n any s i t e - s p e c i f i c study of impact. 

The ranking of r i s k s must be regarded as that to be expected on 
average f o r the co n d i t i o n s defined. The indices of n a v i g a t i o n a l r i s k and 
of resources appear sound, given a v a i l a b l e methodology and data. However, 
the s e l e c t i o n of route segments, s e a s o n a l i t y of parameters and po s s i b l e 
a r e a l extent of contamination required c a r e f u l , judgemental choices. 
Owing to the d i f f i c u l t i e s of p r e d i c t i n g such study components a c c u r a t e l y , 
the r i s k of a p a r t i c u l a r s p i l l i n a p a r t i c u l a r area could be greater than 
or l e s s than that implied i n the f i n a l i n d i c e s . Therefore, the f i n a l 
o r d e ring presented i n t h i s report represents the best reasoned judgement 
of the experts p a r t i c i p a t i n g i n the study. 

I t i s s t r o n g l y emphasized t h a t the comparisons are r e l a t i v e . 
Least r i s k does not imply no r i s k . Thus, a port/route i d e n t i f i e d as 
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being " l e a s t r i s k y " i n t h i s a n a l y s i s could, on comprehensive and d e t a i l e d 
study, be found completely unacceptable from a Canadian point of view due 
to s p e c i f i c l i a b i l i t i e s , inadequate b e n e f i t s or the negative impacts of 
non-marine f a c t o r s . The converse might also be true. Endorsement of any 
of the ports analysed here would requ i r e f u r t h e r s p e c i f i c assessment of 
the l i k e l y magnitude of s p i l l impact and of r e s u l t a n t environmental 
c o s t s , together w i t h a judgement that such costs would be c l e a r l y 
overriden by net b e n e f i t s to Canada. 
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CHAPTER 2 

SUMMARY CONCLUSIONS 

1. This report i s an assessment of the r e l a t i v e r i s k from o i l s p i l l s to 
the b i o l o g i c a l , economic and s o c i a l marine resources of the West 
Coast. I t does not purport to be a d e t a i l e d environmental impact 
a n a l y s i s of any one port or route a l t e r n a t i v e . The r e s u l t s of the 
various ranking systems are based s o l e l y on marine c o n s i d e r a t i o n s ; 
i n c l u s i o n of such other f a c t o r s as a i r p o l l u t i o n p o t e n t i a l , 
t e r r e s t r i a l p i p e l i n e impacts, cleanup costs and terminal s i t e 
c h a r a c t e r i s t i c s could very p o s s i b l y a l t e r the ranking derived h e r e i n . 
Such a d d i t i o n a l factors must be i n t e g r a l to the environmental 
assessments undertaken p r i o r to the approval of any p a r t i c u l a r o i l 
port t e r m i n a l . 

2. Major tanker terminals at Port Moody, B r i t a n n i a Beach, Roberts Bank 
and Cherry Point pose the highest r e l a t i v e r i s k s , whether served by 
nearshore or o f f s h o r e routes from Alaska or the Mideast. Should any 
one of these s i t e s be contemplated f o r future development or 
increased production c a p a b i l i t y , i t must be opposed on the grounds of 
high r e l a t i v e environmental marine r i s k . 

3. Port Simpson, R i d l e y I s l a n d , K i t i m a t (Hecate, Caamano) and Port 
Angeles (Juan de Fuca), i f served by o f f s h o r e routes, are the ports 
presenting the l e a s t marine r i s k . However, any one of them might 
s t i l l be unacceptable owing to s p e c i f i c l i a b i l i t i e s , inadequate 
b e n e f i t s , or because of non-marine f a c t o r s such as a i r p o l l u t i o n 
p o t e n t i a l or t e r r e s t r i a l p i p e l i n e impacts. 

4. Results on Port Angeles and K i t i m a t i n d i c a t e s i m i l a r r e l a t i v e marine 
r i s k and thus do not permit c l e a r conclusions as to which i s more 
r i s k y . Should f i r m proposals emerge f o r major tanker terminals at 
e i t h e r of these l o c a t i o n s , f u r t h e r s i t e - s p e c i f i c t e c h n i c a l 
evaluations must be undertaken, re c o g n i z i n g not only the r e l a t i v e 
degree of r i s k a t Port Simpson and R i d l e y I s l a n d , but also the 
importance of various non-marine fac t o r s not d e a l t w i t h i n d e t a i l i n 
t h i s r e p o r t . 
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CHAPTER 3 

THE MARINE BIOLOGICAL EFFECTS OF OIL POLLUTION 

This chapter gives a general d e s c r i p t i o n of the e f f e c t s of 
s p i l l e d o i l on the l i v i n g resources of the sea. The subject is discussed 
in greater d e t a i l i n the appendices volume. 

World experience w i t h the environmental e f f e c t s of a c c i d e n t a l 
and chronic o i l s p i l l a g e into the ocean u n f o r t u n a t e l y has been growing 
r a p i d l y i n the past few years. The r e s u l t s of observations and studies 
of o i l s p i l l s are reviewed r e g u l a r l y by such organizations as the United 
Nations, the North A t l a n t i c Treaty O r g a n i z a t i o n , the U.S. N a t i o n a l 
Academy of Sciences, the Paris-based Organization f o r Cooperation and 
Economic Development and by various s c i e n t i f i c groups and i n d i v i d u a l s , 
e.g., the "Oil/Environment-19 7 7" Conference r e c e n t l y sponsored by 
F i s h e r i e s and the Environment Canada and the o i l i n d u s t r y . 

It is d i f f i c u l t to summarize the e c o l o g i c a l impact of s p i l l e d 
o i l because crude o i l s vary i n t h e i r c h a r a c t e r i s t i c s and i n t h e i r e f f e c t s 
on l i v i n g organisms. In s p i t e of t h i s , the f o l l o w i n g f i v e general 
e f f e c t s have been i d e n t i f i e d : 

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

behavioural a c t i v i t i e s such as r e s p i r a t i o n , feeding 
or reproduction, 

- mechanical i n t e r f e r e n c e , 
- i n c o r p o r a t i o n into organisms causing accumulation 

in food chains or t a i n t i n g , and 
- changes i n h a b i t a t s . 

How long contamination might p e r s i s t depends on the kind of o i l , the 
extent and duration of f o u l i n g , and on such p h y s i c a l factors as the 
nature of the s h o r e l i n e , wave energy and sea temperature. 

3.1 FISHERIES 

The impact of o i l on f i s h e r i e s is u s u a l l y most severe i n 
c o a s t a l e s t u a r i e s and nearshore waters because of the importance of these 
areas i n the spawning, r e a r i n g and feeding of f i s h . By far the most 
acute e f f e c t s are on the eggs and l a r v a l stages of f i s h and other marine 
organisms upon which f i s h feed. Some petroleum f r a c t i o n s are l e t h a l to 
adult and j u v e n i l e f i s h at low concentrations, although crude o i l i t s e l f 
can be q u i t e t o x i c to f i s h eggs and larvae (Kuhnhold, 1972). 

On the B r i t i s h Columbia Coast, the worst p o t e n t i a l impact of 
o i l s p i l l s on the commercially harvested f i s h e r i e s resources would be on 
P a c i f i c h e r r i n g , which spawn on red algae and other i n t e r t i d a l 
v egetation, and on shore rocks i f no vegetation i s a v a i l a b l e . Eggs 
covered w i t h o i l would most l i k e l y d i e . A f t e r h e r r i n g eggs hatch, the 
larvae d r i f t w i t h the current at or near the surface for two or three 
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weeks when they are s t i l l very v u l n e r a b l e . Apart from the m o r t a l i t y of 
eggs and l a r v a e , t a i n t i n g of h e r r i n g products through uptake of petroleum 
f r a c t i o n s would be v i r t u a l l y c e r t a i n . The small but l u c r a t i v e Indian 
harvest of herring-roe-on-kelp c o u l d be disrupted by an o i l s p i l l and 
closure of the f i s h e r y f o r mature roe-bearing h e r r i n g would probably be 
neces sary. 

Populations of salmonids, i . e . , the f i v e species of P a c i f i c 
salmon, steelhead t r o u t and other sea-going t r o u t , g e n e r a l l y would be 
l e s s vulnerable to a c o a s t a l o i l s p i l l than h e r r i n g , because the most 
s e n s i t i v e stages, eggs and a l e v i n s , occur i n freshwater. However, adult 
salmonids must move through p o t e n t i a l s p i l l areas to spawn and young 
salmon spend considerable time near the water surface i n e s t u a r i e s and 
other c o a s t a l waters on t h e i r seaward migrations. Not only could o i l 
k i l l j u v e n i l e f i s h , but i t could a l s o destroy the small aquatic organisms 
on which they feed. O i l can block sensory perception and a f f e c t 
m i g r a t i o n , food searching and avoidance of predation. Chemical 
dispersants and e m u l s i f i e r s o f t e n advocated f o r cleanup are also t o x i c to 
marine organisms, sometimes conside r a b l y more so than o i l i t s e l f , as 
found i n the TORREY CANYON d i s a s t e r (Smith, 1968). In the worst case, an 
estuary ecosystem h i g h l y important to salmonid production could be 
s e r i o u s l y d i s r u p t e d f o r years. 

Groundfish would probably s u f f e r l e s s than other f i s h e r i e s , 
w i t h two q u a l i f i c a t i o n s : 

- Some species have eggs and/or larvae which f l o a t 
close to the surface. Others sometimes lay eggs 
near shore. These would r i s k a s i m i l a r m o r t a l i t y 
as f o r h e r r i n g , 

- The use of s i n k i n g agents to remove o i l s l i c k s 
could have an adverse e f f e c t on the sea-bottom and 
i t s i n h a b i t a n t s . Bottom f i s h might be t a i n t e d by 
petroleum hydrocarbons d i r e c t l y o r through the food 
cha i n . 

Crustaceans i n c l u d i n g shrimps, prawns and crabs are vulnerable 
i n t h e i r l a r v a l stages when they are near the surface. T a i n t i n g of the 
commercial catch c o u l d be a severe problem. Clams and oysters could be 
subject to heavy accumulations of o i l i n the i n t e r t i d a l zone and, 
although f a i r l y r e s i s t a n t from the point of view of s u r v i v a l , would be 
very s u s c e p t i b l e to t a i n t i n g . 

Other inv e r t e b r a t e s i n c l u d i n g mussels, abalone, s c a l l o p s , sea 
u r c h i n s , sea cucumbers, squid and octopi would be a f f e c t e d adversely 
through d i r e c t t o x i c i t y , uptake of hydrocarbons and degradation of t h e i r 
h a b i t a t s . They too would be p a r t i c u l a r l y vulnerable i n t h e i r l a r v a l 
stages. While these species (some of which are very abundant along the 
coast) are not yet the basis of a s i g n i f i c a n t f i s h e r y , they are sometimes 
important i n the food chains of commercially important f i s h species. 

3.2 MARINE-ASSOCIATED BIRDS 

Among the damages caused by o i l to marine fauna and f l o r a , the 
o i l i n g of b i r d s i s one of the most s t r i k i n g . Mechanically, o i l destroys 
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the waterproof q u a l i t i e s of the plumage by d i s r u p t i n g feather arrangement 
and a l l o w i n g c h i l l i n g by water or a i r , e s p e c i a l l y during w i n t e r months. 
The o i l may not only saturate the outer contour feathers, but also 
penetrate the down feathers which i n s u l a t e the b i r d . Soaked w i t h o i l and 
water, the b i r d loses i t s buoyancy and may drown or make i t s way to shore 
even t u a l l y to d i e . Continued exposure to c o l d and i n a b i l i t y to feed 
render the b i r d incapable of maintaining i t s body temperature. 
Complications, such as i n t e r n a l i n f e c t i o n s and shock, combined w i t h the 
d e p l e t i o n of body f a t , e v e n t u a l l y k i l l i t . 

The t o x i c nature of o i l also plays a role i n the m o r t a l i t y of 
o i l e d b i r d s . I t has been shown by means of isotope studies that o i l e d 
b i r d s preen about 50% of the o i l from t h e i r feathers i n the f i r s t e i g h t 
days a f t e r o i l i n g and ingest most of i t i n the process. Post-mortem work 
on several species of seabirds have shown p a t h o l o g i c a l conditions of 
various i n t e r n a l organs. F i n a l l y , o i l can present serious hazards to the 
reproduction of b i r d s through contamination of eggs and i n g e s t i o n of 
o i l . 

Of a l l aquatic b i r d s , a l c i d s and seaducks appear to be the 
c h i e f v i c t i m s of o i l p o l l u t i o n on a global b a s i s . That these b i r d s 
c o n s t i t u t e the most frequent and l a r g e s t c a s u a l t i e s i s r e l a t e d to t h e i r 
presence i n h e a v i l y t r a v e l l e d sealanes, t h e i r large numbers, t h e i r time 
spent on the water and t h e i r behavior towards o i l s l i c k s . Both a l c i d s 
and seaducks dive f o r t h e i r food so that when they break surface i n an 
o i l s l i c k , they become coated w i t h o i l . Oldsquaws have been observed to 
land on o i l patches where wave a c t i o n i s less ( C u r r y - L i n d a h l , 1960). 
During an encounter w i t h an o i l s l i c k , common murres have escaped by 
d i v i n g , but r i s k e d o i l contamination on s u r f a c i n g (Bourne, 1968). 

Although g u l l s , l i k e a l c i d s and seaducks, are numerous i n the 
North P a c i f i c , they are much l e s s vulnerable to o i l p o l l u t i o n because of 
t h e i r more a e r i a l h a b i t s . G u l l s can f l y over surface p o l l u t i o n and 
u s u a l l y have l i t t l e cause to descend onto i t . Likewise, waders spend 
much time on shorelines above deepwater areas and u s u a l l y are merely 
stained. G u l l s and waders are vulnerable, however, to serious o i l 
p o l l u t i o n under c e r t a i n c o n d i t i o n s . O i l c a r r i e d onto t h e i r r o o s t i n g 
areas on n i g h t t i d e s may catch g u l l s at r e s t on the tideway. Waders may 
become contaminated by stranded o i l when they are feeding at low t i d e . 
Short-legged waders such as the dunlin are e s p e c i a l l y v u l n e r a b l e . 
M i g r a t i n g geese also appear to be susceptible to o i l p o l l u t i o n . 

In most o i l p o l l u t i o n d i s a s t e r s i n v o l v i n g b i r d s , i t has been 
impossible to determine how populations as a whole are a f f e c t e d , because 
population sizes of seabirds p r i o r to d i s a s t e r s are o f t e n unknown. In 
some cases where such b a s e l i n e information was a v a i l a b l e , the r e s u l t i n g 
reductions i n populations were dramatic. As a consquence of the 
r e c u r r i n g heavy m o r t a l i t y from o i l p o l l u t i o n i n the B a l t i c , the number of 
oldsquaws migrating through Finland was reduced by 1960 to 1/10 the 
number recorded i n the l a t e 1930's (Bergman, 1961). The number of 
p u f f i n s on l i e Rouzic i n Sept-Iles , B r i t t a n y , dropped from 5,000 b i r d s to 
about 600 as a r e s u l t of the T0RREY CANYON d i s a s t e r (Milon and Bougerol, 
1967). The l o c a l population of common murres at Ormes was depleted by 
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75% i n an o i l p o l l u t i o n incident there that followed a c o l l i s i o n 
i n v o l v i n g the tanker HAMILTON TRADER (Hope-Jones et a l , 1970). The 
breeding populations of common eiders i n the o i l p o l l u t e d Kokar and Foglo 
Archipelago decreased by 25-33% and 20.6%, r e s p e c t i v e l y , a f t e r the 
grounding of the tanker PALVA ( S o i k k e l i and V i r t a n e n , 1972). A tanker 
accident i n 1968 i n South A f r i c a n waters r e s u l t e d i n o i l p o l l u t i o n which 
wiped out the e n t i r e populations of jackass penguins of Dyer I s l a n d , 
estimated at 8,000 b i r d s i n 1963 (Westphal and Rowan, 1970). Along w i t h 
the estimated 14,000-19,000 penguins k i l l e d i n the ESSO ESSEN d i s a s t e r , 
both i n c i d e n t s may have destroyed t e n percent of a l l the jackass penguins 
breeding on Cape I s l a n d . 

3.3 MARINE MAMMALS 

In B r i t i s h Columbia, o i l p o l l u t i o n can p o t e n t i a l l y a f f e c t the 
sea o t t e r , f i v e species of pinnipeds ( s e a l s and sea l i o n s ) and 20 species 
of cetaceans (whales, dolphins and p o r p o i s e s ) . Some studies have been 
done on the e f f e c t s of o i l on pinnipeds, but none on the sea o t t e r or 
cetaceans; thus there i s a degree of s p e c u l a t i o n on the exact e f f e c t s of 
o i l on marine mammals. 

The e f f e c t s are l i k e l y to vary considerably between species 
because of d i f f e r e n c e s i n i n s u l a t i o n and behaviour. For the sea o t t e r , 
i n s u l a t i o n i s provided by a dense fur coat (pelage) r a t h e r than blubber. 
Fo u l i n g of the pelage would undoubtedly r e s u l t i n death from c h i l l i n g and 
s t r e s s . As the species i n h a b i t s inshore areas, i s slow-moving and 
nonmigratory, i t probably would be unable to avoid o i l s l i c k s . The fur 
seal uses both fur and blubber f o r i n s u l a t i o n and thus f o u l i n g could 
cause death w i t h t h i s species too. However, the fur s e a l i s pelagic and 
h i g h l y mobile and might be able to avoid or q u i c k l y swim through o i l 
patches. 

Other pinnipeds use p r i m a r i l y blubber f o r i n s u l a t i o n , thus 
e l i m i n a t i n g the s t r e s s of c h i l l i n g from fouled pelage. Studies on sea 
l i o n s and h a i r s e a l s suggest that o i l f o u l i n g and i n g e s t i o n f o r short 
periods may not be p a r t i c u l a r l y harmful f o r healthy i n d i v i d u a l s . No 
adverse e f f e c t s from f o u l i n g could be shown on l o c a l populations of 
C a l i f o r n i a sea l i o n s and elephant seals f o l l o w i n g the Santa Barbara o i l 
s p i l l (Le Boeuf, 1971; Brownel1 and Le Boeuf, 1971; both quoted from 
Davis and Anderson, 1976). Experimental studies i n v o l v i n g the immersion 
of harp and ringed s e a l s i n o i l e d water f o r 24 hours and the forced 
i n g e s t i o n of o i l showed t r a n s i e n t eye damage and minor kidney and 
p o s s i b l e l i v e r l e s ions (Geraci and Smith, 1976). There are i n d i c a t i o n s , 
however, that i n d i v i d u a l s i n poor c o n d i t i o n may die from the a d d i t i o n a l 
s t r e s s that o i l contamination would provide. In nursing grey seals 
which had become fouled by an o i l s p i l l , no d i f f e r e n c e s could be shown i n 
the rate of growth or m o r t a l i t y compared to uncontaminated seals (Davis 
and Anderson, 1976). Stress from human disturbance i n attempting to 
clean the grey s e a l was suggested as being a greater cause f o r pup 
m o r t a l i t y than o i l contamination. 

Assuming that cetaceans can swim and breath normally i n 
o i l - c o a t e d waters, t h i s group probably would be the l e a s t a f f e c t e d . 
R e l y i n g upon blubber f o r i n s u l a t i o n , they would not s u f f e r c o l d s t r e s s 
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from o i l contact. As w e l l , they are h i g h l y mobile and could probably 
swim through o i l s l i c k s i n a r e l a t i v e l y short time. 

3.4 MARINE ECOSYSTEMS 

There have been very few thorough studies on the e f f e c t s of o i l 
on complete l o c a l populations of marine plants and animals. The main 
d i f f i c u l t y i s i n a n t i c i p a t i n g a year or more i n advance where a s p i l l 
might occur so that the undisturbed system can be studied and documented 
to provide b a s e l i n e information. At best, there have been a number of 
ex c e l l e n t i n v e s t i g a t i o n s launched immediately a f t e r the occurrence of a 
s p i l l . A summary of major o i l s p i l l s and t h e i r b i o l o g i c a l impact i s given 
i n the U.S. N a t i o n a l Academy of Sciences report "Petroleum i n the Marine 
Environment" (1975). 

Crude o i l has been shown to be t o x i c to microscopic plants and 
animals (the phytoplankton and zooplankton) which are the base of the 
most important food chains i n the sea (Mironov, 1972). (included i n the 
zooplankton are the larvae of many species of f i s h and i n v e r t e b r a t e s . ) 
Benthic organisms can be exposed to residues i n sediments from an o i l 
s p i l l f o r a long time. Both extensive m o r t a l i t y and severe t a i n t i n g 
problems of various species can a f f e c t marine communities f o r several 
years. However, the more important aspects of o i l p o l l u t i o n may be the 
long-term d i s r u p t i o n of the complex i n t e r r e l a t i o n s h i p s between species 
and the disturbance of trophic l e v e l s i n the food web of co a s t a l marine 
ecosys terns. 
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CHAPTER 4 

THE MARINE PHYSICAL ENVIRONMENT 

4.1 WATER MASS ORIGINS, MIXING AND MOVEMENT 

This section brief ly describes the main oceanographic features 
of the coastal waters of Br i t i sh Columbia and northwest Washington State. 
A more complete description is provided in the appendices volume. 

In the context of this study, the importance of a good 
understanding of Br i t i sh Columbia and northwest Washington coastal waters 
is threefold. F i r s t , and most obvious, is the fact that spil led o i l 
moves with the water, whose motion is derived from wind and t ida l forces 
which are much modified by topography, s trat i f icat ion and oceanic 
influences. Second, is the dependence of the l iv ing resources on 
physical processes for oxygen, nutrients and dissemination of eggs, 
larvae and juveniles, etc. Third, the strong t idal currents in narrow 
passages, along with the effects of winds and freshwater runoff, play a 
significant role in the navigational hazard to tankers. 

It is clear that the oceanographic regimes on the coast are 
highly variable, both in time and place and that they are far from being 
completely described or understood. This complicates the task of 
categorizing the l iv ing resources and their habitats, and makes i t 
v ir tual ly impossible to predict beforehand where hypothetical ly spil led 
o i l might ultimately reach the shore or sea floor. 

Oceanic Influences 

B.C. coastal waters are strongly influenced by processes 
offshore in the northeast Pacific Ocean, called in oceanographic language 
"the subarctic east Pacific", to indicate that i t is more arctic than 
tropical . Northeast Pacific waters characterist ical ly show three distinct 
layers: 

- a surface layer about 100 meters deep whose 
properties vary with season and location, and which 
is less saline and less uniform near the coast, 

- a stable layer about 60 meters thick in which the 
sal inity increases rapidly with depth while the 
temperature is nearly constant, and 

- a lower layer in which temperature decreases and 
sal ini ty increases gradually with depth to the 
ocean floor. 

The principal ocean current which influences the B.C. coast is 
the Alaskan gyre or eddy which in winter flows northward from about 
45°North latitude along the coast of Vancouver Island, past the Queen 
Charlotte Islands and into the Gulf of Alaska. In summer, the Alaskan 
gyre appears to turn north at about 50°North , so that the west coast of 
Vancouver Island is more influenced by the weak, variable and 
south-flowing Cal i fornia current. Both the above currents are easily 
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masked by the e f f e c t s of storms and strong winds, 
surface movement o f f Vancouver I s l a n d i s dominated by 
meanders. 

In general, the 
slow eddies and 

Observations of sea-surface temperature and s a l i n i t y taken over 
many years at c o a s t a l l i g h t s t a t i o n s and from the weatherships t r a v e l l i n g 
to and from Ocean S t a t i o n P (50°N, 145°W) show r e l a t i v e l y c o l d s a l i n e 
water o f f Vancouver I s l a n d during the summer. As t h i s phenomenon i s most 
evident during periods of northwest winds, i t i s a t t r i b u t e d to upwelling 
of deep water, perhaps from as deep as 200 to 300 meters. The annual 
deep i n f l o w i n t o some c o a s t a l i n l e t s , which i s an important f l u s h i n g 
mechanism, has been a t t r i b u t e d to t h i s upwel l i n g . Another probable e f f e c t 
of the northwest winds i n summer i s enhancement of the s o u t h e a s t - s e t t i n g 
current along Vancouver Islan d and inducement of a narrow, weak, 
v a r i a b l e , southeast current close to the west coast of the Queen 
C h a r l o t t e I s l a n d s . 

North Coast 

For the north coast of B r i t i s h Columbia, oceanographic 
information i s scarce and comes mainly from r a t h e r general, exploratory 
cruises c a r r i e d out i n the 1950's and e a r l y 1960's. Long-term current 
measurements are l a c k i n g , so water c i r c u l a t i o n has to be i n f e r r e d from 
broad oceanographic p a t t e r n s , short-term current measurements and wind 
and t i d a l - d r i v i n g mechanisms. 

In w i n t e r , the dominant d r i v i n g force i s the southeast wind 
which produces a northward flow through Hecate S t r a i t . This flow 
continues seaward through Dixon Entrance, along the north shore of Graham 
Island and then northward along the Alaskan coast. I t introduces 
r e l a t i v e l y warm s a l i n e water from the south into Chatham Sound, northern 
Hecate S t r a i t and eastern Dixon Entrance. Because of strong winds, low 
r i v e r flow, and strong tides i n the area, Hecate S t r a i t and Dixon 
Entrance are q u i t e w e l l mixed and uniform during the w i n t e r season. 

In the spr i n g , the southeast winds subside and the freshwater 
discharges of the r i v e r s i n c r e a s e to t h e i r p r i n c i p a l maxima i n June 
followed by secondary maxima i n October. A l o w - s a l i n i t y surface layer 
forms; f l u s h i n g to seaward of the surface waters of Chatham Sound and 
Dixon Entrance can occur, causing an i n t r u s i o n of c o o l s a l i n e water i n t o 
Dixon Entrance at depth. 

In summer, westerly winds can cause an inward flow of surface 
waters into Dixon Entrance along the north shore of Graham I s l a n d . 

A feature of the t i d a l motion i n the northern area i s a gyre i n 
Dixon Entrance set up by the meeting of the t i d e s . This c i r c u l a r motion 
- out along the north shore and i n along the south shore - i s more 
apparent at times of weak winds and low r i v e r run-off. Another feature 
i s the s i g n i f i c a n t t i d a l current i n the region of Chatham Sound and the 
Skeena estuary caused by a large t i d a l range and c o n s t r i c t e d channels. 

South Coast 

In Juan de Fuca S t r a i t and the S t r a i t of Georgia, the major 
influence i s the Fraser R i v e r , which produces a l o w - s a l i n i t y surface 
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l a y e r moving predominately seaward and induces a compensating deep i n f l o w 
of c o l d e r , more s a l i n e oceanic water. This p a t t e r n i s c l e a r l y evident i n 
Juan de Fuca S t r a i t , but i n the S t r a i t of Georgia the surface motion i s 
more complex. There i s a general, though i n t e r m i t t e n t , counter-clockwise 
surface c i r c u l a t i o n i n the southern S t r a i t and a predominately northward 
current from the F r a s e r d e l t a around P o i n t Grey. The surface currents 
are s t r o n g l y influenced by winds as w e l l as by the r a t e of discharge of 
the F r a s e r R i v e r , which has i t s maximum i n June. 

T i d a l currents are important to the c i r c u l a t i o n of the southern 
region and some of the p r i n c i p a l passages have t i d a l currents up to four 
knots, although i n Juan de Fuca S t r a i t , they seldom exceed two knots. In 
the northern h a l f of the S t r a i t of Georgia, t i d a l e f f e c t s are g e n e r a l l y 
weak, but i n the passages leading northward between Vancouver I s l a n d and 
the mainland, currents are strong - up to 15 knots i n Seymour Narrows. In 
the main northern channels connecting the S t r a i t of Georgia w i t h Queen 
C h a r l o t t e Sound, the water i s q u i t e w e l l mixed and v e r t i c a l l y uniform, 
although l o c a l l a y e r i n g occurs where r i v e r s enter the calmer side 
channels. In Queen C h a r l o t t e Sound, there i s an upper l a y e r of lower 
s a l i n i t y . 

4.2 HYDROGRAPHIC FEATURES 

The c o a s t l i n e of B r i t i s h Columbia and northwest Washington i s 
rugged, mountainous and indented w i t h deep f j o r d s , f r e q u e n t l y narrow and 
winding, sometimes c o n s t r i c t e d by rocks or shoals, and g e n e r a l l y l a c k i n g 
i n safe anchorages f o r large ships. When considering the p o t e n t i a l f o r 
o i l ports and supertankers the p o s s i b i l i t i e s have been reduced to a 
northern area approached through e i t h e r Dixon Entrance or Queen C h a r l o t t e 
Sound f o r ports at Port Simpson, R i d l e y I s l a n d , K i t i m a t and B e l l a Coola, 
and a southern area approached through Juan de Fuca S t r a i t f o r Canadian 
ports at B r i t a n n i a Beach, Port Moody, Roberts Bank and Esquimalt and 
American ports at Cherry P o i n t , Burrows Bay and Port Angeles. Figure 
4.2.1 l o c a t e s c o a s t a l place names r e f e r r e d to i n t h i s s e c t i o n . 

Northern Ports 

Any tanker route t r a v e r s i n g Dixon Entrance would pass e i t h e r 
north or south of Learmonth Bank, which l i e s i n the middle of the 
entrance, has a charted depth of 120 feet and should be avoided as a 
p o s s i b l e hazard. Depths on the bank are uneven and the area i s subject 
to t i d e r i p s . S a i l i n g D i r e c t i o n s f o r the Entrance include the f o l l o w i n g 
caution: "On account of the s e v e r a l dangers and somewhat i r r e g u l a r t i d a l 
streams, the n a v i g a t i o n of Dixon Entrance from the west i s attended w i t h 
considerable r i s k i n t h i c k weather, when extreme caution i s necessary." 

On the Queen C h a r l o t t e I s l a n d shore, Tow H i l l i s the only good 
landmark on an otherwise f e a t u r e l e s s part of the coast. The l o w - l y i n g 
land i n the v i c i n i t y of Rose S p i t and that across i n the area of T r i p l e 
I s l a n d provide poor radar i d e n t i f i c a t i o n when approaching the T r i p l e 
I s l a n d p i l o t s t a t i o n . Around the eastern extremity of the shoal areas, 
east of Rose S p i t , are shoals of 49 f t . , 36 f t . and 43 f t . and c a r e f u l 
a t t e n t i o n to soundings i s therefore necessary. Again S a i l i n g D i r e c t i o n s 
warn: "Great care should be taken i n the v i c i n i t y of Rose S p i t , 
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e s p e c i a l l y a t n i g h t o r i n t h i c k w e a t h e r , as t i d a l s t r eams s e t s t r o n g l y 
a c r o s s i t . A l s o , when a p p r o a c h i n g f rom the w e s t , i t s h o u l d be kep t i n 
mind t h a t , as the s p i t i s s t e e p on i t s n o r t h w e s t s i d e , s o u n d i n g s do not 
i n d i c a t e the dange r i n s u f f i c i e n t t ime to t a k e a v o i d i n g a c t i o n . " I t i s 
f u r t h e r n o t e d t h a t , "Heavy o v e r f a l l s h a v i n g the appearance o f b r e a k e r s 
a re met w i t h o f f Rose S p i t d u r i n g the s t r e n g t h of the s t r e a m s , 
p r i n c i p a l l y on i t s n o r t h s i d e nea r the edge o f the deep w a t e r . " I t i s o f 
i n t e r e s t t h a t a c o m p a r i s o n o f h y d r o g r a p h i c s u r v e y s o f 1909 and the 1960 ' s 
i n d i c a t e no s i g n i f i c a n t changes i n the b o t t o m t o p o g r a p h y . 

A p p r o x i m a t e l y 12 m i l e s n o r t h o f the o u t e r edge o f the Rose S p i t 
s h o a l s i s C e l e s t i a l Ree f w i t h d e p t h s o f 13 f t . and 52 f t . w h i c h c o u l d be 
o f c o n c e r n to s h i p s t a k i n g a more n o r t h e r l y a p p r o a c h to T r i p l e I s l a n d . I t 
s h o u l d be n o t e d t h a t towards the U . S . s i d e o f D i x o n E n t r a n c e ex t reme 
m a g n e t i c d i s t u r b a n c e s have been r e p o r t e d . 

N o r t h w e s t o f T r i p l e I s l a n d a r e a s e r i e s o f s h o a l a r e a s , 
i n c l u d i n g S t enhouse S h o a l w i t h an exposed r o c k ; to the n o r t h e a s t a r e 
Hanmer R o c k s , w h i c h d r y to 17 f t . , and n i n e o t h e r s h o a l s w i t h dep ths o f 
l e s s t h a n 85 f e e t . F o r l a r g e s h i p s inbound the c l e a r c h a n n e l w o u l d be 
r educed a t one p o i n t to a w i d t h o f about 3600 f t . H a v i n g due r e g a r d f o r 
many r o c k s and s h o a l s b o r d e r i n g the c h a n n e l , p a r t i c u l a r l y Moore S h o a l 
w i t h a d e p t h o f 42 f t . i n the m i d d l e o f Chatham Sound , deepe r w a t e r t h e n 
e x i s t s to the v i c i n i t y o f P o r t S impson o r R i d l e y I s l a n d . Depend ing on 
the s i t i n g o f the p o r t f a c i l i t i e s , some d r e d g i n g m i g h t be r e q u i r e d i n the 
immedia te a p p r o a c h e s . T h e r e a r e no recommended s a f e anchorages a l o n g t h i s 
r o u t e s u i t a b l e f o r l a r g e s h i p s such as s u p e r t a n k e r s . 

The passage n o r t h a round Dundas I s l a n d to P o r t S impson and 
R i d l e y I s l a n d m i g h t be n a v i g a t i o n a l l y p r e f e r a b l e i f West D e v i l R o c k , 
C e l e s t i a l R e e f , M c C u l l o c k Rock and E a s t D e v i l Rock were marked . The 
app roach w o u l d t h e n be s o u t h i n c l e a r w a t e r t h r o u g h M a i n P a s s a g e . 

P r o c e e d i n g s o u t h i n t o H e c a t e S t r a i t o u t s i d e T r i p l e I s l a n d , the 
r o u t e w o u l d be to the wes tward o f B u t t e r w o r t h R o c k s , the passage a t t h i s 
p o i n t b e i n g about t h r e e m i l e s w i d e . I t w o u l d be n e c e s s a r y to pass w e l l 
to the e a s t w a r d o f the s h o a l w a t e r t h a t e x t e n d s o v e r 20 m i l e s from the 
e a s t s h o r e o f Graham I s l a n d and a t the same t ime to r e m a i n aware o f the 
s h o a l s o f f the m a i n l a n d s i d e o f G o r e - L a n g t o n R o c k , G r e n v i l l e R o c k , e t c . 
From B r o w n i n g E n t r a n c e the r o u t e v i a P r i n c i p e C h a n n e l , O t t e r P a s s a g e , 
L e w i s P a s s a g e , W r i g h t Sound and D o u g l a s C h a n n e l i s m o s t l y c l e a r and deep 
to K i t i m a t . No te must be t a k e n , h o w e v e r , o f s h o a l a r eas e x t e n d i n g i n t o 
B r o w n i n g E n t r a n c e from the n o r t h end o f Banks I s l a n d and o f s h o a l s i n 
P r i n c i p e C h a n n e l w i t h i n 0.7 m i l e s o f c e n t r e c h a n n e l on the wes t s i d e o f 
M c C a u l e y I s l a n d and w i t h i n 0.45 m i l e s o f c e n t r e c h a n n e l s o u t h w e s t o f 
A l e x a n d e r S h o a l . The o n l y o t h e r u n d e r w a t e r h a z a r d on t h i s r o u t e i s 
Nanakwa S h o a l , d e p t h 49 f t . , n e a r m i d - c h a n n e l a t the e n t r a n c e to K i t i m a t 
Arm. West o f A n g e r I s l a n d , P r i n c i p e C h a n n e l i t s e l f na r rows to a w i d t h o f 
0.9 m i l e s . I n L e w i s Pas sage the w i d t h i s 1.1 m i l e s . J u s t n o r t h o f A n g e r 
I s l a n d i s A n g e r A n c h o r a g e w h i c h i s the o n l y p l a c e i n the e n t i r e a r e a t h a t 
appea r s to o f f e r p o s s i b i l i t i e s as a l a r g e v e s s e l a n c h o r a g e . S e v e r a l 
l a r g e c o u r s e a l t e r a t i o n s w o u l d be r e q u i r e d on t h i s r o u t e , the most 
c r i t i c a l b e i n g t h a t o f about 110° when e n t e r i n g W r i g h t Sound and c r o s s i n g 
the m a i n n o r t h - s o u t h t r a f f i c f l o w o f the " I n s i d e P a s s a g e . " 
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I f the route chosen were outside the Queen C h a r l o t t e I s l a n d s , 
instead of through Dixon Entrance, no n a v i g a t i o n a l hazards would be 
encountered. Course should be l a i d w e l l south of Cape St. James to avoid 
Gray Rock (depth s i x f e e t ) about s i x miles south of the Cape. Five other 
shoals i n the depth range 90 - 120 f t . e x i s t on the west side of the 
track north into Hecate S t r a i t and are an extension of the shoal water on 
the east coast of the Queen C h a r l o t t e I s l a n d s . 

Although hazardous shoals e x i s t i n Caamano Sound, there i s a 
c l e a r channel of at l e a s t two miles i n width. The passage to K i t i m a t i s 
then s i m i l a r to that already described, i n c l u d i n g s e v e r a l rather d r a s t i c 
a l t e r a t i o n s of course i n r e l a t i v e l y confined areas. 

B e l l a Coola i s approached from seaward through Queen C h a r l o t t e 
Sound, F i t z Hugh Sound, Burke Channel and North Bentinck Arm. The route 
from Queen C h a r l o t t e Sound to F i t z Hugh Sound o f f e r s a l t e r n a t i v e s of 
North and South Passages. Without d e t a i l i n g a l l the p o t e n t i a l hazards, 
the route i s g e n e r a l l y very s i m i l a r i n aspect to those approaching 
K i t i m a t . The channel width i n F i t z Hugh Sound narrows to 1.5 m i l e s . 
There i s a "bar" o f f Hvidsten Point i n Burke Channel, where the deepwater 
channel i s narrowed to about 1800 f t . by an extensive shoal of 96 f t . and 
t i d e r i p s are encountered. Otherwise, the channels here are c l e a r and 
deep, with fewer and l e s s d r a s t i c turns than are encountered when 
proceeding to K i t i m a t . R e s t o r a t i o n Bay appears to be the only p o s s i b l e 
anchorage i n Burke Channel, but even t h i s could be of d o u b t f u l value to 
very large crude c a r r i e r s (VLCC's). 

In the foregoing, underwater hazards and shoals have been 
discussed at some length, but these dangers can be marked and may be of 
less o v e r a l l s i g n i f i c a n c e than the a c t u a l problems of maneuvering i n 
r e l a t i v e l y confined passages, e s p e c i a l l y i n emergency situations., such as 
c o l l i s i o n approach courses w i t h other vessels or mechanical breakdown 
coupled w i t h the lack of emergency anchorage areas. 

Southern Ports 

In the southern area, there are no s i g n i f i c a n t n a v i g a t i o n a l 
problems involved i n approaching and t r a v e r s i n g Juan de Fuca S t r a i t as 
f a r east as Port Angeles, though Swiftsure Bank with a l e a s t depth 112 
f t . at the entrance to the S t r a i t should be avoided, and the strong t i d a l 
c urrents demand a c a r e f u l approach from seaward, e s p e c i a l l y i n t h i c k 
weather. 

I f proceeding anywhere near V i c t o r i a / E s q u i m a l t , several shoal 
areas have to be avoided. The f i r s t l i e s o f f Race Rocks, next i s 
Constance Bank, depth 60 f t . , d i r e c t l y south of V i c t o r i a , and f i n a l l y 
there i s another shoal (90 f t ) f u r t h e r to the southeast, which would have 
to be avoided by any large ship en route to Haro S t r a i t . T i d a l currents 
i n the v i c i n i t y of Race Rocks can be strong, at up to s i x knots. On the 
Haro S t r a i t route are s e v e r a l dangerous shoals, which c o n s t r i c t the 
navigable channel to a w i d t h of one mile i n places. Currents between 
Turn Point on Stuart I s l a n d and East Point on Saturna I s l a n d are 
powerful, sometimes reaching f i v e knots. From East Point there i s c l e a r 
passage north of Alden Bank across to Cherry P o i n t . 
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An American route to Cherry Point v ia Rosario Strait is similar 
with channel widths of less than a mile in places. There are also shoals 
and fa i r ly tight turns. From Port Angeles to Burrows Bay, the route is 
uncomplicated and should present few problems. 

There are no navigational problems to be encountered in the 
Strait of Georgia en route to Roberts Bank, Port Moody or Britannia 
Beach. At Roberts Bank, the delta area must be approached with caution, 
being steep on its west side with no advance indication, therefore, of 
shoaling. Vancouver Harbour i t s e l f has a l imiting dredged depth of 55 f t . 
The route to Britannia Beach is clear and deep with the exception of a 
"bar" between Defence Island and Porteau Cove where, in mid-channel, 
there is a shoal head of 114 f t . The least channel width is about 0.7 
miles, east of Anvil Island. There are no emergency anchorages in Howe 
Sound, but elsewhere on the southern routes emergency anchoring should 
not present a problem. Major course changes are required, especially 
through Rosario and Haro Strai ts , but these would not be as frequent or 
as large as on some of the northern routes. The greatest dangers would 
probably come from manoeuvring in relatively confined passages and 
encountering numerous other deep-sea vessels. 

4.3 CLIMATIC FACTORS 

High wind speeds and restricted v i s i b i l i t i e s relate to 
navigational risks as do, to a lesser extent, freezing rain, mixed rain 
and snow and melting snow (the latter affecting radar signals). Wind 
speeds and directions and the persistence of wind regimes determine, 
along with ocean currents, the movement of o i l s p i l l s . Cleanup 
feas ibi l i ty and efficiency are related to wind and v i s i b i l i t y . Final ly , 
air quality at off-loading sites is determined to a significant degree by 
the capability of the atmosphere locally to disperse pollutants. Air 
emissions and pollution potential are further detailed in Section 6.1. 

The flow of the weather systems from the west is maximum across 
the coast of Br i t i sh Columbia in the winter months. During that season, 
frequent travell ing low-pressure systems, i . e . , mid-latitude 
extra—tropica1 cyclones and t h e i r associated weather f r o n t s , c r o s s the 
coast often accompanied by strong winds and heavy precipitation. Although 
weather conditions can and do change rapidly with the passage of such 
disturbances, prevailing winds in winter are from the southeast at most 
locations. Shorter-lived periods of northwesterly winds usually follow 
the passage of such storms. 

Topography has a marked influence on coastal climate. The 
prevailing wind directions just described are aligned with the northwest 
to southeast orientation of the coastline, including i ts major mountain 
barriers. On a more local scale, winds are funnelled by valleys and 
blocked by mountains. Such effects are particularly evident in coastal 
inlets , which extend deeply into the Coast Mountains and thereby provide 
passageways for the movement of surface airflows. In many such inlets 
which extend to the north or northeast, outflow winds prevail during 
winter months. At times, the build-up of cold Arctic air in the interior 
of the province leads to strong northeasterly "squamish" winds, as the 
dense air rushes over passes and down inlets to the sea. A further local 
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e f f e c t i s evident from p r e c i p i t a t i o n records along the coast. Whereas 
most winter p r e c i p i t a t i o n along the main coast f a l l s i n the form of r a i n , 
snow i s common at the heads of i n l e t s . Between the head and mouth of 
i n l e t s , there i s o f t e n a zone of mixed r a i n and snow or, on occasion, of 
f r e e z i n g r a i n . 

In summer, the frequency and i n t e n s i t y of storms decrease as 
the north P a c i f i c a n t i c y c l o n e , or high pressure system, strengthens, 
d i s p l a c i n g zonal a i r currents to the north. The frequency of 
northwesterly winds along the coast increases markedly, while westerly 
winds become s t r o n g l y dominant i n Juan de Fuca S t r a i t . In mainland 
i n l e t s a i r f l o w reverses from the winter d i r e c t i o n to become predominantly 
southerly or i n f l o w i n g during the summer. Although the frequency of 
r e s t r i c t i o n s to v i s i b i l i t y associated w i t h p r e c i p i t a t i o n g e n e r a l l y 
decreases throughout the area, fog frequencies increase along the outer 
coast, making average summer frequencies of reduced v i s i b i l i t y there as 
high or higher than those of winter. 

For purposes of the r e l a t i v e ranking of routes and port s i t e s 
as d e t a i l e d i n Chapters 7 and 8, wind speeds and v i s i b i l i t i e s were 
u t i l i z e d d i r e c t l y . A b r i e f review of these f a c t o r s f o l l o w s . 

The percentage frequency of wind speeds greater than or equal 
to 25 miles per hour was s e l e c t e d as an i n d i c a t i o n of adverse wind 
c o n d i t i o n s . Analyses based on observations from land s t a t i o n s and ships 
fo r w i n ter and summer seasons are presented i n Figures 4.3.1 and 4.3.2. 
Figure 4.3.1 shows that adverse winds dominate the open waters of the 
north coast i n winter. Although the frequency of strong winds i s 
g e n e r a l l y much reduced i n summer, p e r s i s t e n t west winds i n Juan de Fuca 
S t r a i t are responsible f o r l o c a l l y higher frequencies there. 

Seasonal analyses of the percentage frequency of v i s i b i l i t i e s 
of two miles or l e s s are presented i n Figures 4.3.3 and 4.3.4. In the 
p r e c i p i t a t i o n - d o m i n a t e d w i n t e r season, v i s i b i l i t y i n c o a s t a l i n l e t s i s 
considerably lower than i n summer, although the entrance to Juan de Fuca 
S t r a i t i s an exception w i t h a high incidence of summer fog. 
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CHAPTER 5 

THE MARINE RESOURCES AT RISK 

5.1 F I S H E R I E S RESOURCES 

The e f f e c t s o f o i l p o l l u t i o n on f i s h e r i e s r e s o u r c e s have been 
g e n e r a l l y d i s c u s s e d i n C h a p t e r 3. I t i s p roposed h e r e to focus 
s p e c i f i c a l l y on the c r i t i c a l f i s h e r i e s p rob lems on the B r i t i s h C o l u m b i a 
and W a s h i n g t o n c o a s t s w i t h r e s p e c t to o i l p o l l u t i o n . 

H e r r i n g 

By f a r the g r e a t e s t impac t o f o i l w o u l d be on the h e r r i n g 
f i s h e r i e s , w i t h a t o t a l c a t c h i n 1976 o f 80,000 tons i n B . C . H e r r i n g 
p o p u l a t i o n s have o n l y r e c e n t l y r e c o v e r e d from an a l l - t i m e low i n 1967 
when the f i s h e r y c o l l a p s e d , i n p a r t f rom o v e r f i s h i n g and p o s s i b l y a l s o 
from e n v i r o n m e n t a l f a c t o r s . S i n c e the f i s h e r y moved i n t o the b u s i n e s s o f 
h e r r i n g roe f o r e x p o r t to J a p a n , i t has become p a r t i c u l a r l y l u c r a t i v e , 
w i t h the c a r c a s s e s f rom roe p r o d u c t i o n b e i n g used f o r r e d u c t i o n p u r p o s e s . 
A s m a l l p a r t o f the t o t a l h e r r i n g c a t c h goes f o r human c o n s u m p t i o n and 
b a i t (6,071 t ons i n 1976). 

The d i s t r i b u t i o n o f the h e r r i n g f i s h e r y i s shown i n F i g u r e 
5.1.1. One t h i r d o f the c a t c h comes from the wes t c o a s t o f V a n c o u v e r 
I s l a n d ( B a r k l e y S o u n d - C l a y o q u o t S o u n d - N o o t k a Sound a r e a s ) . The b u l k o f 
the r e m a i n d e r i s t a k e n from Thompson Bay on the c e n t r a l c o a s t . The 
Chatham Sound a r e a was h i g h l y p r o d u c t i v e a t one t i m e , t h e n i t d e c l i n e d ; 
i t i s now coming b a c k . 

I t i s the egg and e a r l y l a r v a l s t a g e s o f the P a c i f i c h e r r i n g 
w h i c h a r e the most v u l n e r a b l e to o i l p o l l u t i o n ; impac t w o u l d be g r e a t e s t 
d u r i n g the m a i n spawning p e r i o d be tween the l a s t week i n F e b r u a r y and the 
t h i r d week i n A p r i l . The eggs a r e u s u a l l y d e p o s i t e d w i t h i n a d e p t h range 
of two fathoms ( f o u r m e t e r s ) , one fathom on e i t h e r s i d e of low water. 

The h e r r i n g spawn l a r g e l y (60%) on r ed a l g a e , w i t h some ( t e n %) on e e l 
g r a s s , m a i n l y i n the S t r a i t o f G e o r g i a and on the wes t c o a s t o f V a n c o u v e r 
I s l a n d ; some ( t e n %) on brown a l g a e ( k e l p s and f u c u s ) , m a i n l y on the 
c e n t r a l c o a s t on the Queen C h a r l o t t e I s l a n d s ; and the r e m a i n d e r (20%) on 
r o c k . H e r r i n g p r e f e r v e g e t a t i o n to s u b s t r a t e f o r spawning ( l e s s t h a n two 
p e r c e n t o f spawn i s on r o c k i f v e g e t a t i o n i s p r e s e n t ) , bu t w i l l choose 
r o c k i f no seaweeds o r e e l - g r a s s a r e a v a i l a b l e . I f the k e l p M a c r o c y s t i s 
s p . i s p r e s e n t , as much as 90% o f the h e r r i n g spawn w i l l be d e p o s i t e d 
upon i t . 

I n the Queen C h a r l o t t e I s l a n d s , the h a r v e s t i n g o f k e l p 
e n c r u s t e d w i t h h e r r i n g eggs c o n t r i b u t e s to a s m a l l , bu t c u l t u r a l l y 
i m p o r t a n t , n a t i v e I n d i a n i n d u s t r y . The p r a c t i c e a p p a r e n t l y c o n s i s t s o f 
c o r a l l i n g r i p e h e r r i n g i n an a r e a o f about 40 f t by 40 f t (12 m x 12 m) 
and h a n g i n g s t r i p s o f k e l p among the f i s h . The s t i c k y h e r r i n g eggs a r e 
d e p o s i t e d on the k e l p f r o n d s and t h e n h a r v e s t e d f o r e x p o r t . 
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The g i l l n e t f i s h e r y t a k e s 30-40% o f the h e r r i n g c a t c h o v e r a 
p e r i o d o f two to t h r e e weeks o f f i s h i n g , w h i l e the s e i n e f i s h e r y h a r v e s t s 
the r e m a i n d e r i n a s o - c a l l e d " i n s t a n t a n e o u s f i s h e r y " l a s t i n g f o r 15 
m i n u t e s to two h o u r s when the h e r r i n g a r e c o n s i d e r e d to be i n t h e i r p r ime 
f o r r o e , j u s t b e f o r e s p a w n i n g . ( T h e r e i s u s u a l l y a second s m a l l e r wave 
o f spawners f o l l o w i n g the f i r s t spawning by about two w e e k s . ) The a i m i s 
to have a t l e a s t t e n p e r c e n t o f the body w e i g h t o f the f i s h as r o e . An 
o i l s p i l l a t the t i m e o f the s e i n e f i s h e r y w o u l d a f f e c t not o n l y the 
h e r r i n g spawn but a l s o the f i s h i n g f l e e t and g e a r . F u r t h e r m o r e , the 
s u b s t r a t e used by h e r r i n g f o r egg d e p o s i t i o n c o u l d be a f f e c t e d f o r more 
t h a n one s p a w n i n g i n the same y e a r o r i n subsequen t y e a r s . The a r ea s o f 
h e r r i n g spawn d e p o s i t i o n on the B r i t i s h C o l u m b i a c o a s t d u r i n g 1976 a r e 
g i v e n by Webb ( 1 9 7 6 ) . 

L a r v a l h e r r i n g a r e v u l n e r a b l e to an o i l s p i l l , e s p e c i a l l y i n 
the e a r l i e s t s t a g e s f o l l o w i n g h a t c h i n g when they a r e a t the s u r f a c e . 
However , t h e y d r i f t w i t h the c u r r e n t s and have a b e t t e r o p p o r t u n i t y o f 
e s c a p i n g o i l t h a n the eggs a t t a c h e d to v a r i o u s n e a r s h o r e s u b s t r a t e s . 

Salmon 

The s a lmon f i s h e r y o f the f i v e s p e c i e s o f P a c i f i c s a l m o n , 
Oncorhynchus s p p . , i s the most v a l u a b l e B . C . f i s h e r y a t r i s k e c o n o m i c a l l y 
i n the even t o f an o i l s p i l l . These anadromous s p e c i e s have s e v e r a l l i f e 
s t a g e s t h a t c o u l d be a f f e c t e d by an o i l s p i l l . However , the most 
v u l n e r a b l e s t a g e ( a s i d e from the egg and a l e v i n s t a g e s w h i c h a r e 
p r i m a r i l y c o n f i n e d to f r e s h w a t e r ) , i s the j u v e n i l e seaward m i g r a n t s t age 
when the young s a l m o n a r e i n e s t u a r i e s and n e a r s h o r e m a r i n e a r e a s . T h e i r 
m i g r a t i o n p e r i o d and r e s i d e n c e i n n e a r s h o r e a r ea s g e n e r a l l y o c c u r s 
be tween F e b r u a r y and O c t o b e r . D e p e n d i n g on the s p e c i e s and the t i m i n g o f 
t h e i r seaward m i g r a t i o n , the j u v e n i l e s may spend two months o r more i n 
the e s t u a r i n e n u r s i n g grounds w i t h some s p e c i e s a l s o s p e n d i n g t ime i n 
n e a r s h o r e c o a s t a l w a t e r s b e f o r e p r o c e e d i n g o f f s h o r e . A t t h i s t i m e , the 
s a lmon t h e m s e l v e s c o u l d be p a r t i c u l a r l y v u l n e r a b l e to o i l p o l l u t i o n , 
a l t h o u g h a n o t h e r s e r i o u s e f f e c t c o u l d a r i s e f rom the e f f e c t o f o i l on the 
food o r g a n i s m s o f young s a l m o n . 

The a d u l t salmon, m i g r a t i n g to t h e i r spawning g r o u n d s , w h i c h 
u s u a l l y o c c u r s b e t w e e n June and J a n u a r y , c o u l d a l s o be a f f e c t e d by an o i l 
s p i l l . P o l l u t a n t s such as o i l can cause a v o i d a n c e by the f i s h and 
d i s r u p t i o n o f t h e i r s c h o o l i n g b e h a v i o u r , w i t h subsequen t d i s o r i e n t a t i o n 
and p o s s i b l e r e p r o d u c t i v e f a i l u r e . However , the e f f e c t o f c l o s u r e o f a 
sa lmon f i s h e r y by a u t h o r i t i e s , because o f p o s s i b l e o i l c o n t a m i n a t i o n and 
t a i n t i n g , w o u l d be the most s e r i o u s to the i n d u s t r y . The e f f e c t s o f o i l 
on the f i s h t h e m s e l v e s , u n d e r the w o r s t c i r c u m s t a n c e s , c o u l d e l i m i n a t e o r 
s e r i o u s l y r e d u c e a s p a w n i n g c y c l e f o r many g e n e r a t i o n s . 

G r o u n d f i s h 

The n e x t most i m p o r t a n t p o t e n t i a l impac t o f o i l p o l l u t i o n on 
the f i s h e r y r e s o u r c e s w o u l d be on g r o u n d f i s h s t o c k s h a v i n g p e l a g i c eggs 
a n d / o r l a r v a e . The g e n e r a l d i s t r i b u t i o n o f g r o u n d f i s h i s shown i n F i g u r e 
5 . 1 . 2 . One c o m m e r c i a l l y i m p o r t a n t g r o u n d f i s h s p e c i e s w h i c h has eggs t h a t 
may f l o a t a t o r n e a r the s u r f a c e i s the E n g l i s h s o l e ( somet imes r e f e r r e d 

- 20 -



to as lemon s o l e ) , P a r o p h r y s v e t u l u s . A n o t h e r s p e c i e s h a v i n g eggs 
b e h a v i n g i n the same way i s the s t a r r y f l o u n d e r , P l a t i c h t h y s s t e l l a t u s , 
bu t the c o m m e r c i a l c a t c h o f t h i s s p e c i e s has been c o m p a r a t i v e l y s m a l l 
( 1 0 6 , 0 0 0 l b . i n 1 9 7 6 ) . W i t h a t o t a l c a t c h o f 2 , 8 8 2 , 0 0 0 l b . i n 1976 
( T a b l e 5 . 1 . 1 ) , the E n g l i s h s o l e r anked e i g h t h i n poundage o f C a n a d i a n 
t r a w l l a n d i n g s . Because o f the demand f o r t h i s d e l i c a t e l y - f l a v o u r e d 
s p e c i e s , i t s l a n d e d v a l u e ranks i t h i g h e r i n i m p o r t a n c e t h a n the c a t c h 
volume w o u l d i n d i c a t e . The l a r g e s t c a t c h e s ( 2 , 0 8 0 , 0 0 0 l b . i n 1976) o f 
E n g l i s h s o l e a r e from the n o r t h e r n h a l f o f H e c a t e S t r a i t , D i x o n E n t r a n c e 
and Chatham Sound . T h i s s p e c i e s spawns from December to March w i t h the 
eggs f l o a t i n g i n the s u r f a c e l a y e r , w h i c h i s sometimes i n the f r o t h z o n e . 
They h a t c h a f t e r about 9 days and t h e n the l a r v a e spend t i m e a t o r n e a r 
the s u r f a c e as p a r t o f the z o o p l a n k t o n . B o t h eggs and l a r v a e o f the 
E n g l i s h s o l e w o u l d be v u l n e r a b l e to o i l p o l l u t i o n d u r i n g t h i s p e r i o d . 

I t s h o u l d be n o t e d t h a t the r o c k s o l e , L e p i d o p s e t t a b i l i n e a t a , 
i s a l s o a v a l u a b l e c o m m e r c i a l s p e c i e s , w i t h a t o t a l B . C . c a t c h o f 
4 , 7 4 9 , 0 0 0 l b . i n 1976 ( T a b l e 5 . 1 . 1 ) . T h i s s p e c i e s has a d e m e r s a l ( s e a 
bo t tom) egg but a p e l a g i c (open w a t e r ) l a r v a l s t a g e . I t spawns from l a t e 
w i n t e r to e a r l y s p r i n g . Thus o i l p o l l u t i o n i n H e c a t e S t r a i t and D i x o n 
E n t r a n c e from F e b r u a r y to A p r i l c o u l d s e r i o u s l y a f f e c t the l a r v a e o f the 
r o c k s o l e . 

The P a c i f i c c o d , Gadus m a c r o c e p h a l u s , i s the s p e c i e s o f 
g r o u n d f i s h c a u g h t i n g r e a t e s t vo lume on the B . C . c o a s t ( 2 2 , 1 9 3 , 0 0 0 l b . i n 
1976 - T a b l e 5 . 1 . 1 ) . I t spawns i n w i n t e r on banks o f c l e a n g r a v e l o f f 
the sou thwes t c o a s t o f V a n c o u v e r I s l a n d , i n s m a l l a reas a l o n g the 
s o u t h e a s t c o a s t o f V a n c o u v e r I s l a n d and i n H e c a t e S t r a i t . Eggs a r e 
d e m e r s a l , bu t t h e y may r i s e o f f the b o t t o m d e p e n d i n g on the d e n s i t y o f 
the n e a r - b o t t o m w a t e r . Eggs h a t c h i n e i g h t o r n i n e days at 1 1 ° C , i n 17 
days a t 5 °C and i n about f o u r weeks a t 2°C i n n o r t h e r n w a t e r s . The 
l a r v a e a r e p e l a g i c , bu t i t i s unknown a t what d e p t h they m a i n l y o c c u r . 
Some o f the banks i n H e c a t e S t r a i t where cod spawn a re c o m p a r a t i v e l y 
s h a l l o w (20-25 f m . ) , and i t i s c o n c e i v a b l e t h a t heavy o i l c o u l d be mixed 
down to the b o t t o m and a f f e c t cod eggs and l a r v a e d u r i n g heavy w i n t e r 
s t o r m s . O t h e r w i s e , the P a c i f i c cod n o r m a l l y w o u l d be o u t s i d e the d e p t h 
range o f o i l s p i l l i n f l u e n c e . 

P a c i f i c h a l i b u t , H i p p o g l o s s u s s t e n o l e p i s , c o n t r i b u t e s to the 
most v a l u a b l e g r o u n d f i s h r e s o u r c e on the P a c i f i c c o a s t . The f i s h e r y i s 
managed by the I n t e r n a t i o n a l H a l i b u t C o m m i s s i o n . From a no rma l a n n u a l 
y i e l d o f 1 5 , 0 0 0 t o n s , the p r e s e n t c a t c h i s down to 5 , 0 0 0 tons from the 
C o m m i s s i o n ' s A r e a 2 , n e a r i n g the a l l - t i m e low o f 1932, p a r t l y because o f 
c u r r e n t low r e c r u i t m e n t and p o s s i b l y because o f a d v e r s e e n v i r o n m e n t a l 
f a c t o r s . I n 1975 , the c a t c h was 6 , 0 0 0 t ons from A r e a 2 , o f w h i c h 3 , 0 0 0 
tons came from the B . C . c o a s t . 

Eggs o f the P a c i f i c h a l i b u t a r e deep p e l a g i c , l a i d a t a d e p t h 
o f 200-300 fm. i n w i n t e r , m o s t l y from November to J a n u a r y . Eggs t ake 
about f i v e days to h a t c h . Then the l a r v a e emerge and b e g i n to r i s e i n 
the w a t e r co lumn f o r the n e x t f o u r months , bu t u s u a l l y do not go 
s h a l l o w e r t h a n 100 fm. A t the end o f f o u r months the metamorphosed 
l a r v a e s e t t l e to the b o t t o m as young h a l i b u t . E x c e p t i n s h a l l o w w a t e r 
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( l e s s t h a n 25 f m . ) , i t i s not a n t i c i p a t e d t h a t h a l i b u t w o u l d be a f f e c t e d 
by an o i l s p i l l . Howeve r , any s i n k i n g a g e n t s used to remove o i l on the 
s u r f a c e and d e p o s i t i t on the b o t t o m c o u l d be d e v a s t a t i n g to h a l i b u t 
spawn. 

C r u s t a c e a n s 

Because they tend to l i v e on o r n e a r the b o t t o m , a l l 
c r u s t a c e a n s c o u l d be a f f e c t e d by w e a t h e r e d o i l o r s i n k i n g agen t s e i t h e r 
d i r e c t l y o r t h r o u g h the b e n t h i c food c h a i n . The l a r v a e o f some 
c r u s t a c e a n s p e c i e s come to the s u r f a c e and t h e r e f o r e a l s o may be 
a d v e r s e l y a f f e c t e d by f l o a t i n g o i l . The g e n e r a l d i s t r i b u t i o n o f the 
Dungeness c r a b , Cance r m a g i s t e r , a l o n g the B r i t i s h C o l u m b i a c o a s t i s 
shown i n F i g u r e 5.1.3. The most s i g n i f i c a n t p o p u l a t i o n s a r e o f f Rose 
S p i t i n the Queen C h a r l o t t e I s l a n d s , o f f the F r a s e r R i v e r e s t u a r y and i n 
Boundary B a y . 

The Dungeness c r ab mates i n summer u s u a l l y i n s h a l l o w w a t e r . 
Eggs a r e c a r r i e d by the female ( b e r r i e d f e m a l e s ) u n t i l t h e y h a t c h . The 
l a r v a l , o r z o e a s t a g e , i s n e a r - s u r f a c e , p e l a g i c and l a s t s about 120 days 
from about the b e g i n n i n g o f A p r i l to the end o f A u g u s t . The z o e a a r e 
found u s u a l l y i n l a r g e q u a n t i t i e s among f l o a t i n g d e t r i t u s where t hey seek 
s h e l t e r and f o o d . J u s t b e f o r e the l a s t s t a g e o f the z o e a , the l a r v a e 
m o u l t and s e t t l e to the b o t t o m , a t w h i c h t i m e the c rab i s c o n s i d e r e d to 
be h i g h l y v u l n e r a b l e to o i l p o l l u t i o n . Thus an o i l s p i l l i n the Rose 
S p i t a r e a d u r i n g A u g u s t and e a r l y September c o u l d be p a r t i c u l a r l y 
d e s t r u c t i v e to b o t h a d u l t s and l a r v a l c r a b s . 

T h e r e a re f i v e s p e c i e s o f s m a l l e r c o m m e r c i a l s h r i m p i n B r i t i s h 
C o l u m b i a : P i n k ( P a n d a l u s b o r e a l i s ) , Smooth P i n k o r Ocean P i n k ( P a n d a l u s 
j o r d a n i ) , S i d e - s t r i p e o r G i a n t Red ( P a n d a l o p s i s d i s p a r ) , C o o n - s t r i p e 
( P a n d a l u s d a n a e ) , and Hump-back o r K i n g ( P a n d a l u s h y p s i n o t u s ) . One 
s p e c i e s o f l a r g e r s h r i m p i s r e f e r r e d t o as a Prawn o r S p o t , P a n d a l u s 
p l a t y c e r o s . D i s t r i b u t i o n s o f s h r i m p s and prawns a l o n g the B . C . c o a s t a r e 
shown i n F i g u r e 5.1.4. E x c e p t f o r the prawn w h i c h i s t r a p p e d , a l l 
s p e c i e s o f s h r i m p s a r e t a k e n by s h r i m p t r a w l s a t a d e p t h o f 10-60 fm. on 
a muddy b o t t o m . However , s h r i m p s can undergo v e r t i c a l m i g r a t i o n and may 
come r i g h t to the s u r f a c e . The a d u l t prawns sometimes move i n t o s h a l l o w 
w a t e r a t d e p t h s be tween low t i d e and f i v e f a thoms . They c o u l d be 
a f f e c t e d by an o i l s p i l l u n d e r these c i r c u m s t a n c e s , e s p e c i a l l y d u r i n g 
i n t e n s i v e m i x i n g i n w i n t e r s t o r m s . 

The z o e a ( l a r v a l s t a g e s ) o f s h r i m p s and prawns a r e p e l a g i c and 
p o s s i b l y undergo v e r t i c a l m i g r a t i o n . The eggs h a t c h i n w a t e r o f 50 fm. 
d e p t h o r l e s s d u r i n g autumn o r e a r l y w i n t e r . The z o e a d r i f t i n t o w a t e r 
25 t o 35 fm. deep . I t i s not known w h e t h e r z o e a o f the s m a l l e r s h r i m p s 
a re p r e s e n t a t the s u r f a c e a t a n y t i m e , a l t h o u g h p l a n k t o n h a u l s t a k e n 
d u r i n g the day have n e v e r shown them to be i n the s u r f a c e l a y e r . They 
may come to the s u r f a c e a t n i g h t . Zoea o f the prawns have been shown to 
m i g r a t e m a i n l y be tween the b o t t o m and m i d - d e p t h . 

There a r e f o u r s p e c i e s o f " t a n n e r c r a b " a l o n g the B . C . c o a s t , 
none o f w h i c h i s a p p a r e n t l y a v a i l a b l e i n c o m m e r c i a l q u a n t i t i e s . A 
s i m i l a r s h e l f s p e c i e s t h o u g h t to be p r e s e n t i n c o m m e r c i a l q u a n t i t i e s i s 
C h i o n o e c e t e s b a i r d i , t a k e n by the U . S . i n d u s t r y ; i t ranges from 
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W a s h i n g t o n S t a t e to K o d i a k , A l a s k a . The z o e a o f t hese s p e c i e s a r e 
p e l a g i c , bu t i t i s not known w h e t h e r t h e y f r e q u e n t the s u r f a c e w a t e r s i n 
the same way as C a n c e r m a g i s t e r . 

The K i n g c r a b , P a r a l i t h o d e s c a m t s c h a t i c a , i s found i n a few 
s p o t s a l o n g the B . C . c o a s t such as S k i d e g a t e I n l e t i n the Queen C h a r l o t t e 
I s l a n d s and O b s e r v a t o r y I n l e t on the n o r t h e r n B . C . c o a s t , bu t not i n 
c o m m e r c i a l q u a n t i t i e s . P r o b a b l y o n l y the z o e a l s t age w o u l d be 
s i g n i f i c a n t l y a f f e c t e d by o i l . 

M o l l u s c a n S h e l l f i s h 

The d i s t r i b u t i o n s o f s c a l l o p s , P l a t i n o p e c t e n c a u r i n u s , and 
o t h e r m o l l u s c a n s h e l l f i s h a r e shown i n F i g u r e 5 . 1 . 5 . S c a l l o p beds a r e 
g e n e r a l l y i n q u i t e deep w a t e r ; a d u l t s w o u l d be a f f e c t e d by o i l o n l y i f 
s i n k i n g a g e n t s were used to combat i t a n d / o r e x t r e m e l y s to rmy c o n d i t i o n s 
m i x e d the o i l t o the b o t t o m . The l a r v a l s t age i s p e l a g i c and i t i s 
c o n c e i v a b l e t h a t an o i l s p i l l w o u l d a d v e r s e l y a f f e c t s c a l l o p l a r v a e . 

A b a l o n e , H a l i o t i s k a m t s c h a t k a n a , i s t a k e n i n s h a l l o w e r w a t e r s , 
and the same c o n d i t i o n s as w i t h s c a l l o p s g e n e r a l l y a p p l y . 

O t h e r s p e c i e s o f c o m m e r c i a l s h e l l f i s h , such as o y s t e r s and 
c l a m s , a r e i n t e r t i d a l and s h a l l o w s u b t i d a l . O i l c o v e r i n g beaches where 
t he se s h e l l f i s h a r e found c o u l d be d i r e c t l y t o x i c to them, t a i n t t h e i r 
f l e s h , o r i n s e v e r e cases o f o i l b l a n k e t i n g the i n t e r t i d a l z o n e , 
s u f f o c a t e them. The s h e l l f i s h i n d u s t r y i n B r i t i s h C o l u m b i a i s s m a l l 
compared t o o t h e r segments o f the f i s h e r y , bu t i t c o n t r i b u t e s to 
f a m i l y - t y p e , c o m m e r c i a l o p e r a t i o n s as w e l l as to r e c r e a t i o n a l c o l l e c t i n g , 
and t h e r e f o r e m e r i t s p r e s e r v a t i o n . 

O t h e r F i s h e r i e s 

T h e r e a r e o t h e r s p e c i e s a l o n g the B r i t i s h C o l u m b i a c o a s t w h i c h 
c o u l d be c o m m e r c i a l l y e x p l o i t e d . These i n c l u d e the sea u r c h i n , 
S t r o n g y l o c e n t r o t u s f r a n c i s c a n u s , s q u i d , L o l i g o o p a l e s c e n s , and s e a 
cucumber s , P a r a s t i c h o p u s c a l i f o r n i a n u s . A l t h o u g h a l l t h e se s p e c i e s a r e 
u n d o u b t e d l y s e n s i t i v e to o i l p o l l u t i o n , e s p e c i a l l y i n the egg and l a r v a l 
s t a g e s , t h e y do no t r e p r e s e n t s i g n i f i c a n t c o m m e r c i a l o r r e c r e a t i o n a l 
f i s h e r i e s a t p r e s e n t . T h e i r eggs and l a r v a e , h o w e v e r , may c o n t r i b u t e to 
food o f c o m m e r c i a l l y i m p o r t a n t s p e c i e s . 

5 .2 MARINE-ASSOCIATED BIRDS 

A l l a q u a t i c b i r d s b r e e d i n g on l a n d a d j a c e n t t o , and f e e d i n g i n , 
m a r i n e w a t e r s a r e i n c l u d e d h e r e as s e a b i r d s . S p e c i e s o f s e a b i r d s 
b r e e d i n g a l o n g the C a n a d i a n West C o a s t i n c l u d e two s t o r m p e t r e l s , t h r e e 
c o r m o r a n t s , s e v e n a l c i d s and one g u l l . V i s i t i n g s e a b i r d s such as 
a l b a t r o s s e s and s h e a r w a t e r s p l u s f r e s h w a t e r n e s t e r s such as l o o n s , d u c k s , 
geese and swans spend some t i m e on the B . C . c o a s t , bu t b r e e d e l s e w h e r e . 
M i g r a n t s such as b l a c k b r a n t , B r a n t a n i g r i c a n s , b l a c k - l e g g e d k i t t i w a k e s , 
R i s s a t r i d a c t y l a , and N o r t h e r n p h a l a r o p e s , L o b i p e s l o b a t u s , t r a v e l 
t h r o u g h the r e g i o n . Some s p e c i e s a r e c l a s s e d as b o t h v i s i t o r s and 
m i g r a n t s , e . g . , some A r c t i c l o o n s , G a v i a a r c t i c a , r e m a i n i n B . C . w a t e r s 
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during the w i n t e r , but most winter f u r t h e r south. Hundreds of thousands 
of loons migrate north along the coast i n May. A l l three groups of 
aquatic b i r d s , w i t h the exception of some non-stop t r a v e l l i n g migrants, 
feed i n c o a s t a l waters; they are most vulnerable to o i l p o l l u t i o n as they 
concentrate i n small areas f o r breeding, r e s t i n g and feeding. 

D i s t r i b u t i o n of Birds at Sea along the B.C. Coast 

A e r i a l surveys on bi r d s w i t h i n the f i r s t 50 miles of the outer 
c o a s t l i n e i n d i c a t e that b i r d s congregate west of Dixon Entrance, along 
the west coast of Vancouver Island and at the entrance of Juan de Fuca 
S t r a i t . At Dixon Entrance, common murres dominate i n winter and small 
a l c i d s ( a u k l e t s ) i n the f a l l . Auklets also congregate 30 to 40 miles 
f u r t h e r westward from there. Along the west coast of Vancouver I s l a n d , 
most b i r d s are found w i t h i n ten miles of the shore; shearwaters dominate 
in summer and g u l l s i n f a l l . At Juan de Fuca S t r a i t , the highest b i r d 
d e n s i t i e s occur 20 to 30 miles out at sea and co n s i s t mostly of 
C a l i f o r n i a g u l l s , Larus c a l i f o r n i c u s , i n the f a l l and g u l l s and 
shearwaters i n w i n t e r . 

A e r i a l surveys conducted along the west coast of Vancouver 
Island during August have shown many more b i r d s along the exposed 
s h o r e l i n e than i n protected i n l e t s . Most numerous i n summer are 
C a l i f o r n i a and glaucous-winged g u l l s , Larus glaucescens. More than h a l f 
the observed b i r d s are migrants, such as A r c t i c loons, shearwaters, 
C a l i f o r n i a g u l l s , Bonaparte g u l l s , Larus P h i l a d e l p h i a , and Heermann's 
g u l l s , Larus heermanni. A s h i f t from exposed to protected waters occurs 
i n autumn. Marbled murrelets have been the most numerous b i r d s observed 
in surveys conducted by boat i n the protected waters of Vancouver and 
Queen C h a r l o t t e Islands during summer, but they disappear from protected 
i n l e t s during autumn. 

During autumn and w i n t e r , waterfowl concentrate i n c e r t a i n 
c o a s t a l i n l e t s and marine d e l t a s . The la r g e s t w i n t e r i n g areas along the 
B.C. coast are at Boundary Bay and the Fraser d e l t a foreshore. Tens of 
thousands of ducks, geese and Western grebes r e s t and feed there. These 
mud f l a t s and e s t u a r i n e marshes a l s o s e r v e as a r o o s t i n g p l a c e f o r 35 -
45 ,000 (1970) glaucous-winged g u l l s from October to March. One of the 
most abundant ( 26 ,000 - 41 ,000) shorebirds foraging on the i n t e r t i d a l 
area i s the d u n l i n . Other B.C. w i n t e r i n g areas contain f a r fewer b i r d s , 
but the t o t a l number of b i r d s i n a l l the other areas combined may be 
equal to or greater than those at the Fraser d e l t a . 

A r c t i c loons, sooty shearwaters, P u f f i n u s g r i s e u s , and Northern 
phalaropes are the main sprin g migrants along west Vancouver Island i n 
May and June. Estimates of 660 ,000 aquatic b i r d s , of which the above 
three species c o n s t i t u t e d 85%, migrated northwest along Vancouver Island 
i n May and June of 1973. The peak spring migration of b l a c k brant, surf 
and white-winged scoters along the coast i s i n March and A p r i l . 
Thousands of bla c k brant and scoters feed on h e r r i n g spawn i n i n l e t s on 
the west coast of Vancouver I s l a n d . Approximately 1 ,000 ,000 migrants i n 
a l l may be vulnerable to o i l p o l l u t i o n on the Canadian West Coast i n 
spring, of which A r c t i c loons, sooty shearwaters, Northern phalaropes, 
black brant, surf and white-winged s c o t e r s , Bonaparte g u l l s and 
blacklegged k i t t i w a k e s are the most numerous. 
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Breeding Colonies 

T h i r t e e n species of seabirds nest i n breeding colonies on the 
B.C. coast, while a fourteenth (the marbled murrelet) appears to be a 
tree nester. The three known major concentrations of seabird colonies 
are i n the Langara Islan d region of northwest Graham I s l a n d , the 
southeast coast of the Queen C h a r l o t t e I s l a n d s , and the Scott I s l a n d s . 
There are s i x other known minor concentrations of c o l o n i e s , while many 
colonies remain to be discovered. 

The ancient murrelet, Synthliboramphus antiquus, i s by f a r the 
most numerous species i n the Langara Islan d region. F o r k - t a i l e d p e t r e l s , 
Oceanodroma f u r c a t a , ancient murrelets and Cassin's a u k l e t s , 
Ptychoramphus a l e u t i c u s , are the most numerous breeding seabirds on the 
east and south coast of Moresby I s l a n d . A large colony w i t h 5,000 pa i r s 
of rhinoceros a u k l e t s , Cerorhinca monocerata, i s located on Anthony 
I s l a n d at the very southwest end of the Queen C h a r l o t t e I s l a n d s . Cassin's 
a u k l e t s , rhinoceros auklets and t u f t e d p u f f i n s , Lunda c i r r h a t a , are the 
dominant n e s t i n g seabirds on the Scott Islands (extreme northwest coast 
of Vancouver I s l a n d ) . 

Concentrations of 5,000 to 10,000 breeding p a i r s each are found 
on Hippa I s l a n d on the west coast of Graham I s l a n d ; on Storm I s l a n d s , 
Tree I s l e t s , and Pine Islands at the north end of Queen C h a r l o t t e S t r a i t ; 
on Solander I s l a n d near Cape Cook on the northwest coast of Vancouver 
I s l a n d ; and i n the Barkley and Clayoquot Sound region. I t i s estimated 
that there were 10,000 breeding p a i r s of ancient murrelets at Hippa 
Island i n 1971. There have been reports of three separate large colonies 
of Leach's p e t r e l s , Oceanodroma leucorhoa, and one large colony of 
rhinoceros auklets on i s l a n d s at the entrance of Queen C h a r l o t t e S t r a i t , 
as w e l l as an "immense" colony of t u f t e d p u f f i n s on Solander I s l a n d , 
comparable i n s i z e to that of T r i a n g l e Island i n the Scott Islands 
(approximately 10,000 p a i r s ) . Seabirds nesting at Barkley and Clayoquot 
Sound have been reported to be approximately 10,000 p a i r s , about h a l f of 
which are Leach's p e t r e l s . Another colony, w i t h approximately 3,000 pa i r s 
of seabirds and known f o r i t s d i v e r s i f i e d seabird l i f e , i s on Mandarte 
Island i n Hecate S t r a i t . 

V u l n e r a b i l i t y to O i l S p i l l s 

Because they are the most numerous breeders and are normally 
found i n the water, a l c i d s i n p a r t i c u l a r would be a f f e c t e d by o i l s p i l l s . 
Storm p e t r e l s are the second most numerous breeding seabird i n the study 
region and are l e s s threatened by o i l s p i l l s than a l c i d s , as they spend 
more time i n the a i r and only dive o c c a s i o n a l l y . Other tubenoses, 
P r o c e l l a r i i f o r m e s , such as fulmars, shearwaters and p e t r e l s c o n s t i t u t e a 
small m i n o r i t y i n most marine p o l l u t i o n i n c i d e n t s and t h e i r deaths are 
few compared to t h e i r t o t a l populations. A l c i d s and p e t r e l s feed mainly 
on small f i s h and shrimps i n open offshore waters, which are probably 
l e s s vulnerable to o i l s p i l l s than the b i r d s themselves. 

Although the B.C. rocky i n t e r t i d a l zone i s vulnerable to o i l 
s p i l l s , few sp e c i e s , such as black oystercatches, Haematopus bachmani, 
s u r f b i r d s , Aphriza melanocephala, and black turns tones, Arenaria 
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i n t e r p r e s , feed e x t e n s i v e l y i n t h i s h a b i t a t . Mos t o f these a r e d i s p e r s e d 
a l o n g a v e r y l e n g t h y r o c k y West C o a s t ; o n l y a m a s s i v e o i l s p i l l w o u l d 
t h r e a t e n t h e i r f e e d i n g h a b i t a t to any l a r g e e x t e n t . G u l l s p r o b a b l y are 
l e s s t h r e a t e n e d t h a n o t h e r b i r d s by the d e s t r u c t i o n o f t h e i r food s u p p l y 
by o i l , as t hey u t i l i z e a v a r i e t y o f h a b i t a t and food s o u r c e s . 

The f e e d i n g h a b i t a t s o f d u c k s , geese and s h o r e b i r d s , w h i c h feed 
i n l a r g e numbers on t i d a l sand and mud f l a t s and marshes such as B o u n d a r y 
Bay and the F r a s e r d e l t a , may s u f f e r h e a v i l y from a s p i l l as a r e s u l t o f 
the d i s p e r s i o n o f o i l t h r o u g h the w a t e r co lumn i n s h a l l o w w a t e r s and i t s 
d e p o s i t i o n i n the i n t e r t i d a l z o n e , k i l l i n g the p r ey o r g a n i s m s on w h i c h 
they f e e d . 

D u n l i n s and seaducks such as s u r f s c o t e r s , w h i t e - w i n g e d s c o t e r s 
and g r e a t e r s c a u p , A y t h y a m a r i l a , may be v e r y v u l n e r a b l e , i f t h e i r food 
s u p p l y c o n s i s t i n g o f m o l l u s c s , c r u s t a c e a n s and m a r i n e p l a n t s were 
a f f e c t e d by o i l . 

5 .3 MARINE MAMMALS 

A d e t a i l e d l i s t i n g o f s p e c i e s o f m a r i n e mammals i n B r i t i s h 
C o l u m b i a , w i t h summaries o f t h e i r d i s t r i b u t i o n , movements and abundance , 
i s shown i n T a b l e 5 . 3 . 1 . L o c a t i o n s o f s p e c i e s c o n c e n t r a t i o n s a re g i v e n 
i n F i g u r e 5 . 3 . 1 . 

Sea o t t e r s , the m a r i n e mammal s p e c i e s most v u l n e r a b l e to o i l 
s p i l l s on t h i s c o a s t , were t r a n s p l a n t e d h e r e f rom A l a s k a from 1969 -72 . 
About 70 i n d i v i d u a l s a re now r e - e s t a b l i s h e d be tween N o o t k a and B r o o k s 
P e n i n s u l a s ( n o r t h w e s t V a n c o u v e r I s l a n d ) , and a few o t h e r s a r e w i d e l y 
s c a t t e r e d a l o n g the c o a s t . W h i l e some o f t h e i r t ime i s spent on s h o r e , 
most o f i t i s spent swimming. 

F u r s e a l s o c c u r h e r e d u r i n g December to May w h i l e m i g r a t i n g 
be tween the B e r i n g Sea and C a l i f o r n i a . They se ldom come c l o s e r to s h o r e 
t h a n about 20 m i l e s , o c c a s i o n a l l y c o n c e n t r a t i n g o f f s o u t h w e s t e r n 
V a n c o u v e r I s l a n d . O t h e r p i n n i p e d s spend about h a l f t h e i r t ime a s h o r e a t 
f a v o r e d l o c a t i o n s . H a r b o u r s e a l s are t h i n l y s c a t t e r e d a l o n g a l l p a r t s o f 
the c o a s t t h r o u g h o u t the y e a r and h a u l out on p r o t e c t e d r e e f s and i s l a n d s 
i n g roups o f g e n e r a l l y l e s s t h a n 50 i n d i v i d u a l s . About 70% o f s t e l l e r 
s ea l i o n s m i g r a t e to b r e e d i n g i s l a n d s o f f Cape S t . James and the S c o t t 
I s l a n d s d u r i n g June t h r o u g h A u g u s t . By w i n t e r , they d i s p e r s e w i d e l y 
a l o n g the c o a s t g o i n g up many i n l e t s and h a u l i n g out on exposed i s l a n d s . 
C a l i f o r n i a s e a l i o n s a r e found m a i n l y i n w i n t e r and c o n c e n t r a t e on F o l g e r 
I s l a n d i n B a r k l e y Sound . They do not b r e e d , as o n l y a d u l t males a re 
p r e s e n t . E l e p h a n t s e a l s h a u l out a t i r r e g u l a r t imes and l o c a t i o n s . 

Gray wha les m i g r a t e w i t h i n a m i l e o f s h o r e o f f the wes t c o a s t 
o f V a n c o u v e r I s l a n d f rom B a r k l e y Sound n o r t h w a r d , o f f the Queen C h a r l o t t e 
I s l a n d s and i n H e c a t e S t r a i t . M i g r a t i o n o c c u r s d u r i n g November to May 
be tween A l a s k a and M e x i c o . About 100 r e m a i n o f f w e s t e r n V a n c o u v e r I s l a n d 
d u r i n g the summer a l o n g w i t h a few o t h e r s i n H e c a t e S t r a i t . The l a r g e s t 
number o f k i l l e r w h a l e s a r e found i n the r e g i o n sou thwards from B e l l a 
B e l l a i n the i n s i d e w a t e r s o f J o h n s t o n e S t r a i t , the S t r a i t o f G e o r g i a and 
J u a n de Fuca S t r a i t . S c a t t e r e d g roups o f them a r e c o n t i n u o u s l y m o v i n g ; 
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about 50 i n d i v i d u a l s , however, r e g u l a r l y frequent northern Johnstone 
S t r a i t i n summer. The sperm, b l u e , f i n , and s e i whales occur i n 
un c e r t a i n numbers i n a l l o f f s h o r e areas and i n Hecate S t r a i t . They 
appear to be most abundant at the western approaches to Dixon Entrance 
and Queen C h a r l o t t e Sound. Recent whaling s t a t i o n s were located at Naden 
Harbour (northern Queen C h a r l o t t e s ) , Rose Harbour (southern Queen 
C h a r l o t t e s ) and Coal Harbour (northern Vancouver I s l a n d ) . L i t t l e i s known 
of the numbers, movements and areas of concentration of the remaining 
cetaceans. Groups of up to s e v e r a l hundred P a c i f i c s t r i p e d dolphins and 
up to about 100 Dal 1 porpoises are p e r i o d i c a l l y observed i n a v a r i e t y of 
offshore and inshore regions. 

5.4 ECONOMIC AND SOCIAL VALUES 

Marine resources i n the c o a s t a l zone of B r i t i s h Columbia and 
northwest Washington have t r a d i t i o n a l l y been associated with s i g n i f i c a n t 
economic and s o c i a l values. The h i s t o r i c a l development of the c o a s t l i n e 
was i n fact p a r t i a l l y prompted by the e x p l o i t a t i o n of these resources. 

The f i r s t human settlement on the Northwest Coast began some 
5000 years ago w i t h Native Indian populations. L a t e r European 
e x p l o r a t i o n and settlement was drawn by the promise of l u c r a t i v e fur 
trade. By 1858, the gold rush f i r m l y e s t a b l i s h e d c o a s t a l communities, 
thus p r o v i d i n g the i n d u s t r i a l , s e r v i c e and t r a n s p o r t a t i o n base necessary 
to process and d i s t r i b u t e c o a s t a l resources. 

Coastal resources continue to a t t r a c t human settlement. Today, 
more than three-quarters of the population of B r i t i s h Columbia and 
Washington l i v e s w i t h i n 50 miles of the coast, concentrated around the 
S t r a i t of Georgia and north Puget Sound. As population has increased, 
e s p e c i a l l y i n t h i s southern region, uses of s h o r e l i n e and adjacent 
waterways have d i v e r s i f i e d . 

Coastal waterways are i n t e n s i v e l y used as t r a n s p o r t a t i o n 
c o r r i d o r s f o r domestic and i n t e r n a t i o n a l shipping. The ports of 
Vancouver, V i c t o r i a and Bellingham f u n c t i o n to l i n k communities to the 
sea and more remote c o a s t a l s e t t l e m e n t s to the m e t r o p o l i t a n a r e a s . 
C e r t a i n i n d u s t r i a l uses are dependent upon the coastal zone marine 
environment and/or a s h o r e l i n e l o c a t i o n . Commercial f i s h i n g i s c a r r i e d 
out coastwide, w i t h processing operations centered i n southern urban 
centres and i n P r i n c e Rupert. Coastal logging, which began i n the 
southern r e g i o n , now occurs i n more remote areas owing to marine access 
w i t h logs being transported south by sea f o r m i l l i n g at Nanaimo and 
Vancouver. R e s i d e n t i a l and commercial developments, enhanced by proximity 
to the sea, tend to c l u s t e r along the shore. Recreation and t o u r i s t 
a c t i v i t i e s are among the most popular uses of West Coast resources. The 
Gulf I s l a n d s , San Juan I s l a n d s and Long Beach on Vancouver I s l a n d are a 
few of the outstanding n a t u r a l areas which are enjoyed by both r e s i d e n t s 
and v i s i t o r s . 

These human a c t i v i t i e s along the coast of B r i t i s h Columbia and 
northwest Washington depend on a c c e s s i b i l i t y to marine/coastal resources. 
I t i s the s o c i a l and economic values associated w i t h these c o a s t a l uses 
that are most vulnerable to a marine o i l t r a n s p o r t a t i o n accident. The 
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f o l l o w i n g examples demonstrate more s p e c i f i c a l l y how economic or s o c i a l 
values of these resources and/or a c t i v i t i e s could decrease from o i l 
pol lut ion. 

Economic values at r i s k may be q u a n t i f i e d i n terms of d o l l a r 
l o s s i n c u r r e d , e i t h e r p r i v a t e l y or p u b l i c l y , as the r e s u l t of damage to 
property or r e d u c t i o n i n income. The commercial f i s h e r y i s one of the 
i n d u s t r i e s that would be d e t r i m e n t a l l y a f f e c t e d by an o i l s p i l l . Although 
the a c t u a l long-term e f f e c t s of o i l upon the f i s h e r y are u n c e r t a i n , 
commercial fishermen noticed a d i s t i n c t d e c l i n e i n catches a f t e r the 
Santa Barbara s p i l l (Nash, Mann and Olsen, 1972). Fishermen were also 
denied access f o r two months to f i s h i n g grounds contaminated by the 
s p i l l , r e s u l t i n g i n s i g n i f i c a n t l o s s of income (Mead and Sorensen, 1970). 
The recent 25,000 g a l l o n bunker o i l s p i l l at the Canadian F i s h i n g Company 
dock i n the Fraser R i v e r n e c e s s i t a t e d a c l o s u r e of the commercial f i s h e r y 
i n the Lower Fraser and southern S t r a i t of Georgia f o r seven days 
(Vancouver Sun, August 6, 1977). Cleanup of o i l residue on boats and 
equipment i s a c o s t l y process even i n small l o c a l i z e d s p i l l s . Insurance 
adjusters f o r the Fraser s p i l l estimated the damages to 30 f i s h i n g boats 
contaminated by the s p i l l at $30,000 (Vancouver Sun, August 31, 1977). 

Numerous shore-based economic a c t i v i t i e s may also s u f f e r 
detrimental impacts from p o l l u t i o n . Businesses r e l a t i n g to boating were 
the f i r s t to f e e l the e f f e c t s of the Santa Barbara s p i l l (Nash et a l , 
1972). Boat brokers, c h a r t e r and r e n t a l boat companies and waterfront 
restaurants and motels i n the v i c i n i t y a l l reported a decrease i n 
business. A d d i t i o n a l l y , waterfront r e a l estate market values declined 
over the short term and the volume of land sales dropped. In c o n c l u s i o n , 
an o i l s p i l l may r e s u l t i n loss i n income to v i r t u a l l y any business 
i n t e r f a c i n g d i r e c t l y or i n d i r e c t l y w i t h the marine environment. 

S o c i a l values that may be impacted upon by o i l p o l l u t i o n f a l l 
i n t o two c l a s s e s . The f i r s t includes those "amenities", i n c l u d i n g 
r e c r e a t i o n and a e s t h e t i c resources, that d e f i n e a l i f e s t y l e f o r residents 
and draw t o u r i s t s to c o a s t a l regions. Intensive use areas, u s u a l l y 
located i n proximity to m e t r o p o l i t a n centres, include beaches and marinas 
plus associated a c t i v i t i e s such as boating, s k i n d i v i n g , water s k i i n g , 
beachcombing, s t r o l l i n g and s h o r e l i n e viewing. Temporary ae s t h e t i c 
degradation i s not the only impact of o i l p o l l u t i o n that might reduce the 
s o c i a l value of a given amenity resource. There might also be a 
measurable l o s s i n r e c r e a t i o n days. For example, i t was estimated that 
the d o l l a r l o s s of beach-user days a f t e r the r e l a t i v e l y small Cherry 
Point s p i l l i n 1972 t o t a l l e d $4,700 (Mos, 1972). An o i l s p i l l also has 
the p o t e n t i a l to cause damage to h i s t o r i c and a r c h e o l o g i c a l s i t e s and 
"unique" g e o l o g i c a l features or landscapes that possess s o c i a l value both 
fo r present and f u t u r e generations. 

The second aspect of s o c i a l values that could be impacted upon 
by an o i l s p i l l i s more d i f f i c u l t to assess, but nevertheless, i s 
s i g n i f i c a n t to the human population concerned. Examples of " s o c i a l 
i m p l i c a t i o n s " of o i l p o l l u t i o n i d e n t i f i e d i n "The West Coast O i l Threat 
i n P e r s p e c t i v e " include the p s y c h o l o g i c a l e f f e c t of knowing that a s p i l l 
i s o c c u r r i n g i n the area and the concern that people f e e l f o r unique and 
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i r r e p l a c e a b l e resource values ( P a i s h and A s s o c i a t e s , 1972). I t i s c l e a r 
from the p u b l i c l y expressed response to the threat of o i l s p i l l s along 
the West Coast that such i m p l i c a t i o n s make a noticeable impact upon the 
values r e s i d e n t s r e c e i v e from l i v i n g i n c o a s t a l areas. 
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CHAPTER 6 

OTHER ENVIRONMENTAL CONSIDERATIONS 

6.1 AIR EMISSIONS AND POLLUTION POTENTIAL 

Air Emissions 

The primary emphasis of this comparative o i l port study is the 
eff e c t s of o i l p o l l u t i o n on marine-dependent resources. However, 
associated with o i l tanker t r a f f i c is another s i g n i f i c a n t p o l l u t i o n 
factor: a i r emissions. Evidence from studies undertaken in Washington 
and C a l i f o r n i a indicates that ambient a i r qu a l i t y at terminal f a c i l i t i e s 
can be adversely affected by a i r emissions from off-loading tankers and 
tank farms. This section provides a preliminary review of the sources of 
such a i r pollutants and the estimated amount of annual a i r emissions that 
would be common to the 11 port s i t e s . 

Estimates of such a i r emissions are sensitive to the 
assumptions made regarding the composition and operation of the tanker 
f l e e t . Moreover, the ef f e c t of the emissions on ambient a i r quality 
would be a function of l o c a l meteorology and topography. These factors 
are discussed i n more d e t a i l in the following section and in the 
ap pe nd ice s vo1ume. 

There are b a s i c a l l y three sources of a i r emissions from an o i l 
port: 

- tanker combustion emissions, 
- tanker venting and b a l l a s t i n g emissions, 
- crude o i l storage tank emissions. 

The annual emissions estimated from the above sources at a 
500,000 b a r r e l per day design port are summarized in Table 6.1.1. A 
b r i e f overview of possible m i t i g a t i o n procedures follows. 

Sulfur dioxide originates from s u l f u r i n the fuel o i l f i r e d i n 
a ship's b o i l e r s during in-port operations; i t could be controlled by 
r e s t r i c t i n g s u l f u r content in the fuel o i l . Other emissions from a 
ship's power plant are more d i f f i c u l t to mitigate and would generally 
require major changes in the design and operation of the b o i l e r s . 

Hydrocarbon emissions emanate mainly from tanker b a l l a s t i n g 
operations; control of b a l l a s t i n g and ship venting emissions would 
require a major r e b u i l d of older vessels. 

The other major source of hydrocarbons would be from tank farm 
storage evaporative losses. Control of these would e n t a i l use of 
improved design double-floating roof tanks incorporating double seals. 
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TABLE 6.1.1 ANNUAL AIR EMISSIONS (METRIC TONS) FOR A 500,000 
BARREL PER DAY DESIGN PORT 

Sul f u r Nitrogen Part i c u i a t e s Hydro- Carbon 
Source Dioxide Oxides (TSP) carbons Monoxide Others 

No Mit igat ion 

1. Tanker Combustion 800 360 90 30 14 

2. Tanker Venting and 

B a l l a s t i n g - - - 930 - odor? 

3. Tank Farm - - 500 - odor? 

T o t a l O i l Port 800 360 90 1500 14 

With M i t i g a t i o n 

1. Tanker Combustion (a) 270 130 180 60 28 

2. Tanker Venting and 

B a l l a s t i n g (b) - - -

3. Tank Farm (c) - - - 75 -

Total O i l Port 270 130 180 135 28 

NOTES: (a) S u l f u r i n f u e l o i l reduced from 1.5% to 0.5% while i n port. N0 X 

emissions reduced 65% through b o i l e r combustion m o d i f i c a t i o n s , but 
w i t h an assumed c o n c u r r e n t i n c r e a s e of 100% i n the e m i s s i o n of TSP, 
HC, and CO. 

(b) 20% segregated b a l l a s t tanks, i n e r t gas system, pr e s s u r i z e d u l l a g e 
( i n s i g n i f i c a n t venting l o s s ) . 

(c) Double f l o a t i n g roof tanks i n c o r p o r a t i n g double s e a l s . Losses 
assumed to be 15% of those c a l c u l a t e d f o r s i n g l e seals using the 
API methodology. 
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To provide an a p p r e c i a t i o n of the emissions from a 500,000 
b a r r e l per day o i l port f a c i l i t y , Table 6.1.2 presents the numbers of 
automobiles which would r e s u l t i n equivalent emissions. 

TABLE 6.1.2 COMPARATIVE AIR EMISSIONS: DESIGN PORT VS. AUTOMOBILES 

500,000 b a r r e l per day Equivalent 
Contaminant Design Port Emissions Automobile F l e e t Emissions (a) 

(metric tons per year) (number of v e h i c l e s ) 

SO 800 (b) 
NO 360 6,000 
C 0 X 14 16 
P a r t i c u l a t e s 90 12,000 
Hydrocarbons 1500 15,000 

(a) Emission f a c t o r s from EPS-PR-75-3. 
(b) Automobiles are not a s i g n i f i c a n t source of t h i s p o l l u t a n t . 

The sources and amounts of a i r p o l l u t a n t s i d e n t i f i e d i n t h i s 
s e c t i o n are not part of the f i n a l r e l a t i v e ranking system; r a t h e r , they 
are included to i n d i c a t e the need f o r d e t a i l e d a i r emissions studies 
p r i o r to s e l e c t i o n of a s p e c i f i c port s i t e . The supplementary volume to 
t h i s report presents a sample p r e l i m i n a r y i n v e s t i g a t i o n of the e f f e c t s of 
a i r emissions at a h y p o t h e t i c a l o i l port located at a s p e c i f i c s i t e . 

Atmospheric D i s p e r s i o n C h a r a c t e r i s t i c s 

In c o n s i d e r i n g p o t e n t i a l a i r q u a l i t y d e t e r i o r a t i o n associated 
w i t h o i l port operations, atmospheric d i s p e r s i v e c a p a b i l i t y i s of major 
importance. Coastal B r i t i s h Columbia experiences r e l a t i v e l y low mean 
v e n t i l a t i o n r a t e s , frequent overnight i n v e r s i o n s , daytime inversions due 
to the presence of e i t h e r marine s t r a t a or a r c t i c a i r and l o c a l 
topography which encourages the establishment of closed c i r c u l a t i o n 
patterns i n v a l l e y s o r along c o a s t l i n e s . In view of the complex nature 
of the i n t e r a c t i o n of fac t o r s a f f e c t i n g atmospheric d i s p e r s i v e 
c a p a b i l i t y , c a t e g o r i c a l statements cannot be made concerning the r e l a t i v e 
p o l l u t i o n p o t e n t i a l of various a l t e r n a t e port s i t e s ; r a t h e r , one can only 
recommend that more d e t a i l e d s i t e - s p e c i f i c studies of the lower 
atmosphere be made part of the environmental assessment required p r i o r to 
development of any major new o i l port f a c i l i t y . The f o l l o w i n g i s a b r i e f 
review of the theory of the c a p a b i l i t y of the atmosphere to disperse 
airborne p o l l u t a n t s and an overview of c l i m a t o l o g i c f a c t o r s s p e c i f i c to 
the Wes t Coas t . 

H o r i z o n t a l transport and v e r t i c a l mixing together determine the 
rate at which p o l l u t a n t s are dispersed from a source. H o r i z o n t a l 
transport i s d i r e c t l y p r o p o r t i o n a l to wind speed; v e r t i c a l mixing i s 
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dependent on the s tabi l i ty of the lower atmosphere as determined by the 
temperature profi le . A temperature decrease with height of just under 
10°C/km results in free convective mixing. The product of the mean wind 
speed in the mixed layer and the depth of that layer (referred to as the 
mixing height) is defined as the ventilation coefficient. Porte l l i 
(1977), in a study of the climatology of these factors for Canada, 
indicated that for the Br i t i sh Columbia coast, mean afternoon values of 
the ventilation coefficient peak sharply in spring (Apri l ) , decline 
throughout the summer and persist at a low level during f a l l and winter. 
On an annual basis, coastal values are relatively low compared to the 
more continental region just to the east of the Coast Mountains, owing to 
much higher summertime values in the interior. 

Conditions which inhibit vertical mixing and/or horizontal 
transport include ground-based inversions and persistently l ight surface 
winds. Munn, Tomlain and Titus (1970), in a preliminary climatology of 
ground-based inversions in Canada, indicated that overnight and early 
morning inversions occur about 40 percent of the time in winter and 
spring and about 50 percent of the time in summer and f a l l on the Br i t i sh 
Columbia coast. Due to daytime heating, afternoon frequencies are much 
lower, ranging from under five percent in spring to nearly ten percent in 
the f a l l . Shaw, Hirt and T i l l ey (1971) studied the frequency of 
persistently l ight winds (under 11 km/h) in Canada. Cases of l ight winds 
persisting for a duration of 24 to 47 hours ranged from under one per 
month on the outer coast in spring to close to three per month on the 
more sheltered inner South Coast in the f a l l . 

The discussion of venti lation, inversions and wind conditions 
presented thus far provides a general overview for this coastal region. 
However, port f a c i l i t i e s , whether existing or proposed, occupy specific 
sites within this region characterized by strong local topographic 
effects. The degree of complexity introduced by local effects can be 
revealed by a consideration of two examples: Kitimat on the North Coast 
and Roberts Bank on the South Coast. 

Topographically, Kitimat is confined by the mass of the Coast 
Mountains with the exception of a narrow channel to the south and a river 
valley to the north. Roberts Bank, on the other hand, is exposed to the 
open expanse of the Strait of Georgia with only the flat lowlands of the 
Fraser delta nearby. One result of a more open exposure at Roberts Bank 
is a mean annual wind speed of 18 km/h compared to 12 km/h at the Kitimat 
townsite. However, Kitimat has a more "continental" climate and i t can 
be shown that, on an annual basis for Br i t i sh Columbia, better 
ventilation is associated with such conditions (Porte l l i , 1977; Danard, 
1973). Greater precipitation at Kitimat should produce greater rainout 
and washout of pollutants there; more hours of bright sunshine at Roberts 
Bank would tend to promote greater formation of photochemical pollution 
products there. Invasions of cold arctic air which can cause deep, 
persistent inversions are more frequent at Kitimat; Roberts Bank 
experiences more pronounced marine inversions in summer and f a l l . At 
Kitimat, existing industrial sources emit pollutants into an airshed 
volume limited by surrounding mountains, where stable layers and closed 
valley-mountain wind regimes may further l imit mixing. Roberts Bank is 
located on the fringe of a heavily populated urban area, where regional 
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p o l l u t a n t l e v e l s a r e known to b u i l d up d u r i n g s t a g n a t i o n e p i s o d e s ( L y n c h 
and E m s l i e , 1 9 7 2 ) , i n p a r t i c u l a r , when l a n d and s e a b r e e z e c i r c u l a t i o n s 
m e r e l y s l o s h p o l l u t a n t s to and f r o w i t h l i m i t e d r e m o v a l from the 
a i r s h e d . 

The c o m p l e x i t y o f the s i t u a t i o n j u s t d e s c r i b e d l e a d s to the 
c o n c l u s i o n t h a t d e t a i l e d s t u d i e s o f the d i s p e r s i v e c a p a b i l i t y o f the 
l o c a l a tmosphe re be made a p a r t o f the e n v i r o n m e n t a l a s ses smen t r e q u i r e d 
p r i o r to s e l e c t i o n o f a m a j o r o i l p o r t f a c i l i t y . 

6 .2 O I L P I P E L I N E CORRIDORS AND TERMINAL F A C I L I T I E S 

T h i s s e c t i o n i s a summary o f m a j o r e n v i r o n m e n t a l c o n c e r n s 
r e l a t i v e to p i p e l i n e s and t e r m i n a l f a c i l i t i e s ( F i g u r e 6 . 2 . 1 ) s e l e c t e d f o r 
t h i s s t u d y . (The A m e r i c a n p o r t s o f C h e r r y P o i n t , Bur rows Bay and P o r t 
A n g e l e s have not b e e n i n c l u d e d , as they p r e s u m a b l y w o u l d use e x i s t i n g 
r i g h t - o f - w a y s t h r o u g h Canada o r a new l i n e t h r o u g h the n o r t h w e s t e r n U . S . ) 
More c o m p l e t e d o c u m e n t a t i o n i s p r e s e n t e d i n the a p p e n d i c e s v o l u m e . 

I t must be n o t e d t h a t no a t t empt a t r a n k i n g the c o r r i d o r s has 
been made i n the r e p o r t . I t was f e l t t h a t the i n f o r m a t i o n a v a i l a b l e was 
not s u f f i c i e n t to p r o v i d e an a c c u r a t e c o m p a r i s o n o f the s u i t a b i l i t y o f 
one r o u t e o v e r a n o t h e r . F u r t h e r m o r e , i n the even t t h a t any o f the 
a l t e r n a t i v e c o r r i d o r s were to become a r e a l i t y , i t i s assumed t h a t 
d e t a i l e d e n v i r o n m e n t a l impac t s t u d i e s w o u l d be u n d e r t a k e n . 

P i p e l i n e Rou te S e l e c t i o n 

The P o r t S i m p s o n , R i d l e y I s l a n d , K i t i m a t and B e l l a C o o l a 
( n o r t h ) p i p e l i n e c o r r i d o r s r e c e i v e d c o n s i d e r a t i o n from K i t i m a t P i p e L i n e s 
L t d . The B e l l a C o o l a ( s o u t h ) r o u t e was once c o n s i d e r e d by T r a n s M o u n t a i n 
P i p e l i n e C o . L t d . The Squamish to Kamloops c o r r i d o r i s b a s e d on s u i t a b l e 
t o p o g r a p h y and e x i s t i n g t r a n s p o r t a t i o n r o u t e s . The R o b e r t s B a n k / P o r t 
Moody to Kamloops r o u t e f o l l o w s an e x i s t i n g p i p e l i n e r i g h t - o f - w a y , and as 
c u r r e n t p r o p o s a l s f o r t h i s r o u t e i n v o l v e m a i n l y e x i s t i n g f a c i l i t i e s , i t 
has not b e e n examined i n d e t a i l . 

Knowledge Gaps 

Knowledge gaps e x i s t i n many o f the s u b j e c t a reas s t u d i e d f o r 
the v a r i o u s r o u t e s . These i n c l u d e : 

- d e t a i l on p h y s i o g r a p h i c f e a t u r e s amongst 
c o r r i d o r s , 

- i n f o r m a t i o n to make up f o r l a c k o f Canada Land 
I n v e n t o r y ( o r B . C . L . I . ) a round the B e l l a C o o l a 
R e g i o n , 

- d e t a i l s on f i s h e r i e s r e s o u r c e s , e s p e c i a l l y r e s i d e n t 
s t o c k s i n the R o c k y M o u n t a i n T r e n c h , 

- i n f o r m a t i o n on b i r d and w i l d l i f e s p e c i e s o t h e r t h a n 
those t h a t a r e e c o n o m i c a l l y i m p o r t a n t , 

- u p - t o - d a t e l a n d u s e i n f o r m a t i o n , 
- a n adequa te a r c h a e o l o g i c a l s i t e s i n v e n t o r y , 
- a n h i s t o r i c s i t e s i n v e n t o r y , and 
- s u f f i c i e n t knowledge o f i m p a c t s o f c r u d e o i l s p i l l s 

on r i v e r i n e and l a n d e c o s y s t e m s . 
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Environmental Concerns 

Physical environmental concerns include avalanches, landslides, 
debris flows and excessive run-off, poor foundation materials, bank 
i n s t a b i l i t y and r i v e r scouring. 

B i o l o g i c a l environmental considerations include f i s h migration 
routes, spawning and rearing areas, bird nesting, staging and resting 
areas, and w i l d l i f e ranges, calving areas, hibernation areas and 
migration routes. 

Socio-economic considerations include effects on land use, 
changes to recreational, archeological and h i s t o r i c a l areas, impacts from 
increased access, e f f e c t s on l o c a l and regional l i f e styles and impacts 
on special government reserves (ecological, a g r i c u l t u r a l and Indian). 

Comparison of Routes 

This section is a summary of s i t e - s p e c i f i c major 
concerns along selected p i p e l i n e corridors based on 
pri n c i p l e s outlined in the previous section. 

A. Concerns Applicable to A l l Corridors 

Rugged t e r r a i n , i n s t a b i l i t y and steep slopes are prevalent 
throughout a l l routes. The Kitimat-Prince Rupert area is a high risk 
seismic zone. A l l routes have stream crossings which can create problems 
of bank erosion, r i v e r scour and flood p o t e n t i a l . A l l streams and lakes 
affected by the corridors support s i g n i f i c a n t anadromous and/or resident 
f i s h populations. 

B. Individual Corridor Concerns 

1. Ungulates (moose, deer, caribou, elk, sheep and goats) 

Generally, a l l the major valleys within the corridors 
support ranges o f h i g h to v e r y h i g h c a p a b i l i t y . Such 
ranges are very scarce in B r i t i s h Columbia and are 
c r i t i c a l l y important to the animals which use them. 

Squamish-Kamloops - very high c a p a b i l i t i e s around 
Cache Creek and Kamloops Lake. 
Be l l a C o o l a - L i t t l e Fort - very high c a p a b i l i t i e s 
around Hotnarko Lake, McClinchy Creek, Towdystan, the 
Chilanko River, C h i l c o t i n River, Hanceville, A l k a l i 
Creek and Roe Lake. 
Be l l a Coola-Prince George - very high c a p a b i l i t i e s 
around Chilako River, Mud River, the confluence of 
West Road, Euchiniko and Nazko Rivers, Pantage Lake 
and the West Road-Fraser River to Prince George. 
Port Simpson/Prince Rupert/Kitimat-Prince George -
very high c a p a b i l i t i e s at Tyhee Lake and Walcott. 
Prince George-Alberta Border - very high c a p a b i l i t y 
at Moose Lake. 

env i r onme nt al 
the general 
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2. Other W i l d l i f e 

No information was r e a d i l y a v a i l a b l e . 

3. Wildfowl - Game (upland/migratory) 

Upland Game Bird s 

No information was r e a d i l y a v a i l a b l e . 

Migratory Game Bird s 

Generally a l l c o a s t a l e s t u a r i e s (Squamish, B e l l a Coola, 
Skeena, K i t i m a t ) provide w i n t e r i n g and/or r e s t i n g areas. 

Squamish-Kamloops - i n a d d i t i o n to the Squamish R i v e r 
estuary, there i s an extremely important area around 
Kamloops. 
B e l l a C o o l a - L i t t l e Fort - contains the highest 
d i v e r s i t y of areas which have a l l - a r o u n d waterfowl 
c a p a b i l i t i e s , mostly along the C h i l c o t i n R i v e r . 
B e l l a Coo l a - P r i n c e George - Anahim Lake and P e l i c a n 
Lake are of extreme importance. 
Port Simpson/Prince Rupert/Kitimat-Terrace-Prince 
George - contains the l a r g e s t areas f o r w i n t e r i n g or 
r e s t i n g c a p a b i l i t i e s of waterfowl. 
Prince George-Alberta Border - no known s i g n i f i c a n t 
waterfowl c a p a b i l i t i e s . 

4. Other Wildfowl 

No informa t i o n was r e a d i l y a v a i l a b l e . 

5. Recreation 

A l l the c o r r i d o r s have areas of high r e c r e a t i o n a l 
c a p a b i l i t y e s p e c i a l l y along v a l l e y bottom lands. 

Squamish-Kamloops - important r e c r e a t i o n a l area 
around A l t a Lake-Whistler Mountain. 
B e l l a C o o l a - L i t t l e Fort - very important r e c r e a t i o n a l 
area around Lac La Hache-Bridge Creek System. 
B e l l a Coola-Prince George - few known s i g n i f i c a n t 
r e c r e a t i o n a l areas. 
Prince Rupert/Port Simpson/Kitimat-Prince George -
lake shores along t h i s route are important 
r e c r e a t i o n a l areas. 
Prince George-Alberta Border - Tabor Lake area i s an 
important r e c r e a t i o n a l area. 

6. Land Status 

a. Indian Reserves^ 

A l l c o r r i d o r s traverse areas designated as Indian 
reserves . 
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Squamish-Kamloops - r e s e r v e s d i s t r i b u t e d a l o n g whole 
c o r r i d o r w i t h c o n c e n t r a t i o n s a round L i l l o o e t and 
a l o n g the N o r t h Thompson R i v e r to K a m l o o p s . 
B e l l a C o o l a - L i t t l e F o r t - s e v e r a l r e s e r v e s a l o n g the 
c o r r i d o r , the l a r g e s t a t B e l l a C o o l a , A l e x i s and 
R i s k e C r e e k s , and W i l l i a m s L a k e . 
B e l l a C o o l a - P r i n c e George - s e v e r a l s m a l l r e s e r v e s 
m a i n l y on West Road R i v e r . 
P o r t S i m p s o n / P r i n c e R u p e r t / K i t i m a t - P r i n c e George -
s e v e r a l s m a l l r e s e r v e s , the l a r g e s t on the T s i m p s e a n 
P e n i n s u l a and a t the mouth o f the K i t i m a t and 
K i twanga R i v e r s . 
P r i n c e G e o r g e - A l b e r t a B o r d e r - few I n d i a n r e s e r v e s . 

b . A g r i c u l t u r a l Land R e s e r v e s 

A l l o f the s e l e c t e d c o r r i d o r s t r a v e r s e 
a g r i c u l t u r a l l a n d r e s e r v e s . The most e x t e n s i v e 
a reas a r e on the S q u a m i s h - K a m l o o p s , B e l l a 
C o o l a - L i t t l e F o r t , P o r t S i m p s o n / P r i n c e 
R u p e r t / K i t i m a t - P r i n c e G e o r g e , and P r i n c e 
G e o r g e - A l b e r t a B o r d e r r o u t e s . 

c . P a r k s 

Squamish -Kamloops - s e v e r a l p r o v i n c i a l p a r k s a l o n g 
the r o u t e . 
B e l l a C o o l a - L i t t l e F o r t - Tweedsmuir P r o v i n c i a l P a r k 
o f h i g h i m p o r t a n c e . 
B e l l a C o o l a - P r i n c e George - Tweedsmuir P r o v i n c i a l 
P a r k o f h i g h i m p o r t a n c e . 
P o r t S i m p s o n / P r i n c e R u p e r t / K i t i m a t - P r i n c e George -
s e v e r a l p r o v i n c i a l p a r k s a l o n g the r o u t e . 
P r i n c e G e o r g e - A l b e r t a B o r d e r - Mount Robson 
P r o v i n c i a l P a r k o f h i g h i m p o r t a n c e . 

d . E c o l o g i c a l Reserves 

Squamish - Kamloops - Baynes I s l a n d on Squamish 
R i v e r ; n o r t h w e s t o f T r e n q u i l l e . 
B e l l a C o o l a - L i t t l e F o r t - s o u t h o f W i l l i a m s L a k e . 
B e l l a c o o l a - P r i n c e George - v i c i n i t y o f F a r 
M o u n t a i n ; b e t w e e n the C o g l i s t i k o and Baezaeko R i v e r s . 
P o r t S i m p s o n / P r i n c e R u p e r t / K i t i m a t - P r i n c e George -
Skeena R i v e r n e a r the E x c h a m s i k s R i v e r ; D r y w i l l i a m 
Lake nea r F r a s e r L a k e ; Nechako R i v e r . 
P r i n c e George - A l b e r t a B o r d e r - Sunbeam C r e e k . 

e. O the r R e s t r i c t i o n s 

Squamish-Kamloops - none known. 
B e l l a C o o l a - L i t t l e F o r t - M i l i t a r y t r a i n i n g a r e a a t 
R i s k e C r e e k and a r c h a e o l o g i c a l s i t e s d i s t r i b u t e d 
a l o n g the F r a s e r R i v e r . 
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B e l l a Coola-Prince George - t r e e farm l i c e n c e reserve 
at mouth of West Road R i v e r . 
Port Simpson/Prince Rupert/Kitimat-Prince George -
Watershed reserve at Woodworth Lake; government 
reserve around Prudhomme Lake; t r e e farm l i c e n c e 
reserve around K i t i m a t R i v e r b a s i n ; most extensive 
known a r c h a e o l o g i c a l s i t e s d i s t r i b u t e d along whole 
c o r r i d o r ; b i r d sanctuary at Vanderhoof. 
Prince George-Alberta Border - t r e e farm l i c e n c e 
reserve on Fraser v a l l e y n o r t h of Prin c e George; 
a r c h a e o l o g i c a l s i t e s around Willow R i v e r and McBride. 

7. Land Use 

For e s t r y , a g r i c u l t u r e and to a l e s s e r extent, mining, 
are the dominant land uses to be found along the 
c o r r i d o r s . Commercial, r e s i d e n t i a l , manufacturing and 
other uses are u s u a l l y found around population centres 
i n v a l l e y lowlands. 

8. Access ( R a i l or road) 

Squamish-Kamloops - good access except f o r areas 
around L i l l o o e t and Hat Creek. 
B e l l a C o o l a - L i t t l e Fort - good access from Riske 
Creek to 100 M i l e House; otherwise l i t t l e or no 
ac ce s s. 
B e l l a Coola-Prince George - good access from mouth of 
West Road R i v e r to Prin c e George; otherwise very 
l i t t l e access. 
Port Simpson/Prince Rupert/Kitimat-Prince George -
very good access along n e a r l y whole route, but none 
from Port Simpson to Prin c e Rupert or the Zymoetz, 
Telkwa, K i t s e g u e c l a R i v e r s . 
Prince George-Alberta Border - good access along 
whole route. 

Upland Considerations at Marine Terminals 

Port Simpson - s u i t a b l e land; low waterfowl, ungulate 
and a g r i c u l t u r a l c a p a b i l i t i e s ; some r e c r e a t i o n 
c a p a b i l i t y ; numerous a r c h a e o l o g i c a l s i t e s ; no land 
access o r s e r v i c e s . 
R i d l e y I s l a n d - s u i t a b l e land (Crown-owned); low 
waterfowl, a g r i c u l t u r e and ungulate c a p a b i l i t i e s ; few 
ar c h a e o l o g i c a l s i t e s ; no access o r s e r v i c e s . 
K i t i m a t - po p u l a t i o n ; land access; low ungulate 
c a p a b i l i t y ; important waterfowl and f i s h e r i e s area; 
high p o t e n t i a l r e c r e a t i o n area; a g r i c u l t u r a l land and 
Indian reserves; l i m i t e d s u i t a b l e land. 
B e l l a Coola - moderate p o p u l a t i o n ; l i m i t e d s u i t a b l e 
land; important f i s h e r i e s ; p o t e n t i a l r e c r e a t i o n 
c a p a b i l i t y ; a g r i c u l t u r a l land and Indian reserves; 
some a r c h a e o l o g i c a l s i t e s ; l i m i t e d access and 
services . 
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B r i t a n n i a Beach - population; good access; low 
ungulate, waterfowl, a g r i c u l t u r e or r e c r e a t i o n 
c a p a b i l i t i e s ; l i m i t e d s u i t a b l e land; slump-prone 
areas . 
Roberts Bank - population; s u i t a b l e land; good access 
and s e r v i c e s ; low ungulate c a p a b i l i t y ; c r i t i c a l 
waterfowl and f i s h e r i e s area; h i g h r e c r e a t i o n 
c a p a b i l i t y ; a g r i c u l t u r a l land reserve; b i r d 
sanctuary; s o i l i n s t a b i l i t y p o t e n t i a l . 

The above review serves only to i d e n t i f y those areas which, at 
minimum, would require d e t a i l e d e v a l u a t i o n p r i o r to any p i p e l i n e 
approval. In general, more complete b a s e l i n e information i s needed f o r 
a l l p i p e l i n e routes before any ranking of a l t e r n a t i v e c o r r i d o r s c o u l d be 
de r i ved. 
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CHAPTER 7 

THE RELATIVE ENVIRONMENTAL RISK RATING SYSTEM: METHOD AND RESULTS 

The r a t i n g system described i n t h i s chapter was developed to 
f a c i l i t a t e the o b j e c t i v e comparison of environmental r i s k s associated 
w i t h West Coast port s i t e s and t h e i r a l t e r n a t i v e marine t r a f f i c routes. 
The system, which p r i m a r i l y addresses the question of a major o i l s p i l l , 
i s s i m i l a r to an e a r l i e r technique developed by the Department of 
F i s h e r i e s and the Environment (1976) i n i t s study of East Coast port 
a l t e r n a t i v e s . The major d i f f e r e n c e involves the i n c o r p o r a t i o n of a 
"route length" concept to take into account the f j o r d s and other coastal 
waterways that ships must traverse from the open ocean to t h e i r 
t e rminals. 

For the purpose of t h i s study, "environmental r i s k " was defined 
as the product of the r e l a t i v e r i s k o r p r o b a b i l i t y of an o i l s p i l l and 
the consequent environmental damages and costs that would r e s u l t i f such 
a s p i l l occurred. I t was v i r t u a l l y impossible to make an absolute 
determination of the environmental r i s k , but various numerical indices 
were developed to provide a r e l a t i v e i n d i c a t i o n of r i s k and a comparison 
of a l t e r n a t i v e s . These indices included: 

- A NAVIGATIONAL RISK INDEX to provide a r e l a t i v e 
measure of the r i s k of an accident, i . e . , the 
r e l a t i v e p r o b a b i l i t y of a s p i l l . I t was c a l c u l a t e d 
along each route by r a t i n g such factors as winds, 
v i s i b i l i t y , c u r r e n t s , water depths, passage widths, 
course changes and shipping density i n r e l a t i o n to 
a design tanker of 3 25,000 DWT w i t h a draught of 85 
feet and a breadth of 175 f e e t . 

- A BIOLOGICAL RESOURCE INDEX to provide a r e l a t i v e 
measure of the l i v i n g resources that c o u l d be 
a f f e c t e d by an o i l s p i l l . 

- An ECONOMIC RESOURCE INDEX to provide a r e l a t i v e 
measure of the income-related resources that c o u l d 
be a f f e c t e d by an o i l s p i l l . 

- A SOCIAL RESOURCE INDEX to provide a r e l a t i v e 
measure of the human community/cultural resources 
that c o u l d be a f f e c t e d by an o i l s p i l l . 

By m u l t i p l y i n g each of the RESOURCE INDICES by the NAVIGATIONAL 
RISK INDEX, the BIOLOGICAL RISK INDEX, ECONOMIC RISK INDEX and SOCIAL 
RISK INDEX were determined. The RESOURCE ind i c e s are thus an i n d i c a t i o n 
of the r e l a t i v e impacts of a s p i l l and the RISK i n d i c e s provide a measure 
of the r e l a t i v e rate at which damage might be expected to occur over 
time. Because the indices derived i n t h i s report are based on 
h y p o t h e t i c a l route a l t e r n a t i v e s , i t i s important to note that much more 
s i t e - s p e c i f i c data c o l l e c t i o n and a n a l y s i s would be required f o r any 
a c t u a l , s e r i o u s l y proposed, p o r t / r o u t e . 
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7.1 NAVIGATIONAL RISK INDEX 

The procedure f o r producing the NAVIGATIONAL RISK INDEX was to 
i d e n t i f y , rate and combine various n a v i g a t i o n a l f a c t o r s which con t r i b u t e 
to the r i s k of marine tanker accidents. 

The n a v i g a t i o n f a c t o r s i d e n t i f i e d as " r i s k i n d i c a t o r s " were 
winds, v i s i b i l i t y , c u r r e n t s , water depths, passage widths, course changes 
and shipping density. Winds and v i s i b i l i t y were rated f o r winter and 
summer seasons; a l l others were rated on an annual b a s i s . They were 
evaluated q u a n t i t a t i v e l y e i t h e r from a v a i l a b l e data or from data 
i n t e r p o l a t i o n where records were l a c k i n g . 

As p r e v i o u s l y mentioned, the NAVIGATIONAL RISK INDEX method i n 
t h i s report was b a s i c a l l y s i m i l a r to that used i n an East Coast study, 
with one s i g n i f i c a n t m o d i f i c a t i o n . Because of much longer approach 
routes to P a c i f i c coast terminals, each of the port/route a l t e r n a t i v e s 
was f i r s t d i v i d e d i n t o d i s c r e t e 4 0 - n a u t i c a l mile segments (Table 7.1.1 
and Figure 7.1.1), which were added to derive the NAVIGATIONAL RISK f o r 
each route, ( i t was assumed that s p i l l p r o b a b i l i t y was a l i n e a r f u n c t i o n 
of length and t h e r e f o r e d i r e c t l y segment-additive and that tankers would 
not deviate from t h e i r respective routes.) 

The r a t i n g system used f o r the seven n a v i g a t i o n a l r i s k factors 
i d e n t i f i e d above was developed to i n d i c a t e a gradient of r i s k ; i t d i d not 
show absolute r i s k . The system was as f o l l o w s : 

Winds 

The percentage frequency of hourly wind observations i n which 
the speed was greater than or equal to 25 miles per hour (2 2 knots) was 
taken as an i n d i c a t i o n of r i s k due to high winds. Data was extracted 
from records from c o a s t a l recording s t a t i o n s , s e v e r a l lighthouse records 
and summaries of ship weather r e p o r t s . 

Percentage Frequency 
Wind Speed g r e a t e r than or e q u a l to 25 mph R a t i n g 

0 - 5 percent 1 
6 - 10 percent 2 

11 - 15 percent 3 
16 - 25 percent 4 
Over 25 percent 5 

R e c o g n i z i n g t h a t s t r o n g w i n d s pose a g r e a t e r h a z a r d n e a r s h o a l s 
o r s h o r e l i n e s , a m o d i f i c a t i o n to the r a t i n g f o r w i n d speed was 
i n c o r p o r a t e d based upon the d i s t a n c e from the 1 6 - f a t h o m l i n e . T h i s d e p t h 
meets the minimum TERMPOL s t a n d a r d , as se t f o r t h by the M i n i s t r y o f 
T r a n s p o r t f o r u n d e r k e e l c l e a r a n c e f o r the d e s i g n s h i p . 

Distance Rating 

More than 4.0 n a u t i c a l miles 1 
2.6 - 4.0 n a u t i c a l miles 2 
1.6 - 2.5 n a u t i c a l miles 3 
0.76 - 1.5 n a u t i c a l miles 4 
0 - 0.75 n a u t i c a l mile 5 
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The foregoing two f a c t o r s were then combined according to the 
f o l l o w i n g composite matrix: 

Distance Rating 
1 2 3 4 5 

Phys i c a l 1 0 0 0 1 1 
Parameter 2 0 1 1 2 2 

Rat ing 3 1 2 2 3 3 
4 2 3 3 4 4 
5 3 4 4 5 5 

An example would be a f i n a l wind r a t i n g of four f o r a ph y s i c a l 
parameter (wind) r a t i n g of f i v e and a distance r a t i n g of three. 

V i s i b i l i t y 

Risk due to r e s t r i c t e d v i s i b i l i t y was developed on the basis of 
the percentage frequency of occurrence of recorded v i s i b i l i t i e s of two 
miles o r l e s s . Data was extracted from records from c o a s t a l recording 
s t a t i o n s , s e v e r a l lighthouse weather r e p o r t i n g s t a t i o n s , i n c l u d i n g the 
use of foghorn records, and summaries of ship weather reports. 

Percentage Frequency 
V i s i b i l i t y l e s s than or equal to 2 miles Rating 

0 - 3 pe r ce nt 1 
4 - 6 percent 2 
7 - 9 percent 3 

1 0 - 1 2 percent 4 
Over 12 pe r ce nt 5 

A d i s t a n c e / p h y s i c a l parameter composite matrix, as used f o r 
winds, was used to produce the f i n a l v i s i b i l i t y values 

C u r r e n t s 

Maximum t i d a l c u r r e n t s , as recorded f o r each l o c a l i t y , were 
used as the basis f o r t h i s f a c t o r . Data were extracted from current 
observation records and from published information. 

Current Speed Rating 

les s than 1 knot 
1 - 2 knots 

2 . 1 - 3 knot s 
3 . 1 - 4 knot s 

greater than 4 knots 

1 
2 
3 
4 
5 

As with winds and v i s i b i l i t y , a 
parameter composite m a t r i x was used. 

same d i s t a n c e / p h y s i c a l 
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Water Depths 

Water depths were rated from the information extracted from 
large scale n a u t i c a l c h a r t s , using 16 fathoms as the minimum underkeel 
clearance w i t h i n a 1600-foot wide channel f o r a v e s s e l of 325,000 DWT, 
according to TERMPOL standards. The minimum water depth on each route 
segment was rated on the f o l l o w i n g b a s i s . 

Water Depth Rating 

greater than 33 fathoms 0 
26.1 - 33 fathoms 1 
21.1 - 26 fathoms 2 
18.1 - 21 fathoms 3 

16 - 18 fathoms 4 
les s than 16 fathoms (Unacceptable as per 5 

TERMPOL g u i d e l i n e s ) 

Channel Widths 

Channel width r a t i n g s were derived using n a u t i c a l c h a r t s , 
t a k i n g 1600 feet as the minimum channel width f o r a vesse l of 325,000 
DWT, according to TERMPOL g u i d e l i n e s . The minimum channel width on each 
route segment was rated on the f o l l o w i n g b a s i s . 

Channel Width Rating 

greater than 20 miles 0 
5.1 miles - 20 miles 1 
1.1 mile - 5 miles 2 
2501 feet - 1 mile 3 
1601 feet - 25 00 feet 4 
0 feet - 1600 feet (Unacceptable as per 5 

TERMPOL g u i d e l i n e s ) 

Course Changes 

Course changes were measured from l a r g e - s c a l e n a u t i c a l charts 
on the ba s i s of turn angle groupings according to TERMPOL g u i d e l i n e s . 

Turn Angle Groupings Rating 

0 - 2 5 o 1 
26° - 35 o 2 
36° - 55° 3 
56° - 65° 4 
65° + 5 

Because many route segments included s e v e r a l t u r n angles, the 
i n i t i a l r a t i n g s , as determined above, were added together f o r each 
segment to produce a summed range between 1 and 21. New r a t i n g values 
from 0 to 4 were then applied to t h i s range to produce a f i n a l r a t i n g f o r 
course changes. 
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Segment Sum F i n a l R a t i n g 

1 - 4 0 
5 - 8 1 
9 - 1 2 2 

1 3 - 1 6 3 
16+ 4 

S h i p p i n g D e n s i t y 

From a d e t a i l e d a n a l y s i s and summary o f v a r i o u s C a n a d i a n and 
U . S . s h i p p i n g r e c o r d s , v a l u e s f o r the d e n s i t y o f d e e p - s e a v e s s e l t r a f f i c , 
i n c l u d i n g t u g s and barges but e x c l u d i n g c o m m e r c i a l f i s h i n g b o a t s and 
r e c r e a t i o n a l c r a f t , were d e v e l o p e d and r a t e d . ( D e e p - s e a v e s s e l s were 
those c o n s i d e r e d l a r g e enough to c o n s t i t u t e a p o t e n t i a l h a z a r d to a 
s u p e r t a n k e r . ) 

Number o f A n n u a l V e s s e l Movements R a t i n g 

0 - 10 00 0 
1001 - 3000 1 
3001 - 7000 2 
7001 - 15,000 3 

15 , 001 - 20,0 00+ 4 

C o m p i l a t i o n o f the NAVIGATIONAL RISK INDEX 

The NAVIGATIONAL R I S K INDEX was c o m p i l e d as f o l l o w s ( T a b l e s 
7 . 1 . 2 , 7 . 1 . 3 and 7 . 1 . 4 ) : 

- E a c h r o u t e segment was r a t e d f o r each o f the s e v e n 
pa ramete r s . 

- The r a t i n g s e s t i m a t e d f o r two seasons ( O c t o b e r to 
A p r i l r e p r e s e n t i n g w i n t e r , and May t o September 
r e p r e s e n t i n g summer) , were w e i g h t e d i n each r o u t e 
segment . W e i g h t s were d e c i d e d on by a g r o u p o f 
Department o f F i s h e r i e s and the E n v i r o n m e n t s t a f f 
as an i n d i c a t i o n o f the r e l a t i v e impor t ance o f each 
of the n a v i g a t i o n a l r i s k f a c t o r s . By t e s t i n g 
v a r i o u s ex t reme w e i g h t s , t h e y d e t e r m i n e d t h a t the 
s t a n d i n g o f each r o u t e segment i n r e l a t i o n to the 
o t h e r s was not g r e a t l y changed by d i f f e r e n t 
w e i g h t i n g s , i . e . , r e l a t i v e r i s k was i n s e n s i t i v e to 
the w e i g h t i n g scheme c h o s e n . The w e i g h t agreed on 
f o r each p a r a m e t e r was the maximum p o s s i b l e f o r 
t h a t p a r a m e t e r , e x c e p t i n those cases not i n 
conformance w i t h TERMPOL s t a n d a r d s , e . g . , w a t e r 
d e p t h and pas sage w i d t h f o r segment 42 ( V a n c o u v e r 
h a r b o u r ) . These w e i g h t e d v a l u e s w e r e t o t a l l e d by 
segment f o r each s e a s o n . 

- S e a s o n a l segment t o t a l s w e r e s c a l e d down to 100 
from 114, where 114 r e p r e s e n t e d t he t o t a l of the 
maximum w e i g h t i n g s . 
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TABLE 7.1.2 WINTER NAVIGATIONAL RISK VALUES BY ROUTE SEGMENT 

Seasonal Navigational 
Segment Winds V i s i b i l i t y Currents Water Passage Course Shipping Risk (Scaled against 
Numbe r Depths Widths Changes Dens ity TOTAL 114 and Adjusted for 

Odd Lengths) 
(12.0)* (18.0) (14.0) (20.0) (17.0) (15.0) (18.0) (114.0) (100) 

1 7.2 .0 .0 .0 4.2 .0 .0 11.4 10.0 
2 7.2 .0 .0 .0 8.5 .0 4.5 20.2 17.7 
3 7.2 10.8 2.8 15.0 12.7 7.5 .0 56.0 36.9 
4 7.2 7.2 2.8 15.0 17.0 7.5 4.5 61.2 40.3 
5 7.2 3.6 .0 10.0 8.5 3.8 9.0 42.0 36.9 
6 7.2 .0 .0 .0 .0 .0 .0 7.2 6.3 
7 7.2 3.6 .0 15.0 8.5 7.5 .0 41.8 36.7 
8 7.2 14.4 5.6 10.0 12.7 3.8 9.0 62.7 55.0 
9 4.8 18.0 2.8 5.0 12.7 3.8 .0 47.1 41.3 
10 7.2 3.6 .0 .0 4.2 .0 .0 15.0 13.2 
11 7.2 7.2 2.8 10.0 8.5 3.8 .0 39.4 34.6 
12 4.8 14.4 2.8 .0 12.7 15.0 .0 49.7 43.6 
13 7.2 7.2 .0 .0 4.2 .0 .0 18.6 16.4 
14 7.2 .0 .0 .0 4.2 .0 .0 11.4 10.0 
15 7.2 7.2 .0 .0 4.2 .0 .0 18.6 16.4 
16 7.2 .0 .0 .0 .0 .0 .0 7.2 6.3 
17 7.2 .0 .0 .0 .0 .0 .0 7.2 6.3 
18 7.2 .0 .0 .0 4.2 3.8 .0 15.2 13.3 
19 7.2 .0 .0 .0 .0 .0 .0 7.2 6.3 
20 4.8 .0 .0 15.0 8.5 .0 .0 28.3 24.8 
21 4.8 .0 2.8 15.0 12.7 .0 .0 35.3 31.0 
22 4.8 7.2 5.6 15.0 8.5 3.8 .0 44.8 9.8 
23 4.8 10.8 5.6 10.0 12.7 3.8 .0 47.7 41.8 
24 4.8 10.8 5.6 20.0 12.7 11.2 .0 65.2 57.2 
25 4.8 14.4 2.8 .0 12.7 3.8 .0 38.5 8.4 
26 4.8 .0 .0 .0 4.2 .0 .0 9.0 7.9 
27 4.8 .0 .0 .0 4.2 .0 .0 9.0 7.9 
28 4.8 .0 .0 .0 4.2 .0 .0 9.0 7.9 
29 4.8 3.6 .0 .0 .0 .0 .0 8.4 7.4 
30 4.8 3.6 .0 .0 4.2 .0 .0 12.6 11.1 
31 4.8 3.6 .0 15.0 4.2 .0 .0 27.6 24.3 
32 2.4 3.6 .0 5.0 4.2 .0 4.5 19.7 17.3 
33 2.4 .0 2.8 .0 4.2 .0 18.0 27.-4 24.1 
34 2.4 .0 2.8 .0 8.5 3.8 4.5 21.9 4.8 
35 4.8 3.6 2.8 15.0 8.5 7.5 .0 42.2 14.1 
36 2.4 .0 .0 15.0 8.5 .0 4.5 30.4 13.3 
37 4.8 7.2 5.6 15.0 8.5 3.8 .0 44.8 19.7 
38 7.2 10.8 11.2 25.0 12.7 11.2 9.0 87.2 76.5 
39 4.8 7.2 11.2 20.0 12.7 7.5 13.5 76.9 67.5 
40 4.8 7.2 5.6 5.0 8.5 .0 .0 31.1 6.8 
41 2.4 .0 2.8 .0 4.2 7.5 9.0 25.9 22.8 
42 2.4 7.2 11.2 25.0 21.2 3.8 18.0 88.8 38.9 
43 4.8 7.2 2.8 .0 12.7 .0 4.5 32.0 14.1 

*() Weightings 
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TABLE 7.1.3 SUMMER NAVIGATIONAL RISK VALUES BY ROUTE SEGMENT 

Seasonal Navigational 
Segment Winds V i s i b i l i t y Currents Water Passage Course Sh ipping Risk (Scaled against 
Number Depths Widths Changes Dens ity TOTAL 114 and Adjusted for 

Odd Lengths) 
(12.0)* (18.0) (14.0) (20.0) (17.0) (15.0) (18.0) (114) (100) 

1 .0 3.6 .0 .0 4.2 .0 .0 7.8 6.9 
2 .0 3.6 .0 .0 8.5 .0 4.5 16.6 14.6 
3 2.4 10.8 2.8 15.0 12.7 7.5 .0 51.2 33.7 
4 2.4 7.2 2.8 15.0 17.0 7.5 4.5 56.4 37.1 
5 .0 3.6 .0 10.0 8.5 3.8 9.0 34.8 30.6 
6 .0 3.6 .0 .0 .0 .0 .0 3.6 3.2 
7 2.4 3.6 .0 15.0 8.5 7.5 .0 37.0 32.5 
8 4.8 10.8 5.6 10.0 12.7 3.8 9.0 56.7 49.7 
9 2.4 7.2 2.8 5.0 12.7 3.8 .0 33.9 29.7 
10 .0 7.2 .0 .0 4.2 .0 .0 11.4 10.0 
11 2.4 7.2 2.8 10.0 8.5 3.8 .0 34.6 30.4 
12 2.4 10.8 2.8 .0 12. 7 15.0 .0 43.7 38.4 
13 .0 7.2 .0 .0 4.2 .0 .0 11.4 10.0 
14 2.4 3.6 .0 .0 4.2 .0 .0 10.2 9.0 
15 2.4 7.2 .0 .0 4.2 .0 .0 13.8 12.1 
16 2.4 3.6 .0 .0 .0 .0 .0 6.0 5.3 
17 2.4 3.6 .0 .0 .0 .0 .0 6.0 5.3 
18 2.4 3.6 .0 .0 4.2 3.8 .0 14.0 12.3 
19 2.4 3.6 .0 .0 .0 .0 .0 6.0 5.3 
20 .0 3.6 .0 15.0 8.5 .0 .0 27.1 23.8 
21 .0 3.6 2.8 15.0 12.7 .0 .0 34.1 30.0 
22 .0 7.2 5.6 15.0 8.5 3.8 .0 40.0 8.8 
23 2.4 10.8 5.6 10.0 12. 7 3.8 .0 45.3 39. 7 
24 2.4 7.2 5.6 20.0 12.7 11.2 .0 59.2 51.9 
25 2.4 7.2 2.8 .0 12.7 3.8 .0 28.9 6.3 
26 2.4 3.6 .0 .0 4.2 .0 .0 10.2 9.0 
27 .0 3.6 .0 .0 4.2 .0 .0 7.8 6.9 
28 .0 3.6 .0 .0 4.2 .0 .0 7.8 6.9 
29 .0 3.6 .0 .0 .0 .0 .0 3.6 3.2 
30 .0 7.2 .0 .0 4.2 .0 .0 11.4 10.0 
31 .0 7.2 .0 15.0 4.2 .0 .0 26.4 23.2 
32 .0 10.8 .0 5.0 4.2 .0 4.5 24.5 21.5 
33 2.4 7.2 2.8 .0 4.2 .0 18.0 34.6 30.4 
34 .0 .0 2.8 .0 8.5 3.8 4.5 19.5 4.3 
35 2.4 3.6 2.8 15.0 8.5 7.5 .0 39.8 13.3 
36 .0 .0 .0 15.0 8.5 .0 4.5 28.0 12.3 
37 2.4 3.6 5.6 15.0 8.5 3.8 .0 38.8 17.0 
38 2.4 3.6 11.2 25.0 12. 7 11.2 9.0 75.2 66.0 
39 2.4 3.6 11.2 20.0 12.7 7.5 13.5 70.9 62.2 
40 2.4 3.6 5.6 5.0 8.5 .0 .0 25.1 5.5 
41 .0 .0 2.8 .0 4.2 7.5 9.0 23.5 20.7 
42 2.4 3.6 11.2 25.0 21.2 3.8 18.0 85.2 37.4 
43 2.4 3.6 2.8 .0 12. 7 .0 4.5 26.0 11.4 

* ( ) Weightings 
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TABLE 7.1.4 NAVIGATIONAL RISK INDEX 

Na v i g a t i o n a l Risk NAVIGATIONAL 
Route (Annually Adjusted RISK INDEX 
No. Route Name Route T o t a l s ) (Scaled to 100) 

1 Port Simpson (Dixon) 60.78 20 
2 Rid l e y Isl a n d (Dixon) 64.18 21 
3 K i t i m a t (Dixon, P r i n c i p e ) 190.43 64 
4 Ki t i m a t (Outer Coast, Hecate, P r i n c i p e ) 239.63 80 
5 K i t i m a t (Outer Coast, Hecate, Caamano) 168.03 56 
6 . B e l l a Coola (Outer Coast, North Passage) 185.18 62 
7 B e l l a Coola (Outer Coast, South Passage) 200.78 67 
8 Ki t i m a t (Hecate, P r i n c i p e ) 208.97 70 
9 Ki t i m a t (Hecate, Caamano) 137.36 46 
10 B e l l a Coola (North Passage) 154.51 52 
11 B e l l a Coola (South Passage) 170.12 57 
12 Port Angeles (Outer Coasts, Juan De Fuca) 165.20 55 
13 Esquimalt (Outer Coasts, Juan De Fuca) 174.35 58 
14 Burrows Bay (Outer Coasts, Juan De Fuca) 192.12 64 
15 Cherry Point (Outer Coasts, Juan De Fuca, 245.72 82 

Rosario) 
16 Cherry Point (Outer Coasts, Juan De Fuca, 245.20 82 

Haro) 
17 Roberts Bank (Outer Coasts, Juan De Fuca, 260.84 87 

Haro) 
18 Port Moody (Outer Coasts, Juan De Fuca, 299.19 100 

Haro) 
19 B r i t a n n i a Beach (Outer Coasts, Juan De 273.81 92 

Fuca, Haro) 
20 Port Angeles (Juan De Fuca) 84.98 28 
21 Esquimalt (Juan De Fuca) 94.13 31 
22 Burrows Bay (Juan De Fuca) 111.90 37 
23 Cherry Point (Juan De Fuca, Rosario) 165.51 55 
24 Cherry Point (Juan De Fuca, Haro) 164.98 55 
25 Roberts Bank (Juan De Fuca, Haro) 180.62 60 
26 Port Moody (Juan De Fuca, Haro) 218.97 73 
27 B r i t a n n i a Beach (Juan De Fuca, Haro) 193.60 65 
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- Several of the segments which were not the f u l l 40 
n a u t i c a l miles i n length, e.g., some f i n a l approach 
segments, were decreased i n value i n pr o p o r t i o n to 
t h e i r s h o r t e r lengths. 

- Segment values were added by season f o r each route 
as in Table 7.1.1. 

- Seasonality was removed by averaging winter and 
summer values proport i o n a t e l y . 

- These annual route values were scaled to 100, with 
100 representing the highest route r i s k . This was 
the NAVIGATIONAL RISK INDEX. 

7.2 THE RESOURCE INDICES 

The BIOLOGICAL, ECONOMIC and SOCIAL RESOURCE INDICES were 
developed on a r e g i o n a l basis using modified F i s h e r i e s S t a t i s t i c a l Areas 
along each route (Table 7.2.1 and Figure 7.2.1). 

An a l t e r n a t i v e method based on s p e c i f i c o i l s l i c k areas was 
also used i n pre p a r a t i o n of t h i s study and i s described i n the appendices 
volume. As the r e s u l t s of that method c o r r e l a t e d very h i g h l y with the 
r e s u l t s presented h e r e i n , only the one method was d e t a i l e d i n t h i s f i r s t 
volume, as fo l l o w s : 

1. BIOLOGICAL RESOURCE INDEX 

The BIOLOGICAL RESOURCE INDEX was compiled to permit comparison 
of fa c t o r s that could not be r e a d i l y evaluated i n monetary or other 
commonly accepted q u a n t i t a t i v e terms. Included i n the index were 
nearshore b i o l o g i c a l c a p a b i l i t y , salmon escapements, other f i s h e r i e s 
stocks, marine-associated b i r d s and marine mammals. 

These f i v e b i o l o g i c a l f a c t o r s were f i r s t rated by geographic 
l o c a t i o n through a method s p e c i f i c to each, as d e t a i l e d i n the f o l l o w i n g 
sub-sections. The r e s u l t i n g r a t i n g s were then r e g i o n a l l y apportioned on 
a modified F i s h e r i e s S t a t i s t i c a l Area basis (Table 7.2.2). F i n a l steps 
i n the c a l c u l a t i o n of the BIOLOGICAL RESOURCE INDEX a r e d e t a i l e d at the 
end of t h i s s e c t i o n . 

Nearshore B i o l o g i c a l C a p a b i l i t y 

I n t e r t i d a l and associated areas can support r i c h and h i g h l y 
v a r i a b l e b i o l o g i c a l communities which may possess value i n t h e i r own 
r i g h t , and whose p r o d u c t i v i t y may be important i n su s t a i n i n g commercial 
and r e c r e a t i o n a l s p e c i e s , i n c l u d i n g young salmon. However, data on 
nearshore b i o l o g i c a l communities and t h e i r p r o d u c t i v i t y are sparse f o r 
much of the coast. Therefore, a b i o l o g i c a l c a p a b i l i t y r a t i n g was 
developed from c e r t a i n s h o r e l i n e p h y s i c a l f a c t o r s derived from one mile 
samplings at f i v e mile i n t e r v a l s from photogrammetric and a e r i a l surveys. 
The coded p h y s i c a l f a c t o r s and methods of assessment are presented i n the 
appendices volume. 

Exposure, bottom-type and slope were postulated as the 
important determinants of p r o d u c t i v i t y . Exposure and bottom-types were 
f i r s t arrayed i n a table and assigned q u a l i t a t i v e p r o d u c t i v i t y values 
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TABLE 7.2.2 BIOLOGICAL RATINGS BY MODIFIED F I S H E R I E S STATISTICAL AREAS 

Modified B i o l o g i c a l Salmon Other F i s h e r i e s Marine-Associated Marine 
F i s h e r i e s C a p a b i l i t y Escapements Stocks Bir d s Mammals 

Area 

ALAS-1 80 3,678,400 30 1 1 
1-W 119 - - 16 3 
1-E 139 3,042,175 29 41 3 
2-W 704 1,810,830 99 19 3 
2-E-N 64 838,85 0 24 21 2 
2-E-S 382 2,130,885 89 71 3 
3-X 80 . - - 6 2 
3 -Y 74 163,400 27 4 1 
3-Z-S 438 3,652,247 - 1 1 
4 1062 6,844,277 107 15 3 
5 752 1,119,000 60 7 3 
6-N 427 3,967,930 23 2 1 
6-S 550 1,323,925 28 15 2 
7 424 1,910,187 51 17 2 
8 328 3,440,875 429 2 3 
9 94 1,683,060 52 2 2 

10 98 204,450 19 1 2 
11 45 208,025 28 1 5 
12-W 180 705,932 4 13 2 
14-S 194 756,918 101 13 2 
16 119 721,845 16 16 2 
17-N 94 155,320 90 8 2 
17-S 126 189,440 34 7 2 
18 87 400,100 36 8 2 
19 127 - 7 2 
19 & 20 244,550 
20 126 - 6 2 
21 87 - - 1 2 
22 37 - 1 2 
22 & 23 2,024,657 
23 68 - 20 3 
24 27 8 436,000 169 32 3 
25 311 813,552 16 7 9 8 
26 197 453,370 39 18 8 
27 289 515,845 4 20 3 
28 200 1,828,852 10 6 2 
29 104 8,999,954 - 37 2 
30 - - - 9 2 
US-1 1070 4,739,156 23 30 2 
US-2 99 - 45 7 4 
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( h i g h , medium, l ow) w i t h a r b i t r a r i l y a s s i g n e d n u m e r i c a l r a t i n g s , t o w h i c h 
was added a r e e f f a c t o r , i f p r e s e n t . The r e s u l t i n g number was m u l t i p l i e d 
by an a r b i t r a r y s l o p e v a l u e . O t h e r n u m e r i c a l r a t i n g s , v a r y i n g w i t h 
e x p o s u r e , were added where e s t u a r i e s w e r e p r e s e n t to g i v e f i n a l n e a r s h o r e 
b i o l o g i c a l c a p a b i l i t y r a t i n g s . R a t i n g components and sample c a l c u l a t i o n s 
a r e shown i n T a b l e 7 . 2 . 3 . R e g i o n a l a p p o r t i o n i n g o n a m o d i f i e d F i s h e r i e s 
S t a t i s t i c a l A r e a b a s i s i s shown i n T a b l e 7 . 2 . 2 . 

Salmon Escapement s 

B r i t i s h C o l u m b i a ' s most c o m m e r c i a l l y and r e c r e a t i o n a l l y v a l u e d 
f i s h e r i e s r e s o u r c e i s the P a c i f i c s a l m o n : s o c k e y e , Oncorhynchus n e r k a , 
p i n k , 0 . g o r b u s c h a , c o h o , 0 . k i s u t c h , chum, 0 . k e t a , and c h i n o o k , 0 . 
t s h a w y t s c h a . W h i l e t h e r e a r e c o n s i d e r a b l e d i f f e r e n c e s of s i z e , h a b i t s 
and c o m m e r c i a l and r e c r e a t i o n a l v a l u e s among the f i v e s p e c i e s , i t i s 
assumed t h e y a r e e q u a l l y v u l n e r a b l e to o i l p o l l u t i o n . 

The most v u l n e r a b l e m a r i n e s t a g e o f the l i f e c y c l e i s the 
j u v e n i l e . I t i s d u r i n g t h i s s t a g e o f deve lopment t h a t the sa lmon u t i l i z e 
e s t u a r i n e and n e a r s h o r e a reas o f the c o a s t as r e a r i n g and f e e d i n g 
g r o u n d s . C o n s i d e r i n g the v u l n e r a b i l i t y o f these n u r s e r y a reas to o i l 
s p i l l s , t he Canada Depar tment o f F i s h e r i e s and t h e E n v i r o n m e n t and the 
A l a s k a and W a s h i n g t o n s t a t e r e c o r d s o f sa lmon escapement d a t a ( i . e . , 
e s t i m a t e s o f the numbers o f a d u l t f i s h r e a c h i n g spawning g rounds ) were 
r e v i e w e d f o r a l l a r ea s o f the c o a s t . These escapement f i g u r e s w e r e used 
as i n d i c a t o r s o f the number o f j u v e n i l e s a l m o n i d s l i k e l y to be r e l i a n t on 
the e s t u a r i n e and n e a r s h o r e a reas o f the c o a s t f o r f e e d i n g and r e a r i n g . 

I n t e r p r e t a t i o n o f escapement d a t a r e q u i r e s a b a s i c knowledge of 
i t s i n h e r e n t l i m i t a t i o n s . F i g u r e s f o r sa lmon escapements a r e d e r i v e d 
m a i n l y f rom v i s u a l s u r v e y s and t h e i r a c c u r a c y v a r i e s c o n s i d e r a b l y from 
s t r e a m to s t r e a m because o f p r e v a i l i n g s t r e a m c o n d i t i o n s , changes i n 
r e c o r d i n g p e r s o n n e l and d i f f e r e n t t e c h n i q u e s o f e s t i m a t i o n . In many 
c a s e s , b o t h o v e r - a n d u n d e r - e s t imates e x i s t i n the d a t a . On the o t h e r 
hand , r e l a t i v e l y a c c u r a t e r e c o r d s a r e a v a i l a b l e f o r s t r e a m s i n some areas 
where s a l m o n a r e enumera ted a t f i s h w a y s and c o u n t i n g w e i r s o r by t a g and 
r e c a p t u r e p r o g r a m s . C o n s e q u e n t l y , t he escapement d a t a s h o u l d be v i ewed 
o n l y as a r a t i n g o f r e l a t i v e abundance . T h i s i s p a r t i c u l a r l y t r u e w i t h 
c h i n o o k and coho p o p u l a t i o n s because t h e i r b e h a v i o r p a t t e r n s , spawning 
t imes and s m a l l e r numbers make them e s p e c i a l l y d i f f i c u l t to enumera t e . 

The maximum e v e r - r e c o r d e d e scapemen t s by s t r e a m l o c a t i o n were 
c o n s i d e r e d t o most c l o s e l y r e p r e s e n t the maximum p o t e n t i a l n a t u r a l 
p r o d u c t i o n and w e r e used as the b a s i s f o r d e t e r m i n i n g the sa lmon 
escapement component o f the BIOLOGICAL RESOURCE INDEX. These f i g u r e s 
m i g h t be s u r p a s s e d i f sa lmon enhancement t e c h n o l o g y were a p p l i e d to 
i n c r e a s e s t r e a m p r o d u c t i v i t y . 

The maximum r e c o r d e d e scapemen t s f o r a l l s p e c i e s i n a l l s t r e a m s 
were summed by m o d i f i e d F i s h e r i e s S t a t i s t i c a l A r e a s as per T a b l e 7 . 2 . 2 . 
(The a p p e n d i c e s vo lume d e t a i l s sa lmon escapement v a l u e s by s t r e a m 
l o c a t i o n . ) 
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TABLE 7.2.3 NEARSHORE BIOLOGICAL CAPABILITY RATINGS 

EXPOSURE AND BOTTOM-TYPE RATINGS 

Estuary 

Cobble 

Rock 

Sand 

Protected 

high (12) 

high (8) 

med ium (3) 

med ium (3) 

Channel 

med ium (8) 

high (8) 

low (2) 

med ium (3) 

Open 

low (2) 

low (2) 

high (7) 

low (1) 

Reefs 

med ium (2) 

high (3) 

low (1) 

SLOPE RATINGS 

Low (3) Moderate (2) Steep (1) 

Sample C a l c u l a t i o n s : 

1. Protected, rock, w i t h reefs : 3 + 3 = 6 
Moderate slope : x2 

1 2 
Estuary : +12 
Nearshore B i o l o g i c a l C a p a b i l i t y Rating 2A_ 

2. Channel, c o b b l e , w i t h r e e f s : 8 + 2 = 10 
Low slope : _x3 

30 
Estuary : +8_ 
Nearshore B i o l o g i c a l C a p a b i l i t y Rating 38^ 

3. Open, Sand : 1 
Low slope : 
Nearshore B i o l o g i c a l C a p a b i l i t y Rating 3. 
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O t h e r F i s h e r i e s S t o c k s 

Through comparison of the r e l a t i v e importance of f i s h e r i e s 
stocks other than salmon, i n terms of v u l n e r a b i l i t y to o i l s p i l l s , 
h e r r i n g were determined to be the most s i g n i f i c a n t by a f a c t o r of at 
le a s t ten to one over groundfish and other non-salmonids. Herring spawn, 
a good i n d i c a t i o n of h e r r i n g values, was therefore used as the basis f o r 
r a t i n g "other f i s h e r i e s stocks". 

Herring spawn abundance i s surveyed every year. In 1976, an 
unusually large spawn was recorded, w i t h 508.2 miles of spawn deposited 
i n B r i t i s h Columbia waters, f a r surpassing the 25-year average (1940 to 
1964) of 199 miles and the previous record of 490.4 of spawn i n 1975 
(Webb, 1976). Based on the extent of h e r r i n g spawn l o c a t i o n s and t h e i r 
r e s p e c t i v e i n t e n s i t i e s of spawn f o r 1976, Webb developed r a t i n g values 
c a l l e d "miles of spawn at a standard i n t e n s i t y of medium." These values 
were the ones used to r a t e "other f i s h e r i e s s t o c k s " from data acquired 
from a v a i l a b l e Canadian, Alaskan and Washington f i s h e r i e s records. 
Herring r a t i n g s were then apportioned on a modified F i s h e r i e s S t a t i s t i c a l 
Area b asis (Table 7.2.2). 

Marine-Associated B i r d s 

The informa t i o n used to c a l c u l a t e marine-associated b i r d 
r a t i n g s along the coast was derived from a e r i a l and boat survey data, 
s p e c i f i c s i t e study data, maps of breeding colonies and seabird 
concentrations and personal communications with seabird and survey 
b i o l o g i s t s . Because of the s p a r s i t y of r e l i a b l e data and the frequent 
s h i f t i n g of b i r d p o p u l a t i o n s , c a l c u l a t i o n s n e c e s s a r i l y were undertaken on 
a r e l a t i v e l y broad, r e g i o n a l b a s i s . Three categories were defined f o r 
the marine-associated b i r d data reviewed: abundance, species s e n s i t i v i t y 
and the importance of i n d i v i d u a l concentrations. A r a t i n g system was 
developed f o r each of these c a t e g o r i e s . 

A. Abundance 

The abundance of b i r d s along the coast was rated according to 
the number of b i r d s per l i n e a r mile of c o a s t l i n e or, i n the case of 
breeding c o l o n i e s , by the number of breeding i n d i v i d u a l s . 

B i r d s / M i l e Breeding I n d i v i d u a l s Rating 

l e s s than 31 Less than 10,000 1 
31 - 70 10,000 to 49,999 2 
71 - 125 50,000 to 99,999 3 

126 - 200 100,000 to 500,000 4 
greater than 200 >500,000 5 

B. Species S e n s i t i v i t y 

The species of b i r d s were rated according to t h e i r s e n s i t i v i t y 
to o i l s p i l l s . 
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Species Rating 

g u l l s , dabbling ducks, snow geese, Canada geese 1 
bal d eagles, swans, d i v i n g ducks, shearwaters 2 
loons, grebes, cormorants, k i t t i w a k e s 3 
storm p e t r e l s , phalaropes, brant 4 
a l c i d s , sea ducks 5 

C. Importance of I n d i v i d u a l Concentrations 

This category served to weight the importance of p a r t i c u l a r 
concentrations of species i n r e l a t i o n to the t o t a l c o a s t a l p o p u l a t i o n f o r 
that species. 

Importance of Concentration Rating 

low 1 
medium 3 
high 5 

Key areas of known marine-associated b i r d s i g n i f i c a n c e were 
f i r s t mapped by season and then rated by adding the values from the three 
r a t i n g systems above f o r each key area (Figures 7.2.2 and 7.2.3). 
Seasonality was removed a f t e r r e g i o n a l apportioning on a modified 
F i s h e r i e s S t a t i s t i c a l Area basis (Table 7.2.2). 

Marine Mammals 

The marine mammal r a t i n g system from 0 to 5 was based on the 
estimated degree to which an o i l s p i l l would deplete a species. Sea 
ot t e r s received the highest r a t i n g of 5, s t e l l e r sea l i o n s - 2, pelagic 
whales - 0 and a l l others - 1. 

Key areas of known marine mammal s i g n i f i c a n c e were f i r s t mapped 
(Figure 5.3.1) and then assigned the forementioned r a t i n g s . Important 
areas are described below. 

A. Nootka Peninsula-Brooks Peninsula 

At l e a s t 90% of the B.C. population of sea o t t e r s i s resident 
here a l l year and the species i s h i g h l y s e n s i t i v e to o i l . 

B. Cape St. James and the Scott Islands 

S t e l l e r sea l i o n s would be threatened during June-August when 
about 70% of the B.C. population i s here to breed. As the species may 
w e l l t o l e r a t e some o i l contamination, the threat would be l e s s than f o r 
sea o t t e r s . 

C. La Perouse Bank 

Fur s e a l v u l n e r a b i l i t y to o i l probably would be at a r e l a t i v e l y 
low l e v e l here. While the species may have some s e n s i t i v i t y to o i l , 
i n d i v i d u a l s tend to be scattered over a wide area and are q u i t e mobile. 
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D. Fraser River-Boundary Bay; Rose Spit; Skeena River Mouth 

The largest concentrations of harbour seals in B.C. occur in 
these loca l i t i e s , each of which numbers 500-800 seals (1-2% of the B.C. 
population). Owing to lack of experimental evidence, i t is not known for 
certain how well harbour seals can tolerate o i l , but i t is l ikely they 
are not particularly vulnerable. This, in conjunction with their wide 
distribution suggests that the o i l threat to harbour seals in B.C. is 
relatively low. 

E. Folger Island, Barkley Sound 

Cal i fornia sea lions are vulnerable here during winter, but to 
a lesser degree than the ste l ler sea l ion , as no breeding occurs. 

The marine mammal ratings for various coastal regions were then 
apportioned on a modified Fisheries Stat i s t i ca l Area basis (Table 
7.2.2). 

Compilation of the BIOLOGICAL RESOURCE INDEX 

The five components of the BIOLOGICAL RESOURCE INDEX (nearshore 
biological capability, salmon escapements, other fisheries stocks, 
marine-associated birds and marine mammals), having been apportioned on a 
modified Fisheries Stat i s t i ca l Area basis (Table 7.2.2), were next added 
by route (Table 7.2.1). The resulting route values were modified as 
follows (Table 7.2.4): 

- Scaled to 100 to give common basis for weighting, 
with 100 representing the highest route rating for 
each component. 

-Weighted (biological capability - 1.000, salmon 
escapements - .875, other fisheries stocks - .875, 
marine-associated birds - .750, marine mammals -
.375) through a consensus of the research 
biologists who were involved in developing the 
individual rating factors. 

- The five components were added. 
- The totals were scaled to 100, with 100 

representing the maximum BIOLOGICAL RESOURCE INDEX 
value. These scaled numbers composed the 
BIOLOGICAL RESOURCE INDEX (Table 7.2.4). 

2. ECONOMIC RESOURCE INDEX 

The economic exploitation of coastal resources in B r i t i s h 
Columbia has largely determined the historical development of the 
province; today the provincial economy remains significantly dependant on 
these resources. During the five-year period from 1971 to 1976, for 
example, the average wholesale value of salmon was $158 mi l l ion with some 
12,000 licensed commercial fishermen working on 7,400 vessels. Fishing 
activity additionally supported processing and retai l ing activit ies 
employing 5,000 people. 
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To construct the economic r a t i n g s of c o a s t a l resources at r i s k 
from tanker t r a f f i c , f i v e i n d i c a t o r data s e r i e s were chosen. These were 
the average wholesale values of salmon, s h e l l f i s h and other f i s h measured 
over the l a s t f i v e years, the value of commercial f i s h i n g v e s s e l s at home 
port and the value of r e c r e a t i o n a l c r a f t resident i n c o a s t a l communities. 
Given the opportunity to perform more d e t a i l e d analyses, i t would have 
been po s s i b l e to include other f a c t o r s r e l a t e d to the value of marine 
resources such as f o r e s t products transported by sea, tourism or 
waterfront property values. However, f o r the purpose of determining 
r e l a t i v e r i s k , the parameters chosen were considered reasonable 
i n d i c a t o r s of the " r e l a t i v i t y " of economic concerns i n c o a s t a l B r i t i s h 
Columbia and northwest Washington. 

I t should be noted that economic data f o r the U.S. were l i m i t e d 
and were not a v a i l a b l e i n a form s i m i l a r to Canadian data. However, i t 
was considered p o s s i b l e to render U.S. data s e r i e s g e n e r a l l y comparable 
to Canadian data f o r the purposes of t h i s r e p ort. 

Some c o n s i d e r a t i o n was given to the appropriateness of mixing 
concepts of "stock" and "flow", i . e . , examining boat values i n the same 
l i g h t as f i s h values. I t was concluded that i n r a t i n g s aimed at 
measurement of probable r e l a t i v e r i s k "at any point i n time", the value 
of assets or a c t i v i t i e s simultaneously exposed to o i l threat would be 
most appropriate. 

Development of the ECONOMIC RESOURCE INDEX 

A. Sections of C o a s t l i n e 

A l l data included i n the economic r a t i n g s were grouped by 
c o a s t a l Regional D i s t r i c t boundaries ( i n c l u d i n g ocean areas) shown i n 
Figure 7.2.4. For d i s t r i c t s on the outside coasts, the boundaries of the 
ocean areas extended approximately 40 n a u t i c a l miles from land. 

B. Rating Components 

1. Seaward Values 

This f i r s t s e c t i o n of the r a t i n g s was composed of two values 
which were considered to r e l a t e d i r e c t l y to marine area; i . e . , catch 
values of salmon and other f i s h (Table 7.2.5). For B.C. sections of the 
coast, wholesale values i n thousands of d o l l a r s obtained from F i s h e r i e s 
Management s t a t i s t i c s were averaged f o r the past f i v e years. For the U.S. 
sections of coast, comparative data were obtained from a 1975 study 
(Stokes, 1975). 

2. Landward Values 

The three parameters included i n the landward value component 
of the economic r a t i n g s were commercial f i s h i n g v e s s e l values, 
r e c r e a t i o n a l boat values and s h e l l f i s h values (Table 7.2.5). Data f o r 
1976 on the value of commercial ve s s e l s l i s t e d by home ports f o r B.C. 
were obtained from the Small C r a f t Harbours Branch, Department of 
F i s h e r i e s and the Environment. No such f i g u r e s were a v a i l a b l e f o r the 
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U.S. s e c t i o n s . A rough estimate of U.S. values was obtained 
m u l t i p l y i n g values f o r adjacent Canadian waters by the r a t i o of U.S. 
Canadian commercial catches made there. 

by 
to 

R e c r e a t i o n a l v e s s e l values were based on studies done by the 
F i s h e r i e s Management Service i n 1974 and 1972 and updated i n 1976. Boat 
ownership f i g u r e s per household were projected to 1977 on the basis of 
population growth rates i n c o a s t a l Regional D i s t r i c t s i n B.C. Figures 
f o r northern B.C. and U.S. sections were extrapolated from boat ownership 
rates e s t a b l i s h e d f o r the north and west coast of Vancouver I s l a n d , and 
f o r Duncan - Gulf I s l a n d s , r e s p e c t i v e l y . 

S h e l l f i s h values f o r B.C. were derived from data compiled by 
the F i s h e r i e s Management Service of the Department of F i s h e r i e s and the 
Environment and averaged over the l a s t f i v e years. Values f o r the U.S. 
were obtained from a 1975 comparative study (Stokes, 1975). 

C. Varying Size of Geographic Units 

For the seaward values, the average d o l l a r value per square 
n a u t i c a l mile of marine area i n each s e c t i o n was c a l c u l a t e d . For the 
landward values, average d o l l a r value per l i n e a r n a u t i c a l mile of 
sh o r e l i n e i n each s e c t i o n was c a l c u l a t e d . Rating numbers were assigned 
to each of the 21 sections on the basis of t h i s d o l l a r f i g u r e adjusted to 
r e f l e c t s i z e and length of c o a s t a l s e c t i o n s . Although i t was necessary 
to c a l c u l a t e values to compare sections of c o a s t l i n e , i t should be noted 
that u n i t values showed s i g n i f i c a n t v a r i a t i o n owing to d i f f e r e n t 
c o n f i g u r a t i o n s of geographic boundaries. 

D. S p e c i a l L o c a l i z e d M o d i f i c a t i o n 

A s p e c i a l m o d i f i c a t i o n was performed to the landward component 
i n the S t r a i t of Georgia region. I t was considered that the r e c r e a t i o n a l 
pressure exerted on areas adjacent to the dense population i n the Greater 
Vancouver Regional D i s t r i c t should be r e f l e c t e d i n increased landward 
values i n these areas. Therefore, an increment based on the d o l l a r value 
associated w i t h r e c r e a t i o n a l v e s s e l value f o r Greater Vancouver was added 
to adjacent areas through a p p l i c a t i o n of a modified t r a n s p o r t a t i o n 
g r a v i t y model. (The o r i g i n a l model suggests that the number of t r i p s 
made from one centre to another i s d i r e c t l y r e l a t e d to the population of 
the two centres and i n v e r s e l y r e l a t e d to the distance and/or t r a v e l cost 
between them.) 

Modifying the basic g r a v i t y model r e l a t i o n s h i p to consider a s i n g l e 
p opulation source (Greater Vancouver), the f o l l o w i n g formula was 
developed: 

IRp = Rp . ~ 
FB FA DB 

where I R P g = the incremental r e c r e a t i o n a l pressure i n zone B (the zone 
adjacent to Greater Vancouver) 

Rp^ = the r e c r e a t i o n a l pressure i n zone A (Greater Vancouver) 
DA = the radius of zone A (=10 mil e s ) 
DB = the distance from the centre of zone A to the outer l i m i t 

of zone B (=30 mil e s ) 
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The z o n a l r e l a t i o n s h i p i s d i s p l a y e d i n F i g u r e 7 . 2 . 4 . A n a l y z i n g 
d i s t a n c e p a r a m e t e r s as i n d i c a t e d , i t was o b s e r v e d t h a t the i n c r e m e n t a l 
r e c r e a t i o n a l p r e s s u r e to be a s s o c i a t e d w i t h zone B w o u l d be o n e - t h i r d the 
p r e s s u r e i n z o n e A . A p p l y i n g t h i s i n c r e m e n t a l p r e s s u r e assessment to the 
r e l a t i v e c o a s t a l r e c r e a t i o n a l boa t a n a l y s i s , a v a l u e e q u a l to o n e - t h i r d 
the v a l u e o f r e c r e a t i o n a l v e s s e l s moored i n G r e a t e r V a n c o u v e r was 
a s s i g n e d to each o f the R e g i o n a l D i s t r i c t s w i t h i n zone B . V a l u e p e r 
l i n e a l f o o t o f s h o r e l i n e was t h e n a c c o r d i n g l y i n c r e a s e d . 

E . F i n a l ECONOMIC RESOURCE INDEX 

From the r e s u l t i n g economic r a t i n g s by s e c t i o n ( T a b l e 7 . 2 . 5 ) , 
economic r e s o u r c e v a l u e s were a p p o r t i o n e d on a m o d i f i e d F i s h e r i e s 
S t a t i s t i c a l A r e a r o u t e b a s i s ( T a b l e 7 . 2 . 1 ) , t h e n s c a l e d to 100 to d e r i v e 
the ECONOMIC RESOURCE INDEX as summarized i n T a b l e 7 . 2 . 6 . (100 
r e p r e s e n t e d the h i g h e s t ECONOMIC RESOURCE INDEX v a l u e . ) 

3 . SOCIAL RESOURCE INDEX 

R e l a t i v e a c c e s s i b i l i t y , a m i l d c l i m a t e and the p r e s e n c e of 
m a r i n e r e s o u r c e s a r e e l e m e n t s t h a t have m a i n t a i n e d the h i s t o r i c 
s e t t l e m e n t p a t t e r n o f u r b a n i z a t i o n o f c o a s t a l B . C . and n o r t h w e s t e r n 
W a s h i n g t o n . Today some 88 p e r c e n t o f the p o p u l a t i o n o f B . C . l i v e s w i t h i n 
50 m i l e s o f the s e a . P o t e n t i a l l y t h e n , any c o a s t a l deve lopmen t s have 
i m p a c t s upon the l i f e s t y l e o f most r e s i d e n t s o f the p r o v i n c e . 

The r a t i n g s f o r the c o a s t a l r e g i o n w i t h r e s p e c t to s o c i a l 
r e s o u r c e s were based on c o a s t a l r e s i d e n t s ' u t i l i z a t i o n o f ameni ty 
o p p o r t u n i t i e s . As i t has b e e n d e m o n s t r a t e d ( K r u e c k e b e r g and S i l v e r s , 
1974) t h a t u t i l i z a t i o n o f r e c r e a t i o n a l / a e s t h e t i c o p p o r t u n i t i e s i s 
f u n d a m e n t a l l y a f u n c t i o n o f d i s t a n c e be tween r e s i d e n c e and such 
o p p o r t u n i t i e s , the number o f peop le r e s i d e n t i n a g i v e n a r e a was t a k e n as 
the b a s i c measure o f s o c i a l v a l u e o f each c o a s t a l s e c t i o n . ( I t was 
assumed t h a t r e s i d e n t s o f P r i n c e R u p e r t , C a m p b e l l R i v e r o r V i c t o r i a 
a s s o c i a t e s i m i l a r v a l u e s w i t h l i v i n g on the c o a s t and have " e q u a l " 
d e s i r e s to have a c c e s s to r e c r e a t i o n o p p o r t u n i t i e s . ) 

T h e r e a r e u n q u e s t i o n a b l y a number o f s p e c i f i c c o a s t a l f e a t u r e s 
w h i c h c o u l d have b e e n i n c o r p o r a t e d i n t o an assessment o f s o c i a l 
r e s o u r c e s . C e r t a i n h i s t o r i c a l o r a r c h e o l o g i c a l s i t e s and s p e c i a l , u n i q u e 
r e c r e a t i o n a reas ( s u c h as L o n g Beach o n V a n c o u v e r I s l a n d ) s h o u l d r e c e i v e 
c o n s i d e r a t i o n . However , i t was c o n c l u d e d t h a t i f a c h o i c e had to be made 
by c o a s t a l r e s i d e n t s be tween p r o t e c t i n g " s p e c i a l " f e a t u r e s from i m p a c t s 
and p r o t e c t i n g a r e a s " a t home", p e o p l e w o u l d choose the l a t t e r . On t h i s 
b a s i s , i t was d e c i d e d : 

- t o depend on d i s t r i b u t i o n o f p o p u l a t i o n to p r o v i d e 
the b a s i s f o r the s o c i a l r a t i n g s , 

- t o i d e n t i f y the need to p r o v i d e a d d i t i o n a l , 
s i t e - s p e c i f i c p r o t e c t i o n f o r h i s t o r i c , a r c h e o l o g i c , 
c u l t u r a l and o t h e r s p e c i a l f e a t u r e s as d e t a i l e d i n 
the a p p e n d i c e s v o l u m e . ( i t s h o u l d be r e c o g n i z e d 
t h a t t h a t l i s t i n g i s i n c o m p l e t e and t h a t a more 
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TABLE 7.2.6 ECONOMIC RESOURCE INDEX 

Rou te ECONOMIC RESOURCE INDEX 

N o . Rou te Name ( S c a l e d t o 100) 

1 P o r t S i m p s o n ( D i x o n ) 6 

2 R i d l e y I s l a n d ( D i x o n ) 6 

3 K i t i m a t ( D i x o n , P r i n c i p e ) 11 

4 K i t i m a t ( O u t e r C o a s t , H e c a t e , P r i n c i p e ) 14 

5 K i t i m a t ( O u t e r C o a s t , H e c a t e , Caamano) 15 

6 B e l l a C o o l a ( O u t e r C o a s t , N o r t h P a s s a g e ) 15 

7 B e l l a C o o l a ( O u t e r C o a s t , S o u t h P a s s a g e ) 15 

8 K i t i m a t ( H e c a t e , P r i n c i p e ) 12 

9 K i t i m a t ( H e c a t e , Caamano) 9 

10 B e l l a C o o l a ( N o r t h P a s s a g e ) 11 

11 B e l l a C o o l a ( S o u t h P a s s a g e ) 11 

12 P o r t A n g e l e s ( O u t e r C o a s t s , J u a n De F u c a ) 38 

13 E s q u i m a l t ( O u t e r C o a s t s , J u a n De F u c a ) 43 

14 B u r r o w s Bay ( O u t e r C o a s t s , J u a n De F u c a ) 43 

15 C h e r r y P o i n t ( O u t e r C o a s t s , J u a n De F u c a , R o s a r i o ) 72 

16 C h e r r y P o i n t ( O u t e r C o a s t s , J u a n De F u c a , H a r o ) 72 

17 R o b e r t s Bank ( O u t e r C o a s t s , J u a n De F u c a , H a r o ) 100 

18 P o r t Moody ( O u t e r C o a s t s , J u a n De F u c a , H a r o ) 100 

19 B r i t a n n i a B e a c h ( O u t e r C o a s t s , J u a n De F u c a , H a r o ) 100 

20 P o r t A n g e l e s ( J u a n De F u c a ) 30 

21 E s q u i m a l t ( J u a n De F u c a ) 36 

22 B u r r o w s Bay ( J u a n De F u c a ) 36 

23 C h e r r y P o i n t ( J u a n De F u c a , R o s a r i o ) 64 

24 C h e r r y P o i n t ( J u a n De F u c a , H a r o ) 64 

25 R o b e r t s Bank ( J u a n De F u c a , H a r o ) 93 

26 P o r t Moody ( J u a n De F u c a , H a r o ) 93 

27 B r i t a n n i a B e a c h ( J u a n De F u c a , H a r o ) 93 
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t h o r o u g h i d e n t i f i c a t i o n o f such f e a t u r e s , t o g e t h e r 
w i t h a p p r o p r i a t e p r o v i s i o n f o r t h e i r p r o t e c t i o n , 
must be an i n t e g r a l p a r t o f any p r o p e r l y c o n d u c t e d 
impac t as ses s m e n t . ) 

W i t h p o p u l a t i o n as the b a s i s f o r c a l c u l a t i n g the s o c i a l 
r a t i n g s , i t was d e c i d e d t o r a t e b o t h n a t i v e and n o n - n a t i v e p o p u l a t i o n s . 
The two r a t i n g s were t h e n combined , i n an e q u a l c u l t u r a l w e i g h t i n g b a s i s , 
to p r o d u c e a g g r e g a t e s o c i a l r a t i n g s f o r b o t h s o c i e t i e s . 

Deve lopment o f t he SOCIAL RESOURCE INDEX 

A . S e c t i o n s o f C o a s t l i n e 

The g e o g r a p h i c l i m i t s d e c i d e d on f o r c a l c u l a t i o n p u r p o s e s were 
the b o u n d a r i e s o f the c o a s t a l R e g i o n a l D i s t r i c t s o f B r i t i s h C o l u m b i a 
( T a b l e 7 . 2 . 7 and F i g u r e 7 . 2 . 4 ) . These a reas w e r e s e l e c t e d as t h e y a r e 
the b a s i s o f p o p u l a t i o n f i g u r e s f o r the p r o v i n c e . Wherever a R e g i o n a l 
D i s t r i c t i n c l u d e d more t h a n one s h o r e l i n e ( e . g . , Mount W a d d i n g t o n 
i n c l u d e s t h r e e s h o r e l i n e s ) , i t was s u b d i v i d e d . F o r the U n i t e d S t a t e s , 
the a reas o f the S t r a i t o f J u a n de F u c a and N o r t h Puget Sound were 
u t i l i z e d ( S t o k e s , 1 9 7 5 ) . 

B . I n d e x Components 

1. A f f e c t e d N o n - N a t i v e P o p u l a t i o n 

The 1976 p r e l i m i n a r y census r e s u l t s p r o v i d e d p o p u l a t i o n f i g u r e s 
f o r n o n - n a t i v e r e s i d e n t s i n B . C . U n i t e d S t a t e s f i g u r e s f o r c o u n t y 
p o p u l a t i o n s were o b t a i n e d f rom the U . S . Depar tment o f Commerce, Bu reau o f 
C e n s u s . 

2. A f f e c t e d N a t i v e P o p u l a t i o n 

P o p u l a t i o n f i g u r e s f o r 1976 were o b t a i n e d f rom the Depar tment 
o f I n d i a n and N o r t h e r n A f f a i r s and f rom the U . S . B u r e a u o f I n d i a n 
A f fa i r s . 

C. V a r y i n g S i z e o f G e o g r a p h i c S h o r e l i n e U n i t s 

The c o a s t a l s e c t i o n s s e l e c t e d d e m o n s t r a t e d c o n s i d e r a b l e 
v a r i a t i o n i n m i l e s o f s h o r e l i n e w i t h i n t h e i r b o u n d a r i e s . To compensate 
f o r t h i s v a r i a t i o n , t he s o c i a l r a t i n g s were r e c a l c u l a t e d t o show numbers 
o f n a t i v e and n o n - n a t i v e r e s i d e n t s pe r n a u t i c a l m i l e o f s h o r e l i n e f o r 
each s e c t i o n . 

D . A g g r e g a t e S o c i a l R a t i n g s 

The n o n - n a t i v e and n a t i v e n a u t i c a l s h o r e l i n e m i l e r a t i n g s were 
each s c a l e d to 100 to p r o v i d e e q u a l w e i g h t i n g to e a c h , added t o g e t h e r and 
the r e s u l t i n g sum was s c a l e d to 100 a g a i n s t the h i g h e s t s e c t i o n ' s v a l u e 
f o r f i n a l d e t e r m i n a t i o n o f a g g r e g a t e s o c i a l r a t i n g s ( T a b l e 7 . 2 . 7 ) . 
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TABLE 7 . 2 . 7 SOCIAL RATINGS BY COASTAL SECTION 
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Skeena-Queen C h a r l o t t e 
I s l a n d s 3 ,365 1494 957 
M a i n l a n d 17 ,129 1580 252 

K i t i m a t - S t i k i n e 2 8 , 2 6 6 5417 892 

C e n t r a l C o a s t 2 ,681 2369 357 

M t . W a d d i n g t o n 
M a i n l a n d (& I s l a n d s ) 977 895 305 
E a s t I s l a n d 7 ,050 1459 109 
West I s l a n d 3 , 1 0 0 143 78 

C o m o x - S t r a t h c o n a 
M a i n l a n d (& I s l a n d s ) 2 ,180 229 401 
E a s t I s l a n d 4 0 , 5 6 4 638 104 
West I s l a n d 12 ,285 564 113 

P o w e l l R i v e r 19 ,421 560 187 

S u n s h i n e C o a s t 12 ,016 560 96 

Nanaimo 52 ,15 0 738 70 

C o w i c h a n V a l l e y 
E a s t I s l a n d 4 2 , 1 8 0 3181 39 
West I s l a n d 800 248 17 

C a p i t a l 2 2 4 , 5 6 6 964 174 

A l b e r n i - C l a y o q u o t 30 ,625 3094 96 

G r e a t e r V a n c o u v e r 1 , 0 5 5 , 2 4 5 1073 113 

Squamish L i l l o o e t 9 , 0 0 0 1226 26 
( a p p r o x . ) 

J u a n De F u c a 1 4 , 5 0 4 1528 150 

N o r t h Puge t Sound 154 ,986 4207 375 
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E . F i n a l SOCIAL RESOURCE INDEX 

From these f i n a l a g g r e g a t e s o c i a l r a t i n g s by s e c t i o n ( T a b l e 
7 . 2 . 7 ) , s o c i a l r e s o u r c e v a l u e s were a p p o r t i o n e d to m o d i f i e d F i s h e r i e s 
S t a t i s t i c a l A r e a s by r o u t e ( T a b l e 7 . 2 . 1 ) , t h e n s c a l e d t o 100 to d e r i v e 
the SOCIAL RESOURCE INDEX as summarized i n T a b l e 7 . 2 . 8 . (10 0 r e p r e s e n t e d 
the h i g h e s t SOCIAL RESOURCE INDEX v a l u e . ) I t s h o u l d be no ted t h a t the 
range o f v a l u e s w i t h i n the n a t i v e r a t i n g s d e s c r i b e d above was r e l a t i v e l y 
n a r r o w compared t o t h a t i n the n o n - n a t i v e r a t i n g s , owing to a more even 
d i s t r i b u t i o n o f n a t i v e p e o p l e s a l o n g the c o a s t . However , c o m b i n i n g the 
two s e t s o f r a t i n g s , i n s t e a d o f p r e s e n t i n g them i n d e p e n d e n t l y , caused no 
s i g n i f i c a n t r e o r d e r i n g o f c o a s t a l s e c t i o n s w i t h i n the f i n a l SOCIAL 
RESOURCE INDEX. 

7 .3 F I N A L R I S K INDICES 

The f i n a l B I O L O G I C A L , ECONOMIC and SOCIAL RISK INDICES were 
d e r i v e d by m u l t i p l y i n g the NAVIGATIONAL RISK INDEX by each o f the 
RESOURCE INDICES and s c a l i n g the r e s u l t s to 100 , w i t h 100 r e p r e s e n t i n g 
the h i g h e s t r e s o u r c e r i s k v a l u e s . T a b l e 7 . 3 . 1 summarizes the t h r e e R I S K 
INDICES w h i c h a re u s e d i n C h a p t e r 8 f o r r a n k i n g the v a r i o u s p o r t / r o u t e 
a l t e r n a t i v e s . 
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TABLE 7.2.8 SOCIAL RESOURCE INDEX 

Rou te SOCIAL RESOURCE INDEX 

N o . Rou te Name ( S c a l e d t o 100) 

1 P o r t S i m p s o n ( D i x o n ) 3 
2 R i d l e y I s l a n d ( D i x o n ) 3 
3 K i t i m a t ( D i x o n , P r i n c i p e ) 4 
4 K i t i m a t ( O u t e r C o a s t , H e c a t e , P r i n c i p e ) 4 
5 K i t i m a t ( O u t e r C o a s t , H e c a t e , Caamano) 2 
6 B e l l a C o o l a ( O u t e r C o a s t , N o r t h P a s s a g e ) 6 
7 B e l l a C o o l a ( O u t e r C o a s t , S o u t h P a s s a g e ) 6 
8 K i t i m a t ( H e c a t e , P r i n c i p e ) 4 
9 K i t i m a t ( H e c a t e , Caamano) 2 
10 B e l l a C o o l a ( N o r t h P a s s a g e ) 6 
11 B e l l a C o o l a ( S o u t h P a s s a g e ) 6 
12 P o r t A n g e l e s ( O u t e r C o a s t s , J u a n De F u c a ) 26 
13 E s q u i m a l t ( O u t e r C o a s t s , J u a n De F u c a ) 41 
14 B u r r o w s Bay ( O u t e r C o a s t s , J u a n De F u c a ) 41 
15 C h e r r y P o i n t ( O u t e r C o a s t s , J u a n De F u c a , R o s a r i o ) 69 
16 C h e r r y P o i n t ( O u t e r C o a s t s , J u a n De F u c a , H a r o ) 69 
17 R o b e r t s Bank ( O u t e r C o a s t s , J u a n De F u c a , H a r o ) 100 
18 P o r t Moody ( O u t e r C o a s t s , J u a n De F u c a , H a r o 100 
19 B r i t a n n i a Beach ( O u t e r C o a s t s , J u a n De F u c a , H a r o ) 100 
20 P o r t A n g e l e s ( J u a n De F u c a ) 23 
21 E s q u i m a l t ( J u a n De F u c a ) 39 
22 B u r r o w s Bay ( J u a n De F u c a ) 39 
23 C h e r r y P o i n t ( J u a n De F u c a , R o s a r i o ) 67 
24 C h e r r y P o i n t ( J u a n De F u c a , H a r o ) 67 
25 R o b e r t s Bank ( J u a n De F u c a , H a r o ) 97 
26 P o r t Moody ( J u a n De F u c a , H a r o ) 97 
27 B r i t a n n i a B e a c h ( J u a n De F u c a , H a r o ) 97 
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TABLE 7.3.1 FINAL R I S K INDICES ( S c a l e d t o 100) 

Route BIOLOGICAL ECONOMIC SOCIAL 
No. Route Name RISK RISK RISK 

INDEX INDEX INDEX 

1 P o r t S impson ( D i x o n ) 8 1 1 
2 R i d l e y I s l a n d ( D i x o n ) 8 1 1 
3 K i t i m a t ( D i x o n , P r i n c i p e ) 33 7 3 
4 K i t i m a t ( O u t e r C o a s t , H e c a t e , P r i n c i p e ) 50 11 3 
5 K i t i m a t ( O u t e r C o a s t , H e c a t e , Caamano) 24 8 1 
6 B e l l a C o o l a ( O u t e r C o a s t , N o r t h P a s s a g e ) 36 9 4 
7 B e l l a C o o l a ( O u t e r C o a s t , S o u t h P a s s a g e ) 39 10 4 
8 K i t i m a t ( H e c a t e , P r i n c i p e ) 42 8 3 
9 K i t i m a t ( H e c a t e , Caamano) 19 4 1 

10 B e l l a C o o l a ( N o r t h P a s s a g e ) 29 6 3 
11 B e l l a C o o l a ( S o u t h P a s s a g e ) 32 6 3 
12 P o r t A n g e l e s ( O u t e r C o a s t s , J u a n De F u c a ) 35 21 14 
13 E s q u i m a l t ( O u t e r C o a s t s , J u a n De F u c a ) 41 25 24 
14 Burrows Bay ( O u t e r C o a s t s , J u a n De F u c a ) 45 28 26 
15 C h e r r y P o i n t ( O u t e r C o a s t s , J u a n De F u c a , 71 59 57 

R o s a r i o ) 
16 C h e r r y P o i n t ( O u t e r C o a s t s , J u a n De F u c a , 71 59 57 

Haro) 
17 R o b e r t s Bank ( O u t e r C o a s t s , J u a n De F u c a , 87 87 87 

Haro) 
18 P o r t Moody ( O u t e r C o a s t s , J u a n De F u c a , 100 10 0 100 

Haro ) 
19 B r i t a n n i a Beach ( O u t e r C o a s t s , J u a n De 92 92 92 

F u c a , H a r o ) 
20 P o r t A n g e l e s ( J u a n De F u c a ) 11 8 6 
21 E s q u i m a l t ( J u a n De F u c a ) 15 11 12 
22 Burrows Bay ( J u a n De F u c a ) 17 13 14 
23 Cherry P o i n t (Juan De Fuca, R o s a r i o ) 34 35 37 
24 C h e r r y P o i n t ( J u a n De F u c a , H a r o ) 34 35 37 
25 R o b e r t s Bank ( J u a n De F u c a , H a r o ) 46 56 58 
26 P o r t Moody ( J u a n De F u c a , H a r o ) 55 68 71 
27 B r i t a n n i a Beach ( J u a n De F u c a , H a r o ) 49 60 63 
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CHAPTER 8 

COMPARATIVE RANKINGS OF PORT/ROUTE ALTERNATIVES 

P r e v i o u s c h a p t e r s o f t h i s r e p o r t have d e a l t d e s c r i p t i v e l y and 
n u m e r i c a l l y w i t h b i o l o g i c a l , economic and s o c i a l r e s o u r c e s o f m a r i n e 
o r i g i n r e l a t i v e to o i l s p i l l s o f f the West C o a s t . C h a p t e r 7 summar ized a 
s y s t e m o f r e s o u r c e r i s k r a t i n g s . T h i s c h a p t e r o u t l i n e s s e v e r a l methods 
o f r e l a t i v e r a n k i n g o f the C h a p t e r 7 R I S K INDICES and p r o v i d e s an 
i n t e r p r e t a t i o n o f the f i n a l r a n k i n g s . 

I t must be n o t e d t h a t the p r e s e n t a n a l y s i s i s not a s u b s t i t u t e 
f o r d e t a i l e d a s ses smen t o f the i m p a c t s o f o i l t e r m i n a l c o n s t r u c t i o n a t 
s e l e c t e d p o r t s . T h u s , r e s u l t s o f t h i s r e p o r t , w h i l e s u g g e s t i v e , a r e not 
adequate f o r d e c i d i n g be tween p o r t s w h i c h a r e c l o s e l y r a n k e d . However , 
some o f the d a t a g a t h e r e d was i n c o n s i d e r a b l e d e t a i l and c o u l d be used t o 
a s s i s t i n a more t h o r o u g h e x a m i n a t i o n o f s p e c i f i c p o r t s . 

I t i s a l s o emphas ized t h a t the r i s k s examined h e r e i n a r e 
p r i m a r i l y o f m a r i n e o r i g i n . F u r t h e r d e t a i l s o n such o t h e r f a c t o r s as a i r 
q u a l i t y and t e r r e s t r i a l p i p e l i n e s w o u l d have to be t a k e n i n t o accoun t 
s h o u l d deve lopment o f an o i l t e r m i n a l be s e r i o u s l y c o n s i d e r e d . 

T h i s , and s i m i l a r a n a l y s e s , r e p r e s e n t a d e p a r t u r e from 
t r a d i t i o n a l methods o f p o r t s i t e s e l e c t i o n . A l l t o o o f t e n , i t has b e e n 
the case t h a t a s i t e has been c h o s e n f i r s t and t h e n p r e s e n t e d 
i n d i v i d u a l l y f o r e v a l u a t i o n . T h i s and s i m i l a r s t u d i e s , on the o t h e r 
h a n d , a t t e m p t to p r o v i d e a r e g i o n a l o v e r v i e w o f s e v e r a l a l t e r n a t i v e s i t e s 
and a b r o a d r ange o f m a r i n e f a c t o r s i m p o r t a n t i n t h e i r s e l e c t i o n . T h i s 
i s to d e t e r m i n e , a t l e a s t on a c o m p a r a t i v e b a s i s , t hose p o r t a l t e r n a t i v e s 
w h i c h p r e s e n t the " l e a s t m a r i n e r i s k " . However , i t i s emphas ized t h a t 
e v e n " l e a s t r i s k y " p o r t s c o u l d p r o v e u n a c c e p t a b l e owing to n o n - m a r i n e 
r i s k f a c t o r s . 

8 .1 METHODS OF COMPARATIVE RANKING 

E x a m i n a t i o n o f T a b l e 7 . 3 . 1 i n d i c a t e s t h a t the t h r e e m a r i n e R I S K 
INDICES c l e a r l y a g r e e on the two p o r t / r o u t e a l t e r n a t i v e s w h i c h a r e 
r e l a t i v e l y " l e a s t r i s k y " and the t h r e e t h a t a r e r e l a t i v e l y "most r i s k y " . 
I t i s f u r t h e r e v i d e n t t h a t a s t r o n g r e l a t i o n s h i p e x i s t s o v e r a l l be tween 
the r a n k i n g s o f the t h r e e R I S K I N D I C E S . (The K e n d a l l C o e f f i c i e n t of 
C o n c o r d a n c e f o r the t h r e e r a n k i n g s s u g g e s t s t h a t they a r e s t r o n g l y 
r e l a t e d a t the .001% c o n f i d e n c e l e v e l . ) On t h i s b a s i s , the t h r e e 
r a n k i n g s o f the R I S K INDICES were summed and ave raged to o b t a i n an 
o v e r v i e w o f s t u d y r e s u l t s . The ranks so o b t a i n e d a r e p r e s e n t e d i n T a b l e 
8 . 1 . 1 , w i t h p o r t / r o u t e a l t e r n a t i v e s r e a r r a n g e d from " l e a s t r i s k y " to 
"most r i s k y " . R e s u l t i n g a v e r a g e s were t h e n r anked as shown i n Column 1 
o f T a b l e 8 . 1 . 2 . 

In a d d i t i o n to c o n s i d e r i n g t h i s " a v e r a g e r a n k i n g " s y s t e m , t h r e e 
o t h e r methods were u s e d . These a r e d e s c r i b e d b e l o w and t h e i r r e s u l t i n g 
v a l u e s appear i n T a b l e 8 . 1 . 2 . 
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TABLE 8 . 1 . 1 AVERAGE OF RISK INDICES RANKINGS 

BIOLOGICAL ECONOMIC SOCIAL Ave rage 
(Route R I S K INDEX R I S K INDEX R I S K INDEX o f 

Route Name N o . ) R a n k i n g R a n k i n g R a n k i n g R a n k i n g s 

P o r t S impson ( D i x o n ) (1) 1.5 1.5 2 .5 1.8 
R i d l e y I s l a n d ( D i x o n ) (2) 1.5 1.5 2 .5 1.8 
K i t i m a t ( H e c a t e , Caamano) (9) 6 3 2 .5 3 .8 
K i t i m a t ( O u t e r C o a s t , H e c a t e , (5) 7 8 2 .5 5.8 

Caamano) 
B e l l a C o o l a ( N o r t h P a s s a g e ) (10) 8 4 .5 7 6.5 
B e l l a C o o l a ( S o u t h P a s s a g e ) (11) 9 4 .5 7 6 .8 
P o r t A n g e l e s ( J u a n De F u c a ) (20) 3 8 12 7.7 
K i t i m a t ( D i x o n , P r i n c i p e ) (3) 10 6 7 7.7 
E s q u i m a l t ( J u a n De F u c a ) (21) 4 12 .5 13 9.8 
K i t i m a t ( H e c a t e , P r i n c i p e ) (8) 17 8 7 10.7 
Bur rows Bay ( J u a n De F u c a ) (22) 5 14 14 .5 11.2 
B e l l a C o o l a ( O u t e r C o a s t , (6) 14 10 10.5 11.5 

N o r t h P a s s a g e ) 
B e l l a C o o l a ( O u t e r C o a s t , (7) 15 11 10.5 12.2 

S o u t h Pas sage) 
K i t i m a t ( O u t e r C o a s t , H e c a t e , (4) 21 12.5 7 13.5 

P r i n c i p e ) 
P o r t A n g e l e s ( O u t e r C o a s t s , (12) 13 15 14 .5 14.2 

J u a n De F u c a ) 
E s q u i m a l t ( O u t e r C o a s t s , (13) 16 16 16 16 

J u a n De F u c a ) 
C h e r r y P o i n t ( J u a n De F u c a , (23) 11 .5 18.5 18.5 16.2 

R o s a r i o ) 
C h e r r y P o i n t ( J u a n De F u c a , (24 ) 11.5 18.5 18.5 16.2 

H a r o ) 
Bur rows Bay ( O u t e r C o a s t s , (14) 18 17 17 17.3 

J u a n De F u c a ) 
R o b e r t s Bank ( J u a n De F u c a , (25) 19 20 22 20.3 

H a r o ) 
C h e r r y P o i n t ( O u t e r C o a s t s , (15) 23 .5 21 .5 20 .5 21 .8 

J u a n De F u c a , R o s a r i o ) 
C h e r r y P o i n t ( O u t e r C o a s t s , ( 1 6 ) 23 .5 21 .5 20 .5 21 .8 

J u a n De F u c a , H a r o ) 
B r i t a n n i a Beach ( J u a n De (27) 20 23 23 22 

F u c a , H a r o ) 
P o r t Moody ( J u a n De F u c a , (26) 22 24 24 23 .3 

H a r o ) 
R o b e r t s Bank ( O u t e r C o a s t s , ( 1 7 ) 25 25 25 25 

J u a n De F u c a , H a r o ) 
B r i t a n n i a Beach ( O u t e r C o a s t s , ( 1 9 ) 26 26 26 26 

J u a n De F u c a , H a r o ) 
P o r t Moody ( O u t e r C o a s t s , (18) 27 27 27 27 

J u a n De F u c a , H a r o ) 
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TABLE 8 . 1 . 2 RESULTS OF FOUR METHODS OF RANKING PORT/ROUTE ALTERNATIVES 

R a n k i n g o f R a n k i n g R a n k i n g R a n k i n g 
A v e r a g e o f o f Sum o f o f W o r s t o f W o r s t 

(Route R I S K INDICES RISK RISK INDEX RISK 
Route Name No . ) R a n k i n g s INDICES R a n k i n g INDEX 

( C o l . l ) ( C o l . 2 ) ( C o l . 3 ) ( C o l . 4 ) 

P o r t S impson ( D i x o n ) (1) 1-2 1-2 1-2 1-2 
R i d l e y I s l a n d ( D i x o n ) (2) 1-2 1-2 1-2 1-2 
K i t i m a t ( H e c a t e , Caamano) (9 ) 3 3 3 6 
K i t i m a t ( O u t e r C o a s t , H e c a t e , (5 ) 4 5 4-5 7 

Caamano) 
P o r t A n g e l e s ( J u a n De F u c a ) (20) 7-8 4 8 3 
B e l l a C o o l a ( N o r t h P a s s a g e ) (10) 5 6-7 4-5 8 
E s q u i m a l t ( J u a n De F u c a ) (21) 9 6-7 9 4 
B e l l a C o o l a ( S o u t h P a s s a g e ) (11) 6 8 6 9 
K i t i m a t ( D i x o n , P r i n c i p e ) (3) 7-8 9 7 10 
B u r r o w s Bay ( J u a n De F u c a ) (22) 11 10 11 5 
B e l l a C o o l a ( O u t e r C o a s t , (6) 12 11 10 12 

N o r t h P a s s a g e ) 
B e l l a C o o l a ( O u t e r C o a s t , (7) 13 12-13 12-13 15 

S o u t h P a s s a g e ) 
K i t i m a t ( H e c a t e , P r i n c i p e ) (8 ) 10 12-13 15 17 
P o r t A n g e l e s ( O u t e r C o a s t s , ( 12 ) 15 15 12-13 11 

J u a n De F u c a ) 
K i t i m a t ( O u t e r C o a s t , H e c a t e , (4) 14 14 19 19 

P r i n c i p e ) 
E s q u i m a l t ( O u t e r C o a s t s , J u a n (13) 16 16 14 16 

De F u c a ) 
C h e r r y P o i n t ( J u a n De F u c a , (23) 17-18 18-19 17-18 13-14 

R o s a r i o ) 
C h e r r y P o i n t ( J u a n De F u c a , (24) 17-18 18-19 17-18 13-14 

H a r o ) 
B u r r o w s Bay ( O u t e r C o a s t s , (14) 19 17 16 18 

J u a n De F u c a ) 
R o b e r t s Bank ( J u a n De F u c a , (25 ) 20 20 20 20 

H a r o ) 
B r i t a n n i a Beach ( J u a n De (27) 23 21 21 21 

F u c a , H a r o ) 
C h e r r y P o i n t ( O u t e r C o a s t s , ( 15 ) 21 -22 22-23 22-23 22-24 

J u a n De F u c a , R o s a r i o ) 
C h e r r y P o i n t ( O u t e r C o a s t s , ( 1 6 ) 21 -22 22 -23 22-23 22-24 

J u a n De F u c a , H a r o ) 
P o r t Moody ( J u a n De F u c a , (26) 24 24 24 22-24 

H a r o ) 
R o b e r t s Bank ( O u t e r C o a s t s , ( 1 7 ) 25 25 25 25 

J u a n De F u c a , H a r o ) 
B r i t a n n i a Beach ( O u t e r C o a s t s , ( 1 9 ) 26 26 26 26 

J u a n De F u c a , H a r o ) 
P o r t Moody ( O u t e r C o a s t s , (18) 27 27 27 27 

J u a n De F u c a , H a r o ) 
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- Because the t h r e e R I S K INDICES showed a s t r o n g 
c o n s i s t e n c y i n t h e i r r e l a t i o n s h i p to one a n o t h e r , a 
d e c i s i o n a l judgement was made to t r e a t the 
BIOLOGICAL, ECONOMIC and SOCIAL R I S K INDICES as 
e q u a l l y i m p o r t a n t . On t h i s b a s i s , the sums o f the 
RISK INDICES were ranked and a r e shown i n Column 2 
o f T a b l e 8 . 1 . 2 . 

- A "most c o n s e r v a t i v e " a p p r o a c h o f a v o i d i n g w o r s t 
e v e n t s , r e g a r d l e s s o f the R I S K INDEX, was assumed. 
In t h i s p r o c e d u r e , o n l y the h i g h e s t r i s k r a n k i n g o f 
the t h r e e i n d i c e s r a n k i n g s l i s t e d f o r each 
p o r t / r o u t e a l t e r n a t i v e was c o n s i d e r e d . The 
r e s u l t i n g r a n k i n g s o f w o r s t R I S K INDEX r a n k i n g s a r e 
shown i n Column 3 o f T a b l e 8 . 1 . 2 . 

- The "most c o n s e r v a t i v e " a p p r o a c h o f a v o i d i n g w o r s t 
e v e n t s was a l s o t a k e n f o r r a n k i n g w o r s t R I S K INDEX 
v a l u e s , as shown i n Column 4 o f T a b l e 8 . 1 . 2 . 

8 .2 RESULTS OF THE RANKING METHODS 

I n s u r v e y i n g the v a r i o u s RESOURCE INDICES d e v e l o p e d i n C h a p t e r 
7 , i t i s apparen t t h a t no p o r t / r o u t e a l t e r n a t i v e i s f r e e of n e g a t i v e 
i m p a c t . T h e r e f o r e , any p o r t s i t e and c o r r e s p o n d i n g t a n k e r r o u t e t h a t 
m i g h t e v e n t u a l l y be s e r i o u s l y p roposed t h r e a t e n s v a l u a b l e e n v i r o n m e n t a l 
r e s o u r c e s and thus must undergo d e t a i l e d p r e - c o n s t r u c t i o n impact 
as ses sment . 

I n the p r e s e n t a n a l y s i s , i t s h o u l d be no t ed t h a t p o r t / r o u t e 
a l t e r n a t i v e s w h i c h r a n k c l o s e to one a n o t h e r a r e dependent upon the 
d e c i s i o n a l c r i t e r i a assumed. F o r example , from T a b l e 8 . 1 . 2 , K i t i m a t 
( H e c a t e , Caamano) r a n k s q u i t e c l o s e to P o r t A n g e l e s ( J u a n De F u c a ) . 
However , i f one w e r e to c o n s i d e r the f i n a l R I S K INDICES shown f o r these 
two p o r t / r o u t e a l t e r n a t i v e s i n T a b l e 7 . 3 . 1 , i t i s apparen t t h a t the 
BIOLOGICAL R I S K i s h i g h e r a t K i t i m a t and the ECONOMIC and SOCIAL RISKS 
a r e h i g h e r a t P o r t A n g e l e s . Any f i n a l c h o i c e be tween the two p o r t s w o u l d 
depend on the r e l a t i v e w e i g h t i n g s t h a t m i g h t be a s s i g n e d t o each o f the 
t h r e e RISK INDICES. 

N o t w i t h s t a n d i n g the above o b s e r v a t i o n s , i t i s e v i d e n t t h a t two 
a l t e r n a t i v e s , P o r t S impson ( D i x o n ) and R i d l e y I s l a n d ( D i x o n ) a r e " l e a s t 
r i s k y " unde r a l l the v a r i o u s methods used ( T a b l e 8 . 1 . 2 ) . Beyond these 
p o r t s , K i t i m a t ( H e c a t e , Caamano) appears n e x t " l e a s t r i s k y " , bu t t h i s 
judgement c o u l d be . a l t e r e d i n f a v o u r o f P o r t A n g e l e s ( J u a n de F u c a ) , 
B e l l a C o o l a ( N o r t h P a s s a g e ) o r E s q u i m a l t ( J u a n de F u c a ) , under 
a l t e r n a t i v e d e c i s i o n a l c r i t e r i a . C l e a r l y , f u r t h e r d e t a i l e d a n a l y s e s 
w o u l d have to be u n d e r t a k e n i f a f i n a l c h o i c e were to be made be tween the 
l a t t e r a l t e r n a t i v e s . 

The r e s u l t s o f the v a r i o u s r a n k i n g methods thus f a r d e l i n e a t e d 
can be f u r t h e r c l a r i f i e d by s e l e c t i o n o f o n l y the " l e a s t r i s k y " a p p r o a c h 
to each p o r t ( T a b l e 8 . 2 . 1 ) . T h i s i n a f f e c t r e s u l t s i n the e l i m i n a t i o n of 
a l l n e a r s h o r e r o u t e s i n c l o s e p r o x i m i t y t o the o u t e r c o a s t ( s ) , as w e l l as 
s e v e r a l r o u t i n g a l t e r n a t i v e s i n i n t e r n a l w a t e r w a y s . 
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TABLE 8 . 2 . 1 RANKINGS OF LEAST RISKY ROUTE ALTERNATIVES FOR EACH PORT 

R a n k i n g o f R a n k i n g R a n k i n g R a n k i n g 

(Route A v e r a g e o f o f Sum o f o f W o r s t o f W o r s t 

Route Name N o . ) R I S K INDICES RISK R I S K INDEX RISK 

R a n k i n g s INDICES R a n k i n g INDEX 

P o r t S impson ( D i x o n ) (1) 1-2 1-2 1-2 1-2 

R i d l e y I s l a n d ( D i x o n ) (2) 1-2 1-2 1-2 1-2 

K i t i m a t ( H e c a t e , Caamano) (9 ) 3 3 3 6 

P o r t A n g e l e s ( J u a n De F u c a ) (20) 5 4 5 3 

B e l l a C o o l a ( N o r t h P a s s a g e ) (10) 4 5-6 4 7 

E s q u i m a l t ( J u a n De F u c a ) (21) 6 5-6 6 4 

B u r r o w s Bay ( J u a n De F u c a ) (22) 7 7 7 5 

C h e r r y P o i n t ( J u a n De F u c a , (23) 8 8 8 8 

R o s a r i o ) 

R o b e r t s Bank ( J u a n De F u c a , (25) 9 9 9 9 

H a r o ) 

B r i t a n n i a Beach ( J u a n De (27) 10 10 10 10 

F u c a , H a r o ) 

P o r t Moody ( J u a n De F u c a , (26) 11 11 11 11 

H a r o ) 
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8.3 DISCUSSION OF DECISIONAL POLICY FOR APPROPRIATE RISK DISTRIBUTION 

H a v i n g a p p r a i s e d the r e l a t i v e r a n k i n g s o f v a r i o u s p o r t / r o u t e 
a l t e r n a t i v e s , a f i n a l comment on d e c i s i o n a l p o l i c y s t r a t e g y seems 
a p p r o p r i a t e . I n t h e o r e t i c a l t e r m s , a c h o i c e e x i s t s ( i n the event a West 
C o a s t o i l p o r t w e r e c o n s i d e r e d d e s i r a b l e ) b e t w e e n c o n c e n t r a t i n g r i s k 
a l o n g a s i n g l e p o r t / r o u t e and d i s t r i b u t i n g the r i s k a c r o s s s e v e r a l 
p o r t s / r o u t e s . I n the f o r m e r c a s e , impact w o u l d f a l l upon a s i n g l e 
s u b r e g i o n ; i n the l a t t e r , a c r o s s s e v e r a l s u b r e g i o n s . In d e c i s i o n a l 
t e r m s , a d i s t r i b u t i o n o f r i s k a c r o s s s e v e r a l p o r t / r o u t e a l t e r n a t i v e s 
m i g h t h o l d b e t t e r hope f o r c o n t i n u e d v i a b i l i t y o v e r t ime o f a l l 
s u b r e g i o n a l e c o s y s t e m s . A l t e r n a t i v e l y , the c o s t s of v e s s e l t r a f f i c 
management, n a v i g a t i o n a i d s and s t a n d b y c l e a n u p equipment c o u l d m i t i g a t e 
s t r o n g l y f o r the s e l e c t i o n o f one c e n t r a l i z e d p o r t l o c a t i o n . 

E i t h e r a l t e r n a t i v e must be r e - e v a l u a t e d when p r e s e n t and 
p o t e n t i a l U . S . o i l p o r t s a r e c o n s i d e r e d . F o r e x a m p l e , p r o t e c t i o n of 
C a n a d i a n c o a s t l i n e s c o u l d be p reempted by u n i l a t e r a l A m e r i c a n d e c i s i o n s 
r e g a r d i n g p o r t l o c a t i o n ( s ) , v e s s e l t r a f f i c management sys tems and c l e a n u p 
r e a d i n e s s . What i n t e r n a t i o n a l methods m i g h t be open to s e c u r e 
u n d e r s t a n d i n g and a s s u r a n c e a r e beyond t h e scope o f the p r e s e n t r e p o r t . 
However , t he p o t e n t i a l o f West C o a s t Canada f a c i n g e n v i r o n m e n t a l r i s k 
from not o n e , but two ma jo r p o r t s , and the consequen t r e o r d e r i n g of 
economic b e n e f i t s and economic and e n v i r o n m e n t a l c o s t s o b v i o u s l y w o u l d 
r e q u i r e e x t e n s i v e d e t a i l e d a n a l y s i s and n e g o t i a t i o n . S i m i l a r l y , the 
e x i s t e n c e o f a m a j o r A l a s k a n o i l r o u t e to W a s h i n g t o n S t a t e w i l l c o n t i n u e 
to pose a d e g r e e o f t h r e a t , i r r e s p e c t i v e o f w h e t h e r o r not Canada d e c i d e s 
to b u i l d a West C o a s t s u p e r p o r t . 

A t b e s t , t h i s r e p o r t i s o n l y one c o n t r i b u t i o n towards any 
s p e c i f i c e n v i r o n m e n t a l p o r t / r o u t e a s s e s s m e n t . A c o m p l e t e a n a l y s i s w o u l d 
n e c e s s a r i l y i n c l u d e not o n l y more d e t a i l e d m a r i n e i n f o r m a t i o n , but a l s o 
e v a l u a t i o n o f p i p e l i n e i m p a c t s , a i r p o l l u t i o n p o t e n t i a l and t e r m i n a l s i t e 
c h a r a c t e r i s t i c s . 
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CHAPTER 9 

PREVENTIVE, CLEANUP AND COMPENSATORY CONSIDERATIONS 

W h i l e p r e c e e d i n g c h a p t e r s c o n c e n t r a t e d on the r e l a t i v e r i s k s o f 
o i l s p i l l s and p o t e n t i a l damages to r e s o u r c e s o f the B . C . and W a s h i n g t o n 
c o a s t s , t h i s c h a p t e r d e a l s b r i e f l y w i t h the i n t e r n a t i o n a l / n a t i o n a l n a t u r e 
o f the o i l s p i l l p r o b l e m , means o f s p i l l p r e v e n t i o n , c l e a n u p c o s t s and 
c o m p e n s a t o r y measures . 

9 .1 INTERNATIONAL TANKER SAFETY - A NATIONAL PROBLEM 

The p r i n c i p a l i n t e r n a t i o n a l body a t t e m p t i n g to c o n t r o l and 
upg rade t a n k e r s a f e t y i s the I n t e r - G o v e r n m e n t a l M a r i t i m e C o n s u l t i v e 
O r g a n i z a t i o n ( I M C O ) , an agency o f the U n i t e d N a t i o n s . I t convenes 
c o n f e r e n c e s to d e v e l o p c o n v e n t i o n s , p r o t o c o l s and r e g u l a t i o n s w h i c h must 
t h e n be r a t i f i e d by the member s t a t e s - a n o f t e n t i m e - c o n s u m i n g p r o c e s s . 
Gove rnmen t s not i n agreement a r e not bound by the c o n v e n t i o n s . F u r t h e r , 
IMCO somet imes has p r o v e d s u s c e p t i b l e to p r e s s u r e from s h i p p i n g n a t i o n s 
and o i l t r a n s p o r t i n t e r e s t s , and cannot be assumed, a p r i o r i , t o c l e a r l y 
a l i g n i t s e l f w i t h the i n t e r e s t s o f c o a s t a l s t a t e s t h r e a t e n e d by o i l 
t r a n s p o r t r o u t i n g s . 

I t i s s i g n i f i c a n t t h a t m a j o r r e c e n t improvements i n s a f e t y and 
p o l l u t i o n c o n t r o l have more o f t e n t h a n not i n v o l v e d u n i l a t e r a l a c t i o n by 
such c o a s t a l s t a t e s as C a n a d a , t he U n i t e d S t a t e s and t h e U n i t e d K i n g d o m , 
i n r e s p o n s e to immed ia t e t h r e a t s where the n a t i o n a l c o s t s of i n a c t i o n 
were p e r c e i v e d as h i g h . T h i s appears to be the case on the C a n a d i a n West 
C o a s t f o r the n e a r to medium t e r m . 

Not o n l y may i n t e r n a t i o n a l i n t e r e s t be d i c o t i m i s e d be tween o i l 
e x p o r t e r s / i m p o r t e r s o n the one h a n d , and c o a s t a l a r ea s unde r t h r e a t on 
the o t h e r , bu t a l s o economic r e t u r n s from o i l t r a n s p o r t a t i o n a c t i v i t i e s 
can p r o v i d e f u r t h e r c o m p l i c a t i o n s . W h i l e i n c i d e n t d a t a a r e s t i l l 
l i m i t e d , i t has b e e n c l e a r l y e s t a b l i s h e d f rom t e s t i m o n y b y t a n k e r owners 
t h a t t a n k e r s a r e r u n u n d e r f l a g s o f c o n v e n i e n c e f o r one b r o a d purpose -
to b y p a s s the c o n s t r u c t i o n and o p e r a t i o n c o s t s r e q u i r e d by n a t i o n s w i t h 
more s t r i n g e n t l a w s . A l t h o u g h i t i s p l a u s i b l e t h a t such n a t i o n s m i g h t be 
w i l l i n g t o " f o l l o w a l o n g b e h i n d " i n m a t t e r s o f s a f e t y , i t i s u n l i k e l y 
t h a t t h e y w i l l u n i l a t e r a l l y adopt a u n i f o r m and s t r i n g e n t s a f e t y c o d e , 
t h e r e b y e l i m i n a t i n g to a c o n s i d e r a b l e d e g r e e t h e i r c o m p a r a t i v e economic 
advant age . 

F i n a l l y , t he d e g r e e to w h i c h i n t e r n a t i o n a l o i l companies and 
t h e i r r e l a t e d t a n k e r f l e e t s c a n be e x p e c t e d t o e n f o r c e s t r i c t s t a n d a r d s 
w i l l l i k e l y be a f f e c t e d by the r e l a t i v e s u p p l y o f and demand f o r t a n k e r s . 
O i l companies c h a r a c t e r i s t i c a l l y use t h e i r own t a n k e r s w h i c h a re f o r the 
most p a r t w e l l - c o n t r o l l e d and manned, and a r e a c q u i r e d to f u l f i l l some 
p r e d e t e r m i n e d p o r t i o n o f o i l t r a n s p o r t a t i o n r e q u i r e m e n t s . C o n s e q u e n t l y , 
when t r a n s p o r t a t i o n r e q u i r e m e n t s a r e s t a b i l i z e d a t o r n e a r the l e v e l t h a t 
can be met by t h e i r own f l e e t s , o i l companies may n o t f i n d i t d i f f i c u l t 
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to meet h i g h s h i p p i n g s t a n d a r d s . However , r e q u i r e m e n t s i n e x c e s s o f t h a t 
l e v e l a r e met by c h a r t e r and can v a r y w i d e l y . A t such t i m e s , i t i s 
u n l i k e l y t h a t companies v o l u n t a r i l y d e f e r a d d i t i o n a l s h i p m e n t s i n o r d e r 
to meet s t r i c t s a f e t y s t a n d a r d s . 

9 .2 PREVENTION - THE PREFERRED STRATEGY 

Because t h e r e i s no g u a r a n t e e t h a t o i l s p i l l s w i l l not o c c u r on 
t h i s c o a s t and because s p i l l c l e a n u p s r a r e l y p rove t o t a l l y e f f e c t i v e , the 
major t h r u s t o f a sound c o a s t a l o i l s t r a t e g y mus t be d i r e c t e d towards 
p r e v e n t i o n . P r e v e n t i v e measures g e n e r a l l y c a n be e n a c t e d w i t h n o m i n a l 
c o s t to the i n t e r n a t i o n a l t a n k e r f l e e t and a t an e x t r e m e l y s m a l l c o s t to 
C a n a d a . T h i s c o n c l u s i o n i s f u r t h e r r e i n f o r c e d s h o u l d Canada and the 
U n i t e d S t a t e s a c t i n c o n c e r t . C o n v e r s e l y , the f u l l and c o n s i d e r a b l e 
c o s t s o f n o t i m p l e m e n t i n g such a p o l i c y has to be b o r n e by C a n a d i a n s . 

Examples o f p r e v e n t i v e measures a r e d i s c u s s e d b e l o w . 

D e s i g n and C o n s t r u c t i o n S t a n d a r d s 

C u r r e n t l y , t h e r e a r e s e v e r a l s a f e t y d e s i g n f e a t u r e s b e i n g 
c o n s i d e r e d f o r i m p l e m e n t a t i o n on t a n k e r s , p a r t i c u l a r l y b y the U . S . and 
IMCO. These i n c l u d e s e g r e g a t e d b a l l a s t , l o a d - o n - t o p , d o u b l e b o t t o m s , 
d e f e n s i v e l o c a t i o n o f s e g r e g a t e d b a l l a s t , c rude o i l w a s h i n g t e c h n i q u e s , 
i n e r t gas s y s t e m s , b a c k u p and c o l l i s i o n a v o i d a n c e r a d a r s , emergency 
s t e e r i n g g e a r , b a c k u p power sys t ems and bow t h r u s t e r s . W h i l e t h e r e i s 
c o n t r o v e r s y o v e r some o f these e n g i n e e r i n g f e a t u r e s , t h e U . S . and s e v e r a l 
major o i l companies a r e s t r o n g l y s u p p o r t i n g s e v e r a l o f them. C a n a d a ' s 
i n t e r e s t w o u l d b e s t be s e r v e d by the t a k i n g o f a s i m i l a r l y s t r o n g 
p o s i t i o n . T h i s i s p a r t i c u l a r l y s i g n i f i c a n t i n l i g h t o f the f a c t t h a t the 
c o s t s a s s o c i a t e d w i t h d e s i g n improvements and m o d i f i c a t i o n s l a r g e l y 
a f f e c t f o r e i g n t a n k e r f l e e t s and o w n e r s , w h i l e the c o s t s o f i n a c t i o n f a l l 
on C a n a d i a n s . 

A n o t h e r o f t - d i s c u s s e d f a c t o r i n t a n k e r d e s i g n s a f e t y i s t h a t of 
v e s s e l a g e , bu t because s t a n d a r d s o f c o n s t r u c t i o n v a r y g r e a t l y , v e s s e l 
age p r o v i d e s o n l y a g e n e r a l i n d i c a t o r o f s a f e t y . C o n s e q u e n t l y , 
a p p l i c a t i o n o f s t a n d a r d s must be v e s s e l - b y v e s s e l . 

Equipment and O p e r a t i n g P r o c e d u r e s 

The C a n a d i a n C o a s t Guard has s u b s t a n t i a l r e g u l a t i o n s o n v e s s e l 
equipment and s a f e o p e r a t i n g p r o c e d u r e s . I t must a l s o be g i v e n the 
a u t h o r i t y and i n c e n t i v e to v e r i f y t h a t r e g u l a t e d equ ipment i s i n w o r k i n g 
o r d e r and t h a t s p e c i f i e d o p e r a t i n g p r o c e d u r e s a r e f o l l o w e d . 

Mann ing o f V e s s e l s 

I t i s e s t i m a t e d t h a t 80 to 85 p e r c e n t of t a n k e r i n c i d e n t s 
i n v o l v e human e r r o r . T h e r e f o r e , i t i s c r i t i c a l l y i m p o r t a n t t h a t C a n a d i a n 
C o a s t Gua rd r e g u l a t i o n s i n v o l v i n g c e r t i f i c a t i o n o f competence be c l o s e l y 
adhered t o . A p e r i o d i c a l l y upda ted m e d i c a l c e r t i f i c a t e a l s o s h o u l d be 
r e q u i r e d and crews o f v e s s e l s a p p r o a c h i n g the c o a s t must be s u f f i c i e n t l y 
f l u e n t i n E n g l i s h . F i n a l l y , i t i s recommended t h a t each v e s s e l be 
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a d e q u a t e l y manned so t h a t no s i n g l e o f f i c e r bea r s an undue s h a r e of 
r e s p o n s i b i l i t y a t the t i m e o f v e s s e l e n t r y i n t o C a n a d i a n w a t e r s . 

V e s s e l C o n t r o l - I n s p e c t i o n and P e n a l t i e s 

I f the s a f e t y s t a n d a r d s r e q u i r e d t o p r o t e c t C a n a d i a n i n t e r e s t s 
a r e to be g u a r a n t e e d , C a n a d i a n o f f i c i a l s must be ab l e to meet each 
inbound t a n k e r a t i t s p o i n t o f d e p a r t u r e o r e n t r y i n t o C a n a d i a n w a t e r s to 
a s c e r t a i n w h e t h e r s a f e t y r e q u i r e m e n t s a r e i n e f f e c t . I n the case o f o i l 
f rom A l a s k a , t he p l a c i n g o f an i n s p e c t o r on each t a n k e r a t V a l d e z s h o u l d 
r e c e i v e c a r e f u l c o n s i d e r a t i o n . C e r t i f i c a t i o n a t o t h e r p o i n t s of o r i g i n 
o f v e s s e l s t h a t mus t meet C a n a d i a n s t a n d a r d s m i g h t a l s o be c o n s i d e r e d . 

L a r g e f i n a n c i a l p e n a l t i e s , when c o u p l e d w i t h the o f t e n low 
p r o b a b i l i t y o f g e t t i n g c a u g h t , a r e not a b s o l u t e gua ran tees t h a t s a f e t y 
s t a n d a r d s w i l l be o b s e r v e d . As l a r g e o i l t a n k e r s have been known to make 
a p r o f i t o f s e v e r a l m i l l i o n d o l l a r s o n a s i n g l e t r i p - m a k i n g d e l a y 
e x t r e m e l y c o s t l y - i t i s s t r o n g l y recommended t h a t : 

- T a n k e r s f a i l i n g t o meet C a n a d i a n s t a n d a r d s be 
d e n i e d e n t r y to C a n a d i a n w a t e r s , e x c e p t when d e n i a l 
m i g h t c o n s t i t u t e a g r e a t e r r i s k to the C a n a d i a n 
sho r e l i n e . 

- T a n k e r s and t h e i r m a s t e r s c o n v i c t e d o f v i o l a t i n g 
C a n a d i a n s a f e t y s t a n d a r d s be d e n i e d subsequen t 
e n t r y i n t o C a n a d i a n w a t e r s . 

These two measures w o u l d l i k e l y be h i g h l y e f f e c t i v e i n r e d u c i n g 
the o i l s p i l l r i s k s a s s o c i a t e d w i t h c o a s t a l t a n k e r t r a f f i c . 

O t h e r V e s s e l s 

As a s i g n i f i c a n t number o f t a n k e r a c c i d e n t s i n v o l v e s c o l l i s i o n 
w i t h o t h e r t ypes o f v e s s e l s , s a f e t y s t a n d a r d s a p p l i e d to o i l t a n k e r s 
a l o n e can not be f u l l y s u c c e s s f u l . I t i s t h e r e f o r e recommended t h a t the 
s t a n d a r d s e n a c t e d f o r t a n k e r t r a f f i c , p a r t i c u l a r l y i n terms of c rew 
q u a l i f i c a t i o n s , o p e r a t i n g p r o c e d u r e s and e q u i p m e n t , be a p p l i e d to o t h e r 
c o m m e r c i a l t r a f f i c o v e r a t h r e e to f i v e y e a r p e r i o d . 

Tanke r S u p p o r t F a c i l i t i e s 

S h o u l d a n o i l t e r m i n a l be e s t a b l i s h e d on the C a n a d i a n West 
C o a s t , o t h e r complemen ta ry f a c i l i t i e s m i g h t s u b s e q u e n t l y be p roposed -
e s p e c i a l l y s u p e r t a n k e r d r y d o c k i n g f a c i l i t i e s w h i c h a r e i n s h o r t s u p p l y 
i n t e r n a t i o n a l l y . Such a f a c i l i t y w o u l d h a v e to be s u b j e c t e d t o i t s own 
r i g o r o u s impac t a s s e s s m e n t , as i t m i g h t s e r v e as a beacon f o r e v e r y 
b a t t e r e d o r d i s a b l e d s u p e r t a n k e r i n t h i s p a r t o f the N o r t h ' P a c i f i c , 
c o n s i d e r a b l y i n t e n s i f y i n g the p o l l u t i o n r i s k to the B r i t i s h C o l u m b i a 
coas t . 

O f f s h o r e T a n k e r T r a f f i c 

I f Canada d e c i d e s i t i s not i n h e r b e s t i n t e r e s t s to 
accommodate a m a j o r s u p e r t a n k e r p o r t on h e r West C o a s t , t he t h r e a t o f o i l 
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p o l l u t i o n s t i l l w o u l d not be e n t i r e l y removed , as t a n k e r t r a f f i c w i l l 
c o n t i n u e to move o f f the B . C . c o a s t from V a l d e z and the M i d e a s t . 
E x p e r i e n c e a l o n g o t h e r s i m i l a r l y s i t u a t e d shores ( S o u t h A f r i c a i s a 
p a r t i c u l a r l y s t r i k i n g e x a m p l e ) , s u g g e s t s t h a t o i l s l i c k s c o u l d become 
f r e q u e n t as a r e s u l t o f t a n k e r a c c i d e n t s . 

I t i s t h e r e f o r e fundamen ta l t h a t Canada c o l l a b o r a t e w i t h the 
U n i t e d S t a t e s to e s t a b l i s h r o u t i n g p r o c e d u r e s f o r e n s u r i n g t h a t 
a s s i s t a n c e and c l e a n u p crews r e a c h s t r i c k e n s h i p s and f o r m o n i t o r i n g 
o f f s h o r e v e s s e l s ( p a r t i c u l a r l y by means o f a more e x t e n s i v e V e s s e l 
T r a f f i c Management s y s t e m ) . I t i s f u r t h e r n e c e s s a r y to d e v e l o p e x p l i c i t 
p r o c e d u r e s c o n c e r n i n g r e s c u e , p r o v i s i o n o f r e f u g e f o r d i s a b l e d v e s s e l s , 
o r a l t e r n a t i v e l y , d i s p o s a l a t s e a o f wrecks w h i c h pose t o o g r e a t a r i s k 
to s h o r e l i n e v a l u e s . 

9.3 CLEANUP COSTS 

Route C l e a n u p 

Because each o f the p o t e n t i a l r o u t e s p r e s e n t s d i f f e r e n t 
impediments to o i l s p i l l c l e a n u p o p e r a t i o n s , sample i n d i v i d u a l c l e a n u p 
r a t i n g s were c a l c u l a t e d u s i n g m e t h o d o l o g i e s s i m i l a r to those d e v e l o p e d 
f o r the e v a l u a t i o n o f a l t e r n a t i v e o i l p o r t s i t e s on the E a s t C o a s t o f 
Canada (Canada , Depar tment o f F i s h e r i e s and the E n v i r o n m e n t , 1976). 
M o d i f i c a t i o n s to t h a t m e t h o d o l o g y r e f l e c t c o n d i t i o n s s p e c i f i c to West 
C o a s t t a n k e r t r a f f i c , i . e . , s e v e r a l l o n g e r r o u t e s r u n n i n g p a r a l l e l and 
c l o s e to the c o a s t l i n e and e x t e n d e d t r a n s i t s t h r o u g h r e l a t i v e l y n a r r o w 
p a s s a g e s . T h e r e f o r e , a l a r g e r r e p r e s e n t a t i v e o i l s p i l l volume and a 
g r e a t e r number o f sample s l i c k a r ea s were s e l e c t e d f o r the purposes o f 
the p r e s e n t s t u d y . 

Based on a h y p o t h e t i c a l 50,000 t o n crude o i l c o n t i n u o u s s p i l l 
l a s t i n g s e v e n d a y s , s l i c k a r eas o r " e n v e l o p e s " were p l o t t e d f o r summer 
and w i n t e r f rom e a c h o f the r o u t e segment m i d - p o i n t s ( F i g u r e s 9.3.1 and 
9.3.2). D e t a i l s on the u n d e r l y i n g a s s u m p t i o n s and t e c h n i q u e s o f t h i s 
s l i c k a r e a method a r e p r o v i d e d i n the a p p e n d i c e s v o l u m e . Q u a n t i f i c a t i o n 
of t o t a l c l e a n u p c o s t s on a route b a s i s was c a r r i e d out as f o l l o w s 
( T a b l e s 9.3.1 and 9.3.2): 

- O f f s h o r e c l e a n u p c o s t s were d e t e r m i n e d f o r w i n t e r 
and summer s l i c k a r e a s . 

- S h o r e l i n e c l e a n u p c o s t s were d e t e r m i n e d f o r w i n t e r 
and summer s l i c k a r e a s . 

- The o f f s h o r e and s h o r e l i n e s e a s o n a l v a l u e s thus 
d e r i v e d were added t o g e t h e r by s l i c k a r e a and 
d i v i d e d by s e a s o n a l e f f e c t i v e n e s s f a c t o r s . 

- These m o d i f i e d s e a s o n a l s l i c k a r e a v a l u e s were t h e n 
a d j u s t e d t o a n n u a l c l e a n u p r a t i n g s and s c a l e d to 
100, w i t h 100 r e p r e s e n t i n g the h i g h e s t s l i c k a r e a 
c l e a n u p r a t i n g . 

- S l i c k a r e a r a t i n g s were added by r o u t e and s c a l e d 
to 100, w i t h 100 r e p r e s e n t i n g the h i g h e s t r o u t e 
c l e a n u p r a t i n g ( T a b l e 9.3.2). 
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TABLE 9 . 3 . 1 S L I C K AREA ANNUAL CLEANUP RATINGS 

O f f s h o r e and F i n a l A n n u a l 
S l i c k S h o r e l i n e T o t a l l e d E f f e c t i v e n e s s S e a s o n a l C l e a n u p R a t i n g s 

N o . C o s t s V a l u e s C l e a n u p R a t i n g s S c a l e d t o 100 
W i n t e r Summer W i n t e r Summer W i n t e r Summer 

1 17 .2 8 .8 .32 
2 10 .7 12 .5 .29 
3 4 0 . 4 39 .5 .58 
4 2 3 . 8 18 .7 .61 
5 23 .3 12 .5 .33 
6 15 .7 8.1 .25 
7 29 .5 8 .8 .31 
8 42 .1 3 1 . 6 .43 
9 45 .1 3 7 . 4 .51 

10 31.1 13 .8 .23 
11 3 8 . 8 15.1 .36 
12 5 5 . 7 4 5 . 8 .51 
13 28 .2 13 .3 .25 
14 21 .3 8 .9 .31 
15 22 .4 14 .0 .25 
16 19 .5 10 .9 .31 
17 3 4 . 3 10 .5 .25 
18 17.5 11 .5 .31 
19 17 .2 10 .4 .25 
20 4 3 . 8 8.4 .31 
21 4 2 . 9 8.2 .33 
22 22 .6 13 .5 .36 
23 4 0 . 9 3 7 . 9 .55 
24 34 .4 2 1 . 0 .60 
25 30 .1 2 9 . 4 .61 
26 18 .0 8.4 .30 
27 17 .8 7.6 .30 
28 17 .7 6 .7 .31 
29 2 4 . 0 6 .6 .32 
30 23 .2 5 .6 .34 
31 2 7 . 9 5.2 .47 
32 33 .2 7 .0 .57 
33 11 .8 5 .9 .61 
34 9 .2 6 .5 .65 
35 9 .6 5.1 .69 
36 9 .4 5 .4 .67 
37 15 .3 14 .0 .77 
38 17 .5 12 .0 .72 
39 14 .6 6 .0 .74 
4 0 24 .4 2 0 . 0 .77 
41 22 .2 25 .3 .73 
42 11 .6 2 2 . 7 .78 
43 13 .8 2 2 . 4 .86 

.47 53 .8 18 .7 41 

.43 3 6 . 9 29 .1 35 

.70 6 9 . 7 5 6 . 4 67 

.72 3 9 . 0 2 6 . 0 35 

.50 70 .6 2 5 . 0 54 

.39 6 2 . 8 2 0 . 8 47 

.43 9 5 . 2 2 0 . 5 67 

.51 9 7 . 9 6 2 . 0 86 

.64 88 .4 5 8 . 4 79 

.38 135 .2 3 6 . 3 98 

.47 107 .8 32 .1 79 

.59 109 .2 77 .6 100 

.42 112 .8 3 1 . 7 82 

.41 68 .7 21 .7 51 

.36 8 9 . 6 3 8 . 9 72 

.41 6 2 . 9 26 .6 50 

.34 137 .2 3 5 . 9 99 

.46 5 6 . 5 2 5 . 0 45 

.34 6 8 . 8 3 0 . 6 55 

.41 141 .3 2 0 . 5 95 

.42 130 .0 19 .5 88 

.47 6 2 . 8 2 8 . 7 51 

.61 74 .4 62 .1 72 

.68 5 7 . 3 3 0 . 9 48 

.71 4 9 . 3 4 1 . 4 48 

.34 6 8 . 0 2 4 . 7 52 

.39 5 9 . 3 19 .5 45 

.41 57 .1 16 .3 42 

.43 75 .0 15 .3 52 

.43 6 8 . 2 13 .0 47 

.56 5 9 . 4 9 .3 41 

.58 58 .2 12.1 41 

.57 19 .3 10 .4 17 

.71 14 .2 9 .2 13 

.75 13 .9 6 .8 11 

.73 14 .0 7 .4 11 

.85 19 .9 16 .5 20 

.80 2 4 . 3 15 .0 21 

.82 19 .7 7 .3 16 

.85 3 1 . 7 23 .5 29 

.86 3 0 . 4 2 9 . 4 31 

.80 14 .9 2 8 . 4 22 

.94 16 .0 23 .8 20 
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TABLE 9.3.2 ROUTE CLEANUP RATINGS 

Route 

No. Route Name Cleanup Ratings 

1 Port Simpson (Dixon) 19 
2 Ridley Island (Dixon) 12 
3 Kitimat (Dixon, Principe) 77 
4 Kitimat (Outer Coast, Hecate, Principe) 100 
5 Kitimat (Outer Coast, Hecate, Caamano) 73 
6 B e l l a Coola (Outer Coast, North Passage) 69 
7 B e l l a Coola (Outer Coast, South Passage) 73 
8 Kitimat (Hecate, Principe) 88 
9 Kitimat (Hecate, Caamano) 62 

10 Bella Coola (North Passage) 54 
11 B e l l a Coola (South Passage) 58 
12 Port Angeles (Outer Coasts, Juan De Fuca) 42 
13 Esquimalt (Outer Coasts, Juan De Fuca) 46 
14 Burrows Bay (Outer Coasts, Juan De Fuca) 46 
15 Cherry Point (Outer Coasts, Juan De Fuca, Rosario) 54 
16 Cherry Point (Outer Coasts, Juan De Fuca, Haro) 50 
17 Roberts Bank (Outer Coasts, Juan De Fuca, Haro) 54 
18 Port Moody (Outer C o a s t s , Juan De Fuca, Haro) 58 

19 Britannia Beach (Outer Coasts, Juan De Fuca, Haro) 54 
20 Port Angeles (Juan De Fuca) 15 
21 Esquimalt (Juan De Fuca) 15 
22 Burrows Bay (Juan De Fuca) 15 
23 Cherry Point (Juan De Fuca, Rosario) 23 
24 Cherry Point (Juan De Fuca, Haro) 23 
25 Roberts Bank (Juan De Fuca, Haro) 23 
26 Port Moody (Juan De Fuca, Haro) 31 
27 Britannia Beach (Juan De Fuca, Haro) 27 
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F u r t h e r d e t a i l s on some o f t h e s e c a l c u l a t i o n s f o l l o w : 

A . O f f s h o r e C l e a n u p C o s t s 

The f o r m u l a d e v e l o p e d f o r t h i s component o f the c l e a n u p r a t i n g s 
f o r each o f the s e a s o n a l s l i c k a r ea s was as f o l l o w s : 
O f f s h o r e C o s t s = 
[ D i s p o s a l + ( O p e r a t i n g C o s t s x D i s t a n c e F a c t o r ) ] x — ^ — w h e r e : 

y max 
y = s q u a r e n a u t i c a l m i l e a r e a o f sample s l i c k 
y max = s q u a r e n a u t i c a l m i l e a r e a o f maximum s l i c k 
D i s p o s a l r e f e r r e d to the c o s t s o f d i s p o s i n g o f 

r e c o v e r e d m a t e r i a l s and u sed t r e a t i n g a g e n t s 
such as a b s o r b e n t s . 

O p e r a t i n g C o s t s r e p r e s e n t e d v e s s e l r e n t a l and 
o p e r a t i o n , m a t e r i a l s , l a b o u r , mea l s and 
l o d g i n g . 

D i s t a n c e F a c t o r i n d i c a t e d , on a s c a l e from one to two , 
the e f f e c t s o f a c c e s s i b i l i t y on c o s t s o f r o a d , 
a i r and m a r i n e t r a n s p o r t o f e q u i p m e n t , 
s u p p l i e s and manpower. 

C a p i t a l c o s t s o f equipment such as booms, s l i c k - l i c k e r s , 
s k i m m e r s , a n c i l l a r y d e v i c e s and t r e a t i n g a g e n t s were no t i n c l u d e d i n the 
f o r m u l a . They were assumed to be c o n s t a n t f o r each r o u t e a l t e r n a t i v e 
because o f t h e i r presumed a v a i l a b i l i t y a t any m a r i n e o i l t e r m i n a l . 

B . S h o r e l i n e C l e a n u p C o s t s 

The s h o r e l i n e s c o n t a m i n a t e d by each o f the s e a s o n a l s l i c k a r ea s 
were measured i n n a u t i c a l m i l e s on the b a s i s o f f o u r c a t e g o r i e s : mud 
f l a t s , sand b e a c h e s , c o b b l e and r o c k y s h o r e l i n e s and c l i f f s . (Mud f l a t s 
were i m p o r t a n t i n t h i s s t u d y as a r e f l e c t i o n o f the e c o l o g i c a l 
s e n s i t i v i t y o f e s t u a r y a r e a s and the p r o p o r t i o n a t e l y h i g h e r c o s t s o f 
e s t u a r y c l e a n u p o p e r a t i o n s . ) 

D o l l a r v a l u e s a s c r i b e d to t he se f o u r c a t e g o r i e s i n terms o f 
c l e a n u p c o s t s w e r e : 

mud f l a t s - $ 9 . 6 0 / l i n e a l f o o t 
sand beaches - $4 .80 / l i n e a l f o o t 
c o b b l e s and r o c k s - $ 8 . 4 0 / l i n e a l f o o t 
c l i f f s - $ 6 . 0 0 / l i n e a l f o o t 

These c o s t s were h i g h e r t h a n t hose used i n the E a s t C o a s t s t u d y . P r e s e n t 
v a l u e s were based on more r e c e n t c o s t e s t i m a t e s , h i g h e r o p e r a t i n g c o s t s 
on the P a c i f i c C o a s t and c o s t f i g u r e s from s p i l l s t h a t have o c c u r r e d 
s i n c e the w r i t i n g o f the E a s t C o a s t r e p o r t . 

F i n a l l y , the same d i s t a n c e f a c t o r s as d e r i v e d f o r o f f s h o r e 
c l e a n u p c o s t s were used to m o d i f y s h o r e l i n e c l e a n u p v a l u e s f o r each s l i c k 
a r e a . 
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C. Effectiveness C r i t e r i a 

Effectiveness c r i t e r i a represented the basic physical 
limitations to successful o i l cleanup operations. To rate effectiveness 
for each s l i c k area, values for several factors were determined from 
meteorological, oceanographic and demographic data. The factors 
i d e n t i f i e d and weighted included wind (50 points), nearby human 
settlements (50), currents (30), wave heights (25) and v i s i b i l i t y (20) 
with low scores indicating low effectiveness. 

Terminal Cleanup 

Cleanup ratings for s l i c k areas at each terminal (Figure 9.3.3) 
were calculated by a method s i m i l a r to the one used for route cleanup 
ratings, except for three modifications. F i r s t , no distance factor was 
required, as the s p i l l was assumed to occur at each terminal. Second, 
effectiveness of cleanup at the various ports was estimated to be very 
nearly the same, as i t was i m p l i c i t that a certain minimum level of 
contingency response c a p a b i l i t y would be established by any terminal 
operator, wherever the s i t e ; thus, no effectiveness index was developed. 
Third, the formula for offshore cleanup near terminals d i f f e r e d in the 
c a l c u l a t i o n of operating costs, because i t was possible to make more 
precise predictions as to what equipment would be used. The formula 
adopted in this case was: 

Offshore Cleanup Cost = Operating Costs x - ̂  where: 
t y IUcLX 

Operating Costs for offshore cleanup included tugs, 
smaller c r a f t , equipment, labour, meals and lodging. 
It was calculated at $195,000 for the largest 
terminal s p i l l and then proportionally rated f o r the 
other s l i c k s . 
Total offshore and shoreline cleanup costs were added together 

for each port s i t e . Table 9.3.3 shows the f i n a l terminal cleanup 
rat ings. 

TABLE 9.3.3 TERMINAL CLEANUP RATINGS 

Terminal Terminal Name Cleanup 
No. Ratings 

1 Port Simpson 30 
2 Ridley Island 100 
3 Kitimat 26 
4 B e l l a Coola 42 
5 Britannia Beach 45 
6 Port Moody 44 
7 Roberts Bank 19 
8 Esquimalt 40 
9 Cherry Point 38 

10 Burrows Bay 28 
11 Port Angeles 26 
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Cleanup Considerations 

In view of the wide range of cleanup values in both the route 
and terminal ratings, i t is evident that e f f e c t i v e contingency plans must 
be highly route and s i t e - s p e c i f i c . Careful pre-planning for cleanup 
operations is e s s e n t i a l prior to port approval. It must include 
p r a c t i c a l d e t a i l s on equipment and supplies, manpower tr a i n i n g and 
practice, l i v i n g accommodations and emergency tug and barge support 
r e l a t i v e to the s p i l l p o tential in each case. 

9.4 COMPENSATION 

Although a West Coast o i l port may conceivably be advantageous 
to Canada as a nation, i t can not be b e n e f i c i a l to the B.C. c o a s t l i n e . 
Despite possible conscientious e f f o r t s towards preventing o i l s p i l l s , 
West Coast tanker t r a f f i c is u n l i k e l y to provide any d i r e c t benefits to 
the present users of B.C.'s marine resources and w i l l i n e v i t a b l y bring 
about adverse impacts, some of which could be substantial. It is in this 
framework that the issue of compensation must be considered. 

Presently there are several international and U.S. funds 
available to parties s u f f e r i n g loss or damage because of an o i l s p i l l . 
These include TOVALOP (Tanker Owners Voluntary Agreement Concerning 
L i a b i l i t y ) , CRISTAL (Contract Regarding an Interim Supplement to Tanker 
L i a b i l i t y for O i l P o l l u t i o n ) and the $100,000,000 TAPS fund. Canada has 
i n s t i t u t e d a Maritime P o l l u t i o n Claims Fund which currently to t a l s about 
$45,000,000. The major l i m i t a t i o n with such sources of compensation is 
the d i f f i c u l t y of access to them; l i t i g a t i o n is frequently protracted and 
complicated, p a r t i c u l a r l y for the in d i v i d u a l who suffers damage. The 
authors of this report suggest that consideration be given both to 
increasing the Canadian compensation monies available and to r e v i s i n g the 
terms on which the Maritime P o l l u t i o n Claims Fund is accessible. 
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