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FOREWORD 

Th i s manual was p r e p a r e d under the d i r e c t i o n of E n v i r o n m e n t 
Canada and the F r a s e r R i v e r Harbour Commission to f a c i l i t a t e 
r e s p o n s e to o i l and c h e m i c a l s p i l l s i n F r a s e r P o r t . I t i s 
i n t e n d e d to supplement government agency and f a c i 1 i t y - s p e c i f i c 
c o n t i n g e n c y p l a n s c o n c e r n e d w i t h m i t i g a t i n g the e f f e c t s of 
a c c i d e n t a l d i s c h a r g e s of h y d r o c a r b o n s and o t h e r f l o a t i n g 
contaminants in the lower F r a s e r R i v e r . To t h i s end, the manual 
g e n e r a l l y examines the ecosystem and amenities p o t e n t i a l l y at 
r i s k . I t a l s o r e v i e w s the s e l e c t i o n and i m p l e m e n t a t i o n of 
countermeasures as' w e l l as l o c a l resources which might be a p p l i e d 
to deal with s p i l l s that have escaped at-source confinement. 

U n l i k e o t h e r more e x p a n s i v e s e c t i o n s of c o a s t l i n e , the lower 
F r a s e r ' R i v e r s u p p o r t s a continuum of r e s o u r c e s of h i g h and 
sometimes c o n t r a s t i n g v a l u e . The e s t u a r y has b i o l o g i c a l and 
r e l a t e d r e c r e a t i o n a l s i g n i f i c a n c e throughout i t s e n t i r e t y ; f i s h , 
waterfowl and marsh f i g u r e prominently i n t h i s regard. I n d u s t r i e s 
and' port f a c i l i t i e s a l s o r e l y on l o c a t i o n s b o r d e r i n g the lower 
r i v e r reaches. D e s i g n a t i n g and ranking p r i o r i t y s i t e s r e q u i r i n g 
s p i l l p r o t e c t i o n i s t h e r e f o r e an a r b i t r a r y , i f not d i f f i c u l t , 
task. 

The manual does a d d r e s s s p i l l s i n terms of both e c o l o g i c a l 
f a c t o r s and f a c i l i t i e s . S i t e s enumerated by the Department of 
F i s h e r i e s and Oceans (DFO) as part of that agency's inventory of 
h a b i t a t have been s p e c i f i c a l l y i d e n t i f i e d , as have l a r g e r areas 
of i n t e r t i d a l marsh. A m e n i t i e s are noted p e r t a i n i n g e i t h e r to 
p o s s i b l e impacts from s p i l l s or as s o u r c e s of m a t e r i a l s , 
equipment and other forms of a s s i s t a n c e f o r response o p e r a t i o n s . 
T h i s i n no way i s i n t e n d e d to d i s c o u n t a c o n c e r n f o r o t h e r 
e n t i t i e s i n the estuary. 

Response options a l s o c o n s i d e r the complex hydrodynamics of the 
lower r i v e r system, a l b e i t at a c u r s o r y l e v e l . T i d e , c u r r e n t , 
r u n o f f and wind combine to produce s u r f a c e flow that i s in a 
constant s t a t e of f l u x , changing in v e l o c i t y and d i r e c t i o n . This 
e s s e n t i a l l y e l i m i n a t e s u t i l i z i n g a f i x e d set of s p i l l c o n t r o l 
s i t e s . I t w i l l o f t e n negate the e f f e c t i v e n e s s of c u r r e n t l y 
a v a i l a b l e , c o n v e n t i o n a l r e s p o n s e methods and h a r d w a r e . 
A l t e r n a t i v e approaches must be considered. 

In summary, t h i s manual s h o u l d be regarded as an overview of 
p r a c t i c a l s p i l l c o n t r o l c o n s i d e r a t i o n s f o r F r a s e r Port p r o v i d i n g 
d i r e c t i o n f o r the management of s p i l l response. 



TABLE OF CONTENTS 

P a g e 

ACKNOWLEDGEMENTS i 

FOREWORD i i 

LIST OF FIGURES v i 

PART I: BACKGROUND INFORMATION 1 

1.0 INTRODUCTION 1 / 

1 . 1 S e t t i n g 1 
1.2 Format of the Manual 1 

2.0 RESOURCES OF FRASER PORT 2 

2 . 1 F i s h 2 
2.1.1 Species 2 
2 . 1 . 2 Timing 2 
2.1.3 L o c a t i o n 3 
2 . 1.4 S e n s i t i v i t y to S p i l l s 3 
2.1 . 5 Dipteran Insects 5 

2.2 B i r d s 5 
2.3 Mammals 7 
2.4 Marshes 7 
2.5 Amen i t i e s 8 

3.0 FACTORS AFFECTING SPILL BEHAVIOUR AND RESPONSE 9 

3 . 1 R i v e r Current and Discharge Volume 9 
3.2 Tide 10 
3 . 3 Wind 1 2 

4.0 COUNTERMEASURES 15 

4 . 1 General S t r a t e g i e s 15 
4.2 Containment and D e f l e c t i o n 1 7 ' 
4.3 D i s p e r s i o n 19 
4.4 Recovery , 19 
4 . 5 S h o r e l i n e Cleanup 21 
4 . 6 Storage 2 2 
4.7 T r a n s f e r 2 2 
4. 8 D i s p o s a l 2 2 



PART I I : OPERATIONAL DATA 23 

5.0 UTILIZATION OF MAP SET 23 

5.1 I n t r o d u c t i o n 23 
5.2 Phys i c a l Data 23 
5.3 Amenities and Other Features 23 
5.4 Environmental and Related C o n s i d e r a t i o n s 23 
5.5 Countermeasures Options 24 
5.6 A d d i t i o n a l Information Requirements 24 

6.0 OPERATIONAL MAPS 

Map No.1 Fra s e r R i v e r : Garry Point to Woodward Dam 

Environmental C o n s i d e r a t i o n s 25 
Countermeasures 26 

Map No.2 Fr a s e r R i v e r : Woodward Dam to Deas I s l a n d 

Environmental C o n s i d e r a t i o n s 29 
Countermeasures 30 

Map No.3 F r a s e r R i v e r : Deas I s l a n d to P u r f l e e t P o i n t 

Environmental C o n s i d e r a t i o n s 32 
Countermeasures 33 

Map No.4 Fr a s e r R i v e r : P u r f l e e t Point to LRT Bridge 
North Arm: Tree Isla n d to T r i f u r c a t i o n 

Environmental C o n s i d e r a t i o n s 35 
Countermeasures 36 

Map No.5 Fr a s e r R i v e r : LRT Bridge to Tree Isla n d 

Environmental C o n s i d e r a t i o n s 39 
Countermeasures 40 

Map No.6 Fr a s e r R i v e r : Tree I s l a n d to Robert P o i n t 
P i t t R i v e r : Douglas I s l a n d to Chatham Reach 

Environmental C o n s i d e r a t i o n s 41 
Countermeasures 42 

Map No.7 Fra s e r R i v e r : Roberts Point to Hammond 

Environmental C o n s i d e r a t i o n s 43 
Countermeasures 44 

Map No.8 Fra s e r R i v e r : Hammond to Kanaka Creek 

Environmental C o n s i d e r a t i o n s 45 
Countermeasures 46 



Map No.9 P i t t R i v e r : Chatham Reach to M a c l n t y r e C r e e k 

E n v i r o n m e n t a l C o n s i d e r a t i o n s 47 
C o u n t e r m e a s u r e s 48 

Map No.10 P i t t R i v e r : M a c l n t y r e C r e e k t o G r a n t Narrows 

E n v i r o n m e n t a l C o n s i d e r a t i o n s 49 
C o u n t e r m e a s u r e s 50 

APPENDICES 

A SELECTED REFERENCES 
B CROSS-REFERENCE FOR FISHERIES AND OCEANS ENUMERATED SITES 
C S P I L L EQUIPMENT DEPOTS 



L I S T O F F I G U R E S 

Page 

Figure 1 Key Map pre - 1 

F i g u r e 2 Salmon M i g r a t i o n and Rearing i n the Lower F r a s e r 
R i v e r 3 

Figu r e 3 Average T o t a l Number of Waterbirds per Count during 

Each Month,'Lower F r a s e r R i v e r , 1976-77 5 

Figu r e 4 Annual Discharge f o r the F r a s e r R i v e r 9 

Figure 5 T y p i c a l D i s t r i b u t i o n of Main Channel V e l o c i t i e s 

(Deas Island-June 1978) 9 

Figu r e 6 Percent Frequency Wind D i r e c t i o n 12 

Figu r e 7 D i u r n a l Ana 1 y s i s - P e r c e n t Frequency Wind D i r e c t i o n 13 

Fig u r e 8 T y p i c a l Boom Deployment 17 

Figu r e 9 T y p i c a l Containment B a r r i e r s 18 

Figu r e 10 Coherent Plunging Water J e t 18 

Figu r e 11 T y p i c a l S t a t i o n a r y C o l l e c t i o n Operation 20 

Fig u r e 12 C o l l e c t i o n System Using Boom i n V - C o n f i g u r a t i o n 
with Skimmer 20 





1 

PART I: BACKGROUND INFORMATION 

1.0 INTRODUCTION 

1.1 S e t t i n g 

F r a s e r Port extends from Garry Point at the mouth of the mainstem 
of the F r a s e r R i v e r east to Kanaka Creek. It a l s o i n c l u d e s the 
P i t t R i v e r to Grant Narrows at the entrance to P i t t Lake and 
takes i n a p o r t i o n - of the North Arm east of the i n l e t bounding 
the e a s t side of Tree I s l a n d . Canoe Passage to Brunswick Point 
a l s o l i e s w i t h i n i t s j u r i s d i c t i o n a l l i m i t s . S p i l l r e s p o n s e i s 
c o n s i d e r e d f o r a l l waters w i t h i n F r a s e r Port according to ten 
s e c t o r s as i n d i c a t e d i n Figure 1 Key Map. S p i l l s are of no l e s s 
concern i n the approaches to the F r a s e r R i v e r and t h e i r cleanup 
there i s addressed i n Environment Canada's S h o r e l i n e P r o t e c t i o n 
and Clean-up Manual f o r the Port of Vancouver. 

1.2 Format of the Manual 

This manual has been organized according to two s e c t i o n s , namely 
Part I Background Information and Part II O p e r a t i o n a l Data. 

Part I gives an overview of resources, f a c t o r s a f f e c t i n g the fate 
of s p i l l s , and g e n e r a l i z e d response options f o r F r a s e r Port: 

Chapter 1.0 I n t r o d u c t i o n 

Chapter 2.0 summarizes the v u l n e r a b i l t y to s p i l l s of f i s h , b i r d s , 
mammals, marsh, and human-re 1 ated amenities. 

C h a p t e r 3.0 d i s c u s s e s p h y s i c a l f e a t u r e s which i n f l u e n c e s p i l l 
behaviour and response such as c u r r e n t , t i d e and wind. 

C h a p t e r 4.0 r e v i e w s c o u n t e r m e a s u r e s a l t e r n a t i v e s t h a t might 
g e n e r a l l y be a p p l i e d to c o n t r o l s p i l l s i n the r i v e r . The cleanup 
phases of containment, d e f l e c t i o n , d i s p e r s i o n , recovery, storage, 
t r a n s f e r and d i s p o s a l are d i s c u s s e d . 

P a r t I I c o m p r i s e s the working component of the manual and 
presents s i t e - s p e c i f i c data f o r F r a s e r Port: 

Chapter 5.0 i n t r o d u c e s i n f o r m a t i o n shown on ten o p e r a t i o n a l maps 
to expedite t h e i r use. Complementary data sources are suggested. 

C h a p t e r 6.0 f e a t u r e s ten maps d e p i c t i n g primary s p i l l concerns 
and cleanup re s o u r c e s . Accompanying t a b l e s and t e x t summarize 
environmental c o n s i d e r a t i o n s and response s t r a t e g i e s . 

Appendices p r e s e n t s e l e c t e d i n f o r m a t i o n s o u r c e s p e r t i n e n t to 
s p i l l cleanup i n the F r a s e r River as w e l l as a c r o s s - r e f e r e n c e 
f o r the DFO enumerated s i t e s c o r r e l a t i n g the numbering system 
used in t h i s manual to DFO d e s g i n a t i o n s . S p i l l response a r s e n a l s 
in the Lower Mainland Area are also l i s t e d . 
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2.0 RESOURCES OF FRASER PORT 

A noteworthy f e a t u r e of the F r a s e r estuary i s the interdependence 
of i t s f i s h , w i l d l i f e and v e g e t a t i o n which c o - e x i s t with a large 
urban c e n t r e and p o r t . Countermeasures s t r a t e g i e s cannot look 
upon any one of these aspects in i s o l a t i o n from the others but 
must c o n s i d e r the s a f e t y of p e o p l e and the p r e s e r v a t i o n of 
property i n c l u s i v e of port f a c i l i t i e s , i n d u s t r i e s and amenities--
a l l i n c o n j u n c t i o n with an i n t e r r e l a t e d b i o l o g i c a l community. 

The v a r i o u s resources of F r a s e r Port and t h e i r i n t e r d e p e n d e n c e 
are reviewed from the p e r s p e c t i v e of s p i l l management concerns. 

2.1 F i sh 

2.1.1 Spec ies 

The most p r i z e d s p e c i e s of the commercial and r e c r e a t i o n a l 
f i s h e r y i n the lower F r a s e r R i v e r are salmonids--sockeye, pink, 
chum, coho and chinook salmon, and c u t t h r o a t and s t e e l h e a d t r o u t . 
Of the s h e l l f i s h , Dungeness crab are the most v a l u a b l e although 
c r a y f i s h are a l s o c a u g h t . The v u l n e r a b i l i t y to s p i l l s of both 
salmonids and s h e l l f i s h g e n e r a l l y extends y e a r - r o u n d . The c r a b 
f i s h e r y i s l o c a t e d o u t s i d e of the r i v e r and could be at r i s k 
should contaminant enter mudflats near the r i v e r mouth. 

A s m a l l e r p o r t i o n of the F r a s e r R i v e r f i s h e r y a l s o c o l l e c t i v e l y 
posing year-round concern as regards s p i l l s i s comprised of: 

D o l l y Varden 
mountain w h i t e f i s h 
white sturgeon 
eulachon 
s u r f sme1t 
carp 

S p i l l i m p l i c a t i o n s to salmon are considered i n g r e a t e r d e t a i l 
because of t h e i r h i g h r e l a t i v e v a l u e . A l t h o u g h not r eviewed 
f u r t h e r , the s i g n i f i c a n c e of other f i s h s p e c i e s to the estuary 
should a l s o be borne in mind. 

2.1.2 Timing 

Both salmon and t r o u t spawn i n the F r a s e r R i v e r system. The 
passage of a d u l t s t h r o u g h the lower r i v e r towards u p s t r e a m 
spawning grounds extends throughout the year (see Figure 2 ) . The 
primary runs, and the g r e a t e s t number of a d u l t , are present from 
June to December, s t a r t i n g with the e a r l y S t u a r t run of sockeye 
three years out of every four. The d u r a t i o n of the m i g r a t i o n in 
the lower mainstem i s v a r i a b l e , depending upon water temperature, 
d i s c h a r g e , t i d a l c y c l e s and the t i m e t a b l e of s p e c i f i c r u n s . 
C e r t a i n salmon are known to pause b r i e f l y i n the estuary before 
c o n t i n u i n g upstream, which a l s o adds to the u n c e r t a i n i t y of the 
exact timing of runs. 
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F|gure 2 SALMON MIGRATION AND REARING IN THE LOWER 
FRASER RIVER 

(source: aFO.,1987) 

# Pink adult migrations occur odd years only *EY 
Pink juvenile migrations occur even years only | | | | | juvenile migration & rearing 

adult migration 

2.1.3 L o c a t i o n 

A d u l t s a l m o n use a l l v e r t i c a l and l a t e r a l s e c t o r s of the 
mainstem. Under c e r t a i n c o n d i t i o n s , a d u l t salmon p r e f e r s u r f a c e 
and mid-water depths. Subsequent downstream m i g r a t i o n of j u v e n i l e 
salmon through the lower r i v e r can s t a r t i n e a r l y January w i t h 
the emergence of the f i r s t chum salmon f r y . Peak numbers occur 
from A p r i l through mid-May, or at l e a s t one month p r i o r to peak 
f r e s h e t , with the bulk of the m i g r a t i o n f i n i s h i n g by the end of 
May. Chinook and H a r r i s o n sockeye j u v e n i l e s are unique i n t h i s 
regard and tend to l i n g e r longer i n the estuary. 

During m i g r a t i o n , j u v e n i l e salmonids tend to swim w i t h i n the top 
1 1/2 metres although sampling has i n d i c a t e d some f i s h at depths 
of up to 5-6 metres. A l l l a t e r a l segments of the r i v e r are used 
during out-migrations with g r e a t e r numbers g e n e r a l l y concentrated 
i n the high v e l o c i t y segments of the r i v e r . Rearing and feeding 
take place i n the more q u i e t waters of i n t e r t i d a l marsh h a b i t a t . 

2.1.4 S e n s i t i v i t y to S p i l l s 

Both a d u l t and j u v e n i l e salmonids would be p o t e n t i a l l y at r i s k 
and t h e r e f o r e v u l n e r a b l e to s p i l l s should these r e s u l t in t o x i c 
c o n c e n t r a t i o n s i n the upper p o r t i o n ( s e v e r a l metres) of the water 
column. Under the c o n d i t i o n s when a d u l t s p r e f e r s u r f a c e migratory 
r o u t i n g , they could be a f f e c t e d by. f l o a t i n g substances. Higher 
c u r r e n t v e l o c i t y regimes o c c u r r i n g i n mid-channel would tend to 
t r a n s p o r t p o l l u t a n t s out of the r i v e r to minimize such impacts, 
except in the case of a s p i l l , o r i g i n a t i n g i n a backwater area. 

Slower moving water, o f t e n a s s o c i a t e d with marsh h a b i t a t , could 
be the r e c i p i e n t of h i g h e r c o n c e n t r a t i o n s of c o n t a m i n a n t 
f o l l o w i n g a s p i l l . J u v e n i l e f i s h e s engaged in r e a r i n g and feeding 
a c t i v i t i e s might then be at g r e a t e s t r i s k . The a b i l i t y of f i s h to 
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avoid p o l l u t a n t s i s q u e s t i o n a b l e and i t i s t h e r e f o r e not known 
whether they would seek deeper water and/or r e t r e a t from marshes 
s h o u l d a s p i l l o c c u r . Both s h o r t - t e r m e f f e c t s from s p i l l s , 
i n c l u d i n g o u t r i g h t m o r t a l i t i e s , and longer-term consequences are 
p o s s i b l e . T h i s s u g g e s t s t h a t d i s c h a r g e d m a t e r i a l s s h o u l d be 
d e f l e c t e d away from marshes i n t o the main channel, p a r t i c u l a r l y 
on ebb t i d e s . 

Salmon account f o r part of the d i f f i c u l t y i n d e s i g n a t i n g p r i o r i t y 
p r o t e c t i o n zones because they u t i l i z e much of the lower r i v e r . 
Since each s p e c i e s , however, d i s p l a y s d i f f e r e n t usage p a t t e r n s i n 
the lower mainstem during i t s j u v e n i l e stage, i t i s h e l p f u l to 
examine t h e i r v u l n e r a b i l i t y to s p i l l s s e p a r a t e l y i n t h i s regard 
(see a l s o Figure 2): 

Pink Salmon 

Peak c o n c e n t r a t i o n s of pink salmon f r y occur i n the lower F r a s e r 
R i v e r during the s p r i n g of even-numbered years. T h e i r passage is 
b e l i e v e d to be r a p i d and mainly c o n f i n e d to the mainstem with 
very l i m i t e d occurrence and l i k e l y no r e a r i n g i n marsh h a b i t a t . 
The p r o b a b i l i t y of impact by a s p i l l i s t h e r e f o r e somewhat 
l i m i t e d except f o r l a t e A p r i l on a l t e r n a t e years. 

Chum Salmon 

Chum f r y move i n t o the lower F r a s e r R i v e r as e a r l y as January and 
are b e l i e v e d to out-migrate i n r e l a t i v e l y quick, s u c c e s s i v e waves 
p r i m a r i l y from March to l a t e May. They are abundant i n the 
mainstem as w e l l as i n marsh h a b i t a t . There i s more l i k e l i h o o d of 
chum encountering a p o l l u t a n t versus pink from the viewpoints of 
both timing and l o c a t i o n . However, the s h o r t e r - t e r m u t i l i z a t i o n 
by chum of the lower r i v e r reduces the o v e r a l l p r o b a b i l i t y of 
s p i l l impacts w h i l e i n c r e a s i n g t h e e f f e c t on any one r u n 
encountering s i g n i f i c a n t c o n c e n t r a t i o n s of a p o l l u t a n t . 

Chinook 

M i g r a t i o n s of chinook salmon f r y peak in the lower F r a s e r River 
March through May. They continue to rear i n marsh h a b i t a t i n the 
r i v e r throughout the summer in g r a d u a l l y d e c l i n i n g numbers. Some 
may p e r s i s t during winter months. J u v e n i l e chinook are t h e r e f o r e 
at a g r e a t e r r i s k from s p i l l s than other salmonids due- to both 
temporal and s p a t i a l usage p a t t e r n s . 

Sockeye Salmon 

Sockeye smolts migrate through the lower reaches of the Fraser 
R i v e r i n maximum numbers i n A p r i l and May a f t e r r e a r i n g d u r i n g 
t h e i r f i r s t year in upstream lakes. T h e i r passage is r e l a t i v e l y 
quick and i s p r i m a r i l y confined to h i g h v e l o c i t y , m i d - c h a n n e l 
s e c t o r s of the r i v e r . Fry account f o r a small p r o p o r t i o n from May 
onwards. Sockeye j u v e n i l e s g e n e r a l l y would have l e s s p r o b a b i l i t y 
of e n c o u n t e r i n g a s p i l l , w i t h t h e i r p r e f e r e n c e f o r h i g h e r 
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c u r r e n t s f u r t h e r r e d u c i n g t h e p o t e n t i a l s e v e r i t y o f i m p a c t s . 
H a r r i s o n s o c k e y e s t o c k a r e an e x c e p t i o n and r e a r as f r y i n r i v e r 
m a r s h e s f o r l o n g e r p e r i o d s , p o s s i b l y d u r i n g w i n t e r , t h u s 
i n c r e a s i n g t h e i r chance of e x p o s u r e t o s p i l l e d c o n t a m i n a n t s . 

Coho Salmon 

The l e a s t numerous s p e c i e s of P a c i f i c salmon i n the l o w e r F r a s e r 
R i v e r s y s t e m i s coho. F r y t e n d t o r e a r u p s t r e a m f o r one y e a r or 
more p r i o r t o t h e q u i c k p a s s a g e o f s m o l t s t h r o u g h downstream 
r e a c h e s . P o t e n t i a l v u l n e r a b i l i t y of coho t o s p i l l s i s t h e r e f o r e 
r e l a t i v e l y low v i s - a - v i s o t h e r salmon. 

2.1.5 D i p t e r a n I n s e c t s 

T w o - w i n g e d ( d i p t e r o u s ) i n s e c t s c a l l e d c h i r o n o m i d s c o m p r i s e a 
ma j o r f o o d s o u r c e f o r j u v e n i l e s a l m o n i d s and a r e b e l i e v e d t o 
r e p r o d u c e i n s l o w - f l o w i n g b a c k w a t e r c h a n n e l s . I f c h i r o n o m i d 
p r o d u c t i o n i s d e p r e s s e d as the r e s u l t o f a s p i l l , a s e c o n d a r y 
t h r e a t c o u l d be imposed on j u v e n i l e salmon p o p u l a t i o n s . 

2.2 B i r d s 

The F r a s e r e s t u a r y i s t h e most i m p o r t a n t a r e a o f w a t e r f o w l 
h a b i t a t on the B r i t i s h C o l u m b i a c o a s t s u p p o r t i n g more t h a n 2 0 0 
r e s i d e n t and m i g r a t o r y s p e c i e s i n c l u d i n g the l a r g e s t number of 
w i n t e r i n g w i l d f o w l i n Canada. Numbers v a r y s e a s o n a l l y w i t h peak 
p e r i o d s g e n e r a l l y o c c u r r i n g i n F e b r u a r y and towa r d s O c t o b e r , and 
l o w e s t u t i l i z a t i o n t a k i n g p l a c e d u r i n g J u l y and A u g u s t . 
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Figure 3 AVERAGE TOTAL NUMBER OF WATERBIRDS PER COUNT 
DURING EACH MONTH, LOWER FRASER RIVER, 1976-77 
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There i s some v a r i a b i l i t y in t h i s regard among groups of species 
and t h e i r r e l a t i v e abundance. For example, based on a one-year 
survey conducted of the lower F r a s e r R i v e r i n 1976-77 the ten 
most abundant species i n descending order and comprising 75% of 
a l l b i r d s counted were: 

glaucous-winged g u l l 
mew gul1 
American wigeon 
m a l l a r d 
h e r r i n g g u l l 
d u n l i n 
C a l i f o r n i a g u l l 
green-winged t e a l 
p i n t a i l 
Bonaparte's g u l l 

The most abundant s p e c i e s groupings were: 

g u l l s 71.5% 
dabbli n g ducks 15.0% 
s h o r e b i r d s 4.6% 
p a s s e r i n e s 3 . H 
d i v i n g ducks 1.9% 
other i n d i v i d u a l groups <1% 

Waterfowl are at g r e a t e s t r i s k from s p i l l s through d i r e c t contact 
of s l i c k s , l o s s of the i n s u l a t i n g v a l u e of f e a t h e r s and the 
i n g e s t i o n of t o x i c a n t s when feed i n g and/or preening. Waterfowl 
i n c l u d e d a b b l i n g ducks ( m a l l a r d , American wigeon, p i n t a i l and 
green-winged t e a l ) , d i v i n g ducks ( s c o t e r s , goldeneye, scaup and 
mergansers), d i v e r s (loons, grebes and c o r m o r a n t s ) , and geese 
(Canada goose, snow goose and b r a n t ) . They g e n e r a l l y appear in 
the estuary i n g r e a t e s t numbers from January through A p r i l . 

G u l l s peak in number September through November but u t i l i z e the 
r i v e r i n great abundance year-round. They are prone to s i m i l a r 
adverse e f f e c t s from s p i l l s as are waterfowl. 

A l t h o u g h p r e s e n t i n t h e e s t u a r y i n s i g n i f i c a n t numbers, 
p a s s e r i n e s (songbirds) would not be d i r e c t l y exposed to s p i l l e d 
substances because of the l o c a t i o n of t h e i r h a b i t a t i n backshore 
areas somewhat removed from the r i v e r . 

Sha11ow-water waders such as herons and b i t t e r n s favour sloughs 
and marshes w h i l e s m a l l e r s h o r e b i r d s , such as sandpipers and 
p l o v e r s tend to f e e d i n the i n t e r t i d a l zone, f o l l o w i n g the 
w a t e r l i n e as the t i d e recedes. Both groups could be a f f e c t e d by 
s p i l l s t h r o u g h o u t the y e a r e i t h e r t h r o u g h d i r e c t c o n t a c t or 
because of the i n g e s t i o n of contaminated food organisms. They 
have not been observed, however, as v i c t i m s of s p i l l i n c i d e n t s in 
the numbers that waterfowl have been. 
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Raptors, which i n c l u d e f a l c o n s , hawks, eagles and owls, are at 
l e s s immediate r i s k from s p i l l s . G e n e r a l l y , they are present at 
more remotely l o c a t e d foreshore and backshore areas, p a r t i c u l a r l y 
during the summer months. Any impact on r a p t o r s i s more l i k e l y to 
o r i g i n a t e from human a c t i v i t i e s on r i v e r bank and not from d i r e c t 
c ontact with contaminant. A waterside response o p e r a t i o n to clean 
s h o r e l i n e would reduce the s e v e r i t y of such impacts. 

B i r d s are widely d i s t r i b u t e d throughout F r a s e r Port with s e v e r a l 
of the more important c o n c e n t r a t i o n s i n the marshes of Woodward, 
Duck and B a r b e r I s l a n d s , and Sea Reach, Ladner marsh, Ladner 
Reach, Canoe Cove, Cannery Channel and A l b i o n I s l a n d . Numerous 
g u l l s can o f t e n be seen i n Gravesend Reach. Many a d d i t i o n a l 
s i g n i f i c a n t h a b i t a t are reviewed i n c o n j u n c t i o n with each of the 
o p e r a t i o n a l maps. The extent of the p o t e n t i a l r i s k to b i r d s from 
s p i l l s r e l a t e s to e f f e c t s not only on lar g e l o c a l p o p u l a t i o n s but 
a l s o to impacts to a much broader-based ecosystem. 

2.3 Mammals 

Marine mammals that could be a f f e c t e d by a s p i l l i n c l u d e harbour 
s e a l s , k i l l e r whales and sea l i o n s . Of these, harbour s e a l s are 
by f a r the most abundant and would be present i n g r e a t e s t numbers 
at times c o i n c i d i n g with salmon runs. Sea l i o n s and k i l l e r whales 
remain i n deeper water, o f f Sturgeon Bank, and are more l i k e l y to 
be i n the area when salmon are p r e p a r i n g to e n t e r the F r a s e r 
R i v e r to spawn. 

Contact and i n g e s t i o n of contaminants i s more probable by se a l s 
than by sea l i o n s or whales due to t h e i r wider, more numerous 
d i s t r i b u t i o n throughout F r a s e r Port. 

Muskrat and beaver i n h a b i t the freshwater marshes along the r i v e r 
banks, e s p e c i a l l y t h o s e of the P i t t R i v e r . G e n e r a l l y ; these 
mammals would be at l e s s r i s k from a s p i l l because of the lower 
p r o b a b i l i t y of a c o n t a m i n a n t e n t e r i n g the a r e a s which they 
frequent. River o t t e r should a l s o be of l e s s concern f o r s i m i l a r 
r e a s o n s . However, s h o u l d a s p i l l a f f e c t t h e i r h a b i t a t , th 
m i t i g a t i o n of p o t e n t i a l impacts s h o u l d i n c l u d e m i n i m i z i n 
s h o r e l i n e - r e l a t e d cleanup a c t i v i t i e s d i s r u p t i v e to them. 

2.4 Marshes 

e 

T i d a l marshes s e r v e many e c o l o g i c a l f u n c t i o n s v i t a l to the 
interdependence and, u l t i m a t e l y , the s u r v i v a l of f i s h , b i r d s , 
mammals and i n v e r t e b r a t e s i n the F r a s e r estuary. They provide 
sources of food f o r many organisms and are l i f e - l o n g and seasonal 
h a b i t a t o f f e r i n g an a d a p t i v e and p r o t e c t i v e e n v i r o n m e n t f o r 
o t h e r s . Commercially s i g n i f i c a n t f i s h , waterfowl and many o t h e r 
members of the food webb r e l y upon the waters and land a s s o c i a t e d 
with marshes f o r one or more l i f e stages. S e n s i t i v i t y to s p i l l s 
i s y e a r - r o u n d , a l t h o u g h the M a r c h - t o - O c t o b e r p e r i o d i s 
p a r t i c u l a r l y c r i t i c a l to both the growth of v e g e t a t i o n and the 
development of other b i o l o g i c a l s p e c i e s . 
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The c o n c e r n w i t h s p i l l s t h u s c e n t r e s n o t o n l y a r o u n d the 
immediate and d i r e c t c o n t a c t of v e g e t a t i o n and sediments but also 
on the secondary impacts to marsh-dependent l i f e f o r m s i n c l u d i n g 
j u v e n i l e salmon, d a b b l i n g and d i v i n g ducks, geese and waders. 
Both s h o r t - and long-term e f f e c t s are p o s s i b l e . These i n h e r e n t 
s e n s i t i v i t i e s mean that the cleanup of marshes must be c a r e f u l l y 
undertaken with a minimum of damage and d i s r u p t i o n . P r e v e n t i n g 
the i n t r u s i o n of p o l l u t a n t s i n t o such areas in the f i r s t instance 
would be the i d e a l countermeasure s t r a t e g y to pursue s i n c e the 
p r o t e c t i o n of v a r i o u s species would be s i m u l t a n e o u s l y achieved. 

There are lar g e regions of marsh i n the lower r e a c h e s of the 
mainstem cov e r i n g most of Woodward, Duck and Barber Islands plus 
adjacent l o w - l y i n g areas. Other s i g n i f i c a n t marshes occur a l o n g 
Canoe Pass, near A l b i o n I s l a n d , beside Cannery Channel, at Surrey 
Bend and along the P i t t R i v e r . Many other s m a l l e r pocket marshes 
are a l s o s c a t t e r e d throughout the lower r i v e r . The Department of 
F i s h e r i e s and Oceans has conducted an i n v e n t o r y of many s i t e s 
which could be used as e i t h e r the r e c i p i e n t of t r a n s p l a n t s or as 
the source of donor p l a n t s . Such h a b i t a t management planning i s 
c o n s i s t e n t w i t h t r a i n i n g e f f o r t s by P u b l i c Works Canada to 
enhance flow regimes and s c o u r i n g i n s e c t i o n s of the r i v e r . This 
has l e d to the s t a b i l i z a t i o n of r i v e r bank and the growth of 
marshes, although the processes of e r o s i o n and a c c r e t i o n have not 
been e n t i r e l y subdued and continue to a f f e c t marsh d i s t r i b u t i o n . 

2.5 Amenities 

Port f a c i l i t i e s , various' i n d u s t r i e s , water i n t a k e s , f l o a t homes, 
parks, beaches, marinas and f i s h i n g b a r s are a l l l o c a t e d i n 
F r a s e r e s t u a r y . Many of these are d e p i c t e d on the o p e r a t i o n a l 
maps, although the i n d u s t r i e s shown are p r i m a r i l y r e s t r i c t e d to 
those w i t h f a c i l i t i e s such as launches, barge ramps and marine 
r a i l w a y s of p o t e n t i a l use to s p i l l cleanup o p e r a t i o n s . 

In b r i e f , l a r g e r t e r m i n a l s i n c l u d e F r a s e r - S u r r e y Docks, Annacis 
Auto Terminal, F r a s e r Wharves, B.C. P a c k e r s and B.C. F e r r i e s 
Corp. I n d u s t r i e s range from saw-, shook and paper m i l l s to 
cement, c h e m i c a l , s t e e l , and f i s h p a c k i n g p l a n t s . T owing 
c o m p a n i e s , s h i p w o r k s , marinas and p i p e l i n e s have a l s o been 
l o c a t e d i n the r e g i o n . The George C. R e i f e l M i g r a t o r y B i r d 
S a n c t u a r y , L a d n e r H a r b o u r Park, M a y f a i r Park, Derby Reach 
Regional Park and Kanaka Creek Regional Park are examples of an 
expanding number of r e c r e a t i o n a l areas along the lower r i v e r . 

A s i g n i f i c a n t use m a d e o f the F r a s e r R i v e r s y s t e m i s l o g 
t r a n s p o r t a t i o n and s t o r a g e . D o l p h i n s to which l o g booms are 
secured are g e n e r a l l y l o c a t e d u p r i v e r from T i l b u r y I s l a n d and New 
Westminster, and i n t o the P i t t R i v e r . Because of the t r a n s i t o r y 
nature of such a c t i v i t i e s , these are not i l l u s t r a t e d on the maps. 

Each amenity would have to be considered s e p a r a t e l y i n the event 
of a s p i l l to a s c e r t a i n e c o 1 o g i c a 1/environmenta 1 s e n s i t i v i t i e s 
and response requirements, and minimize cleanup and other c o s t s . 
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3.0 FACTORS AFFECTING SPILL BEHAVIOUR & RESPONSE 

3.1 R i v e r Current and Discharge Volume 

S u r f a c e c u r r e n t v e l o c i t i e s i n the lower F r a s e r R i v e r exceed 
c r i t i c a l v a l u e s f o r s p i l l c o n t r o l at many l o c a t i o n s i n F r a s e r 
Port on both f l o o d and ebb t i d e s throughout the year. During the 
f r e s h e t p e r i o d between May and J u l y , u n i d i r e c t i o n a l s u r f a c e flow 
i s h i g h e s t and occurs c o i n c i d e n t with augmented d i s c h a r g e . 

12n 

M O N T H 

Figure 4 ANNUAL DISCHARGE FOR THE FRASER RIVER 

High c u r r e n t s occur i n both the main and side channels and are 
h i g h e s t at c o n s t r i c t i o n s i n the r i v e r . S p e c i f i c a l l y , i t w i l l not 
be f e a s i b l e to s e t out booms to d e f l e c t s l i c k s i f v e l o c i t i e s 
exceed about 1 1/2 knots (0.8 m/s) while at 3/4 to 1 knot (0.4-
0.5 m/s) containment becomes i n e f f e c t i v e . 

CHANNEL WIDTH(m) 

Figure 5 TYPICAL DISTRIBUTION OF MAIN CHANNEL 
VELOCITIES (DEAS ISLAND-June 1978) 
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Slower c u r r e n t v e l o c i t i e s tend to o c c u r c l o s e to banks, i n 
s h a l l o w w a t e r , and d o w n s t r e a m f r o m o b s t r u c t i o n s and s i d e 
channels. Sloughs which are not h y d r a u l i c a l l y w ell-connected to 
the main channel would have lowest v e l o c i t i e s . Cleanup i n these 
s e c t o r s i s more p l a u s i b l e . 

The o u t f l o w i n g r i v e r water tends to flow over incoming s a l t water 
so that during the low flow c o n d i t i o n s of m i d - w i n t e r , a s a l t 
water wedge tends to move u p r i v e r to e s t a b l i s h an e q u i l i b r i u m 
p o s i t i o n i n the v i c i n i t y of Deas I s l a n d . It then moves up- and 
downriver from that p o i n t on s u c c e s s i v e t i d a l c y c l e s . During the 
f r e s h e t p e r i o d , the wedge i n t r u d e s i n t o the r i v e r only as f a r as 
S t e v e s t o n Bend. Should a contaminant be d i s p e r s e d at depth, i t 
could move with the wedge and be broadly d i s t r i b u t e d i n the more 
e n v i r o n m e n t a l l y s e n s i t i v e lower estuary, p a r t i c u l a r l y December 
through March. This might not be apparent by l o o k i n g at s u r f a c e 
f l o w . The o p t i o n of d i s p e r s i o n t h e r e f o r e remains q u e s t i o n a b l e , 
pending the a v a i l a b i l i t y of more s p e c i f i c data. 

Eddy c u r r e n t s w i l l a l s o a f f e c t s p i l l c o n t r o l o p e r a t i o n s ; they can 
be detected i f o i l or other m a t e r i a l i s present. T h e i r p a t t e r n i s 
l i k e l y t o change over the c o u r s e of any t i d a l c y c l e and each 
s i t u a t i o n must be i n d i v i d u a l l y a s s e s s e d . Eddy c u r r e n t s might 
occur i n p r o x i m i t y to pronounced land forms and i n l e t s or, more 
g e n e r a l l y , at mixing b o u n d a r i e s between f a s t and slow moving 
water. They tend to become more f u l l y developed at ebb t i d e when 
v e l o c i t i e s are h i g h e s t . Eddies w i l l sometimes hinder attempts to 
d e f l e c t f r e e - f l o a t i n g substances but might a l s o , on the other 
hand, be e f f e c t i v e l y u t i l i z e d to enhance o i l c o n t a i n m e n t and 
c o n c e n t r a t i o n i n backwater areas, sloughs and embayments. Advice 
during s p i l l cleanup o p e r a t i o n s should be sought from o p e r a t i o n a l 
personnel f a m i l i a r with t h i s aspect of the F r a s e r R i v e r . 

Flow d i s t r i b u t i o n i s another important f a c t o r c h a r a c t e r i z i n g the 
r i v e r . I t i s o f t e n e x p r e s s e d as an approximation f o r s p e c i f i c 
l o c a t i o n s . At t r i f u r c a t i o n , f o r example, about 15% of the flow is 
a t t r i b u t e d to the North Arm, 10% to Annacis Channel and 75% to 
A n n i e v i l l e Channel. On outgoing t i d e s , Ladner Reach accounts f o r 
about 15% of the f l o w which then d i v i d e s e q u a l l y between Sea 
Reach and Canoe Passage. 

The p r i m a r y i m p l i c a t i o n f o r s p i l l response i s that the higher 
discharge volumes of the main channel of the mainstem, e s p e c i a l l y 
d u r i n g t h e M a y - t o - J u l y p e r i o d , o f f e r the most s i g n i f i c a n t 
p o t e n t i a l f o r the eventual d i l u t i o n and d i s p e r s i o n of f l o a t i n g 
contaminants. The p r e v e n t i o n of s p i l l i n t r u s i o n s i n t o other r i v e r 
c h a n n e l s s h o u l d be p r e v e n t e d b e c a u s e o f p o s s i b l e h i g h 
c o n c e n t r a t i o n s , longer r e s i d e n c e times and r e l a t e d environmental 
concerns. 

3 . 2 Tide 

R i v e r 
c y c l e 

s t a g e changes p r i m a r i l y due 
i n f l u e n c i n g the F r a s e r . T i d e 

to the 
t a b l e s 

d i u r n a l ocean t i d a l 
s h o u l d be examined 
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during a s p i l l to determine when and to what extent changes i n 
water l e v e l w i l l occur. It i s most important to note t h a t : 

D a i l y minimum stages are i n f l u e n c e d more by r i v e r d ischarge than 
are d a i l y maximum s t a g e s . T h i s i s more c r i t i c a l d u r i n g the 
f r e s h e t p e r i o d (May to J u l y ) . 

D a i l y maximum l e v e l s are more or l e s s i n d e p e n d e n t of r i v e r 
d i s c h a r g e . 

Tides are more important o v e r a l l i n i n f l u e n c i n g water l e v e l s than 
i s r i v e r d i s c h a r g e . 

For o p e r a t i o n a l purposes, time of day i s more important than time 
of year i n p r e d i c t i n g water l e v e l s . 

The e f f e c t of t i d e on water l e v e l f l u c t u a t i o n d ecreases u p r i v e r . 

The most extensive i n t e r t i d a l areas are l o c a t e d downstream from 
Deas I s l a n d . A l l r i v e r bank w i t h i n F r a s e r P o r t w i l l undergo 
i n t e r t i d a l exposures and must be assessed i n d i v i d u a l l y according 
to i t s w i d t h and s t e e p n e s s to d e t e r m i n e the e x t e n t of t i d a l 
i n f l u e n c e . 

D a i l y f l o o d t i d e s cause temporary flow r e v e r s a l s ( i . e . u p r i v e r 
flow) throughout the year with the exception of about mid-May to 
the end of J u l y . In c u r r e n t r e v e r s a l s i t u a t i o n s , the time taken 
f o r boom deployment might not leave s i g n i f i c a n t o p e r a t i o n a l time 
b e f o r e r e p o s i t i o n i n g must be u n d e r t a k e n , thus r e n d e r i n g the 
approach u n f e a s i b l e . 

Flow r e v e r s a l a l s o s i g n i f i c a n t l y i n f l u e n c e s the r e s i d e n c e time of 
a c o n t a m i n a n t i n the lower F r a s e r R i v e r . D u r i n g p e r i o d s of 
r e l a t i v e l y low discharge (September through A p r i l ) , a r e l e a s e i n 
the v i c i n i t y of the P o r t Mann b r i d g e might p e r s i s t i n the 
mainstem 30-40 hours, moving up- and downriver p r i o r to f i n a l l y 
l e a v i n g the estuary. During the peak flows of May, June and J u l y , 
r e s i d e n c e time would be more than h a l v e d . Should contaminant 
enter Canoe Passage, e s p e c i a l l y . during low flow, residence time 
could be doubled to two to three days. 

I n s o f a r as cleanup i s concerned, the f r e s h e t p e r i o d w i l l l i k e l y 
see a s i g n i f i c a n t p o r t i o n of a s p i l l e d f l o a t i n g substance q u i c k l y 
move through the lower F r a s e r R i v e r , e x i t i n t o the S t r a i t of 
Georgia and g e n e r a l l y produce lower c o n c e n t r a t i o n s i n the water 
column. S p i l l c o n t r o l w i l l not l i k e l y be p o s s i b l e . D i s c r e t e 
pockets of contamination might r e s u l t which would be amenable to 
p h y s i c a l recovery; s h o r e l i n e impacts should be minimal. 

D u r i n g p e r i o d s of lower f l o w , more time w i l l be a v a i l a b l e to 
implement cleanup. Flow r e v e r s a l w i l l a l s o p r o b a b l y r e s u l t i n 
broader d i s t r i b u t i o n of contaminants, e s p e c i a l l y at s l a c k t i d e , 
and p o s s i b l y more a f f e c t e d r i v e r bank, d e p e n d i n g upon the 
p h y s i c a l and chemical p r o p e r t i e s of the s p i l l e d m a t e r i a l . 



1 2 

3 . 3 Wind 

E a s t e r l y winds occur with the g r e a t e s t frequency i n the Fraser 
R i v e r area, blowing 27-42% of the time, based on monthly d a t a . 
V e l o c i t y i s g e n e r a l l y between 10 and 15 k/h which would tend to 
move s l i c k s toward the north shore of the mainstem downriver from 
A n n a c i s I s l a n d ; the e f f e c t of s u r f a c e and t i d a l c u r r e n t s would 
s t i l l remain the dominant f a c t o r s i n f l u e n c i n g s p i l l movement. 

MONTH 

Figure 6 PERCENT FREQUENCY WIND DIRECTION 

It i s a l s o important to poi n t out that west winds tend to blow 
from about 1000 hrs to 1 900 hrs between March and October which 
would push m a t e r i a l s toward the s o u t h s h o r e . Of a l l winds, 
w e s t e r l i e s blow at the h i g h e s t v e l o c i t y throughout the year and 
g e n e r a l l y w i l l exceed 20 k/h during a l l months of the year except 
f o r J u l y and August. T h i s has i m p l i c a t i o n s f o r s p i l l impacts 
since the more s e n s i t i v e b i o l o g i c a l resources of the lower F r a s e r 
R i v e r are g e n e r a l l y l o c a t e d along the south shore. 

There may be s i g n i f i c a n t v a r i a b i l i t y in wind speed and d i r e c t i o n 
at d i f f e r e n t l o c a t i o n s a l o n g the r i v e r , p a r t i c u l a r l y at New 
Westminster and u p r i v e r . L o c a l channeling of wind may occur. Wind 
d i r e c t i o n and speed would have to be determined at the time of an 
i n c i d e n t with due a t t e n t i o n paid to l o c a l i z e d c o n d i t i o n s and/or 
abrupt changes a s s o c i a t e d with storm f r o n t s . 
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In order to c a l c u l a t e the rate at which a s u r f a c e contaminant i s 
a d v e c t e d by wind, m u l t i p l e the wind v e l o c i t y by 3%. V e c t o r a l 
a d d i t i o n to surface c u r r e n t can then be a p p l i e d to p r e d i c t the 
probable movement of f l o a t i n g contaminants. In the F r a s e r River, 
wind i s most l i k e l y to s i g n i f i c a n t l y i n f l u e n c e the f a t e and 
b e h a v i o u r of s l i c k s at s l a c k t i d e throughout the year or, on 
i n f r e q u e n t o c c a s i o n s , when v e l o c i t i e s of 30-40 k/h are reached or 
exceeded. 



4.0 COUNTERMEASURES 

4.1 General S t r a t e g i e s 

A b a s i c element of s t r a t e g y f o r 
prev e n t i o n i n the f i r s t i n s t a n c e , 
c o n t a i n e d a t t h e o r i g i n a l po 
reasonable and safe to do so. 

any s p i l l i s th a t , f a i l i n g i t s 
the s p i l l e d substance should be 

i n t of r e l e a s e when t h i s i s 

In the case of unconfined d i s c h a r g e s e n t e r i n g the F r a s e r R i v e r , 
hydrocarbon d i s t i l l a t e s (e.g. d i e s e l and kerosene-based f u e l s ) , 
f r e s h crude o i l , and s i m i l a r l o w - v i s c o s i t y f l o a t i n g substances 
can be e x p e c t e d to q u i c k l y s p r e a d . S l i c k s w i l l t h e n move 
l o n g i t u d i n a l l y under the i n f l u e n c e of s u r f a c e c u r r e n t s , and 
l a t e r a l l y at s l a c k t i d e and by winds and eddies. Depending upon 
the volume di s c h a r g e d , s l i c k s might then d i f f u s e to t h i c k n e s s e s 
and c o n c e n t r a t i o n s not amenable to p h y s i c a l recovery. Some impact 
of s h o r e l i n e i s p o s s i b l e . 

More h i g h l y v i s c o u s substances, such as Bunker C, are l e s s l i k e l y 
to spread and w i l l f o l l o w flow p a t t e r n s a s s o c i a t e d with the main 
channel. Some d e p o s i t i o n of such m a t e r i a l s might occur on r i v e r 
banks, p a r t i c u l a r l y at s l a c k t i d e . T h e i r p a r t i a l submergence as 
they are t r a n s p o r t e d i s al s o p o s s i b l e . M o n i t o r i n g t h e i r movement 
--and c o n t r o l and c l e a n u p — m i g h t t h e r e f o r e be a d i f f i c u l t task. 

S p i l l r e s p o n s e s h o u l d i n c l u d e attempts to d e f l e c t s l i c k s away 
from b i o l o g i c a l l y s e n s i t i v e a r e a s and r e c r e a t i o n a l and o t h e r 
a m e n i t i e s . High c u r r e n t v e l o c i t i e s , broad s l i c k f r o n t s , wide 
r i v e r reaches and channels, inadequate response time, hours of 
d a r k n e s s , and fl o w r e v e r s a l can be expected to i n t e r f e r e with 
such o p e r a t i o n s . Removing m a t e r i a l s r e l e a s e d d i r e c t l y i n t o and/or 
accumulating i n sloughs and backwater areas w i l l a l s o have to be 
a d d r e s s e d ; h i g h e r p o t e n t i a l f o r s u c c e s s i s a n t i c i p a t e d i n 
c o n t r o l l i n g such s p i l l a g e s . Response might a l s o e n t a i l c l e a n i n g 
contaminated s h o r e l i n e . Such e f f o r t s should be undertaken so that 
m i n i m a l d i s r u p t i o n to v e g e t a t i o n , f i s h and w i l d l i f e r e s u l t s . 
Water-based cleanup i s fore s e e n f o r many s i t u a t i o n s year-round. 

I t i s u n l i k e l y t h a t r e s p o n s e s t r a t e g i e s w i l l i n c l u d e the 
containment and recovery of s l i c k s moving i n the r i v e r or t h e i r 
i n t e r c e p t i o n using mobile skimming systems. D i s p e r s i o n should not 
be pursued i n the lower r i v e r even i f containment/remova1 appears 
to be i m p r a c t i c a l s i n c e broader d i s t r i b u t i o n of contaminant might 
r e s u l t due to s a l t water i n t r u s i o n s at depth. Dealing with logs 
and o t h e r l a r g e d e b r i s forms that are e i t h e r stranded or f r e e -
f l o a t i n g i s an a d d i t i o n a l s p i l l cleanup concern. 

S p i l l r e s p o n s e i n the F r a s e r n e c e s s i t a t e s the examination of 
s e v e r a l d i f f e r e n t f a c t o r s . Tide t a b l e s must be used to p r e d i c t 
the d i r e c t i o n of r i v e r flow. The amount and d u r a t i o n of ebb and 
f l o o d t i d e s w i l l d i c t a t e the p o s s i b l e p o i n t s of impact and 
choice of c o n t r o l s i t e s and methods f o r each t i d a l c y c l e . 
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S u r f a c e c u r r e n t v e l o c i t y i s a s e c o n d a s p e c t t h a t must be 
c o n s i d e r e d . G e n e r a l l y , when surface c u r r e n t exceeds about 1 1/2 
knots (0.8 m/s), d e f l e c t i o n of f l o a t i n g contaminants w i l l not be 
p r a c t i c a l using c o n v e n t i o n a l o i l s p i l l containment b a r r i e r s even 
when p l a c e d at an a n g l e of l e s s than 90° to the d i r e c t i o n of 
f l o w . I f boom i s d e p l o y e d p e r p e n d i c u l a r t o t h e c u r r e n t , 
s i g n i f i c a n t l o s s e s w i l l occur at v e l o c i t i e s of between 3/4 and 1 
knot (0.4-0.5 m/s). Log booms would be s i m i l a r l y r e s t r i c t e d i n 
a p p l i c a t i o n . V e l o c i t y can be r e a d i l y d e t e r m i n e d by t i m i n g a 
f l o a t i n g b l o c k of wood over a known d i s t a n c e f r o m a f i x e d 
p o s i t i o n based on, f o r example, the average time of three t r i a l s . 

A t h i r d f a c t o r to be taken i n t o account when planning response, 
i s the p h y s i c a l c h a r a c t e r i s t i c s of the a f f e c t e d r i v e r reach. 
Channel width or the d i s t a n c e across a c r i t i c a l opening must be 
estimated. If a s i g n i f i c a n t percentage of a contaminant cannot be 
prevented from e n t e r i n g a c r i t i c a l area or d e f l e c t e d f o r o t h e r 
purposes, countermeasures operations w i l l not be f e a s i b l e . Water 
depth must a l s o be s u f f i c i e n t to permit the passage of v e s s e l s 
needed f o r such work. These concerns p a r t i c u l a r l y apply to the 
more expansive marshes towards Ladner. 

Since i n t e r c e p t i n g s l i c k s w i l l r a r e l y be p o s s i b l e i n the F r a s e r 
R i v e r , an element of s p i l l response s t r a t e g y should be to attempt 
to encourage c o n t a m i n a n t to f o l l o w the main c h a n n e l of the 
mainstem i n t o the S t r a i t of Georgia so t h a t a g r e a t e r degree of 
n a t u r a l d i s p e r s i o n and d i l u t i o n u l t i m a t e l y r e s u l t s . G e n e r a l l y , 
contaminant s h o u l d be p r e v e n t e d from e n t e r i n g more s e n s i t i v e 
r i v e r r e a c h e s and s l o u g h s . At t r i f u r c a t i o n , e f f o r t s should be 
made to d i r e c t s l i c k s away from the North Arm and Annacis Channel 
and i n t o A n n i e v i l l e C h a n n e l . Other p r o t e c t i o n p r i o r i t y areas 
i n c l u d e Cannery Channel and the t r i a n g u l a r r e g i o n bounded by 
Ladner Reach, Sea Reach and Woodward Reach (Canoe Pass would also 
be p r o t e c t e d ) . High c u r r e n t v e l o c i t y , wide c h a n n e l s , o p p o s i n g 
winds and inadequate response time might s t i l l impede e f f o r t s to 
d i v e r t s l i c k s to the main channel. 

T h i s manual assumes t h a t p e r s o n n e l knowledgeable of the r i v e r 
along with i t s t i d a l c y c l e s , eddies and v a r i o u s s e n s i t i v i t i e s 
w i l l be c a l l e d upon to p a r t i c i p a t e i n s p i l l cleanup. I d e a l l y , 
resources should be u t i l i z e d o r i g i n a t i n g at l o c a t i o n s c e n t r a l to 
the lower r i v e r and and immediately a v a i l a b l e f o r t r a n s p o r t along 
the water to the cleanup s i t e . Movement of m a t e r i a l s , hardware 
and personnel by land i s only foreseen in the event of a large 
s p i l l i n c i d e n t r e s u l t i n g i n s i g n i f i c a n t s h o r e l i n e c o n t a m i n a t i o n 
and/or l a r g e a c c u m u l a t i o n s at a c c e s s i b l e l o c a t i o n s when time 
allows f o r mounting t h i s type of response. 

B i r d - s c a r i n g systems are not reviewed i n t h i s document but might, 
when t h e i r use i s recommended by the a p p r o p r i a t e a u t h o r i t i e s , 
comprise a necessary component of a countermeasures s t r a t e g y in 
view of the abundance and importance of migratory and r e s i d e n t 
s p e c i e s . 
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4.2 Containment and D e f l e c t i o n 

Booming t e c h n i q u e s s h o u l d be used f o r d e f l e c t i n g s l i c k s i n 
c u r r e n t s of l e s s than 1 1/2 knots (0.8 m/s). Deployment i n higher 
c u r r e n t speeds can be t r i e d i f some d i v e r s i o n i s reasonable to 
expect i n c o n j u n c t i o n with t r a i n i n g w a lls and other s t r u c t u r e s . 

C o n v e n t i o n a l r i v e r boom should be considered f o r use e i t h e r i n 
slower, l e s s exposed waters or f o r sho r t e r - t e r m a p p l i c a t i o n s . It 
should p r i m a r i l y be deployed to exclude the entry of s l i c k s i n t o 
sloughs, embayments, marinas and other s e n s i t i v e areas or be used 
to c o n f i n e and c o n c e n t r a t e s t a t i o n a r y a c c u m u l a t i o n s f o r 
subsequent recovery. The length of boom used should not exceed 
100 to 150 metres per s i t e so t h a t i t s e n t i r e length can be 
p r o p e r l y managed. 

B a s i c f e a t u r e s of the c o n t a i n m e n t boom s h o u l d i n c l u d e robust 
f a b r i c (22-28 oz m a t e r i a l ) r e i n f o r c e d at the connectors, top and 
bottom t e n s i o n members, high reserve buoyancy (>3), and o v e r a l l 
maximum height of about 45 cm ( 1 8 - i n . ) . Repeated c o n t a c t w i t h 
l o g s and o t h e r d e b r i s should be prevented s i n c e damage to the 
f a b r i c w i l l o c c u r . The boom s h o u l d be r e a d i e d i n a q u i c k -
deployment c o n f i g u r a t i o n as part of a s p i l l cleanup package. 

A l t e r n a t i v e s are permanent harbour boom f o r use i n non-moving 
water where i t s heavier c o n s t r u c t i o n would be more durable, or a 
quick d e p 1 o y i n g / r e t r i e v i n g l i g h t w e i g h t boom f o r s h o r t e r usages. 

Log booms ( i . e . c o l l e c t i o n s of log s t i c k s ) could a l s o be t r i e d in 
more exposed l o c a t i o n s f o r l o n g e r - t e r m d e f l e c t i o n o p e r a t i o n s . 
A l t h o u g h they are capable of withstanding impacts from d e b r i s , 
t h e i r e f f e c t i v e n e s s and cost must s t i l l be determined. I n d i v i d u a l 
log s t i c k s j o i n e d together could be used to block o f f sloughs and 
other q u i e t water areas to s u b s t i t u t e f o r commercial s p i l l booms. 
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Figure 9 TYPICAL CONTAINMENT BARRIERS 

Another method that i s proposed f o r the d e f l e c t i o n of s u r f a c e 
s l i c k s i s the use of tug boat wash. A tug would nose up to a 
bridge abutment or other s t r u c t u r e and push a g a i n s t i t to create 
a wake thus d i v e r t i n g f l o a t i n g m a t e r i a l s . A tug boat can be 
q u i c k l y deployed to the s e l e c t e d s i t e and does not need a lengthy 
time f o r setup v i s - a - v i s booms. Nor i s the wake a f f e c t e d by 
d e b r i s moving through i t . The main disadvantages are that water 
depth and the l a c k of a p p r o p r i a t e s t r u c t u r e s or r i v e r bank might 
not always permit implementation of the technique. Moreover, i t 
must s t i l l be proven, p a r t i c u l a r l y i n f a s t c u r r e n t s . 

A f o u r t h technique that has been used to d i v e r t s l i c k s ( p r i m a r i l y 
toward mobile skimmers) i s the coherent plunging water j e t . 
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A s i m p l e cone n o z z l e i s used to d i r e c t a s t r e a m of w a t e r 
v e r t i c a l l y downward to r e s u l t i n the movement of s l i c k s to e i t h e r 
s i d e of i t . Waves, d e b r i s and o t h e r p o t e n t i a l i n t e r f e r r i n g 
f a c t o r s do not a f f e c t the o p e r a t i o n of the j e t . Standard o f f - t h e -
s h e l f pumps, hoses, nozzles and a n c i l l a r y hardware comprise the 
system and can be r e a d i l y procured. However, a p r a c t i c a l , t o t a l 
package has y e t to be d e s i g n e d f o r q u i c k deployment over an 
extended d i s t a n c e . L i m i t e d t e s t i n g of the b a s i c concept has been 
conducted i n the F r a s e r R i v e r . 

H i g h w a t e r p r e s s u r e b a r r i e r s y s t e m s ( a s i n v e s t i g a t e d by 
Environment Canada) do not yet e x i s t i n a format which a l l o w s 
t h e i r f a s t p o s i t i o n i n g and t r o u b l e - f r e e , e f f i c i e n t use i n a large 
r i v e r . Improvements to t h i s type of equipment might e v e n t u a l l y 
r e s u l t i n a more p r a c t i c a l d e v i c e . 

Other techniques could be devised i n the f i e l d , depending upon 
the a v a i l a b i l i t y of equipment and the s i t u a t i o n , to deal with 
s m a l l e r volumes of p o l l u t a n t s i n more c o n f i n e d l o c a t i o n s . 
P r o p e l l o r wash or an outboard motor a f f i x e d to a dock might be 
e f f e c t i v e l y used to d i r e c t and concentrate s l i c k s at a boom f o r 
m e c h a n i c a l recovery. A simple water hose, spray, a i r blower or 
other device could be s i m i l a r l y a p p l i e d to move f l o a t i n g s l i c k s 
f r o m u n d e r p i l i n g s or o t h e r s t r u c t u r e s so t h a t subsequent 
c o l l e c t i o n was f a c i l i t a t e d . 

4 . 3 D i s p e r s i o n 

S i n c e c o n t a i n m e n t and d e f l e c t i o n of s l i c k s w i l l o f t e n be 
i m p r a c t i c a l in the higher flow v e l o c i t y regimes of the F r a s e r 
R i v e r , d i s p e r s i o n might be c o n s i d e r e d . There are , , however, 
drawbacks to both mechanical and c h e m i c a l methods. The former 
approach might not produce d r o p l e t s small enough to remain in the 
water column while the l a t t e r technique i s b e l i e v e d to be l e s s 
e f f i c i e n t i n low-wave environments. Moreover, i f d i s p e r s i o n does 
work to i n h i b i t t h e r e c o a l e s e n c e of d r o p l e t s , r e s u l t a n t 
e n v i r o n m e n t a l e f f e c t s must s t i l l be a s s e s s e d i n terms of the 
broader d i s t r i b u t i o n of c o n t a m i n a n t i n the e s t u a r y i n c l u d i n g 
p o s s i b l e deeper p e n e t r a t i o n i n t o sediments. 

N e v e r t h e l e s s , d i s p e r s i o n remains a t t r a c t i v e because i t i s not 
r e s t r i c t e d by surface c u r r e n t v e l o c i t y nor by d e b r i s . The problem 
i s one of s e l e c t i n g methods, times and l o c a t i o n s t h a t would 
enhance n a t u r a l mixing energies and the innocuous d i s p e r s a l of a 
contaminant while p r o t e c t i n g s e n s i t i v e a r e a s . The p o s s i b i l i t y 
e x i s t s of using mechanical devices in combination with chemical 
agents capable of generating small d r o p l e t s , d i s p e r s e d at depth 
and s u b j e c t to the mixing a c t i o n of the S t r a i t of Georgia. 

4.4 Recovery 

The s t a t i o n a r y skimming of l i g h t e r o i l s w i l l l i k e l y 
type of p h y s i c a l r e c o v e r y o p e r a t i o n c o n d u c t e d i n 
R i v e r , u s u a l l y at docks or i n embayments and sloughs. 

be the ma i n 
the F r a s e r 
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A d i s c skimmer could be e f f e c t i v e l y used f o r recovery operations 
in the f r e e - f l o a t i n g mode. At docks, s e l f - l e v e l l i n g weirs could 
be used but might plug o c c a s i o n a l l y with d e b r i s . Should medium 
v i s c o s i t y products be i n v o l v e d , a rope mop device could be t r i e d . 

Figure 11 TYPICAL STATIONARY COLLECTION 
OPERATION 

For heavy o i l s and, g e n e r a l l y , more v i s c o u s substances contained 
i n q u i e scent waters, an Archimedian screw skimmer could be used 
to p r o c e s s the o i l p l u s v i r t u a l l y any form of d e b r i s . B e l t 
skimmers c o u l d a l s o be brought i n f o r longer-term cleanup and 
should be manually a s s i s t e d i n the recovery o p e r a t i o n . 

Vacuum and a i r conveyor u n i t s should be used to remove s l i c k s 
where road access permits the s t a t i o n i n g of v e h i c l e s immediately 
adjacent to the substance being c o l l e c t e d . 

where c u r r e n t i s l e s s than 1/2 knot (0.3 m/s), 
i s r e l a t i v e l y narrow, and time allows f o r set-up, 

of boom could be deployed i n a V-c on f i gur a t i o n to 
back to an a d j u s t a b l e weir skimmer f o r recovery. 

At l o c a t i o n s 
channel width 
two s e c t i o n s 
d i r e c t s l i c k s 

WITH SKIMMER 
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This type of o p e r a t i o n w i l l not be f e a s i b l e i n the mainstem and 
i s g e n e r a l l y seen to have r e s t r i c t e d use i n side channels but 
might, under some c i r c u m s t a n c e s , be c o n s i d e r e d as an o p t i o n . 
I n t e r f e r e n c e f r o m d e b r i s , f l o w r e v e r s a l , and d e p l o y m e n t 
d i f f i c u l t i e s are a n t i c i p a t e d to be i t s main drawbacks. 

4.5 S h o r e l i n e C l e a n u p 

Much of the F r a s e r R i v e r i s bordered by man-made m a t e r i a l s i n the 
form of r i p r a p or armoured dyke that may or may not be covered to 
some e x t e n t w i t h v e g e t a t i o n . The i n t e r t i d a l a r e a does not 
g e n e r a l l y c o n s i s t of expansive m u d f l a t s but i s s i g n i f i c a n t i n 
width i n some l o c a t i o n s . Sandy beaches occur s p o r a d i c a l l y . 

When minimal d i s r u p t i o n to v e g e t a t i o n would r e s u l t , i . e . r i p r a p 
and r o c k w a l l s have been c o n t a m i n a t e d , h y d r o b 1 a s t i n g (or 
h y d r o l a s i n g ) can be used to remove contaminant toward the h i g h 
t i d e l i n e . Containment and skimming of r e l e a s e d m a t e r i a l s should 
be prearranged i f t h i s i s f e a s i b l e to c o n s i d e r . In the case of 
c o a t i n g by. l i g h t e r products, the high pressure stream of water 
would probably reduce r e s u l t a n t volumes of c o n t a m i n a n t on the 
water s u r f a c e to t h i c k n e s s e s s not amenable to p h y s i c a l recovery. 
At l o c a t i o n s exposed to h i g h c u r r e n t v e l o c i t i e s , no c l e a n u p 
a c t i o n i s an a l t e r n a t i v e i f n a t u r a l f o r c e s w i l l remove 
contaminant on subsequent t i d a l c y c l e s . 

Steam c l e a n i n g w o u l d have t h e same e f f e c t and s h o u l d be 
undertaken so that recontamination i s prevented. This approach i s 
seen to be l e s s p r a c t i c a l f o r l o g i s t i c a l and mechanical reasons. 

Where v e g e t a t i o n becomes coated, p a r t i c u l a r l y i n i n t e r t i d a l areas 
h a v i n g a g e n t l e s l o p e and c h a r a c t e r i z e d by dense growth of 
g r a s s e s and sedges, g e n e r a l l y no a c t i o n s h o u l d be i n i t i a t e d 
d u r i n g low t i d e ( at or toward the end of ebb t i d e ) . If at high 
t i d e , a waterside o p e r a t i o n can be c o n d u c t e d u s i n g low water 
p r e s s u r e f l u s h i n g to remove contamination, then t h i s should be 
t r i e d . Subsequent containment and removal of m a t e r i a l s s h o u l d 
p r o c e e d as p o s s i b l e . N e i t h e r p e d e s t r i a n nor v e h i c u l a r t r a f f i c 
should be allowed on f o r e s h o r e a r e a s a d j a c e n t to s i g n i f i c a n t 
pockets of marsh since such a c t i v i t i e s are l i k e l y to cause more 
damage to p l a n t s and organisms than the contaminant. 

When sandy beaches are coated with p o l l u t a n t s , heavy machinery 
w i l l sometimes provide e f f e c t i v e c l e a n u p . A mini m a l amount of 
beach m a t e r i a l s should be removed. Front-end l o a d e r s , backhoes, 
e l e v a t i n g s c r a p e r s and b u l l d o z e r s can a l l be used f o r such 
o p e r a t i o n s , depending upon a v a i l a b l e access and the amount and 
s i z e of d e b r i s . Manual methods ( i . e . r a k e s and s h o v e l s ) might 
a l s o be u s e d , p a r t i c u l a r l y on narrow beaches w i t h uneven 
f o r e s h o r e , o c c a s i o n a l i n l e t s or o t h e r i n t e r r u p t i o n s i n sandy 
s t r e t c h e s as well as large d e b r i s forms. Such l a t t e r beach types 
are more common along the lower F r a s e r R i v e r . 
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G e n e r a l l y , beaches with f i n e r sediments w i l l not undergo deep 
p e n e t r a t i o n of most h y d r o c a r b o n s a l t h o u g h v e r y low v i s c o s i t y 
substances might e n t e r s e v e r a l c e n t i m e t r e s or more i n t o some 
beach m a t e r i a l s . Coarser g r a i n beaches comprised of g r a v e l w i l l 
be much more d i f f i c u l t and o f t e n i m p r a c t i c a l to c l e a n because of 
deeper p e n e t r a t i o n by contaminants. 

Minimum use s h o u l d be made of s o r b e n t s to remove f l o a t i n g 
p o l l u t a n t s adjacent to s h o r e l i n e . They are l i k e l y to recover a 
small amount of m a t e r i a l and they are b e t t e r a p p l i e d to s p i l l s on 
l a n d where t h e i r u t i l i z a t i o n i s much more e f f i c i e n t and can be 
more r e a d i l y c o n t r o l l e d . T h e i r use i s not recommended f o r the 
f i n a l s o - c a l l e d " p o l i s h i n g " stages of s p i l l cleanup in the r i v e r 
s i n c e e f f i c i e n c i e s of use p a r t i c u l a r l y d i m i n i s h i n v e r y t h i n 
s l i c k t h i c k n e s s e s and r e c o n t a m i n a t i o n with flow r e v e r s a l s and 
t i d a l c y c l e s i s l i k e l y to occur. 

4 . 6 Storage 

For water-based o p e r a t i o n s , s m a l l e r barges a v a i l a b l e on the r i v e r 
should be used to s t o r e c o l l e c t e d m a t e r i a l s on an i n t e r i m b a s i s . 
This would c o n s o l i d a t e the c a p a b i l i t i e s of a working (skimming) 
p l a t f o r m and e x p e d i t e the c l e a n u p p r o c e s s . T r a n s f e r to tank 
t r u c k s and dump trunks can then be arranged using the barge ramps 
denoted on the o p e r a t i o n a l maps. Where p o s s i b l e , d i r e c t t r a n s f e r 
from removal op e r a t i o n s to v e h i c l e s on land should be prearranged 
to f a c i l i t a t e c l e a n u p . T h i s would a v o i d d e l a y s i f s t o r a g e 
c a p a c i t y i s l i m i t e d . 

For on-shore storage, options i n c l u d e heavy duty p l a s t i c bags and 
open top drums f o r minor amounts of m a t e r i a l s , waste bins (which 
can be e a s i l y removed by t r u c k ) , and p o r t a b l e tanks (which can be 
q u i c k l y moved i n t o p o s i t i o n ) . Temporary storage p i t s are u n l i k e l y 
to be an a l t e r n a t i v e along the F r a s e r R i v e r . 

4 . 7 Transfer 

The movement of l i q u i d s and s o l i d s can be r e a d i l y accomplished 
using a v a i l a b l e equipment. Standard c e n t r i f u g a l pumps should be 
c a p a b l e of moving most c o l l e c t e d l i q u i d s although p r o g r e s s i n g 
c a v i t y u n i t s might be r e q u i r e d to t r a n s f e r more v i s c o u s l i q u i d s . 
S o l i d s - h a n d l i n g equipment w i l l a l s o have to be used to deal with 
d e b r i s . Dump t r u c k s , f l a t beds and other such u n i t s w i l l have to 
be d e s i g n a t e d f o r use to c a r r y c o l l e c t e d m a t e r i a l s to d i s p o s a l 
s i t e s . 

4 . 8 Disposal 

The Waste Management B r a n c h of t h e B.C. M i n i s t r y of the 
Environment should be contacted with regard to d i s p o s a l options 
Ofor any s p i l l . A l t e r n a t i v e s i n c l u d e combustion at the s p i l l s i t e , 
i n c i n e r a t i o n , land c u l t i v a t i o n , secure l a n d f i l l and d i s p o s a l at a 
r e f i n e r y or other f a c i l i t y . 
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PART II OPERATIONAL DATA 

5.0 UTILIZATION OF MAP SET 

5.1 I n t r o d u c t i o n 

Ten o p e r a t i o n a l maps are in c l u d e d i n Chapter 6.0 reproduced at a 
s c a l e of 1:25,000 and g e n e r a l l y a l i g n e d east to west to cover a l l 
s e c t o r s of F r a s e r P o r t . These have been colour-coded so that 
black and grey f e a t u r e s p e r t a i n to l a n d ( s h o r e l i n e type and 
access r o u t e s ) , green denotes environmental concerns, blue items 
are water-re1 ated, and red h i g h l i g h t s resources of p o t e n t i a l use 
i n s p i l l cleanup o p e r a t i o n s . A legend of a l l symbols a c c o r d i n g to 
c o l o u r and c a t e g o r y i s g i v e n on each map. F i g u r e 1 Key Map 
p r e c e d i n g page 1 i s not r e p e a t e d and should be re f e r e n c e d to 
determine the r e l a t i v e l o c a t i o n of any p a r t i c u l a r s e c t o r . 

A c c o m p a n y i n g e a c h map i s an o u t l i n e o f e n v i r o n m e n t a l 
c o n s i d e r a t i o n s t a b u l a r i z e d by l o c a t i o n . P r i m a r y c o n c e r n s o n l y 
have been n o t e d . C ountermeasures are s u b s e q u e n t l y d e s c r i b e d , 
s i m i l a r l y organized by l o c a t i o n . A l l i n f o r m a t i o n p r e s e n t e d i s 
based on data contained i n the Part I overview. 

5.2 P h y s i c a l Data 

The o p e r a t i o n a l maps can be u t i l i z e d to l o c a t e land forms w i t h i n 
and adjacent to the r i v e r , i d e n t i f y reaches, g e n e r a l l y d e f i n e the 
main channel, estimate channel width, and o b t a i n an i n d i c a t i o n of 
s h o r e l i n e type. In t h i s l a t t e r regard, r i p r a p r e f e r s to any man-
made m a t e r i a l s comprising s h o r e l i n e i n c l u d i n g armoured dyke. It 
i s the most ex t e n s i v e type of r i v e r bank on the F r a s e r although 
v e g e t a t i o n has e s t a b l i s h e d i t s e l f over the armour at many 
l o c a t i o n s . Other c l a s s i f i c a t i o n s are v e g e t a t e d , e r o d i n g , beach 
and m a r s h . F i e l d r e c o n n a i s s a n c e i s recommended to v e r i f y 
s h o r e l i n e type at s p e c i f i c s i t e s . 

5.3 Amenities and Other Features 

The maps show main overland access r o u t e s . T r a i n i n g s t r u c t u r e s 
w i t h i n the r i v e r are a l s o i n c l u d e d as are mu n i c i p a l boundaries 
and water i n t a k e s . S e v e r a l of the major i n d u s t r i e s have been 
noted and, i n p a r t i c u l a r , those with resources of p o s s i b l e use 
dur i n g a s p i l l . Launches and f l o a t s are a l s o d e p i c t e d t h a t are 
not a s s o c i a t e d with companies. Marinas w i l l sometimes be regarded 
as p o t e n t i a l s u p p l i e r s of equipment, f u e l , and m i s c e l l a n e o u s 
items and at other times as f a c i l i t i e s to be p r o t e c t e d from s l i c k 
i n t r u s i ons. 

5.4 Environmental and Related C o n s i d e r a t i o n s 

E n t i t i e s having high r e c r e a t i o n a l or other value t h a t c o u l d be 
a f f e c t e d by s p i l l s are shown on the maps in green. These include 
parks, beaches, popular l o c a t i o n s f o r bar or sport f i s h i n g , small 
moorages, I n d i a n r e s e r v e s , f l o a t homes and the DFO enumerated 
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s i t e s . In a d d i t i o n to h a b i t a t areas s p e c i f i c a l l y noted f o r each 
map under Environmental C o n s i d e r a t i o n s , the above items g e n e r a l l y 
comprise p r o t e c t i o n p r i o r i t i e s . 

5.5 Countermeasures Options 

C o untermeasures s t r a t e g i e s are d i s c u s s e d f o r each of the ten 
s e c t o r s as o p t i o n s or a l t e r n a t i v e s t h a t might be c o n s i d e r e d 
during the course of a s p i l l response o p e r a t i o n . The approaches 
reviewed o f t e n i n c l u d e the a p p l i c a t i o n of equipment and methods 
that would i d e a l l y provide p r o t e c t i o n and/or cleanup c a p a b i l i t y . 
P r a c t i c a l c o n s i d e r a t i o n s i n the f i e l d w i l l form the ba s i s f o r 
f o r m u l a t i n g c o n t r o l techniques a c t u a l l y used to combat a s p i l l . 

S p i l l s would u s u a l l y be expected to f o l l o w the main channel on 
both f l o o d and ebb t i d e s i n most r e a c h e s of the lower r i v e r . 
T h e i r d i v e r s i o n and d e f l e c t i o n would only then be attempted f o r 
any s p e c i f i c l o c a t i o n subsequently d i s c u s s e d when t h i s i s deemed 
to be necessary and p o s s i b l e . At s l a c k t i d e , broader d i s t r i b u t i o n 
of s l i c k s m i g h t r e q u i r e t h e e x a m i n a t i o n of one or more 
o p e r a t i o n a l maps to a s s i s t i n the d e t e r m i n a t i o n of p r o t e c t i o n 
p r i o r i t i e s and cleanup s i t e s . Discharges i n t o sloughs and other 
backwater areas are l i k e l y to r e s u l t in more c o n f i n e d s l i c k s and 
more l o c a l i z e d response a c t i v i t i e s . 

5.6 A d d i t i o n a l Information Requirements 

This manual assumes that more p r e c i s e data would be gathered i n 
c o n j u n c t i o n w i t h any g i v e n s p i l l e v e n t , t r a i n i n g e x e r c i s e or 
f a c i 1 i t y - s p e c i f i c contingency plan. Examples of such i n f o r m a t i o n 
i n c l u d e f i s h , animal and p l a n t s p e c i es a c t u a l l y present and at 
r i s k at a p a r t i c u l a r l o c a t i o n or time, and weather, wind, r i v e r 
f l o w and t i d e f l u c t u a t i o n s . Development work in countermeasures 
should a l s o be monitored that might lead to improved methods. 

When planning or responding to a s p i l l i n c i d e n t on the r i v e r , the 
f o l l o w i n g documentation should be c o n s u l t e d , as a p p l i c a b l e : 

hydrographic c h a r t s 3490 ( F r a s e r R i v e r ) 

3060 ( P i t t R i v e r ) 

P u b l i c Works Canada bathymetric b l u e p r i n t s 

t i d e t a b l e s 
contingency plans f o r s p e c i f i c f a c i l i t i e s , agencies 

These items are c r i t i c a l to ensuring a prompt, safe and e f f e c t i v e 
r e s p o n s e t h r o u g h the a c c u r a t e d e t e r m i n a t i o n of water depth, 
proper n o t i f i c a t i o n and a l e r t i n g procedures, c u r r e n t sources of 
a s s i s t a n c e and o t h e r i n f o r m a t i o n . The F r a s e r R i v e r Harbour 
Commission a l s o maintains a c u r r e n t set of a e r i a l photographs of 
F r a s e r Port which could be used to study a s p e c i f i c l o c a t i o n . 



6 . 0 O P E R A T I O N A L M A P S 
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F R A S E R R I V E R : 
MAP NO.1 

GARRY POINT TO WOODWARD DAM 

Environmental C o n s i d e r a t i o n s 

H i g h l i g h t s 

T h i s e n t i r e s e c t o r i s v e r y p r o d u c t i v e and s e n s i t i v e to s p i l l s 
throughout the year. The n a t u r a l p r o d u c t i v i t y i s a r e s u l t of the 
e s t u a r i n e , c o n d i t i o n s i . e . i n t e r a c t i o n of the F r a s e r R i v e r f r e s h 
water and marine waters from the S t r a i t of G e o r g i a . L a r g e 
expanses of i n t e r t i d a l and a s s o c i a t e d mudflats, e.g. Woodward, 
Duck, Barber and Westham I s l a n d s , provide c r i t i c a l h a b i t a t s f o r 
j u v e n i l e s a l m o n l d s , w a t e r f o w l and marsh b i r d s , and s e v e r a l 
s p e c i e s of w i l d l i f e . T h e i r importance as inner marsh r e a r i n g and 
p h y s i o l o g i c a l t r a n s i t i o n z o n e s . f o r j u v e n i l e salmonids and as 
w i n t e r i n g , r e s t i n g , and f e e d i n g areas f o r w a t e r b i r d s can not be 
o v e r - s t a t e d . The George C. R e i f e l M i g r a t o r y B i r d Sanctuary on 
Westham I s l a n d r e f l e c t s the importance of the a r e a . S t e v e s t o n 
I s l a n d has been d e s i g n a t e d a v e g e t a t i o n study area. Steveston 
provides a l o g i s t i c a l centre f o r commercial f i s h i n g o p e r a t i o n s . 
R e c r e a t i o n a l canoe and kayak r o u t e s e x i s t i n the v i c i n i t y of 
Steveston and Woodward-Duck-Barber I s l a n d s . 

S u m m a r y (Note: Marsh has year-round s e n s i t i v i t y ; s p i l l r i s k to 
p l a n t s i s higher d u r i n g Mar-Oct a c t i v e growth phase.) 

L o c a t i o n Resource Temporal 
S e n s i t i v i t y 

Woodward, Duck 
& Barber Islands 

George C. R e i f e l 
M.Bird Sanctuary 

Canoe Passage 

Steveston I s l a n d 

Gilmour Slough 

Bar f i s h i n g s i t e s 

DFO s i t e s 

Steveston I s . , 
Garry P o i n t Park 
G i l b e r t Beach 

i n t e r t i d a l marsh 
j u v e n i l e salmon 
waterfowl & marsh b i r d s 

waterfowl & s h o r e b i r d s 

- i n t e r t i d a l marsh 

- i n t e r t i d a l marsh 

- j u v e n i l e salmonids 

- i n t e r t i d a l marsh 

- chinook, coho, ste e l h e a d 

- i n t e r t i d a l marsh 

- sandy beach 

Mar 
Mar 

Oct 
Oct 

year round 

year round 

Mar 

Mar 
Mar 

Oct 

Oct 
Oct 

Mar - Oct 

year round 

Mar - Oct 

year round 



26 

Countermeasures 

Garry P o i n t 

Riprap can be cleaned with high pressure water f l u s h i n g to remove 
contaminant. Released m a t e r i a l s should be r e t a i n e d by booms and 
p h y s i c a l l y removed using water-based o p e r a t i o n . S h o r e l i n e might 
change as development of t h i s area i n t o parkland proceeds. Sand 
beaches might then be amenable to mechanical cleanup methods, 
depending upon the c o n f i g u r a t i o n and extent of beach. 

Cannery Channel 

I d e a l l y , on the f l o o d t i d e , use c o n v e n t i o n a l boom at Garry Point 
o p p o s i t e " h o l e - i n - t h e - w a l l " i n the Steveston J e t t y to prevent 
s l i c k s from e n t e r i n g Cannery Channel from the west and to d e f l e c t 
t h e s e i n t o the main channel. N a v i g a t i o n a l aids g e n e r a l l y a l i g n 
d i a g o n a l l y from west to e a s t s t a r t i n g w i t h the marker on the 
Garry Point side and moving east to the western t i p of Steveston 
I s l a n d . These provide a good i n d i c a t i o n of the d e s i r e d a n g l e . 
Problems might be encountered i n s e c u r i n g the boom end at Garry 
P o i n t , d e a l i n g w i t h h i g h c u r r e n t s , impeding marine t r a f f i c 
through the channel, and deploying the length of boom needed to 
e f f e c t the d e f l e c t i o n . T h i s a r e a a l s o has r e l a t i v e l y h i g h 
exposure to wind which e i t h e r might produce i n t e r f e r r i n g wave 
c o n d i t i o n s or r e s u l t i n d e f l e c t e d s l i c k s impinging upon Steveston 
I s l a n d , assuming i n t i a l d i v e r s i o n has been achieved. 

On ebb t i d e , d e f l e c t s l i c k s at the e a s t e r n entrance to Cannery 
Channel by p l a c i n g c o n v e n t i o n a l boom or, p r e f e r a b l y , log boom 
immediately adjacent to the d e b r i s shear which extends d i a g o n a l l y 
from the north shore. A log s t r i n g should a l r e a d y be i n place as 
part of the d e b r i s shear. In a d d i t i o n to problems of s e a l i n g the 
boom at the shore end and the d i s t a n c e over which d e f l e c t i o n i s 
d e s i r e d , e x c e s s i v e c u r r e n t speeds can be expected to r e s u l t i n 
s i g n i f i c a n t l o s s e s due to entrainment and underflow. Debris could 
a l s o damage f a b r i c boom a t t h i s l o c a t i o n . N o t e n e a r b y 
n a v i g a t i o n a l hazard. 

P r o t e c t i o n booming of v e s s e l s i n Cannery Channel i s p o s s i b l e i f 
s u f f i c i e n t q u a n t i t y of containment boom i s obtained i n time to 
d e p l o y p a r a l l e l to the r i v e r c u r r e n t at the outer perimeter of 
docks and boats. Shorter, manageable s e c t i o n s (100 m) should be 
u t i l i z e d to p r o t e c t i n d i v i d u a l f a c i l i t i e s . Time c o n s t r a i n t s and a 
t o t a l d i s t a n c e of 2-3 k i l o m e t r e s could l i m i t the e f f e c t i v e n e s s of 
t h i s approach. 

Steveston I s l a n d 

The south shore of Steveston I s l a n d might be impacted f o l l o w i n g a 
s p i l l . Where v e g e t a t i o n e x i s t s , p a r t i c u l a r l y between the two wing 
dams, low pressure water f l u s h i n g should be employed to remove 
contamination. A water-side cleanup o p e r a t i o n could then remove 
r e l e a s e d m a t e r i a l s . In the sandy areas toward the western end of 
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the i s l a n d , mechanical removal s h o u l d be t r i e d w i t h c o l l e c t e d 
items taken away by barge. Should the north side of the i s l a n d 
r e c e i v e c o n t a m i n a t i o n , w a t e r s i d e low p r e s s u r e f l u s h i n g , 
c o n t a i n m e n t and removal i s s u g g e s t e d f o r t h i s more s e n s i t i v e 
shore . 

Sea Reach 

I d e a l l y , on f l o o d t i d e , prevent s l i c k s from e n t e r i n g Sea Reach by 
s e t t i n g up a d e f l e c t i o n d e v i c e e i t h e r along A l b i o n Dyke No. 2 
toward A l b i o n I s l a n d or extended from the e a s t e r n end of Harlock 
I s l a n d . N a v i g a t i o n a l aids can be used which a l i g n from west to 
east to i n d i c a t e the d e s i r e d angle. Problems in attempting t h i s 
a p p r o ach i n c l u d e the long d i s t a n c e over which the d i v e r s i o n of 
s l i c k s would have to take p l a c e and e x c e s s i v e c u r r e n t . Main 
c h a n n e l f l o w s h o u l d g e n e r a l l y r e s u l t i n s l i c k s bypassing t h i s 
area although s l a c k t i d e combined w i t h a w e s t - n o r t h w e s t wind 
could d r i v e contaminant i n t o the area. 

G i l b e r t Beach, London Farm Park, North Shore to No. 3 Rd 

S l i c k s which impact the s h o r e l i n e i n s i g n i f i c a n t volume could be 
r e t a i n e d f o r subsequent removal using c o n v e n t i o n a l booms. A land-
based r e c o v e r y o p e r a t i o n c o u l d be s e t up where road a c c e s s 
p e r m i t s . M e c h a n i c a l removal of c o n t a m i n a n t f r o m t h e sandy 
s e d i m e n t s of G i l b e r t Beach s h o u l d be p o s s i b l e u s i n g heavy 
equipment. Arrange f o r d i r e c t t r a n s f e r of m a t e r i a l s w i t h dump 
t r u c k s and o t h e r v e h i c l e s as p o s s i b l e and a p p r o p r i a t e . Manual 
cleanup methods w i l l have to be used along some s e c t i o n s of t h i s 
r i v e r bank. 

Woodward I s l a n d 

A p o s s i b l e p o i n t of s l i c k impact on e i t h e r t i d a l c y c l e i s the 
northern face of Woodward I s l a n d . Since t h i s area i s one of high 
energy, low v i s c o s i t y substances would very l i k e l y be removed by 
r i v e r flow, assuming adherence of any s i g n i f i c a n t q u a n t i t y i n the 
f i r s t i n s t a n c e . Cleanup of more v i s c o u s m a t e r i a l s i s u n l i k e l y i n 
view of the exposure of the r i p r a p to r e l a t i v e l y high c u r r e n t s . 

Woodward Dam 

On ebb t i d e , v e r i f y i f 
I s l a n d (and Sea Reach) 
d e f l e c t i o n when and i f 

main flow d i r e c t s 
Supplement with 

needed. 

m a t e r i a l 
log boom 

away from Duck 
to f a c i l i t a t e 
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I n t e r t i d a l Marsh H a b i t a t 

See a l s o Deas I s l a n d , Map No.2. 

E x t e n s i v e s e n s i t i v e a r e a s - n o t e d i n t h e summary t a b l e of 
environmental c o n s i d e r a t i o n s f o r t h i s s e c t o r s h o u l d be c l e a n e d 
u s i n g w a t e r - s i d e o p e r a t i o n s so t h a t m i n i ma 1 d i s r u p t i o n to 
v e g e t a t i o n and sediment r e s u l t s . Low water p r e s s u r e f l u s h i n g 
s h o u l d be used so t h a t contaminant i s d i r e c t e d to containment 
booms where m e c h a n i c a l skimming would r e c o v e r s i g n i f i c a n t 
c o n c e n t r a t i o n s . 

Such o p e r a t i o n s are fore s e e n to be u s u a l l y conducted at or toward 
the peak of h i g h t i d e and at the b e g i n n i n g of the ebb t i d e . 
Access to many areas w i l l s t i l l be r e s t r i c t e d by shallow water. 
If i t i s reasonable to conduct f l u s h i n g and c o l l e c t i o n at low 
t i d e when i n i t i a l , l i m i t e d c o n t a m i n a t i o n o c c u r s , then such 
a c t i o n s should be pursued. 

Gilmour (Finn) S1ougb/Is1 and 

Use c o n v e n t i o n a l boom at e i t h e r e n t r a n c e to prevent entry of 
s l i c k s i n t o the slough--the western opening on the f l o o d and the 
east e r n entrance on the ebb. Interconnected log s t i c k s w i l l a l so 
r e a d i l y block the slough entrance and could be used i f a v a i l a b l e . 
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MAP NO.2 

FRASER RIVER: WOODWARD DAM TO DEAS ISLAND 

Environmental C o n s i d e r a t i o n s 

H i g h l i g h t s 

L a d n e r R e a c h and K i r k l a n d - R o s e - G u n n - B a r b e r I s l a n d s p r o v i d e 
p r o d u c t i v e i n t e r t i d a l h a b i t a t s f o r j u v e n i l e s a l m o n i d s and 
w a t e r f o w l , and are s e n s i t i v e to contaminant s p i l l s year round. 
Ladner reach has been designated a v e g e t a t i o n area. Ladner and 
Deas Sloughs provide s h e l t e r e d h a b i t a t s f o r j u v e n i l e salmon and 
o t h e r r e s i d e n t f i s h , and are used by w i n t e r i n g w a t e r f o w l . 
I n t e r t i d a l f r i n g e marshes p r o v i d e i m p o r t a n t r e a r i n g and food 
producing areas f o r j u v e n i l e salmonids and other f i s h s p e c i e s . 
Numerous bar sport f i s h i n g areas occur w i t h i n the map area. 

Summary (Note: Marsh has year-round s e n s i t i v i t y , s p i l l r i s k to 
p l a n t s i s higher during Mar-Oct a c t i v e growth phase.) 

L o c a t i o n Resource Temporal 
S e n s i t i v i t y 

Ladner Reach i n t e r t i d a l marsh Mar Oct 

Kirk l a n d - R o s e -
Gunn-Barber Is 

i n t e r t i d a l marsh Mar - Oct 

j u v e n i l e salmonids Mar - Sep 

waterfowl & marsh b i r d s year round 

Deas Slough i n t e r t i d a l marsh 

j u v e n i l e salmon 

waterfowl 

Mar 

Mar 

Aug 

Oct 

Sep 

Apr 

Ladner Slough - j u v e n i l e salmonids Aug Sep 

DFO s i t e s i n t e r t i d a l marsh Mar - Oct 

Bar f i s h i n g s i t e s - chinook, coho & st e e l h e a d year round 
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Countermeasures 

Deas I s l a n d 

On ebb t i d e , d e p l o y boom toward s o u t h end of Deas I s l a n d to 
prevent entry of contaminant i n t o Ladner Reach. Secure u p r i v e r 
end to shore immediately downriver from the n a v i g a t i o n l i g h t . Use 
about 1 0 0 metres of c o n v e n t i o n a l boom, log boom or t r y tug wash. 
This l o c a t i o n would a l s o s u i t the u t i l i z a t i o n of a plunging water 
j e t type of system sinc e d e f l e c t i o n of l e s s than 1 0 0 metres would 
a c h i e v e the d e s i r e d e f f e c t of d i v e r t i n g s l i c k s to main channel 
flow and out i n t o the S t r a i t of Georgia. 

On the f l o o d t i d e , minor impacts could occur toward the lower end 
of the i s l a n d . Small pocket beaches would have to be c l e a n e d 
u s i n g manual methods. The v e g e t a t e d r i p r a p could be r e s t o r e d 
using low water pressure f l u s h i n g , as necessary. 

A waterside c o l l e c t i o n o p e r a t i o n might be necessary at the point 
where the north end of Deas I s l a n d j o i n s the m a i n l a n d . North 
winds might tend to d r i v e m a t e r i a l s toward T r i Mac Concrete on 
the ebb t i d e . Conventional boom, skimming c a p a b i l i t y and s u i t a b l e 
working p l a t f o r m would be r e q u i r e d f o r t h i s type of approach. 

K i r k l a n d , Rose, Gunn, Barber Islands 

S h o u l d c o n t a m i n a n t e n t e r Ladner Reach on the ebb t i d e , marsh 
h a b i t a t a s s o c i a t e d with t h i s inner group of i s l a n d s might be at 
r i s k . Low pressure water f l u s h i n g , booming and skimming methods 
would then have to be implemented from a water-based p l a t f o r m . 
R e s t r i c t e d access might impede t h i s type of approach although, 
g e n e r a l l y , the outer marsh f r i n g e s should be p r i m a r i l y a f f e c t e d 
and f l u s h i n g should be p o s s i b l e . 

K i r k l a n d I s l a n d 

Some m a t e r i a l s might tend to d e p o s i t on the northern shore of 
K i r k l a n d I s l a n d on e i t h e r the f l o o d or ebb t i d e . Low water 
p r e s s u r e f l u s h i n g s h o u l d be t r i e d and t r a f f i c at s h o r e l i n e 
c o n t a c t i n g marsh and g r a s s e s d i s c o u r a g e d . C o n t a i n m e n t of 
m a t e r i a l s f o r subsequent recovery might be i m p r a c t i c a l at t h i s 
l o c a t i o n because of the proxim i t y of the i n f l u e n c e of the main 
c h a n n e l flow. The r i p r a p toward e i t h e r end of K i r k l a n d i s l e s s 
s e n s i t i v e and could be cleaned using high pressure water streams. 

B.C. F e r r y Basin 

On ebb or f l o o d t i d e , use j o i n e d log s t i c k s at entrance to basin 
to prevent s l i c k s from e n t e r i n g . S t r o n g e a s t e r l y winds might 
r e s u l t i n s l i c k s b e i n g d r i v e n t o w a r d t h i s a r e a . Remove 
a c c u m u l a t i o n s , s h o u l d t h e s e r e s u l t , w i t h a w a t e r - b a s e d 
boom/skimmer/barge system. 
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Woodward's Landing 

S h o r e l i n e c l e a n u p might be necessary at Woodward's Landing i f 
m a t e r i a l d e p o s i t i o n o c c u r s , l a r g e l y as the r e s u l t of winds 
d r i v i n g s l i c k s a s h o r e . There c o u l d be some tendency f o r eddy 
e f f e c t s i n t h i s area at the peak of ebb t i d e to a l s o r e s u l t in 
impacts on shore. Manual methods could be t r i e d at s e l e c t e d , l e s s 
s e n s i t i v e l o c a t i o n s to remove m a t e r i a l s . Low p r e s s u r e water 
f l u s h i n g of i n t e r t i d a l area should a l s o be pursued i n vegetated 
zones. The u t i l i z a t i o n of mechanical equipment i s a l e s s l i k e l y 
a l t e r n a t i v e . A d j a c e n t r i p r a p would have r e l a t i v e l y low 
s e n s i t i v i t y and c o u l d be c l e a n e d u s i n g h i g h p r e s s u r e water 
streams as necessary and a p p r o p r i a t e . The containment and removal 
of r e l e a s e d contaminant should be preplanned. 
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MAP NO.3 

FRASER RIVER:DEAS ISLAND TO PURFLEET POINT 

Environmental C o n s i d e r a t i o n s 

H i g h l i g h t s 

T i l b u r y S l o u g h has been enhanced to p r o v i d e h i g h e r q u a l i t y 
r e a r i n g h a b i t a t s f o r j u v e n i l e salmonids and r e s i d e n t f i s h , and i s 
a l s o used by w i n t e r i n g waterfowl. Ex t e n s i v e i n t e r t i d a l marshes 
e x i s t along the T i l b u r y I s l a n d F r a s e r s h o r e l i n e and around L i o n 
and Don I s l a n d s p r o v i d i n g h a b i t a t s f o r f i s h and a q u a t i c 
organisms. Several bars are used f o r sport f i s h i n g . Large numbers 
of g u l l s u t i l i z e t h i s reach of the r i v e r . 

Summary (Note: Marsh has year-round s e n s i t i v i t y ; s p i l l r i s k to 
p l a n t s i s higher d u r i n g Mar-Oct a c t i v e growth phase.) 

Locat ion Resource Temporal 
S e n s i t i v i t y 

T i l b u r y Slough i n t e r t i d a l marsh 

j u v e n i l e salmon 

waterfowl 

Mar 

Mar 

Aug 

Oct 

Sep 

Sep 

T i l b u r y I s l a n d 
s h o r e l i n e 

i n t e r t i d a l marsh Mar Oct 

Don & L i o n Is. - i n t e r t i d a l marsh Mar - Oct 

DFO s i t e s - i n t e r t i d a l marsh Mar - Oct 

Bar f i s h i n g s i t e s - chinook, coho & st e e l h e a d year round 
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Countermeasures 

T i l b u r y Is1 and--Ti1 bury Slough, Savag e Bar 

On f l o o d t i d e , t h e r e i s the p o s s i b i l i t y of impacts to the 
southern t i p of T i l b u r y I s l a n d toward or at Savage Bar and the 
e n t r a n c e to T i l b u r y S l o u g h . A l o g s t i c k can be p o s i t i o n e d to 
block o f f the entrance to the slough. A waterside cleanup using 
c o n t a i n m e n t boom and working p l a t f o r m with s t a t i o n a r y skimmer 
might then be a p p l i e d to deal with r e s u l t a n t a c c u m u l a t i o n s of 
contaminant. Mechanical removal of m a t e r i a l s from the sandy beach 
should be p o s s i b l e using heavy equipment. 

T i l b u r y Is1 and--Dow-De11a Bar 

On ebb t i d e , some f l o a t i n g contaminant might leave the flow in 
the main channel under the i n f l u e n c e of west-northwest winds and 
be d e p o s i t e d i n the Dow-Delta a r e a . A w a t e r s i d e c l e a n u p i s 
a n t i c i p a t e d f o r t h i s area using commercial containment boom and 
skimmer. The p o s s i b i l i t y e x i s t s t h a t c o n t a m i n a t i o n c o u l d be 
r e l a t i v e l y w i d e s p r e a d i n t h i s s e c t o r of t h e r i v e r and not 
amenable to c o n t a i n m e n t even i f flow v e l o c i t i e s are somewhat 
lower. A c c u m u l a t i o n s i n t h e embayment to t h e e a s t of the 
Ch a t t e r t o n dock should be confin e d and removed using mechanical 
methods. 

Nelson Road and No.6 Rd. Areas 

On e i t h e r the f l o o d or ebb t i d e s , and during periods of strong 
east winds, d e p o s i t i o n of s l i c k s could occur i n the v i c i n i t y of 
Nelson Road and u p r i v e r from No.6 Rd. Low pressure water f l u s h i n g 
of t h i s s h o r e l i n e , which i s m a i n l y c h a r a c t e r i z e d by r i p r a p 
o v e r g r o w n w i t h v e g e t a t i o n , s h o u l d be p o s s i b l e w i t h some 
containment and skimming a l s o p o s s i b l e to d e a l w i t h r e l e a s e d 
m a t e r i a l s . The p r o x i m i t y of main channel flow to t h i s shore might 
r e s u l t i n the d i s p e r s i o n of low v i s c o s i t y c o n t a m i n a n t s which 
could be s p e c i f i c a l l y planned f o r during ebb t i d e . 

Annacis Channel 

I d e a l l y , p r e v e n t e n t r y of f l o a t i n g s u b s t a n c e s i n t o A n n a c i s 
Channel on f l o o d t i d e by d e p l o y i n g l o g booms. One should be 
placed d i a g o n a l l y out from shore at the Canada Lafarge dock so 
that i t blocks the side channel between the north shore and Li o n 
I s l a n d . S i m i l a r l y , s l i c k d e f l e c t i o n could be attempted between 
Li o n and Don Is l a n d s . The extensive d i s t a n c e between Don Is. and 
P u r f l e e t Point a l l but e l i m i n a t e s the technique from being t r i e d 
t h e r e . I f e n t r y of a l a r g e volume of contaminant i n t o Annacis 
C h a n n e l cannot be p r e v e n t e d , then o t h e r means to d e a l w i t h 
m a t e r i a l s i n the Channel should be considered. 

A l t e r n a t i v e l y , and a l s o 
dock would be d e s i r a b l e 
d i r e c t m a t e r i a l s out i 

i d e a l l y , s l i c k d i v e r s i o n at the Lafarge 
i f s u r face flow could be i n f l u e n c e d to 

nto the main c h a n n e l . Tug boat wash, 
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coherent plunging water j e t s or other means should be t r i e d . 

L i o n , Don Islands 

Flood or ebb t i d e s could r e s u l t i n the d e p o s i t i o n of contaminants 
on L i o n and/or Don I s l a n d s . A s s o c i a t e d i n t e r t i d a l marsh should be 
c l e a n e d u s i n g water f l u s h i n g methods so that minimal damage to 
v e g e t a t i o n occurs. Work should be conducted on the ebb t i d e so 
t h a t the p r o b a b i l i t y i s r e d u c e d f o r m a t e r i a l s ( r e - ) e n t e r i n g 
Annacis Channel; containment of d i s l o d g e d s u b s t a n c e s , however, 
s h o u l d be p o s s i b l e f o r s i t e s on the i s l a n d s removed from the 
ma ins t em. 

Annac i s I s l a n d 

The s o u t h e r n shore of A n n a c i s I s l a n d from P u r f l e e t Point and 
extending some d i s t a n c e u p r i v e r could r e c e i v e c o n t a m i n a t i o n on 
the f l o o d t i d e . Low pressure water f l u s h i n g would then have to be 
conducted to remove m a t e r i a l s from marsh h a b i t a t w i t h f r e e -
f l o a t i n g substances contained as p o s s i b l e and p h y s i c a l l y removed. 
Sandy beaches along t h i s shore would have to be c l e a n e d u s i n g 
manual methods. 
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MAP NO.4 
FRASER RIVER: PURFLEET POINT TO LRT BRIDGE 
NORTH ARM: TREE ISLAND TO TRIFURCATION 

Environmental C o n s i d e r a t i o n s 

H i g h l i g h t s 

I n t e r t i d a l marshes occur at Popular and Tree Islands i n the North 
Arm, along much of the s h o r e l i n e of A n n a c i s C h a n n e l , and at 
s c a t t e r e d l o c a t i o n s a l o n g A n n i e v i l l e Channel. E x t e n s i v e marsh 
areas e x i s t on south Annacis I s l a n d and on the a d j a c e n t D e l t a 
s h o r e l i n e . Gunderson Slough i s a l s o u t i l i z e d by j u v e n i l e f i s h f o r 
r e a r i n g . Smaller numbers of waterfowl may r e s t i n p r o t e c t e d bays 
during the winter. Numerous bar f i s h i n g s i t e s e x i s t w i t h i n t h i s 

Summary (Note: Marsh has year-round s e n s i t i v i t y ; s p i l l r i s k to 
p l a n t s i s higher during Mar-Oct a c t i v e growth phase.) 

s e c t o r . 

Locat ion Resource Temporal 
S e n s i t i v i t y 

DFO s i t e s - i n t e r t i d a l marshes Mar - Oct 

Gunderson Slough - i n t e r t i d a l marshes Mar - Oct 

- j u v e n i l e salmonids Mar - Aug 

Bar f i s h i n g s i t e s - chinook, coho & stee l h e a d year round 
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Countermeasures 

Gunderson Slough 

On the f l o o d t i d e , l o g s t i c k s p l a c e d at the ent r a n c e to the 
slough should r e s u l t i n the pre v e n t i o n of entry of m a t e r i a l s i n t o 
i t . Should cleanup be r e q u i r e d i n the slough, a t o t a l package of 
working p l a t f o r m , boom and skimmer would be r e q u i r e d with e x t r a 
lengths of boom used to c o n f i n e / p r o t e c t areas and f a c i l i t i e s that 
have not been impacted by s l i c k s . 

Annacis Channel 

S h o u l d s l i c k s g a i n e n t r y i n t o A n n a c i s C h a n n e l , i t w i l l be 
i m p r a c t i c a l to attempt to set up e i t h e r p r o t e c t i o n or e x c l u s i o n 
booming f o r many s e c t o r s . S p e c i f i c e n t i t i e s c ould be p r o t e c t e d 
using c o n v e n t i o n a l boom or log s t i c k s i f s u f f i c i e n t forewarning 
i s a v a i l a b l e to implement such measures. T h i s might not be 
p o s s i b l e , however, because of the c e n t r a l l o c a t i o n of the channel 
and i t s p r o x i m i t y to p o t e n t i a l r e l e a s e sources. 

Cleanup w i l l l i k e l y e n t a i l the use of a waterside s e l f - c o n t a i n e d 
package of boom/skimmer/p1 atform with minimal or no contact made 
of equipment or p e d e s t r i a n t r a f f i c with the s e n s i t i v e s e c t i o n s of 
the s h o r e l i n e . An example of t h i s type of o p e r a t i o n would be the 
use of boom i n the v i c i n i t y of the Annacis Cadet Bar to f i r s t 
surround f l o a t i n g s l i c k s and then skim using a d i s c skimmer from 
a barge which could a l s o be u t i l i z e d to stor e c o l l e c t e d l i q u i d s . 

I d e a l l y , boom deployed i n a V - c o n f i g u r a t i o n l e a d i n g to a skimmer 
c o u l d be t r i e d when t h i s i s p r a c t i c a l to do so. Deployment 
problems might impede such e f f o r t s and are a n t i c i p a t e d i n t h i s 
s e c t o r of the r i v e r . 

Tree I s l a n d 

At the i n l e t and slough i n the v i c i n i t y of the MacMi11an-B1oede 1 
Ltd. shook m i l l (Tree I s l a n d ) , log s t i c k s or booms should be used 
to guard the e n t r a n c e s a g a i n s t the i n t r u s i o n of s l i c k s . Any 
cleanup would have to be approached from the waterside u s i n g a 
s e l f - c o n t a i n e d c o u n t e r m e a s u r e s package. Exposed r i p r a p i n the 
area could be f l u s h e d with high pressure water streams. 

Poplar I s l a n d 

Because P o p l a r I s l a n d remains l a r g e l y i n i t s n a t u r a l s t a t e , 
cleanup of s h o r e l i n e , i f r e q u i r e d , must proceed with care. Both 
i t s e r o d i n g southern banks and the marsh of i t s northern shore 
should be cleaned from the waterside u s i n g low water p r e s s u r e 
f l u s h i n g w i t h a t t e m p t s made to c o n t a i n and recover d i s l o d g e d 
m a t e r i a l s , when t h i s i s p r a c t i c a l t o do so. H i g h c u r r e n t 
v e l o c i t i e s could impede containment o p e r a t i o n s . 
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Tr i f u r c a t i o n 

I d e a l l y , i t should be of some b e n e f i t to d e f l e c t s l i c k s moving 
downriver on the ebb t i d e to the main channel. The i n t e n t i o n i s 
to prevent the entry of contaminant i n t o both the slower moving 
A n n a c i s Channel and i n t o the N o r t h Arm. Both of these l a t t e r 
water c o u r s e s o f f e r c o n s i d e r a b l y d i m i n i s h e d d i l u t i o n and 
d i s p e r s i o n p o t e n t i a l to contaminants e n t e r i n g them. 

To accomplish the d e s i r e d d e f l e c t i o n , i t i s p r o p o s e d t h a t the 
Annacis t r a i n i n g w a l l be e f f e c t i v e l y extended at i t s northern end 
through the use of log boom. L o s s e s can be e x p e c t e d to o c c u r 
t h r o u g h t h e e n t r a i n m e n t of f l o a t i n g s l i c k s ; however, some 
d i v e r s i o n of contaminant should r e s u l t . To supplement the e f f e c t 
of t h e l o g s , t u g b o a t wash m i g h t be t r i e d f r o m t h e N e w 
Westminster shore j u s t u p r i v e r f r o m a p o i n t o p p o s i t e the n o r t h 
end of the " e x t e n d e d " A n n a c i s t r a i n i n g s t r u c t u r e . S i n c e the 
d e f l e c t i o n e f f e c t from the wash might be r e l a t i v e l y s h o r t - l i v e d , 
c o r r e c t l y p o s i t i o n i n g the tug would be c r i t i c a l to a c h i e v i n g the 
intended s l i c k d e f l e c t i o n . 

At p r e s e n t , t h i s i s an unproven approach that r e q u i r e s f u r t h e r 
i n v e s t i g a t i o n . The s u p p o r t i n g d o c k s t r u c t u r e on t h e New 
Westminster side ( i n f r o n t of the townhouse development) i s not 
s u b s t a n t i a l enough to withstand a tug pushing up a g a i n s t i t and 
would have to be r e i n f o r c e d , i f p o s s i b l e . 

Other means s h o u l d a l s o be t r i e d to c o n t r o l s l i c k s at t h i s 
c r i t i c a l j u n c t u r e i n the r i v e r . Coherent plunging water j e t s or 
other system might be u t i l i z e d i f c o n f i g u r e d to p r o v i d e s l i c k 
d e f l e c t i o n over a d i s t a n c e of about 100 metres and at a point 
s t r a t e g i c to d i v e r t i n g m a t e r i a l s . 

F r a s e r - S u r r e y Docks 

T r a i n i n g w a l l s create an area of low c u r r e n t v e l o c i t y adjacent to 
F r a s e r - S u r r e y Docks. Conventional boom f o r short-term usages or 
logs f o r longer d u r a t i o n s could be considered to both supplement 
the e f f e c t s of the t r a i n i n g s t r u c t u r e s and c o n t a i n s l i c k s f o r 
subsequent p h y s i c a l removal. If p r a c t i c a l , a land-based o p e r a t i o n 
might be planned so that the dock i s used as a p l a t f o r m from 
which c o l l e c t i o n t a k e s p l a c e u s i n g vacuum t r u c k s or s m a l l e r 
skimming heads and tank t r u c k s . 

Annac i s Is1 and 

On f l o o d t i d e s that r e s u l t i n surface flow u p r i v e r , contaminant 
might enter behind the Annacis t r a i n i n g wall i n the v i c i n i t y of 
the DFO enumerated s i t e No.30. Containment of s l i c k s should be 
p o s s i b l e using c o n v e n t i o n a l boom, with removal attempted u s i n g 
s m a l l e r skimmers. Any a c t i o n should only proceed i f i t has been 
d e t e r m i n e d t h a t s i g n i f i c a n t a c c u m u l a t i o n s of p o l l u t a n t a r e 
present and that a recovery o p e r a t i o n i s f e a s i b l e to undertake. 
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Alex F r a s e r Bridge, South Shore 

Accumulations of contaminant might r e s u l t on e i t h e r f l o o d or ebb 
t i d e along the south r i v e r bank downstream from the Alex F r a s e r 
Bridge between B e l l a Coola F i s h e r i e s L t d . and V i t o S t e e l Boat & 
Barge C o n s t r u c t i o n L t d . S h o r e l i n e type v a r i e s at t h i s p o i n t from 
vegetated bank to r i p r a p , with some i n t e r d i s p e r s e d marsh. Debris 
can be expected to be deposited i n t h i s area. 

C l eanup s h o u l d a d d r e s s the removal of m a t e r i a l s at the shore, 
with due care taken to minimize d i s r u p t i o n to marshy s e c t i o n s . 
O c c a s i o n a l a c c e s s from the l a n d - s i d e e x i s t s which might be 
u t i l i z e d as a t r a n s f e r p o i n t to remove c o l l e c t e d m a t e r i a l s . 
O t h e r w i s e , a w a t e r s i d e containment and c o l l e c t i o n o p e r a t i o n i s 
fores e e n i n c l o s e p r o x i m i t y to the shore u s i n g working p l a t f o r m , 
s e c t i o n of boom and skimmer. S l i c k s moving on t h i s reach of the 
r i v e r f u r t h e r from shore w i l l l i k e l y be t r a n s p o r t e d q u i c k l y i n 
main c h a n n e l c u r r e n t s and w i l l not be amenable to i n t e r c e p t i o n 
using e i t h e r f a b r i c or log booms. 
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M A P N O . 5 

F R A S E R R I V E R : L R T B R I D G E T O T R E E I S L A N D 

E n v i r o n m e n t a l C o n s i d e r a t i o n s 

H i g h l i g h t s 

The B r u n e t t e and C o q u i t l a m R i v e r s , which flow i n t o the Fr a s e r 
R i v e r i n t h i s s e c t o r , are a c t i v e s i t e s f o r salmon enhancement 
a c t i v i t i e s . S c a t t e r e d i n t e r t i d a l marsh and r i p a r i a n v e g e t a t i o n 
e x i s t , e s p e c i a l l y at Sapperton Bar and east of the mouth of the 
Coquitlam R i v e r : most ext e n s i v e marsh development i s at DFO s i t e s 
49, 50 and 51. Sport f i s h i n g i s enjoyed at s e v e r a l r i v e r bar and 
s h o r e l i n e s i t e s . 

S u m m a r y (Note: Marsh has year-round s e n s i t i v i t y ; s p i l l r i s k to 
p l a n t s i s higher during Mar-Oct a c t i v e growth phase.) 

Locat ion Resource Temporal 
S e n s i t i v i t y 

DFO s i t e s i n t e r t i d a l marshes Mar - Oct 

Coquitlam River 
mouth & Tree Is, 

i n t e r t i d a l marsh 

j u v e n i l e salmonids 

waterfowl 

Mar - Oct 

Mar - Aug 

Aug - Apr 

Bar f i s h i n g s i t e s - chinook, coho & stee l h e a d year round 
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Countermeasures 

O v e r a l l Sector 

The d e f l e c t i o n and c o l l e c t i o n of s l i c k s w i l l not g e n e r a l l y be 
f e a s i b l e i n t h i s r e a c h of the r i v e r . At s l a c k t i d e , b r o a d 
d i s t r i b u t i o n of s l i c k s could occur i n the r i v e r toward Sapperton 
Bar. I s o l a t e d w a t e r s i d e c l e a n u p o p e r a t i o n s are e n v i s a g e d at 
p r e d e s i g n a t e d p o i n t s of r e l a t i v e l y higher s e n s i t i v i t y i n c l u d i n g 
the DFO s i t e s ('44-50), B r o w n s v i l l e and Gypsum Bars and the marsh 
near Sapperton Bar. 

High s u r f a c e c u r r e n t v e l o c i t i e s can be expected to develop toward 
both the P a t u l l o Bridge and downstream from the Port Mann Bridge 
which w i l l negate d e f e l e c t i o n and containment op e r a t i o n s at these 
p o i n t s . 

Coquitlam R i v e r 

H a b i t a t b o r d e r i n g the mouth of the Coquitlam R i v e r might r e q u i r e 
cleanup. This should be conducted from the waterside u s i n g low 
pressure water f l u s h i n g techniques, as p o s s i b l e . T r a f f i c on the 
shore s h o u l d be a v o i d e d . Containment of d i s l o d g e d m a t e r i a l s 
should be planned. 

Tree I s l a n d 

Water f l u s h i n g techniques should be s i m i l a r l y a p p l i e d to remove 
m a t e r i a l s d eposited on Tree I s l a n d . Attempts to c o n t a i n d i s l o d g e d 
contaminant might prove to be i m p r a c t i c a l f o r many r i v e r stages. 
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MAP NO.6 
FRASER RIVER: TREE ISLAND TO ROBERT POINT 

PITT RIVER: DOUGLAS ISLAND TO CHATHAM REACH 

Environmental C o n s i d e r a t i o n s 

H i g h l i g h t s 

The P i t t R i v e r p r o v i d e s p r o d u c t i v e h a b i t a t f o r anadromous and 
r e s i d e n t f i s h , w a t e r f o w l and o t h e r w a t e r b i r d s , and s e v e r a l 
s p e c i e s of w i l d l i f e ( e . g . r i v e r o t t e r , beaver and m u s k r a t ) . 
Surrey Bend i s one of the l a r g e s t undyked areas of f l o o d p l a i n on 
the F r a s e r R i v e r and p r o v i d e s f l o o d r e l i e f d u r i n g f r e s h e t . 
Important h a b i t a t s i n c l u d e bog f o r e s t , f l o o d e d meadows, marshes 
and small creeks. The d i v e r s e and unique h a b i t a t s support large 
n u m b e r s of b i r d s - and w i l d l i f e . D o u g l a s I s l a n d , l a r g e l y 
undeveloped, provides flooded r i p a r i a n h a b i t a t along the eastern 
s h o r e l i n e f o r waterfowl, and an extensive i n t e r t i d a l marsh zone 
to the west. These areas have year-round s e n s i t i v i t y to s p i l l s . 
S e v e r a l r i v e r b a r s a r e p o p u l a r s p o r t f i s h i n g s i t e s ( e . g . 
Edgewater Bar and a l o n g P i t t R i v e r ) . C u t t h r o a t t r o u t , D o l l y 
Varden char and coho salmon are the main f i s h s p e c i e s taken. 

Summary (Note: Marsh has year-round s e n s i t i v i t y ; s p i l l r i s k to 
pl a n t s i s higher during Mar-Oct a c t i v e growth phase.) 

L o c a t i o n Resource Temporal 
S e n s i t i v i t y 

P i t t R i v e r i n t e r t i d a l marshes 
anadromous salmon & 
t r o u t ; r e s i d e n t f i s h e s 
waterfowl and waterbirds 

Mar - Oct 

year round 
y e a r r o u n d 

Surrey Bend f l o o d p l a i n h a b i t a t s 
waterfowl & waterbirds 
j u v e n i l e salmonids 

May - J u l 
year round 
Mar - J u l 

Douglas Isla n d - f l o o d p l a i n h a b i t a t s 
- i n t e r t i d a l marsh 
- j u v e n i l e salmonids 

May - J u l 
Mar - Oct 
Mar - J u l 

DFO s i t e s - i n t e r t i d a l marshes Mar - Oct 

Bar f i s h i n g s i t e s - coho & steelhead year round 
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Countermeasures 

Coquitlam R i v e r , Tree I s l a n d 

As noted f o r Map No . 5 , low p r e s s u r e water f l u s h i n g should be 
t r i e d to remove m a t e r i a l s deposited on Tree I s l a n d or toward the 
mouth of the C o q u i t l a m R i v e r . T r a f f i c on s h o r e l i n e s should be 
minimized. It w i l l u n l i k e l y be p o s s i b l e to c o n t a i n d i s l o d g e d 
m a t e r i a l s at Tree I s l a n d unless cleanup i s attempted at s l a c k 
t i d e . 

Douglas I s l a n d 

On f l o o d t i d e s with u p r i v e r s u r f a c e flow, DFO s i t e 52 north of 
Helmcken Point could the r e c i p i e n t of s l i c k s . Low pressure water 
f l u s h i n g of c o n t a m i n a n t s h o u l d be t r i e d a l o n g w i t h the 
containment of m a t e r i a l s using c o n v e n t i o n a l boom. T r a f f i c at the 
shore should be avoided so that water-borne a c t i v i t i e s only are 
mount e d. 

0 n 
1 s 

On the ebb t i d e , some d e p o s i t i o n of contaminant might occur 
the shore immediately to the west of S e b a s t i a n P o i n t . T h i s 
l e s s s e n s i t i v e and c l e a n u p of s t r a n d e d p o l l u t a n t c o u l d be 
attempted using manual methods. 

Surrey Bend 

DFO s i t e 53 could r e c e i v e s l i c k s p a r t i c u l a r l y on the f l o o d t i d e 
and should be attended to employing waterside cleanup techniques 
as d e s c r i b e d above. This s i t e i s known f o r i t s wetlands and any 
t r a f f i c a t t h e s h o r e s h o u l d be r e s t r i c t e d to w a t e r - o n l y 
o p e r a t i o n s at the outer perimeter of marsh h a b i t a t , as necessary 
and p o s s i b l e . DFO s i t e s 56 and 57 s h o u l d r e c e i v e s i m i l a r 
a t t e n t i o n . F l o o d i n g during the f r e s h e t p e r i o d could hamper such 
cleanup a c t i v i t i e s . 

P i t t R i v e r 

G e n e r a l l y , the P i t t Meadows/Map 1e Ridge shore of the P i t t R i v e r 
has more extensive i n t e r t i d a l area i n t h i s reach and t h e r e f o r e 
i m p a c t s f r o m s l i c k s c o u l d be more s i g n i f i c a n t t h e r e . The 
vegetated bank n e c e s s i t a t e s that low or no t r a f f i c occur on the 
shore. Water-based cleanup i s recommended f o r t h i s s e c t o r . Note 
a l s o that the Port Coquitlam shore of the P i t t R i v e r towards the 
confluence with the F r a s e r R i v e r has a l s o been enumerated by DFO 
and a l s o has r e l a t i v e l y high s e n s i t i v i t y . S i m i l a r p r e c a u t i o n s 
s h o u l d be taken to e l i m i n a t e on-shore a c t i v i t i e s . Low water 
pressure f l u s h i n g and subsequent containment of m a t e r i a l s should 
be t r i e d at or toward high t i d e . Current v e l o c i t i e s are highest 
toward the Lougheed Highway c r o s s i n g and cleanup there might not 
be f e a s i b l e . 
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MAP NO.7 

FRASER RIVER: ROBERTS POINT TO HAMMOND 

Environmental C o n s i d e r a t i o n s 

Highl ight s 

F l o o d p l a i n f o r e s t , bog f o r e s t and i n t e r t i d a l marshes e x i s t at 
S u r r e y Bend. S c a t t e r e d i n t e r t i d a l marshes and s t r e t c h e s of 
r i p a r i a n v e g e t a t i o n occur throughout the s e c t o r . Sport f i s h i n g 
bars are d i s t r i b u t e d along the F r a s e r R i v e r . A r e c r e a t i o n a l canoe 
r o u t e i s l o c a t e d around Barnston I s l a n d , and a sandy beach i s 
s i t u a t e d at Mann P o i n t . S h o r e l i n e h a b i t a t s are used by j u v e n i l e 
s a l m o n i d s d u r i n g t h e i r downstream m i g r a t i o n d u r i n g the l a t e 
s p r i n g and summer. Waterfowl may al s o make use of p r o t e c t e d areas 
during the winter. 

Summary (Note: Marsh has year-round s e n s i t i v i t y ; s p i l l r i s k to 
pl a n t s i s higher during Mar-Oct a c t i v e growth phase.) 

Locat ion Resource Temporal 
S e n s i t i v i t y 

Surrey Bend f l o o d p l a i n f o r e s t 

waterfowl & waterbirds 

j u v e n i l e salmonids 

i n t e r t i d a l marshes 

May - J u l 

year round 

Mar - Aug 

Mar - Oct 

DFO s i t e s - i n t e r t i d a l mashes Mar - Oct 

Bar f i s h i n g s i t e s salmon & t r o u t year round 
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C o u n t e r m e a s u r e s 

Surrey Bend 

W a t e r s i d e c l e a n u p methods are r e v i e w e d f o r S u r r e y Bend i n 
c o n j u n c t i o n with Map No. 6 and are aimed at minimizing damage to 
marsh h a b i t a t b o r d e r i n g the shore. Note d i f f i c u l t i e s a s s o c i a t e d 
w i t h f l o o d i n g d u r i n g the f r e s h e t p e r i o d . See a l s o P a r s o n s 
Channe1/Bishops Reach below. 

Barnston I s l a n d 

Eroding banks predominate on Barnston I s l a n d and must be cleaned 
with care i f contaminant i s deposited toward the high t i d e mark. 
Low water f l u s h i n g i s then recommended with nearshore recovery of 
d i s l o d g e d m a t e r i a l s . At the w e s t e r n t i p of the i s l a n d (Mann 
P o i n t ) , the sandy beach might be amenable to r e s t o r a t i o n during 
high water t i d e s u sing manual methods to remove m a t e r i a l , when 
accumulations of p o l l u t a n t warrant t h i s a t t e n t i o n . Roberts Point 
at the ea s t e r n end of the i s l a n d c o n s i s t s of an eroding bank and 
should not be sub j e c t e d to high p e d e s t r i a n t r a f f i c at the shore 
during cleanup. Some d e p o s i t i o n of m a t e r i a l s might occur on ebb 
t i d e toward DFO s i t e No.59. 

Parsons Channe1/Bishops Reach 

Current v e l o c i t y i s g e n e r a l l y higher i n Parsons Channel than in 
the mainstem and, w i t h i n P a r s o n s C h a n n e l , h i g h e r a l o n g the 
Surrey/Lang 1ey shore than along the Barnston I s l a n d r i v e r bank. 
Parsons Channel i s a l s o g e n e r a l l y l e s s e n v i r o n m e n t a l l y s e n s i t i v e 
than Bishops Reach although the shore toward Surrey Bend i s an 
exce p t i o n . F l o o d i n g of t h i s l a t t e r a r e a d u r i n g f r e s h e t would 
impede cleanup o p e r a t i o n s as would strong c u r r e n t s i n t h i s reach 
throughout the year. The d e f l e c t i o n of s l i c k s i s not l i k e l y to be 
p o s s i b l e . 

Response e f f o r t s should concentrate on removing p o l l u t a n t where 
and when t h i s i s f e a s i b l e to do so. Cleanup should be d i r e c t e d at 
r i v e r bank i n the v i c i n i t y of Surrey Bend and at the DFO s i t e s 
a l o n g the mainstem u s i n g w a t e r s i d e t e c h n i q u e s , i . e . w a t e r 
f l u s h i n g o f v e g e t a t e d s h o r e . S t a t i o n a r y c o l l e c t i o n of 
accumulations might a l s o be p o s s i b l e at some stages of the t i d e 
u s i n g a working platform/boom/skimmer c o m b i n a t i o n . E x c l u s i o n 
booming might be r e q u i r e d t o p r o t e c t s p e c i f i c a m e n i t i e s , 
i n c l u d i n g the fo r e s h o r e areas of the K a t z i e Reserves, although i t 
i s d i f f i c u l t to p r e d i c t p r o b a b l e p a t t e r n s of c o n t a m i n a n t 
t r a n s p o r t i n t h i s s e c t o r of the r i v e r . 
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MAP NO.8 

FRASER RIVER: HAMMOND TO KANAKA CREEK 

Environmental C o n s i d e r a t i o n s 

H i g h l i g h t s 

A s u b s t a n t i a l f r e s h w a t e r marsh o c c u r s at the mouth of Kanaka 
Creek. At Edgewater Bar, downstream of Kanaka Creek, a s h o r e l i n e 
park e x i s t s f o r "ov e r n i g h t " fishermen. Some small s t r e t c h e s of 
i n t e r t i d a l marsh and r i p a r i a n v e g e t a t i o n e x i s t along the banks of 
the F r a s e r R i v e r . A bog f o r e s t occurs south of Edgewater Bar, 
which s u p p o r t s over a dozen heron n e s t s and numerous o t h e r 
w i l d l i f e s p e c i e s . 

Summary (Note: Marsh has year-round s e n s i t i v i t y ; s p i l l r i s k to 
pl a n t s i s higher during Mar-Oct a c t i v e growth phase.) 

L o c a t i o n Resource Temporal 
S e n s i t i v i t y 

Kanaka Creek mouth i n t e r t i d a l marsh 

j u v e n i l e salmonids 

Mar - Oct 

Mar - J u l 

DFO s i t e s i n t e r t i d a l marsh Mar - Oct 

Edgewater Bar - sport f i s h i n g & year round 
c amp ing 
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Countermeasures 

O v e r a l l Sector 

Derby Reach and Kanaka Creek Regional Parks dominate t h i s reach 
of the r i v e r as en v i r o n m e n t a l l y s e n s i t i v e zones r e q u i r i n g water-
based c l e a n u p methods s h o u l d s h o r e l i n e impacts of p o l l u t a n t s 
occur. Because of i t s l o c a t i o n at the bend i n the r i v e r , the 
s h o r e l i n e i n the v i c i n i t y of the Maple Ridge p u b l i c dock a l s o 
warrants s i m i l a r c o n s i d e r a t i o n should contaminant be t r a n s p o r t e d 
to t h i s reach of the r i v e r . I d e a l l y , d i v e r s i o n and c o l l e c t i o n of 
s l i c k s at that p o i n t might be considered i f c u r r e n t v e l o c i t i e s 
a r e s u f f i c i e n t l y low enough to a l l o w t h e d e p l o y m e n t of 
co n v e n t i o n a l booms so that these f u n c t i o n to d e f l e c t s l i c k s . Over 
the s h o r t term, i t might be f e a s i b l e to plan such an o p e r a t i o n 
using f a b i c booms; however, f o r l o n g e r d u r a t i o n s , a l o g boom 
might have to be deployed i f contact with d e b r i s i s a n t i c i p a t e d . 
High c u r r e n t v e l o c i t i e s can be expected to develop f o r some r i v e r 
stages at t h i s r e l a t i v e l y narrow reach which might e l i m i n a t e the 
u t i l i t y of t h i s approach. 

E x c l u s i o n booming might a l s o be 
which are l o c a t e d along the north 
o p e r a t i o n has a h i g h e r p r o b a b i 
s p i l l b a r r i e r s can be p o s i t i o n e d 
c o n t a c t i n g v e s s e l s . 

considered to p r o t e c t moorages 
shore of the r i v e r . This l a t t e r 

l i t y of s u c c e s s — i f commercial 
in time to prevent s l i c k s from 

Kanaka Creek 

Waterside cleanup of s l i c k s i s the p r e f e r r e d response method i f 
s p i l l s impinge upon v e g e t a t e d shore or marsh h a b i t a t i n the 
v i c i n i t y of Kanaka Creek. Low pressure water f l u s h i n g , subsequent 
c o n t a i n m e n t , and no t r a f f i c at the shore would be p r i m a r y 
s t r a t e g i e s of such a c t i v i t i e s . 
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MAP NO.9 
PITT RIVER: CHATHAM REACH TO MACINTYRE CREEK 

Environmental C o n s i d e r a t ions 

H i g h l i g h t s 

E x t e n s i v e f r i n g e marshes are s i t u a t e d i n the P i t t R i v e r , and 
p r o v i d e i m p o r t a n t h a b i t a t s f o r f i s h and w a t e r f o w l . W i l d l i f e 
management a r e a s , s u c h as A d d i n g t o n m a r s h , i n c r e a s e the 
s e n s i t i v i t y of the s e c t o r to s p i l l s . The t r i b u t a r i e s ( e . g . 
A l o u e t t e R i v e r , D e B o v i l l e Slough and Sturgeon Slough) support 
s t e e l h e a d and c u t t h r o a t t r o u t , coho salmon and D o l l y Varden char. 
Sport f i s h i n g i s popular throughout the s e c t o r , and r e c r e a t i o n a l 
canoeing i s common on the P i t t and A l o u e t t e R i v e r . F u r b e a r i n g 
animals (e.g. r i v e r o t t e r , rauskrat and beaver) i n h a b i t the P i t t 
R i v e r drainage and may c o l o n i z e r i v e r i n e areas. 

Summary (Note: Marsh has year-round s e n s i t i v i t y ; s p i l l r i s k to 
p l a n t s i s higher during Mar-Oct a c t i v e growth phase.) 

L o c a t i o n Resource Temporal 
S e n s i t i v i t y 

P i t t R i v e r - i n t e r t i d a l marsh Mar - Oct 

Addington marsh i n t e r t i d a l marsh 

waterfowl & waterbirds 

Mar - Oct 

year round 

Goose I s l a n d i n t e r t i d a l marsh 

waterfowl & waterbirds 

salmon & t r o u t ; 
r e s i d e n t f i s h e s 

Mar - Oct 

year round 

year round 

A l o u e t t e R i v e r , 
D e B o v i l l e & 
Sturgeon Slough 

coho, c u t t h r o a t & 
steelhead 

year round 

bar f i s h i n g s i t e s - salmon & t r o u t year round 
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Countermeasures 

O v e r a l l Sector 

The entry of contaminant i n t o the P i t t R i v e r i s u n l i k e l y i n t h i s 
r e a c h . DFO s i t e s are i d e n t i f i e d w h i c h would have c l e a n u p 
p r i o r i t y ; however, the whole a r e a i s g e n e r a l l y s e n s i t i v e and 
bordered by vegetated s h o r e l i n e . Water-based methods would be 
used, i f r e q u i r e d , to remove c o n t a m i n a n t from s h o r e l i n e . Low 
water pressure f l u s h i n g f o l l o w e d by the containment and removal 
of p o l l u t a n t c o u l d be t r i e d . More s i g n i f i c a n t d e p o s i t i o n of 
m a t e r i a l s would be expected to o c c u r i n the v i c i n t y of Goose 
I s l a n d towards e i t h e r side of i t s u p r i v e r end. G e n e r a l l y , cleanup 
would be pursued at high t i d e . 
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MAP NO.10 

PITT RIVER: MACINTYRE CREEK TO GRANT NARROWS 

Environmental C o n s i d e r a t i o n s 

Highl ight s 

A p r o v i n c i a l W i l d l i f e Management Area e x i s t s on the east side of 
the P i t t R i v e r . The Siwash I s l a n d and Widgeon Creek area has also 
been proposed as a management area but most of i t i s c u r r e n t l y 
p r i v a t e l y - h e l d land. The s e c t o r i s h i g h l y valued f o r w a t e r f o w l 
and w a t e r b i r d s , anadromous and r e s i d e n t f i s h , , and w i l d l i f e such 
as r i v e r o t t e r , m u s k r a t and b e a v e r . S p o r t f i s h i n g and 
r e c r e a t i o n a l canoeing i s popular i n Widgeon Creek. The s e c t o r has 
year-round s e n s i t i v i t y to s p i l l s . 

Summary (Note: Marsh has year-round s e n s i t i v i t y ; s p i l l r i s k to 
p l a n t s i s higher during Mar-Oct a c t i v e growth phase.) 

L o c a t i o n Resource Temporal 
S e n s i t i v i t y 

P i t t R i v e r - i n t e r t i d a l marshes Mar • - Oct 

- salmon & t r o u t ; 
r e s i d e n t f i s h e s 

year round 

- waterfowl & waterbirds year round 

Widgeon Creek - i n t e r t i d a l marshes Mar -- Oct 

- salmon and t r o u t year round 

- waterfowl & waterbirds year round 

- salmon & t r o u t sport year round 
f i s h i n g 



50 

Countermeasures 

Overal1 Sector 

As was noted f o r Map No . 9 , i t i s u n l i k e l y t h a t s p i l l s would 
i n t r u d e i n t o t h i s s e c t o r of the r i v e r . The r e l a t i v e l y h i g h 
environmental s e n s i t i v i t y of vegetated r i v e r bank and extensive 
marsh h a b i t a t a s s o c i a t e d w i t h Siwash I s l a n d n e c e s s i t a t e t h a t 
m i n i m a l o r , p r e f e r a b l y , no d i s r u p t i o n to s h o r e l i n e take place. 
Water-based cleanup methods would be used to deal with s t a t i o n a r y 
a c c u m u l a t i o n s of c o n t a m i n a n t as has been i n d i c a t e d f o r other 
r i v e r reaches. 
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APPENDIX B 

CROSS-REFERENCE FOR FISHERIES AND OCEANS ENUMERATED SITES 

Numbers a s s i g n e d t o the DFO enumerated s i t e s on the o p e r a t i o n a l 
maps a r e l i s t e d u n d e r Manual w h i l e c o r r e s p o n d i n g DFO d e s i g n a t i o n s 
a r e l i s t e d u n der DFO. T h i s l a t t e r number s h o u l d be q u o t e d when 
c o n t a c t i n g t h e D e p a r t m e n t o f F i s h e r i e s and Oceans f o r f u r t h e r 
i n f o r m a t i o n . 

Manual DFO 

1 6 : 9 , 24 : i 4 
2 6 : 9 , 24 : i l 1 
3 6 : 9 , 24 : 9 
4 6 : 9 , 24 : 7 
5 6 : 10 , 5 : 5 
6 6 : 10 , 18 : 3 
7 6 : 10 , 2 : 1 
8 6 :8,9: i 2 
9 7 : 9 , 2 4 : i 18 
10 7 8,17 : 116 
1 1 7 8,16 : 14 
1 2 7 9,27 : 1 2 
13 7 9,27 : 10 
14 7 10,5 : 8 
15 7 10,11:6 
16 7 9,6: 4 
1 7 7 9,6: i3 
18 7 9,6: i 2 
19 7 9,6: i l 
20 8 8,30 : i 2 1 b 
21 8 : 8,30 : i 2 1 a 
22 8 : 8,30 : i 1 2 
23 8 : 8,31 : 10 ' 
24 8 : 8,30 : i 8 
25 8 : 8,31 : 19 
26 8 : 8,30 : i l 7 
27 8 ; 8,30 : i l 5 
28 8 : 8,30 : i l 3 
29 8 : 8,30 : i l i a , 
30 8 : 8,30 : i 4 
3 1 8 : 8 ,30 : i 9 
3 2 8 : 8,30 : i 5 
33 8 : 8,31 : 7 
34 8 : 8,31 : 3 
35 8 : 8,31 : 1 
36 8 : 8,31 : 6 
3 7 8 : 8,31 : 2 
38 4 : 9,18 : i 4a,b 
39 4 : 9,18 : 2 
40 4 : 9,7: 3 
41 4 : 9,18 : i 1 

Manual 

42 
43 
44 
45 
46 
47 
48 
49 
50 
5 1 
52 
53 
54 
55 
56 
57 
58 
59 
60 
6 1 
62 
63 
64 
65 
66 
6 7 
68 
69 
70 
7 1 
7 2 
73 
74 
75 
76 
7 7 
78 
79 
80 
8 1 
82 

DFO 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
10 
10 
10 
10 
10 
10 
10 
10 
i o 
10 
10 
10 
11 
11 
11 
11 
11 
11 
1 2 
1 2 
1 2 
1 2 
1 2 
1 2 
1 3 
1 3 
1 3 
13 
13 
13 
13 

8 , 
8 , 
8 , 
8 , 
8 , 
8 , 
8 , 
8 , 
8 , 
8 , 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

14 
1 2 
10 
i5 
8 

23 
23 
23 
14 
23 
8 : 6 
22:3 
23 : 4 
22,23: 
22:1 
8,22: 
28:8a 

i 2 a , b 

22 
22 
28 
28 
1 0 
22 
22 
29 
29 
29 ; 
29 : 
29 : 
29 : 
29 : 
29 : 
29 ; 
20 : 
30 : 
2 1 : 
30 : 
2 1 : 
30 : 
30 : 
20 : 
21 , 
20 : 
30 : 
21 , 
21 , 

i2 

i l 5 
, b , c 

1 3 
1 1 
6 
4 
22 
i 9 
7 
5 
i3 
1 a . 
6 
4 
5 
3 
2 
1 
5 
6 
i3 
4 
2 
i 1 

4 
5 
30 : 
3 
i 1 

30 : 2d 
3 0 : 2 a , b , c 

2e 



APPENDIX C 

SPILL EQUIPMENT DEPOTS 

CANADIAN COAST GUARD BASE:SEA ISLAND, MIDDLE ARM 

BOOMS 

1830 m Bennett boom (0.9 m) 
1 Vikoma Sea Pack - CCG base K i t s i l a n o 
1 308 m Versatech d i s p o s a b l e boom ( 0 . 5 m) 

SORBENTS/DISPERSANTS 

80 cartons of O i l Snare 
10 cartons of Conwed 
17 r o l l s of 3M 
10 drums O i l s p e r s e 43 (204 l i t r e s each) 
2 d i s p e r s a n t back packs (22.7 l i t r e s each) 
2 sets of vesse1-mounted d i s p e r s a n t spray 

equipment c/w pump & concentrate adapter 
1 inshore d i s p e r s a n t spray pump 

BOATS/SPECIAL VEHICLES 

1-29 m c u t t e r - CCG base K i t s i l a n o "Rider" 
1 S.R.N. 5 + 1 - S.R.N. 6 H o v e r c r a f t - Sea 

Is l a n d (273-238 S.A.R.) 
1-4x4 c/w r a d i o telephone ( c a l l channel 

N410291) and marine VHF r a d i o (channels VHF 
RAY 55) 

1 u t i l i t y t r a i l e r 3.05 x 1.8 m 
5 boom t r a i l e r s (0.9 m Bennett boom each) 
1-11.4 m sea t r u c k c/w crane, 1000 kg, VHF 
ra d i o 25 W 
1-6.4 m Boston whaler 
1-3/4 ton truc k c/w VHF r a d i o RAY 55 
1-3 ton f l a t deck tru c k w/hydraulic crane, c/w 
VHF r a d i o 

1-13.7 m E q u i p m e n t / t r a i l e r 
1-6.77 x 2.46 m U t i l i t y t r a i l e r 
1-7.6 m O.S.C. Communications t r a i l e r 



CANADIAN COAST GUARD (Continued) 

SKIMMERS/PUMPS/TANKS 

1 s l i c k l i c k e r - v e s s e l mounted 
3 spate pumps 
2 Komara Mini-Skimmers 
2 back packs 

10-4545 l i t r e Port-A-Tank 
1 O i l Mop (se m i - p o r t a b l e ) 
2-115 V g a s o 1 i n e / d i s p e r s e n t pumps 
5 Transtech c o n t a i n e r s c a p a c i t y 2.6 m3 each 
1 O i l Mop 
1 MI30 Skimmer 
1 D e s t r o i l screw pump 

l-2kW p o r t a b l e generator - 110V AC 
2 f l o o d l i g h t assemblies 
3 p o r t a b l e f l o o d l i g h t assembly with gas engine 

9-3 W T r a n s c e i v e r VHF Ch. 6, 11, 12, 16, 18A, 
81A 5-3 W T r a n s c e i v e r VHF Ch. 6, 12, 16, 81A 
1-25 W Repeater - Ch. 81A 
1-25 W P o r t a b l e u n i t 

GENERATORS/LIGHTS 

COMMUNICATION EQUIPMENT 

SAFETY EQUIPMENT/SPECIAL CLOTHING 

100 
100 
100 
15 

pr. rubber boots 
pr. each socks and 
s u i t s r a i n gear 
" F l o a t e r " coats 

i n s o l e s 

OTHER EQUIPMENT 

100 
1 

rake s 
steam c l e a n e r ( p o r t a b l e ) 
l o c a l resources 



BURRARD CLEAN OIL SPILL CO-OPERATIVE:BURRARD INLET 

BOOMS 

2000'-24" harbour boom 
2000'-36" harbour boom 
1800'-36" compactible boom 
500'-12" gundry bilmac type 

BOATS 

1- 27' work boat w/outboard motor 
2- 18' work boat w/.outboard motor 

SKIMMERS/PUMPS/FITTINGS 

Burrard Cleaner #1 - 48' s e l f p r o p e l l e d v e s s e l 
Burrard Cleaner #2 - 50' s e l f p r o p e l l e d v e s s e l 
2 Morris Ml-2 skimmers 
1 Komara skimmer 
1 O i l Mop (Mark II-9 DP) 
1 Scavenger 

PUMPS/HOSES/TANKS 

1- 1600 g a l l o n PVC tank 
.1-1000 g a l l o n PVC tank 
2- Homelite gas-powered pumps 

sundry hoses 


