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PREFACE
This se.éond volume of the study report "The West Coast Oil Threat in
Perspective' is the main body of the report and includes both conclusions and
recommendations.

- Volume III contains the maps we refer to in this volume.

We recognize that this volume is a lengthy document and refer those

interested in a summarized form to Volume I.



FOREWORD

As the final sections of this report are being written - in mia-March, 1972 - a Panamanian freighter
bound for Vancouver with a load of Japaneée automobiles is aground on the rocky shoreline of Austin Island
adjacent to the newly established Pacific Rim National Park (Refer to Map 1), The vessel ran aground in
typical weather for this time of year late on the evening of March 14, It was badly holed and approximately
450 tons of bunker fuel and unknown quantities of diesel and lubricating oil were released. Some of this oil
has already ended up on the rocky shorelines of Austin and adjacent islands. Attempts are being made to

contain and remove the oil slicks that are still on the water as a result of that wreck.

This 450 ton spill, which has already prompted widespread attention on the west coast and has proved
to be the first real testing ground for oil spill contingency planning on this coast, represents less than a
two hundred and fiftieth part éf thetotal cargo of one of the supertankers that will start to operate on
the Cherry Point tanker route at a rate of one per month in 1972, Regardless of Alaska crude, which would not
be shipped to Cherry Point before 1975, one and a half million tons of crude oil will come to the Cherry Point
refinery in foreign flag tankers in 1972, 1973, and 1974. From then on; shipments of Alaska crude would lead

to an average one 120, 000 ton capacity American flag tanker coming to Cherry Point every five days.

Four hundred and fifty tons of oil represent a fraction of the spill that can be anticipated through a



tanker grounding or through a collision between a tanker and one of the 7, 500 major ocean-going vessels that

enter the Puget Sound/Strait of Georgia area via the Strait of Juan de Fuca every year.

The grounding of the Vanleneis the fourth incident that we have had a chance to observe within our

West Coast/Juan de Fuca/Strait of Georgia study area during the short time that this study has been underway.

On December 14, 1971, a self-admitted human error during the course of pumping operations from a
half million gallon capacity barge to shore-side tanks at LangBaynear Powell River resulted in the accidental

spillage of nearly 9,000 gallons of gasoline.

On March 10, 1972, 1,000 gallons - less than 5 tons - of bunker oil was spilled from a Canadian forcesA
vessel at Nanoose Bay on Vancouver Island. Alucky combination of tidal conditions and the presence of a
readily available clean-up force of 300 servicemen made a quick clean-up possible. However, even that

comparatively tiny spill took two days to clean up and has resulted in the closure of commercial oyster harvesting.

Only a few days later, on March 18, an unknown amount of oil going through refinery operations spilled
from the Standard Oil refinery on Burrard Inlet. The spokesman for the oil company was quoted as saying: "We
know the cause; it's one of these things you can't do anything about - it was a mechanical failure, not a case of

carelessness, "
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Four incidents within four months, and each a question of human error or mechanical failure.

Each of these spills represents but a minute fraction of the amount of oil that will actually be spilled

in a tanker collision or grounding along the supertanker route from the open Pacific to Cherry Point,

This comment on four incidents that have occurred while we have been undertaking a predictive study
on an oil transportation system that is yet to go into operation, provides the very real day-by-day backdrop

to the report that follows,



CHAPTER I - INTRODUCTION

THE CONTEXT OF THE PROBLEM

Man has been transporting crude oil and petroleum products by sea for over fifty years, yet only in
the past five has he really become conscious of the actual and potential impact of oil spills on the marine

environment.

Obviously, one of the key factors in this awareness of the environmental dangers of oil spills is the
growing world-wide concern for the impact of man's activity on his environment. Coincidental with this
growing concern, and part of its cause, is the technological change that is taking place in oil transportation.
For years we have been transporting oil cargoes in relatively small tankers with capacities in the 10, 000
to 20,000 ton range. However, during the past ten years, we have seen the emergence of the supertankers -
vessels with capacities rﬁeasured in hundred thousands of tons - and a consequent drastic increase in the
potential damage from spillage, yet with relatively few technological advances in operational capability to

offset the potential dangers that spillage of these immense cargoes poses.

1. Torrey Canyon -

Against this general background of increased environmental awareness and advances in the economically

expedient facets of tanker technology, the Torrey Canyon went aground on the southwest shores of the British



Isles in 1967. This one incident, more than anything else, focussed world attention on the dangers inherent
in large-scale ocean transportation of oil and petroleum products.  Although spills had occurred prior o
the Torrey Canyon, this one, the largest in history, happened on the shorelines of a major maritime nation
and affected both British and French coastlines. Perhaps most significant, it occurred on the shores of

an advanced modern country withalcert news media able to focus attention on the problem, a well-
established scientific community able to document the immediate and long-term impacts of the épil],and

a technological strength capable of respondingtothc urgency of the problem.

2. Chedabucto

This broad world-wide concern was brought home to Canada in February, 1970, when the Arrow, a
relatively small tanker of 18,000 tons, grounded and broke in two off Chedabucto Bay in Nova Scotia,
spilling some 10,000 tons of heavy bunker oil onadjacent shorelines. After a slow start, a majof, well -
documented clean-up operation was initiated by the Canadian Ministry of Transport in close cooperation
with other Canadian government departments, resulting in a report entitled, "Operation Oil'.  We have

found it of invaluable guidance for our study but have deliberately attempted to avoid duplication.

The Arrow incident coincided closely with the voyage of the Manhattan through arctic waters to evaluate
the feasibility of transporting oil through arctic waters and had a significant impact on regulations to

protect Canada's shorelines, particularly in the arctic, from the dangers of oil spillage.
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3. Alaska Oil

Late in 1970, government officials and conservation groups in British Columbia rather suddenly became
aware of the potential threat to marine and shoreline resources on the west coast from plans to ship Alaska
0il by tanker from Valdez to a refinery at Cherry Point, near Bellingham. It became apparent later that
regardless of Alaska oil, crude would be coming to Cherry Point by supertanker. The route for this
trans-shipment would run adjacent to Canadian territorial waters in an area where arbitrary stra.ight-line
international boundaries are unrelated to natural marine environments. Canadians realized that a large oil
spill anywhere along the tanker route from S, W. Vancouver Island to Cherry Point, regardless of its position
in relation to the international boundary, had major implications for Canadian marine‘resources é.nd shorelines,

as tidal currents and winds have no regard for international boundaries.

Probably because of the major concentration of interest by American officials on the pipeline route
across Alaska and the fact that a route across Canada was also being suggested as a possible oil pipeline
location, Canadians had at first concentrated most of theirvinterest on the overland implications of oil
transportationv. However, some of this concern soon shifted to the tanker route as the public became

more conscious of the hazards of marine oil transportation,

. THE LIMITS OF THE STUDY

It is within this context, then, that this study began.



| S S S | £ & S S S S | K £ E_ 5

In its very simplest terms, the study sets out ''to assess and evaluate the socio-economic implications
on the marine environment of oil transportation and possible oil spills in the S. W. Vancouver Island / Juan

de Fuca'/ Strait of Georgia region. "

The term, '"socio-economic'' is a jargon way of asking, "What would be the effects on people?" So
much of the work on 0il studies to date has concentrated solely on the physical effects of oil spills on marine
resources and on the clean-up measures that could be undertaken. In almost all of the literature on oil
spills apart from the Chedabucto report, the implications for people from both an economic and life-style
standpoint, have been dealt with almost incidentally. Of course, any valid assessment of the ‘impact of
oil spills on people must be predicated on sound basic knowledge of the physical and biological implications

of those spills.

Because of the relatively recent interest in the hazards of marine oil transportation, vi‘r’tua'.lly no studies
have set out to determine beforehand what the site specific implications of oil transportation might be in a
given area (apart from work undertaken concurrently with this study on Puget Sound, and released too late

to be of significant help to us).

The main thrust of this study has been to examine the information that has been obtained on oil spills

and oil transportation elsewhere in the world and to relate it to the Strait of Juan de Fuca and the Strait of



Georgia.

To do this properly, it has been necessary to examine the actual oil transportation plans, vessel
limitations, traffic patterns in the area, water conditions, weather and known navigational hazards. This
physical information in turn has had to be related to an understanding of what would likely happen to oil
should a spill occur, the influence of tidal and wind movements on an oil slick, and finally and most sig-
nificantly, the impact that all of this would have on the marine and shoreline resources of the region.
Although obviously a complex undertaking, itis a very necessary one if Canada is either to make a strong
case against the planned tanker route or if she is to be in a good state of preparedness should any oil spill

occur within the region.

Right from the outset of the study we were aware that oil products had been moving through Juan de
Fuca and the entire Strait of Georgia for many years. Marine transportation has played a key role in the
d'evelopment of the region and the transport of petroleum products by sea has been a part of this development.
Spills that have occurred within the study region have, of course, all been part of this existing transport-
ation pattern and regardless of plans for shipment of crude oil to ‘Cherry Point, the concern for the dangers
inherent in marine oil transportation demands a betterv understanding of oil transportation and its implic-

ations within the study region.



Current and potential oil spill hazards within the study area fall into three main categories:

i) Harbour Problems

These include the numerous relatively minor spills that have always been occurring in harbours, at

storage facilities and at any points where oil is being transferred either from vessel to vessel or from

vessel to shore installation.

The oil spills that frequently take place in Vancouver harbour and other harbours throughout the study
region fall into this category. Spills of this type can be prevented in large measure by far more stringent
control over the actual manner in which oil is moved from vessel to vessel or to shore. Coastguard
monitoring of such operations in Puget Sound, for example, has resulted in a dramatic decrease in the
number of unident'ified slicks in the area. Furthermore, spills of this type are usually small and can
be fa; more readily cleaned up. Most of the contingency planning for controlling oil spills to date on the

west coast has concentrated on this type of spill.

Within the terms of reference of this study, relatively little attention has been given to the smaller
type of spill within harbours and at shoreline installations, though naturally the baseline information on

marine resources, their susceptibility to oil spill damage and methods of clean-up are directly applicable

to any spill.



ii) A Legacy Problem

A second level of oil spill threat is that posed by the existing transportation of petroleum products in
the vstudy area. While the bulk of crude oil used in B.C.'s coastal region is brought to refineries
by pipeline, the refined products are distributed to all the coastal distribution points, including many remote
logging camps and marinas, by barge or small tanker. In addition, all of the vessels coming into the study
region carry their own fuel cargo - some of the larger vessels coming into the Port of Vancouver and
Roberts Bank have a fuel capacity, for their own purposes, in excess of the total capacity of smaller

tankers and barges operating within the region.

For the most part, it is Within Canada's power to control gpill dangers from this local transportation.
However, although such dangers are important, we have been moving oil within the region for a consider-
able period of time thhout a serioué accident and’ also this area of concern lacks the time urgency and
magnitude posed by the tfansportation of.Alaska crude to Cherry Point. Nevertheless, the general
information on marine resources and their susceptibility to damage and clean-up methods is directly

-applicable to this internal movement of oil within the study region.

iii) The New Threat

A third and major area of concern is, of course, the transportation of crude oil to Cherry Point -

a new threat that is governed by factors over which Canada may have no control, and one with a serious
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sense of time urgency. This facet of the study has obviously received the heaviest emphasis.

LIMITS OF THE STUDY REGION

In order to obtain information on both the likely impact of existing oil transportation and the Cherry
Point tanker route, the study region has included the Strait of Georgia from Johnstone Strait to the inter-
national boundary, the Strait of Juan de Fuca and territorial waters of southwestern Vancouver Island to

a point opposite Tofino,

Within this much broader study region, the highest hazard zones in relation to the shipment of Alaska
crude have been identified and the heaviest emphasis has been placed on the likely impact of a spill within

those hazard zones.

STUDY CONSTRAINTS

All of the published material that we have dealt with on oil spills has been "after the case' information.
To apply this to the study area on a predictive basis demands as thorough a knowledge as possible of the
region and its resources in relation to the likely impact of an oil spill. Limited general background

data on the Strait of Georgia have been brought together only recently in connection with marine park studies,
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and we have taken these and similar information and examined them in the light of potential oil spills, recog-

mnizing that the information is still far from complete. If a meaningful assessment of the social and

economic impacts of a spill on these resources is then to be made, obviously that assessment must be

made on the best possible understanding of what the actual physical impact is likely to be.

It would be very misleading, for example, to simply deal with the economic values associated with the
marine resources of the study region as a whole on the assumption that all these resources would be affected
by a spill. It is true that the total resource complex of the region is at risk, but it is a serious over-
simplification to assume that total risks would be involved in even the most serious spill that could occur
within the region.- There are just too many variables operating, as this study will indicate. Even assuming
that we are dealing with a spill of crude oil of a given size, the time of year at which the spill occurs and
the meteorological and oceanographic conditions at the time of the spill are three major variables that
automatically introduce a; very wide range of potential impacts, and equally important, a wide range of

effective clean-up actions that could be undertaken.

Superimposed on this complexity of interactions that revealed themselves in more detail as the study
progressed, is the fact that the study deals in future po'ssibilities which are in many instances based on
dynamic living resources, about which scientific knowledge is still seriously lacking, and on the new and

still nebulous area of assessing recreational values.



OUR APPROACH

In the light of the foregoing constraints, the approach that has been taken falls into three main
categories, each of which represents an increasing level of reliability within which interpretations

could be made.

1. First we have dealt with the resources and oil transportation patterns of the study region at a
macro-level. Obviously one oil spill is not going to affectthe entire area, but since one main thrust

of the study is to provide information to assist in the clean-up of a spill should one occur, information

on the tota.l regional resource complex is important. At a region-wide level, however, resource abundancé,
economics and other values must be interpre»ted with extreme caution. They simply give an indication

of the total values within the study region, not the total values that would be affected by an oil spill.

2, Within this broad regional context, the study area has been broken into a grid pattern, and an
assessment has been made of the fulll range of resource values - commercial, recreational and
aesthetic-intangible value judgements - lying within each square of the grid. The system used in the
assessment is explained in‘more detail in the report. It has enabled us to identify shoreline and marine
areas where the impact of 0il spills would be greatest in terms of resource values affected. In addition,

of course, it gives an indication of resource values throughout the study region to help assess priorities

10



for clean-up operations should a spill occur. These higher potential resource damage zones can then
be combined with higher spill probability zones based on fransportation patterns and navigation consider-
ations to identify hazard zones. It iz within the hazard zones that quantitative and qualitative information

takes on even more meaning.

3.. fhe third stége of thé stuciy ha;invo];ved thé simulatioﬁ of oil spills of different t-ypes‘ at ‘cili.ff‘e‘rent
seasons of the yearlwithin selected haz‘arzd zones. At this level, it is p»ossible’ to be more preqise in
dealing with the impacts on a know.n« set of resources Within a knp\%fn region under given meteorological
and oceanographic conditions. Within th context of thesg bs‘cenharios? _pkc‘;te'ntial resource damage ihfqr-

mation becomes more realistic yet.

Again, two major constraints must be borne in mind. First, detailed knowledge of the abundance,
distribution and consequently, the economic or other values of some of the resources that would be affected
by an oil spill within the study region, is far from complete. This is particularly true of recreational

resources.

The second constraint is that in the light of the relative newness of research on the impact of oil spills
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on living resources, our knowledge of the long-range and sublethal impacts of oil on marine resources is

by/ no means éompléte.

The major significance of these constraints is to point out, as is the case with almost every environ-
mental argument, that a major cause for concern should be those facets of the problem in which our
knowledge is far from complete, and that this lack of knowledge in itself forces us to be extremely
cautious in any decisions that we make. On the one hand, predictions on the demand for petroleum |
products and on the economics of transporting those products can be based on plenty of prior experience,
and more important, they are subject to man-made decisions and manipulation. On the other hand, in
dealing with the impact of those same petroleum product demands on the environment, be it through ex-

traction or transportation, we have no background pool of knowledge to fall back on.

Equally s‘ignifica;nt,- the problems associated with those demands are not simply technologivcal and
economic, but rhay involve eéological imperatives to which man will have to adapt his demands, not vice
versa. Until we know precisely whether or not we are dealing with solvable problems that technology
can overcome, or with imperatives to which we must adapt our demands, then we should move with

extreme caution. = To date our track record in exercising caution and restraint has been poor.

This study does not try to deal with the international implications of the problem other than to point‘

12



out the obvious artificiality of international boundaries in dealing with marine pollution problems. We do,
however, touch briefly on international implications by determining which kind of action Canada can take
on her own, what kind of action she could take in cooperation with the U.S., and in understanding what

the problem demands on a broader level of international cooperation.

Another consideration that must be borne in mind is the fact that this study has been undertaken in
a relatively new area of work. Some major facets of the oil spill problem that could not be anticipated
at the outset emerged during the course of the study. This of necessity has made time constraints
difficult, because it was also essential to recbgnize the time urgency of the study. As the work pro-
gressed, new information from other sources published during the course of the study came to hand,
some of it unfortunately too late for incorporation in this report. In addition, policy moves relating
directly to the study Weré taking place and, as we have indicated in the foreword, oil spill incidents also
were occurring while the study was underway. Of necessity, for the study to be really meaningful and
not simply an academic exercise, the objectives in themselves became something of a moving target,
since there was little point in our preparing a report in a dynamic field to reach a completely static goal.,
We looked upon these difficulties as challenges vather than insurmountable obstacles. They do, however,
point out how much more very basic information we have yet to obtain if we are to manage even our own

territorial waters wisely.
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Finally, we are well aware that this particular study is only one component of a total analysis of the
problem of transporting oil from the arctic to U.S. markets. Much that has been written and said recently
about west coast oil transportation has involved a comparison of coastal and overland transportation routes.
We hope that this ’report’ will contribute to that comparative analysis. However, we must caution against

an over-simplified '"either - or' approach to the problem of oil transportation and the Pacific Coast.

Cherry Point refinéry is built and operating, and will be served by tanker supplies of crude oil, starting

this year,kquite ihdependeﬁtly of crude supplies from Alaska.

14



CHAPTER II - REGIONAL PHYSICAL CHARACTERISTICS

The limits of the study region have been established on the basis of both physiographic units and
transport patterns. The northern islands in the Strait of Georgia define the northeastern extent, while
heavy local marine traffic and the potential supertanker route demark the southern and western limits.
Major water bodies included are the open Pacific, Juan de Fuca Strait, Rosario Strait, Haro Strait, Strait

of Georgia and Johnstone Strait. (Refer to Map 1.)

Overall length of the region is about 200 nautical miles with a width varying from 10 to 30 nautical
miles. Some of the larger coastal inlets are more than 40 nautical miles in 1ength;' Thefe are fhreé
significant groupings of islands in the region -~ all within the Inland Sea: the Gulf Islands; Texada, Lasqueti,
Hornby and Denman Islands; and the northern islands. Through Juan de Fuca Strait to the open Pacific,

waters are much more exposed as no archipelago is found within them.
One outstanding characteristic of the study region is the number of shoreline miles relative to the
area of marine waters. Numerous islands, reefs and inlets make for an abundance of protected waterways

for both recreational and commercial activities.

Extreme variations in submarine and terrestrial topography create complex patterns of oceanography
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and meteorology, particularly in the Strait of Georgia. The many archipelagos and mountain ranges produce

a diversity and intensification of surface water currents and winds, the two main factors determining trans-

port and dispersion of oil spills. Following is a summary of oceanographic and meteorologic factors which

will include a brief consideration of their relevance to oil transportation. .

- Oceanographic Conditions

1. Wave Heights

Throughout the study regi;)n there are a number of sheltered coves which are relatively calm for most
of the year, but in area these are insignificant to the rest of the region. Within some of the narrow inlets,
wave heights occasionally reach 5 feet when strong gales occur. This is more common in the Straits of
Juan de Fuca and Georgia, while off the west coast of Vancouver Island maximum wave heights of 58 feet
have been observed (Drilling Rig SEDCO 135), There, where there is open exposure to the Pacific, meén

wave height in summer is approximately 5 feet, and in winter, 11 feet.

Although much of the region is an inland sea, its overall size is of significant enough proportions to
permit the formation of waves of such height as to prohibit viable boom or even slick-licker clean-up
operations. In terms of safety of transport, even supertankers may be threatened off the southwest

part of Vancouver Island.
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2. Water Temperatures =

Variations in surfage_ temperature are greatest in the Strait of Georgia and least on the west coast
of Vancouver Island and in tidal passes. They reach a maximum in summer in the open coastal Strait
of Georgia and in secluded coves such as Pendrell Sound in the northern archipelago where highs in the
70's have been recorded. In most of the main body of the Strait, summer water temperatures in the
mid-60's prevail, Whil_e those in the mid 50's are common in Juan de Fuca Strait and off southwest v

Vancouver Island.

In winter months, these lower to approximately 4590 throughout the study region, with the exception of
the somewhat colder Fraser River area of influence and in secluded coves during very cold winters when

water temperatures may drop to the low 30's.

Summer surface water temperatures, even off the southwest part of Vancouver Island, are well above
the pour point of most crudes being transported in the world. Alternatively, winter temperatures are low

enough to minimize the effectiveness of dispersants which might be used in the event of a spill.

3. Tides
. Although on a large scale, tides and tide currents are caused by gravitational attraction by the moon

and the sun, tides in such restricted marine areas as Juan de Fuca and Georgia Straits have their source

17
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mostly from ocean tides. There is, therefore, a co-oscillation of tides of the open Pacific and the two
Straits. Generally, the progressive tide wave moves from the ocean into Juan de Fuca Strait and thence
into the Strait of Georgia. However, there is also a tide wave which comes in through the northern
archipelago; the two meet in the general vicinity of Comox. The study region's smallest tide range

is near Victoria; this increases to the north through the region. Ranges in excess of 15 feet are common.
As tides on the Pacific coast of Canada have both diurnal and sem.i—diUrnal components, they are chjar—
acterized by a large difference between high and low water heights. These changes in sea level, deter-
mined primarily by phases of the moon, may also be reduced or exaggerated by meteorological conditions
such as atmospheric pressure or winds and cause an average change in range of 2 to 5 feet above or below

the normal predicted heights.

Because significantly large portions of coastline are very gently sloped (these often in recreational
or high biological productivity areas such as Boundary Bay which can least withstand the impacts of any

oil spill), tide ranges of 15 feet can cover large portions of intertidal zone.

4, Currents
In most of the study region, surface currents are mainly of tidal, wind and freshwater origin.
Water circulation is relatively rapid along the west coast of Vancouver Island, while in the Strait of

Georgia there is believed to be a net circulation which is counter-clockwise, although this has not been

18



fully substantiated by large scale current studies.

Deep waters require about one year for exchange. Surface layers are likely to be replaced more

frequently, but time scales are not known definitely.

With reference to Map 2, it can be observed that tidal current speeds vary from several knots in
narrow passages to a fraction of a knot in the central Strait of Georgia. In Juan de Fuca Strait, tide
currents attain 1-3 knots on both ebb and flood, in Rosario Strait and Boundary Pass they can be as high
as 5 knots, but in narrower passages such as Active Pass, they may even reach 8 knots. Although in
the open area of the southern Strait of Georgia, current speeds may be as large as 2 knots, they get
progressively smaller with distance to the north, so that in the vicinity of Texada Island, only a maximum
of 1/2 knot occurs. However, in the constricted northern channels such as Seymour Narrows, there is

a dramatic change to current speeds as high as 14 knots.

Current directions through tidal passages vary considerably; those through Rosario Strait are of
longer duration in the flood than the ebb; the reverse is sometimes true in Haro Strait. In most tidal

areas, net excursion is seaward.

The most notable influence to circulation in the study region in terms of river discharge is the

19



Fraser River. Although in winter months this influence is probably small except after periods of

heavybrainfall, ’during iate spring and early summer it can have an effect réaching as far as Poflier Pass
to the west .VVith speeds in éxcess of 4 knots having been recorded. The secondéry influence of this river
flow is the ;reation of a convergence area between fresh water and sea water often marked by a collection
of floating debris or foam. Internal waves occur fairly commonly during summer months when brackish

water lies over denser sea water. Such waves can disrupt regular surface flows as they may travel with,

against, or even perpendicular to the direction of tidal currents.

Tidal current conditions. in many of the passes in the Strait of Georgia can be a significant threat to
safe transport, particularly for any vessel not under full power or manoueverability. In terms of clean-
up, booming methods which have frequently proved viable elsewhere may possibly be useless even in
sheltered areés of the study region because of the intensity of tidal currents. | (Several experts contend
that booms lose their effectiveness in current speeds above 2 knots in shallow waters.) Furthermore, as
current patterns for the area can be made even more complex because of such facfors as the Fraser River

influence, predictability of spill direction and rate can not often be assumed.

Meteorologic Conditions

The most reliable meteorologic data available for use in this section were from well-established

20-



terrestrial stations and reflect conditions only close to shore as modified by topography. It should not be

assumed that similar conditions might prevail over open waters.

1. Fogs
The greatest frequency of fog on the B.C. coast occurs in the vicinity of Juan de Fuca Strait north-
wards to Barkley Sound with a tendency to persist on the Washington side of Juan de Fuéa. It reaches
a maximum at Pachena in August with 20 days per month and somewhat later, in October, around Victoria
with 15 days per month, when visibility of 1,000 feet or less is normal. In both these places, a minimum
occurs in winter of 1 to 2 days. vIn the Strait of Georgia, as recorded at Vancouver Airport, fog is ata
maximum of about 13 days in October and December, and at a minimum of about 1 day in May, June and
.Iuly. In general, the further north along the outer coast, the fewer days of fog per month, while in many
areas such as fiords, intermittent local fog situations result from cold snow meltwater moving out of
estuaries into the moist coastal environment. There are other areas with frequent early morning fog
which burns off by afternoon. Smoke from forest fires can also be found any time during summer months,

while that from slash burning by the logging indnstry is frequent in late September, continuing into

November.

In late summer and early fall when most other meteorologic and oceanographic conditions are least
hazardous, fog frequency approaches its maximum and is followed shortly thereafter by smoke from

21



slash burning in some areas. Although normally not considered a hazard to navigation, smoke must be
taken into account for supertankers because of their long stopping distance. Low visibility hampers not
only safe transportation as evidenced by shipwreck accident records for the mouth of Juan de Fuca but

also both aerial and surface spill clean-up coordination and operations.

2. Winds
The general wind system in the northeast Pacific Ocean is as follows: In winter the Aleutian low is
strongly developed in the Gulf of Alaska directing the mean airflow northward almost parallel to the coast,

a time when southeasterly to southwesterly winds dominate B.C.'s coastal areas. During the summer,

the North Pacific high controls the entire eastern half of the North Pacific so that northwest and we sterly

winds become most characteristic for the region.

Modifications to these patterns are frequent. For example, summer winds in Juan de Fuca Strait
may be modified by topography kso that they become southwesterly, while in marine channels and fiords,
winds tend to funnel up and down their axes. Diurnal winds prevail in most areas of the coast due to
land mass heating, although this is not as evident in winter. On the other hand, a situation occurs in
winter where migrating low pressure pockets create highly variable pressure conditions which can result

in marked day to day changes in wind velocity from calm to gale force.
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Recent studies have indicated that wind will move a surface oil spill with a velocity about 3% of wind
speed in the direction of the wind. Such afigure suggests that within tidal passages and off the southwest
part of Vancouver Island where current speeds are relatively high, winds, although high on the open
Pacific, might have only a moderate effect on current speed and direction. However, in the more open
parts of Juan de Fuca and Georgia Straits, wind might become a major determining factor in the move-
ment of oil spills as current speeds here are normally quite low in contrast to tidal passages. This
might be particularly true of Juan de Fuca Strait and current-sheltered portions of the coastline south of
Tofino, as winds throughout these regions are frequently quite strong.

The following general description is based upon a few selected oceanographic and meteorologic .para-
meters on a regional scale. However, in the event of an actual oil spill, site and time specific factors

must be used in order to deal realistically with the situation at hand.

Off the southwest portion of Vancouver Island, an oil spill might on average be transported shoreward
10 to 20 miles per day in winter months and under storm conditions this might easily be doubled. Thus,
if an oil spill occurred within 100 miles of this coast during the winter, it could under some conditions
reach shore within a few days. On the other hand, as winds and currents in this part of the study area
are extremely variable, it is quite possible that a major spill would never hit the coastline. Compared

to offshore Vancouver Island, oil spilt in the Straits of Juan de Fuca or Georgia would undoubtedly con-
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taminate large segments of the shoreline. From a large spill in Juan de Fuca Strait, no area of Juan de
Fuca could be considered sé.fe. A spill in the southern part of the Strait of Georgia might be carried
northward in the St.rait on the Vancouver side, and eventually southward on the Vancouver Island side,
unlegs the Ffaser River plume were strong enough to carry the oil towards the Gulf Islands. Depending
on wind conditions, if the spill occurred in winter months, many areas in the Strait could become con-
taminated, with the possible exception of inlets which have a large freshwater discharge. A spill during
spring and summer months would more likely be confined to the southern half of Georgia Strait - the
Gulf and San Juan Islands might be heavily contaminated and some oil could find its way into the Strait

of Juan de Fuca as well.
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CHAPTER III - MARINE RESOURCES

A. BIOLOGICAL RESOURCES

The study region has an excellent diversity and abundance of marine life. It supports some 1100
higher life forms including 300 recorded species of invertebrates, over 200 species of fish, 134

species of marine-associated birds and 16 species of marine mammals.

Similar to terrestrial environments higher life forms of the sea are dependent on the energy of
the sun. Phytoplankton in association with basic nutrients harness the sun's energy. In turn the minute
animals of the sea, the zooplankton, feed on the small plant life. Plankton supports many smaller fish
and filter-feeding shellfish, while grazing animals are dependent on higher plant forms for their environ-
ment as well as their food. Thus, in a total perspective, the predatory salmon, seals, killer whales and

many marine birds owe their existence to phytoplankton.

The most important zone in the study region that would be affected by an oil spill is the intertidal.
The distribution of plants and animals in this zone is dependent on such factors as temperature, salinity,
degree of exposure to wave action and the type of substrate. Throughout the study region there is a wide

variation in these factors and hence an extreme variation in the distribution and abundance of intertidal
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iife. ’SOme sandy beaches may support only a few species while rocky shores, particularly on the west
coast of Vancouver Island, may be literally covered with marine organisms. The intertidal and
littoral zcz;nes support the immature stages of many animals before they migrate to deeper waters.
Although most intertidal life is not of economic importance, it is an integral part of the food chain and
total ecology of the region and provides aesthetic and recreational enjoyment for both resident and

tourist.

Wintering ‘bird populations in the study area are outstanding. Some areas such as Boundary Bay
and the Fraser delta support thousands of birds during late fall, winter and early spring. The migratory
waterfowl, salmon populations and some marine mammals are of international importance and the

Strait of Georgia is particularly noted for its killer whales.

In this section we have attempted, where meaningful, to map, document and cost biological values
within the Straits of Georgia and Juan de Fuca and along the west coast of Vancouver Island to Tofino.
We have placed a greater emphasis on those species, particularly birds, that would be most adversely
affected by oil pollution. The study does not attempt to provide a pure biological inventory or éther
detailed scientific information, as collecting data on population sizes and distribution of many species

of plants and animals in the study region would be a time-consuming and complex undertaking beyond
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the scope of this study. As well there still exists only a very limited knowledge of the distribution and
abundance of many species. In later chapters of this report, the impact of oil on these resources

will be discussed.

1. Plankton

Phytoplankton are vital organisms in the total marine life food chain. They are the key to the
energy cycle, harnessing basic nutrients and energy from the sun. The production of phytoplankton in
the study region varies markedly both geographically and seasonally and therefore we have not attempted
to map or quantify it, Peak production in the Strait of Georgia occurs around mid-April and again
during late July or early August with optimum areas of production occurring around the periphery of the
Fraser River plume and in inshore embayments. The patchiness in plankton populations results in a
seasonal and locational distribution of fish and birds that depend upon plankton productivity. The Fisheries
Research Board has carried out fairly intensive plankton surveys in the Strait of Georgia which may pro-

vide baselines for comparison of planktonic productivity following an oil spill.

2. Marine Plants
The production of marine plants in the intertidaland littoral zones of the study region is high, par-

ticularly in swift-flowing tidal passages and over reefs and shoals where nutrients are abundant. Map 3
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indicates the locations of several of the more significant plant communities in terms of both density and

quantity.

Marine plants harness the sun's energy through photosynthesis and are a source of food and shelter
for a number of animals. Eel grass, for example, provides a site for herring spawning, supports
a wide variety of invertebrates and is food for black brant and other seabirds. Besides containing one of
the largest species of kelp in the world, the region also may support in the near future a considerable

commercial harvest of kelp.

3. Invertebrates

Although many species have no direct commercial importance, all have high ecological and aesthetic
values and are of considerable interest to tourists and beachcombers. Invertebrate populations are
found in tidal passages, on shoals and reefs, and also on shallow intertidal slopes, particularly in warmer

waters. Map 3 shows their more important locations.

Some of the better known examples of invertebrate fauna include octopuses (some of the largest in the
world), starfish, sand dollars, sea cucumbers, crabs, shrimps, oysters, clams, barnacles, mussels,

snails, jellyfish, sea urchins and chitons. The distribution of these organisms varies widely from one
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area to another - sandy and muddy shores may have only a few species while rocky shorelines may be
literally éovered \%/ith different species. " The dungeness crab, shrirﬁps, prawnsb, oysters aﬁd several
speéies of clams aré of considerable economic importance - hearly all of B.C, s total clam and oyster
produ(‘;tion;c(‘)mes from the study region. Maps 4,5 & 6 include the locations of areas utilized for the

commercial harvest of shellfish, while Appendix A shows their landed value at $1,072, 934 for 1970.

The Straits of Georgia and Juan de Fuca include virtually all species of fish found in Pacific Coast
temperate‘latitudes. In terms of sheer biomass, herring are probably the dominant fish species in the
study region and one of the main food sources for higher fish. Although the herring fishery was closed
for reduction purposes during the 1967-68 season, a limited fishery for bait and food purposes wa s
carried out until 1972 when the fishery was again expanded under a quota system (refer to Map 7). The
sites for herring spawning are usually in inshore waters at a wide variety of locations as shown on
Map 8. Sandlance and anchovies are other abundant species and a primary food for marine carnivores

while three species of smelt support minor recreational and commercial fisheries.

Halibut, English sole, rock sole, Pacific cod, and lingcod are important deepwater commerical

groundfish species, the principal commercial fishing areas of which are shown on Map 9. The majority of

these are caughtby trawlfrom mid-October tomid-Februaryor late March, but 90% of the lingcod catch is
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taken by handline and troll, mostly between March 1 and November 30. Lingcod, several species of
rockcod and sole also provide good recreational fishing throughout the study area. The catch values of

all commercial fish are shown in Appendix A.

Strictly from a commercial and recreational viewpoint, the five species of Pacific salmon are by
far the most important fish species with their average landed value from 1968-71 for the study region
being $12,057,700, or over five times the 1970 landed value of all other commercial fish and invertebrates.
Salmon are caught commercially by gillnet, seine and troll. The net fisheries concentrate primarily on
large runs of sockeye, chum and pink salmon to the Fraser River in late summer and fall, while smaller
operations fish the mid-Strait of Georgia chum and coho populations. Commercial salmon trollers are
primarily after col;o and chinook, with the number of trollers harvesting fish in the Strait of Georgia‘
varying froﬁl one hundred to two hundred. All major commercial salmon fishing areas are shown on

Map 10.

During migration to the open sea,young chinook and coho salmon are in the study region from April
to December with important nursery areas located adjacent to the Fraser delta as indicated on Map 8.
Because the Fraser runs are harvested by the United States and Canada, both countries have spent con-

siderable money to rehabilitate the stock to the point that hatch‘ery production may increase natural salmon
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populations by 25 to 40% and necessitate increased net fishing.

The study region is world-renowned for its coho and chinook sports fishery, the main locations
of which are also shown on Map 10. As explained in Appendix A, although estimates of fishing recreation
days per year for the study region vary from one source to another, it seems most plausible to assume
a figure of 3,000,000 with its value determined to be $45, 000, 000. Migrating steelhead, cutthroat and dolly
varden trout also enter most of the rivers and creeks flowing into the study area, with steelhead in parti-

cular supporting a unique and intensive sports fishery

. Marine-Associated Birds

In a review of the marine-associated birds of the British Columbia Coast, Taylor (1971) has compiled
in one document most of the available information on this resource. Birds are of particular interest to
this study because of their abundance and susceptibility to damage by oil. Many species migrate through
the region on their way to northern breeding grounds or more southerly wintering grounds. The study area
is also important as wintering habitat and is a breeding area for colonial nesting sea birds. Taylor found
there were 134 species present in B.C. coastal‘ waters at some period of the year, representing 18 fam-

ilies and 75 genera.
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There are 60 known colonial nesting sites within the study region most of which are found on small
"barren rocky islands or cliffs of larger islands in Barkley Sound or the Gulf Islands as illustrated on
Map 11. Sea birds are dependent on the biological richness of the sea for their own and their offspring's

food requirements.

The bird fauna off the west coast of Vancouver Island differs somewhat from the Strait of Georgia‘.
Pelagic species such as albatrosses and shearwaters are more abundant and, as in the case of the rare
short-tailed albatross, may range the Pacific coast from 10 to 500 miles offshore. Migrating shearwaters
and shorebirds, like "many marine-associated species, have a wide distribution and international significance,
and appear in the thousands in May and September. The Pacific west coast is also a nesting and rearing

area for 14 specie'sg of seabirds. The only Canadian colonies of Brandt's cormorant occur in Barkley Sound

and at Wickaninnish Bay near Tofino.

Coastal bays and estuaries along the west coast of Vancouver Island are important wintering grounds
for trumpeter swans. A 1970-71 count showed that of 1000 swans wintering on Vancouver Island, 700
were along its west coast - approximately 15% of the world trumpeter swan population. Small estuaries
at theheads of inlets provide good habitat for a variety of ducks and other important migrants including
the Pacific black brant, dusky, Vancouver and cackling Canada geese, and the lesser snow goose.
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The Straits of Georgia and Juan de Fuca are far more important to waterfowl than the west shores
of Vancou;\/er Island, as illustrated on Map 11. The eastern shore of southern Vancouver Island, the
Fraser delta and Boundary Bay make up the most important wintering area for waterfowl in Canada.
Between September and December, 2,000,000 ducks may use these foreshores with counts of over
100,000 ducks having been made in a single day on the Fra ser delta and Boundary Bay. During the
peak of fall migration, 20,000 greater scaup have been counted on Boundary Bay and the same number
of lesser snow geese may be observed at cne time along Roberts and Sturgeon Banks. During the height
of spring migration, 4,000 to 5,000 brant may be seen about the eel grass beds of Boundary Bay. Im-
portant but smaller.areas of waterfowl habitat occur amongst most of the northern islands adjacent to
Johnstone Strait with Kelsey Bay enjoying one of the largest wintering trumpeter swan populations on the

B.C. coast.

Foreshore areas in Georgia Strait are important habitat for the great blue heron in spring, as well
as a variety of shorebirds of which the most abundant species is the dunlin sandpiper. Active Pass con-
tains thousands of wintering Brandt's cormorants, loons, and western grebes, whuile many sheltered Lavys
throughout the Straitof Georgia winter large flocks of diving ducks, loons, grebes, murres, murrelets,
guillemots and cormorants. The Strait of Georgia contains the only nesting sites of the double~crested

cormorant in B.C. and half the known pelagic cormorant colonies in the province.
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Details of estimated economic values of marine -associated birds for 1972 are given in Appendix A
and include $4,100, 000 for nature study, as well as $98, 000 for federal and provincial license fees,
$30, 000 in payments to landowners for hunting, between $756,000 and $900, 000 for hunters' expenditures,

and between $420, 000 and $500,000 for the value of the hunting experience to the hunters themselves.

6. Marine Mammals

Marine mammals common to the study region include the harbour seal, sea lion, fur seal, killer
whale, dall porpoise, harbour porpoise and minke whale. In addition, river otters and mink are abundant
along many shorelines. Most of these species are particularly migratory, so we have not attempted

mapping their distributions.

Harbour seals are common throughout the area with major concentrations occuring at Boundary Bay
and in northern coastal inlets. Sea lion rookeries are found in the Long Beach-Barkley Sound area on
the west coast of Vancouver Island with recent surveys indicating there are just over 4,000 northern sea
lions on the B.C. coast. Fur seals are only abundant off the west coast of Vancouver Island during theif
migration to or from the northern breeding grounds on the Pribilof Islands. The region is particularly
noted foi‘ its killer whales. A recent survey estimated there were approximately 360 killer whales off

the B.C. coast with centers of abundance in Johnstone Strait and the Gulf Islands. The movements of
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the killer whale, dall and harbour porpoises around Vancouver Island are probably related to the abun-

dance of their prey that tend to concentrate in areas of high productivity.
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PHYSICAL & MAN-MADE RESOURCES

For man, the shorelines within the study region are perhaps the most important parts of the total
marine environment, It is at the shoreline, particularly in the intertidal zone, where man as a labnd'
animal first comes to grips with the sea. It is here that he finds marine resources most accessible

and where his activities usually have the first and most significant effect on the marine environment.

1. Beaches and Beach Use

Under this general heading are included all of the gently sloping intertidal areas composed of
relatively fine beach materials (no larger than cobbles) both in their entirety and in scattered pockets.
For example, a gently sloping rock shelf which is broken by an overlayer of sandy pockets is termed a
beach. (Refer to Map 12.) Beaches with a relatively gentle slope and sandy or gravelly material draw
the largest numbers of people. Areas which have pockets of sand intermixed with boulders or gravel
are equally as attractive to many people but they have a lower capacity to accommodate recreationists

in large numbers.

Most of the natural beaches within the study region are below the high tide mark with driftwood
usually lying along that mark. Some of the intensively used sites such as Stanley Park are cleared of
driftwood material thereby increasing the usable beach area. ‘The most extensive beaches within the

study region belong to the perimeter of the Fraser delta. However, there are larger ones on the
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eastern shore of Vancouver Island in the vicinity of Qualicum and Parksville, and others along the new
Pacific Rim National Park on the west coast of Vancouver Island. Numerous smaller sites are scattered

along the shorelines of almost the entire study region.

Most of the larger beaches suitable for recreational use have public access to them and a number
have been given park status. There is virtually no private ownership of beaches in the intertidal zone,
but many do receive private use where private recreational land development fronts on the foreshore

and where the public can enter these areas only by passing through private property or from the sea.

Two sources of information have been used to identify beach areas - Navigational charts for a
physical description of the beaches and Canada Land Inventory information to gain insight into recreation-
al capability,. We havenotattempted to measure acreage diréctly except in the scenario section of this

report, but have estimated 1, 350 shoreline miles of beach out of a total of 3, 270 for the study region.

It has been virtually impossible to obtain reliable, recent quantitative information on the use of
beaches for the region as a whole. Statistics on beach use have not been maintained in any uniform way
and even for some of the more heavily frequented sites such as those in the Greater Vancouver area and

the Qualicum area, information is fragmented.
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In the 1966 Lower Mainland Regional Planning Board study, '"Land for Leisure'!, estimates were
made of the total number of annual recreational outings per person in the B, C. Lower Mainland. By
applying thesé figgres to census districts 4 and 5, (Vancouver Island and the Lower Mainland) and then
estimating the percentage of total activities within those census districts that apply to the actual study
aréa, it can be approximated that there was a total of 10, 332, 000 swimming and beach-activity outings

in the study region in 1972.(See Appendix A.) Principal swimming areas are indicated on Map 13.

It should be stressed that the 1966 ' Land for Leisure'information is based in part- on U.S. Outdoor
R,esour—ces ‘Review" Commission reports from the early 1960's. Extrapolations of that data for 1972 do
not take into account changves in recreational habits and other factors introduced by tﬁe trend towards
outdoor recreational vehicles, nor do they take into account changes that have occurred since the early
1960's in beach access and foreshore land status. The ''Land for Leisure" figures therefore simply
represent the most recent data available and suggest that far more specific basic inventory information
is required. As an indication of the level of beach use in the Greater Vancouver area, the Vancouver
Parks Board estimates that nearly 4 million man days of use take place on the beaches of Stanley Park
alone. This figure incorporates repeated use by the same person and may be more properly termed
beach visits, but the very magnitude of such recreational beach use relative to any other form of outdoor

recreation is indeed significant and indicates the importance of recreational opportunities which are close

to home,
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2. Other Recreational Foreshore Uses

Under this heading are foreshore activities which include diving, beachcombing, nature study,
picnicking, sight-seeing and just'"walking along the beach'". As most of these have quite general
distribution throughout the study region, only scuba diving sites are located specifically - theseare shown
onMapl3, Intertidal rock pools are probably more significant for many summer recreational beach
visitors, particularly children, than sandy beaches - the success of Provincial Parks Branch.interpre—
tative programmes at sites within the study region is evidence of this. As the biologicalksection of
this report has pointed out, the intertidal zone is rich in living organisms that arouse a natural curiosity
about the sea and is not limited to any one particular season, although use of it wou1d4be most intensive
during the summer. Though it is difficult to pinpoint some sites as being more important than others,

areas adjacent to recreational sandy beaches and those with good access generally have the highest use.
On the basis of '"ILand for Leisure' information, these activities account for almost 5, 000, 000
outings annually. Again, this figure is an extrapolation from data of the early 1960's and does not take

into account changes in recreational interests and access patterns since that time.

3. Scenic and Aesthetic Aspects of Shorelines

The general scenic and aesthetic value of the marine environment tends to focus on the land-
sea interface - it is the total landscape-seascape created by a shoreline that probably provides the
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highest total aesthetic experience for most people. There is an obvious although not always well expressed
relationship between the aesthetic and scenic aspects of an area and such sedentary activities as driving

for pleasure or travelling by ferry. The appeal of a landscape/seascape as a unit and the effect it has

in attracting tourists and even residents is rarely explored, although the scenic attributes of an area

could well have a greater attractive value for a potential tourist than the specific recreational activities
available in it.  Too frequently the resident and regular tourist involved in specific marine-based rec-
reational activity lose sight of the importance of this '"broad picture' to the more casual first-time visitor.
Although it is difficult to single out particular areas because different types of shorelines offer different
combinations of values, quite spectacular scenery can be identified among the north and south Gulf islands;

in such fiords as Howe Sound, Bute Inlet and Barkley Sound; and in the Pacific Rim National Park.

s 80 00

In the absence of more recent data, the total estimate of some 15,000,000 annual individual beach
and other foreshore recreational outings within the study region is a good indication of the magnitude

and potential of this resource use.

40



4. Pleasure Boats, Marinas and Principal Harbours

Pleasure boating constitutes a major recreational use of the study region. Although there is a
shortage of current data on recreational boating in the Strait of Georgia, a detailed study was under-
taken for the Federal Department of Public Works by N. D. Lea and Associates in 1966, Their report
indicated that fesidents of the study area owned some 72, 000 boats and that by 1986 this would have
increased to 144, 000, A more detailed breakdown of the statistics onboating use can be found in

Appendix A of this report, where both recreational and commercial boating are discussed.

The bulk of the study region offers an expanding opportunity for all types of recreational boating.
Intensive use is greatest near major population centres in sheltered Waters such as Indian Arm,
Burrard Inlet and Howe Sound. The southern Gulf Islands and the islands at the northern end of the
strait, particularly near the approaches to Bute and Toba Inlets, are utilized heavily by both Canadian
and U.S. boaters on extended holiday cruises, and there is also extensive localized recreational
boating near small communities. At present, the density of boating use in the region is light, but at

some of the more favoured mooring spots, overuse of shore facilities is already noticeable.

The proximity of sheltered waters and ease of access to them is a key factor in the high recreational
boating value of the area. As well, the diversity of bdating opportunity afforded, ranging from short

day-use to season-long cruising opportunities, enhances this facet of recreational use. Varieties of
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boating experiences include saltwater canoeing, yachting and competitive sailing. As there is an
obvious overlap between recreational boating and tidewater sports fishing, we have provided more

detail on the relationship between these in Appendix A.

Because of the mobile nature of boats and boating activities, we have not attempted to map their
distribution. Instead, we chose to map marinas and principal harbour locations as they tend to be a
reflection of where more of the boating activities occur. As can be seen from Map 14, the bulk of these
are located near Vancouver and amongst the Gulf Islands. Most of the marinas are government owned
or maintained, while private recreational docks are usually the property of shoreline motels often
located along the more isolated shorelines. In addition, recreational boaters ére served by a network

of small harbour facilities catering to the commercial fishing fleet,

Extrapolation of data from the 1966 Lea report indicates that there are a total of 14. 3 million
boating recreation days per year by people owning boats within the study region. This does not
necessarily mean that all of this activity took place within the study area but it is again an indication

of the order of magnitude of recreational boating activity.

5. Log Booming and Storage

As forestry is B. C.'s largest industry, the study region contains a large number of log
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booming foreshore leases. Major .storage areas include Howe Sound, the Fraser River, large wood
processing plants such as at Port Alberni and log dumps at tidewater. Log stocks, both in booming
grounds ‘and raft transit, represent on the average a volume of approximately 770 million board feet
with a value of about $54, 500, 000, (More details are given in Appendix A.) This figure does not

include logs in barge transit or those stored in nontidal sections of the Fraser River, (Refer to Map 15,)

LAND STATUS

Included in this subsection are particular classifications and values which man places upon the
biological and physical resources already discussed. Itis an indication of some of man's priorities

and not necessarily a reflection of natural ones.

1. Parks and Park Reserves

Mapk16 shows the distribution of parks and park reserves throughout the study region. As
park res efvés are being frequently added, the distribution presented does not include tﬁe most recent
acquisitions. Most of the developed parks are located in the southern portion of the study area with
many small ones dotting the shorelines of the Gulf Islands. A number of these include facilities for
pleasure boaters. All parks shown on the map are provincial, with one significant exception - the new

Pacific Rim National Park near Tofino on the west coast of Vancouver Island.
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Within the park system of the region, tidewater parks undoubtedly have a higher attraction to
visitors than interior parks. They contain an added environment for visitors to explore and appreciate.
The biological, recreational and aesthetic appeal of the intertidal zone has been discussed previously in

this chapter.

Very little specific information is available on the numbers of visitors to these parks. There are,
however, some obvious trends. The developed parks which lie closest in travel time to large population
centres receive the largest number of visitors with Stanley Park as a good example. Secondly, summer
usage is usually much heavier than winter particularly for those parks in which people camp or in those
which are most distant from population centres. The reason is obvious; people are less willing to camp

or embark on longer trips in inclement and uncertain weather.

In actual numbers, the statistics of the B. C. Department of Travel Industry, with some interpreta-
tion, suggest that 300, 000 visits were made in the study region in 1970. Although we are not in
possession of actual figures, we have estimated that two thirds of this number would be distributed

throughout tidewater parks, i. e, some 200,000 visits in 1970.

The quality of the recreational experience offered within these parks is excellent and irreplaceable,

and a number of them offer some of the finest sheltered waters for pleasure craft in the entire world.
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Many of the waterways contain moorages and land facilities for the boater as well as for the ferry
traveller who has driven his vehicle to campsites nestled in groves of Arbutus and Garry Oak.
Recreationai surveys done on the Gulf Islands show that visitors and residents spend much of their
leisure time on park beaches where they can swim, relax on the sand, or collect oysters and clams

from the rich intertidal zone.

2. Ecological Res erves

Ecological reserves are parcels of land of sufficiently unique or representative biological
value to warrant preservation. They are held aside by the Provincial Crown to allow natural processes
to proceed undisturbed. In the study region are nine ecological reserves whose perimeter abuts the
coastline. (Map 16), Their particular features include marine wildlife colonies of mammals and sea-
birds’and habitat s such as salt water marshes. As most of these reserves are being preserved for

study purposes, extensive use of them is discouraged, although limited recreational use is occasionally

permitted.

3. Indian Reserves

Map 17 shows the distribution of Indian reserves in the study region - most of them are
historic settlements which occupy very attractive and biologically productive bays and estuaries. In

many, families of native people live in year-round residence, while in others, the land is vacant or



receives itinerant use. Fis hing camps in particular are used for only a short period of the year.
The greatest numbers of reserves are found in Barkley Sound and amongst the Gulf Islands with
the largest populations of occupied reserves occurring near large population centres. Most of the
native people who are employed are in the extractive industries, such as fishing and logging. In more
distant reserves, the people pursue a life fairly subsistence-oriented and dependent on the harvest of
natural resourcés. Some are also using parts of their reserve lands for development purposes, e. g.

at Tsawwassen and Capilano,

4. Real Estate Values

The value of waterfront land suitable for residential development within the study region has
shown a tremendous increase over the past ten years with every indication that the trend will continue.
Map 18 indicates by zone approximate land values by waterfront foot. The more accessible southern
portions such as the Gulf Islands lie within a Mediterranean climate considerably drier and sunnier than
the Lower Mainland of British Columbia. Although, originally, those islands were popular for cottage
developments, they now include a significant proportion of permanent residents. Serviced waterfront
land on the southern Gulf Islands and on the attractive beach areas of southern Vancouver Island retails
for $100 to $250 per waterfront foot. Rocky beach frontage and rock bluffs, serviced, sell for $75 -
$150 per waterfront foot. On Vancouver Island, in the vicinity of Nanaimo, cost of purchasing land in

waterfront subdivisions averages $150 - $200 per foot. The wholesale value of foreshore property if
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bought in large parcels averages to $30 per foot.

The northern section of the study region near Campbell Rivér and the northern archipelago are
becoming increasingly valued as recreational property. Although the climatic conditions from
Campbell River north are more inclement as rainfall is heavier and the number of hours of sunshine is
lower than in the southern Gulf Islands, there is every indication that these northern coastal lands will
become increasingly valuable real estate as development in the south becomes more dense. Any

improvements in access would certainly cause a rapid upsurge in land values.

Toba and Bute Inlets are typical coastal fiords with precipitous walls which plunge into the ocean.
Foreshore areas and intertidal zones are narrow and steep - much of their shoreline is therefore
unsuitable for residential or recreational development. With the exception of logging road networks

which are us ually separate from the provincial highway system, access to these areas is by boat only.

The west coast of Vancouver Island is relatively isolated. Roads there focus on a very few coastal
communities whose economic purpose is various forms of resource extraction such as fishing, logging
and mining. Much of the shoreline on the west coast of the island is precipitous and, according to
current market trends, of relatively low value. The rainfall in the area is high - storms from the

Pacific bring strong winds, fog and cloud. There are, however, a number of attractive beach areas

which remain in a comparatively wild state, and according to our sources of information, many have
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been examined by land speculators. Successful vacaticén resorts in the proximity of the new Pacific
Rim National Park have already been established. Despite the stormy climate, it appears that land
fronting the open Pacific with its attractive intertidal zones and weathered cliffs has attracted an
increasing number of vacationers during the past few years. The establishment of Pacific Rim Park

will undoubtedly focus more interest on the area, road access will improve and real estate prices will

go up.
Overall, the coast within the study area is of very high current or potential land value. At present

the principal limiting factor is access. Undeveloped areas furnish an interesting market for land

speculators as waterfront land will certainly continue to increase in value.
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CHAPTER IV - TRANSPORTA TION

A. Movement of Oil and Oil Products

1. Crude Oil

For the purposes of the discussion of the transport of oil and oil products in this chapter, the area
of concern is southwestern British Columbia and the states of Washington and Oregon. Within this area
there are no sources of crude oil and it is clear that unless a major trans-shipment centre is located in
the region, the volume of imported crude oil will be limited to the amount necessary to satisfy the
regional demand for oil products. Whether or not such a trans-shipment centre will be established
cannot be predicted on the basis of present public information, although the possibility of a new pipeline
being built to carry Alaskan oil from Puget Sound to the U.S, midwest has been expressed. Currently,
Canada does export a small amount of crude oil to California from Vancouver, totalling about 9, 000

barrels per day (bpd).

At present, the entire demand for crude oil in the region is met by the Trans -Mountain Pipeline.
This pipeline has a capacity of about 380,000 bpd, and serves four refineries in southwestern British
Columbia (102,000 bpd) and four refineries in Washington (240, 000 bpd), including Atlantic Richfield's

Cherry Point operation. The National Energy Board has made a petroleum product demand forecast for

49



British Columbia which is shown in Table 1. Also shown is a forecast of the demand for oil via the
Trans~-Mountain Pipeline in Washington and Oregon, based on the present pipeline throughputs and the

annual growth rate of from 3.0% to 3.2% in the demand for oil products being experienced by Washington.

TABLE 1
Year British Columbia Washington & Total
Oregon
1975 148, 000 bpd 262,000 bpd 410,000 bpd
1980 179,000 307,000 486,000
1985 220,000 359,000 579,000

1990 254, 000 420,000 674,000

All of the British Columbia demand is not in the southwestern region, and since Trans-Mountain has been
given permission to expand their capacity to 600,000 bpd as required, it is evident that this pipeline could

supply the area of concern on its own for at"l‘east the next 15 years.

There is a large variation in the estimates of the initial flow of oil through the Trans-Alaska Pipe-
line System (TAPS) should it become operational. | »These estimates range from 200,000 to 600, 000 bpd,
with the design capacity of 2 million bpd being the only generally agreed.upon figure, though it is not known
when this throughput would be reached. Therefore, any estimatés of the volume of tanker traffic which
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‘¢ould leave the port of Valdez are uncertain. Two further considerations add to this uncertainty, the
first being the possibility of exporting Alaskan crude oil to countries such as Japan. The second is the
possibility of a new pipeline being constructed from the Puget Sound area to serve the U.S. midwest.
Both of these considerations could greatly affect the volume of oil leaving Valdez and the amount of

tanker traffic coming into the Puget Sound area.

Of the present oil movements by tanker to the U.S. west coast, approximately 13% is delivered to
Puget Sound and the remainder to California. According to Dr. Wilson Laird, Director of the Office of
Oil and Gas of the U.S. Department of the Interior, the addition of Prudhoe Bay oil to the system would

not be expected to markedly change this percentage split of deliveries.

The Atlantic Richfield Oil Company (ARCO) would likely be uéing both 120,000 ton (854,000 barrel)
and 70,000 ton (498, 000 barrel) single-boftom tankers for r‘n’(-JVing Alaskan crude oil. One ship, the
70,000 ton "Prudhoe Bay', has already been launched, and four more are under construction - an addition-
al one of 70,000 tons and three of 120,000 tons. It is the larger tankers which would likely be coming

into Cherry Point.

Therefore, assuming that all of the oil leaving Valdez would be delivered to the U.S. west coast,

Table 2 can be constructed indicating what the frequency of tanker arrivals from Alaska in the study area
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would be at three levels of TAPS throughput.
TABLE 2
TAPS Throughput (bpd)
200,000 600, 000 2,000,000
Volume delivered to 26,000 78,000 260,000
Puget Sound (bpd)
Arrivals of 120,000 ton 0.9 2.7 9.1

tankers per month

The Alyeska Pipeline Service Company, assuming the use of 120,000 ton tankers has made a similar

kind of estimate which is shown in Table 3.

TABLE 3

TAPS Throughput (bpd)

600, 000 1,200,000 2,000,000
Sailings from Valdez 31.2 57.8 77,0
per month
Arrivals in Puget Sound 5.7 6.6 6.6
per month
(% of total sailings) (18%) (11%) (8. 6%)
Volume delivered to 162,000 188,000 188,000

Puget Sound (bpd)
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In a statement made to a U.S. Congressional inquiry, ARCO presented the same estimates of

tanker arrivals.

If enough Alaskan oil comes into Puget Sound, it is possible that Canadian oil could be eliminated
from Washihéfon S'téteﬂl a.rll‘d aLbsorbed into the U.S. midwest. The estimates of tanker arrivals by
Alyeska and ARCO yield a volume of crﬁée oil irﬁport 'thclh ‘greatly exceeds the ‘100, 000 bpd refining
capacity of the Cherry Point operation. Use of Dr. Laird's figure of 13% gives import volumes even
more out of line with that capacity. These inconsistencies suggest that the U.S. oil companies are

anticipating relying on Alaskan crude rather than Canadian crude in the U.S. northwest.

Dr. Laird has also indicated that arrivals in Puget Sound of Alaskan oil would be around 200, 000 de
if Canadian oil is not excluded from Washington State, 400,000 bpd if it is excluded, and 1 million bpd
if a pipeliné 1s constr:’ucft_e-:l from Puget Sound to thé U.S. midwest. These figures translate to 7.0,
14,0 and 35<.,2_ arrivals per month of 120,000 ton tankers, and are very much out ofliné with other
estimatés‘dislc’u;ssed above. The wide variance in these figures illustrates the lack of reliable infor-

mation on the use of Alaskan oil.

Only a first approximation of the expected arrivals of tankers from Alaska can be made from various

numbers given above. Should -TAPS begin operation, there would likely be at least five or six tankers
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arriving per month at Cherry Point.ﬁ As the pipeline throughput increased to capacity, the number of
tanker arrivals in the study area would also increase, but the amount of the increase is uncertain.
Unless the status of Canadian oil in Washington State changes and/or a pipeline to the U.S. midwest is
built, the number of arrivals would probably be about sevan per month, increasing gradually as the
demand for oil products increases. Should either of these changes occur, the number of arrivals could

easily be double or triple that figure.

The refineryat Cherry Point is currently operating at about one half of its capacity, and receiving
all of its crude oil via the Trans-Mountain Pipeline. ARCO is planning to bring in one 120,000 ton

foreign flag tanker per month to augment this supply beginning this year.

The various routes used in transporting oiland oil products in the study area are shown on Map 19.
The Alaskan tankers would likely come down the west coast of Vancouver Island, about sixtyr‘ miles off-
shore, turn to the south of the La P&rouse and Swiftsure Banks, and enter the Strait of Juan de Fuca
from a southwesterly direction. They would then proceed through the strait, pass to the west of Smith
Island, and up through Rosario Strait to Cherry Point. Haro Strait could possibly be used as an alternate

route, especially for ships leavingCherry Point in ballast if Rosario Strait is made a one-way traffic lane.

Relative to the volume of traffic in the study area at the present time, the number of tanker arrivals
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from Alaska would be insignificant. The number of deepsea sailings from the principal Canadian ports
in the study area was 3,1 31 in 1969 and 3,501 in 1970, In 1969, the total number of departures of

large commercial vessels from U.S. ports in Puget-Sound and along the shores of the Strait of Juan de
Fuca and Rosario Strait was 4,368. Thus, the total number of departures was 7,499 in 1969. The.
total for 1971 was likely greater though the exact figures are not presently available. = Assuming that

7 tankers would be arriving per month from Alaska, the annual total of arrivals at Cherry Point would
be 84, or about 1.. 1% of the total 1969 traffic of large vessels in the study area. It can, therefore, be
concluded that on the basis of volume alone, the additional traffic in the study area which would result
from the estéblishment of this tanker route would not add significantlvy to the frequency of ship collisions
now experienced. The restricted manoeuverability of these large tankers, however, could involve them

in more than an average number of accidents.

One alternative to the Valdez-Cherry Point tanker route is a pipeline through the Mackenzie River
vélley to Edmonto‘n." 'From this point the oil could be moved to the west coast via the Trans-Mountain
pipeline or eéétward via the Interprovincial and Lakehead pipelines. Thus, it is entirely possible to
supply Washington with Alaskan crude oil without the use of the proposed tanker route, and at the same
time make more oil available to the U.,S. midwest. Of course, this alternative would not take into
account the supply of crude oil to California, and would complicate the exporting of Alaskan oil. It

also merely exchanges one set of environmental hazards for another, though the latter set would appear
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to be less severe.

2. Oil Products

The movement of oil products in the study area follows a cofnplex pattern. Generally speaking, both
British Columbia and the U.S. northwest supply their own needs, and there is very little transfer of
products across the border. The Canadian refineries are located in the Vancouver area, and products
are moved by barge and tanker up the B.C. coast and over to Vancouver Island. The refineries in Wash-
ington are located in the northern coastal section of the state near Anacortes and Ferndale. Products
leave these refineries by barge, rail, truck and pipeline. The Olympic Pipeline originates at the northern-

most American refinery and extends south to Portland, Oregon. It has a capacity of 200,000 bpd.

In early January, 1972, a questionnaire concerning the movement and handling of oil and oil products

in the study region was circulated to Canadian oil companies in Vancouver. From their replies, Table 4

was constructed. Note that Texaco Canada Ltd. was not cooperative in replying to the questionnaire.

Because the data on delivery volumes areincomplete they cannot be used to determine the total movement
of oil products. Discussions with Sea Span International, a towing company which moves about 25% of all

oil products in the study area, revealed that they moved 2,770,000 barrels (bbl) of products in Vancouver

harbour and 3,260,000 bbl outside Vancouver. It can, therefore, be estimated that about 13 million bbl
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TABLE 4
Volume of Oil Products Delivered in 1971 (barrels)

Vancouver Harbour Study Area Outside Beyond Study Area
Vancouver Harbour

Imperial Oil - - 99, 500 . 2,688,000 1,050,000
Gulf Oil 477,000 1,615,000 532,000
Shell Oil - N _ . \ . 1,266,000 ?
‘Standard Oil 1,011,800 = - - 2,585,800 * 874,700 *
-Texaco : ? ? : ?

Trans Mountain Pipeline:
crude oil . - , - ' 1,600,000 %

propane , - , - : - 2,900,000

Al
b

averaged over 2 years

of oil products are transported annually by sea about the study area outside Vancouver. Unless refineries

and/or pipelines are built to service Vancouver Island and the B.C. coast, this volume will likely increase

in proportion to the increase in total petroleum product demand as shown in Table 1. Thus, the marine
transportation of oil products would increase to the following levels: 1975 - 20 million bbl; 1980 -
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24 million bbl; 1985 - 30 million bbl; and 1990 - 34 million bbl.

Products are transported in barges and small tankers, both of which vary in size from a few thousand
bbl up to 30,000 to 40,000 bbl. (The crude oil tankers leaving Trans Mountain's Bufrard Inlet terminal are
in the 150,000 to 300,000 class; thatis, 21,000 tons to 42,000 tons.) The routes over which these
vessels move form a very complex pattern as they are dictated by the number and locations of the deliveries,
and these variables are always changing. The general pattern of the movements is shown on Map 19, along
with the locations of Canadian refineries and marine delivery points (to the extent that they were reported

by the oil companies).

In addition to movements originating within the study area, there is some importing of bunker oil and
some through traffic. Many companies (including oil companies) bring bunker oil in from California by
tanker, bﬁt the total volume has not been ascertained. For example, Gulf Oil imported 60,700 bbl in
1971, and one of the 71,000 bbl tankers which collided in San Francisco Bay in January, 1971 was bound
for Bamberton in the Saanich Inlet north of Victoria. Bunker oil is also imported to Washington State
for similar purposes. The oxnly through traffic we have been able to pinpoint is that carried out by the
United Transportation Company of Seattle. They move about four 50,000 bbl barges northward per year
via Johnstone Strait carrying gasoline, and bring about six per year southwards carrying diesel fuel.

Thus, on the average, two UTC barges per year travel northwards empty.
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Characteristics of Qil and Oil Products

Several pfoces ses affect the fate of oil when it is spilled in sea water. A brief outline of these pro-

cesses is giveh here as an introduction to a consideration of the particular characteristics of Prudhoe Bay

crude oil and oil products.

When spil'vled on water, oil floats and spr:eads’: quite rapidljr, the spreading rate being determined

priniarily by the volume and density of the oil. The oil slick which results is'sub;jéc;c to the effects of

three other significant processes - evaporation, emulsification, and mechanical transport. Evaporation

i’eads’.to an Vinc‘rea'tsek in the density ahd ;riécosity of tile oil with time, as it is thé 1ighter comporients of
the oil which evaporate the most readily. The increase in density could quite possibly result in the oil
s.inkinvg si;f:e ivt-can become more dense than the sea water. The increase in the viscosity of the oil acts
to reduée the épread-iné ra;cev of a slick. Evaporationlié retarded by’co]:der sbea‘temperature's, _"'and is

enhanced by higher winds which ‘carry away the fumes more quickly and encourage the loss of oil from wave

crests. Spfeading and evaporation are the major proéesses affecting spills of the fighter oil pfbducts.

Water-in-oil emulsions are formed natﬁrally and reasonably rapidly in sea water, are very stable,
and can contain up to 80% water. The 1igbhter oil products, like diesel oil and gasoline, do not émulsify.

The famous ''chocolate mousse'' emulsion encountered in the Arrow and Torrey Canyon incidents is
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such an emulsion. Oil-in-water emulsions (which disperse the oil in the water column) do not form
naturally and must be promoted by the addition of chemical emulsifiers. Emulsification also increases
the viscosity of the oil and thus acts to retard spreading. It results in a very stable oil mass which is
capable of travelling distances in excess of 100 miles under the influence of wind and current and still

remain in a relatively coherent mass.

In consideration of the hazards to a coastline from large spillages of crude oil, the spreading character-
istics of an oil spill are probably less important than its mechanical transport by wind, tide and current.
Under the influence of wind, slicks have been observed to travel at about 3% of the wind speed. The

direction of travel is determined by the combined effects of wind and current.

Atmospheric oxidation and bacterial degradation of oil are two minor processes affecting spilled oil.
They both occur too slowly to be of any significance in the context of spill clean-up. The dissolution of
some components of crude oil into sea water is likewise not a significant process, especially in our colder

northern waters.

1. Crude Oil
Just how these processes will affect a spill of Prudhoe Bay oil should one occur in Canada's coastal

waters is a function of the oil's properties. Very little information is available on this crude oil, but it
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is known that it has an above average specific gravity and pour point, an average sulphur content, and a
low proportion of gasoline, two thirds of the crude having a boiling point greater than 530°F. A com-

parison of the crude with other crude oils is made in Table 5:

TABLE 5
Crude Specific Sulphur Pour Residue at 700°F
‘ Gravity Content Point v wt%
at 60°F wt % oF

Prudhoe Bay . 0.90 1 -2 20 , 67 (at 538°F)
Kuwait 0.87 2.5 -25 51.3
Venezuela 0.90 o 1.54 & . =30 57.7
(Tia-Juana
' Medium)

Libyan \ 0.83 " 0,21 . 45 37.5

(Brega) ,

Given the fairly low content of light components in this crude oil and the relatively cool water temp-
eratures of the study area, evaporation will probably not alter the characteristics of a spill significantly.
Emulsification and mechanical transport will thus be the dominant processes. In the absence of suffi-
cient factual information on the behaviour of Prudhoe Béy oil in sea water, it can be assumed that the

rate of natural dispersionvwill be significantly low to permit water-in-oil emulsions to persist for several
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weeks,

2, 0Oil Products

The behaviour of spills of oil products is highly dependent on the type of product considered. The
lighter products such as diesel oil, fuel oil, and gasoline spread and evaporate very quickly, and thus do
little physical damage., However, these fuels are much more toxic than crude oils and biological damage

may be extensive, Heavier productssuchasbunker fuels react like crude oil when on the sea,

Navigation Considerations

1. Characteristics of the Tankers

Considerable disagreement exists in the literature concerning the operating characteristics of super-
tankers. On the one hand is the opinion that these ships are cumbersome machines which have such a poor
power-to-weight ratio that they can neither stop nor manoeuvre adequately, For example, Dr. P.D,
McTaggart-Cowan, Executive Director of the Science Council of Canada and head of Operation Oil which
cleaned up after the Arrow incident, made the following statement concerning the 120, 000 ton Torrey Canyon
to the Canadian Special Committee on Environmental Pollution:

"I have had conversations with one of the supertanker pilots from

Sweden who actually spends six months a year as an oil pollution
expert and six months as a supertanker pilot in Goteborg Harbour.
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You are in a different ball game with supertankers. He said, for
example, that there was nothing that the captain of the Torrey Canyon
could have done for the last 15 minutes even had he known he was
heading straight for the Seven Sisters Rock because, with the speed

of the ship, the size of the ship, even if he had gone full astern, full
starboard or full port, the ship would not have responded in time to
miss the rocks. On the really large tankers, apparently, it is about
12 to 15 minutes from the time that the pilot alters the setting of the
rudder to the time that the bow knows that something has happened. '

—~
{

Similarly, Captain R.A, Roberts, a marine transportation consultant and a Master Mariner, writes:

"Once it was possible for a ship's Captain to apply his years of
experience to the handling and manoeuvring of his ship, and he was
very capable of anticipating the result of his orders to the engine-room
and the helmsman. Now, the responses of these very large vessels
are so slow and so very difficult to predetermine, that the art of an-
ticipating is no longer useful. The Captain has to have access to in-
struments which will assist him to accurately predict the responses

of his ship to the movements of the engines and rudder. Even the
effect of wind and current and the difference between manoeuvring in
deep and shallow water can no longer be anticipated. The issuing of
an order must be exactly at the right moment, because the vessel

will respond so slowly, that correction may not be possible in time to
avert the danger which has to be cleared. Errors take too long to correct. "

On the other hand, there are equally respected opinions that supertankers are not as unmanageable

as people generally believe. For example, Lord Geddes, then Chairman of the Tanker Committee of the

International Chamber of Shipping, testified before the U, K, Select Committee on Science and Technology

in 1967 as follows:

"It is surprising how closely the manoeuvrability of these ships
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follows that of very much smaller ships. A tanker of 200, 000
tons, length about 1, 050 feet, although ten times the size, is
only about twice the length of a 20, 000 tonner, length about

550 feet. Manoeuvrability is, however, related to length,

and the turning circle of a 200,000 tonner is therefore only
twice the diameter of that of aship one tenth her size ....

Their turning circle is half a mile for a complete circle.

But they can change course very rapidly. Their stopping dis -
tance, if you want to do a crash stop, which is a very rare thing
to want to do, is something under two miles. "

In a paper published in Safety at Sea International, Captain A.F, Dickson, a director of Shell International

Marine Ltd., states that:
"There is no evidence whatsoever to show that ships have been
involved in collisions because of their inability to stop, and it
is interesting that a comparison between Shell-owned 200, 000
ton ships and battle ships in service with the Royal Navy im-
mediately before the last war shows that the manoeuvring
charactertistics are not dissimilar, and yet battle ships were
regarded as being reasonably manoeuvrable and were required
to sail in fleet formation in close order."

Since the use of these ships has become a fairly "hot issue'’, there undoubtedly exists some bias on
both sides of the argument. However, the extent of the disagreement, particularly with respect to the
manoeuvrability of supertankers at slow speeds in confined waters, indicates that they should be used with
caution, especially since they carrya cargo which is potentially dangerous to the marine ecosystem. Since
by far the most important contributing factor to accidents involving both stranding and collision is human

fallibility, one of the best ways to exercise caution in their use is to ensure that they are manned with

the highest quality staff. A second precautionary measure is to ensure that, until much more experience
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is accumulated in the handling of supertankers, they are given special consideration when they enter

confined coastal waters.

2. Characteristics of the Waterway

On examining the Strakit of Juan de Fuca-S,traif of Georgia waterway, one finds that over most of its
length it is reésonablirl safe. Navigation is simple in clear Weafher; ti’le aids to navigation are numerous;
the chart is _é good guide; ~and depths are usually fairly great. Apart fromthe considerable traffic which
results in danger of collision anywhere in the waterway, there are only two areas along the proposed
tanker route where na%rigafionél ’hazar'ds presyent a significant danger of grounding. The first is the

entrance to Juan de Fuca Strait where, owing to fogs and the irregularity of currents and tidal streams,

every precaution must be taken. - To quote from the British Columbia Pilot:.' ""The strait is liable to all
those vicissitudes of weather common in these latitudes, and iﬁ’fewfparts of the world is the caution and
vigilence of the navigator more called into action than when entering it from the Pacific Ocean.... The
weather off the entrance as a rule is exceptionally' severe.'" There are also two large and important
fishing banks off the entrance - La Pérouse and Swiftsure Banks - where large numbers of fishing vessels
may be encountered during the period from April 1 to Séptember 30. Fog is also most prevalent during
this time of year, reaching its maxirnur'ri.in August Qhen 20 days of it is not unusual. The fog frequently
extends a long distance seaward and, when combined With smoke from forest fires or burning logging slash,

becomes exceptionally dense.
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The second area which presentst a high risk of grounding is at the eastern end of Juan de Fuca Strait
where there are two banks -~ Hein Bahk and Partridge Bank - as well as Smith Island lying across the route
approaching Rosario Strait. The southern entrance to Rosario Strait - 6 miles wide - is straddled by two
reefs not more than 2 or 3 fathoms below the surface of the sea and 2 miles apart. The northern entrance
is similarly obstructed by islands and rocks. Within the strait itself, depths are considerable (30 to 40
fathoms) and at its narrowest, the strait isabout 1.5 miles wide, but there are also several rocks and

reefs. To quote again from the British Columbia Pilot: ' The tidal streams attain maximum rates of from

3 to 7 knots in the narrower parts of the strait, and from 2 to 5 knots in the wider parts; they should, thergf-
fore, be specially guarded against at night or in thick weather. Special caution should be observed when

passing the entrances of the various channels leading out of the strait.'’

3. Navigational Problems

We can now make an assessment of the navigational problems associated with the prOposed tanker route,
given the operating characteristics of the tankers and the nature of the waterway (Refer to Map 20). Two
major hazard zones for grounding can be identified, the first being at the entrance to the Strait of Juan de
Fuca where navigation is made difficult by the existence of two large fishing banks and by the generally
poor navigational conditions. The second is in the Rosario Strait area where the existence of reefs and
islands at both entrances, as well as fairly large currents, make safe navigation difficult. The level of

manoeuvrability associated with large ships travelling fully loaded under their own power makes these
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dangers very significant, especially in bad weather,

Relative to the danger of cellisien in the greater partk-of ‘t.’he W’aterwa'y.,' t'there is ‘av large danger in
'_bethv the mouth and the e_estern end o:f> the‘Sf,ra:._it ef Jugan de Fuca | At the m‘euth of the strait; traffic
petterns' are apt to be‘coﬁplex as ships mox}e to and frorﬁ F};e.vPecific', andfthe' danger of collision is con-.
sequently greater than Within the strait. The danger of grounding'i's’ also gfeater here owing to fogs and
the irregularity of currents and tidal streams. At the eastern end of the straif, the traffic routes to and
from Haro Strait; Rosario Strait and Admiralty Inlet (Puget Sound) converge. Also, it is here that both
the Canadian and U.S. pilot stations are located (Race Rocks and Port Angeles respectively) so that ships
will be leaving the shipping channels, stopping, and then coming back into the traffic. A regular ferry

- service from Victoria to Port Angeles, directly across the traffic routes, further complicates the picture.
-In this area, then, traffic patterns are very complex and apt tbo be coefusing. The recent collision of three -

ships at the Canadian pilot station serves to illustrate the confusion dramatically.

The possibility also exists that Haro Strait may be used as an alternate route for tankers bound for
Cherry Point. This strait offers similar dangers to navigation as does Rosario Strait, with perhaps a
greater danger of grounding at its northern exit. Here, there are a number of rocks, reefs, and islands

Which obstruct the shipping lanes and make navigation difficult. The British Columbia Pilot says of the

area: "Haro Strait and Boundary Pass are deep and for the most part broad; but on account of the reefs
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which exist in certain parts, the scarcity of anchorages, and, above all, the rate and varying directions
of the tidal streams, great caution and vigilance are necessary for their navigation.'" Therefore, Haro

Strait should also be considered an area of higher spill probability.

Spill Probabilities

Any attempt at predicting the number of major oil spills which will occur in the study area must
necessarily first of all attempt to predict the number of collisions and groundings which will occur. Such
predictions are tenuous at the very best, as they must be based on accident data which are historical and/or
from another bart of the world. They must also rely on forecasted traffic volumes which carry their own
inherent uncertainty. The applicability of these data to the analysis of accident probability in the study
area is, therefore, open to serious question. Some studies have been made which try to predict the
likelihood of major accidents in the Strait of Juan de Fuca - Strait of Georgia area, but from thé above
discussion it can be seen that they lack any solid credibility. All that can be said with any certainty is
that, should supertankers begin calling regularly at ports in the study area, an oil spill of major proportions
will occur sometime. Whether the first one will occur within the next five, ten or twenty years cannot be
stated with any large degree of assurance. However, based on our analysis of the accident probability
derived by Honeywell Inc. and our understanding of the operating characteristics of the tankers and the

navigational problems of the study region, it is concluded that there is a 50% chance of an oil spill in-
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volving a supertanker occurring at least once every twenty years. This conclusion is derived from a
statistié’al analysis, and the fact still remains that such a spill might never happen, or it might happen

this year.

While the frequency o£ major oil spills is difficult to predict, it is possible to identify those parts
of the study area in which the likelihood of them occurring is large relative to the rest of the area. It is
to be emphasized.that a collision or grounding resulting in a large spill can occur anywhere, especially
in bad weather. What we are delineating here are thdse areas in which there is a noticeably greater like-

1ih60d of such a spill as a consequence of the local geography, oceanography and weather,

Based on the discussion in the preceding section (Navigation Considerations), there are three zones

in the study area where there is a relatively large possibility of a major oil spill. These zones are

shown on Map 20 and are:
(i) The entrance to the Strait of Juan de Fuca;

(ii) The eastern end of the Strait of Juan de Fuca as encompassed by Race Rocks,
‘Port Angeles and Hein Bank;

(iii) Rosario Strait, including its southern approaches.
Should Haro Strait be used as an alternate tanker route to Cherry Point, it must also be considered a

significant spill danger zone, particularly at its northern end (Boundary Pass). If supertankers are
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controlled by tugs from the area of the pilot stations, it is only the Rosario and Haro Strait zones which

will be eliminated.

Oil spills which occur during cargo loading or unloading, bunkering or ballasting operations have been
far more frequent than those resulting from breakup, collision, or grounding incidents. Though they have
been much less disastrous individually, they account for most of the oil found on the waters of the study area.
However, elaborate safety precautions are to be taken at Cherry Point during the entire time a ship is at
the terminal, so that the danger of a significant spill occurring during the transfer of oil to the refinery
would be very small. The U.S. Coast Guard is now monitoring about 50% of all oil transfer operations
which take place in the greater Puget Sound area, and will be monitoring every transfer operation at the
Cherry Point terminal. This surveillance has led to a drastic reduction in the number of unidentified

slicks in the area.

To obtain an understanding of how much oil could escape should a supertanker be involved in an
accident in the study region, the record of other such accidents in the world can be examined. Table 6

lists the relevant aspects of some of the more significant accidents which have occurred in recent years.

The table indicates that major oil spills have resulted primarily from groundings rather than collisions.

In a collision, a relatively low proportion of the cargo (about 10% or 20%) has escaped, while a high pro-
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Incident

Anne Mildred
Brovig

Arrow

Benedicte

‘Keo

Ocean Eagle

San Francisco

Tampico Maru

Torrey Canyon

World Glory

TABLE 6

Circumstances

collision in dense
fog, drifted,
grounded and broke
in two

grounded in
favourable
weather, broke
in two

collision in thick
fog but generally
good sea conditions

broke in two in
severe storm,
sank

grounded while
entering harbour,
broke in two °

collision of two
10,000 ton tankers
in harbour at night
in fog

grounded, sank
grounded in rough
seas, broke in two

broke in two in
severe storm,sank

Cargo

39,000 tons
crude

18,000 tons

Bunker C

70,000 tons

210,000 bbl
fuel oil

135,000 bbl
crude

20,000 tons
bunker

60,000 bbl
diesel oil

117,000 tons
crude

322,000 bbl
crude
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Amount Escaped

20,000 tons
(50%)

10,000 tons
(55%)

2,300 tons
(3%)

210,000 bbl
(100%)

83,400 bbl
(62%)

2,600 tons
(13%)

60,000 bbl
(100%)

100,000 tons
(85%)

322,000 bbl
(100%)
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portion, if not all, of the cargo has escaped in a grounding incident. The table also indicates a signifiéant

danger of a large tanker breaking up in a severe storm.

Apart from the entrance to the Strait of Juan de Fuca, the étudy area is well protected and the high
seas which tear a stranded ship apart do not exist. Thus, theb extent of damage done to a grounded ship
would likely not be as severe as is indicated in the above examples. A typical 120,000 ton tanker has
10 wing (outside) tanks of 55,000 bbl capacity each, and 5 centre tanks of 98,000 bbl each. Sucha
tanker éould have 3 o'r 4 tanks ruptured in a grounding incident. Thus, taking the examples and discussion
given above ihto account, it i’s concluded that the grounding of a 120,000 ton tanker could result in a
volume of oil in excéss of 40,000 tons (approximately 284,000 bbl) escaping on to the sea. Should a ground-
ing occur on tile west coast of Vancouver Island, a considerablylarger amount of the cargo could escape, A

collision would likely cause a smaller oil spill than would a grounding.

Oil Spill Insurance

While it is not the intention of this section to condone the movement of crude oil through the study region
in supertankers, a method of protection from the poténtial impacts of these movements is proposed since
there appears to be little that Canada can do to prevent them from occurring. The Strait of Juan de Fuca/

Strait of Georgia/ Puget Sound inland sea represents a contiguous environment - the fact that man has
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arbitrarily divided it into two jurisdictions means little to the fish and birds which inhabit it, It is a
whole, and a major oil spill anywhere in the whole will sprea‘d and disperse in total ignorance and total
cvlis>regar4d of the intervnaktional boundary., Therefore, measures to prevent potentiai oil spills and clean
up bnes‘ that have dccﬁrred rhusf logiéally be based upon international cooperation‘ between Canada and the
USA. A pr‘eventative system incorporating international cooperatién is presented in Ap.pendi# B.‘ Here

we propose an internationally operated means of providing funds for the clean-up of spills,

What is proposed is that an international fund be created out of which are paid the costs of maintaining
oil sp.illb‘clean—upvcéntingency forces and .the costs of cleaning up individual spills,‘ This fund‘would be
financed by“a tariff én all oil éhd oil products being transported by barge or tanker in the inland sea. It
would have to be set up to be corﬁpatible with the Canadian Marine Pollution Claims Fund which is al-
ready iﬁ existence, ana w;1th anir similvar funds which are in effect in the U, S, A, While the establishmenf
and operation of such a fund would no doubt Be a difficult task‘, we believe thgt the envirqnmental imper -

atives of the study region demand that the task be undertaken.

To determine the order of magnitude of the tariff which would be involved, the following assumptions
are made:

(i) Only the volume of oil expected to be coming in to the inland sea from Alaska is considered.

This volume is estimated to be 8. 65 million tons per year (6 arrivals of 120,000 ton tankers
per month).
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(i1) It is desired to be prepared for a majdr oil spill costing $25 million to clean up (See Scenario # 1)
every twenty years.

(iii) The cost of maintaining an oil spill clean-up contingency force is $200, 000 per year.
Based on these assumptions, the annual cost of major oil spills is $1. 45 million, and the tariff required

to offset this cost is 16, 8 cents per ton.,

Of course, a number of factors would conspire to alter this tariff, including:

(i) Much more oil and oil products is moved in to, out of, and within the study region than the volume
of Alaskan oil alone, This factor would tend to reduce the tariff.

(i1) There are many other tankers and barges operating in the study region, and the costs of cleaning
up spills caused by these vessels would also be paid out of the fund. This factor would tend to in-

crease the tariff.

(iii) The costs of labour, materials and equipment are generallyincreasing. This factor would tend to
increase the tariff.

(iv) Monies accumulated in the fund would earn interest which could become part of the fund, This factor
would tend to reduce the tariff.

(v) To build the fund up to an acceptable level initially might require a tariff larger than 16,8 cents per ton.,

This proposal is presented primarily to establish the idea that such a fund is needed. It is not meant
to be precise in economic terms, but only attempts to present an order of magnitude appraisal of the tariff
which would be required. The presentation of the proposal is prompted by our fear that attempts to deal with

the environmental impacts which could result from a major oil spill will be frustrated by international -

debates over who is responsible for cleaning up and paying the costs of the spill.

74



CHAPTER V - THE IMPACT OF OIL SPILLS

A. BIOLOGICAL AND PHYSICAL CONSIDERA TIONS

1. Biological Effects

Crude oil or its by-products floating on the surface of the water can cause widespread damage to marine
life. Very small quantities of oil, either ingested or on plumage, can kill birds. It smothers intertidal
animals and plants, interferes with the normal feeding and ”respiratory mechanisms of shellfish in
particular, introduces toxic components into the water column, increases the level of hydrocarbqns in
the m'a.ri:ne fo’od chain, and alters communities to a point of extreme ecological instability, Direct
economic losses occur when the flesh of fish or shellfish becomes oil-tainted or when it is no longer

possible to utilize fishing gear in oil-polluted waters.

Laboratory and field studies carried out to date have indicated the extent, increasing serioﬁsness, and
harmful effects of oil pollution. However, there are practically no long-term studies to indicate '"safe"
levels of oil products in the marine environment under continuous or long-term exposures, and we know

little of the sublethal effects of oil and its breakdown products on marine life.

The adverse effects of oil on marine bird populations alone is sufficient cause for alarm. If no other
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consequences could be demonstrated, the welfare of bird populations alone would justify extreme caution.
If more funds were spent on the prevention of oil spills, there might be less concern with studying their

effects.

Once a large oil spill does occur, it is often difficult to determine its effects. Very little is known
about natural mortality rates of animals in the sea and hence it is difficult to separate natural mortality from
oil-induced mortality. It has been a problem to separate the effects of oil pollution from natural long-term

and seasonal fluctuations in animal numbers and the lack of baseline information prior to a spill taking place

makes it virtually impossible to compare conditions after the spill.

It is not easy to predict the biological effects of a spill from laboratory toxicity tests or from information
gained from previous spills elsewhere. The types of oil spilled, the environmental conditions at the time of
the spill, and the degree and duration of confinement of the oil are some of the variables that make it difficult

to generalize on the harm that might be done.

However, examination of experiences gained at major recent spills was the main option left open to us
and on this basis we attempted to assess probable effects in the study region. Owur survey of available
literature indicated that:

(i) Oil and oil products should be regarded as poisons that daimage the marine ecology;
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(ii)

(iii)

(iv)

(v)

(vi)

(vii)

(viii)

Marine resources can be endangered by a direct kill or by the long-term accumulation
of petroleum hydrocarbons in the marine food web, The steady accumulation of oil
in the marine environment may be far more serious than single large spills;

Oil spills may present a public health hazard by increasing the level of carcinogenic
hydrocarbons in seawater and bottom sediments, thereby increasing their concentration
in sources of human food from the ocean;

Dispersants introduce oil with its water soluble components into the water columns.
Toxicological studies have indicated that chemically emulsified petroleum oils are
several fold more toxic than the same oils spilled on the water surface and naturally
mixed by waves, winds and tides. Tarzwell (1970, in "Water Pollution by Oil",

ed. P. Hepple) after carrying out fairly extensive tests on the toxicity of oils and oil
dispersant mixtures, concluded that it was undesirable to use dispersants unless
absolutely essential for final clean-up or to protect waterfowl or damage to shore
installations and beaches;

Acute toxicity of oil is largely due to the lighter volatile fractions that are evaporated
or dispersed quickly in open water areas. Toxicity could cause widespread damage
in the study region if oil arrived on intertidal areas, estuaries or shallow littoral
zones shortly after spillage;

The physical effects of oil (such as interference with normal feeding or respiratory
mechanisms, or alteration of the substrate on which animals live) could cause wide-
spread damage to intertidal organisms, birds and juvenile fish;

Marine-associated birds would be severely affected by a major oil spill;

Where oil was allowed to reach the shore, intertidal organisms would be severely
affected. Although many of these organisms would recover, the effect of chronic
pollution could lead to a reduction in the diversity of species and a greatly increased
tendency to ecological instability. For example, a reduction in grazing mollusc
populations can bring about an overabundance of marine algae;

The eggs and juvenile stages of fisheries resources are extremely vulnerable to
oil pollution. Herring spawn and larvae and juvenile salmon could be adversely
affected.
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The following is a brief account of the possible effects of oil on specific marine resources within

the study region:

a) Plankton
It has been demonstrated under laboratory conditions that petroleum products and by-products are
toxic to a variety of plankton and that in combination with low oxygen concentrations may cause an adverse

synergistic effect. Oil may also inhibit light penetration and thus interfere with phytoplankton production.

Under field conditions it has been difficult to demonstrate the effect of oil pollution on plankton, primarily

because of the lack of baseline information and natural seasonal or long-term fluctuations in plankton numbers.

At Chedabucto Bay, particles of bunker C oil in the water column were in the size range of food for
zooplankton but appeared to have little effect on the organisms ingesting it. Similarly, there was no
evidence of gross effects of crude oil on plankton in the Santa Barbara Channel. On the other hand, where
refined products or toxic crudes were confined to sniall embayments for considerable periods of time, there

would likely be a direct toxic effect on plankton.

The uptake of oil into the marine food web and day-to-day accumulation of 0il in the marine environment
are matters of concern. Blumer atal. (1970) state:
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"Treatment of oil spills with detergents produces oil droplets of
such small size that they can be eaten and taken up in the body of
many sea animals. Once assimilated, this oil passes through
the food chain and eventually reaches marine products in con-
centrations that may be unsafe for human consumption. These
oil particles may produce an undesirable flavour or accumulation
in human food of long-term poisons derived from crude oil, as
for example, cancer-causing compounds." '

b) Marine Plants

A major oil spill would initially damage some species of marine plants in the study region. Studies
have shown that algae was affected after the wreck of the Tampico Maru in Lower California, the Arge‘a
Prima off Puerto Rico and the Torrey Canyon. North and his colleagues, in a seven year examination of
the Tampico Maru spill, found that kelp forests not oniy recovered from the damage but spread across more
tﬂan half the available sea-bottom. The increased keip beds went through two complete growth cycles

before grazing animals were able to bring them under control - Tarzwell (1970).

A few months after the Torrey Canyon spill, rocks along parts of the Cornish coast were covered with
a thick growth of green algae. The following year this growth was replaced by brown algae in greéter
density and variéty than usual. It was expected to take several years before limpets, topshells and winkles
would bring about a restoration of the previous kalance - Tarzwell (1970). A severe spill on this coast
would probably have similar effects with eel grass in particular being seric_)usly‘affected because of the

tendency of oil to cling to it readily.
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c) Invertebrates

The effects on intertidal organisms following the spill of 60,000 barrels of diesel oil from the Tampico
Maru in 1957 demonstrate what could happen to marine life in this region. The diesel oil was confined to
a relatively small cove off the coast of California and virtually all marine life in the cove was destroyed.

A tiny snail, Littorina planaxis, and a large green anemone, Anthoplura nanthogrammica, survived.

Dead Pismo clams litfered the shore for a month after the wreck, while other dead species included
lobsters, abalone, sea urchins, starfish, mussels and clams. Ten years after the wreck, 69 species
of animals have re-established themselves, but the cove is still not the same as it was before the spill -

many species have only recently appeared and cannot be considered abundant.

Tarzwell (1970) has described the effects of 0il on marine life:

""Oil or its degradation products may produce repelling effects,
effects on the sensory organs so that normal behaviour cannot

be achieved, and adverse effects on feeding mechanisms, enemy
avoidance, or on sexual attraction. Ingestion of oil may be
directly toxic or there may be breakdown products or degradation
products of the oil which are incorporated as hydrocarbons in the
body tissues of the organisms and are harmful through their
carcinogenic effects or harmful to those who consume the organ-
isms."

Not all cil spills have produced as drastic effects as the Tampico Maru. The Santa Barbara spill

demonstrated that if crude oil remained at sea for several days, damage to intertidal life would be limited
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to the smothering of some species. Recolonization of intertidal areas at Santa Barbara, after clean-up
operations, comménced within seven weeks of the spill and as of November, 1970, most intertidal areas

had a normal population of invertebrates, butthis was probablyassisted by higher water temperatures .

There was a 20% mortality of clams on beaches at Chedabucto Bay as bunker C oil clogged clam
burrows, smothering the inhabitant. -Even if oil does not kill molluscan shellfish, it will render them
unsaleable as a result of tainting, with shrimp particularly susceptible to this. Mackin and Sparks (1962)

demonstrated that it took two months for oysters to 165e_ their oily taste once tainted.

The harvest of shellfish could be severely affected in any of the areas outlined on Maps 4, 5 & 6 with

economic losses highest on the eastern shores of southern Vancouver Island.

d) - .Fish
i) Eggs, Larvae and Juveniles

- It -has been demonstrated under laboratory conditions that a variety of fish eggs and larvae are highly
se>nsitive to oil at fairly low concentrations. = These findings may have particular significance for this
area since large numbers of young herring and salmon spend their early life in such shallow waters as
the Fraser delta and Boundary Bay. . Herring spawn on-intertidal marine plants, particularly eel grass,

and the affinity of eel grass for oil would likely increase the exposure of herring eggs to it. . While it is
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inconceivable that herring populations would be affected over the whole of the study region,a particular
age class could be eliminated from specific spawning areas. Furthermore, a severe reduction in herring
populations could influence some of the higher fish dependent on them for food. Herring spawning locations

that could be affected by an oil spill are shown on Map 8.

ii) Adult Fish’

Generally the hazards'to fish'and fish foods are limited as long as oil remains as a surface slick, but
when emulsification and dispersion occur, direct contact is possible. Fish may be affected by toxicity or
by the mechanical action of oil droplets on the gill apparatus preventing the exchange of gases and resulting

in suffocation.

It was concluded from the Chedabucto Bay, Torrey Canyon and Santa Barbara spills that there was
relatively little effect on commercially valuable fish, so it is unlikely that a spill would affect adﬁlt herring,
salmon, groundfish or other adult fish. However, large numbers of young salmon spend a considerable
period of their early saltwater life in shallow inshore waters and it is conceivable that a toxic oil could

cause considerable mortality to these young fish.

Virtually all the major oil spills studied have demonstrated that it is impos sible to utilize fishing gear
properly on oil-covered waters. Depending on the area a spill covered, any ofthe B.C. gillnet, seine,
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troll and trawl fisheries could be interrupted for the period of time that oil remained on the surface, and
the trawl fishery would continue to be affected if oil were sunk with dispe‘rsants. Seasonall& the most
critical time for the salmon fishery would be between April and December. If a spill occurred duriné the
peak of the sockeye or piﬁk migrat_ions to the Fraser River, there would be little or no harvest resulting

in very heavy escapements which could affect upstream spawning facilities.

A large laundromat with a capital cost of $26,000 was built at Chedabucto Bay to clean nets fouled by
oil. This was done in far less time and at substantially lower costs than replacement with new nets
through'a claims procedure would have required. However, on the west coast, the large number of nets
that might be affected and the critical timing of salmon runs through Juan de Fuca Strait would limit the

short-term applicability of such a laundromat.

€) - Marine<-Associated Birds

Marine bird casualties from oil pollution number many thousands each year. . The following documented
'éxample's indicate the severity of the problem:

(i) In the winter of 1951-52, an estimated 100,000 birds were lost to oil pollution
on the coasts of the British Isles (Zobell, 1962);

(i1) Hawkes (1961) estirhated that a brezading coiony of 250,000 seabirds nesting on
. Newfoundland was decimated by oil in a two-year period;

(iii) . The Torrey Canyon Wreck resulted in the oiling of 30,000 birds on the coasts
of England and France;
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(iv) The virtual extinction of the razor-billed auk in Newfoundland has been
attributed to the effects of oil.

Most oiled birds disappear at sea before they can be counted, hence figures quoted for bird mortalities
are generally underestimates. The long-term effects of bird mortalities are largely unknown because
population estimates can seldom be correlated between conditions before and after the spills. This
situation would prevail in the studyregion since very little is known about the natural mortality and popu-

lation sizes of most species.

As virtually the W;hole shoreline of the study region during winter months harbours marine birds, an
oil spill occurring anywhere along it would cause deaths, but the greatest impact would occur adjacent to
seabird nesting colonies shown on Map 11 and on major waterfowl wintering areas also shown on Map 11.
Mortalities could be as low as several hundred birds, or as high as one hundred thousand. If o.il
covered large areas’ of the Fraser delta or Boundary Bay during peak periods of bird abundance, mortality
would be in the tens of thousands. Virtually all species of marine birds would be affected but mortalities
would be highest among such diving species as cormorants, loons, grebes, murres, murrelets, guillemots,
mergansers, scoters, oldsquaws, scaups and goldeneyes. A significant proportion of the Pacific coast

trumpeter swan, brant and lesser snow goose populations could be killed by a single large oil spill.

Almost all major oil spills have resulted in attempts to rehabilitate oil-soaked birds. The results
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of these operations have been so poor that researchers are now recommending that heavily oiled birds be

destroyed. The problems have been revealed as:
(1) Curing the initial poisoning from ingestion of oil;
(ii) Preventing chilling due to the loss of thermal insulation by the plumage;

(iii) = Removing the oil from plumage;
(iv) - Replacing the waterproofing characteristics of plumage;

(v)  Developing proper housing, feeding and other care designed to keep that particular
species in captivity long enough to rehabilitate it.

Aldrich (1970) has reviewed the results of research and cleaning attempts and concludes that:
"Oil of varying sorts can be cleaned from the plumage of birds
‘with several kinds of cleaners, but so far there is no convincing
evidence that the natural water-repelling qualities can be restored
to the cleaned feathers by known methods."

Some researchers have had a fair amount of success by holding birds until the next moult so that water

repellancy is restored before the birds are released.

f) Marine Mammals

We have not placed emphasis on marine mammal populations because it has been demonstrated in a
number of cases that they are not adversely affected by oil pollution. Seal populations in Chedabucto Bay

were reduced after the Arrow spill, but it was felt that the presence of the oil and disturbances during
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clean-up operations forced the seals to move elsewhere. Santa Barbara tagging studies showed a low

mortality of seals even amongst those that had been literally coated with oil.
However, it is conceivable that an oil spill off the west coast of Vancouver Island during the fur seal

migration could reduce the value of fur seal pelts. River otters and saltwater mink could suffer if large

expanses of intertidal shoreline were heavily coated with oil.

2. Effects on Physical and Man-Made Resources

a) Beaches and Other Foreshores

The actual physical impact of oil on a shoreline depends on the configuration, slope and composition

of the shoreline as well as on water and air temperatures. (Appendix D of this report deals in more
detail with the actual physical accumulation of oil on shorelines and clean-up methods.) Heavy oils tend
to concentrate at the high water mark of a shoreline. The oil will cover the surface of rocks in the

intertidal zone and penetrate to a depth which increases with air temperatures and the degree of energy

expended on the shoreline by water and tidal action.

Oil deposited on beaches tends to mat the beach material and stabilize its normal movement under
tidal conditions. It also forms nodules that become covered with a surface layer of sand which can in

turn be broken up by tide and wave action. After a period of exposure to tidal action, oil becomes mixed
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with beach materials to varying depths and may form an impervious layer beneath the sand's surface.

The implication of any of these effects on shorelines for outdoor recreation are obvious. The biological
implications have been considered elsewhere and at this point we deal solely with the effects of oil on out-

door recreation that are not directly related to the biological community.

Basically, oil on any type of shoreline seriously inhibits recreational use of that shoreline until such
time as the oil is removed. The aesthetic implications of seeing oil on shorelines needs little elaboration
and the sheer physicai inconvenience of it on foot gear, clothing and recreational equipment certainly

detracts from the recreational experience.

This reauction of recreational use of a shoreline as a result of the presence of heavy oil is obviously
related diréctly to the speed with which oil is removed. Natural wave act.ion will ultimately move much
of the oil from rocky and, to a lesser extent, cobbled shorelines, but the effects on sandy beaches are
longer lasting. Unless fhe oilkis rerﬁdved while étﬂl on the surface of the beach, then longer lasting
deterioration of the beach for recreation will result. Assuming a fairly rapid clean-up (within 2 to 3.
weeks of a spill), then the recreational impact on shorelines will not be of a la sting duration other than the
biological impact that would reduce natural history activity or other resource-based activities such as clam

digging or oyster gathering.
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The season of the year at which a spill occurs is also a critical factor. A spill occurring at the peak
of the recreational season in a given area would seriously detract from recreational use of affected shore-
lines. Although the effects of spills are likely to be localized depending on the magnitude of the spill so
that comparable types of outdoor recreation could be available at alternative sites, this would be offset
during peak recreational periods by lack of available accommodation facilities elsewhere. Day users would
be affected to a lesser degree, but any kind of disruption of recreational activity does have a social impact,

as discussed in Section C of this chapter,

The impact of petroleum materials other than heavy oils is less clear. Generally, they disperse fairly
rapidly through evaporation and emulsification. While the effects of petroleum products upon marine
organisms may be more toxic than the effects of heavy oils, the impact on outdoor recreation will almost
certainly be far more temporary. Objectionable odours and a shorter period of actual beach contamination
would create a shorter term interference with recreational activity. Also, spills of these meterials would

usually involve far lower volumes than spills of crude oil and the effects would be far more localized.

b) Pleasure Boats, Marinas and Principal Harbours

The presence of oil in an area used for recreational boating would seriously inhibit normal recreational

use. There would, of course, be sightseers interested in actually seeing an oil spill, but presumably

restrictions would be imposed on use of an area while clean-up operations were underway to avoid interference.
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The aesthetic implications of oil on water and the possibility of craft being fouled by oil would prevent
boaters from venturing forth in waters ac-tually affected by a spill. However, the effects of even a major
spill on recreational boating would be of a limited duration. Alternative areas away from the localized
spill would be available to boaters and,as other sections of this report point out, it is possible that either
the slick would be contained and oil removed from the water, or’weather conditions would disperse the oil

to the point where it no longer affected one particular area.

The major direct damage to docks and pleasure craft would be the fouling of structures by oil. Such
damage would be measured in terms of clean-up costs )Wi‘th steam cleaning the most efficient and least
costly method of cleaning both vessels and dock facilities. Oil washed from the boats could be collected

by floating peat moss and removed from the water.
A telephone survey of local marina operators indicated that few expected to suffer any appreciable
damage to their installations. Their major concern was that recreational boating use would likely diminish

in the case of a spill and consequently their business would suffer.

c) Log Booming and Storage

The forest industry is not unanimous regarding the degree of oil spill damage to log stocks. Many
companies have not experienced oil on logs and can therefore only speculate on the impact of a spill. In
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most cases, the companies who have not been affected by oil contamination feel no damage would result,
while those who have had some experience with petroleum pollution have indicated the following:

(1) Light oil such as lubricating oil might penetrate wood more readily than heavy oils
such as bunker C; '

(ii) Handling problems could be encountered when logs are covered with heavy oil. For
example, jack ladders in some cases are not able to handle large logs due to slippage
caused by the oil. One company noted that unions may demand ""dirty pay', which
might increase costsby $2.00 per Mbm. Included in this would be items such as
replacing boom men's clothing at every change in shift;

(iii) In nearly all cases, logs are debarked by a hydraulic debarker before being processed
so that oil which has not penetrated the wood is eliminated at this stage. The oil
impregnated bark then becomes hog fuel and is burnt. No reports exist of air pollution
caused by utilizing oily hog fuel. The major biological difficulty encountered with the
hydraulic debarking process appears to be recontamination of the water supply.
Industry has not studied this problem to date;

(iv) Logs which are oil-coated for a period of time are stained if the bark covering is
broken. Also, oil is likely to penetrate into log ends and cause two adverse effects:
- The stained portion cannot be chipped and utilized for pulping purposes. A
loss of approximately $6.00 per Mbm (Cedar) was shown by one company;
- Oil stained lumber is degraded. For example, Cedar Clear Lumber
(export grade) is reduced in value by approximately $200.00 per Mbm and
the lumber is no longer suitable for export;

{(v) Oil-contaminated log booms will not sell on the open market unless logs are in short
supply. With a delay in processing, the oil has time to penetrate the wood. One
company indicated that such logs could not be utilized and would cause a disposal
problem;

(vi) Indirect costs would rise in the event of a large o0il spill as log rafts would have to
be rerouted to avoid a spill and some booming grounds may be unavailable for an
extended period of time. If a processing plant did not have a substantial inventory,
other log sources might have to be contacted and, if this were not possible, temporary
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plant shutdown might occur. An impoi'tant secondary biological effect would be the
transfer of oil from one area to another through moving contaminated booms.

3. Effects on Land Status

a) Parks;'and Park Reserves ’.

The great focal 'it.r}p.oArtance‘i’of the intertidgl zone iin the recreational opportunities provided by parks
and park res/efr\’r“e‘s has a‘lyr’eac_ly ge‘eril'(.emphasized in the ma rine“re’égﬁ.rce"s‘A i‘nvver'lfcory. Considering rec-
reational usag_e'alongl, the intﬁefti'.c\‘lal zone Wou}d be uhattracvtiv'e to any usage Wh_i}e oil is apparent on the
shoreline. 'G:'a'c}blerildﬁ_ér and C‘Qlle'ct'ing intertidal br'ga;'iisms sjich_ as clams and djsté}‘s' would be impossible
until the bgach had been thqroughly_ clea_n(s(ed,z either by natural weathering and degradation, or by man,
and cons'eq’ueri"_clY, the numbers of.people visiting kthes‘e a'reas \%rould djecifinev for the Eirhe_ that the beaches

remained contaminated.

b) Ecological Reserves

Forviho?skeb egolog’if:all resérveb‘s Which;w’e‘:re established to pfe;s}erve unique biblOgical ;c'or‘nmunities directly
associated .Wit};l tidewater habitats, a serious oil spill would be permanently dafﬁaging. The main purpose
of conferring ecological’reserve’:‘ status on these_c’omrn'unities is to allow natural processes to go on undis-
turbed. Both the scientific value and the "museum' value of ecological reserves Would th_erefore be de-

stroyed and the very reason for their existence would be negated.
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¢c) Indian Reserves

Indian reserves are frequently very attractive and often productive real estate. Due to their
unique land status and the current unrest about both the legal status of the native Indian and his land or

historic rights to it, damage to Indian reserves resulting from an oil spill could cause further complication

to already complex political issues.

On a more immediate level, some of the native people, particularly on the more isolated reservations
within the study region, are still heavily dependent on marine resources such as fishing for their subsistence.
They would be affected immediately in the case of a severe oil spill and it is quite possible that they would

require financial relief during crisis situations,

d) Real Estate Values

The value of certain real estate would clearly be affected by pollution from an oil spill. A polluted
shoreline would immediately be reduced in usefulness and hence the value of the property would be lowered.
In the case of a particular spill, the magnitude of the reduced values would depend on both the severity and
the duration of the pollution. In most cases it is estimated that the aspects of oil pollution which are
offensive to human use would be temporary, pcrhaps one to two years. In this case, the reduced market
value would be directly related to the reduced value in use for the period in which properties were con-

taminated.
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In a more general sense, the value of real esfate, in any of the areas of the study region which could
be contaminated, would likely be affeded. The v-alues could be reduced because of the possibility they
might be polluted in the future. This aspect could be quite large, but as it would be so widely spread and
as other market factors are continually changing, it would probably not be possible to accurately measure

this effect.

A more detailed discussion of the methods of assessing these changes in property values is contained in
the following section of this chapter. Furthermore, an example of the expected reductions in values for a

- particular oil spill is given in detail in the scenarios.



ECONOMIC ASSESSMENTS

This section establishes the appropriate methodology for identification and evaluation of the economic
costs associated with a marine oil spill. The methodology is structured in a manner which leads to a
summeary of the net costs to society based on economic definitions of costs. An earlier attempt at this was
made by Mead and Sorenson after the Santa Barbara spill. Specific dollar value figures are not determined
in this section, rather a description of considerations and procedures relevant to assessing economic
damages from oil spills is developed. It is in Chapters III and VI and Appendix A that dollar figu‘res are

developed explicitly.

Within the constraint of existing income distribution, a free enterprise economic system will achieve
an optimum allocation of resources given the following two broad assumptions: first, that markets are
perfectly competitive, second, that there are no external costs or benefits arising from activities of
individuals or firms. The_:’ economic problem is largely concerned with attempting to achieve an optimum

allocation of resources, given thatthe above assumptions are often not applicable.

One of the generally accepted functions of government is to regulate business activity in such a manner
as to control the distorting effects of non-competitive conditions and external benefits and costs. This is

generally attempted through a combination of administrative actionsandtaxation. For the purpose of this
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discussion we are concerned with a certain type of pollution which, without regulations, would be an exter-
nal cost which oil compénies impose on other parts of society. The economic objective in the most general
sense would be to assess these external costs and force the firm or fimms to"internalize" them, or bear
the costs themselves. This would cause a move closer to the optimufn allocatio.n of resources, but might
not cause the oil company to alter its proposed oil route. A forced internalization of the costs could be
brought about through taxation and contingency funding. Even at this stage, the problems of the proper
compensation for those who may suffer damages Would in the best of circumsfances be difficult. With

the added international implications in which damages could occur to Canadians in a spili from a foreign
tanker in international or American waters, the problem of compensation becomes even more formidable.
These compensation problems must at some time be considered, but this is not the purpose of this” section.

Its purpose is to take only the first step to develop the methods of assessing the level of economic costs.

In economic terms, to measure the social costs of a disruption from pol_lution one would ideally vlike
to measure the sum of the changes in what is technically termed consumer and producer surpluse's. This
type of measurement is difficult and in practice one can only strive for an accurate approximation to these
values. ‘The economic costs of an oil spill are not measured simply by adding up the dollars spent on
clean-up and the assessment of property damages., Instead the costs must be measured in terms of oppor-
tunities which are foregone plus decrea’ses in utility resulting from certain damages. These foregone

opportunites are an important part of the real costs and damages of an oil spill and they can be very
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diverse in nature. They include the production lost when resources are transferred to clean-up use,
lost leisure time, lost recreation values, reduced utilization and enjoyment of marine resources, and
other uses of the marine environment which would be precluded for a period of time. Even if current
production were held constant and all restoration was accomplished by overtime work without pay, there
would be a real economic cost. Individuals would at the least be sacrificing leisure and recreation time
which is certainly valuable to them. When measuring the extent of the opportunities which are sacrificed,
initial difficulties are encountered in attempting to quantify each into its own unit of measurement. These
difficultieé are furthercornpounded when trying to compare one to another or to measure one in terms of
another, When reaching for a commoﬁ denominator with which to measure the relative value of one thing
to another, the economist will use the medium of exchange, or monetary value. In this case the dollar
value does not always work perfectly because many environmental and aesthetic values are not usually
priced. However, even here a measure for comparison with other scarce commodities is needed, and

where possible an attempt to assign dollar values should be made.

Any study of this nature will encounter problems of non-priced goods and other difficulties in quanti-
fication, In a similar context the study can never be any better than the available data. In the case of an
oil spill, exact biological and environmental data may never become available, or the long-term effects
may become known only after a great many years. With this in mind it is necessary to make the best

estimates possible, with qualifications identified. It should also be noted that as biological and environmental
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data are continually being developed it may be necessary in time to revise the economic estimates.

The purpose of the development of this methodology should ultimately be to determine the average
external cost factor imposed on others by a tanker route. This. average cost factor, say for a given
year, or éer q.uantity of oil shipped, could then be used by decision-makers when assessments aremade
to force an internalization of costs on firms causing the risk of oil pollution. To do this would require
an extension Qf the analysis in this chapter to include estimates of statistical probability concerning the
quantitieé of oil which would be spilled per unit of time (Chapter IV) plus statistical probabilify estimates
of the’ effects in various loqations in Which these spills would occur (Chapter VI)., This section analyses

only the methods to be used to assess the costs of any particular spill.

1. Clean-up ‘and Property Restoration

If therearenomonopolistic distortions in the price paid in the private sector for resogrceé used in
cleé,n-up efforts, and if labour is close to being fully employed, all of the costs incurred for clean-up and
restoration should be included in the tabulation of the social cost of a spill. This would generally be measured
by the prices paid to the resources which are drawn from alternative uses, for these prices would closely
reflect the values of the opportunities and production foregone. These costs should include all payments
for clean-up labour, materials expended, and rental or imputed ﬁost for machinery which is used, Carev
should be taken not to count both the price paid to a factor plus the value of that factor's lost production
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in its original activity. One value should reflect the other, but to count both would be double counting,

Concerning governmental agencies, one should still consider social costs in terms of foregone alter-
natives., Certainly all extra expense caused to such an agency like extra employees, overtime pay, extra
materials consumed, and extra rental costs on machinery should be counted. Furthermore, the cost of
individual government employees switched from productive work to oil spill control efforts should be
included in the costs. However, during a spill, the cost of a government employee whose normal duty
is directed toward pollution control should not properly be charged as a social cost of one particular spill,
In a similar respect, no portion of the fixed or carrying costs of a previously-established agency should
properly be charged to a particular oil spill. If, on the other hand, a government agency is created speci-
fically to deal with pollution because of the threat, say from a particular tanker route, this expense is a
social cost. These particular expenses accrue at a constant level because of the risk of spills. They can
be charged as a general cost of protecting the environment against a particular tanker route, But should not

be counted as part of the cost of any single oil spill.

The tabulations of clean-up and restoration costs can be concluded at one of three points. One would

be when all clean-up and restoration has been completed. Two would be when it is determined that all

possible clean-up is completed. Three would be when it is determined that the only unrestored resources

-are not worth the cost of restoring. The conclusion in case one is obvious. In case two, the damage to
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resources left unrestored would be assessed as the difference in use or utility after contamination as
compared to their original state, In case three, if the value of damaged resources is less than the cost

of restoring them the loss should also be assessed on the basis of their reduced utility or value,

2, Commercial Fishery

Damage to the commercial fishery would vary greatly depending on the season in which a spill occurred.
During the short duration of an assumed oil spill fishermen are '""locked into"' a position of investment in
boats and gear, and are not sufficiently mobile to move into other areas of employment. The value of their
lost labour and use of capital would then be a social cost. In a similar context there are many others who,
in the short run, are '"locked into'" the business of production of fish products. This would include many
facets of production in the fish processing industry. In the short period of a spill it would not be possible
to switch these resources to alternative production. The value of each input up the chain to the final pro-
duct would be lost. It is then proper to sum the loss at each level, counting only the extra valge added at
“each level which would be lost. The output value at each level includes the value of the previous level's
inputs, and to sum them all would be to over count. This problem is greatly simplified by the availability
of data on the value of the final product as it is finished in the plant. T his value is the sum of all previous
inputs and would be proper for damage assessment. The value of variable or out-of -pocket expenses in the

production of fish products should be deducted from this final product value.
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3. Tourist Industry

In assessing social costé to the tourist industry it is necessary to distinguish between actual losses
and mere transfers. If tourism was reduced during the short period of a spill a social cost would occur
because owners and operators in this industry could not turn to alternate production. However, tourists
who merely go to other locations in British Columbia are simply transferring their expeditures. There
would be a gain to the tourist industry in the alternate location which would offset losses in the spill area.
To assess the social cost, the increased income in the ‘alternate locations should be deducted from the
lost income in the oil spill area. It would also be proper to include the reduced utility to Canadian tourists
who were forced to pick a less preferred vacation area if they so chose. This is almost impossible to
assess monetarily, however, so we have included it descriptively later in this chapter in the secti‘on

entitled '"Social Implications''.

4,. Property Values

The initiationof amajor oil tanker route in the Georgia Strait region would be expected to affect shore-
line property values within the study region. To discuss this effect with respect to shoreline property only
is over-simplistic. Shoreline property tends to be more highly valued than non-shoreline property, and
this premium is attributed.in part to the value of direct access to the water, beach, etc. The risk that an

oil spill would interrupt the usefulness of the shore would of course have a negative influence on the present

100



value of shoreline property. But this same effect could alsobe felt on non-shoreline property where part
of its value arises from its location with respect to access to the waterfront. The risk that waterfront
use might be interrupted would tend to reduce the value of this property, as well as that of actual shoreline

property.

There appear to be two ways in which property values would be affected. On the one hand the value of
all shoreline property could be depressed as a result of the risk of an oil spill. Additionally, the value of
any shoreline actually contaminated by a particular spill would be depressed. These two cases are dis-

cussed separately,

a) Values Depressed Due to Risk of Oil Spills

The risk of a major oil spill from a new tanker route could reduce property values throughout the area
exposed to this danger if it were a recognized risk. Thisreductionin value wouldreflect uncerfainty on
the part of buyers and sellers of property as tothe 'usefulness'or 'continuity in usefulness'' of waterfront
property within the exposed area. Inthe region whichis relevantto this study,a uniform reductionin prop-

erty values would not be expected as therisk of contaminationappears muchhigher tor some areas than others,

N Empirical measurement of the extent to which property values are reduced by such risks does not appear

practically possible, and would in any case require an after-the-fact investigation. Likewise there does not
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appear to be any technique which would be relevant to forecasting this effect. Many factors other than the
risk of oil spills are operative in determining shoreline property values within the study region, and the
interaction of these factors in recent years has resulted in consistently rising values. If the tanker route
were initiated, realization that the property was subject to the risk of major oil spills would probably

cause values to rise less than they otherwise would have, resulting in a lower rate of increase as measured
through time. To isolate the effect of the oil spill risk on property values when all other factors deter-

mining property values are constantly changing would not appear practical at present,

b) Contamination by a Particular Spill

A particular spill which contaminated waterfront property would render it less useful and hence reduce
its value. It is assumed that contamination from any one spill would be relatively short-lived (1- 2 years)
and that once the shoreline had been restored to pre-spill condition the property would regain its normal
usefulness and hence its normal value. In such cases the measure of the cost to property owners can be
estimated by imputing a return, similar to a rate of return on capital, to the reduction in rental value of
the property during the time the shoreline is contaminated. This rate of return represents a monetary

expression of the utility derived each year from ownership and use of the property.

As a simple example, assume that a shoreline property is contaminated by an oil spill which renders
the waterfront unusable for one year after which time it returns to its pre-spill condition and normal

102



usefulness, For the duration of the contamination the shoreline propertywould be comparable, interms of the
utility it provided,tonon-shoreline property. If itisassumedthat the shoreline propertyhad a value of $20, 000
anda comparable piece of non-shoreline propei'ty hada value of $8, 000, the differenceinthese values provides a
basis for estimating the cost of contamination to the property owner. The utility received each year fromuse of
the property canbe approximated from the rental value which is assumed to be 12 percent of market value,

In this exafnple the rental value of the shoreline property would be reduced to that of the comparable non~
shoreline property for one year. This represents an imiouted loss of utility of $1,440 for that year (a rental
reduced to $960 as opposed to a '"normal" rental of $2,400). The capitalized value of this loss of utility re-

presents the appropriate measure of the cost of the oil spill to the property owner.

5. Recreational Values

An oil spill would have an adverse effect on the quality and therefore the value of recreation in areas

near the spill. The net loss in recreation values should be estimated and included as a cost.

Most of the recreation affected would be centered on the use of public recreation areas. Of these,
boating, fishing, beach use and swimming would be most important with walking, beachcombing, and perhaps
huntin‘g of value in some areas. In these cases the alfernatives available to those who are affected must be
determined. In some instances, because of the short nature of an oil spill, people might have no alternatives
to a particular recreation endeavour. One example is that of an avid sports fisherman whose boat could not
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be moved from the marina because of large amounts of oil in surrounding ‘areas. In such cases the social
cost is the value of the entire recreation experience which is lost. An estimate would have to be made,
possibly through direct survey techniques or by imputing results from other similar surveys, for the per
person value lost on a daily basis. This would then be combined with estimates of the number of days of
recreation lost due to the effects of the spill. For some individuals an oil spill would only cause a transfer
of activity to another location or perhaps a transfer to another activity., Then the proper measure of the
social cost would be the sum of the increased costs, ifany, of moving to another supposedly less attractive
location or activity, plus the difference between the value of the original activity and its substitute. 1In
many cases where people are indecisive about choosing between two or more recreational activities, these
costs will be small. The practical aspects of making the required assessments are the outstanding diffi-
culties in this area. For practical application, the constraints of available data may enable one to only

roughly approximate average values for recreation and days of use.

For recreation centered on the use of private property or '"s emi-private'' beaches, individuals have
paid location or site premiums which are reflected in the high price of waterfront property. The loss in
recreation that these individuals suffer is accounted for by the previous consideration of decreased '"rental"
values. The recreation lost to private owners of waterfront'property should not be included with other

estimates of recreation losses in such cases, as it would be double-counting.
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6. Option Demand

The preceding discussions have dealt with those costs which can, at least in theory, be directly
measured. For the most part they relate to direct uses of the marine and associated shore and land
environment and their measurement requires that the reduction in such uses due to an oil spill be

estimated and the value of such '"foreclosed' use be established.

The concept of option demand has evolved within the last decade through efforts to refine the application
of benefit-costanalysis., For publicly provided goods or services, where user charges are often non-existent
and are seldom market deterfnined, the appropriate meaéure of benefit is the sum of revenues collected
plus the consumers' surplus. (In this study, for example, the consumers' surplus appropriated by
outdoor recreationists would be estimated as the value of benefit from that form of resource use.) It has
been argued, howevef, that where there is uncertainty in demand, there may be a further form qf benefit,
called option value, that must be added to the consumers' surplus. Option value relates to possible future
use of a good or service and is the premium Which a person who is an uncertain demander would pay to
ensure the availability of that éervice. It was initially suggested by Weisbrod (1964) that for option value
to be relevant for public policy three conditions h.d to he met. These conditions were:

(1) That there are persons who are uncertain about future use or demand for the commodity
or service in question;

{ii) That a decision about supplying the service in the future is about to be made, and if the
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service is curtailed in supply, re-establishing or expanding it would be extremely cosfly
or technically impossible;

(iii) That there is no practical way for the resource owner providing the service to collect
the option value because exclusion is not possible; that is, it is not possible to identify

all those who would benefit from assured availability of the good or service and exclude
from benefits those who refused to pay for an option.

-Subsequent discussions of the concept of option demand have attempted to clarify whether in fact option
value exists separately from consumers' surplus, and under what conditions it is likely to be significant.
This discussion has established that where individuals are certain about their future demands for the good
or service in question, option price will just he equal to consumers' surplus and there will be no option
value.. Where individuals are uncertain as to their future demand for a good or service, option price
~will be greater than consumers' surplus and there will be a positive option value. Also, even for certain

demanders when there is uncertainty of supply in the future, there will be a positive option value.

It seems valid therefore, to claim that option value does exist for some of the services provided by
the marine environment of the study region. The uses to which it would apply are those which are outside
of the normal forces of market transactions - outdoor recreation of various types and opportunities for
education and research., Within the broad spectrum of those who could in future use the study region for

these purposes, it seems rea sonable to assert that there will be many who are uncertain demanders and
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would pay an option price to ensure continued supply of the service. There also appears to be uncertainty

regarding the provision of at least some of these services in the future. To the date of this report, however,

no practical means of estimating option value have been proven,

A pre-condition for the concept of option demand to be relevant for public policy, however, is that a
decision about supplying the service in the fgture is about to be made, and that if the service is curtailed in
supply it will be extremely costly or tecﬁnically impossible to re-establiéh or expand, In the present case,
where the possibility of oil spills is being considered, this condition does not apéear to apply. The know-
ledge at hand suggests that an oil spill would only reduce the suﬁply of any service for a‘ limited time,
after which it could be re—establishéd or expanded, Furtﬁermore, the costs of re-establishment or expan-

sion of supply do not appear to be large.

Thus, while it seems clear‘that there are option values associated with possible future use of the
marine environment of the study region, it is not‘ aé clear that these values will be affected tova significant
~degree by the occurrence of an oil spill or spills except where the spills were continuous and precluded all
future use. To the extent that option values relate to ensuring the supply or availability of a service in the
long run, it is difficult to argue that they are significantly reduced by a short-run reduction in the quantity
of that service being provided. If on the other hand an oil spill would have the effect of permanently

reducing or eliminating the supply of a service, option value would be a relevant policy consideration.
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SOCIAL IMPLICATIONS

- This"study was tr’igg‘efec‘f because people on the west coast were concerned about the impact that the
transportation of Alaskan crude along their coastline would have on their lives. It is within this context

that we have reviewed the physical and economic impacts of oil spills on the west coast, realizing that

-~ as far as Alaskan crude is concerned, we stand the risk of spill damage but have abs olutely' no dépendence

on-that oil as a source of energy. -
Throughout this report we have stressed the relatively recent nature of any serious study of the oil
spill problem. However, within the short period of time since the Torrey Canyon disaster, much

technical research has been-undertaken and there is already a good body of literature on the immediate

-and short-term effects of spills that have occurred., ‘Some attention has been paid to recreational and

-aesthetic-effects in general terms and,: of course, some of the information has been itllt'erprete‘d:in

ecohomic terms; but other than'in a few passing comments mostly relating to publi'c-”relétions',' there
appears to have been little serious consideration given to the broader social implications of the impact

of an oil spill. -

In the absence of good prior information based on previous spills, it is beyond the terms of reference
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of this study to undertake detailed original research in what is at best a fairly subjective and site specific
field. This section of the report must therefore be considered in that light, It is an informed but none-
theless subjective: assessment of those societal impac‘ts of a spill not covered under economic impact and

Toss of recreational resource values.

Social coqsiderations fall un&ef two main headings‘: The first is aetual _pabliciy expressed responsve
‘to the oii spill threat and sabsequent public rela t.ions- a_’nd political iir‘np_lica,tions_. The second is the -
effects that an oil spill would have on the d-iffi'cult‘—bto-define, aspects of the llif‘e—st>y1e of the peopte living
in the region affected by the spill, the psychologmal effect of knowmg that a sp111 is takmg place in the

area, and the concern people feel for umque and 1rrep1aceab1e resource values

I.  Public Concern and Oil Spills
‘The study terms of refei'erice i’ndv'rc‘:ate that "Public concern has been strongly expressed over the

potential dangers‘bthat would arise to the marine environment from oil shipments down the west coast, "

It would be beyond the scope.ef this report to dig deeply into every possible source simply to sub-

stantiate the degree of 1this public concern, but its presence must be stressed.
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a) The Public Media

Inevitably, the whole question of public concern is closely related to the public media. We recog-
nized from the outset that the argument can be raised that statements in themedia can be both a reflec-
tion of public opinion and a deliberate att.empt to mould it. This begs the question. The public media
does provide one vehicle for people to obtain and express their views on major issues, therefore, we
have undertaken a review of media coverage surrounding the oil transportation problem to date in

Canada primarily dealing with the west coast.

This has involved a review of press coverage in the four major west coast dailies, Vancouver Sun,
Province, Victoria Colonist, Victoria Daily Times, a review of letters to the editor as an expression of

public feedback, and a review of other media coverage, particularly television documentaries.

It should be borne in mind that a number of events have occurred during the course of the study to
keep the whole qgest'ion of oil transportation very much in the public eye. The discussions surrounding
the U.S. Department of the Interior's report on the environmental impact of oil transportation from
Prudhoe Bay ‘t'o Valdez and transportation from Valdez down the west coast has regularly supplied news

stories throughout the study period. The associated discussion of the transportation of oil and natural
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gas via a Mackenzie Valley pipeline route across Canada has again provided a good basis for news

coverage.

Several statements by federal c_abinet minist.eirs and mémbers of the House of Commons on the west
coast on th¢ tanker problem have been given good local media coverage, as hasilegal action initiated by
west coast M. P, Mr. David Anderson and the Canadian Wildlife Federation in the U.S. courts. Perhaps
most significantl of all is the fact that there have _Been a number éf minor spills throughout the study pe\riod,
culminating with the wreck of the Vanlene off the west coast of Vancouver Island within the last few weeks
of the study programme, and coinciding with thé release of the U.S. Department of the Interior's environ-

‘mental statement on the Alyeska pipeline and west coast tanker route.

No attempt has been made to keep a total record of media covérage or to make a detailed analysis of
iti - that WQuld have been a major study in itself. However, it is significant that there have been nearly
100 editorials on oii tra‘nsportation in 'the‘ four major daily newspapers during the past eightegn months.
Stqries and articles in the news sections and in the business sections of B.C. newspapers have resulted

in some kind of coverage associated with oil transportation virtually every day.

For example, a monitoring of the Vancouver Sun for a six-week period during February and March,

1972, indicates that a news story directly related to the points-being covered in this study and relating
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to the study region, appeared in every issue. The Vancouver Sun on March 21, (the date on which this
particular section of the report is being written) contains no fewer than 27 separate news items dealing
with oil. Public feedback in the form of letters to the editor has also been virtually continuous since

the latter part of 1970, with much emphasis on the environmental aspects of oil spills.

O_thef media, particularly television, have maintained a steady coverage of the oil spill problem,

especially when it is related to the local spill problems referred to briefly in the foreword to this report.

- Some of the policy implications of this broad spectrum of media coverage will be discussed later.

b) ‘Otﬁer Indications of Public Concern

Citizens' groups of almost every type have been initiating public meetings and expressing their
organizations' views on oil transportation. These groups include not only the traditional conservation
ones, but church groups, service clubs and particularly, boards of trade and chambers of commerce in

the study region.

All of the regional districts and the bulk of the municipal governments surrounding the study region
have expressed public concern over the potential dangers of oil spills, and the B.C. Government has

expressed strong concern over the threat that oil spills pose to the B, C.. coast.
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Letters to MLAs, regional governments and particularly members of parliament indicate a
strong public concern over the potential dangers of an oil spill. Significantly, we have observed no

defence whatsoever in Canada for the west coast tanker route.

c)  The Significance of this Concern

~In the report of the task force on the clean-up of the Arrow oil spill in Chedabucto Bay, particular
emphasis was placed on community relations. 'The community relations unit was immediately formed
by t_he‘t»as_k force to establi_éh contact with the fishermen and other local inhabitants and to provide daily
reports for the news media. It was vitally important to place the facts before the public and inform them
of the kind of attack and progress made . . . . . It is concluded that good community relations are essen-
tial in dealing with a disaster of this type and that formation of a suitable PR unit should receive top

priority in any future incident."

Our observations of the spills that havé taken place to date in this study region hrave indicated
scepticism on the part of people reading media reports and on the part of local residents observing
responses to spill clean-up. To date, of course, the relatively minor spills that have occurred in the
region have been remote from major population centres and therefore inaccessible for the most part

both to people from outside and, to a lesser extent, the media.
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A failure to keep people adequately and honestly informed of the impact that a spill would have,‘ and
a failure to provide an honest assessment of the success of the clean-up operation would result in public
anger and mistrust and an inevitable lack of confidence in the government departments and decision-

makers responsible for contingency planning and clean-up operations.

A second major consequence is the fear and doubt that would be raised in people's minds about the
actual implications of a spill for them. News coverage and personal communications and observation
indicated this in connection with the Torrey Canyon, San Francisco and Santa Barbara spills. It also
was particularly noticeable at Chedabucto Bay. One serious problem associated with lack of complete
public understanding is the inevitable build-up in political pressure to take short-term action to sdlve a

spill problem that certainly would not be in the best long-term clean-up interests.

In the event of a major oil spill incident in hazard zones on the Pacific west coast, private property
is likely to be affected. Information must be available on questions such as legal liability for clean-up,
responsibility for damage suits, and direction to citizens whose property and interests are affected by a
spill. -~ The Chedubucto incident took place in a very remote part of the country, where a relatively émall
population, albeit very directly associated with the sea, was affected. This would certainly not be the

case in the event of a major spill in the lower Strait of Georgia region.
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This exploration of the concern being expressed over just the possibility of an oil spill in the study
region and a brief analysis of the sketchy material available from previous spill incidents should provide
a good forewarning of the kind of public response that could be expected should a major spill of Alaska
crude oil occur within this study region. Two scenarios selected for detailed study incorporate substantial
portions of the coastline of Victoria and the whole of Boundary Bay - both areas where human activity or

interest is exfremely high.

The international implications of this strong public feeling that oil spillage in these hazard zones would
create need little elaboration. The resentment that would be aroused against the oil industry also needs
‘little elaboration and the implications of public response to government départments responsible for oil

spill cleanup are obvious too.

-Our assessment of public response through the media and discussions with repi‘esentatives of organized
groups interested in the environment and with a much broader section of people concerned about the impli-

cations of oil transportation, indicate that people expect action on two major fronts.

First, they expect the Canadian government to register the strongest possible objections that it can to
oil transporation by tanker down the west coast. There seems, however, to be a latent feeling of frustra-

tion that no matter what Canada does in this regard, the tanker route will go ahead anyway.
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Secondly, if the tanker route from Valdez to Cherry Point is established, then people will demand:

(1) That Canada do everything within her power unilaterally to control oil transportation within
the waters under her jurisdiction,

(ii) That every effort be made to cooperate in every way possible with the U.S. marine traffic
authorities to ensure that the highest possible level of spill preventative measures are:taken,

(iii) That an effective contingency planning organization be established to combat any spills that
should occur, '

(iv) That people are made aware of the legal implication of an oil spill both with respect to their
personal property rights and with respect to responsibility for clean-up costs incurred by
the Canadian government.’

2. The Effect of Oil Spills on People

App.roximately 1 millvion‘Canadians live near enough to the Straits of Juan de Fuca and Georgia to be
considered coastal residents. It is true that not all of these people have a direct interest in the sea from
a viewpoint of work, recreation or even a state of general awareness, but nonetheless, many do deliberately
choose to live on the Gulf islands and along the shores of the Strait of Georgia and the Strait of Juan de Fuca
because they particularly want to live in a marine environment. (Consideration of the aspects of the option

value that people place on the availability of a marine environment is discussed in the preceeding economic

section of this chapter.)
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a) Life-Style Disruption

It is extremely difficult to define just what is meant by a "]ife~-style! and it is more difficult yet to
determine just what the impact of a drastic temporary change in environmental quality would have oﬁ the
1ife~sfy1é of an individual. The expression of concern about the possible changes inherent in the tanker
nt of oii is itself one indication that people are extremely uneasy about what that impact might be.

moveme

Right from the 6utset then, there is a general anxiety and concern - félt more deeply by some people

than othérs - at living under the threat of possible disaster. This in itself is disruptive and an important

component of the social impact of an oil spill. Just as anticipation of a pleasurable event is 2 pleasing

experience, the anticipation of an unpleasant event can be a stress factor on a human being.

Loss of jobs and resultant social disruptions need little amplification, and the economic results of
unemploymen't are *on.lby ,oné way of viewing the loss. It is important to realize also that some of the jébs
associated wiﬂd ‘the'marin.é ehvironment - fi,shing, catering to recreationiéts - are .extrer‘nely seasonal
and a 1os$ of income for even a relatively short period could be completely disruptive to the kind of life-style
that many people in those occupations choose to adopt. They are prepared to trade-off the security of a

steady job against freedom and the personal plea sure that they get from the kind of occupation that fhey choose.
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_Agaip,firm data arelacking but there is little que$tion that many people,. both young and old, live among
the Crulf Islands and at many locgt‘ions arpund the Strait of Georgia in a state of retiremen@ or semi-
retirement" because»they enqu the total marine atmosphere.» The psychological impact of a drastic change
in an environment of which an individual really feels a part is difficult to assess in anything‘but* subjective
terms, but it is none.the_less very real both._to the people affected, apd to the many who ultimately 1oc>)k:,

forward to enjoying that kind of life-style.

b) Loss of Recfggtional Opportunity

~A sgconﬁd rﬂajor area of sqc-ial impact, of course, is the loss of recreational opportunity. Although_
th‘is can be\r‘nebasur;ed in terms of loss of in;ome tQ entrepreneurs in the recreation business, thatjis only .
a fractiqn ofiivts true' value. Many people'choose to liv.e and work around the Strait of Georgia be‘;:ause,of
the marigg—or\igﬂnt_e_d ,recrgation opportunities the region presents. The loss of recreation opportunity, be
it a temporary loss of a favourite fishing ground or a more long-range loss of a favourite beach, will again
be ardif_ficygl.t impact to measure, but nonetheless a real one. Those who have walked at the water's edge
alo’ng.bebaches that webrei__fouled five years ago by the Torrey Canyon still find oil just inches below the

surface.

Another equally important aspect of the loss of recreational opportunity that certainly is not measured in

economic values alone, is the possible loss of an annual vacation arising from an oil spill. It is true we
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have already indicated that t}}e actual physical area ofr a spill would likely be limited compared with the
region as a Wholé and vit’could be afgued that vacationers could move elsewhere, but this is not a very

real alternative | when accofﬁmodatibn and camping facilities throughout the region are frequently operating
at saturation point during peak vacation seasons. An individual may be at the site of his annual vacation
because he is very attached to that particular site and returns to it year after year - the loss of just that

one vacation coupled with anxiety about the future becomes a real social loss.

c) Education and Reseérch Use

We have already referred to the general recreational values of the marine environment, but a more
specific educational interest from elementary school to the university level exists too, not simply through
specialized research but also through the "outdoor-classroom'' potential. There is no way in which the

value of benefits of this type can be estimated.

A more specialized and iﬁtensive use of the natural environment lies in the field of scientific study and
research. Although it is ﬁot possible to predict the results of such study or to estimate the value of its
findings, it is widely agreed that society should maintain a "scientific preserve of resea rch material as |
required er advances in the life and art sciences.'" The ecological reserve programme discussed else-
where in this report recognizes these values. While measurement or quantification of these in monetary
terms is not presently possible, it is possible to make some qualitative judgement of the effect that an oil
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spill could have on them.

~In terms of general education use, the effects of any one spill would not be significantly large because
within the study area thete are many possible sites for alternate use. It could even be argued thatthere
could be some short-term educational benefit in enabling students to see the impact of an oil spill a5 part

of their education - pervefse' though this might be.

The effects of an oil spill on more serious scientific study, such a's that referred to in the grounding of
the Vanlene near'the research station at Bamfield, could be more gsevere. Sciéntifi¢c research programmes
are.spread oveér a period of time ‘and frequently involve consgiderable investfnent of both time and facilities
at a particular site. Such investment could be destroyed by an oil spill. If the research could be re-

. located elsewhere or continued at its original location after the clean-up of the oil spill, then damage
caused by’fhe spill 'Cdlild be mea sured by the cost of timé and expenditure necessary to re-establish the
research, Of the other hand, the loss of a long-range baseline monitoring programme might never-be -

replaced.

d) Loss of Unique and Irreplaceable Values

One final aréa ¢closely related to social and option valués is the very real concern that people have for
the preservation of unique and irreplaceable resource values: = There is little question that these values
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do exist within the study région. The Pacific Rim National Park - an excellent case in point - has been
established because it is a.unique part of Canada that has not been drastically changed by man. The impact

of an oil spill on unique features such as this is in a real sense irreversible.

The argqment is equally trué of the impact of a spill on unique ecological ar‘eas within the region,
particularly on those areas that have been set aside for scientific research. Again it is difficult to
measure in 'economig terms, bu't it is ironic that the Vanlene grounded adjacent to a marine research centre
established by western Canadian univei'si_ties at Bamfield because of the relatively undisturbed marine eco-

systems of the area.

The social impact of an oil spill on unique sites of this type, some of which are already under various -
ecological reserve status such as national parks, and some of which are under active consideration for

establishment as major marine park areas, is felt far beyond the actual study fegion.

Social preservation values are recognized by people who have no intention of directly using a site for
any particular activity, yet still attach value to the knowledge that it is preserved in an unchanged state.
This concept is sebaraté from op»tvion demand and is'egpressed in many different ways:

- "Just knowing it is there'

"The quality of the natural environment which would give rise to a value is at a point which is beyond
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the material and recreational values that we c_ya‘n more readily identify "

- "The preferences of society and the satisfactions gained from the assurance that natural phendmena

can continue to exist'"

- "Preservation and continued availability are a significant part of the real income of many values."

While there is difficulty in defining these values, they are there in a very real sense when people

make political decisions.

It should be borne. in mind that in this particular study region, the natural environment is-constantly
being modified by industrial, commercial and recreational activities, and any one decision - including that

of tankering oil - will not in itself result in"the total destruction of the environment. At the same time,

many small decisions taken independently would have the collective effect of transforming the environment

into a state of reduced 'quality unacceptable to those having any strong preference for the preservation of a

natural environment.

Usually it is these social factors more than immediate economic implications that provoke widespread
public concern over any kind of environmental disaster. Significantly, all of these social factors have to
be weighed in the light of the fact that the people who would be affected most, both inside and outside of
the study reéion, dé not depend upon shipxﬁents of crude oil through the area for their own energy negds.
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ASSESSMENT OF OIL SPILL IMPACT

1. Development.of‘ an Oil Impact Index

The method used to assess the impéct of an oil spill is based on the construction of an index showing,
for any part of the étudy region, the darnage. which would be done to a selected set of resourcés in.the
event of a major oil spill.  The index is a set of pure numbers ’expressi'ng the amount of damage g_elative‘
tqv’the damége which would occur in any other part of the study area. The sole purpose of the index is
the identific_ation»o:f‘ those portions of the Vkstudvy area which exhibit a relatively higher Vulnerébility of
damage due to oil; It does not express an abs_volu'te} amdunt of damage, and should iﬁ no .\;vay be applied |

to any assessment of actual damage résulting'fror_n a real spill.

The set of resources upon which tbhc.a impact of oil was.evaluafed is made dp of resourcesthat would
be sefiously affected by oil spills \x}ifhin‘ the study area. These resources were discussed and mapped in
Chapter IIT. = Our selection is biased towards those resources which are either harvested for human
consumption >or important in other human activities, but an attempt has been.made to include the broad
ecological or r"non-rnan--cent‘red” point lc‘)f view in the evaluation of impact. Our methodology does not
consider the Varioqs interactions and interde.p‘endenc.ies among resources (e.g., the plankton-her‘ring—

salmon-man food chain); it merely shows the immediate, direct effects of an oil spill on biological,
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a) The Grid

physical and man-made resources. To handle these interdependencies quantitatively would have
reQuired the develiophrr‘lel:nt of an éktrellx;lely éorh/p-lei rhethodology. Therefbré, interactions {and ’;nter'-;
dependenci;s“a;re diécﬁssed‘iﬁ tk;e tex‘t.\ kC‘habte:f III - Marine ’Resources,and Chapter V - Section A -
Biologicél a;q.d‘]‘.i;hysic;al Imélicétiéns() | .‘

We h;ve tékel;l f.i’ve: tst;apsv m aeveloping tﬁe in(.ie.x’;’the G‘rid, the Quanti.tgr,b the‘Impact, t.he.Relative

Importance, the Index. FEach step is briefly described below.

PO

A system of grid squares was superimposed on the base rhap. Each square rep'reserits an area of
approximately 100 square statute miles.

b) The Quantity

It was ﬁot practical té measure, in standard units such as acres or gallons, the actual quantity of
resource throughout the‘ study area. Our rating system identifiéé: the‘quat.htitsf of ‘eV;Lclvq -rej_source relative
to the general level of abundancé ;of“tha‘t fes ource in the entire study area, and attempts to provide for
guantitative comparability between resAéﬁrces. Each resource was assigned a numerical value for each
of thé squares in the grid system. This number, based on a 0-5 scale (where 5 is high)v represents the

quantity of each particular resource within the square.
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To show the quantity of each of the nineteen resources for every grid square examined would be a
cumbersome task, so only one eXample is given below. The grid square illustrated is M-12 and the

resources quantified are in the same order left to right and top to bottom of the square as they appear

in Table 7:
: TABLE 7
4 2 10 0 Individual categories here
. ’ correspond to those listed
3 3 0 2 3 ' in Table 8.

12

In the scenarios, actual quantities of resources which would be damagedv bf an oil spill are assessed.
¢} The Impact

' To determine the impact of éil on the quantif’xed resources, the following assumptions bave been
applied:
(i) That there is an equal prob.ability of.a .se_vere 0il spill occurring in all parts of the study area;
(ii) That the actual asses»sme’nt of impact preéupposes the conditions of a severe oil spill;
(iii)That the type of'oil. spilled is Pfudhoe Bay crude oil;

(iv) That the oil spill has occurred when each resource is at its most abundant if it shows cyclic variations;
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(v) That the spill occurs where human use of the resource, both consumptive and non-consumptive, is at
~ peak intensity. "

Impact is’.c'oﬁvs‘i‘éére’dAin»thr_e_e categories - cbmmérgial, " fecréatio‘naﬁl, ;ahd aesthetic—’intangible.
Agaln, ‘we have evaluated impact in a relative sense; a high impact was assigned a value of 5, a low
irripact w'as"v;ratéd »art 0 orl. For exarr‘lp'l'e, given tha,t a‘éevere oil spill s.preads across 'Water’s:,used by
‘the commerc1a1 hé_rrring.gfishe‘i;y, although herring could still be captur.‘ed by purse seine, the contamina-
tion thatwould result ’f‘rorn taking the herring through the polluted Hsbtllrface layer Vwould repder th¢ cat¢ch”

L unmaf’l"»k'e'tab.‘bkilvé}. Therefdre, this case was given a commercial impact value of 5. (Refer to Table 8.)

If-the particular resource in question was subject to both a commercial and recreational harvest, =~
“ the impact on each type of resource use, in the case of a severe oil spill, was evaluated. Salmon and
,h\errving',' f~or‘i'n_sta'n'ce, ‘are subject to both a commercial and sports fishery. In both types of resource

- extraction the impact of an oil spill was high and ratéd a value of 5.

The »‘mo's-t' difficult elements to incorporate into any index measurement are the aesthetic and
intangible factors; that is, people's subjective reactions to and visual and aesthetic experiences of a

paft.i‘culai-z‘ar,eé. " How are the effects of an oil spill on these''values' to be assessed?
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TABLE 8_

RESOURCE Relative Relative Impact of an Oil Spill Impact of an Oil Spill
Commercial Recreational on Commercial Use on Recreational Use
Importance * Importance * of Resource * of Resource *

A) NATURAL RESOURCES

1. Intertidal Areas

- Beaches N.A, 5 N.A., 5
- Marine Plants & Invertebrates NLA, 4 N.A. 5
- Clams : 1 3 5 5
- Ovysters 1 3 5 5
2. Subtidal Areas v :
- Water Column N.A. 5 N. A, 5
- Shrimp, Prawn & Crab 1 2 5 5
- Groundfish ' 3 4 5 5
- Herring - Reproductive & Juvenile N.A, 1 . N.A 5
‘- Adult . ' 1 2 5 5
- Salmon - Juvenile N.A. 3 N.A, 5
- Adult 4 5 5 5
3, Deepwater-Areas :
- Resident Seabirds o ’ N.A. 3 N.A 5
- Migratory Waterfowl 2 4 5 5
B) MAN-MADE RESOURCES
- Marinas & Principal Harbours 4 5 5 5
- Log Booms & Storage 5 ‘ N.A. 3 N.A
C) LAND STATUS
- Parks & Park Reserves . N.A, 5 N, A 5
- Ecological Reserves N.A, 2 N.A 5
- Indian Reserves 2 2 3 5
5 5 1 3

- Real Estate Values

* None - 0; High -5
N.A. - Not Applicable
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; The word '"value" _ has been at the crux ofvghilqgophi{cval thought for 2500 years. ~ In recent years, the
semantics of the wor;j have concentrated on mrenetary worth rather than on its broader ph‘iloso‘p’hivcal
implicetiens. Perha;;s Whitehead's definition of ''value' comes the closest to defining the subjective
_approach to "ye_lues" as distinct from the narrower economic interpretation of the word:

H"'V“alue is‘:in 1ts nature timeless en{d" immortal; its essence is not rooted in any“vpassing cireumstance. n
Thie definitioh pfoy_ides‘_ the context within which we have developed the assessment of these values in the

impact evaluation.,

Any vajlh'e judgemehtﬂrelating to aesthetic and’ intangible values is necessarily a subjective one and
thenrue.fore shows an automatic b‘ias; To keep this bias within reasonable limits without complete1y4 sterili-
zing our attempt at makiqg the judgement, we have applied the following '"ground rules' to the evalhation
process: h B |

(i) Recognition of the 11m1ts to Wthh an oil gpill would in point of fact affect the visual-aesthetic
experience;- ' -

(ii) The fact that the various’ combinations of resource values within the study region are in certain
instances an indicator of the intangible-aesthetic values;

(iii) That this incidence of abundance (for want of a better term) is related to a Slte specific relationship
with a given region and not to any one particular resource;

(iv) That these factors should be considered in the light of a broad range of understanding of other areas
where similar values have been, or are being, considered by the same people making value judgements
on the study reglon' and '
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(v) Experience in making analytical value judgements involving aesthetic and intangible values;
e.g., art, music, architecture.

While the commercial and recreational impacts are evaluated on a resource by resource basis, the
aesthetic-intangible impact has been evaluated on a grid by grid basis as it is site rather than resource
specific. As with the commercial and recreational impacts, a scale of 1 to 5 was used. The commercial

and recreational impacts are shown in Table 8 and the aesthetic-intangible impacts on Map 21.

d) The Relative Importance

Within commercial resource uses, oysters and clams represent a mgch 1ess important harvest in
economic terms than salmon. Strictly \.vv‘ithin the Conéidération of harvest values, oysters and clams are
less important than salmon. We have adopted this rationale for our system of rating. Wherever the
_ commercial harvest of a particular fesource has been documented, we have expressed its doliar value as
a fraction of the commercial values of the total complement oAf examined resources, and applied this
fraction as a weight té represent relative importance. Excluded here are any considerations of inter-

actions between organisms.

A s imilar type of deliberation was used to assign the overall importance of each of the examined
resource features to recreation associated with the water bodies or intertidal zones. We reviewed the
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sources of information available on the types of recreational activities that people pursued within the
study area, and attached a partly intuitive relative importance to each of the examined resources based
on our understanding of current recreational patterns. A scale of 1to 5 was used to indicate relative

importance. The results are shown together with the impacts in Table 8.

As the aesthetic-intangible category is not based on particular resources, it is not subject to any of

these considerations of relative importance.

e) The Index
There are three indices of oil spill impac’t in eve.ry grid square, one applying to each of the impact
categories (i. e.; 'commercial, recreational, and aesthetic-intangible). The indices are not summed but

simply( considered together in assessing the total impact oil spills would have.

For each of the commercial and recreational categories, the index is calculated on a square by square

basis as follows. For every resource, the product of (a) the relative importance figure (refer to Table 8/
columns 2 and 3), (b) the impact figure (refer to Table 8/ columns 4 and 5), and (c) the quantity figure (refer
to Table 7) is calculated., The sum over all the resources of this product is the final index.‘for tha'tf grid square,

The index of the aesthetic~intangible category is simply the impact figure alone,
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For example, the final indices for grid square M-12 are:

Commercial Impact 276
Recreational Impact 595
Aesthetic-Intangible Impact 4

2. Hazard Zones

It must be stressed that these
indices are not relative to one
another and therefore not add-
itive. ‘

The identification of zones where there exists a higher hazard of spill damage is based on a consider-

ation of both zones of higher spill probability ‘as_ determined in Chapter II, and areas of higher potential

resource damage. These hazard zones have been delineated for the purpose of choosing scenario sites

and of ideuntifying areas where a greater degree of oil spill'cont‘ingency planning is required.

To determine areas of higher potential resourcedamage, an indexvalue of arbitrary proportionality rela-

tive toall gridfigures in each categorywas chos en toindicate the lower limit of high impact. These values are:

Commercial Impact - 250
Recreational Impact ‘ 625
Aesthetic-Intangible Impact 5

Map 22 shows the results of this analysis. Three major zones of higher potential resource damage are
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identified on thebasis of each square within them having at leastoneimpact categoryexceedingits lower limit:
a) ‘ ’»Long Beach/ Barkley ‘Sound”
b) | Guif _I.splancvis,’ and‘ |
"kc)l' ‘Ij_,ower I-Iio\we‘Sound/ ‘Vancouyer/_er»aser Delta
A hiéh spilAl‘"impact 1s also ;n'di;c‘:ated .for s.rnalgle'r‘a;eas On.the east coast of Vancouver Island bety{veenr

Comox and Nanaimo, and around Cortes and Hernando Islands in the northern part of the Strait of Georgia.

a) Long Beach/ Barkley Sound
Foremost in thls area are hlgh aesthet1c and 1ntang1ble resource values which would suffer severely
‘were an oil spill to occur. In fact, because of this zone's high biclogical productivity and recreational

potent1a1 much of it has been set a51de as a national park (Pac1f1c R1m Nat1ona1 Park),‘ extendlng from

v

.Long Bef ch thrOugh Barkley Sound and perhaps eventually to the Nitinat area.

The intertidal ecology of the coves and archipelagos in Barkley Sound is outstanding and the main
reason for the high threat from oil. In the sound also are seabird nesting sites, shrimp, crab and ground-

fish commercial fishing areas, and herring spawning sites.

There are several sheltered marinas in this zone, such as at Bamfield and Ucluelet, as well as a number
of beaches and coves with waters warm enough for swimming. Although present real estate values are low
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compared to the study region as a whole, the recreation potential is high, as evidenced by an ecological

reserve, several provincial park reserves, and the Pacific Rim National Park in the area.

b}  Gulf Islands

Both recreational and commercial uses of resources in this zone show high potential vulnerability to

oil damage, primarily due to the abundance of excellent waterfront land and the variety of marine life.

Much of this ma rine life is conc‘en’ci‘aéed ini tidal passages where §vater exchanges replenish food sup-
plies‘ fof plankténic brgénisms fhrough to 1a.fg'e3.ﬁ; fish such as hérring and salmon, upon which evehtgally
éeabirc‘isn‘ feed.b ’S'hrimpf, ;:réb, oyster, sélmon.énd groundfish are o'f economic importance comniercially,‘
while saimbn allso support an ihtenéive r>ec>rea'.t'ion&il sports fishery. This zone contains many seabird

nesting sites and supports a vast number of wintering marine-associated birds.

Tﬁat the zone is important vrecreationally is evidenced by the large number of marinas, vharbours,
parks, park reserves and ecological feser‘vés locatedeiti'xin it; The Watérs are often warm enough for
swi%nmiﬁg, and s.c'uba diving. is» céfried on in many sifes even during the winter. Because vof its high
productivity, it is an area tréditionall& userd by Indians from its several reserves. With excellent

waterfront and beach properties and close proximity to British Columbia's two largest cities, Vancouver
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and Victoria, land values are among the highest in the study region,

| c) LoWer Howe Sound/Vancouver/Fraser Delta

Although most of this zone stands out because of its high commercial value, it is alsoimportant from

a recreational viewp’oint around Burrard Inlet and lower Howe Sound because of its proximity to Vancouver,

The Fraser delta and Boundary Bay are key components in Pacific waterfowl habitat and contain the
largest wintering waterfowl and shorebird concentrations in Canada. As well, the Fraser delta is an
important nursery and transition area for seaward bound and returning migrant salmon, with Boundary Bay

and pérts .of' Howe Sound important for herring spawning. Considerable shrimp fishing takes place in Howe

’ Souh&,' Bufrard Inle.t and the northern halfvof the Fraser delta, while crab fishing is located off fhe rsouthern

half ofthe Fraser delta and in Boundary Bay. The study region's most important zones for log-booming

ate located W1th1n Howe Sound and the Fraser delta.

Besides a trémendouély valuable salmon sports fishery throughout most of this zone, other recreational
activities include bird watching, waterfowl hunting and crab fishing. Swimming is important in Burrard
Inlet and Boundary Bay where there are located a number of beaches; diving is more usual along the

eastern shores of Howe Sound where the coast is generally quite rugged. This zone abounds in marinas

‘and niajdr harbour facilities because of the large population requiring recreational and commercial moorage,

134



and it is also because of this concentration of people that real estate values are highest for the study

region as a whole,
. - o L] .

After analysis of higher spili probability zones (Map 20) and higher potential resource darﬁage zZones
(Map 22), we were able to identify hazard éones within which scenarios ‘could be selected. The two prin-
cipal hazard zones déri.ved on this4 basis turned out tb be: a)the Semiahmoo Bay, Boundary Bay, Point .
‘R‘oberts and Fraser'Delta:area, and b) the Victoria, Saanich Peninsula and Southern Gulf Islands area. To

examine these in detail, we were able to identify within them two possible scenarios which are described

in the following chapter.
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CHAPTER VI - SCENARIOS

We have identified two scenarios on the basis of both higher spill probability zones for supertankers
as determined in Chapter IV and higher potential resource damage zones as identified in Chapter V. = The
development of these scenarios was based on the following:

(i)  The usual oceanographic and meteorological conditions for the seasons and
locations involved;

(ii) A determination of spill size with mathematical formulae from the oil spill
' ‘ literature employing the assumption that 500 microns is a meaningful slick
thickness;
(iii)  The premise that oil would stay together within major slicks rather than

" divide into smaller patches (for both convenience in cartographic represen-
tation and textual description);

~_(iv)  That the clean-up operations described would not take into account (as far

' ~'as possible) specific agencies by name, and would describe possible prac-

tical procedures within known technology rather than any present capability
to carry out a clean-up operation.

Thesé two scenarios are not meant in any way to be precisely predictive but rather they represent a’
composite of what could easily occur. The multiplicity of factors involved and the importance that any one of
them might have on hazard potential make it obvious that rﬁany other types of oil spills'are possible. The
slicks-shown in the scenario mapping indicate the full areas covéred, assuming that no clean-up procedures

were carried out.
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SCENARIO #1

DﬁringI the last week in March on its approach to Cherry Point a 120,000 ton tanker loses its steer‘age
as it slows down and is pushed on to AldenBank by 20 knot Winds from the south. The stranded vessel
incurs damage to its hull and some 40,000 tons of Alaskan crude oil is spﬂled over a period of 24 hours.
The wind speeds are sufficiently great that attempts to bring barges or other tankers alongside the grounded v

vessel for the purpose of off-loading the oil in the damaged taknkAs are unsuccessful.

1. 0-18 Hours (Map 2»_3.);

The grounding occurs atb the beginning of a flood tide. With the winds creating a ‘drift current of about
0.6 knots and the tide éui‘ren;c having a méan of about 0.5 knots from the southeast, the resultant set of the
initial sliék is 7 miles north-northe‘ast for thé 6 hour ﬂood.tide. At the end of the flood tide, the slick is
in the form of a ibng plume extending northwards from the ship and covering an. area of about 1 square
mile. The ensuing ebb tide from the northvvesbt at 0.5 knots combine& with the 20 knot wind moves the
head of ‘the slick about 3 miles to the northeast. | After the first fuli 12 hour tidal cycle, the'head of the
slick is off Birch Bay about 8.5 miles north O,f fhe spill site, and the area of the plume is abéut 3 square
miles. The next flood tide carries the head of the oil piume, now.spread to an afga of over 7 square miles,
just across the in_ternai:ional boundary so that bit almost blocks the opening of Semiahmoo Bay. Some of

the oil begins to wash up on the shores of Birch Point.
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a) Impact
By 18 hour's after the $pill, Canadian authorities are deeply concerned about herring, crab and bird

populations in Boundary Bay. The first:oil- soaked birds have come ashore off Birch'Bay.

A ‘reconnaissance ﬂi‘ght"car'l"i'ed out by the Canadian Wildlife Service 20 hours after the spill shows
that a minimum of 60,000 birds are in the ‘Boundary Bay area. High tide'and rough weather make it
difficulf to estimate the actual number of birds. Spring migration of waterfowl and shorebirds is well
underway and it is eétimated that thousands of birds will use Boundary Bay as a resting area in the next

few weeks, including a sig’hificant proportion of the Pacific black brant population.

'"I—\Ier‘rihg spawning’ sﬁriiéys carried out in February and early March showed a good spawning had
taken place with 5 statutory miles of spawn deposited.: -This répresents 45,000,000 herring, or 4, 500

western half 6f Boundary Bay.

b) Cieaﬁ-UR
American authorities take initial action on the spill and send detailed reports to Canadian authorities

who reconnoitre the spill and order full alert of contingency forces. As outlined in the deployment section

of the c¢ontingency planning appéndix', peat moss bombing commences. Boom-towing tugs, slick-lickers,
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0il recovery and peat moss barges, plus empty barges to collect absorbent material, set sail to

eventually arrive just before nightfall.

The compléfe shoreline frorﬁ the border around Boupdary Bay to Point Roberts and up to the Robe»rt's
Bank terminél is reconnoiti“ed by helicopter during daylight hours and critical areas to be protected are
idenfified. After the ini’;ial reconnaissance bis complete, the task force meets to establish what aréas
might be cohtamina,ted first. ~ Equipment is' despatched to place booms across the Seri)entine and
Nicomekl Riveré, airoﬁnd the marina and beach at Crescent Beach, around the jetty at White Rock and
at Beach Grove. 'Ma..rir:ek access routes have been designated along Boundary Bay and are cordoned offb
from public use. Caterpillar equipment is ordered in to constrﬁct roads to the tidal area. ' Peat moss
stocks are beirig placea at these access i)oints. Disposél sites. have been located in the Surrey muni-
cipality north of the freeway. Rada‘r-equ;ipped*fugs position booms in a north-south direction along

the edges of the oil spill and peat bombing continues until nightfall; :

Peat moss on the barges is then used tﬁréughout the night to absorb the oil before it becomes em-
ulsified with slt.ick—licker‘s employed to pick up the soiled material.’ B? 16 hours a naval vessel has
arrived at the grounded tanker aﬂd is directing Canadian oil reco{rery‘ and clean-up efforts. The army
has moved in men and équipment to the abandoned Boundary Bay airport-and has set up a communications

centre. Biological sampling which began on the ebb tide at nightfall is continued throughout the night.
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As daylight breaks, command posts are set up at strategic locations along the beach, as are kitchen

facilitics and firstaid stations. The Civil Defence has helped organize the voluiteers in the White Rock

" and Crescent Beach area where they are mobilized in teams to spréad peat fnoss along the shoreline.

‘Launches are despatched to this area to aid in that operation while the 'Burl'i'ngton:Noi‘thern Ravilwa’jvr dumps

peat moss stock piles along the shoreline. -

TR

2. 18 - 24 Hours (Map 24)

- The following ebb tide carries the head of the slick on to the Canadian coast south of Crescent Beach

and into Semiahmoo Bay, Thus, after the first 24 hours of the spill, the slick has travelled about 17 =

" miles northward, spread to an area of about 14 square miles, and contaminated approximately 2 miles

of beach., The oil is also beginning to emulsify into a ''chocolate mousse'. The leaking of oil from the

stranded tanker has stopped.

‘a) Impact

Efforts to frighten birds away from the area have been partially successful but 200 to 300 have already
been washed up on the beach. The main species affected include scaup, goldenevye, bufflehead, harlequin,

pigeon guillemot, murre, murrelet, grebe and loon. Interested citizens are beginning to pick up oiled

: birds, but as yet there are no facilities or materials organized for bird rehabilitation. The oil slick is

now just west of the Semiahmoo herring spawning site. Several seals have been observed in the area
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but none is affected.

b) Clean—UE ‘

The leading edge of the slick still escapes from the booms but continues to be bombed with peat moss.
A weather ship arrives at Tsawwassen and is set up as marine headquarters. 'All/‘marine equipment
such as additional booms and barges are being marshalled here. A ‘survey of the beach matérial is
complete by ‘noon and areas where heavy equipment can be used are designated and egquipment stands by
Waiting for the slick to come ashore. Peat is readied for quick application to the shoreline wheﬁ the

slick nears shore as acheSIS"poin‘ts are bulldozed through the log debris at the high tide line.

3. 24 - 30 Hours (Map 25)

The tidal 6y¢1es at the start of the second day carry the slick up into Boundary and Mud Bays, causing

contamination of the intertidal areas. Semiahroo Bay is also gradually being in‘undated‘b’y oil,

a} Impact

" The oil now covers a large enough area that birds.cannot be kept away from the siick. As a result
of extreme public pressure, facilities for rehabilitating oiled birds have now been set up. The effect on
birds is about the same as‘at 24 hours. An estimated 1, 000 birds have been affected. As the main tidal .
flats in Boundary Bay become covered, seagulls and dabbling ducks are beginning to be coated with oil,
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The western flank of the slick is now approaching- the main herring spawning and brant feeding grounds in
Boundé?ryv Ba;} és/wél'l. as coxlrervin.g ;bbréiéné of tﬁé spa‘L;vn'i‘rig grb{iﬁds in Serhiéhmc)b Bay. The Federal
Fisheries Service has put a closure on the Boundary Bay crab fishery. While the shores of Crescent

‘ :Beacv:h;'Pa.r‘k have been coated extensiveiy, the booming at the entrance to Crescent Beach marina has

proved effective in preventing oil contamination of some 125 power boats.

b) Clean-Up

.' Short boéf:ris "‘a;;i“e'b~ei»n‘g towed parallel to thé shore off Crescent Beach in an effort to intercept somé
of the oil- so‘ékéé pe.'a’t. oil escaping under the booms is bombed with more peat. | By nivgh(tfallbthé oil
s c;n .si;c’.)iv'e atMudBay A small flotilla of boats and landing crafts (some fitted with slick-lickei;.é) is
being used to spread fresh peat moss and collect soiled material. Biological sample stations are
rﬂbnitored during contamination. While a systematic mean-s of feeding and housing crews is being
initiatéd in préfabric:atéd'units inovéd in by heavy trucks, it is discovered that Heavy ‘équipmeht cannot

be used in the Mud Bay area because of the silt beach material.

4. 30 - 36 Hours (Map 26)

The ebb tide countered by 20 knot southerly winds tends to push the slick towards ‘the northeast into

a more circular configuration,
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a) Impact

As this period is during night darkness, the effects between 30 and 36 hours cannot be determined,
but as the tide ebbs, eel:gra'ss and shellfish beds will become fouled with oil. It is expected that birds

feeding duriﬁg the night along the tideline and on the eel grass beds will be severely affected.

b) Clean-Up

The oil which is carried toward the mouth of the Nicomekl River is intercepted by booms and no
contamination of the shoreline results. Peat moss is spread from boats as aircraft cannot be used at

night.

5. 36 - 42 Hours (Map 27)

This flood tide causes the slick to cover a much larger portion of Boundary Bay, as well as to push

further into Semiahmoo and Mud Bays.

a) Impact
Although ndé:jor impacts would not be apparent until dawn, it is feared that extensive biological damage

is occurring.

Persons out on White Rock wharf report oil has coated several boats tied to it.
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b) Clean-Up
‘Spreading and collecting absorbent material continues. Trucks are transporting the soiled material
" to disposal sites in the Colebrook area. - Oil-soaked peat moss picked up around the bay has been

“transported to:Roberts Bank by barge where it is being transferred to rail cars.

6. .42 - 48 Hours (Map 28) -

- “Although the tide is retreating during this period, a heavy coating of oil remains covering thousands

of acres of intertidal zone.

a) Impact

Daybreak and a slack tide reveal the extent of damage caused since the last daylight period. Approxi-
‘mately 10 miles of Boundary Bay shoreline are coated with oil. Qil also covers the upper tidal marshes
and log debris along the shore.. Dead or dying birds are evident along the whole 10 mile length with the
known numbet of birds affected having risen from 1,000 to 10,000. The actual number of birds oiled
is estimated at five times the known number. Virtually all species inhabiting the bay have been oiled,
including 2,000 black brant. As the tide ebbs, it is apparent that eel grass beds are severely contaminated
and although most of the herring spawn lies below low tide line, Federal Fisheries Service officials fear
that the year's production of herring will be lost. As shellfish beds become coated with oil, the mortality

of clams, oysters, mussels and snails is expected to be severe.
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b) Clean-Up

With an ebb tide exposing the tidal flats and oil and oil-soaked peat moss being simultaneously
deposited on the intertidal zone, large clean-up crews are mobilized as daylight breaks. Upwards of
3,000 people follow the receding waters using boats, dune buggies, tracked vehicles, scrapers’a'ryxd graders

to clean up the contaminated areas.

7. Beyond 48 Hours (Map 29)

After 2 days, the slick reaches its maximum area of some 35 square miles. Although it is quite
possible that altebxl'nat'e Winds or a greater complexity of tidal currents could result in the oil going aroﬁnd
Point Roberts towards Roberts Bank and being carried over to the Gulf Islands by the Fraser River in-
ﬂuence,‘ we have assumed for the purposes of this scenario that the strong southerly wind would keep the

oil within Boundary Bay.

a) Impact

The flood tide habs riow carried oil on to nearly the complete shoreline of Boundary Bay. .Vi'rtually all eel
grass beds are covered with or overlain by oil. A nunber of dead crabs and fish have been observed.
Known bird casualties are 15,000, while the actual number affected is beiieved to be about 75,000. With
migrant birds entering the- bay each day, it is estimated that over 100,000 birds will be killed, including

a maximum of 5% of the Pacific black brant population. Efforts to »rehvabilitate birds have been highly‘
| 145
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unsuccessful. The 400 or so seals that were in the bay have moved elsewhere as a result of distur-

bance. The shores of Centennial Beach Park are by now thickly oiled.

Fifty four hours after the spillage of crude oil off Cherry Point, most of the intertidal area of Boundary

‘Bay is coatéd. Much of the oil on exposed tidal flats has combined with silt and sand. Greasy solids

continue to float in channels and tidepools; recontaminating higher beaches with each flood tide. The

spﬂlhas resulted in the contamination of eel grass beds, a closure of the crab fishery and a known bird

kill of 1 5,000. ' The actual number of birds affected is expected to be more than five times this amount.

The long-term biological effects of the spill on Boundary Bay may never be known. The

extent of damage to shellfish beds, herring, crabs and many other invertebrates cannot be assessed for

“several weeks. However, it is expected to be severe. 0Oil will remain in the substrate and in the marine

food chain for months, recovery of marine organisms will be slow, and the effects will ultimately be felt
bvei" a much wider area than the bay itself. -~ In time there may be a reduction in the diver‘sity of
species inhabiting the bay, with a tendency toward ecological instability. A reduction in grazing molluscs
may bring about an increase in the growth of marine algae. =~ Where portions of the crude have combined
with silt, anaerobic action may produce toxic compounds, The majority of the oil will be rgmqved only

by oxidation and bacterial -degradation.
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In terms of effects on human activities, a significant degree of damage will occur to recreational
uses of the foreshore. Hunting activities will likely drép off for a season until waterfowl populations
return to more viable levels, while the collecting of shelifish for consumption will be impossible for a
similar period of time because of recurrent tainting. Beach activities including bathing and beachcombing
will cease because of incessant occurrences of rev-oiling from the large expanse of contaminated B'ounda_try
Bay intertidal materials. . Although originally over 100 pleasure boats were threatened by the spill, damage
to them and marina facilities was both minimél and sho'rtv—term. As mcst of the private foreshore property
within Boundary Bay is classified as residential with frohtage foot values ranging frofn $200 th $400,

there will be extensive short-term loss either aesthetically or financially to individual property owners.

b) Clean-Up

Major clean-up operations such as beach cleaning, disposal and bird de-oiling continue for up to a
month because of the large quantity of oil involved in the bay. As the more obvious presence of oil
diminishes, most crews, including volunteers, are demobilized. However, there is a stand-by unit

which continues to deal with re-oilings for half a year after the accident first occurred.
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SCENARIO #2

"In a thick pféida"wn fog in mid-August, a collision occurs between a 120,000 ton tanketr-en route to

Cherry Point and a 30,000 ton freighter outbound from Vancouver. The accident occurs about 5 miles

" south of Race Rocks near theé international boundary, and results in an immediate spill of about 20, 000
‘tons of crude-oil: ‘A ’fldod tide with'a mean speed of 1 knot from the southwest is just commencing and

" there is no wind.

1. 0 - 24 Hours (Map 30)

‘Movement of thé slick during the first flood tide is about 7 miles to the northeast. However, as the
1 knot ebb tide a“pﬁrbzacvh'es,“a southwesterly morning wind of 15 knots rises, the net effect being a move-
ment of the slick of 3.5 miles to the southwest or back toward the accident site during'the ebb. The slick

is now roughly circular and 4.5 square miles in area. With the wind continuing at 15 knots, it moves an

additional 7 miles to the northeast over the next 12 hour tidal cycle and spreads to an area of 13 square miles.

a)  Impact

Within 3 hours of the collision, Victoria press and radio have alerted citizens to the possibility of oil
coming ashore along their coastline. This news initiates several meetings at the University of Victoria to
discuss the impact the oil might have on marine resources. Twenty biology students and 2 professors
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design a shoreline sampling programme to determine the variety and abundance of intert‘idal organisms

at specific localities along the shore. Facilities and materials required for cleaning birds are organized
by University of Victoria students and local radio stations provide information on where to take oil-soaked
birds. By 18 hours the shoreline sampling programme is completed and although the infcrmation is crude,
it should provide significant baseline data on intertidal life prior to the oil coming on the beach. While by
24 hours it is definite that the oil is coming ashore, the actual extent of the slick and damages will not be

obvious until daylight.

b) Clean-Up

The collision is initially reported to both American and Canadian authorities who mobilize their con-
tingency units. Two hovercraft soon arrive on the scene and tempqrarily deplloy booms which were carried
aboard the tanker. Aerial bombing of peat moss by armed forces aircraft is commenced within 2 hours
of the collision. Skimmers, slick-lickers and oil recovery barges arrive on the scene within.6 hours.
Bombing is limited to one end of the slick so that skimmers may colleét oil a"c the tail end which is free
of absorbent. The booms are used in a V configuration at the head of the slick and slick-lickers are

placed in the apex of the V to pick up the oil-soaked peat moss.

Both Canadian and American authorities are taking action on the spill. A naval vessel has been de-
spatched from Esquimalt and is positioned near the slick to serve as a marine headquarters for Canadian
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recovery operations. Light booms are placed around marinas at Pedder, Oak and Cadboro Bays

- and across.the e‘ntl.'an(,ce to Victoria harbour so.vessels can move in and out freely,  The army has set up
command poéts at the marinas, and the RCMP has col_‘doned off main beach access “1foads. Peat moss has
been stock piled along the beaches. A disposal site near Albert Head has been located and routes to this
area are also cordoned pff. Civil Defence is organizing public volunteers and helping to set up sanitation

and feeding facilities along the shoreline.

2., 24 --30 Hours (Maps 31 and 32)

Before the completion of the next flood tide, the slick hits the shore around Gonzales Point and approaches
;,Plumper Passage near Discovery Island where the currents are 1.5 knots to the north and the 15 knot winds
have been tOpograph_icglly quified into a northerly direction. Much of the oil then passes around Cadboro’
Point and enters Haro Strait by the end of that flood tide. In the process, the slick spreads to its maximum
area of about 17.5 square miles and has contaminated about 15 miles of Vancouver Island c‘oasﬂ_ine to the

southeast of Victoria as well as the shores of Discovery and Chatham Islands.

a) Impact

Surface fronds of kelp off the Trial Islands and around the Chain Islets are becoming oil soaked and the
kelp beds are not dense enough to hold back any appreciable amount of oil from covering large portions of

the intertidal zone. . The_ first oiled birds have come a}shore, including grebes, cormorants, harlequin ducks,
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black-bellied plovers, surfbirds, black turnstones, black oystercatchers, red phalaropes, gulls, and
common murres. Approximately 500 birds, mainly gull.s, have been oiled. Moét of the smaller shore-
birds are dead. By 30 hours, Discover? and Chatham Islands are surrounded by oil. The extremely
raéid spre;d of the oil has been detrimental to bird populations. Efforts to frighten birds away from the
area haye not been successful. Increasing numbers of ‘oil-soaked grebes, cormofants, gulls and shore-

birds are scattered along various shorelines.

Beacon Hill Park foreshores are covered at about 28 hours, while by 30 hours two park reserves further
north have also been affected. Although at one time it appeared uncertaiﬁ whether the booms located in
front of Oak Bay and Cadboro Bay marinas would work, it now appears that the 700 craft at the two marinas

will not be affected.

b) Clean-Up ;

Forces have been mobilized on shore and are awaiting the oil to come ashore. Contingency force
.headquarters set up at Esquimalt are using the Patricia Béy air base for aerial support, with crews and
peat moss being air-lifted to the Trial, Chathafn and Discovery Islands. It has also been decided to use
landing craft to get crews with equipment on to the beéches as poor road access exists in most areas. |
The narrow roads soon becqme congested with traffic and large equipment cannot reach the beaches, thOugh

it has been discovered that in most cases large equipment cannot be used anyway as most of the beaches are
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rather stéep and not very large.

In an effort tdfciii)er't the oil off the Victoria area and the Chatham and Discovery Islands, booms are
positioned parallel to the prevailing current and winds. At the same time, strings of short booms are
- being run across the mouths of small coves to prevent them from being contaminated. However, the
operation.is only partially successful as some of the oil is drivenunder the booms by local currents.
Peat moss is spread on'the slick a's it int‘ex"ceptsvthe beach.. The continuous application of absorbent

material andpick-up of contaminated peat moss is carried out from landing craft and small barges.

. “Accommodation and transportation facilities have been established so the beach clean-up crews can work

3. 30 - 36 Hours (Map 33)

-~ . This ebb tide returns much of the slick towards the south and somewhat towards the east so that even

the most easterly shores of Discovery Island become contaminated.

a) Impact

As the tide ebbs, much of the intertidal zone is re-coated with oil, On most beaches the oil is mixed
with gravel and sand and carried into the subtidal area by wave action. Many of the more fragile intertidal

»organisrhs , including limpets, shorecrabs and tidepool fishes are killed. Several river otters have been
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observed along the shoreline with oiled pelage, but the 40-50 seals that normally inhabit the area appear to
have moved elsewhere. More oil-soaked birds are coming ashore with the live ones being taken to the

central depot for rehabilitation.

All recreational activities along the foreshores have long since ceased and individuals are instead

volunteering their help with beach clean-up. Pleasure craft are being requested not to enter the area.

b) Clean-Up -

A fair percentage of the coastl.ine is composed of non-porous rock which is being continually re-con-
taminated by oil. ‘The clean-up task force is debating Whether to leave the rocky shoreline to recover by
itself in time or to clean it using talvc and naptha. It is decided at 36 hours that high pressure water jets
will be used in an endevavour to r‘.em'ove the bulk of the oil from the rocks..  Much of the marine life is
stripped from the rocks with the water jets so the use of talc and naptha will be fe‘-a‘s sessed Whén all the
0il is removed from the water and ’chére is no chance of re-contamination. Along the booms in front of
Oak Bay and Cadboro Bay mérinas, slick-lickers are attempting to remove some of the vthicker concen-

trations of oil,

4. Beyond 36 Hours (Map 34)
Part way through the following flood tide, the slick is northeast of Cormorant Point where the winds,
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having funnelled.through the Gulf Islands, are from the northwest at 15 knots. The tide current is

1.25 knots to the north. Thus, the slick is pushed closer to the international boundary. The following
ebb ’ti:a.e m0vesthe Tslilcgk:élong’(thé“b~0rder to the SSE, and the flood tide carries part of the slick over the
border and on to San Juan Island under the influence of the Qeéterl&r wind out of the Sfrait o:f Juan de Fuca.
The remainder of the slick is 1o§ated around Di’scovefy Isl.a’nd where fdllowing tidal éycl;es oscillate it back

and forf:h, pﬁShing more and more oil on to the shores of the islands and the coastline east of Victoria.

a) Impact

The intertidal zones on Discovery and Chatham Islands continue to be appreciably affected by oil brought
ashore by wind and tides. The biological sampling of species diversity and abundance carried out prior to
the spill reaching the shoreline is found to be extremely valuable in forming the basis for estimating the

actual extent of démagé to intertidal organi.sms,wand, eventually, their rates of recovery.

Observable effects 51 hours after the spill include the contaminafion of 15 miles of intertidal coa-st‘ plus
. the shores of"‘l’r'ial, Chatha.m and Discovery Islands. The Chain islets, a colonbial séabird nesting site,
are virtually cbvered with oil. Ofx the mammals in the area at the time of the spill, it is estimated fhat
ébout 20 adult and young river otters will be killed. Of the following birds in the area, some 6,500 or
60% "of“the‘rﬂh were afféc’céd: 'red-neckéd g’rebe‘ (150), westefn grébé (25)~, brandt's cormorant (125),
pelagic cormorant (1,400), harlequin duck (1,000), black-bellied plover (20), surfbird (150), black
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turnstone (250), wandering tattler (25), lesser yellowlegs (20), least sandpiper (150), dowitcher (25),
western sandpiper (.150), black 6ystercatcher (100), red phalarope (1, 000), glaucous-winged gull (3, 000),

california gull (500), bonaparte's gull (1, 000), heermann's gull (500), common murre (1, 000).

The long~term effects of the spill will likely never be known, iMore birds are expected to be contaminated
in the next few weeks but the effect on the total population of particular species will probably ﬁot be se\}ere.
The Chain Islets seabird Colony should be frée of oil by the next nesting season and, in tirx;e, river otters will
repopulate the islands. Beaches and rocky shorelines will continue to be re-contaminated and oxidation and

biological degfadatién of the beached oil Wili be quite slow,

In retrospect, an important short-term effect on human use of the area will have been on recreatidnal
activities such as pleyasilre boating and beachcombing, Although the waters vax"e usué.lly too cold for :swimmirig,
scuba divers‘ are forced to use other sites for some weeks following the spill, The sports salmon fishery has
also been able to relocate further to the southwest, The use of booms at Oak Bay and Cadboro Bay marinas
prevented extensive VOiling of some 700 boatso Foreshore property values in the area ére ve1;y high, éome— ’
times over $400 per frontage foot, and people who wish to sell their lots are already having difficulty in doing
so. It will likely be years before the oil saturating the beach material decomposes to ‘the extent that the

beaches return to their pre~-spill condition,
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b) Clean-Up

o While rﬁaj.br clean-up ép'e’ration‘s continue along r;n.ost of thé shoreline, it is discovered that the gravel
pit nea;r Albért‘ Héad is begihning to seep oil back into: the ocean. A boom is put inA place and peat m‘oss
ﬁséd to ﬁreveﬁt fu‘fther _épreading. A conveyor and squeeéing machine i‘s installed and thehe.xcess oil is
wrdﬁg out of the éoiled peatl befofe being placed in the‘pi.t. The recovéred oil is transferred‘ by tanker

trucks to tank farms.
After one week of concentrated cleén-up activities, it appears that most of the major oil contamination

has either been cleaned from the shores or has disappeared in the water. However, it is decided that a small

‘stand-by crew will remain on site for another month to handle any intermittent re-oilings.
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SCENARIO #3

This scenario is an account of an actual spill of gasoline which occurred on December 14, 1971 at Lang
Bay, south of Powell River. ' This spill was a relatively small one, but it illustrates the kind of accident

which can easily occur due to normal human error.

At about 2:00 a.m. on a cold winter night, a half million gallon capacity barge pulled into the Gulf Oil
products terminal wharf at Lang Bay to unload gasolines into the shoreside tanks located approximately
100 yards from the water. The local agent for Gulf Oil gauged the tanks in order to determine the available
capaf:ity and notified the barge operator as to the volume of p‘roducts which were to be off-loaded. The

agent then stayed on the barge‘ while the products were being pumped.

Sometime later, it was noticed that there was a very strong odour of gasoline about the terminal and
dock site. Pumping was immediately stopped. Upon investigating the situation, the agent found that he

had made a mistake in determining the available capacity of the gasoline tanks and they had overflowed.

' He estimated that the maximum leak-rate had been between 40 and 60 gallons per minute for about 3 hours,

and the total spill was on the order of 8,840 gallons (36 tons). The gasoline had flowed out of the hatches
on the top of the tanks, down the tank sides, and underneath the dyke which surrounded the tanks for the

purpose of containing any spilled ga‘soline. The gasoline then flowed down the hillside, on to the bay, and
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finally into Malaspina Strait. It evaporated rapid’ly and became dissipated by wave action. Two days later,

only slight traces of gasoline could be found on the water and beach of Lang Bay.

The spill resulted from the compounding of twd human errors. The first was the error on the part of
the Gulf agent in misgauging his tanks. That this kind of error is anticipated by the oil company is evidenced
by the fact that they had constructed a dyke surrounding the tanks to contain any spilled gasoline. However,
the dyke was poorly constructed in that it was built on top of gravel which permitted the spilled gasoline to

sveep‘ right under it - the second human error which contributed to the spill.

‘a) Impact’

The impact of this particular spill was negligible. Biol‘ogical damage was minimal as the intertidal
zone in Liang Bay is not pa rticularly productive, there are no shellfish beds and only a few waterfowl were
in thé'ar'evé.d While the bay is a potential herring spawning ground, spawning does not occur in .December.
Apart from the costs of investigation by fisheries and MOT personnel, there were no economic impacts.

The only social effects were the anxiety and loss of sleep suffered by the few residents of the area.

However, this typé of spill could easily occur in much more vulnerable locations. A number of
similar products terminals exist in both the northern and southern Gulf islands, as well as in Barkley Sound.

In thése a’re'és’, there are far richer intertidal zones and biological communities which would be severely
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affected by a spill of gasoline, a highly toxic material. Such a spill could easily be much more disruptive
to commercial and recreational activities thap the Lang Bay ‘s'pill, and cause much greater social and
economic impacts. While the accident record of the barging industry is excellent, it is only a matter of
time until a severe products spill occurs unless more stringent preventative measures are impleménted.
These types of spills are much more susceptible to being preventéd than they are to being contained and

cleaned up.

b) Clean-Up

No attempt wés‘made to contain or clean up the spilled gasoline as there were no facilities on hand to
do so, and because the gasoline was rapidly evaporating ‘and spreading out into Malaspina Strait where it
-was dissipated by wave action and disapp’earedb. Before the extent of the spill was completely realized, the
use of a chemical dispersant was considered, but permission to use it was denied by the local fisheries
officer., As it turned out, however, ‘;he dispersant was not necessary. The Malaspina Fire i)epartrnent

sent a truck to the site in case of explosion or fire, but none occurred.
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ECONOMICS .OF LOST RESOURCE VALUES FOR SCENARIOS

.1, Boundary Bay Scenario .

. The economic costs relevant to this spill are in three categories: biological, 'pri‘vate p‘rope‘f‘t"y, and

recreation. It is felt that the vast majority of any tourist losses are absorbed by transfers to other

‘areas of British Columbia. However, some losses in this area might occur and by the omission of

these losses, the estimate might be slightly understated. ~Also, no attempts were made to quanfify
‘option demand, education values, and preservation values as lack of data in these areas plus the short
duration of the spill indicate that the required effort to quantify these values is not justified; although

this could also cause some understatement of final estimates.

a) Biological Values

The biological effects of the spill prove to be some of the most difficult to identify in terms of economic
costs. . Biological losses could affect the commercial fisheries values in the short term, or in the longer
term could work their way through food chain interactions to harm' the commercial fisheries in the
future. Furthermore, for both present and future considerations, biological damages could cause reduced
values from the aesthetic point of view and possible reduced values in recreation values such as sports
fishing. However, to quantify these economic costs it is necessary to know within certain cozﬁidehce

limits the chain of events of many intricate and complicated biological interactions. Where contamination
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by oil is concerned many of these longer term relationships are not fully understood and perhaps will
never be known. Because of these limitations it is felt that a reliable economic estimate of biological
losses cannot be made at this time, although it is certainly not the intent to ignore them. Indeed,

the desire is to _incblude them, but the tools are just not available, (With these qualifications in mind,
we do attempt in the last part of this section to give an example of assum ed waterfowl losses affecting

hunter recreational activities, )

b) Property Values

The evaluation of the effects on property values presents some interesting complications because of
the diverse nature of the ownership of adjacent properties, and the actual uses of each. Information
concerning the ownership, values, and_use of the properties in question was obtained with the assistance
of members of the Surrey Planning Department, the Surrey Parks and Recreation Commission, the
Surrey Assessor's Office, the Delta Parks and Recreation Department, the Delta Assessor's office, and

census data.

In many cases, the actual ownership of the waterfront property is not a reflection of the total value
of that property in use, and therefore does not represent the actual values lost because of oil contamina-
tion, The most obvious example is the White Rock beach area, Legally it appears the waterfront

property is owned by the Burlington Railroad by prior possession but the area is heavily used for
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recreation. This latter use determines thé géonomic value lost from contamination becausg’ the oil does
not advers'-‘el}}:a'f‘.fect the value to 1;1':1ei lt.ag-gailv owner. Furthermore, ih séme cases, not only thle.actual
Waterfron{}vai‘ilkiev;are affected, but élgo the values of adjacent properfies. TaBle 9 lists in aQtail the
ownership"'arici usé of properties on aﬁd near the waterfront from Peac;é Arch Park to the eastern border

point at Point Roberts and indicates those affected by the spill,

It can be seen from this table that much of the property suffers no loss in value. This is indicated for
farming la’rids“, ‘some of the various government owned lands, and some of the railroad owned lands. Those
most affected are the residential property near or adjacent to the waterfront, -some business property

near the water, and public properties used as parks.

At this po1nt only residential property is analyzed as it is contended that any possible loss of business
property values occurs because of reduced income to the business. This is not included as éﬁ economic
social cost because it is felt the income lost by those in the area will be spent in other parts of British
Columbia and thereforé represents a transfer of iﬁcomé ra’ther than a net loss. Of course, the disloca-
tion and '"local' costs of this nature should not necessarily ‘be ignored. Equity‘might dictate some transfer
of public fuhd's'nto .assist those who suffer, but tvhis aspect is beyond the scope of this section. We are now
concerned only with net costs to society. The loss to public recreatign propertibes are assessea 1n terms

of lost use by the public,
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TABLE 9 | Value Affected

by Spill
Waterfront Actual Use Use of Area in  Actual Use Adjacent
Ownership Adjacent Property Front Ft, Property
Indian Reserve o Indian Réserve Indian Reserve 7,060 Not Contaminated
Indian Reserve Leased és Park Leased as Park 2,310 Not Contaminated
Private R.R. R.R. and Public Business and Residential 12,000 Yes Yes
Beach ' :
Private R.R. R.R. Use : Residential view property 9,875 No No
Private R.R. - R.R. and Public Residential 500 Yes ' Yes
Beach
Private R.R. R.R. and Public Public Reserve 1,750 Yes No
: Beach :
Private R.R, R.R. and Public - Residential | 5,750 Yes Yes
Beach '
Public Beach | R.R. and Public Residential 4,530 Yes " Yes
Beach : :
Public Beach R.R. and Public Public Reserve 6,250 Yes No
Beach
Private R.R. R.R. Farming _ 8,500 No No
Private Farming Farming 560 No No
Provincial Reserve ‘ Reserve v 155 No No
Private : Farming ' Farming 37,030 No No



SR K 3 . .

' 1 ‘ . _
1 . S i L Lt Value Affected
by Spill

Waterfront ~Actual Use Use of ’ Area in Actual Use - - Adjacent
Ownei"s'hip ‘ ' Adjacent Property - Front Ft. Property
Department of D.O.T. D.O,T. 5, 500 No No
Transport ; '
Private Farming Farming 3,000 No No
B.C. Harbours Roberts Bank Use Roberts Bank Use 4,760 No No
Board ' ' '
Private. : ' Residential Residehtial 13,000 Yes Yes

(_U_ndevelope_d) (Undeveloped) '
Public Beach Public Beach Park 7,000 Yes : - Yes"-
Private Residential Residential 4,120 Yes Yes

133,650
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The loss in value to private propérty owners in this afea is considered in two separate categories:
first, waterfront property; and second, properfy near the water which is largely dependent upon this
proximity for its value. In each case, the owner loses a large portion of the utility or usefulness of
his property for a one year period. The analysis compares properties on and near the water with
properties of similar type without the advantage of nearness to the water. The basic assumption is
that the oil spill eliminates the advantages of proximity to the water for a one year period and thus
the utility or implicit rental value of property on or near the water becomes equal to the rental value
of other property with no water benefits. This difference represents the spill cost. (See section B

of Chapter V for a further discussion of this methodology. )

There are 27,900 waterfront feet of residential type property in the spill area of which 26, 000 feet
are polluted. Thirteen thousand feet are developed with an estimated value of $350 per front foot and
another 13,000 feet are under development with an estimated value of $265 per front foot. Calculations

of estimated loss are shown in Table 10.

To determine the number of households owning lots with close proximity to the water, but not
adjacent to it, data were extracted from the 1966 census and updated estimates were made for 1972,
No value is lost for Ocean Park properties as a result of the spill since the shoreline is steep and

much of the value is derived from the view. Only 50% of the residential lots in White Rock are affected,
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TABLE 10 - Loss to Waterfront Properties

Average lot without water benefits assumed to be worth:

$8, 000 Serviced 70 x 70 size
$2,000 Not Serviced 70 x 70 size

Waterfront Waterfront
Serviced Under Development
Front feet _ 13,000 13,000
Value per front foot $ 350 $ 265
Total Values 4,550,000 3,445,000
Assumed yearly rental return x 12% x 12%
$ 546,000 $ 413,400

Non-Waterfront Non-Waterfront

Serviced Not Serviced

Front feet _ 13,000 13,000
Value per front foot equivalent $ 114 $ 28.50
Total Values 1,482,000 370, 500
Assumed yearly rental return x 12% x 12%

$ 177,840 $ 44,460
Reduced rental values for 1 year $ 368,160 $ 368,940
Approximate present values of
reduced rental rates using 10% $ 350,000 $ 350,000
discount per year
Total reduced rental value $700,000
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while all of the Crescent Beach lots are affected as well as all those in the community of Boundary Bay,

The calculations of loss are shown in Table 11,

c}) Recreation Values

The assessment of lost recreation values is concerned mainly with lost swimming and beach use in
White Rock, Crescent Beach and Centennial Park as well as losses in waterfowl hunting{ There is also
some lost sport fishing values, but these are restricted to the short period when boats moored at Crescent

Beach are not usable. Therefore, the sport fishing values lost in this case are thought to be very small.

The beaches in White Rock, Crescent Beach, and Centennial Park are all heavily used during the
summer months, especially on weekends. Other forms of use in other seasons are much lighter, but
all beaches are used gll year round. Beach users are mostly local people, and it is thought there are
not many good substitutes for these beaches in nearby locations. Crowding factors precludé much transfer
to Vancouver city beaches, and transfer costs to other similar activities are likely high because of the
distances involved. Beach activity is probably the most important recreational activity of the Boundary
Bay area and although data on actual beachusegre not precise, usage is estimated via counts by the
Crescent Beach l.ifeguards, discussion with both the Surrey and the Delta Parks and Recreation Department,
and discussions with the Crescent Beach and White Rock swimming clubs, Calculation of usage and values

are shown in Table 12,
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TABLE 11

Loss to Properties Close to the Water -

Estimated Value

l\f{lmbe T

. Assumed yearly rental rate

Reduced rental value for 1 year

‘ Approximate present value of
reduced rental rate using 10%
‘discount per year

Service lot
near the water

Service lot without
proximity to waterfront

$ 16,000

- 3,100

$49, 600, 000
3 12%

$ 5,952,000
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$2,976,000

$2,827,200

$ 8,000
3,100
$24,800,000
x 12%

$ 2,976,000



14 week summer period

Off "se’avséln_b period i}ge

Total" .

Value per day

Total Value

Totél E

TABLE 12

BEACH USE

WHITE ROCK

152, 600
61, 040

213, 640

$3. 00

$640, 920

$1, 040, 760

CRESCENT BEACH

CENTENNIAL

PARK

60, 200
24,080

84, 280

$3. 00

$252,840

35,000
14, 000

49, 000

$3, 00

$147, 000
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Amongst the several thousand waterfowl affected by the spill, the species of importance to Lower
Mainland waterfowl hunters include mallard, widgebn, pintail, green-wingedwtealv, anci Pacific black
brant. The loss of breeding stock coupled with a poor breeding season could result in reduced fall and
winter waterfowl concentrations in the Boundary Bay/ Fraser Delta area and to lesser extent throughout
the Pacific flyway. Equally damaging to fall and winter populations could be the destruction of important

food sources in Boundary Bay so that the area would not be able to support its normal complement of birds.

It may be over-simplistic to assume a significant reduction in fall and winter waterfowl populatibons
in the study fegion as a result of the spill, but that assumption is made here, The impact on waterfowl
populations would probably not lead to a restriction in hunting seasons, as the populations are frequently
subject to natural fluctuations of equal magnitude. But the reduced availability of birds would probably
lower the quality of each individual hunting experience, and result in a reduced value of waterfowl hunt-

ing in the Lower Mainland the following season,

Waterfowl hunting in the Lower Mainland has an average annual value of $300, 000 to $356, 000, It
is assumed here that this value would be reduced by forty’percent ($131, 000) for the hunting season immed-
iately following the spill, While a forty percent estimate may seem high, it is felt that it is reasonable
when one considers the direct lés‘s of breeding stock plus the destruction of food sources in Boundary

Bay. It is further assumed that there would be no reduction in license revenues and fees to either the
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federal or provincial governments.

"It is important to note that there is not a forty percent reduction simply in waterfowl hunting activity,
but a forty per’cent reduction in value. Some hunters continue to hunt the same amount as with '"normal'
waterfowl popula,ticins"ar;ld absorb the impact in terms of a lower value per day of hunting, Other hunters

react by hunting less than with "normal' waterfowl populations and their loss invalueis borne in this manner.

In summary, thetotal recreational valueincluding waterfowl huntinglost as a result of this 0il spill (to
the extentthat data and technique allow an economic measurement of this los s) is $1,171, 760. The total econ-
omic loss exclusive of the clean-up costs for the Boundary Bay area thus comes to $4, 698, 960 for total re-

duced rental value, loss to properties close to the water and recreational losses.

2. Victoria Scenario

The method used to quantify the economic costs of this spill is basica‘lly the same as that used to
quantify the costs of the Boundary Bay oil spill. The categories for these costs are: biological, private

property, and recreation.

The area under examination - from Clover Point in Victoria to Telegraph Cove in Saanich - is

almost entirely residential with small park sites. It is felt any tourist losses to the few businesses in
the area are small and are absorbed by other parts of British Columbia. Also, no attempt is made to
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quantify option demand, education values, and preservation values, as lack of data in these areas plus
the assumed extremely short duration of the spill indicate the required effort to quantify these values is

not justified.

The beach areas are most severely polluted with oil for a two week period by which time almost all
clean-up efforts are completed. Because some small amounts of re-oiling occur in the months following
the clean-up, a total of one month is used as the time period in which the beaches lose the larger part of

their usefulness to the local residents.

a) Biological Values

The biological values which are lost, although significant, cannot be given a reliable economic estimate
for reasons similar to those discussed in the Boundary Bay scenario. Once again, the intent is not to

ignore them, but to indicate that with available data they cannot be quantified,

b) Property.Values

Almost all property in the area is used for residential and recreational purposes. Information concern-
ing ownership, values, and use of the property on and near the water was obtained with the assistance of
the Victoria Planning Department, the Victoria Assessor's Office, the Oak Bay Assessor's Office and the

Saanich Assessor's Office., Tablel3 indicates the front foot ownership and use by groups for the appropriate
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MUNICIPALITY WATERFRONT
OWNERSHIP
Victoria Pﬁblic
" Private
Oak Bay Public
"' " Private
" " "
" " "
Saanich Public
" Private
" "
T fF € € 0 ox

TABLE 13

UsE
Small amount of beach use
Residential
Park and beach use
Golyf Course

Residential - South of Estevan St.

Residential - North of Estevan St,

Park and beach
Auto court

Residential

TOTAL

AREA IN FRONT FT,

5,500
4,320
9, 200
5,200
22,250

6,100

835
430

20,000

73, 835



areas of the three municipalities affected.

The loss in value to private property owners in this area is considered in two separate categories:
fi;’st} waterfront fﬁropérty; and second, property near the water which is largely‘ dependént upon proximity
to the water for its value. The analysis compares properties on and near the water with properties of
sim@lar type without the advantages of nearness to the water in terms of the differences in implicit returns
or rental valué for a one month period. (See Section B of Chapter V for a further discussion of this

methodology. )

"There are 53,100 waterfront feet of residential property in the spill area, Table 14 shows the calcula-
tion of reduced rental values for the one month period of the spill. The loss to householders owning
properties close to the water is calculated and presented in Table 15 . Those affected are households
within four_ blocks from waterfroﬁt areas (on the basis of data extracted from assessors' maps). To include
a larger number of households in this category ignores the fact that waterfront areas are not very distant
from any point in the Victoria, Oak Bay, Saanich municipalities. Therefore, values relating to proximity
to the water will not be damaged significantly by this spill for those who have many subsﬁtute waterfront
areas nearby. Also, many of the properties in these municipalities have relatively high values because

of the ocean view, rather than the ease of access. It is felt these values will not be affected to a

significant degree by the spill. As indicated in Tables 14 and 15, the total loss to private property
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WATERFRONT

NON-WATERFRONT

Front Ft.

Value/Front Ft.

Assumed Monthly

Rental Return

Front Ft.

Value/Front Ft.

Assumed Monthly
Rental Return

Reduced Rental

TABLE 14

Lioss to Waterfront Properties

Value for One Month $ 7,776

Victoria Oak Bavy South Oak Bay North Saanich
‘ of Estevan St. of Estevan St.

4,320 22,250 6,100 20,430

$ 280 $ 300 $ 425 $ 350

$1,209, 600 $6, 675,000 $2,592, 500 $7,150, 500
1% 1% 1% 1%

$ 12,096 $ 66,750 $ 25,925 $ 71,505

4,320 22,250 6,100 20,430

$ 100 $ 100 $ 100 $ 100

$ 432,000 $2,225,000 $ 610,000 $2,043,000
1% 1% 1% 1%

$ 4,320 $ 22,250 $ 6,100 $ 20,430

$ 44,500 $ 19,825 $ 51,075

TOTAL $ 123,176
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TABLE15

Loss of Properties Close to Water

 Estimated Value $ 25,100 $ 12, 500
Number 3,700 o 3,700
$62, 870,000 $46,250,000
Assumed Monthly 1% 1%
‘Rental Rate
$ 928, 700 $ - 462,500
Reduced Rental Value for One Month Period $466,200
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owners is just under $600, 000,

c) Recreation Values

The assessment of lost recreation values is concerned mainly with lost beach use in the Victoria,
Oak Bay, and Saanich municipalities. Lost sport fishing values are small as most effort is relocated

in other nearby areas. Also, the local marinas are well protected from oil damage by booms.

The beach use under consideration is small when compared with the population base of the area and
tourist visits. Three reasons account for this: one, the water in the area is extremely cold and not
well-suited for swimming; two, the poor quality of sewage pollution treatment causes the water to be
frequently too polluted for swimming; ahd fhree, there are many substitute outdoor recreation activities

on and near Vancouver Island.

Beach use affected, as estimated with the assistance of the Oak Bay Recreation Department,
was 122,000 visits fo;' the one month spill period with the value lost per visit estimated at $2.00,
giving a total value of $244,000. This is lower than used for the Boundary Bay estimates because
of the reduced swimming opportunities, the availabilify of beach activities in other a‘reas nearby,

and the availability of other substitute outdoor activities in the lower Vancouver Island area.
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In summary, the total economic loss for the period of the spill is approximately $833, 000 exclusive
of the costs of clean~up. When comparing costs for the Victoria spill to those of Boundary Bay, it should
be noted that the differences in losses depend primarily upon the length of time the beach areas are

contaminated which in turn is dependent upon the nature of the beach material and the area of tidal flats.
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SOCIAL CONSEQUENCES FOR SCENARIOS

1. Boundary Bay Scenario

Boundary Bay is one of the largest natural tidal flats on the entire Pacific coast, and its importance
to migratory waterfowl has given it international significance. Although proposals have been advanced
for various types of industrial, harbour and residential development, the outcome of some fifteen years'
controversy has been a generally accepted recognition that the bay will be retained for recreation and
resource values. ‘Recreationists and conservationists in the Lower Mainland have acquired a strong
proprietary interest in Boundary Bay, and studies to develop a range of alternative plans for its develop-
ment for recreational purposes and for the maintenance of its natural values are underway. Because its
real significance lies in future rather than present use, it is an area where the concepts of option demand

and option value would be most applicable if they were more fully developed.

The assessment of waterfowl economic value indicates the degree of loss to hunters from the oil spill,
but does not cover the sometimes misguided, albeit real, humanitarian interest that is aroused by oiled
birds. Although the most humane treatment for waterfowl affected by an oil spill may be to destroy them,
people just cannot see it that way. In the case of the Boundary Bay scenario, public pressure results in
the establishment of cleaning stations for the huge number of birds that are affected as people seem to be

far more concerned about individual birds than they are about the future of their habitat.

179



L 3

£ ¢ ot 1 & ¥ € L £t £ ¥ ¥ &£ £

A strong argument can be developed that Boundary Bay is still a wilderness within forty-five minutes'
reach of Vancouver. Public controversy over the bay always seems to have resulted in strong support
for the preservation of that wilderness, despite the fact that very few people make recreational use of
anything other than its beaches. The speed with which citizens' groups and the media expres.s the public's
opposition to plans for industrial development of the bay indicates the proprietary interest that people in

the Lower Mainland have in it.
No major educational or scientific programmes relate directly to the bay, although it is used to some
extent for casual field trips. However, the potential for these is immense, particularly if government

agreement were reached for a development programme.

2. Victoria Scenario

Although the natural physical and biological losses of this scenario are less than those of Boundary Bay;
the area affected is much closer to urban and suburban populations. Consequently, more individuals are
concerned with this spill and there are more public relations programmes needed to direct community
efforts in spill clean-up, particularly with respect to oiled birds and beaches.

In terms of the proximity of colonial seabird nesting sites to the University of Victoria and the
Provincial Museum, education values are considerably jeopardized as alternate sites do not exist close to
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the capital, Long-term researchprogrammes of intertidal and marine-associated organisms are also
~disrupted and most aesthetic values associated with recreational activities such as boating and beach-

combing in the area are temporarily curtailed,
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F. COST OF SPILL RESPONSE AND CLEAN-UP FOR SCENARIOS

The Boundary Bay spill of40, 000 tons is determined to take one month to clean-upand the Victoria spill of
20, 000 tons one week to control. Longer action is necessaryonthe BoundaryBay spill due tothe difficulty en-
counteredinclearing the extensive tidal flats. Both purchase and rental or one-time use costs of some items
havebeen presented for comparison. Only the rental or one-time use cost has beenusedin determiningthe total

cost of cleaningup each spill; capital costs are shown onlyfor comparison. No costs were incurredat Lang Bay.

With reference to Tables 16 and 17, all the land and water-based equipment costs are calculated on
an 18 hour working day. Fueling and maintenance requirements are attended to in the 6 hours between
shifts. 'Aircraft rates are based on a 10 hour day as are labour rates. Oil containment booms are rented

on the basis of an 8 hour day so that the actual daily rental rate is three times the rate indicated by the

lessor over a 24 hour period.

The following is a list of background considerations to scenario costing:

- Booms: -Three types of booms are required: heavy deep sea ones for rough water, lighter ones
around marinas and harbour entrances, and pneumatic booms where boat traffic through harbours
must continue,

- Slick-lickers and Skimmers: A larger number of slick-lickers than skimmers are used because

skimmers are less efficient in rough offshore waters and cannot pick up oil-soaked absorbent,
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Tugs: Large tugs (over 1500 HP) are only required in salvage operations. Vessels with 1000-1500 HP
are used to tow barges and position offshore booms while smaller craft deploy the lighter booms.
Barges: Oil recovery barges work in ~conjunction with both debunkering salvage and oil pick-up
equipment, Deck‘ba:‘cges are loéded with peat which is spread a‘t night when aircraft cannot fly, Work barges,
possibly with crane_s,,a‘re used for transporting oil-soaked absorbent to marine terminals.

Absorbents: The quantity of peat moss is calculated oﬁ the basis that one cubic yard of peat picks

up approximately one barrel of oil. Thivs figure may be in error as such factors as the degree of

oil emulsion may vary it. » The cost of sand for replacing oil-soaked beach material is not considered
as the quantity which may be required cannot be approximated.

Aircraft: Aircraft (Hercules and Buffalo classes) are required to bomb the spills with at least one
half of the peat.being deployed. Normal forest fire retardant bombing aircraft (Canso and A 26
classes) cannot be used as they are not in the province in March and are engaged in forest fires

during the summer.  Light planes (Cessna 185 class } are used for agrial reconnaissance, Srﬁall
helicopters are also used for reconnaissance and some light equipment ferrying. The large machines
aid in such operations as transporting collected oiled peat from outer tidal flats to a éollecting site
near shore,

Vehicles: Four wheel drive vehicles (especially those equipped with high flotation tires) are used
extensively on soft beach areas. A greater number of these vehicles, plus dune buggies and small

amphibious vehicles in conjunction with tracked equipment like Nodwells, are equipped with trailers
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and are used in the Boundary Bay spill to move men, equipment and peat moss on the large tidal flats.

A large percentage of the Victoria shoreline is rocky and thus inaccessible to this type of vehicle.

Heavy Equipment: Caterpillar tractors are used only to construct road access and skid driftwood logs
off the beaches. They are relatively inefficient for clean-up operations. Rubber-tired skidders cause
less damage to the beach material than tracked equipment and are also faster and easier to move from
site to site. Few '"cats'" and skidders are used in the Victoria spill as they are committed to combatting
forest fires. Graders and self-elevating scrapers are used on only approximately 10% of the Boundary
Bay tidal area (approximately 1000 to 1500 acres) due to the soft nature of the tidal silts. The number
of units employed is based upon a clearance rate of 1 hour per acre and an 18 hour working day. These
machines are not used in the Victoria spill due to the relatively small and steep beaches on that coastline.
Miscellaneous Equipment: High-pressure water pumps are used to clean rocky coastlines, particularly
in the Victoria scenario.

Manpower: Although the skilled personnel required in both spills is approximately 800, a figure of 400
is used in the tables as some of the equipment rates include operators. In the Boundary Bay spill in
particular, a large number of labourers is required to clean up the extensive tidal flats whereas far
fewer are needed in the Victoria incident. Although some of the labourers may be volunteers, we have
assumed that all are paid-at the rate of $2. 00 per hoﬁr. Thé expenses incurred in providing accommoda-
tion and catering facilities is based on a minimum of 2, 000 labourers and skilled personnel being accom-

modated. It is assumed that the balance of manpower will live at home.
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Miscellaneous Costs: The costs of some equipmént, such as railcar rental, soiled absorbent compressor
squeezer rental, and fishnet laundromats are not calculated. No specific costs are available for
establishing field maintenance facilities and no attempt is made to cost fuel consumed. Some rental

rates do, however, include maintenance and fuel cost, although mileage charges on such vehicles as
pick-up trucks are not included. The cost of utilizing men and equipment of the Armed Forces is not
calculated. It must also be noted that even though some equipment such as lowbeds are not in operabtion
18 hours a day, they must still be on standby at all times., Additional costs including clothing, equipment for
steam cleaning and thoseincurred during demobilization of forces are not evaluated either. Therefore,

20% of the. gross total computed is added to cover such additional costs.

The major costs which are incurred in both scenarios were for booms, tug leasing, absorbent

materiale and personnel with their attendant requirements for housing.

On the assumption that no equipment is purchased,the approximate overall clean-up cost for the
Boundary Bay spill is $24, 363,000 and for the Victoria spill $4, 965, 200. The full implications of these
figures and their relationship to costs of preventative measures and contingency planning are discussed

in the conclusions to this report.
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TABLE 16

APPROXIMATE OVERALL EQUIPMENT & MANPOWER COSTS - BOUNDARY BAY SCENARIO

ITEM

NO. OF UNITS

CAPITAL COSTS

RENTAL/ONE TIME USE

MARINE EQUIPMENT

Booms:

Heavy

Light
Skimmers
Slick-lickers
Hovercraft
Tugs:
' 1500 HP +

1000 - 1500 HP

800 - 1000 HP
Landing Craft
Small Work Boats
Barges:

0il Recovery

Deck

Work (with crane)

MARINE SUPPLIES

Peat Moss Absorbent

AERIJAL EQUIPMENT

Cargo Planes
Helicopters:

3 place

4 place (jet)

cargo
Light Planes

40,000 ft.
40,000 ft.
30
40
2

2

4

20

20
100 - 200

30
8
8

280,000 cu. yds.

10

[SUI N1 N
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1,200,000
400,000
900, 000
400, 000

980, 000

3,600,000

1,800,000
486,000
389,000

government

146,000
2,052,000

702,000
military

324,000 (min.)

360,000
72,000
84,000

980,000

military

186,000
288,000
600,000

63,000



ITEM NO. OF UNITS ] 'CAPITAL COSTS RENTAL/ONE TIME USE

VEHICLES .
Tank Trucks 30 . - 324,000
Vacuum Trucks - 60 : - 117,000
Dump Trucks 100 - 810,000
Lowbed Trucks 10 - 108,000
Buses 30 ' - . 27,000
. 4 Wheel Drives . 25 - 15,000
Pick-Up Trucks i; 30 - 9,000
Dune Buggies , : 25 , - _ 7,500
Trailers \ _ 50 : - 7,500

HEAVY EQUIPMENT

Caterpillar Tractors } 20 - 270,000
Rubber-Tired Skidders 20 - . 162,000
Front-End Loaders 10 - : 162,000
Tracked Vehicles 20 - 162,000
Graders ' ' 20 - 259,000
Self-Elevating Scrapers 20 . 432,000

Cranes . _ 5 - 54,000 '

MISCELLANEOUS EQUIPMENT

High-Pressure Pumps : 20 ' - : 45,000
Steam Cleaners 5 - ~ 54,000
Portable Power Generators 15 - 9,000
Conveyors 5 ' Ce . 40, 500
Portable Radios © 100 85,000 6,500
Hand Rakes & Shovels 3000 ' 9,000 37,500
Bird Scarers 100 ’ - 30,000




ITEM i NO. OF UNITS ’ CAPITAL COSTS RENTAL/ONE TIME USE
MANPOWER:-
Organization Personnel . 10 144,000 (year) 12,000
Field Supervisors 100 - 360,000
Consultants & Advisors | 100 ' - 450,000
Skilled Personnel 400 - 1,200,000
(Machine Operators) - :
Military Personnel 1000 , - ‘ military
Additional Personnel 2000 - 4000 - , 1,200,000 (min.)
Accommodation for - - 1,800,000 (min.)
Additional Personnel

TOTAL CAPITAL COSTS 4,118, 000

TOTAL RENTAL/ONE TIME USE COSTS 20, 302, 500
PLUS 20% OTHER COSTS 4,060, 500
GRAND TOTAL 24,363,000

Note: Rentalor one time use costs instead of capital costs are used in the grand total because of the lack
of predictability of the duration of this sp111 As a result, the rental or one time use cost sometimes
exceeds the capital purchase cost.
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TABLE 17

APPROXIMATE OVERALL EQUIPMENT & MANPOWER COSTS - VICTORIA SCENARIO

ITEM

NO., OF UNITS

CAPITAL COSTS

RENTAL/ONE. TIME USE

MARINE EQUIPMENT

Booms:
Heavy
Light
Skimmers
Slick-lickers
Hovercraft
Tugs: - :
1500 HP +
1000 - 1500 HP
800 <1000 HP
Landing Craft
Small Work Boats
Barges:
Oil Recovery
Deck
Work (with crane)

MARINE SUPPLIES

Peat Moss Absorbent -

AERIAL EQUIPMENT

Cargo Planes
Helicopters:
' 3 place
4 place (jet)
cargo
Light Planes

30,000 ft.
30,000 ft.
20
30
2

4

30

20

30
100 - 200

20
5
5

140,000 cu. yds.

10

W o
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900,000
300,000
600,000
300,000

490,000

630, 000

315,000
75,000
68,000

government

64,000
359,000

164,000 -

military
75,000

56,000
10,500
12,000

490, 000

military

43,000
67,000
140,000
15,000

(min.)



ITEM INO. OF UNITS CAPITAL COSTS RENTAL/ONE TIME USE
VEHICLES
Tank Trucks 20 - 50,000
Vacuum Trucks 40 - 18,000
Dump Trucks 80 - 151,000
Lowbed Trucks. . .2 - 5,000
Buses | 30 B - - 6,000
4 Wheel Drives _ 20 . - : " 3,000
Pick-up Trucks 30 - 2,000
Dune Buggies 5 : - - 300
Trailers 25 - 900

HEAVY EQUIPMENT

Caterpillar Tractors 5 - 19,000
Rubber-Tired Skidders. 2 - : 4,000
Front-End Loaders. 10 - 38,000
Tracked Vehicles 5 - 9,000
Graders 0 - -

Self-Elevating Scrapers 0 - : -

Cranes 5 - 13,000

MISCELLANEOUS EQUIPMENT

High-Pres‘sure Pumps - 40 - 21,000
Steam Cleaners : 5 - 13,000
Portable Power Generators 15 - 2,000
Conveyors . ‘ 5 - 9,000
Portable Radios - 100 85,000 2,000
Hand Rakes and Shovels 3000 _ 9,000 - 9,000
Bird Scarers ' 100 - ' 7,000
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ITEM

NO. OF UNITS

CAPITAL COSTS

RENTAL/ONE TIME USE

TOTAL RENTAL/ ONE TIME USE COSTS

PLUS 20% OTHER COSTS

GRAND TOTAL

MANPOWER
Organization Personnel 10 144,000/year 3,000
Field Supervisors 100 - 84,000
Consultants & Advisors 100 - 105,000
Skilled Personnel 400 - 280,000
(Machine Operators) ,
Military Personnel 1000 - military :
Additional Personnel 2000 ~ 4000 - - 280,000 (min.)
Accommodation for - 420,000 (min.)
Additional Personnel
TOTAL CAPITAL COSTS 2,828,000

4,137,700
827, 500

4,965,200

Note: Rental or one timeuse costs instead of capital costs are used in the grand total because of the lack
As a result, the rental or one time use cost sometimes

of predictability of the duration of this spill.

exceeds the capital purchase cost.



CHAPTER VII - CONCLUSIONS

Starting this year, 1972, oil tankers of the 120,000 ton (854, 000 barrel) class - the size of the

Torrey Canyon - will be fravelling ffom the open Pacific through Juan de Fuca and Rosario Straits

to Cherry Point at the rate of about one per month. This rate will increase to one évery fibve or six days
if Alaskan oil becomes available for use at the CherryPoint refinery. Onthebasis of existingaccident prob-
ability information, it is concluded thatthere is a 50%chance thatthis tanker traffic could result in an oil
spiH‘ occurring at least once every twenty years, which would dump upwards of 20,000 tons of crude

oil on to the sea in a manner that would seriously affect the Canadian coastal environment.

Extreme caution must be exercised in dealing in regional terms with the highly site specific indpact
of even an extensive oil spill, particularly in an area with the shoreline diversity and oceapographic
complexity of the Strait of Georgia - Strait of Juan de Fuca. There is a natural tendency to consider
the impact of a spill in the light of overall values of the total resource complex of the region, but this
can be extremely misleading. The actual spread of oil from a spill is dependent on the rate at which
the oil is being spilled, characteristics of the oil and, particularly, on existing oceanographic and
meteorologic conditions. Furthermore, it is extremely unlikely that a collision or grounding of a
tanker would result in the total loss of its ca rgo. These statements are not intended to down-play

in any mannér.whatsoever the very serious implicatibns of the sort of spill that could well take place
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within the study region, but are intended to forestall the kind of criticism that can bé levelled at
statements which say that the contents of a supertanker could form an oil slick around the entire shore
of Vancéﬁv"e‘r? Island, and from that point automavti'cally assume that the tofal resource complex of the
shoreline is going to be affected. While dramatic positions such as this catch public attention, they

do not constitute a realistic approach to dealing with the serious site specific reality of oil spills. |

Crude oil or its by-products must be regarded as poisons that damage thé marine ecolo’gy and ’Aas:sﬁch
will jull‘ciimatély have to be treated with the same concern now shoWn for DDT and other chemica“tl" pes’éi-
cid‘es‘. " While we have attempted to show on a géheral a'nd site specific Basis the envi:t;onmental impé.ct of a
major oil spill in the study region, weare left with the overriding concernthat since the scientific community
still knows very little abouf the impacté that would resultfrom the spilbla'ge of lar‘ge vélufnes of oil at this latifuda '
oil épills may be doing far more harm than we can appreciate. However, the damage that W.ou'ld’ble déﬁe, plus
the unknown’ 1ong-term and sublethal effects of oil indicate that we cannot affoi‘d majof oil spiils ei/;en at .t‘.\;v.enty
year intervals. If we are serious about profecting ecological and ervwironmental" values in the Straits of
Georgia and Juan de Fuca, then we should con‘s'cientiously examine alternative means kof transi;oft for Alé.éka

crude oﬂ within both a national and international context.

The major social impact of oil transportation is probably the part that it plays in contributing to the

‘general 'anxiety'that society is expressing for environmental protection. While it is possible to
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assess economic and recreational losses and, to a lesser extent, the disruption of life-style and the
impact that an oil spill could have on human interest in unique and irreplaceable resources, it is
extremely difficult to come to grips with the stress created by the awareness that once major crude
oil shipments begin moving to Cherry Point, the vulnerability of the Canadian coastline leaves us
holding yet another environmental time bomb. Coupled with this is the sense of frustration that
people seem to feel about the fact that there is so little Canada can do unilaterally to protect herself,
particularly with the knowledge that there are absolutely no economic or social advantages for

Canadians in the tanker route.

Since no two oil spills are alike, it is necessary to simulate a real spill in ordér to identify its impacts
and implications. A scenario of the kind of spill which could occur indicates that about $5 million
worth of identifiable resource values could be lost as well as significant biological and social values,
and the complete clean-up costs to restore shorelines to as nearly as possible their original con-
dition could be in excess of $24 million. To put these figures into perspective, an advanced traffic
management system designed to control the speed and route of all major ships in the study region for ;che
purpose of minimizing accident probability would cost about $3 million to install and $400, 000

annually to operate. To establish a contingency force capable of reacting effectively to major oil
spills would cost notless than$2. 5 million to$4 million to create and about $200, 000 annually to

administer. In addition, the cost of replacing clean-up materials after each spill would be in the
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order-of $500, 000 to $1 million, though this cost would be much less if peat moss were not stockpiled

strictly for oil spill clean-up. -

As human error is a key factor in over 90% of all oil spill incidents, the use of advanced navigation and
shore-based traffic control equipment can only reduce the frequency of spills to a socially acceptabie
level; it cannot eliminate them.'. Measures for the preventioh of oil spills are therefore concerhed with
minimizing the likelihood of oil spills occurring asa result of accidents during the transportation, transfer
to and from vessels, and storage of oil. At présent, these measures are largely iacking, though transfer
operations in the American part of the study region are becoming increasingly more regulated. Ohly the
barest beginnings arebeing made to regulate ship movements in the study region, and a concerted inter-
national effort to establish a comprehensive traffic management system in the Strait of Juan de Fuca/
Strait of Georgia/ Puget Sound area would be a major step toward reducing the frequency of oil spills
occurring in it, The necessity of implementing such a system cannot be over-emphasized as similar
systems in other parts of the world have shown that they significantly reduce the frequency of sh/i"pping‘ |

accidents,

Areas of concentration of high marine resource values and areas of high oil spill probability have been

identified for the study region. Through a literature review, through discussions with people who have

been involved in oil spill clean-up operations, and through first-hand observation of majovr and minor
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- oil spill clean-up operations, we conclude that every effort should be made to refine our Rnowlédgé of

the resource complex within the high hazard zones, both as a means of determining the priorities for
clean-up-operations and as-a way of assessing resource losses arising from a spill, Regardliess of in-
creasingly sophisticated clean-up technology and the use of the best transportation and communication
aids, successful oil spill clean-up still depends on the degree to which clean-up efforts are sensitive to

the environmental values that the clean-up is protecting.’

. Oil spills occur at three main levels and can perhpas be treated analogously to one, two and three alarm

fires.

The first level - the one alarm spill - is the result of human error and mechanical failure in ship-to-

shore and ship-to-ship transfer operations, and from deliberate or accidental discharges within harbours.
These spills are usually small in size, techniques to clean them up are already developed, and most con-
tingency planning efforts by the oil industry have been directed towards them. Spills of this type should

be handled by oil industry, transportation companies, and local harbour authorities.

The second level - the two alarm spills - are those resulting from accidents to vessels distributing re-

fined oil products and from the loss of bunker fuel arising from accidénts to vessels operating within the
region, The lack of firm data on marine transportation within the study region makes prediction of this
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type of spill virtually impossible, Such a spill calls for a higher level of contingency planning than that
required for local harbour spills, although equipment stockpiled for harbour spills and for the major

type of oil spill can both be used in dealing with this second hazard level.’

The number of one and two alarm spills is much greater than the number of major tanker spills. Tech-
nology to control them is increasing,and they are on the level at which Canada can, and should, be ex-

pecting to undertake contingency planning on a unilateral basis in the study region,

The third level - the three alarm spill - is the major spill resulting ffom*an accident involving a tanker
transporting large quantitites of crude oil or oil products. Ju.st as no single fire station is equipped to
handle a three alarm fire, neither Canada noi‘ t»he_USAI could be individually prepared to clean up a major
spill, and' every consideration should Be giveﬁ to joint Canada - U, S. preparations to handle these spills,
especially £hose which could -invo_lve a supertariker on the approavches from the Pacific to Cherry Point,

since the shorelines of both countries are equally vulnerable.

Notwithstanding these speCifié possible areas of responsibility, the lack of knowledge on the long-term
effects of a continual build-up of oilin the marine ,eco‘system means that far more stringent international
regulations must be imposed on the transport of oil by sea. Since oil is becoming a ubiquitous substance

on the seas of the entire planet, it is obvious that no maritime nation can hope to protect its seashores
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10,

on its own, and that international action to control oil pollution of the seas is long overdue,

It is concluded that attempts to deal with the environmental impacts which could result from a major
oil spill, and impinge upon both Canada and the USA, could easily be frustrated by international de-
bates over who is responsible for cleaning up and paying the costs of cleaning up of such spills, One
method of avoiding such delays would be to create an international fund to pay for the clean-up costs

of all spills occurring in the Strait of Juan de Fuca / Strait of Georgia / Puget Sound inland sea as well
as the costs of maintaining contingency forces. This fund could be financed by a tariff in the order of
17 cents per ton on all oil and oil products being transported in the region. Compensation for loss of
resource values not adéquately covered by other means could be paid out of an expanded fund. The
costs of spills caused by vessels not carrying oil or oil products as cargo could be paid directly by the
owner of the vessel and/or cargo. The fund would have to be administered in close conjunction with

any international oil spill clean-up contingency arrangements between Canada and the USA,

The point has frequently arisen in the literature and in our own field experience that no matter what the
method of oil spill clean-up, fast notification and mobilization of contingency teams are critical. Early
action not only can protect shorelines from contamination, but also minimizes it should it occur. Con-

sidering crude oil properties, shoreline features and the special "inland sea'' characteristics of the
study region, it is concluded that mechanical means of clean-up - notably the use of booms, slick-
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12,

lickers, and the application of peat moss - are generally less harmful than chemical ones, although

not always as effective.

We strongly endorse the summary of recommendations incorporated in Part 2 of Volume I of the
"Report of the Task Force-Operation Oil (Clean - up of the Arrow Oil Spill in Chedabucto Bay)' as it
appears in Appendix E of this report, We particularlyendorse the scientific preparedness priorities
suggested, Through our own literature research, we have identified precisely the same shortcomings

as the Operation Oil team recognized in their establishment of scientific preparedness priorities.

While this particular study has dealt with oil transportation on the west coast in isolation, we recognize
fully, and stress, that this is only one component of what should ideally be a major international accord

between Canada and the U. S, on the manner in which oil is moved from Alaska to U, S, markets..

Ecological imperatives repeatedly point out the artificiality of our international boundary from the stanid-
point of environmental damage, and this study is an excellent case in point. We have dealt with the
impact of a potential oil spill on Canadian shorelines, but the impact on adjacent U.S. coastlines would,
of course, be equally devastating. Sooner or later we have to face up to the harsh reality that ecological

and environmental imperatives, not man-made imperatives such as national security or arbitrary boun-

daries, are really going to determine whether or not men and nations are to live in harmony with their

199

e £ . ¥ ¥ € € € € € € €« C €« ¢ x



‘environment. It is the e‘nvvironr'ne'ntalkifrn’peratives and not the man-made ones which must act as the

real constraints on international oil shipments, -
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CHAPTER VIII - RECOMMENDATIONS

It is not our intention in these recommendations to list the numerous specific items which should be
undertaken - these are embodied in the report and have been discussed at various times with people in the
responsible agencies on the west coast. As well, the terms of reference did not call for an agency specific
study., The recommendations presented here are derived from the broader level of conclusions that we

have reached.

We recommend that the Canadian government pursue with the utmost vigour every possible avenue to bring
about international recognition of the environmental imperatives that must act as the real constraints on

international oil shipments.

We recommend that Canada proceed unilaterally to establish and maintain an effective contingency plan that
is genuinely responsive to local conditions and takes care of the type of oil spills that arise in harbours and

shoreline installations as a result of shipéto-ship and ship-to-shore transfer of oil products.

We recommend that Canada unilaterally establish on the west coast a contingency force capable of dealing with
the type of oil spill that is likely to arise ,from’ the spillage of refined products being transported within west

coast territorial waters, and of bunker oil that would be spilled as a resultof accident to a vessel operating
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within the area.

We recommend that a third level of contingency planning be initiated in cooperation with the USA for the
control of major. spills arising from an accident involving a tanker transporting large quantities of crude oil
or oil products. Particular emphasis should be placed on preparing for spills on the route to and from

Cherry Point.

We recommend that any oil spill contingency plan incorporate as its major features: a) the ability to react
quickly and effectively to contain and clean-up spills; b) the stockpiling of critical and difficult-to-obtain
clean-up materials and equipment for quick mobilization; and c) the documenting of access to other required

materials and equipment,

We recommend that, in addition to international oil spill contingency planning between Canada aﬁd the USA,

a fund be created to pay the costs of all contingency forces and clean-up operations in the region. The fund
should be financed on‘a "user pays'' basis, most preferably by a tariff on each ton of crude oil or oil products
being transported. A value in the order of 17 cents per ton appears to be a reasonable first approximation

of the tariff required, ‘and could be used as a basis for rﬁo_re detailed economic and political considerations

to arrive at the final levy, Consideration should also be given to paying compensation out of the fund for loss

of resource values not adequately covered by other means.
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9.

10,

We recommend that Canada and the USA jointly establish and operate a comprehensive marine traffic manage-
ment system for all major vessels travelling in the Strait of Juan de Fuca / Strait of Georgia / Puget Sound
inland sea. This system should monitor all communications and vessel locations, and issue either advice

or direct orders cohcerning the routing and speed of all vessels it manages.

We recommend that the regulation, surveillance and enforcement of transfer operations be undertaken by one

federal agency to prevent chronic long~term pollution of coastal waters and shorelines.

Since time constraints and the urgency of dealing with the crude oil movement to Cherry Point prevented the
fullest pos'sible examination of internal traffic movement within the study region, we recommend that a more

intensive examination of internal barge and tanker movements, and other major vessel movement in the study

region; be undertaken in order that a realistic assessment of spill probability of refined products can be made,

Since the major purpose in an oil spill clean-up operation is to protect the environment, we recommend that
the ba:éeli.rie ihfc;rfnation on the high hazard zones identified in this study report be further refined and used
to dictate the acfual level of contirnge‘h-cy. i)lénn.ing evenfually arriveid vat fof thé ‘West coast, The information
should be developea to the extent that it c;af; be ﬁéed to de;cei'mine clean-up p.rioritieswand the degree of re-

source loss in the event of a spill,
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12,

13.

We recommend that in any oil spill contingency plan a major provision be made for an effective programme
of community relations to ensure that individuals who would be affected by the spill are adequately informed
of the likely impacts and, equally important, to ensure that uninformed public opinion does not result in
politically expedient clean-up measures that simply remove the oil from sight to the long-term detriment

of the environment.

We recommend that the recommendations of the Operation Oil Task Force which was responsible for the
clean-up of the Arrow oil spill in Chedabucto Bay form a significant role in developing Canada's prepared-

ness for oil spills. A summary of those recommendations appear in Appendix E of this volume.

Our first twelve recommendations have dealt with the reality of oil transportation as it exists in 1972. How-
ever, the threat of oil pollution from supertankers has its origin in problems beyond economics or national
security, and we recommend that Canada and the U.S. join in an examination of not only alternatives to the

tanker route, but also the fundamental and real question of our exploding energy use.
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APPENDIX A - ECONOMIC VALUES

This appendix develops dollar figures for the major economically identifiable resources within the
study region. It does not attempt to be completely comprehensive with respect to all the resources discussed
in Chapter III, as many of these have value beyond monetary economics. Some of the methods used to determiﬁe
fhe figures in this appendix were outlined eai‘lier in Chapter V. As already indicated, extreme caution must be
used in interpreting this appendix as none of the values derived her‘e are intended to represent economic losses
attributable to an oil spill; rather, they are simply an asset statement in monetary terms of certaih resources

within the study region.

1. Fisheries

The following ‘section is an inventory and summary of‘thevalues of fish caught by commercial fisher-
men in the oil spill study region. The Fisheries Service of the Departmept of the Environment reports catch
statistics by fishing zones for all Canadian fishing effort, A very close approximation of the study region can
be made by using data from zones 13 to 24 inclusive plus areas 28, 29A, 29B, 29C, and 29E. Some caution
must be excercised in interpreting data in offshore zones 21, 23, and 24 as the outer limits of these zones
reach beyond the study region so that they might give an overstatement of the catch, especially for such species, -
as tuna, which has been removed from this summary. However, these zones are important because the majority

of the salmon caught in them are within the study region.
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Area C, which is south of Cape Flattery and outside U. S. protected fishing zones, is outside the study
region and has not been included in this inventory. This gives rise to some possible understatement in study
region catch statistics because many of the fish caught in this area originate in the Fraser River system, and

during some periods of their life cycle could be affected by an oil spill within the study region.

However, neither the statistical problem of the offshore areas or of area C is large enough to enter a

5 percent error in the tabulations. Furthermore, these possible errors are compensatory.

Tables I and II in this section summarize both the gross ireturns to fishermen and the wholesale market
value of seafood taken in the study region. The gross return to fishermen is reflected by the landed value of
.the fish which is recorded on sales slip receipts., These receipts;' reflect only the immediate prices paid to
fishermen and do not reflect year end bonuses or certain free beﬁefits such as ice and net loft use. The pub- "

lished landed value figures used here would probably be more accurate if they were increased by 10%.

No attempt has been made to indicate the net economic yield of this catch. To do this associated costs
of production at both the harvesting and processing levels would have to be measured and deducted. This in
turn would bring up further questions of fleet reduction and rationalization, all of which are beyond the scope

of the current study.
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TABLE I

SALMON
Year Total Landed Weight Landed Value in Study Wholesale Value in Study Region
in Study Region ' Region : : '
(1bs)
1971 59,155,700 $19, 880,772 $43,737, 700
1970 34,826,000 $10,142,100 $22, 408, 700
1969, 32,475,500 $11, 429,991 $23, 830, 400
1968 26,572,200 $ 6,777,937 $15,093,100

Average Landed Value of Salmon in study region over the 4-year period 1968-1971 is $12,057,700

Averagetholesale Value of Salmon in study region over the 4-year period 1968-1971 is $26,267, 500
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TABLE 11

1970 FIGURES

Fish Total Landed Weight Landed Value in Study Wholesale Value in Study
in Study Region Region Region
(lbs)

Herring 2,665,200 $ 90,770 $ 213,500
Halibut 403,100 $ 148,232 $ 196,300
Sole 1,377,200 '$ " 85,560 $ 209,200
Red & Rockcod 378,000 $ 21,922 $ 39,500

Ling Cod 2,552,400 $ 335,220 $ 576,100
G»re;y“Cod 2,279,000 $ 187,502 $ 341,400
"]?;lacié‘Cdd"v ‘- 82.800 ~$ .18,648 $ 38,000

- ‘Non-Food Fish f 667,100 '$ 16,900 $ 33:800
Flounders 78,500 $ 3,555 $ - 9,500 |
Skate | -84, 600 $ 4,257 $ 11,800

'Perch’ 709,700 $ 35,955 | $ 97,600

- Octopus © 51,100 $ 29,372 $ . 18,700
Sturgeon ; 18,800 $ 5,170 $ 9, 900
Shrimps 1 979,400 $ 268,814 $ 541,000
Clams e 1,087,600‘ $ . 86,480 $ 214,800
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Fish Total Landed Weight Landed Value in Study Wholesale Value in Study
in Study Region Region Region
(lbs)

Abalone 24,000 $ 10,080 $ 25,200
Crabs 984, 300 $ 177,560 $ 357,300
Oysters * 80,058 $ 530,000 $ 590,000
Smelt 22,700 $ 4,935 $ 6,900
Eulachons 34,500 $ 4,360 $ 6,300 -
Other 9,400 $ 228 $ 1500
All Fish Except $2,045, 520 $3, 537,300
Salmon

* Oysters reported in tJ.S'o gallons
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The wholesale market value of fish caught in the study region, also included in Tables I and II, reflects
the value of the fishery products after they have been processed and are ready for distribution. For each
specie the total market value for the various products was extracted from published data. From this, the
average value added for each specie was determir;ed and applied to the study region landed values to determine
wholesale values. The value added f‘or salmon was developed from an average of 1968 to 1971 statistics. For
all other species 1970 statistics were used. For salmon the four year period is illustrated in an attempt to

even out some of the cyclical fluctuation in salmon runs.

Of important note is the relative value of salmon to the study region. If the four year average salmon
catch figure is compared to the total value of fish taken in this area (average salmon figure plus value of all

other fish in 1970) the result indicates that salmon account for 85.5% of the total landed value.

The relative importance of salmon is further enhanced if the future potential for increased ‘salmon
production in the study area is considered. Table III indicates the actual and potential average landed values of
commercial catches from Fraser River stocks, These potential values are more than purely hypothetical since
the International Pacific Salmon Fisheries Commission has recently embarked on a 20 year program to attempt
to realize them. In this context, potential values will enhance the current natural resource value of the study
region - an exact measure of the current value of the potential is not attempted here, but the magnitude of this

increase is indicated,
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Séck%ye ,
Pinks
Chinooks
Coho
Chums

Steelhead

TObTAL
(1)
@)

TABLE I

Summary of Actual and Potential Landed Values
of Commercial Catches from Fraser River Stocks

Actual Average Potential Average
| $10,4A28,‘000 $29, 544,000
| 1,906,000 9,842,00‘0 (1)
3, 682,000 Not Known
1 , 840,000 Not Kno‘Wﬁ
1,256,000 ' 1,540,000 (1)
6,000 Not Knéwn

$19,118,000 $46,454,000 (2)
Potential based on natural production, without artificial enhancement

Where potential for species are unknown, actual average figures

" have been utilized to reach '"Total Potential''. In so doing, potential

is understated.

Data taken from p. 38, '"Fisheries Problems related to Moran Dam on the Fraser River', prepared by
the technical staff of Canada Department of the Environment, Fisheries Service, and International Pacific

Salmon Fisheries Commission, Vancouver, B.C. August, 1971.
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Although it is not possible to predict exactlyiwhaﬁ proportion of the increased potential would be caught
by Cainadiﬁa}n fis_he»rrr‘le;n, _pax\'ti‘c_t.llarly‘as ingernational ﬁegotiations may ‘modify any es‘timate, it' would appear
reasonabilq_tq‘assurne they wouvld.c.atch 5.0% of At.he "to.tal.w.ith Americaﬁ _fiéhérrnen cat;hing the balabnce. Ofl an
aveg‘ag,,:e..‘ -Y,eanr ,'thg_lf?r/a‘lser Riv‘er&sc;ck.eye rﬁn will split with 85% corﬁ'mg thr;).ugh Juan ée th‘lc‘av Stravi'f Qnd 15%
coming througiﬁ Johnstone Strait. Fraser River pinks will average 70% of their run through Juan de Fuca.

It can be. seen tlj{af;/t.he“vastvmajpri!:y‘of the Can»adian sharg of this increased run will be caught in the study
regi.wfl. If one assumes _that 75% of the Cénadian shérg of‘ tge increase is caught in the study region, the average
salmon calllt‘ch‘f‘i’gu‘re Would beﬁ 'inc%rebased by >$1>0. 25 million in landed value and by aééroximatelf $22. 5 l;r:liiiion

in wholesale value.

vIn addifion to the Fraser system vimprovements, anincrease in the number .of hatcheries. in other areas.
could have some effect on the commercial salmon’ catch in the study érea. The f‘isheries Service of ’tﬁe Depart—
ment of ‘the Envirqnmgnt has recently announced that a series of five hatcheries will be built near the Strait
of Geo?gia. However’,» benefits to the commercial fishery are not intended as the primary objective Qf the
hatcheries‘ program. The program is intended to incréase the availability of cﬁinook an(él c;)hé s’a.hrn:on which

are extremely popular as sports catch.

The Fisheries Service has estimated that a moderate sized hatchery of 20 ponds could be expected to
increase the combined sport-commercial catch of coho and chinook salmon in the Strait of Georgia region by
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51,000 and 14, 400 respectively each year. Five such hatcheries could then increase the combined catch of
coho and ck}inook by 225,‘000 and 72, 000 respectively. Because these fish are intend’ed to be resident or
"inside'" stocks it woulld appear reasonable to yasvsurne that up ‘to half could bev caught by sport fishermen. I—iovx//—
ever, the increase to commercial catch is the relevantaspect for this section of the stuay. If half the increase
is haryested by eommereial vfisherm‘en, and a 1968 to 1971 average price for coho and springs is used, the in-
creased a~rm‘ua]7 vlanded (.:ommerical ?alue would be $550, 000 and $450, OOFO respectively or approximately

$1, 210, 000 and $990, 000 res.pectively in wholesale value,

Although the potent1a1 product1v1ty of the Fraser River eystem and the hatcheries program are both
dependent on investment in management and development the size of this potent1a1 should be recogmzed | ‘It
should alse be recognized that fhe current study region landed catch value, just in excess of $14 million dollars,
and the-correséonding wholesale value of just under $30 million dollars, represents a very conservative estimate
of the sﬁ»s‘tainable‘ "catch level in thie area, Wh‘ich rﬁay.through time rise to an average annual landed value of

$25 million and an average annual wholesale value of $54 million,

2. Waterfowl Hunting

Migratory waterfowl and shorebirds are numerous in the study region, and are particularly vulnerable
to oil spills. A partial measure of their importance and value is the recreation they provide for hunters, and

the dimensions of this activity are estimated in this section. Other recreation supported by these species
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includes non-consumptive activities such as bird-watching and photography and is discussed separately in

conjunction with other non-consumptive forms of recreation in the study area.

a) Species Sought and Hunting Seasons

Hunting for migratory game birds is regulated by the federal ahd provincial governments. The species
for which hunting was permitted in the study area during the 1971-72 season, the open seasons, and daily bag
limits for each species are given in Table IV. Hunting for waterfowl is permitted in the study area over
roughly 5 months (Oct. 9- Mar. 10), although the majority of hunting takes place during the three month duck

hunting season (Oct. 9 - Jan 9. ).

b) Waterfowl Hunting Activity

During the 1970-71 season, the most recent for which data are available, there was a total of 62, 000
active hunters resident in the Lower Mainland area and on Vancouver Island. Of these, 20,000 puréhased the
Canada migratory game bird hunting permit, making them eligible to hunt waterfowl. During the 1970-71 season
it is estimated that 14, 600 of these hunters actually hunted for ducks or geese on at least one day. These
hunters spent a total of 105, 000 days hunting waterfowl on Vancouver Island and the Lower Mainland, and killed

approximately 136, 500 ducks and 2, 600 geese.

Not all of this hunting activity took place within the study region. Waterfowl are hunted to a limited
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TABLE IV

Migratory Bird * Hunting Seasons and Daily Bag Limits, Study Area, 1971 - 1972

Open Seasons

- Species Vancouver Island Lower Mainland Daily Bag Limits
Ducks - Oct. 9 - Jan. 9 Oct. 9 - Jan. 9 | 8
Snow Geese Oct. 23 - Jan. 9 Oét. 9 - Dec. 5v, & 5

Feb, 5 - Mar. 10

Other Geese Oct. 23 - Jan. 9 Oct. 9 - Jan. 9 5
Coots, Rails b Oct. 9 - Jan. 9 Oct. 9 - Jan. 9 8
Black Brant Dec. 25 - Mar. 10 Dec. 4 - Mar. 10 4
Wilson's Snipe Oct. 23 - Jan. 9 Oct. 9 - Jan. 9 10

Doves and pigeons, migratory upland game birds, are not considered.
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extent on northern Vancouver Island outside the study region, and on the southern Island and Mainland Coast

waterfowl are hunted both in foreshore areas and inland fields. However, it is felt that from eighty to n1nety—

five percent of the huntmg act1v1ty is supported by waterfowl which depend on the salt water habitat of the study

s

region. Thus, an estimated 84 000 to 100 OOO hunter days were supported by waterfowl and other migratory

birds depending on the habitat of the study region.

¢) Hunters' Expenditures
The expenditures associated with hunting activity are discussed in three categories; license fees, °
payments to landowners, and general expenditures.

i) lLicense Fees

Waterfowl hunters must purchase both the provincial hunting license, costing $4, and the migratory
hird: hu.ntiné p,ermit, ati ba cost of $2 ‘It is: assumed, for simplicity, that the revenues from all migratory bird
.permits sol.d in the Lower Mainlahd Vand :on Vancouver ls land .and the revenues from pr.ovincial hunting lieens“}e‘s
sold to‘those whoactually hunted wate'rfowl‘(l4,‘ 600)‘ oan he"attrihute‘d to the Vfwaterfowl:avnd rni'grator‘y 'birds
depending on the study area. This is .a simplifying alssurnption ‘which’prohably int‘rodu‘cevs‘ a srnall upward bias
into the estim‘ate.‘ ‘I'-Iowever, since license ‘r‘evenues‘are not lbarge in any- case this e‘rror is Vnotfelt to be sig-

nificant. On this basis the revenue from license fees is approximately $98, 000 annually.
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ii) Payments to Landowners

In recent years it has become common for hunters in the lower mainland to pay landowners for the
exclusive right to hunt‘ on their lands. A ‘rec‘ent report indicated that in 1969 approximately 25,000 acres of land
in the vLoweIE' Mainland was controlled for hﬁnting purposes ‘lv)y various clubs. Fees are not paid for hunting
rigkhts on a-il this 1a¥_1d. In many cases the‘ agreements between.hunters and landowﬁers sirﬁply call for a res-
trict%on on the nﬁrr;ber of huntéfs ;nd'pro_tection of the pr.operty from abuse. In other cases thé club.s consist
of gfoﬁps ofviandowr;érs who have bandéd togethevr. to pi‘event the general pubﬁc frofn hunting o‘n their land.

Wbl.'lille\ th:e déta relafing fo the"émouh.ts actual..lyi paid to the landow;lers were not cpmple’te, ’approximatelly >$40,:OOO

‘was paid to landowners for access fees in 1969.

Not all of this expendi»ture can bé abttributed to waterfowl hunting, however, as many clubs are interested
in hunting pheasants én;i upland game and in some cases a _signigicént pért of ‘the paYmeﬁt is made for habitat.
improvement and stoc‘king __of pheasants. It Woﬁld appear that at the present time ‘payments in ﬁhe order of
$30, 000 éef year are fnad-e for the fights to hunt 'watérfowlvon p1;ivate land in thg Lower Mainland, No data are

availablre. on the extent of such péyments on Vancouver Island, although they are probably small.

Despite the lack of good data on this subject, it is noted that some landowners do realize income from
this source, a significant part of which is probably directly dependent on waterfowl using the study region.
As competition for hunting space in the Lower Mainland and on Vancouver Island becomes more intense such
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payments can be expected to increase significantly.

iii) General Expenditures

By f‘ar‘the 1argest eategory of spending by hu’ntel"s is for guns and ammunition, transportation, and
dther goods and s‘erviceS. Recent data‘ontotal expendi’tures by resident hunte‘rvs indicate that residents of_
Vancohver Island spent an average of $18 per day on huntmg, and res1dents vof the Lower Matnland snent |
$26 per day durmg the 1970 71 seasdn These averages 1nc1ude all hunting activity for the season - both “
lqcal youtmgsvand trll’ps‘ over 1=ong diatances. The expenditures per day of waterfdwlvhunt.ing supported by'birde
u‘si‘n_g the study regien would be rnuch lower, as this hunting would generally{ be undertaken by area resid‘e:nts
on short oduti‘ngsk. -A nnore reasonable f1gure for such spendmg would be $9 pe"r day. When th1s f1vg-u1;e is used

the total expend1ture for Waterfowl huntlng dependent on the study area is in the order of $756 000 to $900 000.

d) The Vaiue of Hunting Activity
| 'rAsi“de from license fees paid to the provincial and federal governments, and such access fees as are
paid to landowners, hunters d_e not pay directly for ther Opportunity to go hunting. Thus, unlike moet resources
or commod1t1ee, there are no estabhshed pr1ces Wh1ch indicate the valne of the ”product" consumed There
has been a ‘con¢s1dervabie 1nterest in the evaluatmn of outdoor recreaﬁon in necent years, and seneral stud1es

have been undertaken which relate d1rect1y to Br1t1=~'h Columb1a.

Two of these reports relate specifically to waterqul hunting: Pearse Bowden (1971), dealing with
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hunters at Creston, estimate a value of $4. 50 per day, while Hedlin Menzies (1967) adopted a value of $6. 00

per day for waterfowl hunting on Boundary Bay. After reviewing the background of these reports, and con-
sidering the fact that much of the waterfowl hunting supported by birds dependent on the study region is

presently not of h1gh quahty due to the d1fflcu1t access and crowded conditions under which most hunting is
now done, a value of $5 00 per day is suggested as belhg appropriate. On this basis the vvalue of waterfowl

hunting supported by birds dependent on the study region is from $420 000 to $500 000 annually

e) Summary

| The object of this section is to estimate the amount of hunting activity supported by waterfowl depen-
dent on the ‘salt water habitat ’of the study region. Although the data which are available do not relate precisely
to the study region they perm1t approxxmatlons which should be suff1c1ent1y accurate for the study purposes.
Roughly 14 600 hunters from Vancouver Island‘and the Lower Mainland hunted waterfowl durmg the 1970 71
season. It is estimated that birds dependmg on the salt water hab1tat of the study area supported from 84 000
to 100, 000 days of huntmg by these hunters. Licens‘e revenues to the federal and provineial governrhents from
this huntmg are estimated at $98 000, payments to landowners at $30 000, hunters‘> expenditures at between
$756, OOO and $900, OQO, and the value of the hunting experience to the hunters themselves at $420,000 to $500, 000,

Table Vpresents these data separately for Vancouver Island and the Lower Mainland.

These data relate to present levels of hunting activity, specifically the 1970-71 season. The level of
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TABLE V

Waterfowl Hunting Data

Days of Waterfowl Hunting

Total Number Birds Killed

Ducks

" Hunter-days attributed to Study Area

‘Value of Hunting

Hunters' Expenditures

| Payments to Landowners

License Revenues:
Federal:

Provincial:

Vancouver Island

Lower Mainland

30,000
44,000
500

24,000 - 28,500

$120,000 - $142,500

$216,000 - $256,500

N.A.

$40, 000

$58, 000
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75,000
92,000
2,100
60,000 - 71,250
$300,000 - $356,250
$540,000 - $641,250

$30,000



activity has probably remained fairly constant in recent years. The data can be applied to 1971-72 with little
hesitation,and in the future years there is likely to be little, if any, increase. Programs to ensure public

access to some hunting areas will be needed to offset habitat losses due to urban encroachment and the pro-
hibition of hunting in other areas. For purposes of this studythe data as presented can be accepnted as suffi-

ciently accurate for the analysis of both present and future hunting activity.

3. Pleasure Boating and Moorage

Based on available data and functional relationships of boat ownership with population and income,

estimates have been derived for 1972,

a) Pleasdre Boating

Much of the raw data used in this report have been taken from a survey completed for the Department of

Public Works in 1966,

This report attempted to'identify the numbers, kinds, and distribution of pleasure boats in the Strait
of Georgia area, and also project these findings to 1976 and 1986. In addition to findihg the number of boats in
particular areas, the survey detéiled information as toboat fype, length,and number of boats iicensed,and indicated
thatthere were 60, 900 pleasureboat-owning households in the studyarea, Of these approximately 57%have licensed craft.

When takingintoaccountthe fact thatmany households ownmore than oneboatthe total number of craft was calculatedat
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72,000 boats. Table VI and VII summarize some of the important results of the survey.

For predictive purposes or to update data from 1966 to the present, one would ideally like to take
into account all of the following parameters:
i) Population growth;
ii) Changing population densities; -
iii) Changing 1evel$ éf'disposable income;
iv) Changes in taste;
v) Changing technology.
However, the most useful and préctical’parameters for predictive purposes in this case are those of population

growth and increases in disposable income. These factors form the basis of the estimates made in this study. -

The population increase was thought to be the most stable predictive factor and forecasts of growth from
2 to 2.7 percent in various areas were used., Added to this factor was a prediction of growth in disposable income
of 2 1/4 percent per year in cohstant dollars., Althou'gh bvoating expenditure is expected to increase at a rate
combined from these two factors, vt’he expenditure per boat will also likely increase. This would indicate that
the increase in the absolute n.umber:of boats would be 1ess‘ than the incredse in boating expenditures. This fact

is incorporated in the present study.
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TABLE VI

Boat Type Percent
Saiiboat ; | v ‘ 2.7%
Sailboat with auxilia ry motor , 3.8%
Qutboard ’ 50. 3%
Inboard 11.2%
Hand operated and other 32.0%
TOTAL (60, 900 boats) 100.0%
Source: N.D. Lea and Associates. Analysis of Recreational

Boating in the Strait of Georgia Area - British Columbia




TABLE VII

Boats per.100Q population =~ L 53
Pleasure boats per pleasure boat owning household v 1.18
Pleasure boat owning household per 1000 households 151.5

... Estimated Number of Craft by Type in the Strait of Georgia *

Sailboats with motor 2,350
vSailb‘oa.ts S S o - 1,650
Outboard motor boats 30, 600
' Inboard motor boats ' o 6,800

Other | | o 30, 500

72,000
Source: N.D. Lea and Associates. Analysis of Recreational Boating

in the Strait of Georgia Area - British Columbia, 1966.

ko | Takes into account the fact that if a household owns a second boat it is normally
a small hand operated boazt;é



Table VIII estimates the number of boats at present in the areas indicated. For all major population
centres a multi-year growth factor was reduced to a compound growth rate to update to 1972. For other areas

a 5.3 percent growth factor was used which appears consistent with prediction rates in studies surveyed.

Points to be stressed from this table include the following:
i) The number of boats can be disaggregated by area;

ii) By using the distribution by type of boat illustrated in Table VI an approximation of the kinds of boats
in the areas can be obtained,

iii) By using the factor 1.18 as described in Table VII the data can be expanded to include more of the
small boats which were indicated by households owning more than one boat.

To determine the value of the pleasure boats in the study area, boats were subdivided by class groups -
to correspond with éhe distributional categories listed in Tabble VI. Séveral marinas in the Vancouver area
Were surveyed and market value information was obtained by interviewing boat owners. This was supplemented
by information on average size class values obtained from local newspaper advertising for new and used boats.
The results of this survey are presented in Table IX. These results are then combined with estimates of boats
by class to determine the total value of boats in the study region. The final estimate of value of boats in the

study region in 1972 is approximately $250 million dollars.
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TABLE VIII - NUMBER OF BOATS

Area 1966 x* Compound Growth Predicted 1972
Rate Factor
Sooke 1,090 .053 1,486
Parksville 460 .053 627
Nanaimo 2,700 .051 3,639
Ladysmith 700 .053 954
Duncan 2,500 .053 3,408
Campbell River 1,070 .053 1,459
Comox 4,800 . 054 6, 581
' Squamish 2,300 .053 3,135
Powell River 1,600 .055 2, 206
Victoria 10,000 .054 13,710
Burrard Peninsula ‘ 22,_700 .058 31, 8»38;
North Shore 4,100 .052 5, 5:57
Fraser Valley 2,700 .053 3,681
South Shore 4,180 046 5,475
TOTAL 60,900 83,755
* Source: N.D. Lea ‘& ‘Aﬂs‘sociates. Analysis of Recreational

Boating in the Strait of Georgia Area - British Columbia
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. 'v_Sailboat

Sailboat with auxiliary motor
Outboard
Inboard

. Hand operated and other

TABLE IX

Total Value

1972
Estimated Estimated
Average Value Total Number
$ 728 2,261
11,058 3,183
1,786 42,129
14,116 9,381
200 26,801
227

$ 1,646,008
35,197, 614
75,242,394

132,422,196

5,360,200

$249, 868, 412



b) Moorage

The inventory process for moorage spaces is more strai’gdh't forward than the updating of the 1966
mboating survey. Ille Lea (1966) stud'y completed a thorough inverlt,ery of moorage space in the study region in
1966. ’l‘he Hedlin Menzies (1971) study updated this mventory to 1971 by surveying the areas Lea llsted The
results are illustrated in Table X, When additions to facilities are cons1dered or when a typical or average

moormg’-space is considered it is assumed to be 30 feet long.

The moorage inventory as listed is one year old, but is co:nsidered accurate for that date. Any new

construction of facilities within the last year would be fairly small and would not noticable affect the results,

~The value of the listed mooring facilities is more difficult to calculate accurately. The How (1967)
report estimated Department of Transport administered facilities"at‘approximately 56, 500 feet with an estimated
replacement cost of $9, 000, 000, For an average 30 foot moorage space this works out to approxrmately $4, 800
per berth, The Lea study estimated a minimum of $1000 per berth exclusive of land costs if the location
is in protected waters. In more likely cases where _consideration‘is given to land costs, breakwater costs,
dredging, and berths the Lea estimate works out to $2660 per berth. If both of these estimates are mflated
by 4 percent per year to brmg them up to equahty with 1972 dollars the estimates pe‘r berttl come out to be

$5840 (How) and $3366 Lea)
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TABLE X

Recreational Berthing Spaces in the Strait of Georgia, 1971

Area Type * Less than 20 - 40 ft. More than Area Total
' 20 ft. 40 ft.
Juan de Fuca Strait- A 65 4 -
B - 18 -
c - _65 —
65 87 152
Victoria - Esquimalt A 363 237 40
P S B - 166 3
C - 469 - L
‘ 363 872 43 1,278
Saanich Peninsula - Saltspring A 626 1,001 100
Island - Duncan - Lake Cowichan B R 304 25
C - 100 -
703 1,405 125 2,233
Nanaimo - Ladysmith A 312 197 38
' o B 1 167 -
C - 100 -
313 - 464 38 815
Comox - Parksville - A 116 43 4
B - 381 -
C - 100 -
116 524 4 644
Campbell River Area A 50 307 -
B - 297 -
C - 50 -
50 654 704
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Area L ~ Type ™ Liess than 20 - 40 ft. - More than = . = - Area Total
20 ft. : : . 40 ft.
Texada Island - West & A - - -
Lasqueti Island B - 16 -
c - — —
16 16
Powell River Area A 207 _ 96 . 10
B 1 227 -
c - _25 R .
208 348 10 566
Sechelt Area A - - -
B 1 63 -
c — 130 - —
] 193 194
Howe Sound A 1,212 598 -
B 3 162 -
c. - - - -
1,215 760 -1,975
Burrard Inlet A 722 990 163
B 2 336 23
c = - —
724 1,326 18 2,236
South Vancouver - Richmond A 425 338 22
' \ B 1 111 -
C - 1,000 -
426 1,449 22 1,897
Tsawwassen - White Rock A 60 15 -
B 1 10 -
c —_ —_ - S
61 25 | 86
‘ Total (All Areas) 12,796

% Type: A - Pleasure; B - Combined Pleasure and Fishing; C - Additions, 1966 ~ 1971
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The fairly large difference in these two estimates can be explained in that the How estimate was made
 for Department of Transport type structures. Many of these facilities are wharves and do not use the finger
slip deeigh which is usbed in most private marinas. This will have a tendency to reduce the number of berths
and correspondingly increase the per berth cost. The Lea report was generally considering marina develop-
ment: costs based on the finger slip design. Both of these estimates ‘have appropriate uses for estimating moor-
ing facility replacement costs in the study area. Of the total 12, 796 mooring spaces listed in Table X, 10, 400
are assumed to be private and therefore primarily of the finger shp design and 2396 are assumed to be combin-
ation fishermen/pleasure berths and primarily of the Department of Transport type construction. The How
estimate in 1972 dollars is then applied to 2396 berths indicating a total replacement cost of $13, 992, 640 and

the Lea estimate in 1972 dollars is applied to the remaining 10, 400 berths indicating a total replacement cost

of $35, 006, 400. The total replacement value for the entire study area would then be $49 million.

4,  Commercial Fishing Vessels

This section determines the numbers, locations, and estimated -values of commercial fishing boa‘ts in the

oil spill study area. The Fisheries Service of the Department of the Environment is the basic source for all

data presented below.

Because of the very nature of the fishing fleet it is difficult to keep information up to date. The fleet

itself will change in size and investment over time, Furthermore, this change has recently been expedited
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and directedby the Fisheries Service. In late 1968, the Minister of the then Depgrtrnent of Fisheries intro-
duced a License Control Program which is designed to reduce the number of fishing vessels, particularly in
the salmon industry. The effects of this program can be seen by observing the total number of licensed boats
from 1969 to 1971 as illustrated in Table XI. Complications can arise when one tries to identify the locations
of these boats as the winter or home port locations may vary widely from where fishermen actually fish.

This factor must be taken into account when one determines the costs of an oil spill at any particular time.

Table XI also indicates total vessel value for 1969-1971. A word of caution is in order concerning these
and other value figures used here. These value estimates are estimates reported to the Fisheries Service by
vessel owners. Even though the number of boats is being reduced, the investment in boats is reported to be
increasing. This can be explained by any one or a combipa_tion of the following reasons. One, the average
boat value could be 1avrge\r because of increased replacement costs as prices in general are rising. Two,
fishermen could be replacing present boats with more expensive boats within the confines of the Lilcense Control
Program. Three, fishermen could be improving their boats by inveéting in more modern equipment, living
accommodations and fittings. Four, fishermen could have a tendency to simply over-estimate the value of
their own boats. Only the last reason would give rise to the belief that reported values should be adjusted

downward for the purpose of this study.

There is some general feeling among individuals knowledgeable of the fishing industry that the reported
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TABLE XI

Licensed Value Average Boat
Boats ($1,000) Value
1969 7,064 $ 97,026 - $13,735
1970 6,767 100,363 14,831
1971 6,601 104,840 15,882
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vessel values are indeed somewhat overstated. Work is currently in progress in the Fisheries Service in an
attempt to correlate the reported values with certain aspects of the buy back arrangements of the License
Control Program. It is hoped that some relationship can be predicted between reported values and market

values when variables such as boat type, agé, ""gear, license and other possible factors are taken into consideration,

At present, it is felt the reported values are appropriate for use in this study. No downward adjustment

will be made until such an édjustrnent can be quantified by statistical means.

Table XII indicates the distribution of fishing vesselg in various port areas. Approximately 85 percent of
the boats are in the Vancohv‘er, Victoria, and Nanaimo areas and from this it is estimated that 75% of the total
boats are within the study 'I:egion. If one uses the current reported value of the fleet, boat values of $44.7
million for the Vancouver Area, $14.9 million for the Victor'ia>area, and $19 million for the Nanaimo Area are

indicat ed. Thus, the stuay region contains épproximately $‘78.v6 million worth of commercial boats.

It should be noted that a small portion of these boats will be out of the water for winter repairs during off-
season periods. Also, more detailed information concerning a break-down in values of boats by gear type
in various areas is available. However, the fact that areas for these data do not match the study region indicates

that pursuing this increased precision of measurement is not warranted.
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TABLE XII

Distribution of Vessel Owners by Each Gear Type, In British Columbia, 1970

(Cross Percentages)

Vessel Gear Type Vancouver Victoria Nanaimo Prince Totals
‘ Rupert
%o ' %o o %o %o %o
Gillnet 73.7 0.3 9.5 16.5 100.9
Troll 26.5 33.4 31.3 8.8 11000
Seine ‘ 78.1 - 15.6 6.3 100.0
Longline 41,2 - - 58.8 100.0
Trawl ' 50.0 33.3 - S 1607 ' 100.0
Other ' 50.0 41,7 - 8.3 ~100.0
Gillnet/ Troll 57.6 6.6 1.4 14.4 100.0
Longline/Other ~ 58.8 5.9 17.6 17.6 100.0
Other Combinations 47.9 12.3 17.0 22.8 ©100.0
All Gear Types 48.8 ' 16.3 © 20,7 - 14.1 100.0
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Lastly, for simulation of an oil spill during the fishing season it is recommended that the catch values

for various fishing zones would be the most helpful data to determine how many boats would likely be damaged.

5. Log B.o‘o'r‘ﬁ.s‘ and Storage

'I;Hisbr‘é;ec‘tid’hvélescribes the value of log booms which may at én;r one time be exposéd’to the risk of an
oil spill mtheStralt of Georgia region, Table XIII summarizes the §a1ues of logs both at market and prior to
reaching market it should be noted that these figures represent an average of September and December 1971
stocks at the 16cétio'ns_ indicated. Although these figures are not a yearly average, the estimafelis reasonably
representafivé ,ofv a\;érage stocks for these locations. Stocks wi(ll be drawn down through 1“at(—; sprvin’g, and built
up during.th.e‘lsﬁrnnder period. This fluctuation will be approxirﬁately 30 to 40 per cent from the low in late

spring to its high in late summer,

Possible damages to log booms from an oil spill will vary depending on the type of logs in the boom,
the type of oil spilled, and the time between the contamination and the processing of the logs.. In.any case,
these possible losses would seldom be the total value of the logs, but would be the loss in value of the logs plus

any extra costs of handling and processing them.

Crude oil, which is the major oil type under consideration in this study, would cause a relatively small
amount of .damage: - Much of any possible damage would occur from penetration of the oil into the logs. Since
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TABLE XIII

At Camp and In Transit - : Volume (Mbm) Value
Fraser River ™ . 120,000 - $ 1,372,500
Section A 3,100 220,000
B | | 31,000 1,950,000
C. | | 32,850 | 2,103, 500.
D, | 8,700 630,000
E . , 12,200 . 838,000
F ’ , 46,100 3,769,000
153, 950 $10, 883,000
At Market
Howe Sound 231,800 ' $15,096, 000
North Vancouver 10,080 749,200
Burrard Inlet 24', 600 k1,784,ooo
False Creek 9,100 665,000
Fraser River * 114,000 8,806, 600
Victoria 41,100 3,107,000
Other Island Markets 183, 500 14,395,000
614,180  $44,602,800
 TOTAL , | 768,130 » $54,485, 800

* Figures for Fraser River stocks include 0513l¥ those near mouth of River
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crude oil has poor penetrating abilities it would not normally penetrate past the bark of most logs for quite

some time.

Crude oil would not pose much of a problem for sawmill operations as thebark is removed before the
logs are sawed, The bark is normally burned for fuel and in this case a small amount of oil would actually be
a benefit to operations. If the ends are badly stained or if there is some penetration we would expect the
processed lumber would be reduced in grade. This would affect mainly lumber, but could also affect plywood
grade if penetration was deep. The type of production most sensitive to oil damages would be the production

of pulp. It would take only a minor amount of penetration to make logs virtually useless for pulp production.

The fact that the logs boomed within the study area may have a very high value at any point in time

is no basis for predicting the extent to which they are susceptible to-damage from oil spills.

6. Recreation

Both available data and functional relationships have been used to develop the data in this section.

a) Boating

The primary source of boat usage data is a study completed for the Départment of Public Works in

1966 by N.D. Lea & Associates, Table XIV was ‘de’ve'lope‘d from that report and indicates average usage levels
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TABLE XIV - USAGE OF LICENSED BOATS

One Day Overnight Vacations Total
Outings Outings :

Average Yearly Number 21.96 12.86 15.06 49.88
" of Days Spent on Outings,

per Boat
-~ 'Average Number of People - S 3.26 3.41 3,65 3.41

in Party

Recreation Days per Boat 71.5 43.9 54.9 170.3
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for licensed boats. A recreation day is defined as one person utilizing a boat for a part of one day, Multi-
use, which is typical, results in an average of 3.4l recreation days per boat day. Although these figures are
over six years old we have no reason to assume a noticeable change in boat usage patterns over this period of

time.

Intuitively it milght seem that an average of 170 recreation days per boat in a single year would be too
large. In an attempt to verify the size of this estimate, data were compared with a study concerned with the
Puget Sound region vyh»ich_was completed for the State of Washington in 1970. This study indicates that the
average boat in the Puget Sound area accounts for 165 recreation days per year. Taking into account the
differences between the two studies, the Puget Sound study still seems to corroborate the estimate of recrea-

tion days per boat for the Strait of Georgia region.

It is now possibie to utilize these estimates of average boat usage along with data from T'able VIII in
Section 3 of this Appendix (Pleasure Boating and Moorage) to derive an estimate of total boating recreation days
for the study region. Table XV summarizes and breaks down by area this total of 14, 3 million boating recrea-
tion days per year. Note the areas indicated are of boat ownership, and it does not necessarily follow that the
recreation days generally occur in that immediate area. In Table XVI boating is further categorized
by activity in the study region. It should be mentioned that although the survey upon which this table is derived

was conducted with individuals who lived in close proximity to the waters of Georgia Strait, the possibility
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TABLE XV

Area Predicted 1972 Boating Recreation
Boat Ownership Days
Sooke 1,486 253,100
Parksville 627 106,800
Nanaimo 3,639 619,700
Ladysmith 954 162,400
Duncan 3,408 580,400
Campbell River 1,459 248,500
Comox 6,581 1,120,700
Squamish 3,135 533,900
Powell River 2,20-6 375,700
Victoria 13,710 2,334,800
Burrard Peninsula 31,838 5,422,000
North Shore 5,557 946,400
Fraser Valley 3,681 626,900
South Shore 5,475 932,400
TOTAL 83,756 14,264,000
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TABLE XVI

242

Activity Estimated Boat Estimated Boating
Days, 1972 Recreation Days, 1972
Cruising © 1,213,000 14,136,000
' Racing 12,500 43,000
Water Skiing 669,300 2,282,000
Fishing 2,058,000 7,018,000
Sailing 146,400 499,000
Other 79,500 271,000



exists that many of the respondents included boating activity which takes place on fresh water. (There is no

way, however of making an adjustment for this factor with the data as presented in the report).

Data concerned with recreation days spent in Georgia Strait waters are not plentiful, and it is not
possible to verify ‘all aspects of the data which are summarized in Tables XIV through XVI.» However Table XVII
indicates boat days and recreation days spent on salmon fishing in the study area. These figures are for 1970,
the most recent made available to us, and were compiled by the Fisheries Service, Department of the Environ-
ment, When these figures are comparéd with data in the Lea report, a wide variance in the estimate of boat
days spent fishing is apparent. Even if the Fisheries Service's salt water fishing figures (excluding salmon)
were included and thebLe'a results were reduced to e-liminafe fresh water fishing by boat owners, the two data

sources would still be widely divergent.

While it is not the intent of this study to investigate'the reasons for these differences, the aiscrepancy
has been discussed with personnel of the Fisheries Service. On the basis of these diécussions, internal checks
which the Fisheries Ser%)ice.have made on thevir estimates, and cross-checks with other data on sport fishing
participation, it is concluded that a more appropriate estimate is 1n the order of 3,000, 000 saltwater an‘gler

davys.,
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TABLE XVII

Salmon Sport Catch and Effort by Area. - 1970 1

Total Fish Total ’B?at . .Total Recreation

Caught Days ™ Days
Campbell River ’ o 43,325 37,900 94,750
Comox-Courtenay L 82,100 - 49,575 , 123,938
Powell River 26,200 17,430 43,575
Pender Harbour 11,625 17,175 42,937
- Nanaimo . o P 31, 650 25,275 63,188
Cowichan Bay : , : 27,025 - 29,050 : 72, 625
Saanich Inlet 42,875 29,650 ' 74,125
Victoria-Sooke 23,325 30,500 76,250
Port A1be»rniI . _ = 4,475 3,000 22,500
Vancouver-Howe Sound 50, 350 69,700 174,250
342,950 | 315,255 | ’788 138

” Includes Efforts by both pr1vate1y owned boats and rental boats; also 1nc1udes f1shermen
- days of effort from wharves, docks, shoreline fishing, etc.. : s

‘Source: Salmon Sport Fishing Catch Statistics for the Tidal Waters of British Columbia,; 1970

Fisheries Service, Pacific Region
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b) Other Recreational Activities

Although boating is the most intensive recreational use of the waters of Georgia Strait, there are
other activities relying on water access /which should also be considered because of possible disrﬁptions from
an oil spill. The most applicable data for these vu.ses was developed by the Lower Mainland Regional Planning
Board in 1966.> Téble XVII ind-icates the Board's results under the outings per person column with some
refinement to indicate activity of a regional nature. UBecause of this regional nétgre iof the estimates it would
seem that estimates of use in the Georgia Strait regioﬁ can be obtained by applying the 1966 use data to present

population levels for communities in this region,
This has been done, with the estimated amount of recreation activity within the study region presented
in the final column of Table XVIII, Note that estimates of waterfowl hunting activity are not mentioned here as

they were dealt with earlier in this appendix,

c) Recreation Values

The problems in evaluating non-priced outdoor. recreation were alluded to earlier in setting forth the
appropriate methodology for assessing the cost of damages resulting from an oil spill study. No attempt is made

to derive new or original measures of value in this study, as the purpose is to proceed with existing sources of

data and information., ‘Therefore, recreational values have been assigned, based on a review of work completed

elsewhere and modified to be appropriate to the study region where modifications were judged to be necessary.
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TABLE XVIII

Other Recreation Activities

Regional Activity Outings per Total Outings *  Estimated Outings
Person 1972 in Study Area, 1972

Swimming and Beach Activity 10.5 17,220,000 10, 332,000
Strolling 6.0 9,840,000 1,180,000
Picnicking 3.75 6,150,000 1,230,000
Hiking 2.0 3,280,000 Negligible
Sightseeing 1.7 2,788,000 1,394,000
Nature Study/ 1.25 2,050,000 1,025,000

By residents of Census Districts 4 and 5 (Vancouver Island and Lower Mainland).
Outings within the study area were estimated on the basis of personal judgement. It was

felt that 60% of swimming and beach use would be within the study area, 12% of strolling,
20% of picnicking, a negligible amount of hiking, and 50% of sightseeing and nature study.

246



Thes e values, estimated for the year 1972, are presented in Table XIX, For consistency in
presenting all the recreational values at one point in the report, the estimated value of waterfowl hunting is
incorporated in this table. The total value of recreation activity within the study area is estimated, for the

year 1972, to be $122 million,

Finally, it should be noted that boating activity estimates are for Canadian residents only., It is
known that a cons iderable number of American boats cruise in the waters of the study area, but no estimates
of the amount of such activity are presently available and time constraints prevent the compilation of original

estimates,
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TABLE XIX

Estimated Value of Recreation Within the Study Area for 1972

Activity Estimated Outings Valﬁe per Total Value

' , | (1,000's) Outing ($1,000)
Huntiﬁg | D | 84 - 100 o $5 $420 - $500

vaoating‘. | . | 7,231 | $5 . $36,155
Fishing - - ‘3,000 $15 $45, 000
Swimming and Beach Activity 10,332 $3 $30, 996
Strolling ” 1,180 ’ $1.5 $ 1,770
Isi‘cgickingv - 1,230 $1.5 : $ 1,845
Hi‘kingv | Negligible - .

| Sigh{:s‘eeing 1,374 s $ 2,091
Nature Study 1,025 $4 $ 4,100

TOTAL VALUE $122,377 - $122, 457
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APPENDIX B - PREVENTATIVE MEASURES

Tt is unrealistic to expect to prevent all oil spills from occurring. While the use of scphisticated
technology can reduce the number of oil spills, it will not reduce the percentage caused by human error. As
human. error figures in over 90% of all oil spill incidents, we can therefore reduce the problem only to a level

which is socially acceptable; we cannot eliminate it.

In attempting to specify oil spill preventative measures, it is how they perform rather than how they
are designed which should be considered. In this way the desired level of safety can be required of a pre-
ventati§¢ s.ystem without restricting the developmén_t of its design. It should be a regulation philoSOphy that
any preventative-measure - human, mechanicél, or electrical - be backed up by at least a second measure

performing the same function which becomes operational should the first measure fail.

1. Performance Criteria for Spill Preventative Measures

Measures for the prevention of oil spills divide themselves naturally into three classes - those per-

taining to: a) oil transportation; ‘b) the transfer of oil from ship to shore; and c) oil storage on shore.

a) Oil Transportation
The first class of measures can be discussed in two parts, the performance of the vessel itself and
of navigation aids.
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Items related to vessel performance which are highly relevant to the avoidance of accidents and oil

spills are:

i)

ii)

iii)

iv)

Stopping distance - A vessel should be able to stop in a predictable distance and manner from any
speed. The required stopping characteristics should be dictated by the navigational problems associ-
ated With‘the most restricted waterway which the vessel is expected to navigate.

Ma;noeuvrabilitsz - As with stopping distance, manoeuvrability requirements (i.e., turning circle,
response time to instructions for direction change) should be dictated by the charaéteristics of the
most restrict-ed waterway which the vessel is expected to navigate. A vessel should be able to avoid

collisions with other vessels given the time constraints imposed by the vessel's speed and the nature

of the waterway. While this requirement seems obvious, the number of collisions between vessels

in g-.ood weather indicates that this capability does not generally exist (as, for exarhple, in the recent
collision between a freighter and a B.C. ferry at the entrance to Active Pass).

Thé resistahce to hull damage due to grounding, collision, explosion and fire - Since it is unrealistic
to expect that\ no oil escape as a result of one of these calamities, it should be required that no more
than a certain amoﬁ.nt of cargo be capable of escaping as a function of the percentage of hull damage.
For exarhple, it could be required that, given damage to 40% of the bottom of the vessel, no more
than iO% of the cargo be abie to escape.

‘Capabﬂify of navigational instrumentétion - A vessel must be able to communicate with other ships

and shore facilities under any weather conditions. In an age when taxicabs can communicate by radio,
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it is ridiculous that huge ships of the sea must rely on lights and whistles to talk to each other. It
must also be possible to identify any navigatiqn hazards With sufficient accuracy to avoid danger given
the vessel's speed and manoeuvrability and the nature of the waterway.

v) On-board facilities to prévent the discharge of oily waste into the sea and to contain and collect
accidentalr spills.

vi) On-board facilities for the removal of oil should the vessel be sunk.

Navigation’ aids and regulavt’ions must reduce the danger of collision or grounding to a socially accept; ’

able level for vessels of significant size (i.e., probably excluding pleasure and small fishing craft)., To this
end, they should d‘efine definite and compulsory rules of the road for ’a11 vessels to reduce the collision danger,
and should idéntify fixed hazards to reduce the incidence of groundings. Their operation must not bé impaired
by poor weather, and s‘hould enhénc:e the reliability and usefulness of navigation equipment on-board the veésels
using the waterway. A certain minimum capability in navigational aids should be required of all ships. 1f
any ship lacks this capability,‘ it should be repbrted to the.pilot authority before the ship reaches territorial
waters so that aépropriat;a measures can be taken to ensure the ship's safety.b Any shii)'ﬁot ‘reporting below
minimum capébility should be subject to the same ‘penalties it would incur if it were involved in a pollution

incident.

b) Transfer of Oil from Ship to Shore

Spill preventative measures pertaining to the transfer of oil from vessel to shore tank must regulate
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the performance and operational procedures of the transfer system. They must ensure that any system
malfunction i) is detected immediately by the operators; ii) will not cause a rupture to occur; and iii) will

automatically result in a safe shut-down of operations.

c) Oil Storage on Shore

With respect to the storage of oil in shore tanks, measures to prevent spills must i) warn of potential

tank overflows or ruptures; and ii) provide for containment of any oil escaping from a tank.

2. What Canada Can Do Alone To Implement Performance Criteria

Without the cooperation of the U.S.A., Canada can do nothing to regulate the operation of tankers
bringing crude oil from Alaska to Cherry Point since at no time need these ships enter Canadian waters and
thus become subject to Canadian regulations (unless Haro Strait beéomes part of the tanker route). While it
is not a matter which should cause much concern, she can also do nothing to ensure that transfer operations
or storage are carried out safely. Canada must rely on the benevolence of the U.S. governments and the
significant concern of the American people for the implementatibn of adequate performance criteria in these

cases.,

There is much more that can be done by Canada to ensure the safe transport of oil and oil products in

her own waters. The 1971 amendments to the Canada Shipping Act empower the Canadian government to make
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regulations concerning a wide range of items associated with the pollution hazards of shipping. éuch regu-
1bations can define pollutants, govern their handling and storage, dictate the capability of on-board navigation
equipment, and coﬁtrol the movement of ships in Canadian waters. The act also defines the extent to which
the ship énd cargo owners are iiable for damage and clean-up expenses associated with a pollutidn incident,
and establishes the Marine Pollution Claims Fund. This fund is financed by a tax on imported and exported
oil and oil products and pays any claims resulting from a spill which cannot be recovered directly from the
owner(s) of‘ the ship or cargo. The regulations implementing the fund came into effect on February 15, 1972,

but regulations concerning the navigation and safety equipment of the ships are still forthcoming,

The ex’cént to which this act will Vin facf militate against pollution damage from oil spills is debatable.
It likely gges as far as is possible on a national scale to reduce the incidence of accidents and to provide for
compensation for dgmage and>costs of clean-up, but does not approach thekproblems associated with the first
three ioerformance criteria Outlinéd above - ship stopping distance, manoeuvrability,and resistance to hull
damagef The fact of the matter is that because of human error, ships will get into trouble. It is certainly
nét too mﬁch to expect ;chat they should be reaéonably able to extricate themselves from this trouble. More-
over, should a ship be ‘inv.olve‘d in an accident, its design should be such that the danger of cargo escaping is
low. Neither of thése capabilities exist in the majority of the world's shipping to any significant extent.
They are especially lacking in large oil tankers - vessels whichare by far the largest ships afloat, The

problem of establishing criteria for these capabilities is one of international agreement. No country can
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attempt to regulate these criteria on its own without accepting a serious reduction in the number of ships
comingto and going from its ports. Therefore, while the act provides for adequate preparedness and com-

pensation to society for oil spills, it will likely not reduce the incidence of spills to an acceptable level.

There are, at present, no regulations in Canada to define performance criteria for the transfer and
storage of oil and oil products. The legislation does exist in the Water and Fisheries Acts for the establish-

ment of such regulations.

3. What Canada Can Do in Cooperation with the U.S.A. to Implement Performance Criteria

The situation in - which Canada would be should she attempt to regulate too severely the performance

characteristics of the ships themselves would not be changed markedly with the added cooperation of the U,S.A.

With respect to navigation aids, the very minimum which should occur is the establishment of a traffic
separation scheme in the entire inland waterway. Such a scheme would delineate one-way lanes to and from
the sea, provide for traffic routing where lanes intersect, and perhaps make some of the channels through the
Gulf and San Juan Islands one-way passages only. It might also be possible to establish ""express!'' lanes for
the use of very large ships such as the tankers bound for Cher'ry Point and the bulk carriers leaving Roberts
Bank. These lanes could be effective in allowing these cumbersome ships an unobstructed route to and from

port and thus reduce the likelihood of their being involved in an accident.
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The most effective preventative measure which could result from Canada - U.S. cooperation is a com-
prehensive traffic management system for the Strait of Juan de Fuca and Strait of Georgia. From one manage-
ment centre, such a syétem would continuously mpnitor all ship-to-ship and ship-to-shore communications as
well as all vessel locations as determined by shore-based equipment. Based on a continuous ana.lysis of this
information, it would issue either advice or direct orders to vessels in the management area with respect to
their route and speed. Whether or not it would act in an advisory or control role must be decided on the basis
of which role is the more effective in preventing accidents. Participation in the management system would be

made compulsory for all vessels in the management area.

The U.S. Coast Guard is in the preliminary stages of developing a system of traffic routing and sur-
veillance in the eastern Strait of Juan de Fuca and Puget Sound which could provide for compulsory one-way
traffic lanes and one-way passage through Rosario Strait. This system is largely being developed to implement
the Vessel Bridge-to-Bridge Radiotelephone Act enacted by the U.S.A. in August 1971. That act requires that
every significant vessel in the navigable waters of the U.S.A. have and use the capability for vessel-to-vessel
communication on a specified frequency. A similar system, which also incorporates surveillance radar, is
being considered by the Canadian Ministry of Transport which would cover the Strait of Juan de Fuca and the
Strait of Georgia. While the two surveillance systems would no doubt operate in close cooperétion, it is
obvious that a greater degree of safety and efficiency would result if they were merged. There is presently no

requirement in Canada similar to the U.S. Vessel Bridge-to-Bridge Radiotelephone Act.
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4., What Performance Criteria Require International Agreement for their Implementation

International accord is required to realistically attempt to solve any matters concerning ship'design
and the capability of navigation equipment.  Alternatively, it could be possible to establish and enforce these
performance criteria via the companies which underwrite shipping insurance, but this method would require
international agreéme'nt among the underwriters of different countries to be effective. Because the implemen-
tation of such criteria require international agreement, it is recommended that Canada lobby vigorously for

international discussions to take place on the condition and operating characteristics of the planet's shipping.

5. Costs of Preventative Mea su"res

The costs associated with upgrading the design and operating characteristics of tankers to reflect more
stringent performance criteria cannot be estimated given the constraints of this study. Two considerations
conspire to make this estimation difficult, the first being that it would be necessary to look at the problem on
a global scale since the costs would be spread over many nations. The second and perhaps more important
consideration is that such a long period of time would be involved in the upgrading process that present day

estimates of costs can easily become outdated with changes in the technology of ship design.

The costs of improving navigational aids in the study area are rather easier to estimate. The U.S.
Coast Guard is spending $500, 000 to set up the radio surveillance system described above, and the system

being considered by Canada is estimated to cost about $1,500,000. The operating expenses of the two systems
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would likely be about $200, 000 per year each. Thus, a combined traffic management system incorporating
both radio and shore-based radar surveillance and covering the Strait of Juan de Fuca, Puget Sound, and the

Strait of Georgia would cost at least .$3,000,000, Its yearly operating expenses would be about $400, 000,

In comparison, the total cost of cleaning up Chedabucto Bay after the grounding of the Arrow (a ship
of about one-tifth the size of the tankers expected at Cherry Point) was approximately $3,100,000, and even
after the expenditure of this large sum much of the oil remained on the shores of the bay. = Also, this figure
does notinclude some of the penalties whichmayarise from taking people away from their normal activities for several
months. It is not possible to put a dollar cost on such penalties, but they are real and must be borne by the

entire country.

6. 0il Spill Preventative Measures

In this section are outlined some suggested means of achieving the performance criteria for oil spill
prevention discussed in the preceding parts of this appendix. As before, the discussion is divided by the class
of measures: those pertaining to a) oil transportation; b) oil transfer; and c) oil storage.

a) Oil Transportation Measures

The following is a list of features which ought to be. taken into consideration when deéesigning vessels to

meet performance criteria for the marine transportation of oil:

i) Communications - In addition to the usual lights, horns and whistles, each ship should be equipped
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ii)

iii)
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with the appropriate radiotelephone equipment to permit reliable ship-to-ship and ship-to—'shore com-
munication on specified frequencies. Every attempt should be made to secure international convention
on the type and ffequency of communication employed. Equipment of the VHF-FM type appears to be
the most widel‘yArécofnr‘nended.

Navigafion Equipment - Equipment to aid navigatioh is available to suit a wide range of accuracy
needs. Apart from the usual equipment such as compasses, depth sounders and radar, there are

also loran, autofhatic stebering gyrocompasses, speed log indicators, and multiple radar units. on the
rﬁarket. For very accurate inshore navigation purposes, Decca and satellite navigators are available
though these must be used in conjunction with shore-based equipment and satellites respectively. A
Decca navigation‘system for the s.tudy area has been estimated to cost about $6,000,000 by the Cana-
dizn MOT. Several new collision avoidance systems are now on the market which use digital computers
to proéess and display radar data. Most of the systems have the capability of plotting the vectors of
moving targets and enteriﬁg trial manoeuvers to determine the proper ship course to avoid collision.
Redundancy is extremely important in navigation equipment, especially in the basic tools such as
gyroco'rnpa‘sses and radar.

Stopping Ability’ and Maknoeuverabilityy - Numerous gimmicks are available which are supposed to
irn:prr‘ove the bpera’éing characteristics of large ships, but they are all but useless in anything but
docking manoeuvers. The only way to significantly improve the operating characteristics of very

large ships is to install much bigger power plants in them. Since this method requires much more
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iv)

expense in engines and the carrying of a greater amount of fuel, it naturally affects the economic
viability of these ships severely. On the other hand, a case could be made that the only reason that
supertankers are economically viable is because society at large accepts much of the costs involved

in their runhing afoul.

Internal Design Features - The sizes of the tanks can be reduced to minimize the volume of oil which
could escape shouid the hull be breached. Double bottoms can be installed, especially towards the
bow, to reduce the hazards of hull damage due to grounding (this feature also protects the pipes, pumps
and valves located in the hull from fouling by sediments in the oil). The use of the load-on-top system
of héndling oily tank washings should be made compulsory. Such washings, along with oily ballast,
would be discharged into tanks at the loading terminal. Any vessel arriving with clean tanks and no
washings should be investigated. It is possible to leave some outside tanks empty both to reduce the
chances of a full tank being breached in a collision, and to receive tank washings., There are loading
calculators available to indicate when stresses in the ship's hull become potentially dangero‘us during
loading, unloading, or when uhdef way. Equipment to adjus’t the vessel's trim and eliminate dangerous
stresses is also available. Elaborate fire and explosion preventative measures ought to be compulsory.
Internationally standard valves and coupiings can be installed on the deck so that oil can be removed

should the vessel be sunk.

On-Board Spill Handling Equipment - A small tender could be carried which would be launched as
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vi)

ment scheme for the study area.

required. It could carry booms, absorbents and skimming devices. It could also actas an escort
vessel in narrow channels.

Crew Training - Since over 90% of all accidents can be attributed in large measure to human error,
it is obvious that the crews of tankers are nct adequately able to carry out the duties assigned them.

Crew members should be carefully trained in the operation of and safety rules pertaining to the equip-

ment which they use, and should have thorough emergency training. This training should be annually
updated and reinforced with refresher courses. A school has been established in Grenoble, France,
for the training of captains of very large vessels. To this school or one like it, should be sent all

personnel who could conceivably be in charge of one of these ships as well as all pilots who are expected

to advise on their passage through restricted waterways.

With fespect to navigational aids, the most important consideration is the design of a traffic manage-

It must involve a traffic separation system and be independent of international

boundaries. Narrow channels can be controlled one-way lanes. Where lanes intersect, a roundabout or traffic

circle system can be used to reduce the possibilities of collision.

The surveillance part of a management scheme should be jointly run by Canada and the U.S.A. In

addition to the basic features outlined previously, it should be tied directly into contingency plans so that any

accident can be immediately investigated and salvage and clean-up operations can be instantly mobilized to
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minimize possible environmental contamination.

b) Qil Transfer Measures

In any transfer operation, there should be one transfer operation centre to which informétion on the
status of the entire transfer system is automatically relayed. It should be possible to automatically monitor,
issue alarms for, and shut down any part of the system. The pressure and flow rate in all pipes, valves and
couplings, and the levels of all tanks (ship and shore) can be subject to such control. A barrier boom can
encircle any vessel from the moment it docks until just prior to its departure., All valves should permit both
power and manual operation. Transfer equipment can be designed to allow for differential movement of the
vessel with respect to the pier, for quick release without spillage in the event of an emergency, and for complete

drainage of all oil in the lines after transfer operations have been completed and before the line is disconnected. -

The execution of a detailed checklist of items which must be inspected for safety and readiness to begin
pumping operations, such as valve closings and the security of all fittings, should be mandatory. The checklist
should also control the sequence of starting and stopping pumping in order to avoid overloading any transfer
equipment., While one would think that these procedures are standard practice, in fact they are not. It would
also be advisable for the major transfer operations to be ‘:no.nitored by a member of an oil spill contingency

agency.
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c) Qil Storage Measures

Tanks should be dyked to contain the contents from a ruptured or over-filled tank. The capacity of
a dyked area should at least equal the total capacity of all tanks within the area. It should not be possible for
liquid to seep under the dyke. Tanks can be fitted with controls which automatically shut off inlet valves should

the level in the tank get too high, and outlet valves should the the line pressure become too great.
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APPENDIX C - CONTINGENCY PLANNING

Although contingency planning is one of the most relevant aspects of marine oil pollution preparedness,
our terms of reference precluded any detailed discussion of it. As the scope of this study places greater
emphasis upon the economic, social and aesthetic impacts of oil spills, contingency planning has been relegated

a minor role and therefore included in this appendix form.

For the same reason, detailed references to specific agencies and site locations are also avoided.
Because some costing of contingency planning was required to give a comprehensive perspective of the economics
of oil spills, we have included an order of magnitude estimate. However, for each of the figures arrived at,

we added sufficient qualification to indicate their generality.

Inevitably, through literature reviews, contacts, and field experiences, we discovered the degree to
which contingency planning was actually being carried out in the study region, and consequently realized what
contingency options were realistically feasible. Aithough this information does not form a part of this report,

it is available should future reference to it be required.
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We‘ have assessea documents concerning action taken on past oil spills caused by damaged’vessels
(Arrow and Tokrrey Canyon) and offshore drilling rigs (Santa Barbara), While this review has provided
valuable information, in many cases the datawere not pertinent to the lo&er B.C. coast. For example, in the
Torrey Canyon case, chemicals were used to disperse the oil, a practice not tolerated in most Canadian waters
as many dispersants are toxic to marine life. Experience gleaned from the Arrow incident is perhaps the
most ap#licable to the‘ B.C. area as it occurred in cold waters which are similar to B.C.'s and thé agencies

involved in that spill would likely be deployed in a west coast one.

We also supplemented the information retrieved from the literature with field trips to actual petroleum -

product spills on this coast, as referred to in the introduction.

1. Contingency Force Mobilization

From both our literature review and field experiences we have observed that rapid systematic deploy-
ment of equipment and pérsonnel is of utmost importance in mobilizing combatant forces. In all cases, it was

ascertained that an oil spill must be hit hard and fast if it is to be contained.

The B.C. Forest Service, anagency which has long been involved with emergency situations, maintains
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that to effectively combat foresf fires they must '"hit hard and fast" also. In other words, all fires are treated
as potential major conflagrations. Consequently, the equipment necessary to contain a large fire is mobilized
immediately. If the forest fire is contained before it develops into major proportions and the large force
mobiiized ié not required, the éost of the "éver-reaction" can be regarded as inexpensive insurance when

compared to the astronomical damage and expenses which could have occurred if the fire had become large.

In this respect, oil spills are very similar to forest fires. In both cases there is an exponential in-
crease in adverse effects and costs as the spill or fire becomes larger. It is obvious, therefore, that all
components of an oil spill contingency plan must be geared for quick action within short notice. The following

deployment schedule could be adopted to ensure that this quick action is taken (Refer to Table XX).

a) Alert

An initial critical time response could be established similar to the B,C. Forest Service 10 o‘cllock
forest fire cbncept Which directs initial attack forces to controi a forest fire by 10:00 a.m. the ‘day'after it is
detected. A similar concept could be adopted in hazardous materials spill contingency plans with the object of

controlling small to medium spills within 24 hours after detection. As early oil spill detection is critical if

this concept is to be adhered to, airborne units and patrol boats could be used to ensure that tanker traffic is

closely monitored at all times. Spot inspections of tankers could be carried out to check that they are properly

equipped and maintained.

265



TABLE XX

CONTINGENCY FORCE MOBILIZA TION

ACTION SECTIONS MOBILIZED
OPERATIONS SERVICES
Alert (a) Detection
Initial Response (a) Reconnaissance and
Classification

{(b) Suppression Force

Containment (a) Communications

Major Response (a)
(Large Oil Spill) (b) Floating Oil Clearance (b) Scientific Sector
(c) Debunkering Salvage (i) Environmental
(d) Beach Clearance : (Physical - Ocean-
(e) Disposal ography & Meteor- |
' ' ology)

(ii) Environmental
(Biological and
Assessment of

. Damages)
(iii) Oil Characteristics
(iv) Clean-up Technology

(c) Administration
(i) Contracts, Legalities,
Finances
(ii) Manpower, Accom-
modation, and
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ACTION

SECTIONS MOBILIZED

OPERA TIONS

(e)
(£)

 SERVICES

Catering Services
(iii) Purchasing -
(iv) Damage Assessment -
Human Values
Logistics and Trans-
portation -
Documentation and
Public Relations
Library and Outside
Advisors

Post-Clean-Up

(a) Demobilization

(b) Post-Clean-Up Sur-
veillance

(c) Rehabilitation
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b) Initial Response

Upon receipt of an oil spill report, the agency responsible for hazardous material clean-up would
immediately put all éupport agencies on alert. Many departments of the federal, provincial, municipal and
industrial .sec;cors would be involved. The responsibilities of each department should be established Wellb
beforehand in a fnaster contingency plan. Since a large spill could easily involve both Canadian and American
responsé, it would be important at this point to establish a continuous reporting schedule informing each country
what proéedures were being followed on each side of the border so that subsequent decisions and actions could

complement each other.

Initial actiéﬁ ywould then commence. Hovercraft equipped with a small laboratory could be despatched
to take sampleé, conduct reconnaiséance and deploy booms carried on the tankers. An aircraft with a trained
On-SceneQCobrdinaéor §v0u1d fly the.area aﬁd classify the spill, using criteria such as spill size and oil type.
This officer would I:eport his findings and suggest activon to be taken. A full complement of oil spili clean-up

would then be brought to full alert if the spill warranted such action.

c) Major Response

Cargo plane‘s loaded with peat moss would commence bombing the spill following the On-Scene-Coordin-
ator's directions. Bombing operations would take place at the periphery of the spill, with peat moss bales

designed to burst upon impact. Tugs with booms, skimmers, slick-lickers and barges loaded with peat moss
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would set sail to the scene with salvage and oil recovery equipment. A large naval vessel would be despatched
from Esquimalt loaded with landing craft and launches to be used for later shoreline clean-up. Canadian forces
would begin troop mobilization and setting up camp at a field command site close to the oil spill area. Con-
currently, the oil spill task force would be meeting to decide detailed plans of action based on field reports and
facts presented by local specialists such as oceanographers, meteorologists, biologists and geomorphologists.
The following are examples of subjects which would be under consideration:

i) Prioritie.s of shoreline 1.3ro.tection and clean-up;

ii) Public involvement;

iii) Equipment requirements and availability;

iv) Procedures for releasing information to the public;

v) Biological and physical shoreline control sampling requirements.

Within the first 24 hours, the following would occur:

- The spill would be surrounded by booms, conditions permitting. In most instances, however, ocean
and weather conditions would dictate that the booms be positioned in V-configurations in an effort to
deflect the slick to slick-lickers or skimmers situated in the apex of the V.,

- A series of short booms would be deployed along the shoreline by small tugs to intercept some of the
oil-soaked peat. Any oil escaping under these booms could be bombed with peat moss.

- Additional peat moss would be applied to the slick by aircraft during daylight hours or by vessels
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during the night.

Collecting Earges would be located near the spill site to take on oil-soaked peat moss, fish boats might
be used to net floating peat moss in seine nets, and a laundromat could be established to clean the nets
at a later date.

HelliCOpters would be positioned, especially in large tidal flats areas, to transport people to the tideline
and to pick up oil-soaked peat moss when it washed ashore.

Reconnaissance would identify areas which would be contaminated first. Critical sections such as
marinas and estuaries would also be pinpointed.

Detailed reconnaissance would continue to establish areas of shoreline where heavy equipment could
not work due to soft conditions.

Biological and physical sampling stations would be established for monitoring baseline information
throughout the duration of the spill.

Oil containment booms would be located around critical areas. Pneumatic booms would be placed
around wharf facilities so that boats could still utilize the docks, but floating 0il containment booms
would also be positioned nearby as a back-up measure if the facility were threatened by a heavy slick.
The availability of equipment would be noted and additional supplies (clothing, gloves and peat moss)
would be rechecked and reordered.

Caterpillar tractors could construct roads to the shorelines where necessary and possible. Crews

with chain saws would buck some of the driftwood logs on beaches while caterpillar tractors would lift
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the logs to higher ground to facilitate later beach clean-up.

Road access routes to the spill area would be cordoned off and parking lots would be designated for
public use. Transportation could be provided to enable volunteers to be moved to the shoreline, and
procedures to systematically utilize these people for clean-up might be initiated by the Environmental
Committee of the B.C. Petroleum Association.

The large naval vessel at the spill site could act as a marine oil recovery headquarters to coordinate
marine clean-up efforts. An equipment marshalling area complete with maintenance facilities and
fuel dumps could also be established with a weather ship as its floating headquarters.

The armed forces would establish a field headquarters and communication centre. At least two radio
frequencies should be used by them - a short range FM one for field crews, and a long range FM or
AM frequency for units outside the immediate spill area. All vessels and vehicles not on these
frequencies could be provided with short wave FM portables. A citizens' band switchboard might
also be used to facilitate the use of private vehicles, as would a telephone switchboard to monitor
equipment with radio telephones.

Command posts would be erected at strategic locations along the shore, as would kitchen, sanitation
and first-aid facilities, bird de-oiling stations and absorbent material stockpiles.

Heliports would be designated at the command post.s, absorbent material stockpiles, and disposal sites.
The dispoéai sites would be located and routes to them from the shoreline would be cordoned off.” A

wharf would be designated where barges with oil-soaked peat moss could be unloaded.

271

T e sl ST M) e o o ) &) & &0 Ko | | gl




- News releases would be given every hour to inform the public on the progress of the spill and clean-up

activities, and to clearly indicate how the public could assist in clean-up operations.

Although activating these procedures within a 24 hour concept would be difficult in the case of spills
in remote areas, gearing contingency plans to this policy would mean that a realistic possibility would exist of
having all equipment and personnel in position before oil from a large offshore spill hit the intertidal zone and

beaches.

2. Financing a Contingency Package

An exact cost estimate of contingency plans is outside the terms of reference of this study because of
such undefined variables as government departmental responsibilities, degree of preparedness desired, and
whether some of the men and equipment might also be on standby for other purposes as well. We have

therefore attempted to indicate only the major areas of expense as follows.

a) Administrative Expenses

We estimate that ten full-time personnel would be engaged in such duties as liaison with participating
0il companies and various levels of government, plus clean-up research and clean-up training and practice.
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Assuming a monthly wage of $1200 (with no additional remuneration for overtime), an annual expenditure of
$144, 000 would be required. Assuming that office overhead would cost a minimum of $50, 000, total annual

administration expenses would be approximately $200, 000,

b) Oil Spill Equipment Acquisition Costs

The capital cost of equipment which is unique to oil spill clean-up,including the value of special fre-
quency portable radios which cannot be obtained quickly, is developed for both scenarios in Chapter VI. These
figures show where it would be advantageous to purchase equipment outright, For example, in the Boundary

Bay scenario, the cost of renting hand tools is three times as greatas outright acquisition. It must be noted that

capital costs indicate the value of units only and do not include attendant maintenance and storage costs. The

rental rates do, however, take these other costs into consideration.

Both capitalandreplacement costs are shown for peat moss to encompass the option of either pﬁrchasing
the material prior to the spill or at the time of the spill. In both cases the cost of transporting the material is
not represented in the figures given. As noted in both scenarios, a capital expenditure of $2, 5 to $4.0 million

could be involved in acquiring oil containment booms, slick-lickers, skimmers, peat moss and portable radios.

Although it appears that a number of government agencies plus some private companies already have

a substantial quantity of equipment which could be used in oil spill clean-ups, it is likely that much of it could
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not be mobilized quickly enough in the event of a major spill. The alternatives to this situation are either to
set us the channels whereby that equipment can be made readily available, or to purchase some equipment ahead
of time and keep it on standby. We recognize that the latter option is extremely costly compared to the first

and therefore recommend that the former be acted upon. No costs are included for either option.

c) Materials Replacement Costs

The costs under this heading would be for those supplies which would need replacing after every major
oil spill, l*'_“or example, substantial peat moss stockpiles would have to be replaced. This material rﬁay not have
to be purchased prior to a spill if arrangements are made for peat moss distributors to maintain certain quan-
tities of absorbents at their warehouses. However, with this system an unacceptable time delay of several hours
may result before peat moss can be transported to airfields and docks. This time delay may prove critical when -
flying weather is deteriorating such that peat moss may not be applied to the slick by air in time to avoid foul

weather. A more practical solution might be to purchase peat moss and stockpile it at key airports and marine

facilities,

Certain hand tools such as rakes and shovels which are susceptible to being broken or lost,and also
clothing, would have to be replaced after each spill. According to the scenarios outlined in Chapter VI, -these

costs might be from $500, 000 to $1,000, 000 for a large spill.
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APPENDIX D - CLEAN-UP METHODS

S S e e T T : . xj

The recent public concern with the problem of oil pollution on land and water has stimulated a broad and
intensive research effort on the practical problem of combatting pollution created by oil spills. A bewildering
number of solutions have been presented: some are practical, some are simply zany; some methods have been

marketed, others exist only on paper.

The following summary of clean-up methoas is a condensation of those reviewed in available literature.
We have given consideration to major cat'egories‘ of techniques rather than to discussion of the relative merits
of specific method;s. It has been quite difficult té evaluate the eff'iciency' of many of the me’thods in the litera-
ture since few have been tested in opﬂerat’:bional4situations, and if they have, there is little docufnentatioﬁ preéen—

ted on their success or failure.

We suggest that agencies directly involved with the treatment of oil pollution should maintain current files .
on new anti-oil pollution technology. During the course of our study, new literature arrived almost daily, .-

changing and improving our understanding of the practical technology for cleaning up oil spills.

We were obliged to understand the behaviour of oil on water and on various types of shorelines before we
were able to discuss clean—up methods. Our summary is presenfed in the sequence that we came to understand

the problem.
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l. THE BEHAVIOUR OF OIL

There is a wide variety of liquid petroleum products. ‘that, when spilled on water, have been termed

"oil spills" by the media. The behaviour of each is obviously quite different depending on volume, density,

viscosity, volatility, and chemical composition,

There are, however, some rather obvious general character-

istics which are common:

(1)
- (ii)

(iii)

(iv)

Qil usuallly floats on water but in some cases may sink in lens or droplet form if it is dense enough.
The layer of spilled oil will be thickest at the source of the spill and thinnest at the perimeter.

Oil slicks gradually spread over a wider surface area in time unless contained by artificial or

or natural barriers.

Crude and bunker oils emulsify reasonably rapidly forming very stable water-in-oil emulsions.

éil deyzg’radves‘: 1ighter fractions evaporate; all fractions will slowly oxidize; organisms can metabolize

some of the hydrocarbons in the original liquid or in various stages of decomposition.

The behaviour of water borne oil spills when they are carried on to the shoreline by wind, tide or

current depends on the configuration, slope and composition of the shoreline. The behaviour of heavy oils

generally exhibits the following characteristics:

(i)
(ii)

Wind, wave and tidal action tend to concentrate the oil at the high water mark of the shoreline.
Oil will coat the surface of rocks in the intertidal zone. It will penetrate cracks, fissures and
interstices; the depth of penetration will increase with high ambient temperature and with energy

expended on the shoreline by water and tide action.
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(iii) Oil deposited on cobble beaches will tend to stabilize the movement of beach material.
(iv) Oil which is deposited on sandy beaches will divide and become covered with a surface layer of sand,
These nodules act as discrete particles but can be broken up by the mechanical action of tide and waves.
In sand beach exposed to surf action, the oil will become "mixed" with the beach material to greater
‘ depths than in sheltered beaches. .
(v) Oil which has been deposited on sandy beaches may form an impervious layer at varying depths below
the sand surface. Percolating water will flow along the surface of this impervious layer, causing

erosion of the upper beach layer.

2. Clean-Up Methods on Water

- There are a number of mechanical devices which can be used to remove oil from the water. Their
effecti veness depends upon the thickness of the oil slick and weather conditions. Another method of treatment
is l‘ay‘ the application of chemicals to break up the oil slick into globules which, because of a great increase in
surface area, can be more’ easily degraded by natural processes, Finally, oil spills can be sunk or in some
casesburned. A brief description of each of these methods is presented below.

a) Mechanical Methods

The first and most effective method of cleaning water borne oil spills is to pump oil directly from the
source of pollution and transport it to shore. This is frequently possible in the case of stricken tankers,
weather conditions permitting. Collapsible containers have been developed which can be quickly transported

to the site of the accident, filled with oil, and towed to safety.
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A variety of mechanical devices, variously termed "skimmers'' and "slick-lickers" have been
developed to remove oil films from the surface of the water. The devices known as skimmers simply collect
the surface layer of oil and water and transfer it to tanks where the oil-water mixture undergoes gravity
separation. Slick-lickers incorporate a conveyor belt principle where the belt itself is an oleophilic material
which attracts oil but will not conduct water into the container holds of the floating craft. A number of varia-
tions on this principle have been designed and attached to barges that are towed to the site of an oil spill. The
main problem of collecting oil films with skimmers or slick-lickers is that their actual intake areas are
relatively small. Where oil spills are thin and dispersed over a wide area, a means of concentrating the oil

is necessary for efficient recovery. A number of booms have been developed for this purpose.

Booms usually consist of a floatation chamber with a skirt below the water and an above-water barrier
to contain the oil. Most booms will not contain oil in currents that exceed two knots, as above this speed the
surface layer of water and oil starts to pass under the skirt and re-emerge behind the boom. This fact limits
the use of stationary, anchored booms to the protection of waters with very low velocity currents. Free-.
floating booms can be manipulated into position with tugs to contain oil spills or they can be towed in a V-shape

with a skimmer or slick-licker at the apex of the V to collect the concentrated oil-water mixture.

Experiments done on bubble ""curtains" produced by bubbling air through the water have shown that oil

spills in protected waters can be contained by this method. Its usefulness is limited to situations such as
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estuaries and harbors.

b} Chemical Methods

Chemicals have been used to treat water-borne oil spills in a number of ways: dispersants promote

oil-in-water emulsification and increase surface area; sinking agents increase the specific gravity of oil to

sink it below the water surface; burning agents are added to increase the combustibility of oil.

Oil spills which are dispersed or sunk undergo biodegradation, The rate of natural degradation

depends on numbers and types of organisms, nutrient levels in the water, oxygen content and water temperature.

Several nutrient-organism mixtures have been developed which purportedly degrade oil more quickly than

natural processes. These may be useful as a long-term treatment method but will not remove oil spills

quickly enough to remove the threat of shoreline pollution.

i)

ii)

Dispersants - Chemical dispersants vary considerably in toxicity., Some have been found more toxic
to marine and inter-tidal organisms than the oil itself. However, organizations are producing a wide
variety of new chemical dispersants. In many cases the toxicity ratings produced by diffefent labora-
tories are not comparable and consequently quality comparisons are difficult. It would be iﬁstructive
to conduct biocassy programs using organisms and environmental conditions from the area where
application of chemical dispersants was under consideration. Chemical barriers to contain oil slicks
have been suggested but to our knowledge, none have been tested in operational situations.

Sinking Agents - Chemical sinking agents have proved effective i n removing oil spills from the surface

of the water, but are subject to a number of drawbacks. Sinking the oil does not remove the pollutant;
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it merely transfe;'s it from one environment to another. Sunken oil is toxic in varying degrees to
bottom o‘rgan'isms aﬁd can e;':tsily smbther them. Itis not stationary, but will move with bottom
currents to be fedeposited perhaps in a productive bottom environment or even on the shoreline.

Sinkin‘g agents should not be employéd in areas which support commercial fish or shellfish
operations or in areas which support large populations of aquatic organisms.

iii) Burﬁing Agents - Burning oil slicks is very difficult except in cases where the product is particularly
volatile and has a low flash point, as the heat loss across the oil-water interface generally prevents
combﬁstion. Various processes havé been designed to overcome this phenomenon. Most popular has
been the deployment of méterials to "wick" tl;xe oil above the water surface where it can be burned
without extensi§e heat transfer. From the information available, it appears that burning oil is feasible

only if the slick is relatively thick, if it is not emulsified, and if water temperatures are relatively high.

3. Clean-up Methods on Shore

The restoration of shorelines that have been polluted with oil is difficult at best, and in many cases,
impossible. The existing technology is both labour and capital intensive. At present there are only three
methods for cleaning shorelines; physical removal of the contaminated matter, chemical removal, and proces sing.

a) Physical Removal

Physical removal of contaminated material can be done with standard road-building equipment where
access and the type of beach permit movement of the equipment. Obviously, this method is limited to level

280



beaches composed of relatively fine material. The pollutéd beach sand or gravel is then usually buried above
the’ high waterv rnark.

In rﬁany casés,‘ héna labour must replace machinery. Absorbent materials are usually applied to the
polluﬁed afeé to éoncentrate the oil and to speed removal. Peat moss, straw, and other organic compounds
have been founci useful as tﬁéy are inexpensive‘and their long fibre length allows them to be handled With‘rakes‘

and forks. However, relatively 1érge volumes of absorbents are required.

b) Chemical Rerhoval

Chemical dispersants, often called detergents, have been used to clean both sandy beaches and rocky
shorelines.a M‘os’t of bthese. c-hernicals are toxic -to intertidal life. On occasion, the surface 6'11 has']‘aeen carried
by the chemical down into the beach so that erosion of the uppef layer‘has resulted.

Af the Santa‘ Barbara oil épill, talc, an oléophilié subStance, was appli.ed to the r‘ocky shoreline and

then the encrustation was blasted off with a high pressure jet of water. This method proved quite successful,

c) Processing

In the case of processing, beach material is actually removed, treated and replaced. A number of
schemes have been proposed to process contaminated sand, The thermal processes are promising. To date,
these schemes are experimental and have not been used under the actual conditions of an oil spill.  Their

expense may preclude any practical application,
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4. Costs of .Clean-Up Methods

Due to the time and site specific nature of oil spills and consequent clean-up procedures, we have not

attempted to assess clean-up costs on a regional basis. Instead, we have chosen to determine equipment and

~manpower unit costs at the 1972 level for southwest British Columbia in this appendix, and then apply those

base values to the selected scenarios in the main text.

As illustrated in Table XXI,equipment can be sub-divided into marine equipment and supplies, aerial
equipment, Vehiéles, and heavy and miscellaneous equipment. Specific items in the table are evaluated By either
capital costs or rental rates (by hour or day). Capital costs are only noted for equipmeht which is unique to oil

spill cleanbe-up, except in the case of portable radios which would require a special preset emergency frequency

setting.
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ITEM

TABLE XX

EQUIPMENT & MANPOWER COSTS

CAPITAL COST

RENTAL

MARINE EQUIPMENT

Booms:
Heavy
Light
Skimmers
Slick-lickers
Hovercraft
Tugs:
1500 HP +
1000 - 1500 HP
800 - 1000 HP
Landing Craft v
Small Work Boats
Barges: :
Oil Recovery

Dveck Barge
Work Barge (with crane)

MARINE SUPPLIES

- Peat Moss Absorbent

AERIAL EQUIPMENT

Cargo Planes
Helicopters:

3 place

4 place (jet)

cargo .
Light Planes

$30,000 / 1000’
$10,000 / 1000
$30,000 / unit
$10, 000 / unit

$40,000 + $300/day
for barge

$3.50 / cu. yd.

- 283

$1.00/ft/8 hour day
$0.50/ft/8 hour day
$30 / hour
$18 / hour

government

$135 / hour
$ 95 / hour
$ 65 / hour
military

$6.00 / hour

$400 / day

$300 / day
$350 / day

military

$155 / hour
$240 / hour
$500 / hour
$ 70 / hour



Hand Rakes and Shovels
Bird Scarer

[ unit
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ITEM CAPITAL COST RENTAL
VEHICLES
Tank Trucks - $20 / hour
Vacuum Trucks - $65 / day
Dump Trucks - $15 / hour
Lowbed Trucks - $20 / hour
Buses - $30 / hour
4 Wheel Prives - $20 / day
Pick Up Trucks - $10 / day
Dune Buggies - $10 / day
Trailers - $ 5/ day
HEAVY EQUIPMENT
Caterpillar Tractors - $25 / hour
Rubber-Tired Skidder - $15 / hour
Front-End Loader - $30 / hour
Tracked Vehicle - $15 / hour
Grader - $24 / hour
Self-Elevating Scraper - $40 / hour
Crane - $20 / hour
MISCELLANEOUS EQUIPMENT
High-Pressure Pump - $75 / day
Steam Cleaner o - $20 / hour
Portable Power Generator - $20 / day
Conveyor ' - $15 / hour
Portable Radio $65 / month

$5.00 / day / dozen

$10 / day



ITEM

CAPITAL COST

RENTAL

MANPOWER

‘Organization 'Personnel

Field Supervisors

‘Consultants and Advuors

.Sk111ed Personnel
(Machme Operators)

Military" co

Additional Manpower .

“Accommsdation for- Add1t1ona1
Manpower

$1, 200 / month

$60 / day

$12 / ,_h:ou‘r
$15 / hour

$10 / hour

‘government cost

$2.00 / hour
$20 / man / day
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APPENDIX E - REPORT OF THE TASK FORCE - OPERATION OIL

(PART 2 - SUMMARY OF RECOMMENDATIONS)

INTERNATIONAL ACTION

We recommend that
consistent with the initiatives taken by the Government with respect to Arctic pollution and at the IMCO
special conference on pollution in 1969, Canada take a parallel initiative to convene a conference of all
those concerned to write a new international convention for the operation and control of shipping through-
out the world and that this convention be patterned on the prin;iples of the Convention on Internatiqnal

Civil Aviation,

the convention should ban all deliberate pumping of oil, oily waste or tank cleanings, or bilge cleanings

into the oceans or any other body of navigable waters

Canada should take the initiative with the appropriate international bodies to seek agreement on a series
of definitions and descriptions that will permit the reporting of spills in an orderly and understandable

manner,

NATIONAL ACTION

We recommend that
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extensive pollution control zones be established to cover the rest of the coast of Canada consistent with

the position taken by the Government in the Arctic

the law should make it clear that those who pollute pay the complete cost of clean-up, including the cost
of any Canadian federal or provincial personnel used in the clean-up, that the ship concerned be impounded
until this has been accomplished or assured and that the legal penalties be in addition to this liability for the

complete cost of cleaning up the pollution,

We recommend that
1) with respect totanker operations, in order to enter Canadian waters, they provide evidence that
they are fitted with adequate and serviceable navigation equipment
2) Canadian pilots be required on all vessels entering Canadian waters unless the ship and its
captain have been given special clearance by the federal authority
3) standards of competence of crews of ships entering Canadian waters should conform with our
national staqdards

4) the same principles as in 2) and 3) above should apply to Canadian ships in Canadian waters

‘5) there should be a complusory filing of samples of all petroleum products loaded on ships and a

requirement that any spillage of petroleum products, regardless of whether they originate from a shore
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tank or a ship, be immediately reported and sampled

6) th¢ federal government establish one or more central laboratories capable of 'finger-printing"
petroleum products iﬁ a manner acceptable to the courts

7) until a better scheme is developed, the tankers and bargeé used in the petroleum trade be fitted

with the Madsen valves,

We recommend that
1) 4 all bulk storage tanks holding petroleum products or other hazardous substances be protected
by dykes capable of containing the entire contents of the tank

2) pipelines running along water courses be similarly dyked.

ORGANIZATION AND PREPAREDNESS

1. Governments

We recommend that
1) the federal governmenf should have the operational responsibility and authority foi' all major spills
at sea and should reach égfeement urgently with the provincial governments concerning the responsibility
forall other major spills
2) with‘reAs‘pec‘t 'go moderate spills within provincial jurisdiction, agreements be reached with each

province



3) with regard to minor spills agreements be reached between the provincial government and
municipalities, with the provincial government having someone on site to take over in case the munici-

pality is unable to cope.

We recommend that
the Minister of Transport have the responsibility for dealing with pollution arising from oil spilled in

water when the extent and nature of the spill makes it a federal responsibility.

2, | ‘I\/k[iriistry‘of"T;abLbnsi)‘o‘rrt

We recommend that
this respons_ibility »of the Mjﬁiéter df. "Trans‘pox"t kbe ‘focused> in a: small team at the headquarters level and
corﬁprising a“ minirﬁum of dne physical scientist, onev bic;logical scientist and one operations expert, with

the physical scientist being the leader

very careful attention be given to the community relations aspects of contingency and operation plans and
that those information officers who are capable of effectively operating in a community relations setting be
identified, involved with the headquarters team in the planning, and be immediately available when operations

are mounted to deal with a pollution incident
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stockpiles of material be located at strategicports. These would include peat moss or other absorbents,
booms and boom components, and a variety of equipment not readily available, which will vary with each

location

at least one slick-licker be placed at each major port on the Canadian coast and that at least two others

be held in a central contingency packet

the Canadian Coast Guard have primary responsibility for the recovery of oil floating on the water, which

will include slick-lickers, containment booming and all other ramifications
the Canadian Coast Guard be responsible for steam cleaning operations.

3. Department of National Defence
We recommend that
HMCS Cape Scott and Cape Breton be maintained operationally ready to fulfill primary roles in the national

c ontingeﬁcy plan

the Department of National Defence take on the responsiblity of developing an operational communications
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plan so that in an emergency all segments of the federal government in the field can communicate with

one another.

4, Industry
We recommend that
the oil industry reach agreement among themselves to provide on immediate call from a Federal Govern-

ment Task Force suitable 0il recovery vessels

industry be heavily involved in research, development and production of equipment and material needed
for the contingency packages on the one hand and the actual clean-up operations on the other, as well as

devices to assist in the prevention of pollution incidents.

5. Department of Public Works
We recommend that

the Department of Public Works provide engineers to supervise the beach cleaning operation

6. Department of Energy, Mines and Resources
\ Department of Indian Affairs and Northern Development
Department of Fisheries and Forestry

- Department of National Health and Welfare
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National Research Council
And Support of Research

- We recommend that
the. scientifié adjzit:e réquired by the headquarters team in the Ministry of Transport be provided by a
group actively concerned with a portion of the research themselves. This advice will include assess-
ment of research done in other countries, assessment of proposals for researchto be carried out in
Canada, and advice on grants to universities and industry to invo_lvé them in research, development
and innovation in this area of pollution and its prevention, We feel that at the present time the best
group to perform this function is the group that came together in Halifax on an ad hoc basis for Operation

Oil headed by Dr. W.L., Ford, Director of the Atlantic Oceanographic Laboratory.

money for the support of relevant research at universities and in industry should be made available to
the Ministry of Transport and disbursed on the recommendation of the headquarters team with the assis~

tance of their scientific advisers

the initial funds to support the Canadian research éﬁ'ort on oil pollution problems in universities and indus-

trial laboratories be $250, 000 per annum

the National Science Library be the central repository for literature dealing with oil pollution and that there

should be no proliferation of library holdings in the various federal government departments.
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