
I I-B. WATERBORNE COMMERCE

l. INTRODUCTION

The primary objective in this discussion of waterborne commerce and

navigational aspects of the Puget Sound region is:

to define and describe the relative shipping densities and

traffic patterns based on statistical data, and

to integrate this data into such a form that it can be used

as the input to a model forecasting the probability of a ship

collision that could result in an oil spill.

In order to achieve this obj ective, the present and projected trends

of several factors were evaluated. These include:

Total commerce in the region in tonnage.
Total bulk petroleum commerce in the region in tonnage.

3, Total number of vessels engaged in commerce in the region.
4. Total number of vessels engaged in bulk petroleum commerce

in the region.

The degree of traffic attributable to shipyards and repairs.
6. The degree of traffic resulting from the Washington State

ferry system.

It i.s hoped that from the data and discussion presented, the reader can gain

further insight into his own assessment of possible dangers of oil spillage
resulting from collisions between vessels engaged in commerce. The results

presented should by no means be accepted as final. Continued accumulation of

data to refine the results is of utmost importance to the effectiveness of
assessment.

The ne nature of the problem at hand required many subjective evaluations,
both on thethe part of the study group and external contributors of informat.ion,
in order that some quantitative, obj ective evaluation could be made. The
collision rob b 'p ability data thus must be viewed as contributing some sense of
relative comparison, and not an absolute standard, f or Puget Sound. However,
it is shown that the results are consistent with historical data and in this
sense validate the model, in terms of an absolute scale.

present shi in trends app g s are discussed in part 2, while projections in
shipping over the next fifty years are made in Part 3. Future trends
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vessel size and capacities are examined in Part 4. A model for predicting

ship collision on Puget Sound, detailed in Appendix L3, utilizes the shipping
and vessel characteristic trends to estimate the number of expected vessel

collisions leading to an oil spill, The resu1.ts of this study are presented

in the Part 5 of this section for the period l970-l990,

For purposes of this study, the commerce data has been classified as

follows:

For ports within the boundaries of the State of Washington: I

Forei n Im orts and Ex orts: traffic between United States
and foreign ports, including the Canal Zone.

Coastwise Recei ts and shi ments: domestic traffic receiving
a carriage over the ocean. Traffic confined to Puget Sound is
"internal" rather than "coastwise."

Internal Recei ts and Shi ments: traffic between ports or land-
ings wherein the entire movement takes place on inl.and waterways.
The Puget Sound region is considered as an internal. body of water.

i.ocaL: movements of traffic within the confines of a port,
except for car and general ferries.

2
For ports bordering Puget Sound in Canadian Waters, the classifications

are as follows:

International Seaborne Shi in : vessels classed in foreign
service, that is: when a vessel arrives from or departs for
a foreign port, or a cargo is loaded for or unloaded from a
foreign port. The registry is other than Canadian or British
Commonwealth.

Coastwise Service: vessels in Canadian or British Commonwealth
registry that  l! sails between two Can.adian ports, and unloads
or loads no foreign freight. �! A foreign vessel granted a
waiver to engage in coasting service.

The foreign imports and exports and the coastwise receipts and shipments

data for the United States has been combined to arrive at an approximate

figure for traffic entering and leaving the Puget Sound region from or to

some external point. The equivalent figure for the Canadian data is represeo"

by the international seaborne shipping figures.

Traffic rhat is strictly internal. is show~ by the internal receipts a«

shipments classifications as well as the local classification in the U S
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The equivalent internal traf f ic f igures for Canadi.an tr sf f ic are represented

by the coastwise service classifi.cation.

The following petroleum products were considered in the compilation

o f data. Speci f ic commodities are iden tif i ed using the St andard Industrial

Classification  SIC! adopted in 1965 by the Department of Commerce. No

equivalent system is available for the Canadian commodities.

A. United States Commodities

SIC Bulk Petroleum Products

B. Canadian Commerce

Bulk Petroleum Products

Crude Petroleum
Gasoline
Fuel Oil

Lubricating Oi.ls and Grease
Asphalts and Road Oils
Petroleum and Coal. Products, Not Elsewhere Classified

2. PRESENT SHIPPIVG

The navigation resources of the Puget Sound region combine deepwater

ports, easily accessible from the Pacific Ocean with a multitude of sheltered

waterways. The deep waters afford passage to the largest vessels presently

af>oat as well as those vessels planned for the future. Table II-Bl shows

that only two major ports on the Sound have limiting depths at their harbor

entrance; all others are unlimited. Combined with the sheltered waters and

the projected increasing size of ocean vessels, this makes the Puget Sound
~egion a natural for expansion of seaborne commercial trade. However, a look

at the present degree of commerce is necessary to establish a baseline.
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1311
2911
2912

2913
2914
2915
2916
2917
2991

Crude Petroleum
Gasoline

Jet Fuel
Kerosene
Distillate Fuel Oil

Residual Fuel Oil
Lube Oils and Grease
Naphtha and Other Petroleum Solvents
Petroleum Products, Not Elsewhere Classified



Controlling
De th at Entrance

Bulk Petroleum
TerminalsNa or Ports

UnlimitedBellingham

Anacortes

Everett

Seattle

Tacoma

Olympia

Port Angeles

SO'

Unlimited

Unlimited

Unlimited

52

40'

Unlimited
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In 1967, the Puget Sound ports had steamship service from the area

 U, S. ports only! with the following Lines:

TABI.E II � B2: PUGET SOUND STEAMSHIP SERVICE
4

Number of LinesPrimar Destination

Alaska

Intercoastal

Hawaii

Mexico and Central America

West Indies and Caribbean

South America

Japan, Hong Kong, Phi.llipines, Formosa,
Korea and Okinawa

Indonesia, India, Pakistan, Malaysia,
Vietnam and Persian Gulf

South Seas, Australia and New Zealand

Northern Europe

Mediterranean

South, West and East Africa

12
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In addition to steamship service summarized above, six barge lines

serve Alaska. Also, there are ten coastwise carriers of petroleum and

lumber operating for their private use. Local freight in the. region is

handled by two lines as well as ferries. The Washington State Ferry System

carries cross-sound and inter � island traffic. Three ferry lines operate

between the area and British Columbia and the Alaska Ferry System operates

between Puget Sound and southeast Alaska.

Ferry traffic has grow~ in the last several years and it appears it

will continue to grow in the future. Table II-B3 shows the growth of vehicles

and passengers carried by the Washington State Ferry System. A better estimate

can be made by describing the total number of transits in each of the ferry

lines serving the Sound. This data is represented in Table II � B4.

Information related to the amount of military traffic in the region is

not available. United States Army and Navy vessels, such as transports and

Navy tankers, entering or clearing without commercial cargo and foreign military

and naval craft, have been excluded from all data.



TABLE II-B3: WASHINGTON STATE ANNUAL FERRY TRAFFIC
5

Passengers*
�000's!

Vehicles
�000's!Year

1952

1953

1954

1955

1956

1957

1958

1959

1960

1961

1962 6,737

5,6991963

1964 5, 790

3,149

6, 297

1965

1966

*Exclusive of driver
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2,136

2,305

2,356

2,456

2,569

2,585

2,681

2,696

2,612

2,559

2,616

2,569

2,707

2,843

3,149

4,937

5,065

4,994

5,172

5,262

5,328

5,443

5,355

5, 197

5, 354



TABLF. II-B4: FREQUENCY OF FERRY TRANSITS6

Approximate Number of
One Way Crossings

er daFerr Transits

Steilacoom to Anderson and McNeil Islands

Fauntleroy to Southworth via Vashon

Seattle to Bremerton

Seattle to Winslow

Edmonds to Kingston

Port Townsend to Keystone

Mukilteo to Columbia Beach

N.A.

60

34

52

60

16

84

Anacortes to Sidney, B.C. via San Juan
Islands

N.A.

40

132, 130
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Port Angeles to Victoria, B.C.

Point Roberts, B.C. to Sidney, B.C.
Seattle to Victoria, B.C.

Tacoma to Tahlequah

ESTIMATED TOTAL ONE-WAY FERRY TRANSITS PER YEAR



Duwamish Shipyard Inc.

Lake Union Drydock Co. CRD

Lockheed Shipbuilding & Construction Co. RD
NCRDTodd Shipyards

where

C � Conversion

R � Repair

D - Drydock

N � New Construction

Estiraated average turnaround � 4 weeks

Traffic attributable to shipyards

� yards x 52 weeks/year!/ 4 weeks/ship

52 ships/year
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The figures for the amount of shipping that enter the region destined

for a shipyard is, at hest, only approximate. The best that can be done

is to estimate the average repair turnaround time and multiply that by the

number of major shipyards in the region. This estimate gives some 52 ships

per year, This data and analysis can be seen in Table II-B5.

Several graphs and charts have been prepared to show the following

in f ormat ion:

l. Estimated percentage of total commercial traffic received by
each port in terms of number of vessels, Table II-B6.

2. Distribution of refined petroleum tonnage from external sources
 Foreign, Coastwise, and International Seaborne Shipping!
Figure II-B1.

3. Distribution of refined petroleum tonnage in internal waters of
Puget Sound region  Internal and Coastwise Service! Figure II-B2.

4. Distribution of crude petroleum tonnage from external sources.
 Foreign, Coastwise, and International Seaborne Shipping.!
Figure II-B3.

Table II-B6 represents the distribution, by percentage, of vessel

movements into and out of each of the ports in the Puget Sound region.

The percentage distribution gives some indication of shipping activity in

the various areas of the region. In terms of vessel activity, the Port of

Seattle has approximately 4QX of the total movements. The other ports vary

from as low as 0.5Z at New Westminister, British Columbia to 13.2X at

Tacoma.

Figures II-Bl through IT-B3 are approximations of the port distributions

of various crude and refined oil tonnages. The percentages of tonnage per

port are summarized in Table II-B7. The arrows show the direction of net

commodity flow while the amount. of product received at each port is shown

as a percentage of the tonnage. It is interesting to note that approximately

B7X of the refined oil entering and leaving the Puget Sound region terminates

and originates at either Anacortes or Seattle.

In the same fashion, 66K of the internal refined oil moves within

approximately the same boundaries, those consisting of Seattle on the south,
Anacortes on the north, with Victoria and Port Angeles on the west.
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Thus, it appears the majority of refined oil moved on Puget Sound
is confined ta this area with a smaller portion for external ports passing
through the Strait. of Juan de Fuca.

It should be noted that 16.5X of the internal movement of refined oil
terminated or originated at Tacoma. This appears to be small; but when
combined with the contribution of crude oil  Figure II-B3!, the activity
in the area becomes more significant. There is very little internal move-
ment of crude oil, when compared to refined products. Mast of the crude
oil that comes to the Northwest  93X! comes via pipeline. Of the crude oil
that does go by vessel, the majority of the external flaw goes to Tacoma
�4/! and Anacortes �5.6X!.

The routes of major concern, then, with regard to the transportation.
of oil through these areas appear to be, in order of concern:

Point Wilson to Seattle
2. Strait of Juan de Fuca
3. Rosario Strait to N. I,ummi Island
4. Haro Strait ta Boundary Pass
5. Seattle to Tacoma

More vill be said about the relative dangers involved in each of these
areas in Part 5 of this section, but for now suffice it to say that any
subjective evaluation of an ability to prevent or respond to an oil spill
should be concentrated at present to these areas. For future planning some
evaluation must be made of the impact of the transportation to Puget Sound

of North Slope crude.

There is one final note to the compilation techniques employed in

international shipping. There exists some duplication in terms of the
Canadian and V.S. accounting of commerce. Also, there may be some question
as ta whether all coastwise service traffic remains internal. The degree

of duplication appears to be small �6,000 tons!, while the primary shipping
contribution to U.S. waters is from the Port of Vancouver.
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The total amount of pet.roleum products shipped from Vancouver to

U.S. Puget Sound ports is approximately 66,000 tons. This is then the

amount of petro]eum product that is accounted for twice, once at Vancouver

and once at the U.S. Puget Sound port. There is no data available for com-

modities shipped from other British Columbia ports to the Puget Sound region,

however any amount there might be is felt to be very small. Thus for

practical purposes the duplication of tonnage accounting can be ignored,

The total amount of petroleum commerce resulting from coastwise

service at the ports bordering on the Strait of Georgia is approximately

1,730,000 tons. Of this amount, it is estimated that 354,000 tons is

shipped in coastwise trade to British Columbia ports outside the Strait

of Georgia area that are most easily reached through Hara Strai.ts. Three

primary ports were considered to be in this category: Victoria, Port Renfrew,

and Port Alberni. Thus, the contribution to total shipping activity in the

Puget Sound region from Canadian coastwise shipping activity can be consi-

dered as limited to this contribution. There are undoubtedly other un-

accounted for sources of coastwise Canadian shipping that pass through the

region under study. However, it is felt that the contribution from Vancouver

is largely representative of the actual amount.

3. PROJECTED SHIPPIHG

The needs of navigation in the Puger. Sound region are estimated for the

years of 1980, 2000, 2020. Waterborne commerce projections are extended

considering primarily historical trends and economic considerations. The

trends of vessel size and draft are also consi.dered.

Assumptions regarding the probable direction and level of national

economic growth were adopted. These explicit assumptions are:

a. The Federal Government, as a matter of national policy, will
actively support programs designed to stimulate economic growth.

b. Sufficient quantities of water of acceptable quality will be
available through timely development to avoid being a constraint
to economic growth.

c. There will be no general war nor any appreciable cessation of the
cold war throughout the period to 1980. Expenditures on national
security will continue to account for approximately ten percent of
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the GNP. After 1980, gradual disarmament will decrease the
relative cost of military expenditures.

d. There will be a continued relaxation of trade tariffs and quotas
and an accompanying expansion of international commerce.

e. The U.S. population will expand to:
11

1980 259,584,000
2000 338,219,000
2020 469,126,000

f. The Federal Government will use resources energetically to promote
maximum employment, production, and purchasing power. Accordingly,
employment will prevail at approximately 96 percent of the total
civilian labor force throughout the forecast period.

12
g. U. S. GHP will increase in bilLions of 1960 dollars to:

1980 $1,130
2000 $2,472
2020 $5,402

h. Development of technological. process, together with expansion of
workers skills and capital formation, will increase productivity
per man hour approximately 2.9 percent per year.

It must be noted that these projections are to be considered as rough
estimates of the future. The data base upon which these figures are founded
does not have the scope and depth with which to make accurate estimates.
These projections deserve more study based on further facts from a detailed
examination of traffic origins and destinations, and the economic factors
governing this flow of traffic. However, the necessary information with
which to make this type of an evaluation is not available today, nor in the
foreseeable future. Thus, the limits of these projections must be recognized
for what they are and that they can be modified with updated information.

The base period from which the projections are made, although relatively
short �952-1966!, does represent one in which economic conditions were rather
stable without major distortions of wars and recovery from major recessions.
The projections for total commerce and bulk petroleum is based on extension
of trends over the past few years, without a recognition of the growth forces
reasonably expected to govern the flow of commodities through Puget Sound
ports. Where commodity flows can be correlated with local and national
economic parameters, projections are made on this basis.
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FIGURE II-B4
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Both linear and compound growth trends have been fitted to the data for
the period 1952-1966. The equation form selected was based on judgement and
the degree of correlation. Time trends were developed through a linear
regression model, while a logarithmic transformation of the base data was
used to obtain compound growth trends,

Total waterborne commerce is projected in three general groupings; they
include: �! Foreign and Domestic Coastwise, �! Domestic Internal, and
�! Total � the sum of the previous two.

1. Forei n and Domestic Coastwise: This is commerce with foreign
nations and parts of the United States outside of the Puget Sound
region. The historical record shows a progressive increase from
approximately 11,000,000 short tons in 1952 to over 17,000,000 tons

13in 1966. This is an average compound growth rate of 3. 6 percent.
Projecting this growth rate, waterborne commerce will reach
29, 000, 000 tons in 1980, 60,000, 000 tons in 2000, and 123,000,000
tons in 2020. No account of the economic forces that may change
in the future is included in these figures. However, to reflect
these effects the historical behavior of this commerce shows a good
correlation with the GNP. These projections are shown graphically
in Figure II-B4.

2. Domestic Internal: This is traffic confined to the region, In the
past, this tonnage has shown an erratic pattern rising from
20,000,000 short tons in 1952 to a peak of 27,000,000 tons in 1959

14
and thereafter stabilizing near 25,000,000 tons through 1966.
The average growth rate has been 1.9 percent. Assuming this to
continue, annual tonnages will be 34,000,000 by 1980; 49,000,000
by 2000; and 71,000, 000 by 2020, as illustrated in Figure II-B5.

3. Total: The total commerce in the region has increased from 31,000,000
short tons in 1952 to almost 42,000,000 tons in 1966. Rapid

15

growth occurred in part of this period and has stabilized since
l960. The historical trend growth is calculated at 2.5 percent.
As shown graphically in Figure II-B6, the projected annual total.
commerce will be 62,600,00 tons by 1980; 103,000,000 tons by 2000;
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and 170,200,000 tons by 2020. Recognizing economic forces, the

historical trends are compared to GNP and are found to have a

reasonable correlation. The projections based on the GNP index

show somewhat higher forecasted totals. These are: 65,500,000

tons by 1980; 126,300,000 tons by 2000; and 259,100,000 tons by

2020.

Bulk petroleum projections are also classified in the same three general

groupings as the total waterborne commerce projections.

In 1963, the petroleum refinery capacity satisfied about 46 percent of

the consumption of petroleum in the region., the capacity of the refineries

being 165,100 barrels per calendar day  b/cd! of which 157,700 b/cd were
16

produced by refineries in the Puget Sound region. The refinery complex
! Ihas expanded from a base of two refineries in 1954 producing 9,500 b/cd

in 1964. The location. of the new sites has been influenced by available

deepwater ports which permit the loading and unloading of large tankers.
!!

Secondly, the geographical location of the region is convenient to foreign

imports of crude oil as well as the dispatching of the refined product to

maj or Northwest markets. Finally, there is dependable inexpensive electric '

power readily available. The electrical energy requirements to refine a

barrel of crude are approxirrrately three kilowatt hours.

The continued future growth of the petroleum industry depends on the

current search for oil reserves in the coastal waters of Oregon and Washington,

and the distribution method employed for the proven crude oil reserves es-

timated at 9.6 billion barrels in the North Slope fields in Alaska.
17

Present plans for marketing the oil includes a pipeline from the fields to

Valdez and then by tanker to Puget Sound and parts of California. Other

plans include a pipeline across Canada and the possibility of a pipeline

from the Puget Sound region to Chicago exists. Presently being developed

is the Atlantic Richfield refinery at Cherry Point. Its capacity will be

in the neighborhood of 100,000 b/cd, bringing the total refinery capacity

of the Puget Sound region to 272,000 b/cd by 1980.

There remains, at this time, uncertainty as to how the Alaskan oil will 1

be distributed. The pipeline to Valdez has yet to receive government approVal.

There is increasing speculation of a cross-Canada pipeline that would completeiy
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bypass the Northwest markets. Qn the other band, plans for the new ref ineries
are being continued and orders have been placed by Atlantic Richfield for oil
tankers to carry oil from Valdez, presumably to Northwest markets.

The implementation of the Valdez plan could mean the Puget Sound region
would experience a large growth in refineries and that the region wo~ld become
a net exporter of refin.ed products. However, the uncertainty that remains
and the decisions yet to be made preclude anything but a rough approximation
of future petroleum commerce recognizing the probability of future changes.

~Torsi n and Domestic Coastwise Petroleum Commerce: This commerce has
18

grown from 6, 000, 000 short tons in 1952 to a high of 10,000,000 tons in 1960.
The growth rate based on. these trends is 3. 2 percent. Future annual commerce
based on this growth rate will be 13,900, 000 tons by 1980; 26, 200, 000 tons
by 2000; and 49,000,000 tons by 2020. See Figure II-B7.

Domestic Internal Petroleum Commerce: Refined petroleum moves into the
Puget Sound markets by tanker, barge, tank car, tank truck, and pipeline. The
volume of this commerce increased from about 2,300,000 short tons in 1952

19
to 9,800,000 in 1963 and then decreased to 6,300,000 tons in 1966. The
trend prior to 1963 indicates as annual growth rate of 475, 800 tons per
year; thus projecting 16,000,000 tons by 1980; 25,600, 000 tons by 2000;
and 35, 100, 000 tons by 2020, as shown in Figure II-B8. However, the
construction of pipelines connecting major centers has altered this trend
since 1963 as revealed by the decreasing tonnages. Most likely, future
tonnages of waterborne petroleum commerce will be represented by some random
variation around 6,300,000 tons. This variation will depend primarily on
pipeline capacities, location of consumers and transportation cost structures.

Total Bulk Petroleum Commerce.' The best estimates support a continued
growth of the petroleum industry in this region, The development of the
Alaska fields will, in all probability, have a major impact on this area.
Although the projections herein are based on many factors that are by no
means stable, the forecast can be considered to be a reasonable estimate
of future commerce. As shown in Figure II-B9, the total projections for
1980 are 20,200,000 short tons; 32,500,000 tons by 2000; and 55,300,000
tons by 2020.
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FIGURE II- B7
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F IGURE I I � B8
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FlGURE ll- B9
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FUTURE OF WATERBORNE VESSELS

The trend in vessel construction is toward larger, more efficient
sizes. The increased sizes are particularl r evident in the bulk carriers
and tankers. As the Puget Sound region is physically well suited for larger
vessels, it can most likely expect to receive its share of them in the future.

Vessels are classified in three categories: freighters, tankers, and
bulk carriers. Vessel trends within the Puget Sound area are based on

20U. S. Naritime Commission estimates and other unpublished information from
various government agencies.

~Prei hters. Freighters are defined as ocean-going ships, including
container ships that carry general cargo. The number of freighters in the
world merchant fleet has increased from 10,782 in 1956 to 11,611 in 1966.
The number of freighters in the 10,000-10,999 dead weight ton class decreased
by 1,090 vessels while the number of vessels in classes 11,000 dwt and greater
increased.

The average size of freighters has increased. from 7,600 dwt in 1956 to 7,800
21dwt in 1966. This is projected to an average size of about 10,000 dwt by

2020. The number of freighters in service and their size projections are
plotted in Figures 1I-$10 and II-B11, respectively.

Tankers. The tanker fleet has increased from 2,834 in 1956 to 3,654 in
1966. During this same period, the number of tankers under 17,000 dwt decreased
and those over 17,000 dwt increased.

Tanker size has increased from a maximum size of 35,500 dwt in 1954 to
205, 000 dwt in 1966. Currently, 312,000 dwt tankers are in service with
500, 000 dwt tankers scheduled for operat ion before 1975. Studies are being22

made for 1,000,000 dwt tankers with a draft of 104 feet. Under present
technology, this is about the maximum practical size.

Average sizes have increased from 15,100 dwt in 1956 to 26,900 dwt in
1966. This trend projected will result in the average tanker size of 100,000
dwt with an average draft of 48 feet by 2020. Current tanker fleet numbers
and projected sizes are shown in Figures II-B12 and II-B13, respectively.
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Bulk Carriers. These vessels include are carriers, ore/oil carriers,
and coal carriers. From 1956 to 1966, their number increased from 704 to
2,104. All sizes of these vessels have increased in number as shown in
Figure II-B14, except for those under 10,000 dwt.

Bulk carriers could be built as large as tankers but because of the
type of service and the physical limitation of the majority of ports, their
practical maximum size is about 400,000 dwt. The projected average deadweight
in 2020 is approximately 30,000 dwt as shown in Figure II-B15.

5. PROBABILITY OF A SHIP COLLISION

a. Introduction

Any solution to problems regarding the probability of a ship collision
on Puget Sound will, at best, be approximate. The nature of the input data,
the scope of the problem, the multitude of environmental variables � all these
serve to limit the degree of accuracy of the solution. The answers presented
must be recognized for what they are � the product of a mathematical model
constructed with only a few vital parameters, subjectively evaluated and
selected and founded on simplifying assumptions. Nevertheless, the solutions
arrived at do represent an order of magnitude accuracy, and allow one to
assess the relative probability densities in. various areas of Puget Sound.

The Puget Sound region has been broken into five separate channels
as shown on Figure II � B16 and defined in Table II-B8. For the most part, the
channels are defined to emphasize geographical constrictions in the area and
to consider the primary shipping routes within the area. By applying this
physical data plus vessel movement data for each channel to the prediction
model some assessment of the relative danger of a shipping collision leading
to a possible oil spill within the region can be assessed.

Complete development of the model and the solutions are included in
Appendix 13 and will not be repeated here. Only the results of the model are
shown, 23
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TABLE II-B8: CHANNEL DEFINITION FOR SHIP COLLISION MODEL

Approximate Approximate
Average Width Average Length

 miles!  miles!

Channel. I

Cape Flattery-Bannilla Pt. to
Dungeness Spit � Trail Islands 12. 2 65. 0

Channel 2

Discovery Island � Cattle Pt.
to East Pt. � Alden Pt. 4.2 28. 9

Channel 3

Pt. Colville � West Pt. to
Lawrence Pt. � Village Pt. 3, 19 18. 0

Channel 4

Pt. Wilson � Admiralty Head to
Elliott Bay

3. 45 39.0

Channel 5

Restoration Pt.-Alki Pt.
to Commencement Bay
 Two Passages!

17. 3
23,5

1,01
2. 53

Colvos Passage

East Passage

c. Model Results
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The total number of collisions per year in Puget Sound resulting in
an oil spill is shown in Figure II-B17. These figures were obtained by summing
the annual expected values for the individual channels. Also, adding the
expected value for any group of years will give the expected value for that
period.

The expected number of oil spills in Puget Sound over the next ten
years, 1970-1980, resulting from a vessel collision is predicted to range from
a low of O. 67 to a high of 2. 69 vessel collisions. For the period 1980-1990
the corresponding values are l. 07 and 3. 56. These figures are obtained by
summation of channel values. Table II-B9 shows, for the individual channels,
the expected number of collisions resulting in oil spill:



TABLE II-B9.' NUMBER OF COLLISIONS LEADING TO AN OIL SPILL

 PER TEN YEAR PERIOD!

Oil Spill
Collisions Per

Ten Year Period
�980-1990!

Oil Spill
Collisions Per

Ten Year Peri.od
�970-1980!Channel number

.185

.749

1 Lo estimate
Hi estimate

. 152

. 594

.074

.3OO
.093

.374

2 Lo estimate
Hi estimate

.074

.300
. 093

.374

3 Lo estimate
Hi estimate

4 Lo estimate
Hi estimate

.300

1.200
.375

1.500

5 Lo estimate

Hi estimate
. 074

. 300
.093

. 374
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Clearly Channel 4 appears to have the highest chance of incurring
an oil spill as the result of a vessel collision, much more so than the other
channels as defined.

In Figure II � B16, two bodies of water on the Sound have been excluded
from this model. These are the large bodies of water j ust east of the Strait
of Juan de Fuca and the Strait of Georgia. The aggregate pattern of ships
moving in these areas exhibits more of a random. behavior than that shown in
the designated channels. Thus, the Sperry model was felt not to be valid in
analyzing these bodies. Instead, a free gas analogy model was applied.
Unfortunately, well documented data on movements and collisions in these
areas was unavailable. This, plus the fact that the predicted results for
these bodies came from a different model, invalidate co~paring the numerical
values with those presented above. For the interested reader, this second
model and its resulting probabilities are presented in Appendix 13.
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