
SECTION II

DESCRIPTION OF PUGET SOUND

AND ITS INDUSTRIES

The necessary prerequisite to maximum effectiveness for any water

conservation program related to the oil pollution problem is the evaluation

of the consequences for specific techniques on the ecosystem. To the extent

that this study is concerned with the Puget Sound region, it is imperative

that this area's characteristics be accurately defined, so that the effects

of oil spills, their prevention, containment, and cleanup can be analyzed

accurately. Thus, this section is devoted to establishing such a definition.

The physical environment and resources of the region are described in

Section IE-A. Included are both general and detailed analyses of the loca-

tion of resources . Sections ll-B and II-C discuss waterborne commerce and

oil handling on the Soun.d, respectively. This portion of the report con-

cludes with an economic evaluation of the various resources, and the oil

industry's efforts in conserving these resources in the Puget Sound region.,

which are presented in Sections II-D and II � E.
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II-A, PHYSICAL DESCRIPTION

l. INTRODUCTION

In order to place the possible oil pollution problem on Puget Sound
in proper perspective, an inventory of the prevailing environmental con-
ditions and significant resources must be made. A more complete assessment
of the value of resources that might bc threatened by an. oil pollution
incident, and of the potential operational difficulties resulting from
adverse environmental conditions, may provide justification for more
effective preventive measures. In the event of an oil spill, environmental
and resource information can provide valuable assistance to the on-scene

decision maker to direct protection., containment, and cleanup measures in
an optimal manner.

The purpose of. this section is to delineate the general environmental
conditions and resources present on Puget Sound. For the purpose of this
analysis, Puget Sound will be considered to include Puget Sound proper and
all contiguous saline state waters east of Cape Flattery including the
Strait of Juan de Fuca, the San Juan Islands, and Hood Canal.

After a few general remarks about Puget Sound as a unit, a more detailed
analysis will follow with the study area arbitrarily divided into subzones

to facilitate data presentation. The subzones will be represented by the
following six units  see Figure II-AI!.'

Strait of Juan de Fuca

2. San Juan Islands including Bellingham and Anacortes
3 ~ Vhidbey Island to Everett
4. Northern Puget Sound
5. Southern Puget Sound
6. Hood Canal

It must be emphasized that although the information used for the sub-

zone analysis was drawn from all available sources, it is intended to serve

an interim compilation until a comprehensive investigation is accomplished.

The understanding of the environmental processes and trends is particularly

in need of further study, and more sophisticated environmental observations

will be necessary to enhance the prediction of the behavior of oil spilled

on Puget Sound,
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2. PHYSICAL ENVIRONMENT � GENERAL

a. Descri tion of Area

Puget Sound is characterized by numerous channels, sounds, and inlets.

It occupies an area of 767 square nautical miles, compared to the whole basin

area of 11,000 square nautical miles. The entire system lies within an area

of about 40 by 90 nautical miles. Through the Middle Point � Point Partridge

entrance passes approximately 95X of the volume of water entering or leaving

Puget Sound; 5X flows through Deception Pass, while the contribution of water

from Swinomish Slough may be considered negligible. The Strait of Juan de Fuca

interposes between Washington Sound to the north and Puget Sound to the south,

as well as between Vancouver Island and the Olympic Peninsula. That section

of Puget Sound connecting with the Strait, and lying between Point Wilson and

Point No Point on the west and Whidbey Island on the east, is known as

Admiralty Inlet. Hood Canal, a long narrow arm of Puget Sound, extends south-

ward about 50 nautical miles. As the result of its great length, narrowness,

depth, and weak tidal currents, Hood Canal has many characteristics which

distinguish it from the remaining waters of the region.

Puget Sound proper is connected to the Strait of Juan de Fuca by a

series of waterways to the east of Whidbey Island: Possession Sound, Saratoga

Passage, Skagit Bay, and Deception Pass. The width of these deep waterways

decreases with progress northward, but shoals and tidewater flats frequently

give a total width of as much as five nautical miles. Deception Pass se-

parates Whidbey Island from Fidalgo Island and connects the Strait of Juan de

Fuca with Skagit Bay. Although two miles in length, it is extremely narrow

and shallow � in some places only 200 yards across with a depth of 96 feet.

The Swinomish Slough, near Deception Pass, connects Skagit Bay with Padilla
1

Bay to the north.

b. Shoreline Features

The shoreline of Puget Sound and the Pacific Coast is very dissimilar

in character compared with that of the Atlantic Coast. The Atlantic Coast

is largely composed of mud and sand formations with comparatively little

elevation, whereas the Pacific Coast of Washington is predominantly rocky

and precipitous.



The total shoreline length of Puget Sound enclosed by the northern

boundary to Admiralty Inlet  Middle Point � Point Partridge!, Deception

Pass, and Swinomish Slough is 2167 miles, including all islands. Of this

distance, the greater portion is faced with bluffs ranging from 50 to 500

feet in height that are composed of glacial till and material deposited

during the past ice age. A generally narrow beach line is experienced at

the base of these bluffs with depths of water exceeding 50 to 100 feet close

to the shore along the portions of the Sound. Near river deltas, tidal flats

extend for several miles in some cases; as for example, near the mouth of

the Skagit River. At the extreme southern end of Puget Sound, prairie low-

lands face the water as a continuation of the Puget lowland. Throughout the

region dense coniferous forests are encountered. Except where man has cut

away the forests to build farms, resorts, and towns, the Douglar Fir, cedar,

and hemlock trees grow out to the beach line or overhand these bluffs so

that it is difficult to identify the several points due to their similarity
2

in appearance.

Puget Sound, while faced by high bluffs, has a considerable number

of beaches. In general,Puget Sound beaches consist either of gray, coarse,

sand or a mixture of such sand with small gravel, which form narrow strips
3

along the shore.

c. Climate

The climate of the area is typically maritime, the summer is cool
0

and the winter mild. At Seattle, the monthly average temperature is 39. 8 F
0 0

in January and 63.8 F in July. The mean annual temperature is about 50 F.

The prevailing aiz movement is from the open ocean except during the

winter, when storms may draw cold continental air into the area. Winds may

exceed 60 knots during winter storms but because of the limited fetches, the

waves rarely exceed 6 feet in height, even in the larger open areas. During

most of the year prevailing winds are from a southerly direction, but during

July and August the prevailing winds at Seattle are from the north. Wind

directions are closely related to the local land topography. Average wind

speeds are between 7 and 10 knots. Winds exceeding 30 knots have been

recorded in Seattle for all months of the year.
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As the warm maritime air masses rise over the Olympic and Cascade

mountains, heavy orographic precipitation takes place. But as these air

masses descent and blow over Puget Sound and its adjacent lowland, the air

masses become warm and only a moderate precipitation occurs, averaging

between 35 and 50 inches. Most of the rain falls during autumn and winter

with minimum precipitation during July and August. The days with appreciable

precipitation average 40X for the year indicating that the rains are frequent

but rarely heavy. Overcast skies occur some 80X of the time during the winter.

Snowfall on the lowlands is relatively rare and although it may

snow several days during the winter, snow rarely remains on the ground for
4

more than a few days.

d. Tides and Tidal Currents

The tides in Puget Sound are of the mixed type showing a large diurnal

inequality betwee~ the heights of succeeding low tides. The average diurnal

range at Seattle is 11.3 feet. The maximum range of spring tides rarely

exceeds 16 feet. There is a general increase in range as the tide progresses

from the Strait of Juan de Fuca to the heads of the inlets with a delay in

time of high water about one hour. Due to the large area of Puget Sound and

its narrow entrances, tidal currents have exceptionally strong tropic velo-

cities, attaining 4. 7 knots in Admiralty Inlet, 5.1 knots in Tacoma Narrows,

and 7. 2 knots in Deception Pass. Elsewhere in Puget Sound the tidal currents

are generally less than one knot. In addition to their importance in naviga-

tion, the strong tidal currents greatly affect the temperature and salinity

distribution of the region through their mixing action and their influence
5

on the water exchange.

e. Water Tem erature and Salinit

Water temperatures in Puget Sound are relatively uniform throughout

the year. Because of the mixing produced by the tidal currents, surface
otemperature rarely falls below 40 F even in winter except in the head waters

of Puget Sound, where the accumulation of cold river waters and relatively

quiet conditions will permit the formation of ice during extreme cold weather.

The same mixing processes tend to maintain relatively low temperatures during
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the summer and, except in shallow and i.solated areas, surface temperatures

above 60 F are rare. Because of sills at moderate depths, and the mixing0

that occurs over such sills, the water in the deeper basins is always re-
0 o

latively warm with temperature between 44 F and 55 F.

Fresh water in large amounts is emptied into Puget Sound from a

number of rivers and streams. The greatest amounts are discharged by the

Skagit, Stillaguamish and Snohomish Rivers, all located on the northeastern

shore. Despite this, the salinity of the waters is remarkably uniform

averaging between 29 and 31 parts per thousand, except very near the surface

where following heavy runoff and light winds, a dilute surface layer may occur.

Seasonal variations are small. The relatively high salinities are maintained

by active exchange of water between Puget Sound and the Strait of Juan de Fuca.

Puget Sound is characterized by a net average outflow of the diluted surface

water and a net average inflow of a more saline water at depth. The salinity

of the water in the deeper basin reaches a maximum in late summer or autumn,

after the subsurface waters in the Strait of Juan de Fuca have reached

their greatest salinity and lowest temperatures of the year which normally
6

occurs in August.

f. Hixin and Flushin

The mixing and flow across the sills which tends to equalize the

temperature and salinity in the region are effective in distributing dis-

solved oxygen and nutrient salts. The depths of the major basin with the

possible exception of Hood Canal in summer are well ventilated during all

seasons of the year. Subsidiary basins behind deep sills at the extremities

of the various arms may not flush from winter until the following autumn, and

more infrequently not until the autumn of a succeeding year. These stagnant

waters may become almost entirely devoid of oxygen and considerable con-

centrations of dissolved nutrients such as soluble phosphates and silicates

accumulat e.

The bottom water in the shallow extremities of the inlets where

both the tidal currents and runoff are small also become impoverished in

oxygen and enriched in nutrients from spring to fall as a result of bio-
7

logical activity.
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The flushing time for any particular harbor or enclosed body of

water is a theoretical indication of the time required to remove a parcel
of water containing a concent.ration of any dissolved or suspended contami-

8nant, It is emphasized that the contaminant is dispersed uniformly through-
out the water column and that this measured, fl.ushing time does not necessarily

bear a direct relati.on to the behavior of a surface film such as an oil slick.
However, certain refined oils do dissipate in t: he water column to variable
degrees due to turbulence and an examination of the flushing of Puget Sound
may suggest the order of magnitude of resident times for spilled oil neglect-
ing any natural degradation.

A generalized, analytical procedure for determining tidal flushing,

the tidal prism method, is defined as:
9

A theoretical procedure for determing the flushing time of a
harbor or estuary. The method assumes that the contaminant is
initially distributed uniformly throughout the harbor or estuary,
and that during each tide cycle a volume of water and contained
contaminant equal to the tidal prism is removed from the harbor,
and replaced by a new volume of sea water, which mixes completely
and uniformly with water present in the estuary at low water level.
Therefore, the amount of contaminating material removed on each
tidal cycle may be expressed as a percentage of the contaminant
in the harbor during the previous tidal cycle:

x 100Tidal Prism Volume
High Rater Volume of

Percent of Contaminant Removed from Harbor.

This method is quite crude because of the fact that very unrealistic
assumptions are required concerning total mixing and total replace-
ment in succeeding tidal cycles.

10A more sophisticated study utilizing a water budget analysis
provides flushing rates for Puget Sound and some subregions. This method
employs data recording the volumes and salinities of fresh and salt- water
and their result ing mixture. Replacement time is def ined as:

the basin volume
average rate of outflow from the basin to sea

and is depicted for various Puget Sound basins by month in units of days.

Although some of the parameters used to determine the listed
ratios are accurate to + 30/, and the data does not include the San Juan
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TABLE II-Al: REPLACEMENT TIME, BY MONTH  DAYS! '
11

Southern
Pu et Sound

Hood
Can al

Wh idb ey
Basin

Entire Puget
Sound Area

46 27233Jan 113

Feb 32 45 62

41 20254 582Mar

Apr 30 28 97 166

114 672 184May

Jun 25 32854 99

80Jul 30 152 124

Aug 191 13270

93 80 149 407

Oct 57 51 215 120

76 174 -183Nov 480

Dec 101 14635

MEAN 40 177 152

Replacement time ~ basin volume
T

0
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Archipelago and the Strait of Juan de Fuca, this flushing data is the best

available, and indi.cates a reasonable estimate of the persistence of dis-

solved contaminants. It must be re-emphasized that the boundary effects of

pollutants as a surface film or absorbed on shoreline sediments will not

behave the same as the contaminants uniformly dissolved in the water column.

Table II � Al shows monthly replacements times for the waters of three regions

in the Sound, and times for the total Sound.



3. PHySICAL RESOURCES � GENERAL

a. Natural Physical Resources

l. Introduction

The biological resources within Puget Sound represent one of

of the most, if not the most, important resources of the State of Washington.

Abundant and varied forms of life are present. Crabs, clams, oysters, five

species of salmon, and many species of bottom fish are important economically.
A great deal of recreation is derived from these and other organisms. Des-
truction or elimination of any of these resources would represent a severe

blow to the quality of life of the citizens of Washington. An economic

analysis of the region's resources is presented in Section II-D.

The ability of Puget Sound to support plentiful flora and fauna

is dependent upon many factors. Puget Sound is largel.y protected from ocean
waves and its waters are relatively calm, yet it receives a constan.t flow of

clean ocea~ water from the Strait of Georgia and the Strait of Juan de Puca.

This protection plus the flow of new water into the area enables many organisms

to exist and flourish in Puget Sound which could not endure the pounding of

the open ocean.

Perhaps the most important feature that enables the great pro-

ductivity of the region is the great length of shoreline. The waters are
bordered by some 2167 miles of shoreline which is roughly equal to the rest

12of the western coastline of the United States. This elongated shoreline,

with many small bays and channels, is largely responsible for the rich fauna

that exists. It provides ideal habitat for organisms and enables the large
population of aquatic organisms to grow. Life in the Sound can be divided

into:

a. shallow bottom

b. surface water

c. deep bottom

The shallow water near the shore is the most productive area. Here, the

bottom is well within the reach of sunlight which permits plants to flourish.

The plants, either attached or floating, enable the large population of fish
and invertebrates to exist. Especially important shoreline areas are estuaries.
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These nutrient-rich waters provide food and shelter for the young of many

organisms. Pollution or destruction of an estuary could have serious long

range implications.

The surface waters of Puget Sound also contribute to the pro-

ductivity of the area. Sunlight enables plankton to grow, which forms a
partial basis for the food chain. In addition, j uveniie or larval stages
of many organisms mature in the plankton at the surface of the water.
Dungeness crab, and many species of flounder are examples of marine life
that spend at least part of their life cycle floating more or less passively

at the surface of the Sound. Generally speaking, larval stages of most

organisms are more sensitive to damage from oil than adults.

The waters of Puget Sound are very deep, exceeding 100 fathoms

in many locations. The bottom in these areas is far beyond the reach of
sunlight and, as far as known, do not support much life. The organisms
which occur in this zone are found more or less uniformly throughout Puget

Sound. The most common species include dogfish, ratfish, skates, and turbot.

In delineating areas of biological importance, i t is difficult

to draw precise boundaries. Many of the organisms are mobile, and many of
the immobile species depend on mobile ones for their survival. Oil pollution
in an area represents a threat not only to the present occupants, but also

to nearby organisms, and to organisms that may occupy the area at some future
date. The inter-relationships of the organisms present in different areas

are complex and not presently understood. Thus, no are a of Puget Sound should
be considered a "waste area" and oil be directed there as a cleanup measure

unless all other possib ili ties for control have been exhausted. However,

it is apparent that some areas are more valuable than others. In view of

the limited cleanup capability, it is advisable to protect these areas at

the expense of other areas, although all areas should be protected if possible ~

Most of these critical areas are associated with shorelines,

and this report will concentrate on shoreline areas. It should be remembered
that other areas not considered here are also important and should not be

neglected.
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The vulnerability of a certain area to damage may vary con-

siderably with season, and this report will attempt to account for this

change, although knowledge of such changes is incomplete.

The great size and many different physical environments that

exist within Puget Sound cause considerable variation in the types of or-

ganisms that live in different parts of the Sound. Some organisms may be

extremely common in one portion of the Sound where environmental conditions

favor its presence, and be scarce or non-existent in other areas. Organisms

present in the Sound dwell in distinct communities. These groupings in the

different parts of the Sound occur mainly at the surface, the inter-tidal,

and subtidal zones. Deeper water groups of organisms which encounter a more

uniform environment tend to be located throughout the Sound.

2. Shellfish

The Hood Canal region provides an ideal environment for many

types of shellfish. Pacific oysters are found in abundance throughout the

region and are used for both commercial and sport fisheries. Clams, es-

pecially littleneck, butter, softshell and geoducks, are abundant, with

other varieties found in somewhat lesser number. Rock scallops are in

moderate abundance. The Hood Canal area is used extensively for shellfish

propagation. In 1965, over 610, 000 lbs. of shellfish were commercially

harvested from Hood Canal, Over one half of this total consisted of oysters

with the bulk of the remainder clams. Over 50,000 lbs. of shrimp are harvested
13

annually. The harvest of crabs is insignif icant in this area.

The Strait of Juan de Puca generally has exposed shorelines that

offer little shellfish habitat. The numbers of shellfish found in this area

are not as great as that found in other areas; nevertheless, a considerable

population of shellfish, especially crabs, does exist. Oysters are found

in moderate quantities in this area and clams of many types are relatively

common. Octopi are very common also. I'iost of the shellfish locate in the

more protected areas, such as Port Discovery or Neah Bay. The Strait provides

the entrance to Puget Sound for nearly all of the salmon that return to the
14

Western Washington spawning grounds.
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The San Juan area is another rich zone, both in shellfish

and finfish. The bulk of the commercial bottomfish fishing occurs in

this zone, as well as a great deal of the salmon fishing, both sport and

commercial.

Shellfish of many varieties are plentiful throughout the region,

although not as plentiful as in Hood Canal. Dungeness crab are in especially

heavy abundance throughout the area. Clams, especially littleneck, butter

and horse are available throughout the tidal zones. This area is one of the

few places in the world where the pinto abalone is found. Scall.ops, shrimp,

and oysters occur in moderate quantities, while oysters are very abundant

near the mouth of the Nooksack River.

The central Sound area has the highest human population in

the area and also the most prolific source of municipal and industrial

wastes. Industrialization and residences have reduced the amount of
15

shoreline habitat available for marine life. The amount of shellfish pro-

duced is not as great as other areas of the Sound. Crabs are found through-

out the zone, although they are not especially plentiful. Oysters and many

types of clams also are scattered throughout the region, clams being most

plentiful near Whidbey Island. Shrimp, squid, and octopus are also found

in this region,

The southern Sound zone is a very productive area for shell-

fish. In fact, it produces the greatest amount of shellfish of any region

of puget Sound. In 1965, more than 3 million pounds of shellfish were
16

harvested, all but 50G lbs. of the total being clams and oysters. This

area contains important commercial and sport fisheries for shellfish. Host

of the shellfish production occurs in the protected bays and inlets, such as

Budd Inlet.

Oysters, especially Paci.f ic and native, are very abundant, as

are all varieties of clam, squid, and octopus are also plentiful. Shrimp

are found in moderate quantities. Scallops are not plentiful in this area.

3. Pish

In addition to shellfish, fish also form a valuable resource

in the Puget Sound. Salmon are far and away the most important fish,
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economically, in the area. The value of salmon to the economy i.s reckoned
in tens of millions of dollars annually. Salmon are found in all parts of17

the Sound the year round, though their numbers vary dramatically during
certain seasons. In general, they are most plentiful in the summer and

fall. Most of the salmon pass through the Strait of Juan de Puca on their
journey to the Sound but a sizeable number also passes through the Strait
of Georgia. The San Juan area experiences the highest number in commercial

l8
catch, averaging well over 4 million salmon of all types annually. The
Strait of Juan de Puca produces about one-half million salmon annually.
This figure could be much higher if the majority of the area were not
closed to commercial salmon fishing. Hood Canal is entirely closed to

commercial fishing, thus the numbers of catches in Hood Canal also tend
to be relatively low. The central and south zones of Puget Sound do not
have as high a population of salmon as other areas. South Sound has an.
annual catch of about 50,000 salmon and central Sound has had about 400,000

salmon annually caught. The addition of a large sockeye salmon run to

Lake Washington should increase the annual number of salmon catches in the

central zone by hundreds of thousands.

In addition to salmon, groundfish provi.de an important resource.

In 1969, over 16.5 million pounds of these bottomfish were caught in Puget
19Sound. The bulk of the harvest went for reduction and animal food, while

about 4 million pounds were sold for human consumpt.ion. The two most important

species of food fish are English sole and true cod, which together comprise

about 75X of the weight of bottom fish sold for human consumption.

The bulk of the commercial catch, at least for food f ish, occurs

the San Juan area. In l969, over 2 million pounds of food f ish were harvested

here. True cod comprised about one-half of this total. Almost I/2 million
pounds of English sole was captured in this zone. Starry flounder were caught
in approximately the same proportion as English sole. Ling cod is another
important species in this area.

The central Sound area produces about l. 3 million pounds of

food fish annually. The most commonly caught species is English sole, of
which over 1 million pounds was caught in 1969. Starry flounder made up
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most. of the remaining weight. In addition, this area yields large amounts

of non-food fish which are reduced to fish protein concentrate. About

7.7 million pounds of fish were reduced to protein concentrate from this

area. in 1969. This consisted almost entirely of hake caught in the Port Susan

area during the late winter and spring.

The southern zone of Puget Sound does not yield an abundance

of commercial fish. Less than one-half million pounds was harvested in 1969,

and of this only 41,000 consisted of food fish. The two most commonly caught

food fish were sand sole and starry flounder.

The Strait of Juan de Puca yields abou.t 1 million pounds of

fish annually of which 90Z is food fi.sh, primarily due to the abundance of

true cod. 700,000 pounds of live cod were caught in 1969. Next in importance
20

is English sole. It is important to note that all commercial fishing occurs

in the eastern half of the Strait and mainly during the winter.

The Hood Canal area is not heavily fished commercially and

does not yield many fish � less than 10,000 pounds total in 1969. This lack

of effort is due:

a. to the great distance from the major processing plants;

b. many of the fish in this region are heavily infested with

a nematode parasite which renders the fish useless for

human consumption

4. Waterfowl

Waterfowl are also an important resource in Puget Sound.

Puget Sound is an important wintering range for many species of duck and

geese. There is a resident population of waterfowl present the year round.

The most important wintering areas for waterfowl appear to be around

Dungeness Spit, in the Skagit Game Preserve and in the estuary of the

Nisqually River. The largest flock of snow geese in the United States

winters in the Skagit Flats.
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b. Man-Made Resources

The Puget Sound region, bounded by the Olympics in the west,
Cascades in the east, the Canadian border to the north, and Olympia in the
south, constitutes the state's most impressive recreational area. The vast

all types of facilities along the shoreline. These include state parks,
launching ramps, moorages, and marinas. Beaches and tidelands have also
been set aside. In the more populous areas, city and county parks are
plentiful. Listed below is a summary of the primary man-made resources
in Puget Sound. Details on each subzone are presented in the next part
of this section.

TABLE II-A2: MAN-MADE PHYSICAL RESOURCES21

Launching
Ramps

State
Parks

Rental
Moor e

Subzone 1

Subzone 2

Subzone 3

Subzone 4

Subzone 5

Subzone 6

TOTAL

12 29 21

31 15

51 68

30 39

13

42 170 161

30

majority of the activities are either water of shoreline related. This area
has been called the pleasure boating capital of the world.

To enhance the enjoyment of the Puget Sound waters, man has developed


