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FORWARD

The Literature Survey of Puget Sound and Approaches has been com-
Pleted by the Department cf Oceanography of the University of Washing-
ton as authorized by the Office of Naval Research Contract Nonr-hh7(00),

Task Order UW4WT{06). Under the terms of this contract the Department

and unpublished literature pertaining to the cceanography and factors
influencing the -oceanogrerhy of Puget Sound. .

To effectively accomplish general oceanographic research in an

area in which outside influences of every type play an important or

undetermined role, every possible factor must be taken in considera-

tion. For this reason all of the factors that may influence the ocea-

" essentially that of an sbstract of the current knowledge on each sub-

nOgrg?hy of ‘Puget Sound have been included. The form of the paper is . |

- 2 {FIS
ject. Apvended to each subject is a dgtailed, annotated bibliography

of all relevant publications and unpublished reports and data, waether
used in the abstract or not. If no information is available on a cer-
tain subject this has been mentioned in order to present the status of

our knowledge to date.
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GEOGRAPEY

PHYSICAL GEOGRAFPHY

LOCATION

Fuget Sound is located in the northwestern section of the sta%e of
Washington (Fig. 1-1). The name Puget Sound has been applied to verious
local geographic areas and features. In this report it will be found

applied to a specific wvater arez and its approaches, + also will appear
prefixed to a drainage basin and a regional area.

The regional area, Puget-Willamette Trough, extends from the Klamath
Mountains in southwestern Oregon to the Fraser River in British Columbia
between the Coast and Cascade Mountain Ranges. The northérn section of
this long, narrow north-south aligned trough is commonly called the Puget
Sound Lowlands. In this report the regional area will also be referred
to as the Puget Sound Basin when it is desired to irdlude the mountain
drainage area with that of the lowland. The Puget Trough extends from
the Fraser River on the north to the divide between the Chehalis and
Cowlitz River Basins to the south, which separates the northern section
of this trough from the Willamette Lowland, Within. the center of the

Puget Sound Basin is located- the body. of water extending south-from (1)

Middle Point, on the west, and:Point Partridge, on the east, (2) Deception
Pass, and (3) Swinomish Slough.»,The three entrances named above consti-
tute the water boundaries of Puget Sound. The water approaches to. Puget
Sound may be assumed to .be adjacent to these ¢ntrances_(Fig,-l-2).

' DESCRIPTION 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
liés within an area of about 40 by 90 nauticai miles (see section on
Hydrography: Bathymetry). Through the Middle Point-Point Partridge
entrance passes approximately 95 per cent of the volume of water entering
or leaving Puget Sound, Approximately five per cent flcwes through
Deception Pass, while the contribution of water from Swinomish Slough
may be considered negligibie. The Strait of Juan de Fuce 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, ex-
tends southward about S0 nautical miles. As the rzsult cf its great
length, narrowness, depth, and weak tidal currents, Hood Canal has many
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characteristics which distinguish it from the remaining waters of ihe
reglon, as will be brought out later in the section on Physical QOcea-
nography.

Puget Sound proper is connected with the E£irait of Juan de Fuca by
a series of waterways to the east of Whidbey Island: Possession Sound,
Saratogn Passage, Skagit Bay, and Deception Pass. The width of these
deep waterways decresses with progress northward but shoals and tidewater
flats frequently give a total width of as much as five nautical miles.
Deception Pass separates Whidbey Island from Fidelgo 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 & depth of 96 feet. The Swinomish Slough, near Deception Pass, con-
nects Skagit Bay with Padilla Bay tu the north. 'The slough has a dredged

" depth of 12 feet and a minimum width of 100 feet (U. s. Department of

Commerce Codst and Geodetic Survey 1951). See. work_performed by U. S.
Engineers, this section. :

All these watero are connected with their approaches to the Qt"ait
of Juan de Fuca which in turn opens westward to the Pacific Ocean. Refer
to section on Hydrogrephy fbr detailed bathymetry.

«Shore Line Features ’~y";d““="‘.

PR : E L

" The shore line of Tuget Sound and the Pacific Coast is very dissimi-

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

Coast 1line is largely composed of mud and sand formations with compara-

tively 1little elevation, whereas the Pacific Coast of Washington is pre- .
dominantly rocky and precipitous. The Atlantic and Gulf Coasts have many -

excellent harbors scattered from Maine to Texas where vessels may seek

refuge in time of storm. Quite opposite conditions exist on the Pacific .-

Coast where there are fev harbors and these widely.scattered. After.
leaving Puget Sound and the Strait of Juan de Fuca (the northern boundary
of Washington), the next point of refuge to the south is Grays Harbor,

a distance of nearly 100 miles, and after that Willapa Bay and the Co- -

lumbia River; the last named separating Washington and Oregon. Puget
Sound is the only harbor alopng the Northwest Coast of the United States

‘which may be made under all weather conditions.

The tciual shore line length of Puget Sound enclosed by the northern
toundary to Admiralty Inlet (Middle Poimt-Point Partridge), Deception
‘Pass, and the Swinomish Slough is 1,157 nautical miles (1,332 statute
miles). Of this distance, the greater proportion is faced by bluffs
ranging from 50 to 500 feet in height that are ~omposed of glacial till
and material deposited during the past ice age. A generally narrow beach

~line is experienced at the base of these bluffs witn depths of water

e
s
e
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exceeding 50 to 100 feet close to the shore along these portions of the
Sound. Near river deltas, tida)l flats extend for several miles in some
cases as, for example, near the mouth of the Skagit River. At the ex-
treme . southern end of Puget Sound, prairie lowlande face the water as a
contiauation of the Puget Lowland.,

Throughout the region dense coniferous forests are encountered.
Except vhere man has cut away the forests to build farms, resorts, and
towns, the Douglas Fir, cedar, and hemlock trees grow out to the beach
line or overhang the high bluffs so that it is difficult to ideatify the
several points from their similarity in appearance. For oblique aerial
photographs of harbors and important points in Puget Sound, refer to the

-Marine Atlas of the Northwest (Morris and Heath 1952). In addition to

this recent publication the Corps of Engineers, U. S. Army has published

aerial photographs in their Port Series publications (U. S. Army Corps of

Engineers and U. 3. Maritime Commission 1938a l938b u. s. Army Corps of

Tracks of the Great Northern Railway parallel the east. shore of
Puget Sound from Tacoma to Bellingham. Between Seattle and Everett the .

. tracks lie Just above the beach line or form bulkheads where no beach

existé, See section on Physical Oceanography.' Water Movements, for Lhe

% T - : £ : : Cot
b e Fig o ¥

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

of beaches, ~ Cursory analysis has been made locating the beaches in the

central section, ‘from Point No Point, on the nurth, to the Tacoma Narrows,

" on the south. The beaches have been described with“respect to A. Type,

Composition, and Trafficabili“y, and B. Access. In general, Puget Sound
beaches consist of either a gray coarse sand or a mixture of such sand
with small gravel, which deposits are seldom wide enough tc be indicated
on a map of the scale used in this survey (see Geology section for analy-
sis of sediments). The beaches usually fcrm only a narrow strip along
the shore., See photographs contained in the Marine Atlas of the North-
west (Morris ana Heath 1952) and refer to Fig. 1-6 for beach locations
and Appendix l-A for their descriptions.

No accurate information is available as to beach slone but fevw 1f
any are more than 5 per cent (King County Planning Commission 1952).
intensive beach survey could well be carried out throughout the Puget
Sound area (see section on Hydrography: Field Surveys).

et
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POTENTIAL LANDSLiDE AREA

Landslides occur with such frequency along the shore of Puget Sound
that the lives of a considerable percentage of the population are affected,
not only through the damage or destruction of private and public property,
but far more specifically by introducing the indeterminate factor of
danger, which lessens personal sense of security, injures property values,
and makes difficult the financing of new construction. With the high per-
centage of shore line composed of bluffs 50 to 500 feet high just in back
of the beach line the problem of landslides may be fully appreciated.
Since the principal process of erosion between sea and shore is that of
landslide an.. slumping, slides may be expected to continue unléss definite

_local measures are taken to protect specific local property sites,

It has been pointed out (Hennes 1936) that uplif‘ is the most common
cause of slides in the Seattle region (Eee“Geology section).’

HESURROUNDmG mumuns S g RS

. The Cascade Tange lying to the east of Puget Sound is the most promi-
nent relief feature in Washingtcorn. It divides the state both climatically
and phy51ographically along a’ north—ﬁouth axis, : The Olympic Mountains

“on-the-west separate, Puget: Sound from the direct influence of the Pacific

Ve

'Ocean._ These ‘mountains are a: part of 8. dxscontinuous coast range extend- -

ing from. California to Canada. - They are separated on the north-from the
mountains of Vancouver Island by the Strait of Juan de Fuca and on the -
south from the Willapa Hills.by tne,Chehglis Valley Gap., The general ele-
vation of these mountaine increases from south to north where peaks rise

to heights approasching that of Mount Olympus, 7,954 feet (Fig. 1-3).

C e

O

vz 7 » et

e e e e = i b o —

e oI
_ ~




BASIN

L)
Q
| <
. Z
<
o
fa)
a
Z
35
O
7]
| -
L
O
S
2.
o
N
o
=

1
I
o
|
{

T Twaan r..r.O.r.w.r.r.u




CULTURAL GECGRAPHY

EXPLORATION AND EARLY HISTORY

An outline of the periods of exrlcration and early history of the
Puget Sound area is presentcd as Table 1-1 to orient the reader with the
relative recency and sequence in which events have taken place. A terri-
torial census in 1853 showed the region to have 2,063 inhabitants, about
half of whom were located in the area of southern Puget Sound. Table 1-2
shows population growth in the Puget Sound area. The population of. the

basin in 1950 was 1,400,000,

THE NAME "PUGET SOUND"

© ‘At the present time a certain amount of confusion is present with
regpect to the exact location of the area designated by PUGET SOUND. A
brief history of the evolution of the term may suffice to explain the °
reason for this misunderstanding. Fron the original Journal, Book II,
Chapter VI of Captain George Vancouver, discoverer of PUGET SOUND in May
1792 the following account is givea.

-~ -
o

*ﬁ_ .Thus-by our Joint efforts, ve: had completely explored every

turning of ‘this extensive inlet, and to commemorate : -

. .- Mr. Puget's. exertions, the south extremity of it~ I named
' Puget's Sound. -

(Meany 1907) -

In Charles Wilkes, United States Exploring Expedition during the
years 1838-1842, chapter on Hydrogruphy, no. 16, page 320, PUGET SOUND is
defined as-follows:

Puget's Sound embraces the extent of waters lying within the
Narrows [Tacoma Narrows], which is the only channel by which
i1t can be reached. g

(Wilkes 1858)

The Coast and Geodetic SBurvey's United States Coast Pilot, PFacific

Coast, California, Oregon and Washington, 1951 edition, Page h57, -reads
as follows:

Puget Sound (chart 6401) extends about 53 miles in a general
southerly direction from Point Wilson and then turns south-
wvestward for about 30 miles, expanding into numerous inlets




TABLE 1-1. The Early History of the Puget Sound Area

Early explorations of the northwest coast of the United
States were conducted by the Spanish, English, Russians,
and Americans.

1792

The culmination of northwest discovery bj sea was made by
Captain George Vancouver when the southermmost portion of
this inland sea was discovered and named Puget Sound.

’ 1832

The first permanent settlement by Europeans on the shore of

- Puget Sound was established by the Hudson Bay Company at

Fort Nisqually cn Nisqually Bay.

1838-
18k2

The United. States Exploring Expedition commanded by tt.
Charles Wilkes contributed many importunt phases to the

" history of Puget Sound.

C e
—— 0 pd 0 e g
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char

......

area,

Treaty ﬁﬁé7eé£ép11§hed'Setﬁéeﬁ'cfeatjbritaii ana'theuﬁhiﬁéé-;'"“‘

States dividing 01d Oregon along the 49th parallel between

“the two countries, Mission on Budd Inlet established--the

future Ciympia.

<

1850

- ] 1851

, Whidbey Iéland, Steilacoom, and Port Townsend vere eettled.

:~Seattle settled.

Gold v'-.xsh in Californla inaugurated heavy shipping of wharf
piles and structural timbers for San Francisco.

Coal d.lscovered in Bellingheh.-

Washington territary established.

Final international boundary settlement mads Ly a Berlin
Arbitration Committee in which charts drawn by the early
explorers vere used to determine rights to the San Juan

Islands. : ;

1889

The State of Washington established.

£ Table styled after that of Meany (Meany 192k).
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JINDUSTRIES‘BORDERING PUGET SOUND

and passages, the majority of which are navigable by deep-
draft vessels, Admiralty Inlet is the northern portion of
the Sound from Point Wilson to Foulweather Bluff.

(U. S. Department of Commerce Coast and Geodetic Survey 1951)

From a foctnote on Page 1B of Vancouver's Discovery of Puget Sound,
by Edmond S. Meany, the follcwing description of what has happened to the
name PUGET SOUND is presented as follows:

These settlements [around Fort Nisqually] (except Fort Langley)
were mear the southern extremity of this iniand sea-~-the very
portion which Vancouver named Puget's Sound. That name became
the familiar one, and as the white settlements moved northward
along the shores that name was carried along regardléss of ‘
other names, like Admiralty Inlet, Port Gardmer, the Gulf of

Georgia, and the Strait of Juan de Fuca, Puget Sound became-‘~“~*}

the generic name for the whole region and is largely so u:ed '
- at thé present time.¥*

(Meany 1907) : : -

.- *Permission to quote granted by Binfords and Mort, publisher, 8/16/52.

o
v - e IO
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o

B The many 1nlets and bays ad joining the region from the v1c1nity of
the Canadian Boundary south to Olympia, Washington, made Puget Sound a
focal p01nt for regional, national, &nd world trade.’ This area’of pro-'

" tected .inland waters, together. with forests, minerals and mountain-fed

streans, suppcorts many manufacturing activities. A large portion of the -
population is dependent upon the Basin's mﬂnnf;cturing enterprises, which
include lumber mills, pulp and paper mills, airplane, and shipyard indus-
tries, smelting, and fish and food processing plants. The 2,151 manu-
facturing establishments operating in 1947 produced commodities with a
value of over one-half billion dollars (Federal Security Agency 1951a). -
For fishing see Marine Biology section.’

With the increase of population'and ‘“R"stry, pollution of the air

and water is increasing (see section on Climanology: Atmospheric Pol-
lution), i : :

WATER FOLLUTION

In spite of the large tidal prism (1.27 cubic nautical miles) 1in
Puget Sound, the tides of long inland estuaries have peculiarities that
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_The known organic waste discharges have a population equivalent of

. palities. and 116 induetries vhich discharge ‘inorganic wastes (Federal

" aries and lower stretches of tributaries adjacent to the larger metro- g

- politan and industrial areas on Puget Sound. In these waters it is par- e o
.. ticularly damaging to the fishery resources, property values, swimming : :
... and other recreation. See Fig. 1:k for Sources of Municipal and Indus- _.:;-1;J¢';W g
““trial: :Pollution.  :;Refer ‘to sectisn on’ Marine Biology.' Fish and Shell- SRR Las S

. fish Kills for: additional discussion. . . e R '

Seattle District, Corps cf Engineers; reports-that there &re no regu- el

. bearing ballast water was permitted at che discretign'of the Captain of - o
" . the Port. See the Federal Register, issue of 31 July 1943, Title 33,

are quite different from the tides in the open ocean (see section on
Physical Oceanography). For this reason water pollution in Puget Sound,
generally confined to certain areas of specific and concentrated indus-
trics has become a critical local factor. The Washington State Pol-
Juticn Control Commission has deemed pollution to exist when the concen-
tration of dissolved oxygen is reduced below 5 parts per million. Water
pollution in the Puget Sound area results from domestic and industrial

. wastes end & variety of other substances discharged or otherwise allowed

to enter the water. The major sources of pollution are the wastes dis-
charged by 10l municipalities and 275 industries with separate outlets,
sewage from unsevered suburbab areas adjacent to the larger cities, and
the silt, logs, bark, slashings, 0il, garbage, and refuse which enter the
water through erosion or carelessness in logging and other’ operations.

6 »500,000 persons. This is exclusive of wastes discharged by T munici-

Security Agency 1951a).

Pollution exerts damaging effects on waters in. the bays and estu-

T ......‘.'.:.-_ ', i L

The shipping industry itself is- at times a source of pollut*on. The

lations in effect at ‘this time forbidding the pumping of ship bilges' into R
the waters of Puget Sound, as such. The 0il Pollution Act .of 1924 (33. i
U. S, Code 434-7) makes it unlawful to discharge oil into tidal navigable ’ = {
waters of the United States, and, of course, this would apply to bilge o g s
water if it contained oil."During World War II the discharge of oil- ' ' !

R I

Part 207, Navigation Regulations (U. S. Army Corps of Engineers 1952a).

o cimiin i o vt e oo

DUMPIRG GROUNDS |
No dumping areas have been established in the waters of “uget Sound

for waste matter or dredged material. In each case the person desiring
to do so must make application to the Corps of Engineers, U. S. Army, and.
secure a permit in accordance with Section 13 of the River and Harbor. Act
of 1899. Except when the material is deposited in shallow water as fills,
it is the Corps of Engineers' policy not to permit dumping in less than
50 feit of water at mean lower low water (U. S. Army Corps of Engineers
1952a R
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From the records of the Seattle City Engineer thes cnly extensive
dumping in the waters surrounding Seattle was from Denny Hill regrade in
1931, in which over four milljon cubic yards of material were dumped in
Elliott Bay (City of Seattle Department of Engineering 1952). As reported
by the City of Seattle Department of Engineering, the permit from the
U. S. Engineers Office reads as follows:

The area into which the material from Denny HEill No. 2 may
be deposited is bounded as follows:

On the north by the prolongation of the south side of Denny
Way; on the south by the prolongation of the north side of
Pier 1k4; on the east by a line tangent to the base of
* Magnolia Bluff from the northeast corner of Pier 8 anl on
. the west described and 2000 feet therefrom., -

(City of .Seattle Department of Engineerlng' 1952). .

anes Lo s

Ballast Dumps - ' * iy s

_ A potential source of confusion in undertaking a detailed analysis
" - of the bottom sediments of Puget qouna may be the occurrence of exotic
. irock: types. Vessels vhich came’ from ports all OVer thegnorld to carry
: , ‘Washington coal and _lumber: dumped th )
_ . arrival in Buget S ‘Sqund . Generall

’thislhappened near the(plers but may

‘be ‘expected at any location. Only dne pier‘was available: in the earifer fu.“:”‘

.. ..~ days in the Port of Seattle. Here,,near Washington Street -and Railroad b
Avenue South, from 30 to 40 thousand tons of San Francisco's Telegraph '
Hill lies buried. Ballast Island was built wvith rocks -from Liverpou S
Hongkong, Valparaiso,rﬂonolulu, Melbourne, M&zatlan, and way points..; :H
Since then this material has been incorporated-with: other fill material

= to form the larger Herbor Island (McDonald 1942). = .. . - -

At Port Madison an old barlast uump is nearJy bare at low water,
iying about 5 yards offshore and about 400 yards in from ‘the eastern
entrance point (U S. Department of Commerce Coast and Geodetic Survey
- 1951

o ‘mm vam AND: HARBOR mnnrmmon PROJECTS = :

Earliest fills ere madc with sawﬂust from the pioneer Yesler' 'S
- sawmill and rock ballast thrown-overboard from vessels. - o

During the period from 1895 to 1931 thne City of Seattle engagedlinh"

regrading the -hills of the business district and along the waterfront.
More than 60 regrade projects were completed in which over 50 million

1k
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cubic yards of earth were dumped into Elliott Bay or used to fill mud
flats and low places in the city.

- In a seventy-year span Seattle Harbor has changed; a new waterfront
was made, hills were regraded, river beds were straightened out and made
navigable, and lakes were Joined (McDonald 1942, McElhoe, Jr. 1950).

: The improvemeént of the rivers and harbors of the United States and
miscellaneous other civil works are under the charge of the Corps of
Engineers, U. S, Army. The following major navigation improvements are,
or have been, undertaken by the Corps of Engineers, Seattle District; and

are in or effect Puget Sound within the boundaries set forth at the begin-w

ning of this -_port'

g e v meeae e

Active -inaetive ’ o -

Everett Harbor Hammersley Inlet

i = " Lake Crockett .
. greE .. Lake Washington bhip
] : .. Canal:
ulympia Harbor
. Port Gamble Harbor

Port Orchard Bay -~ =~ = -
Skagit River" O

‘Stillaguamish River
" Waterway connecting

‘Port Townsend.Bay

“Puget Sound :and its . e

. vith Oak Bay: PN T

g Seattle Harbor UG Sl ant, et
-Swlnomish ‘Slough :i};-~f-“ g

v Ta-,oma Harbor. A h _- o SRR

- S

e ;L"j'f For a. complefe description of*these projects the reader- is-referred

. to’the Annual Report of the Chief of Eng1neers (U. S. Army Corps of

-

~“River Deltas and Flood Control Proaects

~ The prineipal cities® along Puget Sound are all situated at the
mouths of major. rivers. There is, therefore, a constant stress of main-
" taining navigable channels within.each major river mouth, all of which
" contain wharfs and piers. The towns and river names are as follows:
~ Olympia (Deschutes River), Tacoma {Puyallup River), Seattle (Duwamish
. River), Everett (Snohomish River), and at the ..ee,a of Skagit ‘Bay--the’
. Bkagit River. leads to Mount Verhon. The Corps of Engineers are charged
with the maintenance of these facilities. The periodic formation and .

3:‘~self-destruction of the Puyallup River Delta in the Tacona harbor are die~ 3

cussed in the Geology Section.
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The Corps of Engineers are also authorized to participate in the im-
provement of the navigeble waters or their tributaries for flood ccntrol
i - rurposes, if such projects are economically justified and if the lives
‘. and social security of people are otherwise adversely affected.

5 Follovwing is a tasbulation of major flood control projects which are,
or have been, undertaken by the Corps of Engineers, Seattle District,
Washington, and affect the waters of Puget Sound within the boundaries
set forth at the beginning of this report:

g Active Inactive
I' N Mud Mountain Dam, Eagle Gorge Reservoir,
o White River : Green River
!J ‘ P _ " Stillaguamish River. Skagit River i
i

o - ,‘I'a.coma, Puyallup River . Upper Puya.uup River
: . Complete pro<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>