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Honorable Mayor and City Council
City of Seattle, Washington

i
Honorable Board of Commissioners
County of King, Washington

Poliution Control Commission
State of Washington

Gentlemen:

As provided under the ferms of an agreement authorized by Ordinance No. 85375
of the city of Seattle on July 30, 1956 and executed August 29, 1956, we have completed
the necessary engineering studies and are submitting herewith a report on a long-range
program of sewerage and drainage improvements for the metropolitan Seattle area.

For convenience in presentation, the report is divided into six parts. Of these,
Parts I and II are devoted to general, historical and background information; Part T
to existing facilities and problems; Part IV to technical aspects of sewerage and drain-
age planning; Part V to alternative projects, stage construction programs, and financing
procedures; and Part VI io a summary of findings and a list of recommendations.

As set forth in the report, construction of the proposed sewerage improvements
is scheduled to take place in three stages, with the first stage to begin as soon as nec-
essary financing can be arranged. Improvements called for under Stage I are estimated
to cost a total of $83,215,000. This total includes (1) $46, 810,000 for facilities which,
primarily, will serve the city of Seattle; (2) $30,391,000 for facilities which will serve
areas bordering the east and south shores of Lake Washington; and (3) $6, 014, 000 for
small systems along Puget Sound and for temporary treatment works in isolated inland
sections of the metropelitan area,

Because much of the metropolitan area is as yet undeveloped, it is not possible
at present to prepare a comprehensive drainage plan for the entire area. To provide
a basis for the planning of drainage improvements and for determining their approxi-
mate costs, unit costs were developed for each of five categories or types of areas. In
that manner, it was estimated that the ul{imate cost of constructing storm drainage
facilities to serve the metropolitan area outside Seattle will approximate $145 million.

Seattle itself is faced with a continuing program of storm water separation to
prevent overloading of local and trunk collection systems. An analysis of a repre-
sentative number of areas indicated that necessary relief of combined sewers could be



Honorable Mayor and City Council ' Page 2

achieved generally by partial separation. At an average estimated cost of $1, 860 per
acre, the total cost of partial separation will approximate $69 million. This cost, as
well as all others given in the report, is based on present prices and makes no allow-
ance for possible future increases.

A preliminary review of the financing problem indicates that the proposed sew-
erage improvements can be financed by means of revenue bonds, supported solely by
sewer service charges. The extent to which present service charges will have to be
increased for such a purpose will depend upon financial and related conditions prevail-
ing within the various participating agencies and on market conditions at the time the
bonds are issued. For household connections, the resulting increase in present service
charges may vary from a modest amount to as much as $2.50 per month.

Finally, we are firmly convinced that the provision of service on a metropolitan
and watershed basis represents the only practicable and certainly the most economical
solution to the sewerage and drainage problems of metropolitan Seattle. We are equally
convinced that such a program will require the formation of a central agency vested
with authority to construct and to operate and maintain all of the proposed facilities.

Regpectfully submitted,
BROWN AND CALDWELL
K. W. Brown

D. H. Caldwell

KWER/wh H. E. Miller
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Chapter 1
INTRODUCTION

Through the medium of newspaper and radic pub-
licity and frequently by direct experience, residents
of Seattle and its surrounding communities have be-
come acutely aware of the fact that the metropolitan
area is currently faced with serious problems of sew-
erage and drainage. In addition to the significance
of these problems from the standpoint of public health,
it is now recognized that they involve such matters
as individual safety and comfort, recreational activity,
industirial productivity, and the value of land and prop-
erty. If not resolved, sewerage and drainage defi-
ciencies will become increasingly serious and will
emerge sooner or later as a major obsiacle to con-
tinued growth and development of the entire metro-
politan community.

Sewerage and drainage problems are a matter of
concern hot only to the metropolitan area itself but to
the state of Washington and the counties of King, Sno-
homish and Kitsap. The state is concerned because
of its responsibility for the control of water poliution,
and because metropolitan Seattle is its most populous,
most productive and, economically, its most valuable
area. King and Snohomish counties are concerned
because they are direct contributors of sewage and
drainage and because they are affected directly by any
adverse conditions stemming from sewage and indus-
trial wastes disposal operations in the metropolitan
area, Kitsap county may be said to be a sideline ob-
server, the interests of which will be affected detri-
mentally by any failure to resolve present problems.
But the position of Seattle is unigue, Aside from bheing
the major producer of sewage and drainage, it lies
across the major drainage outlets of the metropolitan
watershed into Puget Sound and thus is subject to the
terminal or cumulative eifects of upstream conditions.

IMPORTANCE OF ENYIRONMENTAL WATER

The metropolitan Seattle area enjoys an abundance
of diversified water resources unsurpassed anywhere,
Large quantities of high quality fresh water in nearby
mouniain streams insure a plentiful and excellent
supply for public use, Numerous iresh water lakes
provide outstanding recreational opportunities and
fisheries resources. Puget Sound, in addition to heing
an important recreational and fisheries resource,
provides a protected navigational outlet to the sea and
contains in its bays and estuaries excellent facilities
for docking and shipping operations.

Shore lines adjacent to streams and lakes of the
area and to Puget Sound provide excellent sites for
homes and parks, for recreational pursuits, and for
industrial and commercial developments, From the
viewpoints, therefore, of the private citizen, of the
business and industrial developer, and of the tourist,
these waters represent a comiunity asset of inesti-
mable value. As a conseguence, it is imperative that
they be protecied against degradation resulting from
pollution and contamination brought about by dis-
charges of industrial wastes and untreated sewage.

NEED FOR SEWERAGE AND DRAINAGE SURVEY

Among the many factors contributing to the sewer-
age and drainage problems of the metropolitan Seattle
area, both present and future, the most significant
are:

Growth of Population

Growth of population in the city of Seattle, and par-
ticularly in the surrounding communities is taking
place at a rafe such thai the number of people residing
within the metropolitan ares can be expected to reach
one and one-quarter million by 1980 and to be over
two million in approximately 70 years. At the laiter
time the metropeolitan sewerage service area is ex-
pected to exceed 300 sguare miles.

The present trend toward suburban living has ex-
tended the problem across political boundaries. As
a result, the responsibility for providing sewerage
service now rests with 41 separate jurisdictions, in-
cluding 19 cities and 22 sewerage districts,

Raw Sewoge Discharges

Although there are 25 sewage treatment plants in
the metropolitan area, raw sewage is discharged
through some 60 outfalls scatiered along the shore
lines of Duwamish River, Elliott Bay, and Puget
Sound. Sewage from approximately 425,000 persons,
or about 53 per cent of the total population presently
residing in the metropolitan area, is discharged with-
out treatment into these waters. As might well be
expected, hacteriological analyses of the shore waters
indicate that all beaches within the area are subject
to dangerous contamination. It can be expected also
that continued evidences of raw sewage digcharges
will have an adverse effect on the use of Puget Sound
for boating, fishing and other recreational activities.



Raw Sewage Overflows

Due to summer rain storms, overflows of raw sew-
age into Lake Washington and Green Lake frequently
occur during the recreational season, Studies indi-
cate that, under average rainfall conditions, overflows
occur more than 40 times per summer at each of about
30 points of discharge. Following these storms, vir-
tually the entire west side of Lake Washington and all
of Green Lake are rendered unfit for swimming,

In addition to the lake discharges, 30 other poinis
of emergency overflow are scattered along the shores
of Duwamish River, Elliott Bay, L.ake Union, the Ship
Canal, and Puget Sound. These overflows also dis-
charge raw sewage following summer storms,

[

Lake Washington Pollution

Treaied sewage from an estimated 80,000 persons
now enters Lake Washington through direct discharges
from ten community sewage treatment plants, and
through indirect discharges from at least 4, 000 private
septic tanks, Biological and chemical conditions indi-
cate that the lake is in the first stage of degradation
due to nutrient enrichment, resuliing in part from the
discharge of sewage effluents and overilows, If this
situation is not remedied, the inestimable value of Lake
Washington as a recreational and scenic asset is likely
to be greatly reduced, or perhaps even lost completely.

Duwamish River Pollution

Because of the discharge of raw and partially treated
sewage and industrial waste, the Duwamish River is
approaching the limit of its capacity to receive putres-
cible material. Tests indicaie that the dissolved oxygen
content of the river water is reduced at times to the
minimum leve!l considered satisfactory for aquatic life,

Suburban Sewerage Problems

About one-third of the total population residing in
the metropolitan area is without public sewer service.
To keep pace, therefore, with residential deveiopment,
8, 000 private septic tanks are being constructed each
year at a cost of approximately $2 million. Many of
these installations are doomed to failure. Further-
more, gradual seepage [rom septic tanks is aggravat-
ing, and will continue to aggravate the already serious
condition of nutrient enrichment of Lake Washington.
It can be expecied also to provoke a similar situation
in other lakes within the metropolitan area.

Soil conditions in much of the suburban area arve
completely unsuitable for septic tank digposal. In
situations of this kind, home building is prohibited
until public sewers become available.

Combined Sewer Problems

Most of the older areas of Seattle are served by
combined sewers which carry both sanitary sewage
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and storm runoff. Because of inadequate provision
for storm flow capacity, these sewers become over-
loaded during periods of intense rainfall, Even at
times of relatively light rainfall, many of them cause
bhasement flocdings and discharge sewage into streets
through storm water inlets, It is not surprising,.
therefore, that every heavy rain results in numerous
claims for storm water damage,

Metropolitan Aspects of Sewerage and Drainage

Sewerage and drainage problems of the metropolitan
area are not restricted to individual cities and com-
munities. Watershed boundaries, which define storm
drainage areas and also limit sewerage service areas,
are not confined to city, district and county lines, In
other words, sewerage and drainage problems of the
metropolitan communities are arvea-wide in scope and
solutions must be formulated accordingly. This in
turn implies that the construction and operation of
trunk and interceptor sewers, major pumping stations,
and treatment plants should be delegated to a single
area-wide authority.

OBJECTIVES AMD SCOPE OF SURVEY

Based on the problems outlined above, it is evident
that there is an urgent need for the development of a.
comprehensive, long-range plan under which provision
would be made for the systematic, orderly, economic,
and properly integrated construction of necessary
sewerage and drainage improvements., Such a plan,
of course, calls first for a detailed engineering survey,
taking into account all facts pertinent to the sewerage
and drainage needs of the entire metropolitan area.

A survey to determine metropolitan needs should be
concerned only with trunk and intercepting sewers,
major storm sewers, main pumping stations, and
treatment and disposal works. It should not, on the
other hand, be concerned with local sewers, storm
drains, and pumping stations which are not related
directly to the development of a long-range metro-
politan program. In general, the provision of local
sewerage and drainage should be an independent func-
tion delegated fo and retained in each political entity
contained within the metropolitan area, '

Objectives of Survey

An engineering survey should culminate in a detailed
report setting forth in general, nontechnical language
complete information concerning every phase of the
required investigation. Such a report would serve
throughout the period required for design of the recom-
mended facilities and would be invaluable thereafter
as a continuing reference.

Stated briefly, the principal objectives of the survey
here reported are:

£3 s
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1. The development of a long-range sewerage plan
for the metropolitan Seattle area, including such irunk
and intercepting sewers, pumping stations, sewage
treatment works, and outfail sewers or other methods
of final disposal, as will be required to assure orderly
and economic provision of needed services,

2. The development, insofar as permitted by exist-
ing conditions, of a basis of planning major storm
drainage facilities throughout the metropolitan Seatile
area, including such trunk drain lines, culveris, and
combined sewer separation as will be required to
provide for future development in each drainage basin.

3. The integration into the long~range sewerage
and drainage plans, to the fullest possiﬁ;e extent, of
all existing facilities found to be serviceable.

4, The protection of the shores and shore waters
of Puget Sound and of Lake Washington and other in-
land waters, both surface and underground, from
pollution, contamination and nuisance caused by dis-
charges either of raw sewage, sewage plant eifluentis,
or industrial wastes,

Scope of Survey

To attain the objectives outlined above, the work of
the survey, as stipulated in the agreement cited later,
included but was not limited to the following phases:

1. A review of existing reports and data, including
previous reports on sewerage and drainage problems,
planning reports, topographic surveys and maps, land
use studies, climatological reports and data, and
studies of lakes and estuaries having special reference
to sewage disposal,

2. A study of drainage areas tributary to Lake
Washington to determine the pature and degree of their

-development, both present and future. This phase

also included areas tributary to Lake Sammamish,
areas draining directly to Puget Sound, and other areas
having natural drainage in the direction of metropolitan
Seattle,

3. A study and analysis of popilation data and an
estimate of population distribution and density, both
present and future,

4. A study of the geographical characteristics of
the metropolitan area as they relale to sewerage and
drainage planning, including topography, geology,
climate, natural resources, and economic and social
development, '

5. A study of existing sewage collection, treatment
and disposal systems and the preparation of maps
and diagrams showing the locations and functional
details of all such systems. This phase was under-
taken primarily for the purpose of determining the
extent to which existing facilitfies could be incorpor-
ated, either at present or in the future, in a long-
range program of sewerage improvements.

6. An analysis of the quantity and composition of

sewages and industrial wastes now being collected in
the area and a determination of the probable charac-
teristics of those likely to be collected in the future.

7. A determination of present and future loadings
on sewers, storm drains and {reatment works, based
on analyses of sewages and industrial works in the
area and on experience and data secured elsewhere.’

8. A study of the rates of storm water inflow and
ground water infiltration into separate sanitary sew-
ers, especially in the Lake City area, with the pur-
pose of establishing realistic ¢riteria applicable to
the design of trunk sewers, interceptors, and treat-
ment works.

9. A study of the effect of existing sewage disposal
practices on the waters of Puget Sound, Duwamish
River, and Lake Washington and on other waters in
the metropolitan area,

10. A study of future disposal requirements to pro-
tect public health, to maintain receiving water quality
consistent with its beneficial uses, and to prevent
nuisance in the vicinity of disposal areas,

11, The development of design criteria and prelimi-
nary costs data for the design of sewerage and drain-
age facilities.

12. An investigation of problems concerned with the
use of sewers carrying combined flows of storm water
and sanitary sewage and, insofar as permifted by
existing conditions, the development of a realistic,
workable plan for storm water separation.

13. The development of all reasonable alternative
sewerage and drainage projects and an analysis thereof
as to physical and economic feasibility. This phase
dealt with such factors as location, area served, popu-
lation served, and sewage flow, and the location of
trunk sewers, storm drains, interceptors, pumping
stations and treatment plants.

14, An estimation of costs, both construction and
annual, for sewerage and drainage facilities and a
comparison of alternative projects.

15. The presentation of recommendations as to the
most suitable long-range programs for both sewerage
and drainage of the metropolitan area, together with
preliminary plans and descriptions giving essential
features of the proposed projects,

16. The development of a2 program of stage or in-
cremental construction of both sewerage and drainage
improvements, ’

17. A discussion of the various methods of financing
construction and operation of the recommended sew-
erage and drainage improvements,

AUTHORIZATION OF SURVEY AND REPORT

On August 29, 1956, the engineering firm of Brown

. and Caldwell was engaged by the city of Seattle to

undertake, in accordance with the foregoing objec-



tives, a comprehensive survey of sewage and drain-
age in the metropolitan area. The agreement then
negotiated provides for financial participation by both
the state of Washington, acting through the Pollution
Control Commission, and the county of King. H calls
also for completion of the project and submisgion of 2
report by March 1, 1958, Separate agreements re-
lating to joint participation were subsequently negoti-
ated between Brown and Caldwell and the state and
county. Under all three agreements, payment for
the work is on a thme and expense basis, with the total
fee limited to $130,000, Of this total, $90,000 is
being contributed by the city, $30,000 by the county,
and $10, 000 by the state,

In the agreement with the city, it is stipulated that
Brown and Caldwell shall prepare and submit 1,000
copies of a written report. This report is to present
all information and data developed during the survey,
together with descriptions of and estimates ol costs
for the recommended improvements.

FIELD AND LABORATORY WORK

Field and laboratory work was concerned primarily
with the following activities:

1. A determination of the quantities of sewage and
industrial waste from all parts of the metropolitan
area. This phase of the work was marked by the use,
for the first time, of a radicactive isotope technigue
which greatly simplified the difficult problem of flow
measurement in large sewers. Continuous flow rec-
ords at selected locations on trunk sewers in the city
of Seattle were observed with the aid of pneumatic
recording equipment developed specifically for the
survey. Further details of these methods are given
in Chapter 7.

2. A determination of the composition of sewages
and industrial wastes from selected locations in Seattle
and from outlying communities in the metropolitan
area, Samples were collected at each location with
the aid of one of two types of automatic sampling
equipment. For small sewers and treatment plants,
a rotating scoop-type sampler was employed which
picked up a representative portion of the flow at ten
minute intervals. For deep sewers, a new type of
sampler was developed specifically for use during the
survey. Detailed descriptions of both types are given
in Chapter 7.

Samples collected over 24 hour periods were ana-
Iyzed by survey personnel in the sanitary engineering
laboratories of the University of Washington. Seattle
engineering department personnel assgisted in setiing
up the equipment for flow measurements and sampling.

3. A study oi the waters of Puget Sound to deter-
mine current velocity and direction at selected pointis
along the shore, and to determine the effects of ex-
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isting sewage disposal practices, particularly in the

*vicinity of the point of discharge of the North Trunk
sewer in Shilshole Bay. TFor this phase of work, use
was made of a boat and crew furnished through the
courtesy of the 0.8, Coast Guard. Chapter 11 des-
crihes the results of the Puget Sound studies,

4. A study of the water of Lake Waghington and of
other lakes and streams in the area to determine the
‘biclogical and chemical conditions of nutrient enrich-
ment, and to determine the degree of pollution due to
discharge of sewage effluents and raw sewage over-
flows. This study was carried out in conjunction with
similar work being done by the University of Wash-
ington, Department of Zoology, under a grant from
the U.S8, Public Health Service. Samples were col-
lected by survey personnel and university students
and were analyzed in the sanitary engineering labor-
atories of the university. Although a great deal more
still needs to be known about Lake Washington, suf-
ficient information is now available to permit conclu-
sions with respect to the effects of sewage elfluent
discharges and overflows.

5. A survey of the existing sewerage system within
the metropolitan area, including trunk sewers, major
pumping plants, treatment works and outfalls, or other
means of final disposal. Results of this work are
summarized in Chapter 6.

6. A field inspection of the routes of trunk sewers
and of the locations of pumping stations, treatment
plants and special structures., Reconnaissance sur-
veys were made from the ground, by water, and from
the air of all such routes and locations. In addition,
foundation borings were made at the site proposed for
the West Point treatment plant, Aerial reconnaissance
and photography were performed through the cooper-
ation of the U, S. Nawvy.

7. The collection, through numerous field trips,
of information on development of the metropolitan
area. This information served to establish the pattern
and nature of urban growth, and fo determine the logi-
cal extent of the future area to be served by the metro-
politan facilities.

OFFICE WORK

Office work was concerned with the following princi-
pal activities:

1. A careful review of all reports, basic data and
general information furnished by the staff of the Seattle

. engineering department, by other cities and districts,
by consulting engineers, and by other agencies and
individuals,

2. An investigation of the entire subject of present
and future population development as to rates, disiri-
bution, and total numbers.

3. An estimation of sewage flows and {reatment

B ¥ -
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plant loadings based on field quantitative measure-
ments and on laboratory analyses of representative
samples.

4, A determination of all necessary present and
future trunk sewers with respect to the areas to he
gerved, and their routes, capacities and sizes,

5. An investigation of sewage pumping in terms of
pumping necessity, location, capacity and economy,

6. An estimation and review of all design factors,

7. The preparation of preliminary layouts for ad-
ditional main sewers, treatment works and principal
appurtenances.

8. The development and assembly of unit costs,
and the preparation of necessary construction and
total annual costs.

9. The preparation of the final report.

INFORMATION AND DATA AVAILABLE TO SURVEY

Existing reports, maps, plans, specifications, and
statistical information relating to the various cities
and districts in the area were furnished by city and
district officials. Personnel of the Seattle Depart-
inent of Engineering and engineering personnel of
other cities and districts assisted in every way pos-
sible. Nevertheless, a great deal of time had to be
spent by the survey staff in obtaining from the city
engineering files necesgsary information concerning
the existing Seattle sewerage system,

Other public agencies within the metropolitan area
have generously made available reports, maps, files
and other data, Particularly helpful material was
furnished by the Seattle Planning Department, King
County Planning Department, Snohomish County Plan-
ning Department, Seattle-King County Health Depart-
ment, State Pollution Control Commission, and State
Department 0f Health, All consulting engineering
firms in the area concerned with sewerage graciously
cooperated by releasing information and plans from
their files and by furnishing facts based on their knowl -
edge of local conditions, Soils engineering firms and
many industrial firms cooperated by releasing the
resulis of soil and foundation investigations which
had been performed by and for them in the past.

Information was obtained from a number of federal
agencies, particularly the U.S., Geological Survey,

U. 8, Coast and Geodetic Survey, U.S, Weather Bureay,
U.S. Census Bureau, U.S, Engineer Corps, U,S8.
Navy, and the U.S, Public Health S8ervice. Valuable
data were obtained also from the Department of Ocea-
nography, the Bureau of Governmental Research and
Services, the Department of Civil Engineering, and
the Depariment of Zoology, all of the University of
washington. Other state agencies furnishing infor-
mation included the Department of Fisheries, Depart-
ment of Game, Department of Employment Security,
Highway Department, Census Board, and the Office
of the Secretary of Siate.

PROGRESS REPORTS

Verbal reports on the progress of the survey were
made from time to time to the sponsoring agencies
as well as to quasi-official, technical and lay groups.
Two reports were presented to the Mayor and City
Council of Seattle during 1957, the first in April
and the second in October. Additionally, two re-
ports were made to the Mayor and members of the
Streets and Sewers Committee, the firat in Novem-
ber 1956 and the second in February 1957. A pro-
gress report was given also to the State Pollution
Control Commission in May 1957, In the same month,
a detailed description of the progress being made was
presented to the members of the Metropolitan Prob-
lems Committee meeting jointly with officials of com-
munities and agencies throughout the metropolitan
area,
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Chapter 2
HISTORY OF SEWERAGE PROBLEM

White settlers began arriving in the area that is now
Seattle only a little over 100 years ago. Requiring
little in the way of public services, they took water
from the nearest convenient sources and disposed of
gewage by primitive means,

As the settlement grew, water sources hecame con-
taminated and nuisances developed, By 1865, the
population had reached 300 and the need for public
control had become so imperative that the territorial
legislature incorporated the little community.

A board of public works, created by Ordinance
Number 4 of the new municipal council, undertook
congtruction of the first public sewers in the area,
Lacking any semblance of a "system', these early
sewers consisted of wood troughs or boxes, which
discharged individually at the most convenient point,
usually into Elliott Bay and Lake Union. It was not
until 1875, by which time the population had increased
to about 1,500, that planning and construction of sew-
ers were commenced on an organized basis., Bonds
for financing construction were passed the following
year but, because the validity of bonds voted under a
territorial franchise was questioned, nothing was ac-
complished until enabling legislation was enacted by
the United States Congress in 1882,

The first sewer of more or less permanent charac-
ter was consiructed in 1883, Made of 'iron stone',
a mixture of clay and iron slag, this sewer was laid in
Madison Street from Fifth Avenue to Elliott Bay. Vit~
rified clay pipes, 12 inches in diameter, were first laid
in 1885 when the population of Seattle had grown to over
5,000, By that time, local nuisances had become wide-
spread and pollution of near-shore waters, especially
in Lake Union, had become a serious comimunity prob-
lem. Finally, the situation became so serious that the
city council obtained the services of Colonel George
E. Waring, Jr,, a sanitary engineer of national re-
pute, to design a comprehensive system of sewers.

The Waring Report

Submitted to the city council in March 1889, Colonel
Waring's report presented a plan for a comprehensive
system of separate sewers desgigned to carry domestic
sewage only, with no provision for flow resulting from
rainfall., On this subject the report stated:

"The system of sewerage adopted is arranged for the
removal of foul wastes only, That is to say, it is to
receive no rain water from any source whatever.
I was found on estimating the sizes needed for carry-

ing roof water that this would add materially to the

cost of the work, '

"You are so well situated for the removal of surface
water that it is not worth while to spend public money
for increasing the facilities unless possibly here-

. after with reference to certain localities where storm
water may accumulate to an inconvenient or danger-
ous degree."

An important feature of the sewerage problem, as
established by the Waring report, was the need for
the construction of a tunnel, later known as the Lake
Union tunnel, o prevent the discharge of sewage into
Liake Union.

Shortly after receipt of the Waring report, interest
in public affairs was disiracted from normal channels
by the great fire of 1889, which destroyed a large
part of the cily. Preoccupied then with reconstruction
of the city, public attention was diverted temporarily
from further consideration of the sewerage problem.
In the end, the Waring report was rejected, apparently
because the proposed sewers were believed to be of
insufficient capacity.

Renewing its effort to find a solution to the growing
problem, the city council, on November 18, 1889,
retained by Benezette Williams, a consulting engineer
from Chicago, to prepare plans for a comprehensive
sewer system, At the time, Williamg was working
also on plans for a water supply system for Seattle.

In 1890, while Williams was preparing his report,
Washington was admitted to the Union and the new
State Legislature granted a municipal charter to the
city of Seattle, This charter was adopted at an elec-
tion held on October 1, 1890.

That the sewerage problem must have been one of
the first concerns of the newly chartered city is evi-
denced by the following statement contained in the
1890 annual report of the Honorable Harry White,
Mayor of Seattle, to the City Council:

"Your attention is called to the question of providing
additional sewerage facilities especially in the vicin-
ity of Lake Union. I would recommend that a com-
mittee be appointed by the Council. . .and that said
commiitee. . .report. . . whether the sewerage from
that portion of the city can be disposed of without
using Lake Union for the purpose.™

The Williams Report

The Williams report was received in August 1891,
In contrast to the Waring proposals, Williams recom-
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SEATTLE in 1878, about the time the city's first sewerage system was being planned. Street intersection in foreground is 2nd
and Pike Streets.  The large building at upper left was the University of Washington located on the present site of the Olympic
Hotel. : .

mended a system of sewers to carry both sanitary
sewage and storm runoff, thus necessitating pipes and
conduits of much larger capacity. Domestic sewage
and low storm runoff were to be diverted from the
Take Union, Green Lake, and part of the Lake Wash—
ington drainage baginsg by means of three major sys-
tems, each discharging into salt water. During storms,
surface runoff mixed with sewage would be discharged
to adjacent waterways through a number of overflow
and bypass structures located along the principal trunk
and intercepting sewer lines,

While the Waring and Williamg philosophies were in
direct conflict from the standpoint of separate versus
combined sewers, it is interesting to note that their
proposals were in agreement in one significant respect.
Both urged construction of the Union Lake funnel,

Combined Versus Separate Sewers

The decision 1o use combined instead of separate
sewers in Seattle has had, and will continue to have,
an important bearing on Seattle's sewerage problems
and the pollution of its surrounding waters. I is de-
sirable, therefore, to review the reasons for the
Williams recommendations. These reasons are of
particular interest because more recent advisers have
recommended separation of the sewer sysiem, at leagt
insofar as existing conditions will permit.

Williams pointed out that surface soils are con—
stantly soaked to saturation during a consgiderable
part of the six rainy months. This condition, together
with steep surface slopes, resuits in rapid runoff and

high concentration of storm water in gutters and at

street intersections, In his report, Williams stated;

""In short, the accumulated experience of all populous
cities and towns leaves no chance for being mistaken
in the assertion that the underground removal of
storm water is 2 necessily in a modern city. Any
attempt to dispense with it is a retrograde move-
ment, and one not to be tolerated at the present day.

"If sewage and siorm water are not removed together
by means of a combined system of sewers, under-
ground conduits will have to be provided for rain
water, as well as sewers to be used exclusively for
organic waste, thus substituting a double system
for a single one, and materially increasing the cost,

"*Much has been said in advocacy of complete separ-
ation of sewage and storm water. . .but nevertheless
the stubborn fact remains that in all cities of large
size, it is considered necessary to remove storm
water by underground conduits, and in nearly ail
such cases it has been [ound most convenient, and
the cheapest to do it by means of a combined system
of sewers.

“i'The sanitary plea that is often urged in hehalf of
the separate systeni. .. cannot properly be held suf-
ficient to outweigh the many advantages afforded by
the combined system,

"...If a system of sewers is built s0 small as to be
adapted merely to the removal of house sewage, it
will be overcharged in a few years, through storm
water connections, made perhaps without the knowl-
edge of the city departments.”



Treatment of sewage for the prevention of water pol-
lution was not practiced in 1890, and little or nothing
was known about it at that time. Probably neither
Waring nor Williams fully realized that treatment
ultimately would be required. Certainly Williams
did not mention the additional cogt which would he
entailed should it become necessary to intercept and
pump sewage combined with storm runcff, and convey
the combined flow to treatment sites at some distance
from the various outfalls,

Williams was aware of the nuisances which were
bound to result-from the discharge of sewage into
near-shore waters. His report, inthe remarks quoted
below, recognized thai construction of a comprehen-
sive sewer system would probably result in wide-
spread pollution, .

"Of the 28 square miles within the city limits, about
10 square miles drain naturally to the salt water
Sound, and 18 square miles to the fresh water lakes,
Washington, Union and Green. Of the fresh water
drainage area, approximately 8 square miles drain
to Lake Union and 10 sqguare miles to Lake Wash-
ington directly and indirectly.

"It is thus seen that following the natural topography
the sewage from about 64 per cent of the city's pop-
ulation would go into fresh hodies of water where it
would stagnate, and as it grew in magnitude would
become offensive in every way. To prevent this as
far as possible, should be one of the main purposes
in outlining a sewerage plan.

"As the sewage of the city increases it will hecome
more and more of a problem to dispose of it along
the waterfront without creating a nuisance, and the
fewer the points of outfall the more readily can some
system be adopted to throw the sewage far out in the
Sound should it become necessary.

... When the quality of sewage shall have hecome
large, this siranding (on the beach) of the sewage
may become ohjectionable, It is also a question
whether the Bay itself for a considerable way from
shore, will not become offensive in the course of
years., This, however, cannot be told with any de-
gree of assurance without a full knowledge of the
currents ccecasioned by the ebh or flow of the tides.

Time has proven that William's fears over the
possible consequence of discharging sewage along
ihe shorelines were well founded. How best to
resolve this probiem, in view of the large shows
which are experienced during every storm, has
perplexed city officials and engineers for nearly
fifty years.

Nevertheless, under conditions of sanitary engi-
neering practice in 1890, Williamis arguments were
convincing and his recommendations were approved.
Seattle, therefore, started to construct combined
sewers,
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Early Trunk and Intercepting Sewers

Construction of the existing Seattle sewerage system
may be said fo have commenced coincident with the
preparation of the reporis by Waring and Williams,
By the end of 1891, about 14, 2 miles of sewers had
been constructed, ranging from 8 inches to 20 inches
in diameter, The rapidity of the subsequent growth
of the sewer system is indicated by the following tab-
ulation of the miles of sewers which had been con-
structed up to the years indicated:

1881 14.9 miles
1900 60,45 miles
1908 212, 32 miles
1524 628,63 miles
1930 802,10 miles
1940 863.15 miles
1950 988,09 miles
1956 1059,59 miles

Full responsibility for the consiruction of sewers
was placed in the hands of R, H, Thompson who, ex-
cept for a brief period in 1894, served as city engineer
from 1892 to0 1911, Following in general the plans laid
out in the Williams report, Thompson directed the
design and construction of major sewers and sewer
funnels which to this day comprise the ""backbone'' of
most of the system. These projects included the Lake
Union tunnel system, most of the North Trunk sewer,
and the Beacon Hill tunnel system and marked the first
important steps in the protection of the fresh water
bodies of the area, But beneficial as they were in
diverting dry weather flow from Lake Union, Green
Lake and parts of the Lake Washington drainage basin
to tidai waters, they aggravated conditions along the
Elliott Bay waterfront and created a new problem in
Puget Sound proper.

Concern regarding the discharge of sewage from
numerous small systems along the Elliott Bay water-
front was expressed in the city engineer's report of
1901 which stated:

"More than six years ago sewage from a large portion
of Renton Hill was carried down Twelfth Avenue fo
Lane Street, where it is turned to the west and is
discharged at the foot of Lane Street into the walers
of Elliott Bay...The sewage cast upon the flats at
the foot of Lane Street becomes extremely offensive,
and will soon be the occasion of public uprising un-~
less some steps are taken to abate the nuisance."
Although corrective steps have been taken from time

to time, discharges of raw sewage into near-shore

salt waters have increased steadily and today con-
stitute principal problems. Armong the most serious
are the discharges from the major systems construc-
ted in the early 1900's, namely, the North Trunk
sewer to the sound in the vicinity of West Point, the
Lake Union tunnel system to Elliott Bay near Denny
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Way, and the Rainier Valley system to the Duwamish
River at Harbor Island.

While these early and important developments were
taking place in Seattle, evenis of historical significance
were occurring elsewhere in the area. In Ballard,
which was not a part of Seattle until 1907, four large
trunk sewers with outfalls into Salmon Bay were con-
structed during 1903 and 1504, Although these sewers
still serve the Ballard district, an interceptor was.
constructed. in 1937 and the dry weather flow is now

conveyed to the North Trunk sewer through a siphon . ' ., bin
“of combhined sewers will aggravate the disposal prob-.

laid along the bottom of Salmon Bay,

In 1910, construction of sewers commenced in the
cities of Auburn and Renton, Discharging, respec- -

tively, into the Green and Cedar rivers, these were
the first of many systems to follow which would dis-
charge to the fresh waters of the area at numerous
and scattered points, Meanwhile, the principal de-
velopmients continued to center in Seattle where the
sewerage system was heing expanded rapidly through-
out the city. Much of this expansion consisted of small
systems with independent discharges.

In 1920, a major intercepting sewer was constructed
along Henderson Street from Forty-Second Avenue
South to its point of discharge intc Lake Washington.

This line served the lower Rainier Avenue and Empire

Way areas and, upon its completion, provided the
developed sections of Seattle a moderately adequate
networ_k of sewers,

Overloaded Sewers

Because of the rapid growth of the city, and the
attendant extension of tributary areas served hy the
various combined sewer systems, many trunk sewers
soon became overloaded, As a consequence, numer-
ous problems were subseguently encountered and many
opinions, expert and otherwise, were frequently ex-
" pressed. Here, briefly, are some typical examples:

1. A flow measurement at an overflow manhole
on Roanoke Street on January 5, 1914 showed a depth
of flow of over two feet, indicating that the entire
length of the main sewer was overloaded from the
Lake Union tunnel to Roanoke Street.

2. In a report to the city engineer made in 1921,
it was stated that, on September 8, 19186, the Lake
Union tunnel backed up and that water flowed from
the manholes in Roy Street,

3. A report in 1927, prepared in the office of W. D.
Barkhuff, city engineer, listed a large number of in-
adequate sewers in the city and called for "immediate
relief either by sewers paralleling the existing sewers
or by the construction of a single sewer of the proper
dimensions. " .

4, In a letier dated September 27, 1927, A. H.
Dimock, who had previously served as city engineer.
for 12 years, commented upon a recommendation re~

garding relief of overloaded sewers: "A more real-
istic approach now will be to start providing separate
storm sewers, "

5, In18928, W, D, Barkhuﬂ, city engineer, recom-
mended ''the construction of a separate system of
storm water sewers fo give the necessary relilef for
present and future development, '

6. Dr, Abel Wolman, in his report to the City
Councﬂ in 1948 recommended "The policy should be
promptly adopted. .., , prohibiting any further extension
. .of combined sewers. The continting installation

lems. . ..when excessive amounts of storm water,
sullied by domestic sewage in combined sewers, will
create major fiscal problems, "

Numerous other engineers, employed by the city
and in private practice, have expressed themselves
as favoring either complete or partial separation of
the Seattle sewer system,

The Lake Washington Interceptor System

Although the North Trunk and Bayview tunnel sys-
tems were designed to divert the dry weather flow
from parts of the Lake Washington drainage basin,
they did not, initially, serve areas lying along the east- -
erly stope of the ridge in Seattle which extends along
practically the entire Lake Washington shoreline.
Counsequently, a number of small systems was con-
structed in those areas, each discharging raw sewage
into the lake. Several large trunks, all with lake dis-
charges, were also constructed. Others were added
from time to time until fhere were 30 raw sewage
outfalls to the lake by 1922.

To correct these undesirable conditions, a plan was
devised during the term of J. D, Blackwell as city
engineer which called for construction of five pumping
plants and a system of intercepting sewers which
would divert some of the flow from the Lake Wash~
ington basin to salt water., This plan also included a
new junnel under Hanford Street to relieve flooding and
backups, which were occourring frequently in Rainier
Valley because the capacity of the Bayview tunnel was
no longer sufficient to serve the tributary area. Since,
however, the estimated cost of $4,200, 000 was con-
sidered to be too high, an alternative plan was devel-
oped by the city engineer. The latter contemplated
the construction of 16 sewage treatment planis along
the lake front which, with their connecting sewers,
were estimated to cost about $2,500, 000.

In reviewing hoth plans, the State Department of
Health wrote to the city of Seatile in August 1922,
stating among other things:

"Accordingly, if it is contemplated to construct a
combined storm and septic sewer system, the treat-
ment works should he adequate to take care of all

. the effluent of the sewer, including both septic and
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storm sewage; bul if it is preferred to build two
separate systems, one for the storm water and one
for the septic sewage, the storm water will not have
to be treated.

"This Department cannot permit any increase in the
pollution of Lake washington which affords the only
possible water supply for certain settlements on its
shore, ., ." '

Despite what appears {o have been a valid stand on

the part of the Department of Health, permission was

granted subsequently for the construction of plants
to treat combined sewage. Three such plants, com-

prising Imhoff tanks only, were constructed in 1924,

one each at Perry Street, Alaska Street, and Massa-

chusetts Avenue,

A resolution of the King County Board of Health,
dated October 20, 1925, stated that from and after
November 1, 1925 any sewage discharged into Lake
Washington must be so purified that it will not contain
the germs of human diseases, and will conform with
the United States Public Health Service bacteriological
standard for drinking water. Meanwhile, however,
the State Depariment of Health had, in effect, with-
drawn from its earlier stand by approving plans for
sewage treatment plants which were incapable of meet~
ing the demanded standard,

By Resolution Number 2005 of October 1925, the
King County Board of Commissioners condemned the
use of Lake Washington for the disposal of sewage.
This resolution also required that any effluent dis-
charged info the lake should meet the standards of
the United States Public Health Service for drinking
water.

In 1925, strong complaints about nuisances arising
from the plants already constructed were expressed
by residents of nearby areas. Finally, conditions
became so offernsive that suit was hrought to enjoin
their operation., With public sentiment turned against
these plants, a bond issue of $2,125,000 was voted
on March 6, 1926 for the construction of intercepting
sewers and pumping stations to divert sewage from
the lake, apparently along the lines first recommended
by Blackwell. :

While the above controversy was in progress, the
city council employed A, H, Dimock to develop a plan
for abating pollution of Lake Washington. A state-
ment contained in his report of May 17, 1926 bears
repeating in the light of subsequent developments:
"The population of Seatile will soon overflow its pres-

ent boundaries both north and south. I will jump
across the lake and its eastern shores will become
urban property. And, coincident with the growth of
Seatile, there will be a corresponding growth in
population and industries throughout the entire habi-
table watershed. The area to the north and north-
east, together with other tracis will become sub-

urban property. This area will comfortahly house,
without crowding, some 2 or 3 millions of people.
This will be a long time ahead, but il is manifest
that an increasing population will deliver a constantly
increasing amount of contamination to the lake,

"It is my opinion, therefore, that sewage even after
treatment should not be disposed of in the waters
of Lake Washington within the limits of the city of
Seattle, but should be removed completely,.."

Estimated to cost $3, 000, 000, the plan recom-
mended by Dimock called for an intercepting sewer
system along the shoreline of Lake Washington from
twelve pumping stations, and for a tunnel through

Beacon Hill under Hanford Street to replace the Bay-

view tunnel. Interceptors were to be constructed in

three separate sections: (1) a northerly section with
pumping stations to lift sewage into the North Trunk
system; (2) a central section with pumps to lift the
flow into the Hanford Tunnel system; and (3) a south-
erly section with pumps to lift flow to a new Henderson

Street system which would convey it to the south end of

Beacon Hill where construction of a treatment plant

was contemplated. Storm water overflows were to be

provided at intervals along the interceptor system and
the existing Henderson Street intercepting sewer was
to become an overflow outfall, After considerable con-
troversy over the relative merits of the various plans
that had been proposed, the Dimock plan was adopted
and has since been followed to a substantial degree.

The principle of eliminating and preventing the dis-
charge of sewage into Lake Washington had now be-
come so well established that by 1936 all outfalls to

' the lake had been intercepted. Storm overflows, how-

ever, could not be avoided and continue to occur at
some 30 scattered points along the lake, even during
relatively light rainfalls,

Final Stages in Development of Existing Sewerage System

At the time the south Lake Washington intercepting
sewer system was being planned, it had become ap-
parent that an interceptor was needed also to protect
the waters of Buwamish River. Under the Dimock
plan, it was contemplated thal dry weather How from
the new Henderson Street system would ultimately
be treated at a plant south of Beacon Hill, In view,
however, of the concurrent need for an interceptor
along the Duwamish, a plan was devised whereby the
Henderson Street sewer would be routed around the
south end of Beacon Hill to a junction with the pro-
posed Duwamish interceptor. The latter would then
convey sewage along East Marginal Way to a treatment
plant at Diagonal Avenue. This change was approved
and construction of the system was completed about
1940,

Design of the East Marginal Way interceptor was
based on serving the Henderson Street system only
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until its full capacity would be required by develop-

ments along the Duwamish, [t that event, the plan

was to construct the proposed treatment plant south
of Beacon Hill,

Sewerage construction slackened during World War
I, being confined principally to the provision of facil-
ities needed to serve war housing areas, In 1945, a
major program of sewer system extensions was re-
commended by the office of the city engineer. In-
volving construction over the following fen years and a
pond issue of $3, 000,000, this program was approved
by the voters at a general election,

Ag the volume of raw sewage being discharged and
the number of points of discharge increased, state
and local health authorities, the Pcllution Control
Commission, and other state and local agencies in-
terested in water resources expressed increasing
concern, Numerous surveys of conditions in the waste
receiving waters were conducted, out of which came
warnings regarding the growing menace to the public
health and the urgent need for corrective action, For
instance, a letter from the State Department of Public
Health, dated July 12, 1945 stated in part:

"In the spring of 1941 and again in 1944 extensive
bacteriological investigations were made of the
waters at Alki and Golden Gardens bathing beaches.
These studies were made by the State and City of
Seattle Health Departments. Conclusions of both
investigations were that the beaches were seriously
polluted. The outfall sewers mainly responsible for
these conditions were the Ballard and North Trunk
at Golden Gardens; and Jersey Street, Arkansas
Street, and Fifty-Third Avenue, southwest at Alki.

"These bacteriological studies revealed coliform
bacteria concentrations as high as 10, 000 per 100
¢.c. and average values of over 1,000 per 100 c.c.
Although no national standard has been adopted es-
tablishing the maximum limit of quality of water in
which it is safe to swim, it is generally indicated
by the several standards in use that 50 coliform
organisms per 100 c.c. is desirable, but in a few
instances, upper limits of 1,000 per 100 ¢.c. have
been set to permit swimming when other quality of
water was unavailable, Therefore, it is indicated
that the public bathing at Alki and Golden Gardens
bathing beaches have been made unsatisfactory by
the discharge of city of Seaitle sewage,

"While only two established city bathing beaches have
been discussed, all the salt water bathing beaches
within the city limits of Seattle must also be con-
sidered, on the basis of their location with refer-
ence to city sewer outfalls, as unsatisfactory for
bathing purposes.

"Other factors of concern are: There are continual
complaints arising from floating solids, scum and
slick throughout all of Ellictt Bay and extensive

stretches of the Sound, depending on tide conditions.
Algo, preliminary studies of the Duwamish Water-
way reveal that at times the dissolved oxygen is
depleted to such an extent that fish life cannot exist.
This situation is attributable in part to the city of
Seattle sewer outfalls into these waters."

The Wolman Report

Manifestly unsatisfactory sewerage conditions and -
a lack of unanimity in proposals for their solution
led the city council, in 1947, to authorize the city
engineer to engage expert advice, The services of
Dr. Abel Wolman, Professor of Sanitary Engineer-
ing at Johns Hopkins University and a widely recog-
nized anthority on sanitary engineering matters, were
then obtained. '

Dr. Wolman submitted his report on September 25,
1948, A condensation of his recommendations follows:
“The capacity of the North Trunk sewer should be

increased to carry three times the dry weather flow,

without overflows, and its outlet should be extended
into a depth not less than 75 feet. All sewage, be-
fore discharge into the Sound, should be subjected
to fine comminution. Whether grease or solids
should be removed should wait on results with com-
minution. Land should be purchased for the instal-
lation of comminution facilities and plain settling.

TAll sewers discharging inte Elliott Bay should be
extended into deeper water.

'"All sewers into Puget Sound at the south of Alki
Beach should be extended into at least 35 feet of
water. For the time being cotnminution is not recom-
mended for these areas.

"The policy should be promptly adopted of prohibiting
any further extension of combined sewers,

"An indusirial waste survey must be instituted and
maintained,

"Vigilant administrative checking should be conducted
to detect on-shore pollution as a result of breaks in
outfalls, over-balancing of assimilative capacities,
and other indices of good or bad performance.

"A master plan for progressive sewer extension and
for controlled sewage dispesal should be developed
for Seattle and those environs, outside the city limits,
which would normally empty into the same surface
waters,"

The Wolman report was approved in a letter from
the city engineer to the city council on November 17,
1948, This letter stated: "This department is in
hearty accord with Dr. Wolman's findings., This de-
partment recommends: That Dr. Wolman's report
‘be adopted as the future policy governing our sewage
disposal.” '

Approval was expressed also by the Director of the
State Department of Public Health who, in a letter
addressed to the city council on December 20, 1948,
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stated: '"We see no valid technieal reasoens, public
health, engineering or otherwise, why these recom-
mendations should not be acceptable to all concerned. ™
In November 1948, a brochure was published by the
State Pollution Centrol Commission in which the Wol-
man report was severely criticized, The following quo-~
tations are indicative of the tenor of the publication:
"It was the understanding of the Pollution Control
Commission that the purpose of the Wolman Repoit
was to provide the city of Seattle with a basis for
future plamming for sewage and industrial waste col-
lection, treatment and disposal, and to furnish de-
tailed information as to methods of accomplishment.
The report does not give any of the expected details,
The basis for fuiture planning seems to hinge on the
interpretation of the recommendations. Some first
interpretations have appeared in the newspapers to
the effect that Seattle will never need to provide
sewage treatment facilities. Since this is a {far
reaching conclugion and affects not only Seattle but
all of the salt water areas in the state, it appears
advisable to consider all of Wolman's recommenda -
tions and conclusions and not only those which appear
to recommend no treatment,
“It will he the requirerment of the Pollution Control Commission
that the minimum acceptable degree of treatmeont for the sew-

age and industrial wastes of the city of Seattle will be primary
treatment.’’

Public officials, civic groups and the citizenry were
disturbed and coanfused by the conflict of opinions and
recommendations, Some urged the appointment of a
board of engineers to advise the ¢ity council on a sol-
ution,

In an effort to resolve differences and to provide a
basis for action, the citly engineer commenced an in-
vestigation of overload, overilow and pollution prob-
lems and the development of a long term program of
improvements. At the same time, the Pollution Con~
trol Commission undertook investigations to evaluate
the extent and effect of pollution and nuisances in Puget
Sound.

The Sylvester Report

In 1949, the Pollution Control Comunission employed
Professor R. O. Sylvester and agsociates of the De-
partment of Civil Engineering, University of Wash-
ingion, fo conduct a comprehensive survey of pollution
conditions in Puget Sound and its tributaries, Among
other things, the report on this survey discusses (1)

the various beneficial uses of the waters af the Sound,

Elliott Bay, Shilshole Bay, the Ship Canal and the
Green-Duwamish River; (2) the various points where
wastes were being discharged into these waters; (3)
the conditions found as they relaie to the beneficial
uses; and 4) the suitability of possible sites for waste
disposal.

Details as to the conditions in the receiving waters,
as deseribed by Silvester, will be set forth elsewhere
in this report. As a maiter, however, of historical
interest, it is pertinent here to include the following
summary of some of the more important findings:
"1. The biochemieal conditions of the Lake Wash-

ington Ship Canal system is not satisfactory.

2. Al of the bathing beaches surveyed at times
show sewage pollution {presence of coliform organ-
isms) to be in excess of the standard éstablished by
the State Polluiion Control Commission and the State
Department of Public Health.

3. The following beaches would not be recommended
for bathing...due to either high coliform counts or
the observed presence of sewage materials in the
beach area: Carkeek Park..., Ballard Beach, West
Point Beach, Magnolia Bluff in the vicinity of Thirty-
Second Avenue West, the major portion of Alki Beach,
the major portion of the entire beach from Alki
Point south to the city limits, and the beach at Sal-
mon Creek.

"4, The Green-Duwamish River is receiving heavy
discharges of poliuting materials from Auburn north
to its confluence with Elliott Bay. The bacterio-
logical condition is very poor in the river stretch
past the city of Kent. In the Duwamish Waterway
the dissolved oxygen depletion. ., is particularly
severe during. .. August and September, - '

"5, In spite of the extension of eight Seatile outfails,
the conditions of beach pollution are not satisfac-
tory. "

Recent Reports of the City Engineer

One of the most urgent problems pointed up by the
Wolman and Sylvester reports was the pollution of
West Seaitle recreational beaches, In 1948, follow-
ing refusal of the Pollution Control Commission to
grant permission for the construction of a storm water
overflow device in West Seattle, the city agreed to
proceed with planning for an interceptor system and a
sewage treatment plant which would eliminate the dis-
charge of raw sewage [rom numerous independent
systems. Three years laier, in 1951, the city engi-
neer presenied a predesign report for this project.

In preparing the predesign report, careful consider-
ation was given to the Welman and Sylvester reports
and to tentative agreements reached with the State
Pollution Control Commission, Based on these and
other pertinent studies, it was recommended that an
area of 3,843 acres he served by two interceptors
with a total length of about five miles, by seven pump-
ing stations, and by a primary type treatment plant
to be constructed at Alki Point, Raw sludge removed
in sedimentation tanks at the treaiment plant was to
be mixed with salt water and pumped zt a slow rate
through an outfall gseparate from the effluent outfall,
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Under this plan, sludge was to be pumped into a depth
of 100 feet of water at low tide and at times of favor-
able current conditions in the sound.
sludge in this manner was considered to be experi-
mental and was to be iried for the purpose of deter-
mining the validity of the Wolman recommendations
for deep-water assimilation of raw sewage, As mat-
ters turned out, the proposal ended in controversy and
construction of the West Seattle system was delayed.

In 1952, the city engineer issued a report entitled
"Planning and Progress, Seattle Cify-Wide Sewage
Disposal Problem'.
sequent to 1949, and with the aid of 1946 sewer hond

funds, an intensive sewer rehabilitation program has’

peen undertaken by the Engineering Department to

overcome the decline in progressive sewer planning

for the city that sef in with the depression of the 1930's

and reached its lowest point during the war period

(1941-1945). To overcome the recession period, and

_to modernize the system, the spending of approxi-
mately $25, 000,000 will be necessary to create a net-
work of sewers to serve the sanitary requirements
of Seattle's growing population. "

Information is presented regarding results of sew-
age characterigiic and polilution surveys, studies of
overflows into Lake Washington, and studies of sewer
capacities, On the subject of sewer capacity, it is
said;

"These studies have revealed some startling facts
that tend to account for failures in the past, and are
now the basis for not allowing sewer permits to be
issued for connection to systems already overloaded.
This policy in the past has piled trouble onto exist-
ing trouble, when new relief sewers should have
been constructed. The results of this survey will
help to reduce claims against the city for damages
from sewer backups into basements and save main-
tenance funds from bheing wasted on temporary re-
pairs to undersized sewers,”

A further efiort to initiate necessary action came
in 1954 with the holding of an election to authorize
igguance of $5,000,000 in general obligation bonds
for financing construction of sewerage additions and
improvements. This program, however, failed to
receive voter approval.

With reference to new construction, the 1952 report
summarizes a proposed program as follows:

"The program, which is planned for progressive con-
struction stages over a 10-year period, will involve
the construction of 29 pumping plants with their as-
sociated force mains, to provide new low level,

shoreline sewer interception to existing higher sew-

ers, approximately 8 miles of new interceptors and
replacement sewers to concentrate existing sewers
in conformance with this plan, and a minimum of
four sewage treatment plants."

Disposal of

This report points out that "Sub-"

Three new treatment plants were to be constructed,
one each at Alki Point, Fort Lawton and West Denny
Way. In addition, the existing Diagonal Avenue plant
was to be enlarged. i

The 1956 Bond and Service Charge Election

In 1955, the city council passed an ordinance which
provided for extensive improvements and additions to
the sewerage system and the issuance of revenue honds
in the amount of $6,250,000. Another ordinance pro-
vided for a sewer service charge, setting a fixed fee
of $1, 00 per month for a single family residence and .
a fee for larger contiributors based on water use,
These actions ,Wére approved by the voters at an elec-
tion held on March 13, 1956. As a result, the service
charge is now in effect and the proposed improvements
and additions are in various stages of design and con-
struction. . Among these are:

1. Construction of the West Seattle interceptor
system and sewage treatment plant, This program
involves an intercepting sewer with sufficient capa-
city to limit the number of overflows to twelve per
summer. The sewage treatment plant, employing
primary sedimentation and separate sludge digestion,
is being constructed at Alki Point as originally pro-
posed.

2, Construction of an interceptor to eliminate raw
sewage discharges in the vicinity of Golden Gardens,

3. Enlargement of the Lake City Sewage Treatment
plant, and improvements to other systems located in
the area between Eighty-Fifth Street and One Huadred
and Forty-Fiith Street, which was annexed to the city
in 1954,

Growth and Problems of the Suburbs

Engineering reports dealing with Seattle's sewer-
age problem have given increasing atiention to the
relationship between the problems of the city and
those of the outlying areas. Between 1890 and the
beginning of World War II, eight communifies were in-
corporated within what is now the metropolitan Seatitle
area and much of the unincorporated fringe area sur-
rounding the city became heavily populated. During
the war, a sharp growth in population occurred and
has since continued. _

As is the case in most of the major population cen-
ters in the United States, recent heavy growth has
been coupled with a desire on the pari of people to
live in the suburbs. In consequence of that trend,
large areas to the north and south of Seattle, and east
across Lake Washington, have become heavily devel-
oped. Since the war, ten cities have heen incorpor-
ated within a 15 mile radius of downtown Seattle and
the unincorporated area within this radius has become

-urbanized to such an extent that the demand for public

sewerage service has brought about the formation of
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22 sewcrage districts. As a result, 26 independent
sewerage systems and as many sewage {reatment
plants now operate within the metropolitan Seattle
area. Yet, nearly a third of the population is without
public sewerage service. Furthermore, because of
unfavorable soil conditions, there are frequent in-
stances in unsewered areas when household wastes
flow over the ground surface and along street gutters
or stagnate in pools,

Problems of the unsewered areas are digscussed in
a report published in 1952 by the Pollution Control
Commission entitled, '"The Sewage Disposal Problem
in the Seattle Metropolitan Area'. This report states
in part:

"The movement of people from cities to suburban
areas has created a multitude of problems. Included
among these is the difficult one of providing ade-
quate sewer systems and sewage treatment plants.
In the initial stages of the development of suburban
areas, septic tanks and drain fields may solve the
initial household problems. As the areas develop
further, health and sanitation problems are created
and, eventually, community sewerage systems be-
come a vital necessity. Such is the condition in
much of the Seattle metropolitan area,

"...The hodge-podge development of sewerage facili-
ties in the suburban Seattle area during the past dec-
ade has been a matter of concern to all interested in
or affected by sewage collection and disposal. Sewer
districts have been and are being formed {o include
only that immediate area, no matter how irregular
in patterns, needing and desiring sewers at the
moment. . . Little regard has been given to the near-
by sewer districts or intervening areas when a new
district is established. Construction of sewerage
facilities in this fashion is expensive, as many small
treatment plants and trunk sewers will have to be
ahandoned eventually in favor of other wmits designed
for the entire drainage basin or basins."

On the same subject, a report issued in 1956 by the
Burean of Governmental Research and Services at the
University of Washington, entitled "Government in the
Metraopolitan Seattle Area' states in part:

"A geographic conceniration of population earries
with it 4 need for basic services. .. The current sig-
nificant movement to the surrounding suburban un-
incorporated areas and small incorporated munici-
palities produces a large number of communities
which do not have the governmental machinery to
provide the basic services necessary in urban areas.
Consequently, the residents of the unincorporated
areas form special districts to obtain the necessary
urban services. Each district is formed separately
under its own state laws and has its own budget.
The result is layers of government. , . each perform-
ing certain specific services to the residents of its

particular area. This jig saw, patch-work patfern
has been appropriately called '{ractionaied’ govern-
ment. ., From an overall view, the difficulties ex-
perienced by the present small, scattered sewer
districts in attempting to solve the problems of ade-
quate sewage facilities are:

(1) Small districts are unable io cope with the sew-
age problem. Eighty per cent of the present dis-
tricts have an area less than two square miles.
Generally, a sewer district is formed only when
there is an acute sewage problem, and then only
the immediate area is considered in solving the
problem. When formed inland, the district is faced
with the next-to-impossible task of financing long
outfall lines for the disposal of sewage.

"(2) Future planning in sewer system designed by
small districts for the Lake Washington drainage
hasin is very difficult, if not impossible. The hound-
aries of sewer districts are not drawn according to
topography to create a unit capable of econcmical
and efficient operation. In King County, there are
60 sewer district commissioners and 139 city coun-
cilmen concerned with sewerage problems. Each
governmental unit has its engineers and legal ad-
visers. Coordination of plans with adjacent units
is extremely difficult; planning for the entire area
is virtually impossible.

"(3) Contractors building large housing developments
would often like to install a central sewer system,
but do not, as they have no information on how their
system might be coordinated with the surrounding
areas' future sewerage development, The abandon-
ment of many of the small sewage treatment sys-
tems that have been built by contractors now appears
to be imminent if they do not fit into the comprehen-
sive plan of trunk sewers and treatment planis being
developed for the area as a whole.

""(4) Treatment plant and outfall sewer sites become
increasingly difficull and more expensive to cbtain
as the areas increase in development.

"{5) Furthermore, there is at present no legal method
for the 73 square miles in Snohomish County to co-
operate with the development of sewage facilities
to prevent the deterioration of the lake, even if the
areca were to form a sewer district,"

The difficulties discussed above were underscored
in 1956 when the Bellevue Sewer District proposed a
program for removing sewage and sewage effluent
from Lake Washington by contracting with other sewer
districts and jointly financing a trunk sewer to serve
the communities on the east side of the lake, Esti-
mated to cost between 2.5 and 3 million dollars, this
program called for the construction of an intercepting
sewer from Houghton to Renton, with the treatment
plant discharging its effluent to the Duwamish River.
In the initial stage, service was to he provided for the

’ % ' 4 H
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Bellevue Sewer District, Three Points Annexation,
Enatai and Beaux Arts Annexation, Eastgate, Hough-
ton, Mercer Island Sewer District, East Mercer
Sewer District as well as the new Safeway Industrial
Center and the proposed Overlake Commercial De-
velopment. In later stages, facilities were to be
constructed whereby it would be possible eventually to
serve the entire Lake Washington - Lake Sammamish
area.

At about the same time as the east side project was
proposed, the State Department of Health and the State
Pollution Control Commission adopted similar state-
ments of policy with respect to the discharge of sew-
age into Lake Washington. Plans for the intercepting
sewer apparently met all requirements set down by
these authorities.

On August 8, 1958, beifore the Bellevue plan could
be consummated, the Lake Hills Sewer District pro-
posed an alternative plan invelving the construc-
tion of a 24-inch effluent line under Lake Washington
to discharge ultimately into tide water in Shilshole
Bay. Under this plan, the Lake Hills Sewer Dis-
trict was to build a treatment plant at Yarrow Bay
and the Bellevue District was to deliver its sewage
thereto under a contractual arrangement. Consiruc-
tion was to be undertaken by such a time as 6,000
properties were under contract to utilize the pro-
posed facility, This project, however, has fallen
by the wayside hecause the several agencies involved
therein have been unable to reach a mutually satis-
factory agreement,

Limitations on Discharge of Sewage into Lake Washington

Coincident with urbanization of the area surround-
ing Lake Washington, several sewage treatment plants
were constructed with the outfalls into the lake. To
safeguard domestic water supplies being taken from
the lake, the State Depariment of Public Health and
the Pollution Control Commission adopted regulations

requiring that all treatment plants discharging thereto

must provide facilities for secondary treatment and
thorough disinfection. While not entirely satisfactory
from a domestic water supply standpoint, it was be-
lieved that the degree of sewage treatment thus at-
tained would safeguard the recreational and aestheiic
values of the lake,

Recent experiences in similar situations in other
parts of the country have focused attention on the fact
that the nutriént substances contained in sewage and
sewage effluents can cause algal and other biclogical
activities of nuisance proportions in waste receiving
waters. Reports of investigations by the Pollution
Control Commission and by Dr. W. T. Edmundson
and associates of the University of Washington have
indicated that increased biological activity is presently
taking place in Lake Washington. As a result, heavy

emphasis has been placed on the need for removal of
sewage and sewage effluent discharges from the Lake
Washington drainage basin,

As paxt of the abatement effort, the Pollution Con-
trol Commission, in 1956, established a policy aimed
at progressive correection of the discharge condition.
Attendant publicity regarding this and the threatened
deterioration of Lake Washington, coupled with the
inability of independent agencies to unite on an effec-
tive program, has impressed upon public officials and
residents of the metropolitan Seattle area the need
both for comprehensive sewerage planning and for a
central sewerage authority.

Central Sewerage Autharity

Creation of 2 central sewerage authority has been
advocated from time to time for many years. In 1934,
E. French Chase, former sewerage maintenance engi-
neer of the city of Seattle, stated in a public address,
"Since 1915...1 have advocated the formation of a
metropolitan sewer district to include the entire area
around Lake Washington." In a report of May 17,
1926, previously cited, A, H. Dimock stated that a
central sewerage authority was needed in the Seattle
area. To that end, he commented in part as follows:
"1t is clear that the problem is far larger than Seattle

alcne can solve. It outruns our authority but not

our interest.., Whatever may be reasonable and
necessary to preserve the purity of the lake should
be done through the watershed as well,

"There is at present no provision for a central auth-
ority to deal with the problems arising from the
sanitation of a single watershed. .. It is quite evident
that a divided authority, ..is incapable of formulating
and carrying out a unified program which requires
scientific study, engineering skill, and soumnd financ-
ing,"

In the 1948 publication of the State Pollution Control
Commission commenting on the Wolman report, the
following statement appears:

"There is urgent need for the establishment of a com-
petent utility organization within the city of Seattie
whose sole purpose is the administration of the
sewerage problem.. . It is expected that this utility
organization might later be expanded to include sur-
rounding territory forming a metropolitan sewer
area."

State, city, county and sewer district officials,
chambers of commerce, the Municipal League, and
other civic organizations have expressed themselves
as favoring some form of centralized sewerage auth-
ority, Early in 1956, former Governor Langlie ap-
pointed a committee to consider and to assist in the
development of a solution to the metropolitan sewer-
age problem. Concurrentiy, the mayor of Seattle,
and the commissioners of King County appointed a
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metropolitan problems committee to consider area-
wide problems and to make recommendations for their
solution. In so doing, the sewerage situation was cited
as a principal reagon for the appointment of the com-~
mittee, With the support of the Board of Commis-
gsioners of King County, the committee was later
expanded to include representatives of the entire
metropolitan area, .

Community pressure, together with efforts of in-
terested agencies and the appointed committees, cul-
minated in the passage, by the 1957 State Legislature,

of an enabling act providing for the formation of Met-
ropolitan Municipal Corporations. Under this act,
such corporations are empowered to plan, finance and
administer certain services, including sewerage, on
a metropolitan basis.

As a final note in recounting the history of the sew-
erage problem, it should be recognized that the assis-
tance and support of the appointed committees played
an important part also in the decision of the state,
county and city of Seattle to finance jointly the conduct
of the survey here reported.
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Chapter 3
PHYSICAL GEOGRAPHY

Physical geography is concerned with the physical  of sewerage and drainage facilities. At Seattie, water
features of the earth and their form, movement, and - areas are of particular significance in that they require
changes. Local geography, as defined by topography, protection from pollution and nuisance and provide at
geology, climate and water areas, influences in many  the same time a means for the safe disposal of storm
ways the design, construction, cost, and operation runoif and suitably prepared sewage effluents.
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Fig. 3-1. Puget Sound Basin

The Cascade Mountains to the east and the Olympic Mountains to the west define the limits of the section of the Puget Sound
Basin lying within the United States. Seattle and its metropolitan area are situated along the southeasterly shoreline of Puget
Sound about 90 miles inland from the Pacific Ocean and 100 miles south of the Canadian border.
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LOCATION AND LIMITS OF THE METROPOLITAN AREA

At the outset of a survey concerned with sewerage
and drainage problems of a large metropolitan area,
the most difficult task from a technical standpoint is
that of establishing geographically logical limits for
study and planning purposes. This task involves a con-
sideration of many factors. It can be said, however,
that economy in construction and operation of sewerage
and drainage systems requires that boundaries be es-
tablished on a watershed rather than political basis.

In Seattle at present there is no legal or physical
boundary by which the metropolitan area may be effec-
tively defined. For sewerage planning purposes, it
may be regarded broadly as the area stemming from
the central city, Seattle, which has commmon or topo-
graphicaily related problems and is likely to become
fully urbanized during the life of the planned facilities.
This basic concept, together with an analysis of topo~

graphic features and expected future development,

section. These, together with numerous smaller

wasg taken into account in determining the boundaries
of the planning area. Shown in Fig. 3-2, this area
extends from the vicinity of Silver Lake on the north
to the city of Auburn .on the south and from Puget
Sound inland for a distance of 18 miles at the point
of its greatest width, In all, it encompasses an aresa
of about 575 square miles, or 370,000 acres, of which
320,000 acres lie in King County and 50,000 acres
lie in Snobomish County. Actually, the boundary
crosses the Pierce County line at several points, but
the acreage within that county is quite small,

In addition to Puget Sound, the principal physical
features of the area are its rather rugged terrain,
much of it heavily wooded, and its numerous lakes
and rivers. Lake Wasghington, with a length of about
25 miles and an area of about 22, 000 acres, practi-
cally bisects the area from north to south, Lake
Sammamish, which is the next largest, has an area
of about 4,700 acres and lies in the east-central

A —

SEATTLE, central city of the metropolitan areq, lies between Puget Sound {foreground) and Lake Washington (center). These
bodies of water and the many other smaller lakes are one of the area’s outstanding physical features.
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lakes, provide about 140 miies of fresh water shore-
line. There are three principal rivers, the Green-
Duwamish, the Cedar, and the Sammamish, and many
minor creeks and streams.

Taken as a whole, perhaps the most impressive
physical feature of the metropolitan area is its out-
standing natural beauty. With the rugged background
formed by the Cascade Mountains on the east and the
Olympic Mountains on the west across Puget Sound,
the comtbination of large water areas, many miles of
shoreline, and irregular wooded terrain is truly one
of nature's masterpieces.

Compared with other metropolitan areas of the .

United States, the Seattle area is fairly new, In addi-
tion to Seattle, which was incorporated less than 100
years ago, the area now contains 18 incorporated
eities, Two of these, Auburn and Kent, were estab-
lished before the turn of the century, and six of them,
Renton, Kirkland, Tukwila, Bothell, Redmond and
Issaquah, were incorporated between 1900 and 1914,
The remaining ten, Algona, Houghton, Bellevue,
Beaux Arts, Clyde Hill, Normandy Park, Hunts Point,
Medina, East Redmond and Mountlake Terrace hecame
cities during the past 10 years and are indicative of
the rapidity with which fringe areas have been devel-
oping,

TOPCGRAPHY

Topography, as related to ground slope and natural
drainage features, determines to a large degree the
route, size and slope of collection sewers and, in
general, the extent to which an area is tributary to a
common point. It determines also the necessity for
pumping of sewage and the location of pumping statiouns.
Moreover, topography has a direct hearing on popu-
lation distribution and growth.

Fig. 3-3 shows the over-all configuration of the
ground surface and defines the primary watershed
areas. It should be noted that the watersheds of Cedar
River and Green-Duwamish River extend beyond the
boundaries of the metropolitan area and that the total
areas given below refer only to those portions of these
watersheds which lie within the study area.

Principal Topographic Fectures

Bounded on the west by Puget Sound and on the east
by the foothills of the Cascade Range, the metropolitan
area is topographically an area of striated hills, roll-
ing glaciated uplands, and deeply incised adjoining
troughs. Fs principal physical features, such as
large lakes, major stream valleys and intervening
ridges, have a general north-south trend, paralleling
the axig of Puget Sound,

An exception to the glaciated north-south topography
is the prominent east-west ridge between the south

end of Lake Washington and the foothills of the Cascade
Range to the east. Composed of sedimentary rocks
flanking a core of igneous rocks, this ridge rises o
about elevation 2,000 at Squak and Tiger mountains
near Issaquah, dividing the eastern part of the study
area into north and south sections. North of the east~
west ridge, the upland areas lie generally above ele-
vation 300 and rise to a maximum of about elevation
500, South of the ridge, the upland areas are approx-
imately 100 feet higher, lying above elevation 400 and
containing ridges which rise to elevation 600 near the
boundaries of the area. '

In the city of Seattle, south of the Lake Washington
Ship Canal, the dominating topography is cne of more
gently rounded hills lying 200 to 300 feet above sea
level, with the summits rising to approximately ele-
vation 400. West Seattle has a similar {opography with
corresponding features lying about 100 feet higher.

Upland sections of the metropolitan area present
a glacial relief in which stream courses are often
poorly defined, and local basins and depressions of
retarded drainage are occupied by areas of marsh,
swamp, or lake, These sections terminate generally
in steep bluffs which descend about 200 feet to adjoin-
ing troughs occupied by interhill siream valleys, lake
basing, and Puget Sound.

Major Watersheds

Although it drains ultimately to Puget Sound, the
metropolitan area is divided naturally into four major
watersheds, The largest of these, the Lake Wash-
ington watershed, encompasses almost 350 square
miles and thus constitutes about 60 per cent of the
study area, Bounded by uplands and ridges on the
west, Lake Washington cannot drain directly to Puget
Sound but is connected to the Sound through the Lake
Waghington Ship Caral. Formerly both the lake and
Cedar River drained into the Duwamish via the Black
River, but lowering of the lake level at the time the
Government Locks were constructed changed the nat-
ural drainage direction and the Cedar became instead
a principal tributary to Lake Waghington,

Topographically, the Sammamish River valley is
a part of the Lake Washington drainage basin., In
the planning of sewerage facilities, however, this
valley is considered separately because of its large
area (196 square miles) and the elevation of the in-
tervening ridge which separates it from Lake Wash-
ington.

The Green-Duwamish watershed, which drains
directly to Elliott Bay, comprises an area of 144
square miles, making it the second largest in the
study area. Direct drainage of the southeastern por-
tion of the study area to the Green-Duwamish River
valley is prevented by a slight ridge paralleling the
top of the easterly valley wall, Instead, this area
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drains southerly to Big Soos Creek and then into the
Green River east of Auburn,

Of the remaining 81 square miles of watershed in
the metropolitan area, 25 square miles drain to the
Lake Waghington Ship Canal system, On that basis,
only 56 square miles, or 10 per cent of the total, are
tributary directly to Pugst Sound. '

Principsl Hydrographic Features

Lake Washingion has an east-west bottom configura-
tion shaped essentially in the form of 2 "W". Deeper
in the central portion, the lake shoals toward the north
and south ends. It has an average depth of over 150
feet and reaches its maximum depth of 220 feet north
of the Lake Washington floating bridge off Madison
Park, While its steeply inclined sides below surface
level are a continuation of the adjacent bluffs, the
lowering of the lake level to its present elevation ex-
posed a wave-cut terrace around much of the perim-
eter, Fathometer soundings, as performed by the
Department of Oceanography of the University of
Washington, indicate that fragments of this terrace

extend into the lake from the present shoreline.
Puget Sound, which boundg the metropolitan area

on the west, is one of the deepest salt water basins
in the United States, A partially drowned, glacially
modified drainage system, the sound is generally "U"
shaped below water and has an average hottom ele-
vation of about 600 feet helow sea level. While the
bottom normally drops off sharply a short distance
from shore, it slopes gradually in the vicinity of West
Point to a depth of 100 feet approximately 3,000 feet
from shore, then breaks sharply to a depth of about
800 feet, Similar shoaling conditions do not exist
elsewhere within the study area except in the vicinity
of Point Wells near the north King County line,

GEOLOGY

The geology of an area is significant in the planning
of sewerage works in that formations encountered in
the construction of pipelines, tunnels and other strue-—
tures affect design and construction reguirements and
thus have a direct bearing on cost. Geological condi-
tions may be determining factorg in choosing routes
of principal sewers and may even influence the aver-
all scheme of sewerage to a marked degree. More-
over, soil formations, both surface and subsurface,
determine the feasibility of local sewage disposal by
means of geptic tanks and leaching fields,

Geological History

Early geologists recognized two periods or stages
of glaciation, giving the name Admiralty to the earliest
stage and Vashon to the last, In recent years, geolo-
gists have found evidence of two and possibly three

glacial stages in the formations previously assigned
to the Admiralty period. As in other glaciated regions,
glaciation of the metropalitan area occurred over a
period of hundreds or thousands of years.

Glaciers carry with them debris ranging from clay
gize particles to stones of all dimensions, This ma-
terial, referred to collectively as drift, is deposited
by (1) glacial ice, (2) ice and streams working to-
gether, and (3) streams issuing from the melting
glacier, As the forward movement occurs, unsorted
drift or till is plastered over the existing topography
by the bottom of the glacier. The weight of the over-
lying ice compresses the till {o a dense, compact,
often cemented material, When the forward movement
stops and the ice stagnates and melts, drift is depos-
ited in irregular heaps due to the varying debris load
within the ice. Kettles or undrained depressions
varying from a few feet to hundreds of yards in diam-~
eter are formed by the melting of isolated masses of
ice surrounded or buried by drift,

As the ice retreats and melts, the meltwater forms
streamsg which serve to carry debris away from the
glacier front. Depending on the size and velocity of
these streams, material may be deposited immedi-
ately outward from the glacier, or previously depos-
ited materials may be picked up and differentially
transported. Melting rates fluctuate and are mani-
fegted, in the case of a fast rate, by large outpourings
of material which aggrade outwasgh plains of great
extent. Lakes are formed hy the accumulation of
meltwater in depregsions or by dammed-up valleys.
In these lakes, fine clay and silt-size sediments are
deposited, often in thick beds of soft material, Sim-
ilar clay deposits from previous glacial periods, sub-
sequently consoclidated under later glacial ice, are
the source of the hard tough blue clays exposed in
the bluffs throughout the metropolitan area.

Depogition of sediments during retreat of the glacier
preceding the Vashon glaciation resulted in an aggraded
flood plain extending over the entire Puget Lowland.
Following uplift of the plain, an interglacial period
of extensive stream erosion occurred which cut deep
valleys in the surface of the flood plain, forming inter-
valley hills and establishing the general topography
as it exisis today.

Glaciers of the Vashon period, in their advance
southward from Canada, modified the interglacial
topography by plastering {ill over the upland surfaces
and deepening the valleys which were most in sym-
pathy with the over-all trend of ice movement. Within
the metropolitan area, the Vashon till sheet generally
is a relatively thin veneer which covers the slopes and
summits of the interglacially formed hills and, in
some places, the floors of the interhill valleys, In-
creasing in thickness in the northern part of the area,
the till sheet reaches its maximum thickness of about
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150 feet north of the Snohomish-King County line.
Extensive morainic and outwash deposits laid down
during the early Vashon retreat appear to have obliter-
ated completely the interglacially eroded valleys in
the Puget Sound basin south of the metropolitan area.
While this obscuring of interglacial topography oc-
curred locally in some instances, the pre-Vashon
valleys within the metropolitan area which were ex-
posed by the ice retreat were generally little modified
by outwash and recessional morainic deposits.

As the ice retreated northward, a series of glacial
lakes formed hetween the ice front and the drainage
divide south of Olympia. As this artificial basin filled
with glacial meliwater, these lakes coalesced to form
a master lake, At its maximum, the master lake,
given the name of Lake Russell, extended from Olym-
pia to the vicinity of Everett and its surface lay at
160 feet ahove the present sea level. After the ice
retreated to a point where the Strait of Juan de Fuca
was reopened, the lake was destroyed and marine
waters invaded the basin.

Since the disappearance of the glacial ice, the area
has been uplifted slightly, and moderate warping or
tilting done to the south has ocecurred, with the axis
of tilting lying just south of the city of Seattle, Mod-
erate postglacisl erosion of the upland areas has taken
place, as have deposition and delta-building in the
valleys. Wave-cutting at the bases, and subsequent
sloughing of the upper parts, has caused retreat of
the cliffs, particularly those facing Puget Sound.

Available Geological Infarmation

Although mapping of the surface geology in Seattle-

has not been completed, unpublished data are available
from various sources. Definitive subsurface geological
data, however, are not available from any source and
little is known about the interior composition of the
hills, such as the distribution or contimuity of forma-
tions, Surface soils have been classified and mapped
on a pedological hasis by the United States Depariment
of Agriculture and results thereof have been published
for Kingl and Snohomish? counties. Well logs, to-
gether with data from previcus soils explerations,
are available bhut the latter are generally limited to
highway routes and to lowland areas and filled tide-
lands where industrial expansion has taken place. In
the upland areas, particularly east of Lake Washington,
drilling daia are generally lacking, Considerable
unpublished information concerning bottom conditions
in Lake Washington was obtained from the Department
of Oceanography, University of Washington. On the

150i1 Survey, King County Washington, U.,S, Department of Agri-
culture, Series 1938, No. 31, 1952,

250il Survey, Snchomish County Washington, U.5. Department of
Agriculture, Series 1937, No. 19, 1947,

other hand, little is known about bottom conditions
in Puget Sound. '

Although available information and data concerning
the geology of the metropolitan area are generally
meager, they are sufficient for preliminary planning
purposes. It should be pointed out, however, that the
sewer routes selected in this report should not be
considered as specific in every instance and that, as
a part of final design, minor departures from selected
routes may, and probably will, -be necessary because
of soil conditions. On the whole, such departures will
not affect the relative merits of the various alterna-
tives presented, nor should they have a significant
effect on total cosis. It should be emphasized, how-
ever, that adequate exploration programs and geo-
logical examinations of samples must be undertaken
as a part of final design and prior to selection of
precise routes.

Soil and Foundatien Conditions

On the basis of available information, certain gen-
eralizations may be made ag to the foundation condi~
tions which exist in the metropolitan Seattle area,
It is important to note al the outset, however, that
because there have heen at least three and possibly
four periods of glaciation, considerable horizontal
and vertical variation in subsurface geology can be
expected. Nevertheless, generally similar conditions
will oceur in similar land forms, such as the upland
regions and hills, the lowland valleys, and the troughs
oceupied by Lake Washington and Puget Sound, Notable
exceptions to the generalized conditions are the prom-
inent slide areas found in the bluffg and the bedrock
exposures which exigt in certain locations,

Upland Areas and Hills. In general, a shallow weath-
ered soil from two o six feet in depth has formed over
the upland areas and is underlain extensively by hard
cemented till. Where post-glacial erosion has removed
the till cap, firm compact clay (hard pan) often under-
lies the suriace soil. East of Lake Washington, along
the area south of Highway 10, sandstone and shale rock
are found at shallow depths, Morainic deposits of sand
and gravel and vrecessional outwash deposits are also-
found over much of the uplands, extending in some in-
stances to great depths and over a considerable area,
Peat deposits have accumulated along the courses of
many small creeks draining the upland areas as well
as in local kettle-like depressions. Ground water
tables vary seasonally but may be generally high
where underlain by shallow impermeable strata. Ex-
cept where peat deposits are encountered, the upland
soils have excellent bearing capacities for foundations
of structures and good bedding conditions for pipelines.

Soil formations composing the interior of the hills
within the metropolitan area may be grouped into three
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general classifications: (1} firm, generally dry, com-
pact clays and silts, (2) hard cemented till, and (3)
water-bearing sands and gravels. Of these, the firm
clays and silts predominate at the lower elevations
and require excavation with mechanical equipment,
' In tunnels, the firm clays and silts stand with mini-
mum support, The cemented till also requires min-
imum support and, when encountered in confined
places such as trenches or tunnels, may necessitate
blasting for economical excavation.

Sand and gravel generally constitute a subterranean
pocket or reservoir of water, and are of primary
concerit when encountered in tunneling operations.
In such cagses, the quantity of water which must be
handled is dependent upon the gradation or size of
the particles as well as upon the extent of the deposit.
Horizontal well-points installed in advance of the
tunnel face may be necessary if large guantities of
water are encountered. Chemical stabilization or
solidification processes, developed in recent years,
also may be resorted to in order to reduce the water
inflow and the amount of tight lagging required for
support. Of the ten major tunnels driven in Seattle
during the last sixty years, four encountered difficult
water conditions, Of these, three were constructed
in the period from 1892 to 1912 prior to the develop-
ment of modern construction equipment and techniques
for handling such problems,

Lowland Valleys.  Soil conditions in the lowland
areas consist of alluvial deposits of soft clay, silts,
and fine to coarse sands intermixed with gravel. These
goils may be grouped into two general clagsifications:
{1) silty alluvium composed of the fine grained, low
strength, more compressible soils occupying the
low areas and depressions, and (2) sandy alluvium
composed of the more granular, permeable soils
having better supporting characteristics and lying
at slightly higher elevation. Being aliuvial in origin,
the lowland spils are generally sorted as to size but
occur in lenses or pockets rather than as stratified
deposits of uniform elevation. The higher sandy soils,
being more granular, are easily drained. Peat, up
to 12 feet in depth, is widely distributed throughout
the Jowland areas bui is found more frequently in
areas adjacent to the blutfs forming the valley walls,

High groundwater tableg are encountered in the
lowland areas. Water is found at depths from one
to six feet below the surface during summer months
and is generally at or above the ground surface during
the winter. '

Valley soils frequently require piles or other spe-
cial foundations for the suppori of structures and
usually require a special bedding of granular material
for pipelines., While similar to the alluvial valley
soils, soils underlying the reclaimed tidelands are

often more compressible and may require piling for
support of larger size pipelines,

Lake Washington Treugh. Considerable unpublished
data have been obtained by the Depariment of Ocean-
ography during a core sampling study of the bottom
sediments in the deeper porticns of Lake Washington.
These data discloge that much of the lake bottom con-
gists of a layer, up to 40 feet deep, of soft, almost
fluid, organic peat-like sediment overlying an unknown
depth of soft, compressible glacial blue clay. A core
drilled in 190 feet of water between Union Bay and
Evergreen Point extended 140 feet below the lake bot-
tom without penetrating the soft clay deposits. Closer
to shore, data from borings indicate that the steeply
inclined sides of the lake bottom are composed of
firm, compact glacial deposits similar to those ex-
posed in the adjoining bluffs. Evidence indicates also
that only relatively shallow soft sediments have been
deposited on the wave-cut terrace where it extends
outwards from shore. In the shallow area at the south
end of the lake, loose silts and sands have been depos-
ited during delta-building by the Cedar River. At the
north end of the lake, in the Kenmore area, the lake
bottom is composed of sand and gravels washed into
the lake from the upland morainic deposgits to the
north, Near the mouth of the Sammamish River, these
sands and gravels are overlain by alluvial soils.

Puget Sound Trough. Little is known about the bot~
tom conditions of Puget Sound. Sampling has been
confined to grab samples of sediments lying immed-
iately on the bottom. Work performed offshore from
Point Wells indicates that the steeply inclined sides
of Puget Sound may be composed of firm materials
similar to those found in the steep bottom slopes in
Lake Washington. Bottom areas denioted as rocky on
the navigation charts may he either these firm glacial
deposits or glacial erratics ranging up to many feet
in diameter.

Slide Areas. Slide areas are prevalent in the bluffs
bounding the upland areas where a considerable depth
of sand overlies impermeable clay formations. Where
these conditions are encountered, the cause of sliding
may be ascribed to water percolating downward through
the sand deposit to the upper face of the clay layer
and draining outward to the cliff face, causing slough-
ing and slumping in the cchesionless sand. Large
slide areas are particularly noticeable along the cliffs
facing Puget Sound where wave-cutting of the under-
lying clay formations oceurs. A pronounced example
of areal sliding is located along the south and west
side of Magnolia Bluff extending from Smith Cove to
south of West Point, North of West Point toward
Shilshole Bay, four large slide areas are located.
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Fig. 3-4. Recloimed Tidelonds

Formerly submetrged, the shaded areas have been filled and reclaimed for industrial use, As the need for industrial land devel-
oped, shorelands were reclaimed first around Lake Union and later aloeng Elliott Bay. Following construction of the Government
Locks, additional land was reclaimed along the Ship Canal. Special problems are involved in the planning of sewerage and drain-
age facilities across these areas because of lack of surface slope and difficult foundation conditions,
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Fig. 3-6, Isoseismal Map for Earthquake of April 13, 1949

Very strong to ruinous motion was chserved in the metropoli-
tan area dwring this earthquake, which had its epicenter near
Olympia.

One of these, extending for approximately 1,300 feet
along the bluff and from 300 to 500 feet back from
the toe, is centered above the portal of the North
Trunk sewer tunnel, An estimated 10,000 to 200,000
cubic yards of material are sliding at this loecation,

Bedrock. Bedrock in the metropolitan area consists
of marine shales, sandstones and conglomerates, wjth
intercalated basalts, Bedrock is not well exposed
except in a relatively narrow belt extending westerly
from Issaquah across Seward Park to the Duwamish
valley. It appears also at Alki Point where it passes
beneath Puget Sound.

Major exposures of bedrock occur on the high ridge
west of Issaquah and at various locations along the
west side of Beacon Hill south to the Black River junc-
tion, Bedrock is also exposed along the west side of
the Duwamish valley in the vicinity of Tukwila.

Reclaimed Areas.  In recent years, some oi the
shoreland areas have been filled in and reclaimed
for industrial purposes, thus modifying their natural
condition. Since a wide variety of materials, including
sawdust, have been used as a fill, piling or other
special foundations may be required therein for struc-
tural support, Fig. 3-4, prepared from old topo-
graphic maps, shows the extent of reclaimed areas
in the vicinity of Seafile.

Limitation on Local Sewage Disposal

Downward drainage characteristics of the subsoils,
as well as of the surface soils, have an important
bearing on the efficiency of the septic tank and leach-
ing field method of local sewage disposal. As shown
by Fig. 3-5, which was prepared from Department
of Agriculture Soil Survey maps, drainage charac-
teristics of seils in the metropolitan area range from
good to poor. Rapiddownward drainage occurs where
the surface soils are underiain by porous morainic
deposits., Much of the area, however, is underlain
by till, firm clay or rock at depths varying from two
to six feet. Under such a condition, leaching field
drainage may serve adeguately for a number of years
until population density increases and the area builds

Table 3-1. Comparison of Local Climatological Data

Station Index | Elevation, Record, years Temperature, °F Precipitation, isches
number? feet Temp. Precip. Notmal 1956 Notmal 1956
Bothell........cccoomemmrerseenemmesersssnnnne | 0826 105 23 24 50.0 b 38.10 38.29
Evetett 2675 120 42 42 50.1 50.0 32.46 39.83
Kent v ssiss s e sveesanns 4169 40 31 3g 51.2 50.7 36.59 37.61
Seattle )
Boeing Field.....cicemmieiie. 7483 14 28 28 52.2 51.5 34.28 32,17
Federal Office Building.............. 7438 14 66 79 53.2 52.3 32.05 32.11
Maple Leaf Reservoir....uu-. 7463 422 - 10 - - 34.56 30.68
Naval Air Station 7468 21 - 26 - - 30.87 30.48
University of Washington............ 7478 60 36 46 51.9 52.% 32.04 32.75
Seattle-Tacoma Airport...cceeceeeenn. 7473 366 12 12 50.7 49,7 33.93 36.85

Source: ‘“*Local Climatological Data - Washington, Annual Summary, 1956" and earlier years, U.5. Weather Bureau.

40fficial U.3, Weather Bureau designation for station.

bData missing.
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up to such an extent that effluent contributions exceed
the absorptive capacity of the soil, Similarly, season-
al variation in the ground water table below the more
permeable sandy soils limits the use of septic tanks
in the valley and lowland areas. In both of these cases,
drainage conditions are shown as variable (Fig. 3-5)
becausge adequate drainage would not be available at
all times,

Areas shown as having poor drainage character-
igtics, and therefore as being unsuitable for septic
tank use, include the peat deposits in the uplands and
the silty alluvial deposits in the valleys and lowlands.
Also included in this category is the east-west bedrock
ridge extending from Issaquah to Lake Washington,

Seismic Conditions

The Pacific Northwest area is considered to be a
gseismically active area, or major earthquake zone,
Because of the thickness and extent of Pliestocene
sediments in the Puget Lowland section, however,
earthquake faults are not generaily apparent and are
therefore unmapped.

In the period from 1841 to 1949, 108 strong motion
earthquakes were noted in Washington, Oregon, west-

ern Idaho and western Montana, Major earthquakes
of intensity VII on the modified Mercalli scale oc-
curred in the immediate area on November 12, 1939
and February 14, 19486,

The mosi recent major shock, which occurred on
April 13, 1949, produced strong motion in an area
of more than 10,000 square miles in western Wash-
ington and northwestern Oregon. This shock caused
a loss of 8 lives and injury to 62 persons, and resulted
in property damage variously estimated as cosgting
anywhere from 15 to 50 million dollars. As shown
by the isoseismal map in Fig. 3-6, intensities of VI,
VII, and VIII on the modified Mercalli scale were felt
in the metropolitan area at that time3,

CLIMATE

Sewerage and drainage functions are affected in
various ways by climatic factors. Air temperature,
for example, determines the time and extent of the
season of outdoor sports involving intimate contact

3Source: “The Trend in Engineering’, University of Washing-
ton, January 1953,

.,OBOTHELL
Es o SAND POINT
P NAVAL - AIR. STATION
/—E,VERE_TT I . oumv oF : . N
S ‘ MAPLE LEAF ' BOE ING SEATTLE - TACOMA_. "
' RESERVOIR() WASH." _ O FIELD O TAIRPORT -
B OFFICE B
BUILDING

Fig. 3.7. Locotion of Climatological Stations

Climatological data are reported by the U.S. Weather Bureau for the nine locations shown,
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with surface waters, both salt and fresh. Bccause
surface water temperatures are related to air tem-
peratures, a high air temperature conditicn acceler-
ates hiological activity, which in turn brings about the
destruction and stabilization of organic matter con-
tained in sewage and treated sewage effluents. During
cold weather a greater amount of heat is required for
heating sludge digestion tanks than in warm weather.

wind has both beneficial and detrimental effects.
When a wind is blowing, the rate of oxygen absorpticn
in bodies of water is increased ag ig the rate of evap~
oration, Oxygen absorption is of importance in sup-
plying oxygen for stabilization of wastes discharged
to receiving waters, while evaporation aids in the
drying of digested sewage sludge on open air beds or
in lagoons. Wind also determines the distance and
direction which disagreeable odors may travel and,
in some cases, may require that provision be made
for odor control or elimination. In recreational areas
situated in the vicinity of waste discharges, wind in-
duced onshore surface currents may impose added
reguirements for a higher degree of treatment., On
the other hand, winds may cause choppy surface con-
ditions which aid in the mixing of sewage effluent with
the main body of water.

Rainfall is by far the most significant of the climatic
factors, It governs the required capacity of storm
draipage facilities and, through infiltration, may have
a profound effect on collection systems designed solely
for sanitary sewage. An analysis of the relationghip
between rainfall fréquency, duration, and intensity
is of prime importance in the design of storm drain-
age facilities. When utilized with appropriate runoff
coefficients, these factors determine the quantity of
storm water which must be conveyed to a suitable
point of disposal. This relationship must be consgid-
ered also in the design of intercepting sewers which
serve combined systems carrying both storm runoff
and sanitary sewage,

General Climatic Conditions

Marine air from the Pacific Ocean, 90 miles {o the
west, readily penetrates inland and is, fo a large
degree, the source of the equable year-round temper-
atures prevailing in the metropolitan Seattle area, To
a lesser degree, the extensive water surfaces of Puget
Sound serve to equalize temperature extremes, On
the other hand, the Cascade mountains usually serve
during winter months to block the westward movement
of cold continental air masses., Average daytime tem-
peratures during the winter are in the 40°to 530° F
range, while those at night are in the 30° fo 40° F range,
Summer temperatures range generally from 70°to 80° F
in the afternoon and from 56° to 60° F during the night.

Rainfall, meodified considerably by the Olympic
Mountains to the west, occurs during a propounced,

though not sharply defined rainy season and totals
between 30 and 4¢ inches per year. The Olympics
serve further to deflect or retard inland movement
of the more severe storms occurring along the coast,

Local variations in temperature and precipitation,
as recorded by the nine stations which report to the
United States Weather Bureau, are indicated by the
data in Table 3-1. Locations of these stations are
shown in Fig. 3-7. TFor the area as a whole, tem-
peratures in 1956 were slightly below normal, while
precipitation was above normal. Variations between
stations are atiributable to the effects of local fopog-
raphy and the locations of the stations with reference
to the sound and adjacent waters, It should be noted
alsc that the actual instrument location at a given
station can be such as to cause variations or erroneous
readings of the same order of magnitude as the area-
wide variations indicated in Table 3-1.
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Fig. 3.8. Air Temperatures in Seattle

Air temperatures in Seattle are indicative of those in other
portions of the metropolitan area. Average monthly temperatures
at the other climatological stations vary by a maximum of 4° F.
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Table 3-2. Temperature Data for Seattle

Normals® Extremes of record? Notmal
Month Daily Daily . degree

Monthly Mazimum Minimum nghest. Lowest dagysa

JADUATYccicririsinimsisissnen s rennns 40.7 45.2 36.2 67 3 753
February.. 43.5 48.8 38.1 70 4 602
March....... 47.0 53.4 40.5 81 20 558
Aprit 51.8 59.4 44.1 87 30 396
May. 57.3 65.6 48.9 92 35 246
June, 61.8 - T02 53.4 100 40 107
july.. 65.6 75.1 56,1 100 46 © 49
August........ 65.2 74.2 56.2 96 46 45
September.... 61.0 68.8 53.2 92 36 i 134
October........ 54.4 60.5 48.2 82 29 329
November.... 47.0 51.8 42.1 70 13 540
December.... 43.1 47.3 38,9 65 12 679
Y @A evrreerermmmeeermtosseemereseasssesesins 53.2 60.0 46.3 . 100 3 4,438

Temperatures expressed in degrees Fakrenheit.

Source: ‘*Local Climatolodical Data with Comparative Data — Seattle, 19567, U.5. Weather Bureau.

2For 30-year period 1921-1950.
5For 64-vear period ending in 1956,

The season during which significant use of beach
areas takes place normally extends from May through
September. In any one year, however, actual use

may begin earlier or end later, depending on climatic

conditions then prevailing.

Teamperature

Average annual temperatures do not vary greatly
from year to year. Since 1905, averages recorded
at the downtown Seattle station, now located at the

Federal Office Building, have fallen within a range
of 6.3° F, marked by a high of 55, 5° F for the year
1940 and a low of 49.2° F for the year 19186,

Monthly and daily temperatures, of course, are sub-
ject to more variation. Fig. 3-8 shows temperature
data for the downtown Seattle station and indicates
by a shaded zone the range in average temperatures
at the other climatological stations. Basic data from
which the Seattle curves are plotted are given in
Table3~2,

Table 3-3. Relative Humidity Data

Seattle, Boeing Field? Seattle-Tacoma Airport?
Month 4:30 am. | 10:3¢ am. | 4:30 pm. | 10:30 pom, | 4:30 aum, | 13:30 am. | 4:30 p.m. | 10:30 pam.

JANRALY .covveceerranrrereeseries 86 80 74 83 88 85 83 87
February. 87 78 69 83 89 82 75 85
MArCH.uieiirareeemnrersoeemssssnsons 86 70 59 78 88 77 68 83
APTil i 86 63 52 75 88 67 54 76
86 61 50 74 28 65 52 76

June e 86 63 52 74 90 67 57 79
Jul¥ s 26 63 47 72 91 69 50 77
" 88 68 51 76 92 71 53 80

September. . 91 72 57 81 94 75 59 84
OCEODBT . ceecessieiieessen e rnenes 92 80 69 87 94 82 74 a8
November.... 26 - 82 77 87 89 84 81 87
December 87 83 78 85 29 87 84 87
VAT veeeeetmsensessscmsrsnrarnanees 28 72 61 8¢ 90 76 66 82

Relative bumidity is expressed In per cent,

Source: ‘‘Local Climatological Data with Comparative Data — 1956° for Seattle, Federal Office Building station and for Seattle~

Tacoma Airport station.

Aperiod of record 17 years; equipment formerly at Federal Office Building station moved to this location in 1939,

bPeriod of record 7 vears.
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WHIDBEY SLAND
NAVAL AIR STATION i .
MAY |$45 - DEC 1949 b PAINE FIELD
NOV 1958 - NOV 1945
JAN 1548 -JUNE 1953

SAND POINT
MARCH 1945 - FEB (854

SCALE IN MILES
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S I

| ]
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AUG 1940 - JULY 1953

JAN 1951 - DEC 1955

Fig. 3-9. Annuai Wind Summary for Central Puget Sound Region

Frequency and velocity data were developed by the Air Weather Service and are given in Table 3-4. The prevailing wind direc-
tion varies from southwest at McChord Field to east at Whidbey Island and reflects the topographic effects of the Olympic and

Cascade mountain ranges.
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Table 3.4. Wind Summary for Central Puget Sound Region

. Frequency of occurrence, pet cent Average velocity, mph
zf:ingcin Whidbey Paine Sand Seattle- McChord Whidbey Paine Sand Seattle- McChord
Island Field Point Tacoma Field Island Field Point Tacoma Field
N 1.8 12.1 12.7 5.9 4,2 6.5 7.7 6.1 12.0 74"
NNE 0.6 5.4 3.3 6.9 4.6 5.1 6.8 5.1 14,1 8.1
NE 2.1 3.5 4.2 6.7 4,4 4.4 5.1 4.6 10.8 6.5
ENE 2.3 1.5 2.1 2.1 1.2 5.5 5.1 4.4 9.1 4.8
E 12.5 3.5 3.2 2.2 1.9 5.2 5.6 4.4 9.0 4,3
ESE 4.2 5.1 1.9 4.3 1.3 8.6 7.2 5.5 10.0 4.6
SE 14.6 11.5 5.0 6.3 3.0 11.8 7.8 6.0 9.0 5.5
SSE 6.3 13.8 7.5 4,1 3.8 13.2 9.6 7.6 9.4 7.4
5 4.9 9.5 19.0 6.8 9.4 7.8 10.1 9.7 12.0 7.7
SswW 2.5 4,5 10.2 10.3 9.1 6.5 11.2 10.1 14.2 8.8
SwW 13.6 2.1 4.8 15.4 11.3 7.5 7.5 7.3 15.0 8.5
WSW 7.5 1.7 0.8 5.8 5.6 9.0 7.2 5.8 13.7 8.9
w 14.0 2.6 0.9 2.8 | 3.7 8.9 6.0 4.3 10.3 7.7
WNW 3.8 3.4 0.5 2.0 2,5 7.9 8.3 4.2 8.9 6.9
NW 4.2 6.0 4,9 2.4 3.5 6.8 8.3 5.4 9,5 6.2
NNW- 1.2 9.4 15.7 2.1 2.3 8.4 9.7 6.4 1.3 7.1
Calm 3.9 4.6 3.5 13.9 26.3 - - - - -
Total 100 100 100 100 100 3.1 7.9 6.9 10.3 5.6

Source: ‘‘Surface Wind Summaries®’ for stations listed obtained from Air Weather Service, Data Control Unit, U.S. Weather

Bureau.

Period of Record: Whidbey [sland Naval Air Station, May 1945 - December 1949,
PBaine Field, November 1938 - November 1945 and January 1948 - June 1953,
Sand Point Naval Air Station, March 1945 - February 1954.
Seattle-Tacoma Airport, fanuary 1951 - December 1955.
McChord Air Force Base, August 1940 - July 1953.

Normal monthly temperatures at the downtown
station, computed for the 30-year period 1921-1950,
vary about 25° F from January, the coldest month,
to July, the warmest month. At other stations with-
in the metropolitan area, average monthly tempera-
tures may vary by 5° F from those at the Seattle
station (Fig, 3-8). Consistently higher averages
at the latter are attributable to the fact that mini~
mum temperatures in the central or downtown busi-
ness district rarely fall as low as they do in out-
lying areas.

Monthly averages of maximum and minimum tem-
peratures reached each day (Table 3-2) indicates that
maximum {emperatures in July average 75.1° F as
compared to minimums of 36.2° F in January, In
64 years of record, including 1956, the highest instan-
taneous or momentary temperature recorded at the
Seattle station was 100° F in June 1955, while the
lowest was 3° F in January 1893, Since 1893, the
lowest reading was 11° F in January 1950.

Relative Humidity
Relative humidity data for the downtown Seaitle
station and for Seattle-Tacoma airport (Table 3-3)

indicate essentially equal values at both stations.
Lowest humidities normally occur in July and the

highest in December, As applied to sewage treatment,
relative humidity is significant in that a high humidity
tends to retard the drying of digested sewage sludge
on open air drying beds. '

Wind

Surface winds at various locations within the met-
ropolitan area are subject to considerable variation
in direction, velocity and frequency. In general, pre-
vailing winds in the Puget Sound basin are from s
goutherly direction during the winter months, while
northerly winds occur more frequenily during the
summer, The strongest winds are aimost aiways
from the southwest.

Variations in wind direction, speed and frequency
are illustrated in Fig, 3-8, This figure was pre-
pared from annual summaries (Table 3-4) of wind
obsgervaiions made at Whidbey Island Naval Air Sta-
tion, Paine Field (Snohomish County Airport), Sand
Point Naval Air Station, Seattle-Tacoma Airport, and
McChord Air Force Base just south of Tacoma., It
will be seen that prevailing directions vary from
southwest at McChord Field to southeast at Whidbey
Island, Monthly variations at Seattle-Tacoma Airport
are given in Table 3-5 and are shown graphically in
Fig. 3-10,
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Evaporation

Since 1948, evaporation data have been collected
at Maple Leaf Reservoir, a unit of the Seattle water
system situated in the north central section of the
city. Table 3-6 gives the total evaporation and total
precipitation averaged by months for the period 1948
to 12566 inclusive. It also gives the net evaporation,
or the difference between total evaporation and pre-
cipitation, for the year 1956, Monthly total and net
evaporation and total precipitation are shown graph-
ically in Fig. 3-11 as averages for the period of
record.

For 1956, as a whole, precipitation exceeded evap-
oration by 1.03 inches (Tahle 3-6}. During the summer
months, with higher temperatures and lower precipi-
tation, evaporation was in excess of precipitation,
while the reverse was true during the winter months,
The data for June 1956 reflect an abnormal condition

wherein precipitation (3. 56 inches) was much greater
than the average (1. 81 inches) for June,
As applied to sewerage, a negative value for net

evaporation indicates that sludge drying beds either
must be equipped for removal of excess water or must

be provided with covers. In addition, their capacity
must be sufficient to hold sludge produced during
winter months for subseguent drying during summer
months.

Occurrence of Sunshine, Clouds and Fog

Tahle 3-7 lists data pertaining to sunshine, clouds
and fog, as recorded at the downtown Seattle station.
Similar data for Seattle-Tacoma Airport show gener-
ally comparable conditions.

On the average, these records indicate that 72 days
per year are completely clear from sunrise to sunset,
and that 46 of these, or 64 per cent, occur during the

Table 3.5. Monthly Wind Frequency and Speed Data for Seattle<Tacema Airport

Directionl Jan. , Feb. I MEIChJ AprilT MayJ June LJuIy ‘ Aug, ‘ Sept. I Oct. J Nov. [ Dec.

Frequency, per cent

N 3 4 5 7 7 7 8 7 10 7 3 3
NNE 5 6 5 8 7 6 8 7 11 10 5 5
NE 4 5 5 8 9 7 8 8 10 8 4 4
ENE 1 1 2 3 2 2 3 3 2 2 2 2
E 4 3 4 2 2 1 1 1 1 2 3 3
ESE g 6 6 2 2 1 1 1 2 4 9 9
SE 9 7 7 5 4 2 2 3 4 3 13 12
SSE 6 5 q 4 3 2 2 3 3 5 6 6
S 10 9 7 5 6 5 4 4 6 9 9 10
Ssw 16 12 12 8 8 9 7 8 10 11 9 13
SW 15 14 18 16 18 24 16 15 12 11 11 14
WSwW 3 5 7 7 8 10 8 7 5 4 3 2
W 1 2 2 4 4 4 6 5 3 1 1 1
WNW 1 1 2 3 3 4 4 2 2 1

NW . 1 1 3 4 3 5 6 3 1 1

NNW 1 2 1 3 4 3 3 3 3 1 1

Calm 12 17 11 13 11 12 12 15 15 14 19 15

Speed, mph

N 12.2 11.3 13.5 129 | 12.2 12.6 11.5 11.3 12.3 10.5 10.3 11.6
NNE 12.0 11.5 12.1 13.0 11.4 12.1 11.4 11.3 12.1 12.5 11.6 13.5
NE 9.7 9.0 10.3 11.4 11.2 11.5 11.3 10.6 10.9 10.2 11.5 10.8
ENE 7.4 7.3 9.2’ 9.7 9.4 5.9 10.1 9.1 7.9 7.9 9.3 9.3
E 10.1 7.3 10.5 3.9 7.4 8.9 7.9 6.3 6.4 6.9 9.7 11.2
ESE 10,1 9.3 10.1 8.3 8.6 7.7 7.6 6.1 7.7 8.8 11.6 12,4
SE 9.1 8.4 8.4 9.0 8.0 3.0 7.3 7.3 7.5 9.6 9.8 10.3
SSE 9.9 8.9 9.3 10.3 8.9 8.2 8.3 7.8 8.2 9.9 10.3 10.1
8 13.7 12,2 12.4 11.2 9.5 8.8 9.1 8.3 9.5 11.7 12.6 13.4
SSwW 16.9 16.3 15.6 14.6 11.4 11.2 10.2 10.1 11.0 14.6 16.5 16.5
Sw 18.4 17.8 17.3 17.0 14.6 13.5 11.4 116 11.9 15.2 16.2 17.2
Wsw 16.4 15.4 17.2 16.3 13.3 12.3 10.7 10.9 11.9 13.6 15.2 16.4
w 8.3 10.3 12.4 11.4 11.6 9.8 10.2 9.6 9.0 9.3 8.1 11.8
WNW 8.7 6.0 8.8 0.2 9.3 8.0 9.7 8,2 8.3 8.0 8.1 3.0
Nw 6.4 7.7 8.7 101 9.9 10.3 9.3 9.4 8.7 8.1 11.8 10.4
NNw 1.7 | 1.5 12.7 124 11.8 11.7 10.8 11.0 10.6 9.3 10.6 9.5

Source: ‘*Summary of Hourly Observations = Seattle-Tacoma Airport, [anuary 1951 - December 1955°%, U.5. Department of Cormn-

merce, Weather Bureau.

]
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Fig. 3-10. Menthly Frequency, Speed and Direction at Seattle-Tacoma Airport

In contrast to Fig. 3-9, which shows average conditions for the entire year, this figure illustrates monthly variations. Data for

the 5 years, 1951 - 1955, were utilized.

five-month period, May through September. Cou-
sidering the year as a whole, 20 per cent of the days
are clear, 25 per cent parfly cloudy, and 55 per cent
completely overcast.

Abhout 45 per cent of the total possible sunshine
occurs during an average year, while a higher aver-
age, 54 per cent, occurs during the five summer
months. The degree or extent of cloudiness, ex-
pressed in terms of relative sky cover, is shown in

Table 3-7. A value of 10 represents complete sky
cover from sunrise to sunset, whereas lower values
indicate increasing sunshine and clear periods, For
the 23-year period of record, sky cover averages
6.8 per year and 5.7 per summer.,

Heavy fog occurs infrequently, averaging only 24
days per year. This condition develops on an average
of about 5 times during summer months and is con-
fined mostly to winter months,
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Tabie 3-6. Evaporation Data for
Maple Leaf Reservoir, Seattle

Table 3-7. Long-Term Sunshine and Cloud Data

Per cent Average Mean number of daysb
Long term average 1956 Month 0.fbl sky — ”
Month Total Precip- Net Net POBSIDIE | caver® Clear at’y Cloud ea\::y
evaporation | itation® |evaporation evaporation sunshine cloudy Y fog
inches inches inches inches January 28 3.0 3 5 23 2
January 0.62 6.17 ~5.55 ~7.47 Feb‘;ary i‘; ;Z i | g‘ ig g
Februaty 0.86 4.48 ~3.62 —-2.01 Ma’?l ae i e
March 1.68 2.85 -1.17 -4.32 :‘;’“ t o g ig " l
April 3.17 1.82 1.35 2.99 ay P od ’ o e
May 4.61 1.69 2.9 5.36 J une ) S A :
June 507 | 181 3.26 0.74 July .
July 6.29 1.13 5.16 7.20 August 53 52 ) 1 ? 1 1
August 5.09 0.97 4.12 4.84 September 23 5.7 9 8 12 4
September 3.61 1.79 1.82 1.10 gcmheb' 2? g'(l) g 2 ; : 5
October 1.69 3.15 ~1.46 ~2.49 ovember . 4
November 0.78 4,92 —-4.14 -1.53 December | 24 81 3 > 23 3
December 0.57 4.29 ~3.72 -~3.09 Year 45 6.8 72 93 200 24
Year 34.04 35.07 -1.03 1.32 Source: ““‘Local Climatolagical Data, Seattle (Fedetal Office

Source: ‘“Climatological Data - Washington, Annual Summary’’,
1948 to 1956 inclusive, U.8. Weather Bureau.

2 Averaged from individual monthily data excluding those with
na correspanding evaporation data.

Snowfal!

Although the higher peaks of the Cascade and Olym-
pic mountains are covered with snow for a good portion
of the year and snow falls frequently at elevations as
low ag 2,000 feet, snowfall within the metropolitan
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Fig. 3-11. Evaporation at Maple Leaf Reservoir, Seattle

Data for the period 1948-1956 indicate that, on an annual
basis, precipitation exceeds evaporation by 1.03 inches.

Building), 1956°°, U.S. Weather Burean.
Period of record 23 years, 1933-1956, except heavy fog.

‘aExpressed as a relative propottion of 10 which would indicate

complete sky cover from sunrise to sunset,
bF tom sutirise to sunset, except fog which is for 24-hour period.

C61-year period of recard as reported in above sotrce for 1955,

area is not frequent and varies considerably from year
to year. TFor the 23-year period ending in 19586, the
mean yearly fall is 8, 6 inches, Because the snow very
often melts before it reaches measurable depth, falls
of one inch or more are rare, occuyring on an average
of two times per year during the period of record,

Table 3-8. Normal and Long-Term Precipitation Data, Sedattie

Monthly Maximum

Month Normal | Average | Maximum!Minimum | in 24 hrs.
inches | inches | inches | inches inches
January 4.49 4.80 10.93 1.43 2.47
February 3.87 3.68 8.10 0.34 2.69
March 3.06 2,96 7.23 0.42 2.92
April 1.94 2,13 5.53 0.16 1.74
May 1.61 1.73 4,67 0.09 1.35
June 1.25 1.38 3.70 0.03 1.42
July 0.52 0.60 2.36 0.00 1.22
August 0.87 0.68 | 2.50 Trace 1.43
September 1.56 1,67 3.46 0,08 1.91
Octaober 3.08 2.92 7.43 0.02 2.22
November 4.46 5.07 9.50 1.04 3.20
December 5.34 5.26 15.33 1.00 3.52
Yeat 32.05 32.88 15.33 0.00 3.52

Source: ‘“‘Local Climatological Data, Seattle, 1956, U.S.
Weather Bureau, also 1955,

Period of record 65 years, 1892-1956, except normal which is
based on 1921-1950.
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Fig. 3-12. Precipitation in Seattle

Only 18 per cent of the normal yearly precipitation occurs
during the five months, May - September. Monthly normal pre-
cipitation at stations in the metropolitan area varies by abont
1 inch.

RAINFALL, through infiltration, has a significant effect on sewerage systems designed solely for sonitary sewage. Infiltration

Deep snowfalls in the Seattle area and elsewhere
along the shores of Puget Sound occur only when a
storm is so oriented that it brings cold air directly
out of Canada, or when it has traveled only a short
distance over water, Since 1904, the records show
traces of snow for seven winters and falls totaling
over 20 inches for four winters. The maximum for
one winter occurred in 1915-1916 and totaled 60.9
inches, while the greatest fall in 24 hours, 11.5 in-
ches, occurred during January 1943,

Precipitation

As shown previously (Table 3-1), total annual pre-
cipitation over the metropolitan area varies somewhat
with location. Annual and monthly averages for the
downtown Seattle staiion are given in Table 3-8, to-
gether with the minimum and maximum months of
record.

Variation in normal monthly precipitation is shown
in Fig, 3-12 for downtown Seattle, while the range
for other weather stations in the metropolitan area
is indicated by the shaded zone in the same figure.
A total of 5. 81 inches normally falls during the five-
month period, May through September, This repre-
sents 18 per cent of the annual normal precipitation.

Table 3-9 lists hoth the number of hours and the
number of days during which various amounts of
precipitation occurred. These data are based on an
analysis by the U.3. Weather Bureau and represent
annual averages for a five-year period, 1951 through
19565,

studies for various systems, including that tributary to the sewage freatment plant of the Southwest Suburban Sewer District (arrow)

are described in Chapter 7.
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Teble 3-9. Occurrence of Precipitation at Boeing Field, Seattie

Range of Hours per yeat in stated range Days per year in stated range ({\
precipitation, Summetr Winter All Summer Winter » Al
inches {May - September) | (October - April) Year (May - September)| {October - Apsil) | 27 Year |
Trace 230 609 339
0.01 66 256 322
0.02 - 0.09 96 422 518
0.10 - 0.24 11 53 64
0.2 - 0,49 0.2 R & P
~050-0.99. [ .. .02 _ L0 (02
1.00 - 1.99 ¢ 0 0
2.00 and over 0 0 0
Total 403 1,341 1,744

Source: Unpublished tabulation ‘‘Frequency of Precipitation Amounts, Boeing Field, Seattle, Washington’’, U.S. Weather
Bureau. .

Based on period January 1951 through December 1955. Values greater than 1 have been rounded to nearest whole number.
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Fig. 3-13. Frequency of Occurrence of Hourly Precipitation

Based on data given in Table 3-9, the curves show the total
hours during which precipitation equaled or exceeded each range,

sity and duration of rainfall.

Relative frequencies of occurrence are shown by
grouping the data into summer and winter periods.
For the summer season, rainfall of 0..01 inch or more
occurred during 173 hours, or 4,6 per cent of the
total number of hours in the season. On a daily basis,
total falls of 0.01 inch or more occurred on 39 days,
or 25.5 ver cent of the days in the five-month period.

Fig. 3-13 shows the total number of hours per year
and per season in which the hourly precipitation equal-
ed or exceeded each indicated range of values. This
figure was plotted by cumulating the hourly values in
Table 3-9 from the highest range of rainfall to the
lowest. Similarly, Fig. 3-14 shows the number of
days per year and per season in which daily precipi-
tation amounts equaled or exceeded each range.

Types of Storms

Most of the rainfall in the Seattle region comes from
moving storms or areas of low barometric pressure
which are common to the middle latitudes. Precipi-
tation from these storms covers relatively large
areas. -

Thunderstorms, or thunder showers, which cover
a relatively small area with short duration rainfall
of high intensity, are rather infrequent (Table 3-10.
During the 20 years analyzed, a total of 127 thunder-
storms occurred in Seatile and of these, 66 took place
during the summer for an average of about 3 per sum-
mer. It is evident, therefore, ihat this type of storm
is not gignificant with respect to either recreational
activities or, to any great extent, the frequency, in-
tensity and amouni of rainfall during the summer
months,

Frequency, Duration and Amount of Rainfall

Design of storm drainage facilities requires a knowl-
edge of the relationship between the frequency, inten-
Similar information is

: .
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Fig. 3-14. Frequency of Occurrence of Daily Precipitation

Prepared in the same manner as Fig, 3-13, this figure shows
the number of days in which precipitation amounts equaled or
exceeded specified ranges.

required also for the design of intercepting sewers

in areas served by combined sewers. In developing

rainfall frequency-intensity-duration data for the
Seattle study area, full use was made of records and
data obtained from the U.8, Weather Bureau and from
a recently completed sewerage and drainage study for
the city of Tacoma, Washington4.

Because the frequencies of storm recurrence con-
sidered for storm drain design and for intercepting
sewer design are not of the same magnitude, it was
necessary in each case {p develop separate frequency-
intensity-duration relationships. For storm drainage,
recurrence intervals of one vear and more are of most
importance and the relationships must be based on an
analysis of data covering the twelve months of the
vear. For intercepting sewers and related structures,
however, recurrence intervals of less than one year
are of most importance. In this case, conditions
during the summer or recreational season must be
anticipated and the relationships must be based on an
analysis of data for the five summer months, May
through September.

4“Metropolitan Tacoma Sewetage and Drainage Survey’’, Brown
and Caldwell, June 1957,

Analysis for Storm Drainage Design. Analyses of
frequency-intensity -duration relationships have been
made by the U, S, Weather Bureau for the period from
1903 to 1951 and are based on the automatic rain gage
records of the downtown Seattle station. Resulis of
these analyses were published recently in graphic
form®. Curves plotted in Fig. 3-15 are hased on
information there presented and show the amount or
depth of rainfall which occurs during a specific time
interval or duration and which will be equaled or ex-
ceeded at a particular frequency over a long peried
of time, It must be pointed out that these curves do
not represent the variations in rainfall which occur

St Rainfall Intensity-DurationsFrequency Curves®, U.S. Depart-
ment of Commerce, Weather Bureau Technical Paper No. 25,
December 1955,

U.S. WEATHER BUREAU STATION at Seattle-Tacoma Airport
is one of the twoprincipal sources of climatological information
in the metropolitan area,
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Fig. 3.15. Rainfall Frequency ot Seattle, January through December

Based on curves developed by U. S. Weatker Bureau and published in “‘Rainfall Intensity - Duration- Frequency Curves’, Tech-
nical Paper No, 25, the curves indicate frequency of occurrence of specified rainfall amounts during various time intervals. Curves
were derived from analysis of data covering the period 1905 - 1950 and do not represent the pattern of a typical stoem.

during the course of a particular storm. It is ex-
tremely unlikely that any one storm would follow more
than a small portion of a particular frequency pattern.

A design curve for a specific recurrence inter-
val can be made by converting rainfall amounts for
each duration to intensity. Curves thus prepared are
presented later in Chapter 13 in connection with a
discussion of design criteria for storm drainage
improvements.

Analysis for Intercepting Sewer Design.  Because of
the availability of similar data developed for the Ta-
coma area, it was not necessary to make a detailed
analysis of summer rainfall in Seattle, The Tacoma
curves, based on an analysis of automatic rain gage
charts for the summer months of 1840 through 1949,
were modified to account for known differences in the

frequency-intensity~duration relationships between
the two cities. .

Two independent analyses were made to determine
the necessary modification. Of these, the first in-
volved a determination, for summertime frequencies,
of the relationship between 60~-minute duration rain-
falls at Tacoma and Seattle., In so doing, use was
made of clock-hour data for the 10-year period as
published by the U.S. Weather Bureau in "Hourly
Precipitation Data", To develop the required informa-
tion, the first step was that of tabulating the measured
hourly amowts of rainfall in descending order of mag-

_nitude for each station, The frequency of recurrence

for each amount was then determined by dividing the
period, 10 years, by the order of magnitude of that
amount. For example, the amount which was 10th
in order of magnitude was equaled or exceeded a total
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REGURRENOE INTERVAL TINES FER SUMMER " of 10 times in 10 summers, and therefore has a recur-
s e e S T rence interval of one year. This amount may be ex-
' pected, on the average, to be equaled or exceeded
once per summer. Similarly, the amount 50th in
order of magnitude represents the amount which will
be equaled or exceeded five times per summer. ‘
p Fig. 3-16 shows recurrence intervals for clock-hour
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are not necessarily the maximum amounts which may
| TAGGMA - CLOCK HGUR fall in a 60-minute period. To illustrate this fact,
the figure also shows the maximum 80-minute rain-
s falls for various frequencies as determined in the
LT L Tacoma study. For a given frequency, the maximum
f:-f’ 60-minute fall is ahout 115 per cent of the clock-hour
008 E 1 fall,

A comparison of the clock-hour amounts for Seattle
and Tacoma indicates that, for a given frequency,
o1 — Fram— v EE— rainfalls at Seattle are 90 per cent of those at Tacoma.

 RECURRENGE NTERVAL, SUMMERS The 60-minute curve for Seattle was drawn accord-

ingly.
Fig. 316. Frequency of Clock-Hour and Maximum 60-Minute gTze second analysis was made for the purpose of
Reinfalls at Tacoma and Seattle . determining whether the same factor is applicable

Clock « hour rainfalls at Seattle were compared with those to other rainfall durations. This was accomplished
recorded at Tacoma to determine the relationship between rain- te
falls at these stations. by a comparison of the intensities recorded in Weather
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Fig. 3-17. Rainfoll Frequency of Seattle, May through September

It was found that rainfalls at Seattle were 90 per cent of those recorded at Tacema for frequencies and durations of interest in
design of intercepting sewers. Cwmrves for Seattle were adapted from similar Tacoma data based on analysis of individual storms
during the summer months from 1940 - 19490,
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Bureau Publication No, 25, For the more frequent those at Tacoma. This value was applied to the Ta-
occurrences and for durations between 15 and 120 coma curves in developing the summer rainfall curves
minutes, Seattle intensities are about 90 per cent of  for Seattle (Fig. 3-17).



Chapter 4
ECONOMIC DEVELOPMENT

Ag a backeround or basis for the study of population
presented in Chapter 5, this chapter deals with the
economic environment of the metropolitan area, in-
cluding land and water uses, trade and commerce, and
public utilities., It deals also with future land use
patterns as they relate to sewerage and drainage plan~
ning.

Statistical data for the many factors affecting econ-
omic environment are not available for the metropoli-
tan area as a whole, It is necessary, therefore, to
present and evaluate such data as are available for
city, county and regional units within and contiguous
to the siudy area,

The metropolitan Seattle area has been long recog-
nized as the major center of economic activity in the
state of Washington, if not in the entire Pacific North~
west, The pioneer economy, initially based on lumber,
goon expanded to include mining, agriculture, fishing
and, of necessity, shipping, While still imporiant,
these activities have been surpassed by manufacturing
and service industries.

By far the biggest factor in the development of the
present economy of the metropolitan area is the growth
of the Boeing Airplane Company. Employment in air-
craft production in King County has increased from
6,000 in 1940 to 64,000 in June 1957, During the same
period, the total number of all employed persons in-
creased from 195,000 to 381,000,

Fig. 4-1 shows the relative magnitude of some of
the economic factors discussed herein and illustrates
the proportions applicable to King County, the Puget
Sound area, the state of Washington and the Pacific
Northwest,

LAND AND WATER USE

Land uses in the metropolitan Seattle area range
from intense residential, commercial and industrial
in the city of Seattle, o undeveloped cut-over lands
and second growth timber in the northeastern, eastern
and southeastern portions. Developed lands outside
of Seattle include numerous small cities and suburban
residential areas (Fig. 3-2). Agricultural uses are
centered in the Green and Sammamish River valleys,
with marginal uses in the upland areas.

Surface waters of the area are utilized for shipping,
commercial fighing, harbor commerce, recreation,
various types of industrial operations and, to a limited
extent, domestic water supply. Use of the waters of
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Puget Sound, and of the Lake Washington and Green-
Duwamish drainage basins is discloged in detail in
Part IV,
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Fig. 4-1. Indices of Economic Activity

King County and the central Puget Sound region (King, Kitsap,
Pierce and Snochomish Counties) are more highly urbanized and
less dependent on agriculture than are the State of Washington
and the Pacific Northwest (Washington, Oregon and Idaho). King
County in particular is the center of manufacturing and trade.
Data obtained from publications of U.S. Department of Commerce,
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Table 4-1. Land Uses in City of Seattle, 1952 - 1954

Land use Area, acres
Single family homes.- 17:‘515;2
DUPIEXES . ittt s .
Apartments. - 999
Business,....... . 1063
Commercial.... .- 1.590
Manufacturing .- '653
Railroads..........cvrenee - 8113
Public, semi-public..... eeem e nernes 13,930
SEIEEES vttt et eee oo e '
45,228
8
Vacant......ccoeeiiecesieee it srerveveresaresentssrmssra e o 583
Total, 1and Aref... oo veanae s aerres 53,871
Submerged 1ands...u e cvirrererernsrners o = seeees 1,186
Total City Are@ ..ot ereeees 55,057

Source: City of Seattle Planning Commi Ssion.

Land uses in the city of Seatile, as determ?ned dur-
ing the period 1952-1954 by the Seattle Plapmng Com-
mission, are listed in Table 4-1. Since about 19,000
single family dwellings have been const'ructed in the
city subsequent to the Planning Coxnmission siudy, the
amount of vacant land (Table 4-1) has been reduced
by about 25 per cent,

Residential Development

The major portion of the metropolitan area .is nO.W,
or in the future can be made suitable for residential
use. From Seattle, the central city, development
has taken place to the north, east, and south, and
has been spotty rather than uniform. ¥ig. 4-2 shows
the number of residential units constructed and the
iype of construction within King County as a whole
from 1950 through 1956. Construction outside the
city of Seattle amounted to 38 per cent of the total
for the county in 1950, to 65 per cent in 1955,_ and to
54 per cent in 1956, For the seven-year pe?lod, 55
per cent of all residential construction was in areag
outside Seattle. Furthermore, 98 per cent of the out-
side construction consisted of single family homes
as compared to 69 per cent within the city. .

Residential expansion by tract type construction,
such as that currently taking place, result§ in.fully
developed areas surrounded by relatively ummpr.oved
areas. This in turn tends to magnify and compllc'at.e
the problems involved in providing necessary munici-
pal utilities and services, including sewerage and
drainage.

Industrial Development ‘
Extractive industries, such as forestry, fishing,

and mining, were developed early in the history of

Seattle. In fact, the first lumber shipment was to

San Francisco in 1852, the yvear the first permanent
settlement was established. Early manufacturing
operations were concerned primarily with the pro-
duction of machinery and equipment for logging, figh-
ing and shipbuilding, -

Almost all of the standard manufacturing classifi-
cations are now represented in the metropolitan area,
Growth of manufacturing industries has, of course,
brought with it the usual proportion of nonmanufac-
turing and service type industries,

Many of the manufacturing categories represented
in the early development of Seattle have been expanded
by the addition of new products. For example, forest
products now include plywood, pulp, furniture, and
prefabricated structures in addition to cut lumber;
food products include condiments and synthetic vanilla
in addition to seafood and fruit and vegetable packs;
and transportation equipment, after being limited initi-
ally to shipbuilding, is now expanded to include mili-
tary and civilian aireraft, trucks, and refrigerated
railroad ears, Additionally, the over-all industrial
base has been broadened by the introduction of new
industries and the manufacture of such products as
plastics and fibreglass, certain types of building
materials, textiles, and sporting goods.

As to the future, the outlook is toward a continuing
expansion of the industrial base. For example, con-
struction of several oil refineries is now or soon will
be under way. These in turn will provide a local
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Fig. 4.2, Residential Construction in King County

In the seven-year period, 1950 - 1956, permits were issued for
construction of almost 54,000 residential units, Of these, 85 per
cent were single family residences. Demolished units, totaling
over 5,000, were largely temporary war housing structures, Total
residential units increased from 248,638 in 1950 to 297,716 by
the end of 1956. Data obtained from Seattle Planning Commis-
sion,
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source of petroleum products, as well as raw mate-
rialg for the manufacture of peirochemical materials.
A possible source of raw material for synthetic chem-
ieal industries became available in 1956 with the
advent of natural gas.

Recently, a great deal of emphasis has been placed
on long-range programs for industrial expansion.
Several organizations are very active locally in this
field, as is the Department of Commerce and Econ-
omie Development, a newly eatablished agency of the
state of Washington, One of the principal aims of the
latter is the expansion of the industrial base of the
entire state.

Industrial Areas. According to a study by the Seattle
Planning Commission in 1952, 4,648 aeres within
King County were then utilized by industries, of which
1,580 acres were within the city of Seattle. Most of
the heavy industrial development in the metropolitan
area ig situated in the lower reaches of the Green-
Duwamish River valley and along the shores of Elliott
Bay, Lake Washington Ship Canal, and Lake Uniodn,

Future developments of any magnitude in the heavy
industrial field are expected to be confined, at least

initially, to the Green-Duwamish Valley. This is
because of availability in that area both of flat land
and of rail and water transportation. At present, the
first stages of long-range plans for industrial develop-
ment in the Duwamish valley are heing implemented -
by the Port of Seattle Industrial Development District.
Improvements now under way, together with those
planned for the future, will provide a new industrial
area of slightly over 3,000 acres.

Light industry is considerably more dispersed than
heavy industry and is centered generally in developed
areas adjacent to rail and arterial highway facilities.
Future growth of light industry is expected to follow
the same pattern and to utilize presently undeveloped
land in areas where adequate transport services are
available, It is possible, however, that operations
of this type may develop also in close proximity to
regidential areag., Current experience in the San
Francisco Bay area indicates that, with proper plan-
ning, neighboring development of light industrial and
residential areas results in mutual advantages,

Industrial Classifications. Although a wide diversi-
fication of industries in the metropolitan area is in-

Table 4-2. King County Employment $tatistics

Employees, thousands

1957
Classification 1940 1944 1946 1950 1954 1956 Jannary
March July July Year Year Year to
June
Manufacturing industries
Food, kindred products 7.1 8.2 8.4 8,3 7.4 7.4 6.8
Apparel, textiles 1.9 2.4 24 2.3 2.4 2.5 24
Lumber, wood products 7.1 7.3 5.6 7.9 6.1 6.8 6.5
Primary metals 2.0 4.7 3.0 2.3 2.0 2.5 2.7
Metal products, machinery 4.2 7.8 3.9 7.2 7.8 8.1 7.8
Transportation equipment
* Aireraft 6.0 38.8 10.0 19.5 36.8 43.2 58.1
Shipbuilding, repair 1.2 30.0 7.9 1.6 31 3.2 3.2
Other 0.7 1.1 1.8 1.9 2.7 3.2 2.8
Other manufacturing 6.9 6.6 7.2 8.4 9.5 10.3 10,1
Total manufacturing 37.1 106.2 g2.2 go.4 77.8 87.2 100.4
Non-manufacturing
Mining, forestry, fishing 2.4 1.6 1.6 1.7 1.6 1.5 1.2
Contract construction 8.6 © 9.0 12.9 13.4 12.5 15.0 154
Transpottation, utilities, communication 16.9 22.1 4.1 25.9 25.9 275 27.6
Trade, services 6d.4 84.8 97.3 110.1 119.9 130.0 129.0
Government 22,7 58.8 45,1 37.9 42.9 44,9 45.2
Total, non-manufacturing 115.0 176.3 181.0 189.0 202.8 218.9 218.4
Agriculture 6.7 10.8 10.6 8.1 7.9 7.8 6.5
Miscellaneous @ 36.7 24.4 32.3 39.2 39.8 40.0 40.2
Total employment 195.5 318.4 276.1 295.7 328.3 353.9 365.6

Source; ‘‘Labor Force and Employment in the Seattle Area (King County)”’, Washington State Employment Security Department.

Binctudes self-employed, domestic servants, and others.
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Toble 4.3. King County Manufacturing Statistics

1954 1947
Major industry group Establishments, | Employees, Payroll, Value added,?| Employees, |Value added,®

number aumber $1,000 $1,000 number $1,000

Transportation equipment 60 " 40,479 193,284 177,942b 20,156 67,007
Food and kindred products 1226 ‘9,393 38,723 67,389 - 8,113 45,566
Lumber and wood products 187 4,931 20,846 32,364 5,562 37,901
Fabricated metal products 146 4,134 19,058 32,290 3,574 21,351
Printing and publishing 190 3,631 16,601 27,004 3,225 22,830
Machinery, excluding electrical 128 3,137 15,262 23,811 3,248 16,860
Ptimary metal industries 41 2,304 10,588 . 17,103 2,499 12,943
Apparel and related products 88 2,372 7,080 11,407 2,293 8,520
1,066 70,381 321,442 389,310 48,670 233,068

All other industries® 401 8,892 36,427 164,567 6,100 32,354
Total 1,467 79,273 357,869 553,886 54,770 265,422

Source: ‘‘1954 Census of Manufacturers, Washington, Preliminary Report’’, U.8, Department of Commerce, Bureau of the Census.

8pefined as the value of shipments less costs of materials, supplies, fuel and electric energy.

blncomplete value; see next footnote,

©Also includes values withheld from specific groups to avoid disclosing figures for individual companies,

dicated by King County employment statistics (Table
4-2), it is nevertheless evident that employment is
dominated by aircrafi production, This is attested to
by the fact that three out of five workers in the mami-
facturing industries are employed in the production
of aircraft.

A similar domination is reflected by the manufac-
turing statistics given in Table 4-3 for 1954. This
year was chosen because it is the latest one for which
U.S. Bureau of the Census figures are available.

In considering the figures for the values added by
manufacturing (Table 4-3), it should be realized that
the specific value given for the transportation industry
does not represent the true total for that group, In
compiling statistios of this type, the practice is to ex-
clude any values which would disclose information
pertaining to the specific operations of a single com-
pany. On the other hand, the true values are actually
included in the total both for all other industries and
for the county as a whole,

On a state-wide basis, the leading manufacturing
industry is again that of transportation equipment,
principally aircraftl, For a twelve~month period
ending September 30, 1956, aircraft industry payrolls
amounted to a total of $222, 9 million, representing
21. 8 per cent of the total manufacturing payroll oi
$1,021 million for the entire state, During the same
period, employment in aircraft production averaged
41,800, representing 20. 3 per cent of the state-wide
manufacturing industry employment total of 206, 000.
Table 4-4 lists state-wide payrolls in 1954 and 1956
for major manufacturing industry groups,

1 “‘Summary of Pacific Northwest Industries, Annual Review,”’
Seattle Firat National Bank, April 1957.

Transportation

In the field of passenger and freight transportation,
the Seattle area not only serves western Washingion
and the Pacific Northwesat but is the gateway to the
shortest air and sea routes from a mainiand port in
the United States to Alaska and the Qrient. Because
of the favorable location of the area with respect to
both overseas markets and mainland commerce, the
transportation industry will continue to expand and will
become an increasingly important segment of the total
economy.

Water Transport.  Marine transportation always
has been and will continue to be a2 major feature of
business activity in the metropolitan area. Elliott
Bay is deep enough to accommodate all types of ves-
sels and has a total shoreline of 10, 6 mileg, Of this

Table 4-4. Payrolls in Washington Manufactuting Industries

Payroll,® million dellars
Industry group " State of Washington King County

1956 1954 1954
Food products 102.8 97.4 38.7
Fotest products 348.8 284.8 27.4
Metals andchemicalsP| 4832 402.1 46,9
Other 86.2 70.7 43.8
Total 1,021.0 855.0 356.8

Source: “‘Summary of Pacific Northwest Industries, Annual Re-
view'’, Seaftle First National Bank, June 1955 and
April 1957,

BFor 12-month period ending September 30 of year stated.

bIncludes aireraft productiof.

3 1
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BOEING FIELD and the main Seattle Boeing plant (right} are located adjocent to Duwomish River. Employment at Boeing,
largest individual industry in the metropolitan areq, increased from 6,000 in 1940 to 64,000 in June 1957. Headquarters for air
carge and non-scheduied air lines are located on left side of field.

total, §.7 miles, or 82 per cent, are occupied by
marine enterprises, Duwamish waterway provides
an additional 10.5 miles of shoreline, of which 1.7
miles are developed for marine uses.

Waterfront loading facilities consist of more than
90 plers, docks and wharves., Public docks and port
services are provided by the Port of Seattle, a mu-
nicipal eorporation which has the power to purchase,
lease, construct and operate varjous types of marine
facilities. In 1956 the Port of Seattle owned proper-
ties valued at $37.7 million.

Lake Washington ship canal and Chittenden (Govern-
ment) Locks, constructed in 1816, provide access to
Lake Union and Lake Washington for vessels with a
maximum draft of 30 feet. Of the 8. 8 miles of shore-
line in the ship canal area, which includes Lake Union
and Salmon Bay, 6.3.miles are utilized by marine

users. Moorage space is available for 1,000 fishing
boats at the Fishermen's Terminal in Salmon Bay.
This area is used extensively by vessels fishing Pa-
cific Northwest and Alaskan waters, Use of the Lake
Washington shoreline for water oriented industries,
including shipyards, has declined greatly in recent
years.

In the period from 1946 to 1956, the total traffic
tonnages for Seattle Harbor increased from 9.6 to
13,7 million tons, or over 40 per cent, Seaitle Har-
bor, as defined by the U.S. Corps of Engineers, ex-

“tends from Point Wells on the north to Fauntleroy

Ferry slip on the south and includes the ship canal,
Lake Union, and Lake Washington, .

A breakdown of the number and types of vessels
inbound and outbound during 1955 is given in Table
4-5, Although the number reported for the ship canal,
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CHITTENDEN LOCKS, constructed in 1916 and operated by
the U.S. Corps of Engineers, are located on the Lake Wash-
ington ship canal. Ship traffic on the canal, connecting Lake
Washington and Puget Sound, totaled 60,000 vesseis in 1955.
Over half the number of vessels were recreational craft.

Lake Union and Lake Washington represents nearly
half of the total for the harbor as a whale, this par-
ticular group includes a preponderance of recreational
crafi. :

Highwey Facilities. A system of state and county
roads and highways serves developed sections of the

Table 4-5. Seattle Harbor Traffic in 1955

Seattle Harbor® Ship Canat®
Class
Inbound ;Qutbound | Inbound [Cuthound
Self-propelled vessels,
number
Dy cargo ot passenger| 36,128 | 36,163 821 823
Tanker 835 831 101 99
Tug and towboat 22,374 | 22,334 4,987 4,987
Fishing boats ¢ € 6,179 | 6,540
Recteational craft € c 17,798 | 17,974
59,337 | 59,378 | 29,886 | 30,243
Non-self-propelled
vessels, number
Dry cargo 4,709 4,688 1,488 1,465
Tanker 2,374 2,368 298 289
7,083 7,056 1,786 1,754
All vessels, total :
number 66,420 | 66,434 | 31,672 | 31,5997

Source: ‘“Waterborne Commerce of the United States, 1955,

Part 4: Waterways and Harbors, Pacific Coast, Alaska,

and Pacific Islands’’, Department of the Army, Corps

of Engineers,

AExtending from Pt, Wells to Fontletoy ferry slip and including
ship canal, Lake Union and Lake Washington.

blncludes Lake Union and Lake Washingion,

CIncluded in other classes.

metropolitan area, In addition, the area is traversed
by two major tranhscontinental routes, U.S. 99, the
Pacific Coast highway, and U.S. 10, the northern
east-west highway, Auto ferries provide connections

.with the Olympiec Peninsula to the west across Puget

Sound, with various islands in the sound, and with
Victoria, B.C. on Vancouver Island. Counsideration
is presently being given to the construction of a bridge
across the sound.

Construction in 1940 of the floating bridge across
Lake Washington has been a major factor in hasten-
ing development of the communities east of the lake,
Traffic, however, has reached such proportions, par-
ticularly during morning and evening rush hours, that
planning of a second floating bridge is now in progress,

Design of a limited access freeway connecting Seattle
with Everett to the porth and Tacoma and Olympia io
the south is a current project of the State Highway
Department. When constructed, this freeway will
alleviate congested traffic conditions on U. 8. 99 both
north and south of Seattle and will tend fo stimulate
further residential and light industrial development
in contiguous areas.

U.S. Highway 10 which is planned for an ultimate
six to eight lane width, is now being widened to four
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Fig. 4-3. Motor Vehicle Registrations in King County

From 1925 to 1955, motor vehicle registrations increased from
95,000 to 362,700. Passenger cars account for 80 percent of
the vehicles in the county, Increasing urbanization and depend-
ence on highway transportation contribute to the decreasing
number of persons per vehicle. Data from State Department of
Licenses,

.
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Table 4-6. Motor Vehicle Regisfraﬁons in 1955

Washington Central Puget Sound Region® King County
Type State, per cent per cent pet cent
thousands thousands of state thousands of state of region
Passenger 927.0 459.6 49.6 292.0 31.5 _ 63.5
Trucks 205.0 80.0 30.0 47.8 23.3 59.7
Trailers 76.7 29.8 38.9 164 21.4 55.0
Miscellaneous? 30.0 10.9 36.4 6.5 21.6 59.6
Total 1,238,7 580.3 46.9 362.7 29.4 62.6

Source: Department of Licenses, State of Washington.

Ancludes King, Pierce, Snohomish and Kitsap Counties,

bIncludes vehicles for hire, private busses, motorcycles, and vehicles of all governmental agencies,

lanes in the section over Snoqualmie Pass, A new
limited access freeway paralleling the east shore of
Lake Washington ultimately is to connect with both
the proposed Tacoma-Everett freeway and Highway 2
across Stevens Pass,

Fig. 4-3 illustrates graphically the great increase
in the numher of motor vehicles registered in King
County since 1925 together with the concomitant de-
crease in number of persons per vehicle. King County
has over 30 per cent of the passenger vehicles in the
state and over 60 per cent of those in the four coun-
ties, King, Pierce, Snohomish and Kitsap, making
up the Central Puget Sound region (Table 4-6).

More than 100 carriers are engaged in furnishing
motor freight service to Pacific Northwest points and
the rest of the country. Transcontinental bus ser-
vice is offered by two interstate lines.

Railroads. The metropolitan area is served by
four transcontinental railroads, Great Northern, Mil-

“wattkee, Northern Pacific, and Unien Paecific. These

provide access to marketing points east and south as
well as a connection to Vancouver, B, C, In addition,
there is a local network of railway routes, dating back
to early logging and mining activities,

Air Transportation.  Seattle-Tacoma International
Airport (Sea-Tac) and Boeing Field are the major
airports serving the area. The former is the center

Table 4-7. Air Traffic ot Seattle=Tacome Airport

Classification 1954 1055 1956

Revenue passengers, number | 1,048,383| 1,181,564| 1,286,126
Air mail, pounds 11,489,440/17,276,289118,872,471
Air freight, pounds 26,259,194129,962,543 (32,259,329
Air express, pounds 2,297,904| 2,542,549 2,837,967

First class mail® pounds 2,211,150

Source: ‘“‘dnnual Report’’, Port of Seattle, 1955 and 1956,
AService started in January 1956,

of commercial air transport activity, while the latter
is used mostly by Boeing Airplane Company for air-
craft produced at its adjacent plant, Boeing Field is
used also hy air cargo and non-scheduled passenger
carriers, Other fields in the area include those at
Renton Municipal Airport, Bellview Airport, and
Paine Field, Sand Point Naval Air Station is situ-
ated on the west shore of Lake Washingion,

Traffic at Sea-Tac, which is owned and operated
by the Port of Seattle, is increasing yearly (Table
4-7), In the short period from 1954 to 1956, the num-
ber of revenue pagsengers and the weight of air freight
and air express increased over 20 per cent, and the
amount of air mail increased more than 60 per cent,
In terms of overseas passengers, Sea-Tac ranks third
nationally, following New York and Miami, Runways
are adequate for the largest transpori planes now in

SEATTLE - TACOMA AIRPORT is center for commercial air
traffic, both domestic and overseas, In 1956, the total number
of revenue passengers was 1,286,126, a 22 per cent increase
since 1954, Construction now underway will extend runway to
10,400 feet, long enough for use by jet airliners and transport
planes.
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Table 4.8, Value of Farm Production in King County

Value in million dollars
Product
1954 1949
Field crops
Vegetables 2.1 2.7
Fruits and nuts 1.0 0.8
Horticultural specialties® 2.4 2.6
Other field crops 0.04 0.06
5.54 6.16
Livestock and products
Dairying 6.6 6.0
Poultry 3.9 3.7
Other livestock 1.5 2.5
12.0 12.2
Forest productsb 0.18 0.07
Total farm products 17.7 18.4

Source: ‘1954 Census of Agriculture’, U.S, Department of
Commerce, Bureau of the Census, Vol. I, Part 32,
Washington and Oregon,

Ancludes nursery and greenhouse products, flower and vege-

table sceds and plants.

Bincludes saw timber, posts and Christmas trees.

service, Af present, however, the main north-south
runway is being lengthened from 7,500 feet fo 10,400
feet to accommodate jet transports.

Boeing Tield is owned and operated by King County
and is conveniently located for transportation of air
cargo in the industrialized Duwamish Valley, A single
runway, 10,000 feet in length, is adecquate for present
and anticipated future needs.

Remnton Municipal Airport is used by the Renton plant
of the Boeing Airplane Company and by private planes.
Its 5,400 foot runway would be difficult to lengthen

because of adjacent highly developed land on the south
and Lake Washington on the north.

Paine Field, a former Air Force base in the north-
ern part of the area, is now partially owned by the
U.S. Army but the runway section is owned by Sno-
homish County. The latter is operated as the Sno-
homish County Airport and is used also by the Army
under a lease arrangement.

Agriculture

Soil classification studies by the State College of
Washington indicate that there are about 540,000 acres
of farm land in King County. These include 70, 000
acres suitable for commercial farming, 45,000 acres
of below-average land yielding a low economic return,
and 425, D00 acres of marginal or poorer land with
little or no agricultural value.

As reported by the U. 8. Census Bureau in the 1954
Census of Agriculture, the number of farms in King
County decreaged from 5,496 in 1950 to 5,181 in 1954
and the occupied farm acreage decreased from 153,301
to 145,111 acres. For the central Puget Sound region,
farm acreage declined nearly 8 per cent between 1850
and 1954, whereas the total for the state increased
about 1 per cent.

A comparison of the occupied farm acreage in King
County with the figures given above for various classes
of land indicates that a minimum of 30, 000 acres clas-
sified as poor and marginal is actually utilized for
farming. Undoubtedly, this contributes to the fact
that operators of over 60 per cent of the farms in King
County also engage in some type of off-farm employ-
ment,

Agricultural operations in the metropolitan Seattle
area are confined largely to the fertile valleys of the
Green and Sammamish rivers. It is expected, how-
ever, that the continuing pressure for residential and

Table 4.9. Washington and Puget Sound Fisheries Statistics

Fish landings, million pounds Washington value, million dollars

Species Washington Puget Sound? CatchP Processed®
1955 1956 1955 1956 1955 1956 1955 1956
Salmon 61.8 311 48.7 20.0 11.8 10.9 21.0 20.8
Bottom fish 42.3 42,5 41.7 41.8 2.3 3.0 3.4 4.5
Halibut 16.1 16.2 16.1 16.2 2.6 3.0 3.4 5.0
Other food fish and livers 7.9 10.9 5.3 8.5 0.8 1.2 3.6 4.2
Oysters 10.1 10.6 3.4 3.4 1.3 1.5 6.0 7.4
Other shellfish 9.8 11.2 2.8 2.0 1.2 1.6 2.3 2.6
Totald 148.6 122.5 118.1 91.9 20.1 21,6 39.8 44.5

Source: ‘1956 Fisheries Statistical Report”, State of Washington, Depariment of Fisheties.

Zlncludes all fish landed at Puget Sound ports from catches in the Sound and Pacific Ocean.

Bprice paid to fisherman for his catch,

SWholesale, before shipment, value after canning, filleting, salting, ot freezing; includes all by-products,

Dotermined from sum of individual figures before rounding off.
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PORTAGE BAY, west of Lake Washington, is extensively used for mooring recreational craft. University of Washington, top,

has an enrollment of over 14,000.

industrial development of the valley lands will lead to
a further decline in farm acreage.

Fuarm Products. For the state as a whole, the
value of farm products increased from $365 million
in 1949 to $506 million in 1854, By comparison,
values in the central Puget Sound region decreased
from $43.7 million to $42, 9 million during the same
period,

Similarly, farm products in King County decreased
irom $18. 4 million in 1949 to $17.7 million in 1954
(Table 4-8), In 1954, the value of dairying and dairy
products amounted to $6.6 million or 37 per cent of
the total for the county. Employment in agriculture is
highest during the three months, July through Septem-
ber, and lowest during January. Inthe last 10 years,
the number of employees in this category ranged from
an average minimum of about 5,500 in January to a
maximum of 11, 000 to 14, 000 in September.

Fisheries

Long recognized as a major center of commercial
fishing, Seattle receives catches from Puget Sound,
Alaska and the offshore waters of the Pacific. About
two-thirds of the commercial salt water licenses sold
in the state during 1956 were issued in the Puget
Sound district,

Salmon is by far the most important commercial
catch, accounting for roughly one-half of both the an-
nual catch and the processed value of the Puget Sound
fisheries industry (Table 4-9). Although the 1956
catch was quite low compared to 1955, total values
for the two years were about the same. Good demand,
eombined with a short supply, served to nearly double
unit values in 1956,

Sport or pleasure fishing in the waters of the sound
is enjoyed by many thousands of residents and visitors
every year. No accurate count of their mumbers can
he made, however, hecause licenses are not required,
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Table 4-10. Parks and Other Recreational Areas in Seattle

Area, acres
Type Number
Total Water
Major parks 7 1,188 349
Minor patks 23 358
Squares, view points 70 14
Boulevards 8 361
Waterfront parks and beaches® 23 103 8sb
Golf courses : 4 425
Special areas?® 19 370
Total . - 2,819 434

Source: **Planning for Recreation”, City of Seattle Planning
Commission, 1954.

Bncludes some duplication with other types listed; area stated
only for those not elsewhere covered.

brotal shoreline length, 18.2 miles.

According to the State Department of Fisheries, sport
catches of silver and chinook salmon totalled 476, 000
in Puget Sound in 1956. For all the waters of the
state, including the Columbia River, the fotal was
680, 000,

Recreation

Endowed as it is with an abundance of natural at-
tractions, the metropolitan Seattle area affords out-
standing opportunities for recreational activity. This
asset, coupled with that of scenic beauty, brings many
thousands of visitors and a resulting tourist trade of
considerable economic magnitude,

Recreational Facilities. Two national parks, Rainier
and Olympic, and several state parks are within a few
hours drive of the metropolitan area, Additionally,
many public and private resorts are conveniently situ-
ated along the shores of lakes and streams and in the
Olympic and Cascade ranges. Unlimited opportunities
are available for hiking, camping, picnicking, and
fishing in summer months and for hunting, skiing, and
tobogganing in the colder months.

Booting. Puget Sound and Lake Washington, as
well as the many small lakes in the metropolitan area,
are used extensively for boating, sailing, and water
skiing. In 1955, for example, the number of trips
through Chittenden Locks by pleasure craft of all kinds
totalled nearly 35,000 (Table 4-5), It is claimed, fur-
thermore, that one out of every seven to eight Seattle
families owns a power-driven boat.

From the standpoint of spectator and general com-
munity interest, the outstanding sports event in the
boating field is the annual hydroplane competition on
Lake Washington, The Gold Cup races, together with
the attendant activities during Seafair week, attract
nationwide attention. '

Local Parks and Beaches. Within the metropolitan
area itself there are three state parks: Saltwater,
on the sound near Des Moines; Bridal Trail, east of
Lake Washington near Houghton; and Lake Sammamish,
at the south end of that lake,

The Seattle Park Department operates and main-
tains 7 major and 23 minor parks in addition to a large
number of community recreation centers, playfields,
squares and parkways (Table 4-10). This department
also operates 23 waterfront parks and beaches on
Puget Sound and Lake Waghington. Recreational fa—
cilities occupy over 18 miles of shoreline. Attendance
at supervised bathhouses and pools in 1955, as re-
ported by the Park Department, fotalled nearly 229,000
persoas,

Military Installations

The Army, Navy, Air Force, and Coast Guard main-
tain establishments in the metropolitan area, Loca-
tions of the major installations are shown in Fig. 3-2.

Army. Tort Lawton, which borders Puget Sound
south of Shilshole Bay, is the principal Army instal-
lation in the area. Qthers are the Seattle District
Engineers Office on East Marginal Way, and the Quar-
termaster Depot at Auburn, COperations at the Army
Terminal were terminated in mid 1957 with the trans-
fer of its functions to a Navy installation at Pier 91,
Chittenden Locks, though not a strictly military estab-
lishment, are owned by the U.S. Army and operated
by the Corps of Engineers.

Table 4-11, Wholesale Trode in 1954 and 1948

Number of Sales,
Operation establishments | $1,000,000

1954 | 1948 | 1954 | 1948

Washington
Merchant wholesalers 2,796 | 2,001 | 1,725 | 1,225
Manufacturers' branches 500 463 799 526
Petroleum and other fuels 698 608 340 236
Merchandise agents 355 297 389 346
Assemblers of farm products 309 323 205 227
Total 4,658 | 3,782 a a
King County
Merchant wholesalers 1,296 | 1,034 867 645
Manufacturers' branches 314 323 673 438
Petroleum and other fuels 51 49 108 77
Merchandise agents 272 227 298 258
Assemblets of farm products 8 6 8 13
Total 1,941 | 1,639 a a

Source: 1954 Census of Business, Wholesale Trade, Wash-
ington®, U.S. Department of Commerce, Bureau of the
Census, Bulletin W-1-47.

AState and county values are classified by the Census Bureau
as *'not applicable’.
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ELLIOTT BAY waterfront is center of Seattle harbor activity. In 1955 the harbor ranked fourth in terms of domestic trade ton-
nage and sixth in foreign trade fonnage of Pacific Coast ports, Alaske Way viaduet, along watetfront, carries U.S. 99 highway
traffic through congested downtown area of city.

Navy. Navy installations in the metropolitan area
consist of the Sand Point Air Station on the shore of
Lake Washington, the Naval Station and Supply Depot
in Smith Cove at the northern extremity of the Elliott
Bay waterfront, and the Reserve Ship Yards on Har-
bor Island at the mouth of Duwamish River. Sand
Point Air Station is used also as the headquarters of
the thirteenth Naval District and as a training bage
for a reserve unit of the U, 8. Air Force,

Coast Guard. Coast Guard operations are centered
at a base just upstream from the Government Locks
in Salmon Bay. This base is used by patrol boats
operating in Puget Sound and Lake Washington and
serves in addition as a supply point for light ship sta-
tions. Pier 70 on the Elliott Bay waterfront also is
utilized by the Coast Guard,

Air Force. There are no Air Force installations in
the metropolitan area but reserve training units are
baged at Paine Field and at Sand Point Naval Air Station.

TRADE AND COMMERCE

Over one-half of the wholesale and retail estab-
lishments in the state are located in the Central Puget
Sound counties. These establishments account for
more than 50 per cent of the dollar value of the total
trade.

Wholesale Trade

Wholesale trade, as measured by the number of
establishments and the dollar value of total sales,
increased substantially in the seven-year period from
1948 through 1954 (Table 4-11). During this period,
the total number of establishments increased 123 per
cent in the state as a whole and 119 per cent in King
County. The largest gain was in the category of mer-
chant wholesalers, which includes wholesalers, job-
bers, distributors, foreign trade merchants and other
related operations. In 1954, this category acceunted
for 60 per cent of the state's total number of whole-
saling operations and for 67 per cent of those in King
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Table 412, Regional ond Local Wholesale Trade in 1954

Total Merchant wholesalers Other Others types

Area Establishments, Payroll, Establishments, Payroll, Establishments, Payroli,

number $1,000,000 number $1,000,000 number $1,000,000

Washington 4,658 201 2,756 1,725 1,862 1,733
Central Puget Sound Region? 2,503 133 1,708 1,105 795 1,187
King Countyb 1,941 108 1,256 867 645 1,087

Auburn 8 0.08 5 0.7 3 1.0

Renton 17 0.7 14 4.2 3 1.4
Seattle 1,818 105 1,220 846 598 1,035
Rest of county 98 2.6 57 14 41 49

Source: ‘‘1954 Census of Business, Wholesale Trade, Washington’’, U.S. Department of Commerce, Bureau of the Census, Bulle-

tinn W-1-47.
AIncludes Kitsap, King, Pierce and Snohomish Counties.

bCor.mty payroll and sales totals computed before rounding off figures for political subdivisions.

County. It also accounted for roughly one-half of the
total sales value, .

Asg indicated hy the data in Table 4-12, the central
Puget Sound Region accounted in 1954 for 54 per cent
of the state's wholesale establishments and for 66 per
cent of the payroll, These data reveal also that more
than 75 per cent of the establishments and payroll
were in King County and that this type of business
activity is centered in the metropolitan Seattle area,

Retaii Trade

Retail trade statistics for 1948 and 1954 (Table 4-13)
indicate approximately equal rates of growth for the
state, the Puget Sound Region, and King County. Dur-
ing the seven-year period, the number of retail es-
tablishments increased just under 10 per cent, while
the dollar value of retail sales increased about 30
per cent, The latter is due to the decreased value
of the dollar, to increased purchases per capita, and

to the inerease in population between 1948 and 1954,

Within King County, the greatest perceniage in-
crease in sales occurred in the cities of Auburn and
Kent where the 1954 values were 158 and 162 per cent
of the 1948 values. At Seattle, retail trade increased to
135 per cent of the 1948 value, and accounted for over
80 per cent of the county total in both 1954 and 1948,

Retail sales are divided by the Bureau of the Census
into eleven major groups. In 1954, the food group
acepunted for 22 per cent of the total value in King
County as a whole (Table 4-14), This was followed
by the automotive and the general merchandise groups
each with 14 per cent, In other words, 50 per cent
of the total value falls in these three groups.

Foreign Commerce

In foreign trade tonnage, Seattle ranked sixth among
the major Pacific Coast ports in 1955 (Table 4-15). In
1956, trade with Canada and Mexico accounted for 60

Table 4-13. Regional and Local Retail Trade in 1954 and 1948

A Establishments, number _ Sales, $1,000,000

rea 1954 1948 1954 1948

Washington 26,806 24,875 2,874 2,204

Centra! Puget Sound Region® 13,034 12,173 1,493 1,117

King County? 8,178 7,607 - . 1,008 749

Auburn . 145 118 19 12
Kent 131 81 11 6.8
Kirkland : 112 89 10 7.1

Renton 231 187 28 19

Seattie ‘ 6,381 5,583 827 610

Rest of county ) 1,178 1,549 113 95

Soutce: ‘“1954 Census of Business, Retail Trade, Washington”, U.S. Department of Commerce, Bureau of the Census, Bulletin

R-1-47,

4Inicludes King, Kitsap, Pierce and Snohomish Counties. )

IbTotaf sales value computed before rounding off figures for political subdivisions.
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Table 4.14. Distribution of Retail Sales in King County, 1954

Sales in thousand dollars
Business group

: Total Auburn Kent Kirkland Renton Seattle Remainder
Food stores 220,457 4,468 4,018 2,400 6,667 166,449 36,455
Eating, drinking places 83,267 824 595 508 1,713 70,605 9,022
General merchandise 143,214 813 606 - 1,859 134,327 4,725
Apparel 54,492 568 191 126 1,585 50,035 1,987
Furniture, appliances 43,853 604 673 494 1,911 35,650 4,521
Automotive 143,325 6,318 2,247 3,466 5,974 111,168 14,152
(Gasoline stations 62,671 1,066 729 707 2,440 46,144 11,585
Lumber, building equipment 51,473 831 633 580 2,657 36,437 10,335
Drug stotes 31,320 a 305 360 1,155 24,635 4,152 !
Other retajl 113,902 2,593 978 757 2,097 92,631 a
Non-store retail 60,082 a 184 72 36 59,120 a
Total 1,008,056 18,668 11,159 16,354 28,094 827,201 112,580

Source: ‘“1954 Census of Business, Retail Trade, Washington’®, U.S. Department of Commerce, Burcau of the Census, Bulletin

R-1-47.

A0mitted to avoid disclosure of information which could be associated with operation of a single establishment.

blncludes mail otder houses, house-to-house sales, and vending machine operations,

per cent of the imports, while 45 per cent of the ex~
ports went to Japan and Korea. Limestone, limerock
and gypsum rock accounted for 40 per ceni of the im-
port tonmage, and wheat and barley for 60 per cent of
the export tonhage.

Fig. 4-4 portrays the development of foreign trade
at Seattle since 1900, Variationsg in the totals of im-
port and export tonnage follow those of national and
world economy and, for the latter, reflect the status
of trade with the orient.

Domestic Commerce

Domestic waterborne commerce includes four major
classifications: coastwise, internal, intraport, and
local. For the entire group in 1955, Seattle ranked

Table 4.15. Comparative Foreign Trade Figures for 1955

Total, Exports, Imports,

Harbor 1,000 1,000 1,000

tons tons tons

Los Anpeles, Calif. 4,885 3,155 1,730
Long Beach, Calif. 3,066 2,277 789
Richmond, Calif, 1,748 767 981
San Francisce, Calif. 1,661 801 860
Portland, Ore. 1,408 1,258 150
Seattle, Wash, 1,357 698 659
Carquinez Strait, Calif. 1,283 145 1,138
Tacoma, Wash. 1,257 817 440
QOakland, Calif. 868 773 95
Redwood City, Calif. 174 93 31
San Diego, Calif, 149 93 56

Source: ‘‘Waterborne Commerce of the United States, 1955,
Part 4, Waterways and Harbors: Pacific Coast, Alaska
and Pacific Islands™. Department of the Army, Corps
of Engineers.

FOREIGN COMMERCE, MILLION TONS
-~
ol

fourth on the Pacific Coast, with a total of 11,1 mil-
lion tons. Los Angeles Harbor ranked first with 14.4
million tons and was followed in order by Richmond
Harbor and Portland,

Seattle Harbor receipts and shipments in 1955 are
listed in Table 4-16 for coastwise, internal, and intra-
port categories. Local commodity movements totalled
629 thousand tons. Of these, the principal items, in
thousand tons were; residual fuel oil, 238; rafied logs,
125; gas oil distillate fuel oil, 83; motor fuel and
gasoline, 63; and lumber and shingles, 23, Total
tonnage of domestic shipping in 1956 was 11.8 miilion
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Average values for fivesyear periods from 1905 through 1955.
In 1956, total tonnage of foreign trade items exceeded the aver-
age fot any five-year period. Exports have congistently exceeded
imports.
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Table 4.16. Leading Domestic Receipts and Shipments, Seottle Harber, 1955

Receipts Shipments
Commedity® 1,000 tons Commodity® 1,000 tons
Coastwise Coastwise
Gas, oil, distillate, fuel oil 1,759 L.umber and shingles 50
Motor fuel and gasoline 1,424 Building cement 31
Residual fuel oil 1,266 Motor fuel and gasoline 21
Crude petroleum 118 Rolled finished steel mill products 19
Petroleum asphalt 89 Posts, poles and piling 18
4,656 139
Al! other commodities 469 All other commodities 5100
Total 5,128 Total 649
Internal Inteenal
Sand, gravel, crushed rock 1,515 Gas, oil, distillate, fnel oil 395
Rafted logs 597 Residual fuel oil 377
Motor fuel and gasoline 170 Motor fuel and gasoline 322
Gas, oil, distillate, fuel oil 155 Rafted logs 139
Residual fuel oil 114 Wheat 85
2,551 1,318
All other commodities 284 All other commodities 289
Total 2,835 Total 1,607
Intraport Intraport
Rafted logs 62 Gas, oil, distillate, fuel oil 132
Lumber and shingles 7 Motor fuel and gasoline 26
Posts, poles and piling 2 Residual fuel ofl 26
At r 184
All other commodities 3 All other commodities 21
Total 74 Tota!l 205

Source: ‘‘Waterborne Commerce of the United States, 1955. Part 4: Waterways and Harbors, Pacific Coast, Alaska and Pacific

Islands®. Department of the Army, Corps of Engineers.

8Department of Commerce classifications.

bindicative of wide variety of commodities; about half of this total accounted for by commodities not specifically covered by the

classifications.

tons, a 6 per cent increase over the 11.1 million tons
in 1955,

Tourist Trade

"On a statewide basis, the value of the tourist in-
dustry has more than doubled since 1848. According
to estimates by the State Department of Consexrvation
and Development2, tourists and vacationists spent a
total of $271 miliion in the staie in 1956, as compared
to $116 million in 19248, These totals include such
items as food and lodging, gasoline and other trans-
portation costs, entertainment, gifts, and photographic
and other equipment.

In 1956, over one million out-of-state automobiles
entered the state and the total number of tourists, in-
eluding those using other forms of transportation was
estimated at 3.7 million persons. The average tourist
party numbered 3. 3 persons, stayed 7. 38 days and
spent $9. 87 per day per person.

Seattle is the leading convention city in Washington.,
Data compiled by the Bureau of Economic and Business
Research of Washington State University3 indicate that,
in 1852, Seattle had a total of 72,000 convention visi-
tors who spent a total of $4. 2 million.

A long-term, contitming program aimed at atiract-
ing increased mumbers of tourists to the state is pres-
ently being developed by the new State Depariment of
Commerce and Economic Development,

PUBLIC UTILITIES

Abundant and relatively cheap sources of water and
power are available to the metropolitan Seattle area and
have played a major role in its economic development.
2eep Reporst on Washington 1956 Vacation Travel,”” Department

of Conservation and Development, Bureau of Progress and In-
dustrial Development.

Scpn Analysis of Convention Business in Washington State.””
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Table 4.17, Operating Water Supply Agencies
Area, |Connec~ | Source _ Area, |Connec- | Source e
Name square | tions of |Capacity, Name square | tions of |Capacity,
miles | 19572 |supply® mgd miles | 1957% |supplyP| m™8d
Cities 62 Earlington e
Auburn 2,750 s 6.0 63 L.ake Ridge 735 ¢
Bothell 1.6G 700 w 0.3 64 Steel Lake 6.00 601h W 0.200
Houghton d 68 Bellview 8.10 6,100 L 8.000
Issaquah 931 0.230 | 69 Skyway 0.16 | 187 e 0.052
Kent 2,225 2.7 72 Juanita 9.90 500 W 0.360
Kirkland 3.70 2,521 w 75 Midway 11.40 3,500 w 2.450
Pacific 77 Skyway e 4,668
Redmond 600 w 0.237 || 78 Cedar River 0.75 220 € 0.898
Renton < 79 Kenmaore 8.50 | 1,510 e 0.176
Seattle 91.57 |172,0600 | R | 205 80 Christopher 1600 | 500 | s 0,160
Tukwilla 1.00 280 | ¢ 81 Rose Hill 400 | 600 d 2.000
82 Pine Lake 1.40 98 w 0.050

Water Districts 83 Lake Forest 4,60 650 w

1 Yarrow 8,40 162 S 0.300 | 85 Seahurst 1.00 392h s

4 Three Tree Point 1.50 475 S 0.500 87 Thomas 2,00 89 S 0.043
14 Bryn Mawr 88 Skyway 0.1¢9 135 & 0.729
17 Hunts Point 0.30 90 & 0,112 | 90 Coalfield 6.50 W 0.350
20 Boulevard Park 9,50 6,950 € 1.000 91 Metcer Isiand 0.22 207 W 0.140
22 Beaux Arts 0.13 94 W 0.108 { 93 Mercer Island 1.67 | 1,092 W 0.750
23 Medina 1.40 400 £ 2.000 [| 97 Eastgate Hills 1.87 800 W 2.000
25 Duwamish 4200 e 0.105
35 Foster 460 e 0.325 Private Companies
38 Riverton Heights e 5.970 || East Hill Comm, Well Co. 2.00 180 W 0.060
42 North City € 42,214 | Independent Water Co. 120 8 0.090
43 Riverton Heights 7.00 1,725 w 1.080 Lzke Center Water Coop. 21,00 800 W 1.00
45 White Center 1,000 | e 0.062 | LakotaCoop. Water Assn. sh] s
49 Burien 1.00 3,000 w Meridian Water Co. i
53 Angle Lake 1.00 181 w Normandy Park Water Co. 350 W 0.395
54 Des Moines 1.00 525 w 0.650 Richmond Beach Water Co. 630 W 0.720
56 Redondo 3.40 581 S 1.000 || South Auburn Water Assn., w 0.010
57 Lake Ridge 57 € Star Lake Water Co. 4,00 200 W 0.400
58 Spring Glen 4.00 725 e 0.800 Washington Water Setvice 15.00 7 2,000 L 1.500
61 White Center e 3.118 ;| WeownaBeachCorp. 0.06 30 0.010

Source: ‘‘Governmeni in Metropolitan Seattle, Bureau of Governmental Research and Services, University of Washington, 1956,

ANumber of services, not petsons. . Figures include any services outside district or city boundary.

bW -~ well, § - spring, L - lake, R - river; primary source of supply.

SCapacity of existing facilities.
dpurchases water from Kirkland.

®Purchases water from Seatils.

! Includes outside areas; actual city land area is 84.17 sq. mi.

8Ppurchases water from WD 68.

hy955 data.

! purchases water from Kent,

Water

There now are a total of 76 governmental and pri-
vate agencies engaged in supplying water in the met-
ropolitan area (Fig. 4-5 and Table 4-17). These
include 10 cities, 43 water districts, and 11 private
companies or cooperatives in King County, and 4
water districts in Snohomish County, Additionally,
there were 8 more districts in 1956 which, although

legally formed, were not yet actually delivering water
to consumers,

Sources of Supply. At present, water is obtained
from rivers, wells, lakes, springs and crecks. Water
for the city of Seattle and for contiguous areas served
by the ¢ity system (Fig. 4-5} is derived from Cedar
River. The city sells water on a wholesale basis to
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17 outlying agencies in King County and to Water Dis-
trict No, 1 in Snohomish County. In 1956, the water
department reported that 586,600 persons were served
directly by the city system and than an additional
74,750 persons were gerved by districts which pur-
chage water from Seattle, These together represent
approximately 80 per cent of the population of the met-
ropolitan area.

Wells are the primary source of supply for most
water districts, District 68, however, supplies Bell-
view and adjacent areas with filtered water taken from
Lake Washington. Lake Washington is the source of
supply also for the Shorewood Apartments on Mercer
Island and many individual private users. The Wash-
ington Water Service Company, which serves part of
the eastern portion of the metropolitan area takes its
supply from Lake Sammamish,

Although it is possible in some cases to augment
local sources now in use, it is evident that future
water supply developments will involve the Cedar,
Tolt, and Skykomish rivers. It might become pos-
gible also to serve a portion of the southern part of
the metropolitan area, particularly Auburn and Kent,
with water from the Green River. This river is cur-
rently the major source of supply for the city of Ta-
coma.

Because of the magnitude of the expenditures in-
volved in developing new sources, it is anticipated
that many of the existing districts will, inthe future,
become dependant upon Seattle for water. At maxi-
mum development, the Cedar and Tolt rivers will
yield an estimated 455 mgd (million gallons per day),
comprising 305 mgd from the Cedar and 150 mgd from
the Tolt. At prevailing rates of consumption, these
two sources could supply the metropolitan area for
the next 40 to 60 years. As a part of its long—term

Table 4.18. Chemical Quality of Cedar River Water

Constituent Concentration, ppm?®
Silica (8i04) 7.0
Iron (F'e) 0.09
Aluminum (Al} 0.005
Caleium (Ca) 3.76
Msgnesiam (Mg} 1.2
Potassium (K) 0.28
Sodium {Na) 1.99
Bicarbonate (HCO3) 19.4
Sulfate (504) 2.8
Chloride (CL) Q.5
Total hardness (CaCOj3) 14,2
Total solids 44
pH 7.8

Source: ‘‘Annual Report, 1956, City of Seattle Water Departs

ment, Sample collected from Beacon Avenue sample

tap November 11, 1956,
ZExcept pH.
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Fig. 4-6. Water Consumption in Seattle System

System is 100 per cent metered. Estimated normal consump-
tion in 1970 is 190 mgd., Data and estimates from Seattle Water
Department.

program, however, the city of Seattle has filed for
water rights on the north fork of the Skykomish River.

The city of Everett also derives water from rivers
of the Cascade Range and has long-term plans to serve
substantial portions of the area vorth of the Snohomish
County line, In view of this and the Seattle potential,
it can be concluded that Lake Washington will be uti-
lized for domestic water to a lesser extent in the future
than it is at present,

Water Quality. Cedar River water, as supplied by
the city of Seattle, is of excellent quality (Table 4-18)
and is suitable for almost all domestic and industrial
purposes without any treatment other than chlorination,
A similar situation obtains with respect to other exist-
ing and potential sources in the Cascades, Local
sources, on the other hand, are of generally less ac-
ceptable quality.

Annual Water Consumption.  Because of wide vari-
ations in the type of development in areas served by
the various systems, water consumption figures vary
greatly when expressed on a population or per capita
basis. For the Seattle system, average annual con-
sumption, exclusive of transmission and distribution
losses, increased from 35 mgd in 1920 to 80 mgd in
1950 and 93 mgd in 1956 (Fig. 4-6), The 1956 figure
includes 7.2 mgd used for various unmetered munic-
ipal services, In terms of population served, the
water department estimates that average uses during
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Fig, 4-7. Per Capita Water Consumption in Seattle System

Anticipated increases in industrial uses and increases in res-
idential uses of antomatic washing machines, dishwashers and
garbage grinders indicate that per capita consumption, exclu-
sive of transmission and distribution losses, will increase to
160 gped in 1970, Data and estimates from Seattle Water De-
partment,

the three years were 105, 138 and 140 gallons per
capita daily. These and the other per capita figures
represent combined domestic, industrial and munici-
pal uses and are typical for large systems having in-
tensively developed industrial and commercial areas,
as well as a large resiceniial populaticn. Variations
irom year to year in the average daily consumption
stem principally from differing requirements for ir-
rigation water during relatively dry and wet summers,

Increases in per capita water use (Fig, 4-7) have
been taking place for many years not only in Seaitle
but in many other systems throughout the country.
This may be attributed in part to (1) increased use
of water for industrial purposes, and (2) increased
household use of automatic washing machines, dish-
washers and garbage grinders, The Seattle Water
Department estimates that per capita consumption
will increase from the present level of about 150 gpd
to over 160 gpd by 1970, Should that trend continue,

the rate will be in excess of 180 gpd by the year 2000,

Seasonal variations in consumption in the Seattle
system are shown in Fig. 4-8. Summer demands,
which are affected primarily by temperature and rain-
iall and the corresponding necessity for irrigation,
are about 137 per cent of the yearly average and may
vary considerably from year to year. Winter demand,
on the other hand, is more nearly the same from year
to year and approximates 85 per cent of the yearly
average.

Winter Water Consumption.  From the standpoint of
sewerage, water consumption figures for the winter
or nonirrigating season are particularly significant,
At that time, practically all water delivered to con-
sumers is discharged to the sewers and thus is a
direct measure of sewage volume other than that added
by infiltration of ground water and inflow of surface
drainage, .

Winter water consumption data, as indicated by
quarterly readings of consumer meters, were obtained
from the Seatile Water Department for three meter
routes in specific residential-local commercial areas.
In each case, these areas were nearly identical to
those {ributary to a sewage metering point (Chapter 7).
Additional data were obtained, however, for other
meter routes in areas of similar nature.

Information concerning metered sales by the city
to suburban water districts and records of water pro-
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Fig. 4-8. Monthly Yoriation in Water Consumption

Average monthly consumption in Seattle’s system normally
ranges from 135 to 85 per cent of the annual average consump-
tion, Consumption, particnlarly in summer months, varies con-
siderably from year to year because aof fluctuations in rainfall
and lawn sprinkling. Data from Seattle Water Department.
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Table 4.19, Winter Water Consumption, 1955 - 1956

Description of area® Consumption

e Number of Persons per Total connected
Designation services household? population med gped
AUDUIN oo et et 2,500 3.5¢ 8,750 0.50 57
Kentoiiiiiiiieeninnns 2,040 3.5¢ 7,150 0.47 66
Seattle = Ballard............ e 8,108 3.1 25,000 1.45 58
Seattle « Greenwood.. 4,057 3.2 16,000 1.00 62
Seattle - Lake City. ..o, 7,011 33 23,200 1.24 53
Seattled

L3 rere e e s 277 3.3 915 0.06 65

95..... 370 3.3 1,220 0.06 49

38..... 278 - - 0,05¢

59.... 265 - - 0.06%

B9 e 379 ‘3.1 1,180 0.07 59
Shorewood Apartments............. 2,300f ’ 0.16 70
King County Water District No.

5,210 33 19,200 1,13 59
415 3.0 1,250 0.07 56
5,187 3.3 17,200 0.738 43
587 3.5 2,050 0.09 44
48 3.3 160 0.01P 48
2,783 3.2 8,900 0.528 58
4,500 3.2 14,400 0,82 57
582 3.3 1,920 0.11 57
1,238 3.1 3,840 0.20 52
154,535 8.68
............................................................................................................................................................. 56

95ee Fig. 4-3.

bynless otherwise shown, determined from 1950 census tract data,

CKing County Planning Commission estimate, 1957.

dWater meter routes located as follows: 13 « Ennis Arden Tract; 95 = upper Rainier Valley; 58 and 59 « commercial along Bothell

Way; 89 - Magnolia,
€Omitted from total; included in Lake City fotal.
f Estimated from number of units.
gWater department delivery less 10% for systam losses.
BRounded from 7,700 gallons per day.

duction in districts and cities having independent sup-
plieg were obtained from the individual operating
agencies. In utilizing these data, net consumption
wag determined by deducting an allowance of 10 per
cent for system losses.

Per capita consumption was obtained by dividing
the net consumption by the product of the number of
meters and the average 1950 household population,
Figures for the latter were taken for the particular
census tract or tracts in which the water district or
water meter route was situated.

Winter water consumption in the residential-local
commercial areas averages 56 gped and ranges from
65 to 44 gped (Table 4-19). Deviations from the
average bear no relation to the size of the area but
do, to some extent, reflect its economic status.
For example, meter route 13 in the Seattle High-

lands area shows an average winter consumption of
65 gped, whereas meter route 95 in the lower in-
come neighborhood bordering Yesler Way shows 49
gped,

Long-term records in certain residential areas of
Seattle (Fig, 4-7) indicate that net winter consumption
has increased by only about 10 per cent since 1938.
Meter routes from which these records were obtained
are in older residential disiricts where population
changes have been negligible and thus permit direct
comparigon over a long period, The difference be-
tween the curve for the older districts and that show-
ing gross annual per capita consumption for the sys-
tem as a whole may be due to some extent to the static
nature of the selected areas, Increased consumption
for commercial and industrial purposes, coupled with
greater summer irrigation demands in new single-
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family dwellings, is believed to account for most of
the difference between the two curves.

Industria! Water Consumption.  Winter water con-
sumption data were obtained also from three meter
routes covering the heavy to medium industrial area
extending along the Duwamigh Waterway from Harbor
Island to Boeing Field, Average daily consumption
in this grogs area of 975 acres was 3.1 mgd, or 3,200
gpad (gallons per acre per day). Values for the in-
dividual routes ranged from 1,840 to 3,700 gpad.

Higher consumption occurs in other seasons of the
year, particularly the summer months when large
quantities of water are used for gravel washing and
cold storage operations, Sach operations, however, are
not gignificant with respect to the volume of sewage and
industrial waste, as the waste water they produce is
guitable for direct discharge to adjacent waterways.

Cost of Water. ~ Costs of water are determined by
the costs of transmission, treatment, pumping, storage
and distribution, For the Seattle system, the total cost
amounted to $122.09 per million gallons in 1956 and to
$128, 70 in 1955, .

Monthly water rates for a normal 8/4-inch resi-
dential service are $1.00 for the first 300 cubic feet
and 10 cents for each additional 100 cubic feet. As
a matter of interest, rates for similar service in San
Francisco include a fixed charge of $1.10 for a 3/4-
inch service, plus 25.9 cents per 100 cubic feet for
the first 3, 300 cubic feet,

Power

Two major agencies, the city of Seattle Department
of Lighting, and the Puget Sound Power and Light
Company, serve the metropolitan area with electric
power and light, City Light's service zone covers
the area between Puget Sound on the west and Lake
Washington on the east and extends from the Snchomish
County line on the noxth to the vicinity of South 160th
Street on the south. Puget Sound Power and Light's
service area covers most of the remainder of the
area, including Renton, Tukwila, and the area east
of Lake Washington. This company also serves eight
counties in western Waghington, excluding areas

therein which obtain power from municipal systems

and public utility districts.

Prior to 1951 there was a considerable overlapping
in the service areas of the two purveyors., Through a
purchase agreement in that year, City Light took over
all distribution in its present service area and has
since maintained a contimuing program to eliminate
the many duplicate components.

Power Sources.  The hydroelectric generating sta-
tion at Cedar Falls was the first to be constructed by

City Light. This station, with an initial capacity of
2,400 kw (kilowaits), was constructed in 1905 as an
adjunct to the water department's development on
Cedar River. Additions since that time consist of
three hydro stations on Skagit River, Gorge, Diablo,
and Ross, and two steam stations, Lake Union and
Georgetown, both of which are now used only rarely,
Upon completion of the Gorge high dam in 1959, the
total capacity of these stations will be increased from
the present level of 693,000 kw {o 750, 000 kw,

An application has been submitted by the city o the
Federal Power Commission for a license to construct
the so-called Boundary project on the Pend Oreille
River near the Washington-British Columbia border,
In addition, preliminary studies of two more sites on
Skagit River, Copper and Thunder Creeks, are now in
progress. The Boundary project will produce 540, 000
kw, and the Skagit River sites a maximum of 200, 000
kw. Completion of these projects will bring the total
generating capacity of city owned facilities to nearly
1.5 million kw,

Puget Sound Power and Light develops hydroelectric
power at its Dieringer powerhouse south of Auburn,
utilizing water diverted from White River. ¥ also has
a 70,000 kw steam plant at Renton, Additional hydro-
electric plants are located at several other sites in
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gra
[

gog —T— F

g0

-

j

PEAK LOAD

\
]
! |
|
!

O

|

|
|
R

THOUSENDS OF KILOWATTS
-
o
o

o
TRTRL GENERATING imPNCITY 4& ‘I |! -j
\ !
1

9w e 1930 1935 I 1945 258 #55 860

Fig. 4.9. Generating Capacity and Power Consumption,
Seattle City Light System

With improvements scheduled for completion by 1960, total
generating capacity of the system will have been nearly tripled
from the 1932 » 1950 level. Since 1950 the system has utilized
power from outside sources to meet peak load requirements. Data
from Seattle Department of Lighting.
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Fig. 4-10. Average Annual Residential Power Consumption

Power consumption for regidential use in the Seattle City
Light system was 2.6 times as great as in the nation as a whole
in 1956, For residential service, costs are approximately one
per cent per kilowatt hour. Data from Seattle Depariment of
Lighting,

western Washington, including Rock Island on Colum-
bia River, Total generating capacily, including the
steam plant at Renton, is 278,250 kw. Projected ad-
ditions of over 800,000 kw will bring the iotal to over
1 million kw when all currently proposed sites are
developed and proposed enlargements are completed,

Seaftle City Light and Puget Power and Light, along
with three other western Washington electric utilities,
Tacoma City Light, Chelan Couniy Public Utility Dis~
trict, and Snohomish County Public Utility District
No. 1, formed the Puget Sound Utilities Council in
1956. By creating an operating ""pool’ of electric
energy through integrated operation of reservoirs
and a flexible system of interchanges, this organ-
ization has achieved a saving in output which other-
wise would have been lost,

Power and light systems serving the metropolitan
area are also a part of the much larger Northwest
Power Pool. Ag such, they have available both sur-
plus and firm power commiiments from other mem-
bers, principally the Bonneville Power Administration
which generates over 50 per cent of the power pro-
duced in the Pacific Northwest.

By the time all of the feasible hydroelectric re-
sources in the Northwest have been developed, the
demand for power is expected to exceed the combined

capabilities of all such sources, Eventually, there-
fore, it will be necessary to turn to steam generation
of power, using either conventional or nuclear fuels,
Since it is estimated that 15 to 20 years may elapse
bhefore this step becomes necessary, it is quite con-
ceivable that technological developments in the use of
nuclear fuels will make them economically atiractive
for power generation,

Power Consumption.  Since 1950, peak loads on the
City Light system have exceeded generating capacity
and have been met by purchases from other sources
(Fig, 4-9), Similarly, sales of surplus power have
been made to other suppliers at such times at it has
been possible to do so.

During 1956 the total electrical input through the
City Light system was over 3,7 bhillion kwh (kilowatt
hours), which is equivalent to a continuous load of
424,000 kw. Actual power output from City Light
plants averaged 310,000 kw and the balance, 114,000
kw, was supplied through interchanges and purchases
from outside sources.

The largest use of power in 1956 was by the Alumi-
num Company of America, which purchases an average
of 30,000 kw for use at its East Wenatchee and Van—
couver, Washington alumina reduction plants. This
power is supplied by Seattle as part of its purchases
from the Pend Oreille County Public Utility District
and is transmitted over lines of the Bonneville Power
Administration, In 1956, City Light contracted to
supply 37,500 kw required for the operation of two
100-ton electric furnaces at the new Seattle plant of
the Bethlehem-Pacific Coast Steel Company.

Average residential consumption in Seattle, as in
the rest of the nation, has been increasing for many
years (Fig. 4-10). Consumption in 1956 was 7,800
kwh, or 2,6 times the national average of 3,000 kwh.

Table 4-20 lists power sales in 1956 according to
various types of use. The difference between the total
sale of 3.255 million kwh and the total input of 3,7
hillion kwh is accounted for by system losses and by
power used in the operation of City Light facilities.

Table 4.20, Seattle City Light Power Sales in 1956

Power sales
Type of use
million kwh per cent

Residential 1,537 47
Commercial and industrial - 1,450 45
Public street lighting 49 2
Other public agencies 177 5
Railroads and railways 41 1
Other sales 1

Total sales 3,255 100

Source: ‘1956 Annual Report”, City of Seattle, Department of
Lighting.
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Table 4.21. Comparative Electric Power Bills

Type of use Demand, Consumption, Typical monthly electric bill, dollars
kw kwh Seattle® Portland SanFrancigco | Los Angeles?
Resgidential 25 0.75 1.00 145 1.00
100 2,52 3.05 3,64 2.77
250 4.40 5.25 6.44 4,90
500 5.14 6.25 9.44 6,65
Commercial power 1.5 150 3.30 4,95 5.90 4,40
3.0 375 6.83 9,90 12.73 8.90
6.0 750 12.45 15.40 24.60 16.10
12.0 1,500 23.70 25.85 44,85 29.50
30.0 6,000 79.50 85,25 138.00 76.70
Industrial gervice 75 15,000 172.00 214.00 270.00 164.00
75 30,000 238.00 313.00 405.00 269.00
150 30,000 305.00 388.00 480.00 289,00
150 60,000 437.00 541.00 736,00 457,00
300 60,000 572.00 703.00 294,00 529,00
300 120,000 236.00 942,00 1,348.00 857.00
500 100,000 928.00 904.00 1,443.00 849.00
500 200,000 1,348.00 1,209.00 2,173.00 1,364.00
1,000 200,000 1,798.00 1,751.00 2,663.00 1,649.00
1,000 400,000 2,500.00 2,361.00 4,069.00 2,558.00

Source: ““Typical Electric Bills = Cities of 50,000 Population and More®, Federal Power Commission, 1556,

Based on rates in effect fanuary 1, 1856,

2 unicipally-owned utilities.

Cest of Power. Charges by Seaitle City Light for
various classes of electric service are given in Table
4-21, This table also gives comparable charges at
Portland, San Francisco and Los Angeles,

Monthly rates in Seattle for single family residences
using electricity as the sole means of cooking, water
heating and lighting are $5. 00 for the first 500 kwh or
less, 0.7 cents per kwh for the next 2,000 kwh, and
0.9 cents per kwh for all over 2,500 kwh, During
1956, the average cost of residential power to those
having the ail-electric rate was slightly under 1 cent
per kwh, whereas the cost under the standard resi-~

dential rate was slightly over 1.5 cents per kwh. It
ig of interest here to note that the national average

residential cost in 1956 was slightly over 2.5 cents
per kwh,

Natural Gas

Use of natural gas began in 1956 with the completion
of a pipeline from the San Juan Basin in Colorado and
New Mexico. This new fuel is distribuied locally by
the Seattle Gas Company, which formerly served much

of Seattle with manufactured gas. Quantities allocated

to the company are adequate both for residential and
for greatly expanded industrial use. It is expected that
the availability of natural gas will lead to the future
establishment of many new industrial plants, partic-
ularly in the industrial area of the Green-Duwamish
Valley where the main {ransmigsion line is located.

FUTURE LAND USE

Land use plans serve as a general guide in locating
parks, schools and highways, and in determining util-
" ity requirements. They serve also as a necessary
preliminary step in setfing up zones for the various
classifications of residential, commercial, indus-
trial and agricultural use.

Studies leading to the preparation and adoption of
comprehensive land use plans have, since 1950, been
a major activity of the Seattle, King County and Sno-
homisgh County Planning Commissions. Although
adopted as an official expression of intent, these plans
do not have the legal status of zoning and are subject
to revision in the light of changing conditions and out-
look,

Land use plans applicable to the study area (Fig.
4-11) were developed from a composite map of the
entire Everett-Seattle-Tacoma metropolitan complex
which was prepared by the Puget Sound Regional Plan-
ning Council. In the generalized plan here shown,
local retail areas, small parks and other minor de-
tails have been omitted, and the proposed Duwamish
and lower Green River industrial development has
been added.

The sewerage and drainage survey is primarily
concerned with two classes of use, namely, residential
and local commercial, and industrial and central com-
mercial, It is concerned also with the location of
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agricultural lands, parks, woodlands, and otherwise
undeveloped areas. This is because the lower rates
of runcif from such areas must be taken into account
in the planning of drainage facilities. Similarly, plans
for the development of waterfront parks and beaches
must be considered in planning for the disposal of
effluents from sewage treatment plants,

Residential and Local Commercial Areas

Except for minor areas of steep or unstable banks
and hillsides, all land not specifically reserved for
other purposes is considered to be suitable for resi-
dential purposes, including attendant schools, local
shopping centers and local parks. Areas in Fig. 4-11
for which no use is defined are subject to future resi-
dential development. Presently, these areas are
largely cut-over lands or second growth woodlands
having soils of submarginal agricultural value.

For sewerage and drainage plamning, it is necessary
to anticipate both the areal extent and the population
density of future residential areas. These faciors
are considered in the next chapter.

Industrial and Commercial Areas

In industrial and central commercial areas, the
volume and composition of sewage and the amount of
storm runoff are controlled generally by the type of
development, This in turn involves many variables,
including the nature and number of waste producing
industries, the extent of building and paved areas, and
employment density.

The central commercial area of downtown Seattle
is now well defined, Any expansion will be at the ex~
pense of adjoining densely populated apartment house
areas, and will have little if any effect on sewerage
and drainage planning.

In addition to the downtown area, the term "“ecom-
mercial area™ applies to large suburban proifessional
and commercial office developments. Developments
of the type described as "industrial park™ which may
include professional and commercial establishments
in addition to warehouses and light industries, are
considered herein as indusirial areas,

Since industry is a basic factor in the economy of
the metropolitan area, its expansion in proportion to
the anticipated growth in population must be assumed
and future land uses must be planned accordingly. In
the absence, therefore, of specific information con-
cerning the types of industries which are likely to de-
velop during the period under consideration, it is es~
sential that a reasonably valid projection be made of
the probable location and the areal extent of industrial
zones, both light and heavy.

Employment and Manufacturing. Statistics relating to
manufacturing employment in King County are given

in Table 4-22 and shown in Fig, 4-12, These are for
an 18-year period from 1940 through June 1957 and
cover total employment, total population, and popu-
lation in the age group of 20 to &4 years. It will be
seen that employment ranged from a minimum of
52,000 in March 1940 to a maximum of 107,000 in
July 1944, and that the 20 fo 64 year age group pro-
vides more than 90 per cent of the labor force., Fol-
lowing the end of the war, employment dropped in 1946
to the pre-war total of 52,000, after which it rose
rather steadily and reached a peak of 108,700 in June
1957, For the first six months of 1957, the average
was 100,000,

To explain the increase in the past year, if may be
pointed ouf than an unprecedented peace-time increase
in aircrait manufacturing employment occurred in
the 12-month period July 1956 to June 1957. In that
period, employment in the aircraft field rose from
42,900 to 64,000, or almost 50 per cent, During the
same 12 months, all other manufacturing employment
inereased by only 500, while non-manufacturing em-
ployment showed a slight drop.
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Fig. 4.12. King County Employment and Popuiation, 1940-1957

Labor force and employment figures include nonresidents of
King County who actnally are employed in the county, Data for
1957 are for the first six months of the year. Data from Wash-
ington State Department of Employment Security and Seattle
Planning Commission.
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Table 4-22. Average Annual Lubo-r Ferce and Employment in King County, 1940 - 1957

Labor Employment,® thousands Population, thousands
Year force, All Aircraft
thousands Total manufacturing manufacturing Total Age 20 - 64
1940 227b 195D T 5o &b 507 334
1944 324¢ 318¢ 107¢ 39¢ 600 388
1945 319° 313° 95¢ 35¢ 043 414
1946 209% 276% 52¢ 10¢ 672 430
1947 312 203 59 13 653 415
1948 314 202 58 15 685 430
1949 313 293 62 24 706 438
1950 314 296 - 59 20 734 449
1951 327 317 70 23 750 453
1952 335 322 : 72 29 764 456
1953 340 326 76 33 781 460
1954 347 328 78 37 795 462
1955 357 342 82 38 812 | 464
1956 367 354 87 43 841 475€
1957 3784 3664 100d 584 859 480¢
Per cent of age 20-64 population Manufacturing employment
Year l.abor All Manufacturing Aircraft_ Per cent of all Per cent of total
force emplayment employment manufacturing employment population
employment
1940 68 58 15.6 1.8 28, 10.2
1944 84 82 27.6 10.1 34 17.8
1945 77 76 22.9 8.5 30 14.8
1946 70 64 12.1 2.3 19 7.7
147 75 71 14.2 3.1 20 9.0
1948 73 68 13.5 3.5 20 8.4
1949 72 67 : 14.1 5.5 21 8.8
1950 70 66 13.1 4.5 20 8.1
1951 72 - 70 15.5 5.1 .22 9.3
1952 73 71 15.8 6.4 22 9.5
© 1953 74 71 16.5 7.2 23 9.8
1954 75 71 16.9 8.0 24 9.8
1955 77 74 17.7 8.2 24 16,1
1956 77 73 18.3 9.0 25 10.4
1957 79 76 20.8 12.1 27 1.7

Sources: Washington State Employment Security Department, U.S, Bureau of the Census, and Seattle Planning Commission.

@Employees within King County includes some residenis of Pierce, Kitsap, and Snohomisk Counties.

bAs of March.
SA4s of July.
dAverage for first 6 months of 1957 (preliminary report).

©1953 estimates of age disiribution corrected for current high birth rate.

In August of 1957, Boeing announced that cutbacks
and program revisions in defense contracts would
necessitate a personnel reduction of 6,000 to 8,000
by the end of 1957. Fortunately, because of the short
duration of the high employment condition and because
the reduction will be accomplished largely through
normal attrition, the impact on the local economy
is not expected to be serious. Nevertheless, this in-
cident serves to illustrate one of the problems asso-

ciated with an econoimy which depends heavily on a
gingle industry.

In terms of total employment, manufacturing has
accounted for 19 to 34 per cent, with 20 to 25 per cent
representing the normal peace-time range. Nation-
ally, most metropolitan areas fall within the 20 to 25
per cent range, although 23 to 25 per cent is regarded
as an optimum.,

Relationships between employment in King County



72 METROPOLITAN SEATTLE SEWERAGE AND DRAINAGE SURVEY

and both the total and the age 20 to 64 population (Table
4-22 and Fig, 4-12) are obscured by the inclusion
of a considerable number of workers who reside in
Pierce, Kitsap, and Snohomish Counties. This situ-
ation accounts in part for the increase of 64,000 in
the labor force between 1950 and 1957, as compared
to only 31,000 in the 20 to 64 age group.

Total employment in King County, expressed as a
percentage of its population, has been relatively con-
stant since 1948, ranging from 40. 3 per cent to 42, 8
per cent. In the absence, however, of adequate em-
ployment statistics for the Central Puget Sound Region,
it can be assumed that the ratio of employment to the
total population supported by that employment has
declined. This condition is general throughout the
country and is due to a decline in the 20 to 64 age
group proportion of the total, In King County, the
decline was from 66.7 per cent in 1940 to 57. 8 per
cent in 1955, As stated in the next chapter, this trend
is expected to be reversed after 1960.

For the purposes of this report, it is assumed that
80 per cent of the population will be in the age 20 to
64 group, that 65 per cent of these will be gainfully
employed, and that employment in manufacturing will
not normally exceed 23 per cent of total employment.
On that basis, 9 per cent of the population will be em-
ployed in manufacturing,

For a projected population of 2,240,000 by the year
2030 (Chapter 5), the corresponding total in manu-
facturing will be about 200, 000,

Areal Extent of Industrial Zones. Land requirements
for manufacturing industries differ for various types

Table 4.23. Summary of Employee Density Study of Recent
Manufacturing Industries, Duwamish Industrial District

Group A? |Group BY |Group C©

Number of manufacturing plants 21 10 7
Net manufacturing area, acres 61.1 51.9 158.8
Number of employees 1,481 1,234 1,561

Net manufacturing density,
employees per acre

Weighted average 24.3 23.8 9.8
Maximum 43.5 43,5 23.2
Minimum 5.5 12.5 2.6

2A11 new industrial plants constructed in Duwamish industrial
district between June 1950 and February 1954,

bSampIe of Group A selected for detailed study.

CSelected industries, constructed between 1930 and 1954, hav-
ing adequate off-street parking and of types likely to become
established in proposed Duwamisk Port Industrial District.
Includes proposed foundry in Issaquah expected to require 100
actres.

Source: Knappen-Tippetis-Abbett-McCarthy, ‘‘Development Plan

for Duwamish and Lowetr Green River Valley*', 1954.

of operations. Heavy industries such as petroleum
refining, steel rolling and fabrication, and the manu-
facturing of chemicals, paper, and wood products
may require one acre for every 2 to 20 employees.
Lighter industries, such as aircraft, machine parts,
electronic equipment, textile, garment, and food
pProducis may have up to 300 employees per acre,
These are net manufacturing densities and are based
on the actual plant area plus areas required for land-
gcaping, off street parking and loading, interior plant
roads and sidings, and open storage, Vacant lands
held for plant expansion are not included. Gross in-
dustrial density, on the other hand, is determined
by dividing manufacturing employment by net manu-
facturing area plus all vacant land, roads, railroad
rights-of-way, and the land occupied by industrial
service industries such as repair shops, warehouses,
scrap yards, machinery sales and service, trucking
concerns, and shipping ferminals.

Land uses in the Duwamish industrial district pres-
ently are equally divided between manufacturing and
service industries, Based on a detailed study of this
area, consultants to the Duwamish and Green River
Joint Survey Board4 report a net manufacturing den-
sity of 20 employees per acre and a gross industrial
density of 9.5 per acre. These figures exclude the
aircraft industry, which at Seattle had a net density
of 300 per acre in 1957,

In the case of new establishments, the present
trend in both light and heavy industries is toward
lower employee densities. Automation, the pro-
vision of adequate off-street parking space and load-
ing facilities, and the demand for a pleasant working
environment all contribute to this trend. Yor ex-
ample, it is assumed? that the proposed port develop-
ment district will have a netl manufacturing density
of 9.8 employees per acre and a gross indusirial
district density of 3.5 per acre, These figures are
based on a summary of a study of newer industries
in the Duwamish Valley (Table 4-23) and provide the
following land uses:

Per cent
Net manufacturing 35
Net service industries 18
Vacant, for future expansion 20
Roads and highways 16
Railroads 9
Utilities and others 2

In the aforementioned study, a gross industrial den-
gity of 9.5 is assumed for vacant Iand within present
industrial areas, while a gross density of 3.5 is as-
sumed for dispersed sites. It should be noted, how-
ever, that the port development study was concerned
primarily with heavy industry and that the projections
4Ktiappen-T:'ppetts-Abbett—McCarthy, Development Plan for the

Duwamish and Lower Green River Valley, 1954,




ECONOMIC DEVELOPMENT 73

were limited to 1970, by which time only scattered
development of dispersed sites is expected.

For purposes of the sewerage and drainage study,
it is believed that a value of 8, 0 for the average gross
density of all industrial areas by the year 2030 is a
reasonable assumption, It is expected that the low
value of 3.5 for the Duwamish~-Lower Green River
project will be offset by the following conditions at
other locations,

1. The extremely high density of the aircrafi in-
dustry.

2. The generally higher density of other light in-
dustries.

3. The probable lower ratio of service industries
at dispersed sites.

4, The inclusgion in the Duwamish district of the
principal railroad terminal yards and port terminal
facilities,

On the basis of 8. 0 persons per gross industrial
acre and 200, 000 employed in manufacturing, the
total industrial area required to serve the projected
future population within the study area is 25, 000
acres,

Location of Industrial Acres. Locations of present and
projected industrial zones within the study area are
shown on the land use map (Fig. 4-11). These zones
are essentially as depicted in the composite land use
plan of the Puget Sound Regional Planning Conference.
The principal exception is the industrial area shown
in the lower Green River valley south to South 180th
Street.

In considering the location of industrial areas, it
should be noted that urban planners everywhere are

concerned over the high rate at which prime agri-
cultural lands within and adjacent to metropolitan
communities are being diverted to other purposes,
To avoid this economic loss and the consequent im-
pact on food costs, particularly truck produce, there

R

is a strong movement among planners to preserve as.
much of the best agricultural land as is reasonably.

possible.

Locally, the Duwamish-Green-Puyallup valley he-

tween Tacoma and Seattle comprises the best agri-
cultural land of the two counties. Since, however,
level terrain is the most economical to develop for
both industrial and residential purposes, agriculture
throughout the valley is heing gradually replaced.
Eventual extinction can be prevented only through
strict zoning by the counties and continued adherence
to such zoning in areas annexed to valley cities, Yet
economic and political forces arrayed against com~
plete and continued agriculiural zoning are of such

magnitude that total exclusion of industry on a perma-

nent basis cannot be expected. I is believed, there-
fore, that the development indicated in Fig. 4-11
represents a reasonable compromise,

In general, the dispersed indusirial sites (Fig. 4-11)
follow the recommendations of a joint study in 1951 by
the King County and Seattle Planaing Commission and
the Seattle Chamber of Commerce, The extensive
heavy industrial area east of Kent, known as the Cov-
ington site, will probably develop only if mdustrlah—

zatlon of the Green River valley is restricted as in-

d1ca.ted on the n ‘map.
“The Total areéa of the industrial zones, both existing

and projected, is 24,800 acres. This is adequate
for the predicted future population of the study area.
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POPULATION

In the growth of any metropolitan area, the gradual
change of land use from rural to urban residential,
commercial, and industrial brings with it an inevitable
demand for adequate sewerage and storm drainage
service. For planning purposes it is egsential that
the magnitude and extent of this demand be antici-
pated, Sewage characteristics, both as to quality and
strength, are directly related to the size of the con-
tributory population and its sustaining industries. The
extent of drainage and sewage collection systems, as
well as the location and size of principal trunk and
intercepting sewers, pumping stations and {reatment
and disposal works are aifected by the areal distri-
bution of the population.

The long useful life of sewerage and storm drain-
age facilities, coupled with the relative economy of
large conduits as opposed to a multiplicity of smaller
conduits, necessitates forecasts of population growth
much farther into the future than is normally desir-
able. For example, local collection drains and sewers
are commonly designed for ultimate or saturation de-
velopment of the area they serve, And similarly, trunk
and interceptor drains and sewers are usually designed
to meet the demands which will be imposed on them
50 or more years in the future.

Projections of population growth and distribution are
required also for the purposes of determining when
specific facilities are likely o be needed and of formu-
lating an orderly program of stage construction and fi-
nancing, The ultimate success, therefore, of any storm
drainage or sewerage plan depends upon a searching
analysis of the many controlling factors or conditions
which affect population growth and urban development.

FACTORS AFFECTING POPULATION GROWTH

Factors involved in projecting population growth of
a metropolitan area include:

1. General population trends.

2. Birth and death rate trends.

3. National state migration patterns.

4. Industrial and commercial opportunities,

5. Availability and economy of power, water, fuel,
and transportation.

6. Availability of areas suitable for residential and
industrial expansion,

7. Desirability of living conditions as reflected by
climate, recreational and educational facilities, and

-gocial environment,
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Each of these factors is to be evaluated in the light
of past and present experience. In view, however,
of the fact that population growth is subject to the in-
fluence of unpredictable future evenis, all projec-
tions referenced to specific years must be regarded
at best as probable rather than precise,

General Population Trends

More than 15 years of economic prosperity in the
United States have brought about an unexpected upsurge
in the national population. As of July 1, 1857, the
official estimate was 171 million, representing an
increase of more than 13 per cent since 1950, Esti-
mates of growth to the year 1975, made in 1953 by
the U, 8. Bureau of the Census, were revised upward
in 1955 because of continuing high birth rate. If the
present trend continues, the expected totals are 228
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Fig. 5-1. General Population Trends, 1900-1970

For the semi-logarithmic plotting here employed, equal slopes
show equal rates of growth, regardless of numerical increase.
Since 1910 Washington and the Central Puget Sound Region have
grown at a rate intermediate to that of the United States and the
three Pacific Coast states. See Table 5-1 for tabulated values
and data scurces.
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million by 1975, 300 million by 1990, and 400 million
by 2010. Even if birth rates were to decline by 1975
to the low prewar level, the expected population in
that year would be 207 million and would climb to about
300 million in 50 years. In other words, within the
design period to be eonsidered in this report, total pop-
ulation of the United States will be af least two times,
and possibly threeé times greater than it was in 1950,

An accelerated rate of urbanization is revealed by
recent population statistics, In the period from 1950 to

of which there are 168 according to the U. S, Bureau of
the Census, had a population increase of over 11.6 mil-
lion as compared with an increase of 12 million for the
country as a whole, Growth of the metropolitan areas
is due not only to natural increase but to migration
from rural areas and smaller communities. I is ap-
parent, therefore, that the growth of Seattle and its
environs is not a local phenomenon but is character-
istic of a nation-wide metropolitan trend.

As a result of westward migration, the population

1955, the standard metropolitan areas of the country, of the Pacific Coast states (Fig. 5-1 and Table 5-1)

Table 5-1. Past Populations and Current Projections to 1970

United States Pacific States California Washington
Year Poputation per cent Population per cent Population per cent Population per cent
1,000 increase 1,000 increase 1,000 increase 1,000 increase
1880 50,156 1,115 865 75
1890 62,948 25.4 1,888 69.0 1,213 40.5 357 376.
1900 75,995 20.7 2,417 28.0 1,485 22.4 518 45.0
1910 91,972 21.0 4,192 73.5 2,378 60.1 1,142 120,
1920 105,711 14.9 5,567 32.8 3,427 44.1 1,357 13.8
1930 122,775 16.1 8,194 47.2 5,677 65.7 1,563 15.2
1940 131,669 7.2 9,733 18.8 6,907 21.7 1,736 11.1
1945 132,481%8 12,8009 9,3442 2,2062
1920 151,132 14.5 14,487 48.8 10,586 53.3 2, 379 37.0
1955 165,270P , 17,253P 12,9610 2,607 :
1957 171,229° 2,667 ,
1960 179,375¢ 18,7 19,9865 38.0 15,273° 44.3 2,849 16.8
1965 193,491 22,851° 17,661€ : 3,123¢
1970 209,242¢ 16.7 26,071¢ 30.5 20,2965 32.9 3,459¢ 214
Central Puget Sound . '
Year Regiond King County Snohomish County Seattle
1880 7 :
1890 64 826. 43
1900 196 110 72. 24 81 88.3
1910 482 146. 285 159. 59 146. - 237 193.
1920 634 31.6 389 36.8 . 68 15. 315 32.9
1930 737 16.3 464 19.1 79 16, 366 16.2
1940 820 11.3 505 8.9 39 13. 368 0.5
1945 ’ 643° 431°
1950 1,196 45.9 - 733 45.2 112 26. 468 27.2
1955 1,329 ‘812¢€ 131 550€
1957 : : 859¢ 3728
1960 892¢ 21.7 145 30. 5798 | . 23.8
1965 953¢ 158f 597
1970 1,018% 14.1 : 6(08 5.2

Source: U.S. Decenial Censtis except as noted.
ASiatistical Abstract of the United States, 1956,
bCurrent estimates of U.S. Bureau of the Census. Estimate for U.S. includes armed forces overseas.

©Q.S. Bureau of the Census, Current Population Reports, Page 25, No. 160. Based on Series 1 illustrative projections, plus
allowance (for U.S. projections) for armed forces overseas equal to number overseas in 1957,

dSnobomzsh, Kitsap, King, and Pieice Counties.

©Seattle Planning Commission.

f $nohomish County Planning Commission, 1954.

ESeattle Planning Commissioﬁ, CPR No, 14, rev. May 1956 and adjusted to 1956 city limit,
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Table 5.2. Average Rates of Population Growtk, 1910 - 1955

Average annunal Years required
Area rate of growth, to double

per cent the population
United States 1.30 54
Washington 1.85 38
United States urban areas 2.12 33
King County 2.36 30
Pacific Coast states 3.20 22
California 3.83 18

has grown, historically, at a faster rate than ihai of
the nation, Although most of this growth has occurred
in California, the rate of population increase in Wash-
ington has been greater, quite consistently, than that
of the United States, Average annual rates of growth
since 1910 (Table 5-2) show further that King County
has grown slightly faster than the average for all
urban areas in the country. For the population to
double itself, the time ranges from 54 years for the
United States as a whole to 18 years for California.
Washington at 38 years and King County at 30 years
lie about half-way between these extremes.

The Seattle metropolitan area merges on the south
with that of Tacoma and on the north with that of
Everett. Bremerion, across Puget Sound o the west,
is linked economically with Seattle and will be tied
more closely following completion of the planned con-
struction of a bridge acrosgs the sound. The four
counties of Snohomish, King, Kitsap and Pierce,
therefore, form an economic unit which has been
termed the Central Puget Sound Region., Population
growth of this region, as shown in Table 5-1, has
paralleled that of King County.

Since 1910, Seattle has grown at a slower rate than
the county. Moreover, the actual numerical gain
within the city since 1930 has been less than that out-
side the city. Population trends since 1950 are shown
in Table 5-3 for those portions of King and Snohomish
counties, both incorporated and unincorporated, which
lie within the sewerage and drainage study area. Of
the total of 864, 000 estimated to reside within the
study area in 1957, 640,000 live in 19 incorporated
cities and towns. Changes in population hetween 1950
and 1957 reflect the effect not only of numerical growth
but of incorporation and annexation., The latter, of
course, lead to increases in the incorporated areas
at the expense of the unincorporated areas.

Annual estimates of population growth of Seattle and
the principal suburban areas within King County, as
developed by the Seattle Planning Commission for
each census tract, show relative changes between the
central city as constituted April 1, 1954 and the major
suburban divisions. Based largely on data obtained
from residential building permits, these studies reveal
that the total population increase of 126, 000 in King

County from 1950 to 1957 consists of 46, 000 within
Seattle as constituted in April 1954, 66,000 in sub-
urban areas, and 14,000 in other parts of the county.
Although the largest numerical increase, 27,000, oc-
curred in suburbs to the south of the city, the rate of
growth has been greatest in the areas north of the city
and east of Lake Washington.,

Birth and Death Rate Trends

Changing economic conditions and social attitudes
bring about changes in birth rate which drastically
affect the natural increase in population, Based upon
the low birth rate in the 1930-40 decade, Thompson

Toble 5-3. Population of Political Divisions within the
Sewerage and Drainage Study Area

Political division . 10507 | 1957
Within King County
Seattle 519,664 | 572,000
Algona < 1,303
Auburn 6,497 7,900
Beaux Arts € 325
Bellevue c 16,500
Bothell 1,019 1,446
Clyde Hill € 1,654
East Redmond © 516
Houghton 1,005 2,050
Hunts Point < 365
Issaquah 955 1,196
Kent 3,278 4,150
Kirkland 4,713 5,550
Medina © 2,213
Normandy Park € 2,991
Redmond 573 1,005
Renton 16,039 16,900
Tukwila 80D - 1,022
Subtotal, incorporated 554,543 633,000d

Unincorporated areas 151,000% | 197,000

Subtotal, study area in King County ?06,000d 830,000

Within Snohomish County
Mountlake Terrace
Unincorporated areas

c 7,381
15,000° | 27,000

Subtatal, study area in
Snohomish County 15,000 34,000

Total 721,000 | 864,000

2.8, Bureau of the Census, except as noted.

bIncorporated areas as estimated by Washington State Census
Board, Unincorporated areas as estimated by Seattle and King
County Planning Commissions and Snohomish Cotnity Planning
Commission staff.

CIncorporated since April 1950,
dRounded to nearest 1,000,

®Estimate from census data. In King County this includes
60,000 persons in areas subsequently annexed to City of
Seattle,
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and Whelpton!, in 1942, estimated that the population
of the United States would reach a maximum of 16¢
million by 1990 and that it would decline thereafter.
Due, however, to a subsequent upsurge in birth rate,
the figure of 160 million was actually reached in 1954,
On the other hand, the death rate is relatively stable
and can be projected with greater confidence. Trends
in the two rates, birth and death, are portrayed in
Fig. 5-2 for King County and Washington, Differences
between the two sets of curves represent the rate of
natural increase, which, in King County, has ranged
from minus 0.1 per 1,000 population in 1936 to 17.6
in 1947, Numerically, the natural increase in county
population in the 1930-40 decade was only 6, 300 as
compared with 76,300 during the 1940-50 decade.
Crude birth and death raies, which are those ex-
pressed as the number per year per thousand of popu-
lation, are affected by the age and sex composition
of that population, For the curves in Fig. 5-2, the
age factor accounts for the generally rising death
rate between 1920 and 1936 and in part for its decline
since that time, In making population studies, the
specific rates of fertility and mortality for each five-
year age group provide more reliable bases for esti-
mation of growth than the so-called crude rates.
Because of the low birth rate during the 1936-40
depression years, the percentage of the population
1 Thompson, W. S. and Whelpton, P, K., Estimates of Future

Population of the United States, 1940 - 2000, Scripps Founda-
tion for Population Research. :
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now in the age range of 18 to 27 years, which is the
most productive, is abnormally low. For that reason,
a marked decline in the crude birth rate befween 1955
and 1960 has been anticipated, That such a decline
hag not occurred, or at most has been slight, results
from an offsetting increase in the fertility {(or more
properly, reproductivity) rate for this age range.
Significant also is the fact that specific fertility fig-
ures (Table 5-4) show a considerably higher rate for
Washington than for the nation as a whole, For the
yvears since 1950, this difference may be due in part
to an underestimation of the state population, partic-
ularly of the increase due to inmigration of people
of childbearing age. In any case, the relatively high
income now being earned by the younger groups has
resulted in marriage and the raising of families at an
earlier age than has heretofore been economically
practicable,

The current high rate of reproduction is evidenced
not only in the younger age groups hut to a lesser
degree through age 44, Vital statistics reports show
a definite trend toward more families of three or four
children and a reduction in the number both of small
families and very large families. In Waghington in
1955, 90 per cent of all births, by order of child in
the family, occurred in the first to fourth child group,
and the births of second children slightly exceeded
those of first children. This trend is evident in all
income groups and, coupled with the movement to
single-family suburban homes, is the fulfillment of
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Fig. 5-2. Birth und Death Rates, Washington and King County, 1910-1955

Live birth rates shown have not been adjusted for under-registration, All rates are by place of occurrence for years 1910-1933
and by place of residence since 1933, Natural increase, which is the difference between births and deaths, is greatly affected by
changes in birth rate, Sources: Vital Statistics,Summary, Washington State Department of Health; Seattle Planning Commission.
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Table 5-4. Specific Age-Fertility Rates for the State and Matien, 1940 . 1956

Annual births per 1,000 women by age of mother
¥
eer Under15 | 15to19 | 20t024 | 25t029 | 30to34 | 35t039 | 40to44 | 45 andover
Washington?
1940 b 39 131 125 69 31 9 0.9
1950 b 88 211 164 110 46 13 0.7
1954 0.3 95 268 195 112 53 14 0.8
1955 0.3 93 277 196 110 53 14 0.7
1956 0.3 100 284 204 112 56 15 0.9
United States®
1940 0.7 54 136 123 83 46 16 1.9
1950 1.0 82 197 166 104 53 15 1.2
1952 0.9 85 218 180 113 56 15 1.2
1954 1.0 90 236 188 116 59 16 1.1

8From vital statistics reports, Washington State Department of Health, Values for 1954 - 56 are based on age distribution of
female population interpolated from Table 5, Series M3, First Revision of Population Forecasts, Washington State Census

Board, January 1956.
bincluded with births to 15-19 Year group.
CFrom Statistical Abstract of the United States, 1956,

a long-held ideal of American family lifs. The cur-
rent birth rate, therefore, instead of reflecting a post-
war reaction of limited duration, may well prevail as
long as economic conditions continue to be favorable,

Change in age composition of the population of
Washington, resulting largely from the decline and
subsequent rise in birth rate, is illustrated by five
age distribution graphs in Fig, 3~-3. Forward move-
ment of the trough created by the ""depression crop'
of 1930-40 children is evident in the 15 to 24 year
age groups in the graph for 1955. Despite the present
high fertility rates of these groups, their numerical
disadvantage is expected to result in the secondary
trough seen in the graphs for 1965 and 1975. By 1975,
the 1945-55 "bumper crop" will be in the period of
greatest fertility and may, under favorable economic
and social conditions, create the secondary wave of
children evident at the left of the graph. In all cases,
of course, the projected patterns are subject to many
influences, including migration to and from the state.

Migratory Trends

Along with fertility, migration both into and out of
a gtate or community is a major factor in population
growth. It is a factor which is difficult to predict,
however, because such movements are markedly
affected both by local and by national economic con~
ditions. Historieally, the growth of Washington has
been due largely to migration, Census data show that

as of 1950, 42 per cent of the population was native

to the state, 50 per cent was born in other states,
and 8 per cent was foreign-born,

Fig, 5-4 shows the states of origin of the 1,164,660
persons who had moved to and resided in Washington
in 1950. Of these, 613,255 came from the north cen-

tral states, while 128,420 came from Oregon and
California. In contrast, 349,585 natives of Washington
resided in other states in 1950, Of this group, how-
ever, 212, 390 had moved to Oregon and California,

representing a net loss to those states of 83, 980.
In 1950, the ratio in Washington of American-horn

inmigranis to outmigrants was 3.3 to 1. Excluding
the inter-Pacific state migration, the ratio was 7.5
to 1, Similar data for the census years 1920, 1900,
and 1880, also depicted in Fig, 5-4, show the earlier
migration pattern and its expansion over the 70-year
period.

Whereas the data in Fig. 5-4 reflect the effect of
all migration prior to the years indicated, Fig. 5-5
shows that which cceurred in two specific periods,

1935 to 1940 and 1940 to 1950. During 1935 to 1940, -

net inmigration was 16, 070 per year and the ratio of
inmigration to cutmigration was 1.75 to 1. 1In 1949
to 1950, net inmigration had declined to 2, 260 and the
ratio was only 1. 06 {o 1.

Estimates by the Washington State Census Board
of net inmigration, based on vital statistics reports
and on estimates of population for intercensal years,
are presented in Table 5-5. The great influx which
occurred during World War II is estimated to have
reached a peak of about 128,000 in 1942. This influx
centered on the Puget Sound area and was brought
about by shipbuilding, aircraff construction, shipping,
and military training activities, In 1946, return to
a peacetime economy which could not immediately
support the new populace resulted in outmigration
of an estimated 87,000 persons. During the remain-
der of the decade, ismigration again took place.

In both the state and King County, and for each
decade prior to 1950, population increases from mi-
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gration exceeded substantially those attributahle to the
birth rate. According to current population estimates
and birth and mortality reports, average net annual

‘inmigration to the state was about 9, 000 persons per

vear from 1950 to 1956 inclusive. Inmigration to King
County during the same period averaged about 6, 000
persons per year. While both figures are subject to
considerable error, they are numerically far less than
the natural increase for the same periods (Fig. 5-6).
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Fig. 5-3. Past and Projected Age Composition of Population,
State _of Washington, 1940 - 1975

Note forward movement of wave troughs and crests caused by

changes if birth rate, Sources: U.S$, Burean of the Census and
Washington State Census Board.
Actually the turning point in the inmigration and natural
increase relationship occurred in 1946, Its continua-
tion since then is attributable to enlarged population
and high birth rate, as well as to cessation of wartime
migration, Net migration to Washington since 1950,
though substantial, is but a small fraction of the total
westward migration, which is continuning at a rate of
about 370, 000 persons per year,

In the future, migration to Washington is expected
to be an important but not predominant factor in pop-
ulation growth. Providing economic conditions are
favorable, it appears likely that migration to the north-
west in general and to the Puget Sound Region in par-
ticular will increase substantially over that of the
current decade., This outlook is based on consider-
ation of such factors as anticipated growth of the whole
country, historic and undiminished westward move-
ment, and eventual limitations to growth in California
and the southwest imposed by available water supplies.
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INMIGRATION
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Fig. 5-4. Migration Patterns, State of Woshingten, 1880 - 1950

Each figure shows the number of native Ameticans born in other states but residing in Washington in the year shown, and the

number born in Washington but residing in other states. Reproduced from Population Growth and Disiribution, State of Washington,
Washington State Census Board, 1955,
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Fig, 5-5. Migration to and from Washington, 1935-1939 and 1949-1950

Each figure shows the migration which occurred during the stated period. Source: Population Growth and Distribution, State of

Washington, Washington Census Board, 1955.

Industrial and Commetrcial Opportunities

In the final analysis, future population growth of the
metropolitan Seattle area will depend largely upon the
opportunity for gainful employment. As evidenced dur-
ing and immediately afier World War II, employment
prospects have had an immediate effect on migration
to and from the state and the metropolitan area,

Despite the rise. in population, there has been an
aciial decline since 1950 in the number of persons
in the 20 to 29 year age group, This has occurred
both in the state and in King County, and has been
reflected in the number of young persons entering
the labor market each year., By 1960, the "wartime
crop' will begin io enter the labor market and will
reverse the current trend with respect to the propor-
tion of the population in the working-age group. In
the event employment opportunities do not match this
forthcoming addition to the labor force, population
growth due to inmigration would cease and would prob-
ahly be followed by a period of net outmigration.

As the northwest continues o grow in population, it
will support in larger measure the local manufacture

of both industrial and consumer goods for the regional
market and, in turn, will become less dependent on
its forest products and other natural resources, In
King County, a broader indusirial base will stabilize
an economy which now depends too heavily on the air-
eraft industry, Fortunately, diversified industrial
expansion has been taking place in the Puget Sound
region and in King County at a slow but apparently
increasing pace.

Table 5-5. Estimated Annual Net Migration
to Washington, 1910.1949 ’

Period Average annual net migration
© 1910-1919 11,500
1920-1929. 10,200
1930-1934 6,500
1935-1939 16,000
1940-1949 40,000

Source: Schmid, C, F., Kalbach, W. E., and Miller, V. A., Popu-
lation and School Enrollment Trends and Forecasts,
Washingfon State Census Board.
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Fig. 5.8, Net Inmigration and Notural Increase
Washington and King County, 1940-1954

Inmigration has been the predominant factor in population
growth in each decade prior to 1950, whereas natural increase
now predominates. The reversal in trend occurred about 1546,
Source: U. S. Bureau of the Census, Vital Statistics Summary,
Washington State Department of Health; and Seattle Planning
Commission,

Uti lities and Transportation

The availability of power, water, and fuel in the cen-
tral Puget Sound region, and the cost thereof compared
to other parts of the country, have heen discussed in
Chapter 4. With the current fuel supply improvement
hrought about by importation of natural gas, with a con-
tinuation of the vigorous program for maintaining an
adequate and economical power supply, and with judi-
cious uge of its water supply potential, the region can
contime to offer industry advantages in utility service,
With respect to transportation, the necessity for long
haulg is & deterrent to industrial production for the na-
tional market. This situation is offset, however, by
the favorable location of Puget Sound as harbor for
transpacific commerce, Eventual improvement in far-
east political and economic conditions would broaden
the opporiunities for further industrial development.

Physical and Social Environment

The ample availability of suitable sites for industrial
and residential development has been described in the
preceding chapter, No permanent limitations exist with
respect to areas suitable for residential expansion. In
the case of industry, however, competition within the
region for new industries will tend to limit develop-
ment fo areas which are situated favorably with respect
to topography, to marine, rail and highway transport,
and to the provision of economical utility services,
including sewerage and drainage,

Environmental advantages of the metropolitan Seattle
area, including climatic, recreational, educational,
and cultural, have been discussed previously. Each
of these is significant in the population study to the
extent that it attracts industry, encourages inmigra-
tion, and retards outmigration.
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POPULATION PROJECTION

Many methods may be used for projecting population
growth, Among them the principal ones are:

1. A graphical or mathematical projection of the
curve of past population growth. One of these, the
logarithmic trend method, gives results reasonably
comparable to more complex techniques when applied

to fast-growing areas in the west.
2. A projection based on relationships between

population growth in an area and past growth in other
older areas of comparable environment, This method
wasg not used because it fails to take into account ex-
ternal factors related to the time of growth of the
areas assumed to be comparable,

3. A projection baged upon the trend in the propor-
tion of the area's population to that of the next larger
economic or political division. Known as the ratio
method, this method requires ag a first step a valid
projection for the larger division.

4. A determination of the optimum holding capacity,
or ultimate population, which an area can contain
comfortably, and an estimation of the rate of growth
toward that optimum, In the absence of a limiting
condition, such as areal extent or water supply, this
method is not entirely applicable,

5. A forecast baged upon specific assumptions with
respect to natural increase and migration, The most
accurate of these, the cohort-survival method, takes
into account the present age and sex composition of
the population, the trends in specific age—fertility
rates and age-sex-mortality rates, and the volume
and age composition of inmigrants.

High and Low Projections

In utilizing the above methods, it is common practice
to prepare a series of projections, each based on spec-
ific assumptions as to conditions expected to prevail
during the period of projection, Since a considerable
spread is generally found between the highest and low-
est resulis obtained, those who use the data must select
the projection appropriate io their particular purpose,

For planning sewerage and drainage works, the pro-
jection indicating the greatest rate of growth which
reasonably may occur should be selected. If actual
growth falls below this rate, facilities so designed will
simply be adequate for a longer period, and incre-
ments scheduled for stage construction will be defer-
red accordingly, For financing purposes, however,
the projection of least growth likely to occur must be
congidered. This is particularly important for pro-
jecis involving financing by utility revenue.

Population Studies and Projections Available to the Survey

The Washington State Census Board has prepared
cohort-survival projections for the state to 1965,
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based on one assumption ag to fertility rates and on
five different rates of inmigrationZ’ 3, stanford Re-
gearch Institute has used the cohort-survival method
to make a single projection to 1975 for each of eleven
western states™. A gimilar but less precise pro-
cedure, known as the component method, has been
used by the Bureau of the Census in preparing pro-
jections from 1950 census datad®, A report on popu-
lation growth of the northwest states, published in
1952 by the Columbia River Inter-Agency Commitiee,
is based on one of the earlier census bureau projec-
tions and is of particular value because it contains
revisions allowing for the economic outlook and re-
sources of the regione.

Population studies and projections made by the
Planning Commissions of Seattle and of King and Sno-
homish counties have been of great value to the sewer-
age and drainage survey. In 1952, the Seattle Planning
Commission prepared a projection for King County
based on crude birth and death rates?. In the same
year if also prepared a projection to 1970 for Seattle,
using census tracts based on land occupancys. These
were followed in 1953 by a cohort-survival study and
three projections for King County to 1970, utilizing
low, medium, and high assumptions as to inmigra-
tion and the same assumptions as to fertility as were
employed by the Washington State Census Board?,
Early in 1954 the Seattle Planning Commission staff
made an informal projection to the year 2000 by ex-
trapolation from the 1970 medium cohort - survival
study. Also in that year, projections to 1970 were
prepared for the principal ¢ity and suburban divi-
slong of King CountylC, These were revised In May
1956 to include development on the west side of Lake
Sammamish.

Starting with a base study and report in 195411, the
Seattle Planning Commission has issued annual reports
on eurrent population estimates by census tracts, po-
litical subdivisions, and major county divisions, These
estimates, based largely on residential construction
permit data and on military and institutionzal reports,
provide a reasonably reliabie history of population
growth and distribution since the 1950 census.

2Sc:hmicl, C. F., et al., Population and Enrollment Trends and
Farecasts, State of Washington, Washingfon State Census
Board, 1953,

Fpirst Revision of Population Forecasts, State of Washington,
1955 to 1965, Washington State Census Board, January 3, 1956.

4}Vz'elson, H, C., Population Trends in the United States Through
1975, Stanford Research Institdte, August 1955.

SCurrent Population Reports, Series P25, No. 78, 110, 123, and
160, U. 8. Bureau of the Census,

6Populati0n Projections for the Pacific Northwest States and
Region, 1960 and 1975, Columbia Basin Inter-Adency Com-
mittee, 1952,

The King County Planning Commission, in 1952 and
1953, prepared a series of comprehensive land use
plans for major divisions of the county, These plans,
together with information developed by the commission
in subsequent special studies, have been used to define
the optimutn land occupancy pattern for much of the .
sewerage and drainage study area. In 1954, the Sno-
homish County Planning Commission made a projec-
tion to 1965 for the county and also for an area lying
southward from Everett to the county line, In this
study, the ratio methed was used along with state pro-
jections by the Washington State Census Board. Ad-
ditionally, the Snohomish County Planning Commission
conducted an informal census by census tracts in 1954
and has made estimates of near ultimate populations
for specific school service areas in the southern part
of the comnty.

Tn utilizing the above mentioned projections for King
and Snchomish counties, it should be noted that all
are based either directly or indirectly on the future
specific age-fertility rates assumed by the Washington
State Census Board in its cohort-survival study. In
that siudy, it was assumed that, after 1950, fertility
rates for the 20-24 year and 30 to 34 year age groups
would remain substantially the same as in 1950, and
that the rates for all other age groups would decline
in varying degrees. Resulting crude birth rates were
estimated to be 23.9 per 1,000 persons per year for
1950-55, 18,8 for 1955-1960, and 18.1 for 1960-65,
In comparison, the apparent hirth rate was 24,1 in
1950-55, and since then has increased to 24,5 instead
of declining, Fertility rates have increased in even
greater degree. If the high rates continue, the sfate
estimate of growth due to natural increase by 1960 will
he low by about 70,000 persons and the Seattle Plan~
ning Commigsion estimate for King County will be low
by more than 26, 000,

For the period 1960-65, assuming that 1956 rates
(Table 5-4) continue, fertility rates will be 27 to 63
per cent higher than those projected by the State Cen-
sus Board for the specific age groups, and the crude
birth rate will remain approxim ately at the current
level of 24 per 1,000 persons per year. Beyond

7Current Planning Research No. 8, May 15, 1952, Seattle Plan-

ning Commission,

Spopulation Forecasts for the City of Seattle by CensusTracts,
CPR No. 19, September 15, 1952, Seattle Planning Commission.

~9P0puiation Trends and Projections, Seattle Standard Metro-

politan Area, 1900 - 1970, CPR No. 13, November I, 1953,
Seattle Planning Commission,

IOPopulation Trends and Projections, Seattle Metropolitan Area
by Major Divisions, 1920 - 1970, CPR No. 14, April 1, 1954,
Seaftle Planning Commission.

Hpopulation Trends in the Seattle Standard Metropolitan Atea,

1950 - 1954, CPR No. 15, November 1, 1954, Seattlé Planning
Commission,
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1965, the crude hirth rate would tend to rise as the
depression-born generation passes beyond the age of
parenthood and is replaced by the larger wartime and
postwar generation.

Official state and King County projections for 1960,
1965 and 1970, based on medium inmigration, along
‘with revisions thereto based on the assumption of con-
tinued high fertility rate, are given in Table 5-6. For
the two assumptions as to fertility, the tabulated fig-
ures show a difference in total population of about 6
per cent by 1965 and 11 per cent by 1970. For King
County, the population growth due to natural increase
between 1960 and 1970 would rise from 76, 000 to
171,000, In the absence, therefore, of any indication
toward a decline in fertility rates, the official short-
range projections must be considered as somewhat
conservative,

Procedure Employed in Population Projection

As indicated earlier, population projections to serve
the purposes of this report must cover a period equal
to or greater than that represented by the longest econ-
omic life of any of the facilities likely to be construc-
ted. With that requirement in mind, projections were
developed to the year 2030 for the sewerage and drain-
age study area. As a preliminary step, estimates of
saturation or ultimate population density were made
for Seattle and for each of the principal suburban divi-
sions of the presently developing metropolitan area.
This work was done by the three planning commission
staffs in consultation with the survey staff, and takes
into account the comprehensive land use plans which
have been developed for Seattle and the suburban divi-

Table 5.&. Short-Range Population Projections for
Washington and King County

Population in thousands
Projection
1950 1965 1970
State of Washington
Declining fertilit)li)a 2,832 3,058
Constant fertility 2,900 3,240
Difference . 68 182
King County
Declining fertility®© 892 953 1,018
Constant fertilityb 912 1,007 1,133
Difference 20 54 115

AWith constant medium inmigration of 10,000 per year, from First
Revision of Population Forecasts, State of Washington, 1955
to 1965, Washington State Census Board, January 3, 1956.

b gbove projections revised to 1956 specific age fertility rates
for Washington, given in Table 5-4.

SWith medium inmigration of 7,500 per year, 1950 to 1960, and
5,000 per year, 1960 to 1970, from CPR No. 13, Seaitle Plan-
ning Commission, '

gions. For the high projection, it was assumed that,
on the average, the 2030 population would be 80 per
cent of the saturation total.

In this phase of the work, the population study divi-
sions were those previously established by the Seattle
Planning Commission, In addition to eleven divisions
within the city, they included seven divisions covering
roughly the area northward to the Snohomish County
line, eastward to Lake Sammamish and Renton, and
southward to Salt Water State Park.

Populations for the intermediate years, 1980 and
2000, were derived hy extrapolation to 2030 of the
King County 1970 projection. These were then dis-
tributed among the several divisions on the basis of
local conditions likely to affect their rates of growth.
While such a procedure is applicable to the above
noted population study divisions, all of which lie
within the presently developing urban pattern, it is
of questionable validity in the outlying and largely
undeveloped areas in the northeastern, eastern and
southern portion of the sewerage and drainage study
area. The problem, therefore, was to estimate the
additional population likely to reside in the present
iringe areas.

For the purpose of the sewerage survey, the pro-
cedure used in developing the high projection was to
extend the United States population to the year 2030 by
the logarithmic frend method, assuming continuation
of the 1954-55 fertility rate, With that as a base, the
populations of the Pacific states, of Washington, of
the Puget Sound region, and of King and Snohomish
counties were estimated by the ratio method. The
two county populations were then distributed, taking
into account the previous determination for the urban
divisions which would be approaching saturation limits,
In so doing, allowance had to be made for urban devel-
opment on Vashon Island and in Kitsap County as in-
tegral parts of the metropolitan Seattle area. An al-
lowance had to be made ailso for the metropolitan de-
velopment of Everett,

For the low projection, the growth of the state
was reduced to the lowest rate which has occurred
in any prior 30-year period. In addition, the re-
lationship of the low to the high projection was deter-
mined for subsequent application to the survey study
area.

Projection of State, Region, and County Populations

As a base for loecal projections, the population of
the United Sfates is assumed to climb to 228 million
by 1975, 400 million by 2010, and 550 million by
2030. The high rate of increase thus indicated is
predicated on 2 continuation of the 1954-55 fertility
rates.

For 1975, the forecasted population of 228 million
is taken from the Series AA projection of the U.S.
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Fig. 5-7. Population Ratios Expressed as Per Cent of Mext Larger Division

Bureau of the Censusl2, Figures for the two later
vears are obtained by extrapolation of the 1975 pro-
jection ai an average increase of 1,61 per cent per
yvear. Since this rate exceeds all prior rates of na-
tional growth between 1900 and 1950, some question
may be raised as to the propriety of using it in devel-
oping a high projection of reasonable attainment.

Insofar as the projection to 1975 is concerned, the
1.61 per cent per year rate of increase is currently
heing exceeded and the economic outlook for the next
decadel? is favorable toward its continuation, For
the long range outlook, demographers note that revol-
utionary technological advances in the last 15 years
have placed the nation on the threshoid of a new era of
material well-being for which there is no historical
precedent. On that basis, the validity of the high popu-~
lation projection will depend not on the inherent pro-
ductive capacity of the nation, but on how effectively
we meet the economic, social and political problems
arising from the predicted advances.,

In applying the high projection o the local scene,
it was assumed] that past and projected trends in popu-
lation ratios will come to equilibrium in 40 to 590
years. As shown in Fig, 5-7 and Table 5-7, this
assumption implies that the ratio of the Pacific states

12Revised Projections of the Population of the United States,

by Age and Sex: 1960 to 1975, Current Fopulation Reports,
Series P25, No. 123, October 1955, U.S. -Bureau of the Census.

13Potential Economic Growth of the United States During the
Next Decade, Commitiee Staff Report to the joint Committee
on the Economic Report, 83rd Congress, 2nd Session.

to the nation will end its rise by that time and that the
population of those states will grow thereafter at about
the same rate as the nation. It also implies that the
ratio of Washington to the other Pacific states, which
has been declining since 1910, will become constant at
about the end of the present century., By combining the
two ratios, it was determined that the ratio of the pop-
ulation of Washington to that of the nation should rise
from 1, 59 per cent in 1955 to 1. 94 per cent by the year
2010 and thereafter should remain at that level,

Since 1900 the population of the ceéntral Puget Sound
region, comprising King, Pierce, Snohomish, and
Kitsap counties, has increased from 38 per cent to
51 per cent of that of the state. As the trend line,
however, indicates that the rate of increase has been
declining, it is assumed that the ratio will stabilize
at about 52 per cent, This implies that while the four
counties will continue to comprise the principal metro-
politan center of the state, other urban centers in
Washington, along with the remainder of the Puget
Sound region, will grow in the future at a rate equal
to the four-county area,

Within the central Puget Sound region, the ratio
of population in King County to that of the region has
heen declining since 1930, Kitsap County has shown
an almost continkous rise since 1900, while changes
in the ratios for the other two counties have not been
consistent. In the absence of established trends suit-
able for mathematical extrapolation, the curves in
Fig. 5-T7 were extended on the basis of present con-
ditions and probable future developments.
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Table 5-7. Population Ratio Expressed os Per Cent of Mext Lorger Division

. . Central Puget King Pierce Snohomish Kitsap
Vear E)a;’.fslf: vgj?al::ligfti? Sound Region County County - County County
to Washington to Central Puget Sound Region
1900 3.17 21.4 38.0 56.1 28.3 12.2 3.4
1910 4.55 27.4 42.2 59.0 25.1 12.2 3.7
1920 5.37 24.4 46.0 61.4 22.7 10.7 5.2
1930 6.69 19.1 47.2 62.9 22.2 10.7 4.2
1940 7.40 17.8 47.2 61.6 22.2 10.8 5.4
1950 9.87 16.4 49.7 61.0 23.2 9.4 6.4
1955 10.5 15.1 51.2 61.1 22,7 9.8 6.4
1960 11.28 14.32 51.4 61.0 22.7 9.9 6.4
1965 11.92 13.74 51.5 60,8 22.8 10.0 6.4
1970 12,52 13.38 51.6 60.2 22.9 10.4 6,5
1975 131 13.1 51.7 558.0 23.4 10.9 6.7
1930 13.5 12.9 51.8 57.6 23.6 11.8 7.0
1990 14.4 12.7 51.9 54.8 23.9 13,7 7.0
2000 15.2 12.6 52.0 50.0 24,2 17.5 3.3
2010 15.5 12.5 52.0 47.0 24.5 19.3 9.2
2020 15.% 12,5 52.0 45,2 24.8 19.8 10.2
2030 15.5 12.5 52.0 43.7 25.0 20.0 11.3

2From Series I projection, INustrative Projections of the Population, by States, 1960, 1965 and 1970. Cutrent Population

Reports, Seties P-25, No. 160, August 1957,

Considering the present stages of urban and indus-
trial development in King County, it is assumed that
the population of this county will continue to decline
in relation to the other three. It is assumed also that
Pierce County, which is presently well developed, will
have a relative gain at a slow rate which will taper off
at the cloge of the study period. Snohomish County,
particularly in the vicinity of Everett and southward,
is expecied to grow rapidly until the end of the century
and at a slower pace thereafier. Xitsap County is ex-
pected to grow at a gradually accelerating pace not
only because of its own industrial development hut also
because of its close ties fo Seattle,

High Population Projection.  High population pro-
jections for Washington, for the central Puget Sound
region, and for King and Snohomish counties, as listed
in Tabie 5-8, are hased on the aforementioned high
projection of national population and on the ratios given
in Table 5-7., Forecasts for the state (Fig. 5-8) fall
below the figures given in Table 5-6 for 1960 and 1965
but show an increaged rate of growth after 1970. The
slower initial rate derives from the lower fertility
rates for the nation as compared to the gtate (Table
5-4), while the rise after 1970 results from births to
the large postwar generation. Beyond 1970, the pro-
jected totals for the state are 4,320,000 by 1980,
6,500,000 by 20600, and 10,600,000 by 2030.

For King County, the high projection indicates a
population of 1,290,000 by 1980, 1,630,000 by 2000,
and 2,400,000 by the year 2030, Up to 1970, as in

the case of the state, the projection falls below the
short range estimate based on current King County
fertility rates (Table 5-4}. On the cther hand, the
2030 forecast of 2,400,000 exceeds a tentative projec-
tion of the Seattle Planning Commisgsion staff by more
than forty per cent, This is becausge the latter as-
sumes a4 lower initial rate of growtih and a continuous
decline in the rate to an average of 0.96 per cent per
year during the las{ 30 years,

For Suohomish County, the high projection indicates
a population of 264,000 by 1980, 592, 000 by 2000, and
1,100,000 by 2030.

Low Population Projection. To obtain a low projec-
tion suitable for consideration of financing problems,
a forecast of the state population was developed, using
an increage of 1,41 per cent per year, This is the
least rate of growth the state experienced in any 30-
vear period,

Based on the 1,41 per cent anmal rate, the projected
low population is 87.5 per cent of the high projection
for 1980, 77 per cent for the year 2000, and 71.5 per
cent for 2030. Percentages for intermediate years
are given in Table 5-8. By applying these percentages
to the high projection for King County, the resulting
low projection for the county falls he low the Seattle
Plamning Commisgion medium projection for all years,

Population Projection Within the Study Area

As outlined previously, population estimates for
the sewerage and drainage survey study area were

1 1 +

. +

.
R



POPULATION 87
Table 5-8. Projected State, County, and Study Area Population, 1957 - 2030
Washington Central King Snohomish Survey
Yeat High Low,2 Ratio b Plll“f:t S°““d County, County, Study Area,
. , ) gion,® 1,000 1,000 1,000
1,000 1,000 per cent 1,000
1957 2,670 1,370 859 134 864 |
1960 2,880 2,850 99.0 1,480 900 147 910
1970 3,480 3,270 94.0 1,800 . 1,080 187 1,080
1980 4,320 3,770 87.5 2,240 1,290 264 1,260
199G 5,300 4,350 82.0 2,760 1,510 378 1,500
2000 6,500 5,000 77.0 3,380 1,690 592 1,740
2010 7,750 5,730 74.0 4,030 1,900 780 1,920
2020 9,100 6,590 72.5 4,730 2,140 935 2,090
2030 10,600 7,600 7L.5 5,500 2,400 1,100 2,240
21,0w estimate based on average annual increase of 1.41 per cent per year,
bR_atz'o of high estimate to low estimate.
CComprizing King, Snohomish, Kitsap and Pierce Counties,
derived primarily on the basis of near-saturation con— e
ditions in presently developing divisions of the area.
On the other hand, the population within the fringe 4,000 /ﬁ
portions, which also must be included, was derived :zzz e
through distribution of the total populations previously 7060 w"'ﬁfgﬂfgg‘mcm“ : /’/ > ]
projected for King and Snohomish counties, 5000 LOw PRoJEcTLonj/ Ll
Population study divisions within the survey area 5000 i }v/l/’ L
{Fig. 5-9) include 11 divisions within the city limit 2000 P P
of Seattle, 12 others in King County, and that part of /,/’ s
Snchomish County within the Lake Washington water- 3000 P // <1
shed. With few exceptions, those within King County WASHING TON—-i + //
comprise one or more entire census tracts. In a few V s |
cases, census tracts were split because of widely 2000 7 St
divergent topographic and land use conditions. - // . //"
Study divisions within the city and seven others 3 "% / 1 // -
{North 2; East 1, 2 and 3; and South 1, 2 and 3} are § CENTRAL
as defined in 1954 by the Seattle Planning Commission. - E P — ﬂﬁ;é‘i}i’ﬂf CSL%G ﬁswoy AREA /4
For these divisions, near-saturation conditions may . zg —/ P //r-’w,t -
reasonably be assumed to develop within the design S oo / / 4
period, Except for minor adjustments, the population § 600 , t/ Ve
and population density forecasts given in Table 5-9 for  § / i
the year 2030 and intermediate years are the same / KW
for each division as those tentatively established by 400 / < SNOHOMISH | 7 o
the planning commigsion staffs, o / CONTY—N %
For the year 2030, the projected populaiions for G
Seattle and the seven King County divisions amount / / V¢ ¢
to a total of 1,417,000 persons. A similar study by 200 yd
the Snohomish County Planning Commission staff in- i
dicateg a near-saturation population of 223,000 for 150 - : //
the western and central portion of the Lake Washingion /
watershed lying within Spohomish County. For those 100
portions, therefore, of the survey study area which are 8¢ //
subject to near-saturation development within the de- ;’z ~
sign period, the estimated population totals 1,640, 000 o e
The balance of the study area, comprising about 250 s [
square miles of land area, or 43 per cent of the total, 500 w20 940 960 980 2000 2020

is for the most part not likely to reach near-saturation
levels within the design period. To arrive at a reason-

Fig. 5-8. Projected State, County, and
Study Area Populations, 1957-2030
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WEST SEATTLE has experienced rapid growth and development is

able population estimate for this portion requires a
careful consideration of factors influencing develop-
ment both within and outside of the study area, Out-
side the study area, these factors include:

1. The proposed bridge across Puget Sound via
Vashon Island. This link will increase greatly the
suburban development on the island, which has an
area of 36 square miles and ¢ould ultimately accom-
modate a population of 75,000 to 100,000,

2. A continued urbanization of the Federal Way
area. Although it lies within King County, this area is
for the most part within the topographic sewerage area
of Tacoma and is close to Tacoma's heavy industrial
zone. A projected population of 100,000 by 201014 for
all portions of King County within the sewerage area
of Tacoma may well increase to 120,000 by 2030.

14 ‘Metropolitan Tacoma Sewerage and Drainage Survey’’, Brown
and Caldwel]l, 1957. '

estimated now to be about 90.per cent of the ultimate.

3., The growth of satellite communities, Com-
munities lying between the survey study area and the
Cascades, both existing and yet to be created, even-~
tually will experience vigorous growth. A similar
pattern of development has been typical of other met-
ropolitan areas and is strengthened at present by the
trend toward dispersal of light industry.

4, A diversification of indugtry in Snohomish Coun-
ty. Based largely on forest products in the past, the
industrial economy of Snohomish County will be bol-
stered in the future by the oil refineries planned for
construction both north and south of Everett, Further
diversification and dispersal can he expecied and will
bring with it a widespread development of new resi~
dential areas.

Within the sewerage and drainage study area, factors
influencing future development include:

1. The southward movement of the center of heavy
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urban residential growth,

industry, The proposed extension of navigable water
in the lower Duwamish River and the construction of
gites for heavy industry southward to 180th Street,
along with continuing industrialization in the vicinity
of Kent and Auburn, will shift the center of industrial
employmenti southward, Early stimulation of resi-
dential development on hoth sides of the Green River
valley can be expected as a result of this movement,
Eventually, either the valley will be completely in-
dustrialized, or if agricultural zoning is enforced,
the proposed Covington heavy industrial area will be
developed. In either case, this will promote residen-
tial development in the adjoining or surrounding south-
east division,

2, The freeway and bridge program. Construction
of the proposed system of freeways and expressways,
coupled with a second Lake Washington crossing, not
only will facilitate travel within presently congested

PRESENT SCATTERED DEVELOPMENT in Snohemish County, north of Mountlake Terrace, is typicol of early stages of sub-

areas but will extend commuting distances and thus
affect residential distribution.

3. A dispersion of light industry. Development
of numerous small sites for light industry in the east-
ern and northern divisions of the study area will af-
fect population growth in these divisions.

With the foregoing factors taken into account, it
was estimated that the five study divisions within King
County (East 4 and 5, South 4 and 5, and Southeast) will
have a population in the year 2030 of about 560, 000,
This total is expected to be divided among the five
divisions on the basis set forth in Table 5-9,

Within Snohomish County, enlargement of the study
area eastward to include all of the watershed tributary
to Lake Waghington added 10,440 acres to the area
of 38,400 acres for which the tentative near-saturation
population previously had been estimated. Based on
the county land-use plan for the watershed, modified
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Taoble 5-9. Present and Projected Population Distribution of Study Arec

. .. 2 Area Population, thousands Density, persons pet acre
Population division 5

acres 1957 1980 2000 2030 1957 1980 2000 2030

Seattle - 1957 limits
1. Broadview - Lake City 10,400 72 97 98 100 6.9 9.3 9.4 9.6
2. Ballard - Fremont 3,810 63 60 60 60 16.5 15.7 15.7 15.7
3. Green Lake - Wallingford 2,760 47 47 47 49 17.0 17.0 17.0 17.8
4. Ravenna - View Ridge 3,530 47 51 53 55 13.3 14.4 15.0 15.5
5. Magnolia 2,450 21 26 26 26 8,6 10.6 10.6 10.6
6. Queen Anne 2,450 33 33 35 37 13.5 13,5 14,3 15.1
7. Capitol Hill - Madrona 4,350 82 85 287 29 18.8 | 19.5 20,0 20,5
8. Downtown 1,470 44 38 36 34 30.0 25.9 24.5 23.1
9. Rainier Valley - Mt. Baker 5,330 38 42 43 44 7.1 7.9 2.1 8.3
10. West Seattle 10,170 80 85 a6 89 7.9 8.4 8.5 8.8
11, Columbia - Rainier Beach 6,320 45 59 63 67 7.1 9.3 10.0 10.6
Subtotal - Seattle 53,040 572 623 634 650 10.8 11.8 12.0 12.3
12. North 2 9,690 - 36 66 78 85 3.1 5.7 6.7 7.3
13, East 1 23,320 39 88 114 146 1.7 3.8 4.9 6.3
14. East 2 16,480 10 40 78 97 0.6 2.4 4.7 5.9
15, East 3 34,080 16 47 106 180 0.5 1.4 3.1 5.3
16, South ] 8,300 39 50 73 87 4.7 6,0 8.8 10,5
17. South 2 15,920 36 72 97 122 2.3 4.5 6.1 7.7
18, South 3 10,000 31 39 50 50 3.1 3.9 5.0 5.0
19, East 4 34,210 6 12 39 82 0.2 0.4 1.1 2.4
20, East 5 21,750 4 i6 a5 55 0.2 0.7 1.6 2.5
21, South 4 28,830 20 27 76 113 0.7 6.9 2.6 3.9
22, South 5 15,450 7 31 54 91 0.5 2.0 3.5 5.9
23. Southeast 50,330¢ 14 33 117 216 0.3 0.7 2.3 4.3
Subtotal - King County 321,420 830 1,144 1,551 1,974 2.6 3.6 4.8 6.1
24, Snchomish County 48,840 34 113 190 264 0.7 2.3 3.9 5.4
Total 370,260 264 1,257 1,741 2,238 2.3 3.4 4.7 6.0

98ee Fig. 5-9 for location of papulation divisions,

J!’G»rc:»ss area excluding major lakes, waterways, and undeveloped tidelands.

CExciuding Lake Young reservoir and Seattle Water Department property having total area of 2,560 acres,

slightly in light of the county projection, the population
of the Snohomish County portion of the study area was
estimated to reach 264,000 in the year 2030. For
the entire study area, therefore, the population fore-
casts give a total of 2,238,000 persons in 2030 (Table
5-9}.

Totals for the intermediate years, 1980 and 2000,
are based on the estimated rate of growth within each
of the population divisions,

Detailed Disteibution of Study Area Population

In developing the population projections, the meth-
od used for that purpose required a general distri-
bution of population among the major divisions of
the study area. This information, together with that
developed from available data on existing distribu-
tion and from future land use plans, was utilized in
preparing the detailed distribution illustrated by
the dot map in Fig., 5-9., In analyzing the land uge
plans, consideration was given in particular to the

loecations of industrial zones, recreational areas,
and highways.

It will be noted that certain areas within Seattle
already have attained their maximum population. In
a few, such as the downtown section and certain in-
dustrial areas, a decrease is predicted. Within the
design period, the net growth within the present limits
of Seattle is expected to be 80,000 as compared to
1,370,000 in the remainder of the study area.

Average densities predicted for the several divi-
sions in 2030 range from 2, 4 to 20,5 persons per
gross acre. For the entire study area, the average
dengity is estimated to be 6.0 persons per gross acre.

Population density, along with land use for com-
mercial and industrial purposes, governs both the
volume of sewage and the amount of storm runoff from
a particular area, For that reason, the dot map (Fig.
5-9) is used later 1o obtain hoth design population and
population dengity values for the individual sewerage
and drainage service areas.
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CONSTRUCTION OF NORTH TRUNK SEWER

= OPEN CUT TRENCH for 144-inch Interbay sec-
tion constructed in 1912,

LAYING BRICK ARCH in 144-inch Interbay tunnel ——y

section.

—— 144-INCH CONCRETE SECTICON censtructed.in
open cut, ready for laying of brick invert and con-
struction of manhole.

COMPLETED 114-INCH TUNNEL SECTION be- o
neath Montlake Boulevard.

40-INCH SIPHON IN TUNNEL under ship canal
at 3rd Street West, Subsequently, an additional
60-inch siphon was laid in space at right.

v

sl —

48-INCH CONCRETE PIPE being laid in Laurel. e

hurst tunnel section.

SEATTLE, 1912




Chapter 6
EXISTING SEWERAGE AND DRAINAGE FACILITIES

One of the basic ocbjectives of the present survey
is that of determining the extent to which facilities
" presently in use can be incorporated in a long-range
program of sewerage and drainage improvements,
Accordingly, all such facilities were appraised and
evaluated in terms of their ability to meet both pres-
ent and future heeds.

Information presented in this chapter was derived
from questionnaires answered by various sewer-
age agencies, from reviews of plans and reports,
and from field investigations. Information and data
concerning sewage volumes and composition, al-
though obtained as part of the study of existing sys-
tems, are set forth in Chapter 7 on sewage charac-
teristics.

Responsibility for providing sewerage service with-
in the metropolitan area is divided among 19 cities
and 22 sewerage districts (Fig. 6-1). Of these 41
agencies, 15 are presently engaged in the operation
of sewerage facilities (Table 6-1), The remainder
(Tahle 6-2) are either (1) in various stages of planning,
financing and constructing facilities (2) annexed to
operating agencies, or (3) essentially inactive., In
addition to the public systems, there are 8 semi~public
and private systems which gerve military, airport,
and industrial establishments, and multiple housing
developments (Fig. 6-1 and Table 6-3),

Between them, the various agencies operate and
maintain about 1,550 miles of sewers, 75 pumping
stations, and 25 sewage treatment works, Of the total
length of sewers, about 510 miles are separate sani-
tary lines, while 1, 040 miles are of the combined type
carrying both sanitary sewage and storm drainage.
Virtually all of the combined sewerg are located in
Seattle,

The aggregate design capacity of the 25 treatment
plants is 28 mgd, which is sufficient to treat only about
one-third of the average daily sewage flow generated
during dry weather (average DWF). Consequently,
close to 50 mgd of sewage and industrial wastes are
being discharged without treatment through about 60
independent outfalls, Despite the multiplicity of facili-
ties, only about 70 per cent of the residents of the area
are served by public sewers. The remaining residents
provide and maintain individual septic tank systems,
which are being constructed at a rate of about 6, 000
per year,

Information regarding assessed valuation, tax rate,
service and other charges, and bonded indebtedness
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is given in Table 6-4. This table also lists annual
costs of operation and maintenance,

Responsibility for providing drainage facilities rests
with the cities and, to a limited extent, with local
drainage districts and the counties. In addition to
Seattle, only four cities and one local district have
storm drainage systems worthy of note. Drainage
activities of the counties are limited by law to situ-
ations directly associated with street and highway
congtruction and drainage. As 2 result, such facili-
ties as exist in the inincorporated areas are mainly
by-products of sireet and highway drains and serve
localized problem areas only.

In the following sections of this chapter, each ex-
isting sewerage and drainage system is analyzed in
sufficient detail to permit its evaluation in terms of
the future sewerage and drainage requirements of the
area,

SEWERAGE FACILITIES OUTSIDE SEATTLE

Of the 35 square miles now occupied by cities and
sewer districts situated in the metropolitan area out-
side Seattle, about 20 square miles were sewered as
of July 1, 1957. In this outside area, sewerage ser-
vice is provided by five cities and nine sewer districis
{Table 8-1). Sewage treatment plants are operated by
each of the five cities and by seven of the nine dis-
tricts,

Bellevue Sewer District

The Bellevue Sewer District was organized in 1948
to serve a sinall section of what is now the city of
Bellevue., Today, the district encompasses an area
of nine square miles, including most of Bellevue, all
of four other cities (Beaux Arts, Clyde Hill, Hunts
Point and Medina), and adjacent unincorporated areas,
Only i.1 square miles are now sewered and serve a
connected population of 4,100, Construction has be-
gun, however, in Utility Local Improvement District
(ULID) No. 7, which will serve the northerly section -
of the district. Construction has begun also in ULID
No. 8, which includes Clyde Hill, Hunts Point and
Medina, No service is contemplated in the Beaux Arts
area until about 1959.

The Bellevue collection system consists of 21 miles
of sewers ranging in size from 6 to 16 inches, and
four sewage pumping stations, two of which are util-
ized for flushing an intercepting sewer submerged in
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Table 6-1, Status of Sewerage in Operating Sewerage Agencies

Date agency Area, square miles Population
Agency
formed Total Sewered Total Connected
Cities and towns
1891 21 2.0 8,000 7,000
1913 0.7 0.3 1,100 1,450
1890 3.0 1.78 4,150 4,000
1505 2.0 2.0P 5,750 5,750
1901 5.0 3.3 16,500 14,800
1865 79,5¢ 69.5% 561,000 510,000
Sewer districts : :
Bellevael ..o 1948 9.0 14 g 4,100
Bryn Mawr - Lake Ridge......ccciiiininn 1950 1.1 0.8 g 4,500
East Mercer .| 1952 0.3 0.3 600 500
Lake Hillg.....cocoviiiiniiicn e e 1955 1.9 0.3 1,550 1,460
Mercer Island.....c...ccovviiinnicmnnnee e 1953 2.2 0.9 3,000 800
Sewerage and Drainage District No, 3.... 1939 0.5 0.50 g 1,100
Sewerage and Drainage District No. 4.... 1943 0.4 0.3 2,300 2,400
Southwest Subuthan.........cccoveeeirvivneriieccn 1945 6.8 3.5 g 12,600
Val VHE et 1945 0.4 0.2 g : 1,150
TOtAL vttt e 114.9 86.7 571,610
Sewers Number Treatment plants
Agency ) Y‘ear Diameter of ) . Year Capacity, Discharge
Miles first range, pumping Typet constructed) | average to
constructed inches stations mgd
Cities and towns
AubUff..ooriie e 28 1910 6-30 i P 1950 1.1 Green River
Issaquah.... 13 1940 8-15 0 S 1940 0.23 Issaguah Creek
Kent............ 10 k 6-24 1 S 1954 1.7 Green River
Kirkland....ccoooreriieinnns 32 1942 6-24 5 8 194351 1.6 Lake Washington
Renton........ccoveeccarecrns 36 1910 6-24 1 s 1943-53 2.2 Cedar River
SeattleS.....o. 1,233% 1883 6-144 30 P 26.54 t
Sewer districts )
Bellevuef ... 21 1953 6-16 4 S 1954-57 0.56 Lake Washington
Reyn Mawr-Lake Ridge 15 1952 6-18 2 S 1952 0.43 Lake Washington
East Mercer............... 5 1954 8-12 0 s 1955 0.13 Lake Washington
Lake Hills.......ccco..e..., 7 1955 8-18 5 P 1955-57 0.32 Land
Mercer Island............. 25 1956 6-16 8 &
Sewerage and Drainage
District No. 3....coeen.. 7 1941 6-18 ] v Puget Sound
Sewerage and Dtainage
District Na. 4............. 10 1943 6-18 2 P 1943-44 0.2 Duwamish River
Southwest Suburban..., 54 1942 8.36 5 P 1956 8.2 Puget Sound
Val Ve ....covcimmnnien 3 1947 6-15 0 P 1955 0.28 Duwamish River
Total..ocoeecncicnicnnn 1,526 73 43.45

Frncludes 0.2 square mile outside city limits.

1.5 square miles inside city limits; 0.5 sqtiare mile outside,
CIncludes the systems of Lake City, Greenwood Avenue, and
Roxbury Heights Sewer Districts now operated by Seattle.

Ezclusive of water areas:

CIncludes 2.5 square miles autside city limits,

fInchzdes cities of Beaux Arts, Bellevue, Clyde Hill, Medina
and Hunts Point.

ENy reliable estimate available,

"Also serves ““Old Firlands’’ area,

! P - primary; § - secondary.

I Where two years are shown, second indicates major enlarge~
ment,

Finitiat construction of modern sewers assumed to be prior to 1930,

My 029 miles combined; 204 miles separate sanitary.

"Does not include several small lift stations serving small areas.

PSeattle operates five treatment plants and has one under con-
sfruction; in addition, there are a number of raw sewage oti-
falls and bypasses; see section on existing Seattle system.

T otal capacity. Includes Alki Point plant and enlargement of
Lake City plant, both under construction,

T See section on existing Seattle system.

SSewage treated at Bellevue plant,

{See Bellevue,

Yncludes 1,9 miles outside district,

YComminuter and chlorination station, inoperative,

. k »



EXISTING SEWERAGE AND DRAINAGE FACILITIES 97
Table &.2. Status of Sewerage in Non-Operating Sewerage Agencies 2
Date Atrea,
Agency formed square miles Status

Cities and towns :
Algona ..., 1955 1.4 Inactive.
Beaux Arts......c..... 1954 0.1 Annexed to Bellevue Sewer District.
Bellevue....euens 1953 4.0 Served by Bellevue Sewer District,
Bothell..... 1909 1.6 System financed; plans in preparation.
Clyde Hill........ooceene 1953 1.0 Annexed to Bellevue Sewer District; sewers under construction.
East Redmond.......... 1956 3.6 Inactive,
Houghtort.........0vveenee 1947 1.3 Partially served by Kirkland,
Hunts Point... 1955 0.3 Annexed to Bellevue Sewer District; sewers under construction.
Medina.....cccccovvveeniins 1955 1.3 Annexed to Bellevue Sewer District; sewers under construction.
Mountlake Terrace... 1954 1.5 Preliminary plang in progress,
Normandy Park......... 1953 1.6 Inactive,
Redmond.......coceienee 1912 1.3 System financed; construction scheduled 1957-58,
Tukwila. e 1908 G.7 Inactive,

Sewer districts
Des Moines 1946 0.5 System financed; plans in progress; construction scheduled spring 1958.
Eastgate............coe 1957 4.0 Preliminary planning scheduled fall 1957,
Greenwood Avenue.. 1946 2:7 Completely sewered; operated by Seattle,
Kenmote ... 1955 0.5 Inactive. :
Lake City....cocoeeeee 1946 12.2 Approximately 50 per cent sewered; operated by Seattle,
McMicken Heights .... 1948 0.3 Inactive.
Panorama.......cc.eee i 1945 0.2 Inactive.
Parkview.....ceneen 1948 0.1 Inactive.
Rainier Vista........... 1945 1.2 System financed; plans in preparation, scheduled for construction spring

1958.
Richmond......ccoerveieen. 1949 0.5 System operated by King County Engineer under Sewerage and Drainage
District No. 3.

Ronald ..o 1951 1.5 System financed; plans in prepatation.
Roxbuty Heights...... 1944 0.8 Approrimately 50 pet cent sewetred; operated by Seattle.
Sylvia Pines.............. 1957 0.1 New district; plans in progress,

Apresently unsewered except as noted.

the water adjacent to the shoreline of Meydenbausr
Complete treatment
facilities, with a design capacity of 0.56 mgd, were
constructed in 1954 and are now being expanded o a
The added units are

Bay (Fig. 6-2 and Table 6-9).

capacity of 2 mgd (Fig. 6-3).

temporary and are to be abandoned when area-wide

sewerage service hecomes available,

Plant effluent

is chlorinated and discharged to Lake Washington,
Sewage from Mercer Island Sewer District is treated
at the Bellevue plant under a contractual arrangement,

Table 6-3, Summary of Private ond Semi-Public Sewerage Facilities

System

Boeing-Renton...
Boeing Shoppmg Center ............................
The Highlands.....c..ocoovevececmmnvninnre e ciiiinns
Lake Burien Heights.....coooiiiiiiiiinies
Sand Point Naval Air Station.................
Sand Point Homes
Shorewood........cccoeeeeee.
Seattle-Tacoma Internatmaal Airport...

. Treatment
. Area served, - Discharge
Facility served square miles Type? Capacity, to
P average mgd
Aircraft plant............ 0.25 s 0.5 Cedar River
.................................... 0.03 P 0.18 Puget Sound
Residential............... a.7 Nene - Puget Sound
Apartments....... 0.03 P 0.15 Puget Sound
Military reservation. 0.70 L3 0.86 Lake Washingtaa
. | University housing.. 0.003 S 0.1 Lake Washington
. |Apartments ... 0.05 S 0.26 Lake Washington
CJAirport.... e ¢ S 0.1 Bow Lake

2P — primary; § = secondary.

bConsfructed to serve proposed shopping center - nonoperating,

SServes airport terminal and service buildings.
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Table é-4. Semmary of Financial Information for Sewerage Agencies

Assessed p | Service | Connection Boads ;; téégndmg, Arfnual cost of
Agency valuation,? | LeVYs charge,® fee, : maintenance and
$1,000,000 mills § 4o11ars dollars General Revenue operation,
obligation | dollars
Sewer districts
Bell@VU ... oo e enin s 7.8 1.30 3,00 17.00 118,0 1,505.0 29,300
Bryn Mawr - Lake Ridge......covvvinen. None 2.00 17.50 None 295.0 15,230
East Mercer None 4.00 300.00 None 124.0 5,890
P 122 | oo | 2.00f 75.00° 127.0 | 1,803.0 ;
T 42.8 100 | 3.008 35000 | 609.0 | 5,792.0 d
Lake Hills........ None 3.50 None None 140.0 4,800
Mercer Island ... 4,8 2.40 5.00 35.00 150,0 912.0 35,380
Roxbury Heights........ 1.2 2.30 None! None 17.0 None £ .
Southwest Suburban.,.. 15.2 2.30 3.00 15.00 481.0 | 3,800.0 84,0001
VAl VUE oooooerreeermmnens e reresssseeores oo None 4.00 100,00% None 146.0 8,470
Sewerage and Drainage District No. 3 Neone 0,22m None Neone None 540
Sewerage and Drainage District No. 4 None 22.00% None None None 13,240
Cities and towns
AGDULIL vt cvmrras e None 1.50 None None 140.0 9,000
Issaquah..., None 1,25P 0.834 None None 7,420
Kent ., None 0.75 10,00 None 390.0 22,230
Kirkland.......ooooomeeeeeeeerecna. None 2.00° 50.00 None 283.08 19,600
Renton.... 18.1 3.05 0.75 10.00 t 62.8 19,030
Seattle......coccireniieeer e 637.4 0.003 1.00% None 1,776.0 None 492,130

Based on data submitted by sewerage agencies; five additional agencies, Des Moines, Rainier Vista, Ronald, Redmond and Both~
ell bave issued bonds for proposed facilities but are, as yet, inoperative.

8 Assessed valuation as of January 1, 1956,. given only if there
is levy for sewerage,

b Portion of general levy designated for sewerage.,

SMonthly, unless otherwise indicated.

dPer single residence and duplex; more for others. Residents
of the district also pay $1.00 per month City of Seattle charge.

€Per single residence; others, $150.00.
f Included in Seattle,

ESewer bond charge; portion in Seattle also pays $1.00 city
service charge; portion outside pays city pro-rata share of
annual maintenance and operation cost = $6.54 per household
in 1956.

hLate charge; applies if connected more than one year after
service is available,

Bryn Mawr-Lake Ridge Sewer District

This district, which was formed in 1950 and com-~
prised an area of 1.1 square miles, has boundaries
in common with Seattle on the north and with Sewer-
age and Drainage District No. 4 and the city of Renton
on the south, The collection system covers an area
of 0.8 of a square mile, and consists of 15 miles of
6-inch to 18-inch sewers and two pumping stations.
It serves a connected population of 4,500, as well as
part of the Boeing~Renton plant (Fig., 6-4 and Table
6-6), Secondary treatment is provided by a plant
which has a design capacity of 0. 43 mgd and the ef-
fluent, after being disinfected, is discharged to Lake

iPort;r'on now within Seattle pays $1.00 service charge,

i Estimated cost for first year of operation.

kIncIuded in original assessment.

MAnnual per front foot charde.

"R lat annual charge.

PCharge is $1.50; $0.25 discount if paid by 10th of month.

9Per front foot.

T $3.00 outside city limits, ]

SEstimated sewerage partion of $850,000 outstanding sewer
and water honds.

t‘l'Jrzs;:iec:ﬂ’iea" portion of $589,000 water and sewerage issue,

UMinimum charge for 3/4-inch water setvice, with additional

charge of $0.06 per 100 cubic feet for water in excess of 900
cubic feet per month,

Washington (Fig. 6-3).

East Mercer Sewer District

Formed in 19562, the East Mercer Sewer District
comprises a 0.3 square mile section of northeasterly
Mercer Island, Sewerage facilities were constructed
throughout the district in 1954, and now serve a con-
nected population of 500, The system is composed of
5.2 miles of 8-inch to 12-inch sewers (Fig. 6-2 and
Table 6-T), and a secondary type sewage treatment
plant with a design capacity of 0.13 mgd (Fig. 6-6).
Plant effluent is chlorinated and discharged to Lake
Washington,




W

BRYN MAWR SEWAGE TREATMENT PLANT showing diges-
ters and control building at jeft and geration and sedimentation
tanks at right. Effluent from this activated sludge plant is dis-
charged into Lake Washingten. Digested sludge is removed from
site by tank truck.

BELLEVUE SEWAGE TREATMENT PLANT showing aeration
units in foreground, sedimentation tanks and centrol building
with sludge drying beds at left, and sewer district headquarters
in rear. Effluent from this activated sludge plant is discharged
ta Loke Washington. Plant additions which will quadruple the
copocity are now being constructed.

ISSAQUAH SEWAGE TREATMENT PLANT provides secondary
treatment for a connected population of 1,100, Picture shows,
from front to rear, sludge drying beds, digesters, trickling filter
(right), secondary and primary clarifier and control buildings.
Effluent is discharged into Issaquah Creek.

KIRKLAND SEWAGE TREATMENT PLANT provides second-
ary treatment of sewage from a connected population of 5,750,
serving, in addition to Kirkland itself, the northerly section of -
Houghton and unincorporated areus east of the city. Plant efflu-
ent is discharged to Lake Washington via a frunk storm drain
cituated on the street beyond control building, upper right, Final
sedimentation tank and sludge conditioning building are af 1ower
left. Primary sedimentation tanks are located between controt
building and trickling filters with digester at left.

RENTON SEWAGE TREATMENT PLANT showing sludge
drying beds in foreground, digesters (center), trickling filters
{left rear), two primary and two secondary rectangulor sedimen-
tation tanks (right rear), and control building. Note difference
in clarity of liquid in primary tanks as compared with that in
secondary tanks. :

SUBURBAN SEWAGE TREATMENT PLANTS DISCHARGING
WITHIN THE LAKE WASHINGTON DRAINAGE BASIN
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Table 6.5. Description of Principal Sewerage Facilities,
Bellevue Sewer District

I o p Capacity,®
Facility Description mgd
1 1,880 ft of 14-in. CA pressure section
2 170 ft of 12-in. CA pressure section
3 100 ft of 12-in. conc st 6.49% 5.8
4 790 ft of 15-in. conc at 0.20% 1.8
5 890 ft of 10-in. conc at 0.22% 0.7
6 1,180 ft of 10-in, and 12-in, conc and
RC at 3.0%% 2.5
7 900 ¢t of 10-in. CI and conc at 0.40% 0.9
240 ft of 10-in. conc at 8.00% 1.3
410 ft of 12-in. CA at 2.85% 3.9
10 1,480 ft of 12-in, and 15-in. CA and
cone at 0.80% 3.7
11 370 ft of 8-in. conc at 6.35% 2.0

12 640 ft of 8in, CA force main
13 750 ft of 8in. CI inverted siphon
14 2,060 £t of 8-in. CA submerged pressure

line
15 3,780 ft of 10-in. CA submerged pressure

line
16 2,720 ft of 8-in, CA submerged pressure

line
17 360 ft of 8-in, CA and conc at 7,10% 2.1
18 390 ft of 8-in. CA and conc at 1.20% 0.9
19 330 ft of 8-in, CA and conc at 3.0% 1.3

Outfall | 3,200 ft of 16-in. CA and CI; discharge
to Lake Washington

4See Fig. 6-2 for location.

bWbere slope varies within section, limiting or average slope is
shown., CA signifies cemeni-asbestos pipe; conc, concrete;
RC, reinforced concrete; Cl, cast iron.

CCapacity calculated using Manning’s formula, “‘n’’ equals
0.013.

l.ake Hills Sewer District

Sewers were first constructed in the Lake Hills
area in 1955 as part of a private development. The
sewer distirict was formed the same year and now
comprises an area of about 1.9 square miles. The
collection system is being rapidly extended, and now
consists of about 7 miles of 8-inch to 18-inch sewers
and 5 sewage pumping stations (Fig. 6-7 and Tahle
6-8).

A primary type treatment plant, {he design ca-
pacity of which was doubled in 1957 to iis present
level of 0,32 mgd, provides treaiment for the flow
from a connected population of about 1,460 (Fig.
6-8). Plant effluent is sprayed over a well iso-
lated section of land by means of a sprinkler type
irrigation system and is absorbed by the soil, The
treatment facilities, however, are temporary in
nature and are to be abandoned when the area be-
comes sufficiently developed to permit a permanent
gsolution to its sewerage preblems,

Mercer Island Sewer District

This district, formed in 1953, comprises an area
of 2,2 square miles, of which 0.9 square mile is
sewered, Constructed in 1956, the sewerage facil-
itiesa consist of 25.1 miles of 6-inch to 16-inch sew-
ers and 8 pumping stations, and serve a connected
population of over 800 (Fig. 6-2 and Table 6-9), The
principal intercepting sewer is submerged in Lake
Washington and extends along the entire shoreline
of the district, Because it was impractical to lay
this interceptor to grade, it was consiructed as a
force main and several flushing stations were pro-
vided to purge it with lake water for removal of set-
tled solids, \

It was planned originally to construct a sewage
treatment plant and outfall at the north end of Mercer
Island, This idea was abandoned, however, and a
siphon was laid under the east channel of the lake to
convey sewage to the mainland for treatment at the
Bellevue plant.

CHLORINATION

EQUIPMENT
:r GRIT PR.E!\:ERY TWO FTII':V.!?L PARSHALL EFFLUENT
INFLUEN LAKE
COMMINUTOR SEDMENTAT 0N [ AETRA.:JJSON ™ seniMENTATION WASHING TON
CHAMBER TANKS TANKS FLUME

: SLUBGE

DIGESTER [-CieeSTED DRYING
BEDS

Fig. 4-3. Flow Diagram - Bellevue Sewage Treatment Plant

Complete treatment is provided for sewage from the Bellevue and Mercer Island Sewer districts in this activated siudge plant,
the average daily capacity of which is presently being increased from 0.56 mgd to 2.0 mgd by the addition of temporary facilities.
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CHLORIN ATION
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SCREEN
INFLUENT GRIT RARSHALL PRIMARY FOUR i 1 [ cHLorne
SEDIMENTATION f—wf  AERATION |—ad o FINAL CONTACT
CHAMEER =LUME TANK TANKS g TANK
COMMINUTOR 1 '
TWO - | DIGESTED _ rpick LAKE EFFLUENT
DIGESTERS SLUDGE WASHINGTON

Fig. 5. Flow Diagram = Bryn Mawr - Lake Ridge Sewage Treatment Plant

Designed for an average daily capacity of 0.43 mgd, this activated sludge plant provides complete treatment for sewage of the
Bryn Mawr - Lake Ridge District and, in addition, serves part of the Boeing plant at Reaton,
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Toble 6-6. Description of Principal Sewerage Facilities,
Bryn Mawr - Leke Ridge Sewer District

Table 6-7. Description of Principol Sewerage Facilities,
East Mercer Sewer Distriet

Facility® Descriptiont Cap:;_:;y’c
1 480 ft of 18-in. PS and conc at 0.31% 3.8
2 190 ft of 10-in. PS at 9.62% 4.4
3 2,060 ft of 8-in. PS at 1.79% 1.1
4 1,140 ft of 8-in, and 10-in, PS at 0.30% 0.8
5 2,190 ft of 12-in. PS at 0.30% 1.3
& 800 ft of 10-in. PS at 0.40% 0.9
7 800 ft of 10-in. PS at 5.93% 3.5
8 260 ft of 10-in. PS at 3,33% 2.6
9 260 ft of 10-in, PS at 0.77% 1.3

10 1,030 ft of 10-in. PS at 0.26% 0.7
11 410 ft of 8in, PS at 5.13% 1.8
12 220 ft of 8-in, PS at 1.08% 0.8
13 2,760 ft of 12-in. CI and PS at 0.20% 1.0
14 410 ft of 12-in. PS at 0.10% 0.7
15 310 ft of 10-in, CI force main
16 570 ft of 10-in, CI and conc at 0.23% 0.7
17 810 ft of 10-in, conc at 0.45% 1.0
18 1,560 ft of 8in. PS at 0.35% 0.5
Outfall | Land section, 50 ft of 12-in. CI; sub-
merged section, 470 ft of 12-in, CI;
discharge to Lake Washington

. Capacity,©
Facility® Description” *mgd

1 540 ft of 12-in. PS
2 750 ft of 10-in. PS
3 1,620 ft of 8in, PS
4 1,090 ft of 8-in, PS

Outfall | Land section, 330 ft of 12-in. PS; sub-
metged section, 1,020 ft of 12-in. Cl;
discharge to Lake Washington

“See Fig, 6-4 for location. .

bypere size and slope varies within section, limiting or average
slope is shown. PS§ signifies pipe sewer (local designation);
Cl, cast iron; conc, concrete.

SCapacity calculated using Manning’s formula, *‘n”’ equals

0.013.
Roxbury Heights Sewer District
Roxbury Heights Sewer District, formed in 1944,
was the first distriet created in the state under the

exisiing sewer district law. It occupies an area of
0.75 square miles, of which about 0,4 square miles

3See Fig, 6-2 for location,

bSlopes unknown; no plans available. PS significs pipe sewer
(local designation); Cl, cast iron.

CCapacity unknown; see footnote b.

is sewered (Fig. 6-9 and Table 6-10).

All of the sewered portion of the district was an-
nexed to the city of Seattle in 1956, Since January 1,
1957, the collection system and treatment plant (Fig.
6-10} have been operated by city forces under an in-
formal agreemeni. A plan is now being formulated,
however, whereby the city would continue to operate
the collecfion system but the treatment plant would
be abandoned and the sewage conveyed to the South-
west Suburban plant for treatment,

Southwest Suburban Sewer District

Formerly called the White Center Sewer District,
this agency was created in 1945 {o serve a federal
housing project, Subsequent to the war, a large sur-
rounding area was annexed to the original district and
the present name was adopted.

As now constituted, the Southwest Suburban Dis-
trict has an area of 6,8 square miles, about one-half
sewered, and a connhected population of 12,600, Al-
though the initial sysitem for the housing project was
constructed in 1942, most of the district's 54 miles
of 8-inch to 36~inch sewers and 5 pumping stations

L

CHLORINATION
EQUIPMENT

BAR
SCREEN

INFLUENT SRIT PRIMARY AERATION FINAL CHLORINE

SEBIMENTATION —+ TANK SEDIMENTATION CONTAGT

CHAMBER TANK TANK TANK WEIR
COMMINUTOR 1
|DIGESTED LAKE EFFLUENT
DIGESTER SLUDGE Thuex WASHINGTON

Fig. 6-6. Flow Diagram - East Mercer Sewage Treatment Plant

Activated sludge treatment is provided by the East Mercer Sewer District in this plant which has design capacity for an average

daily flow of 0.13 mgd.
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Table 6-8. Description of Principal Sewerage Fuocilities,
Lake Hills Sewer District

Table 6-9. Description of Principal Sewerage Facilities,
Mercer Island Sewer District

INFLUENT

Capacity,© Capacity,©
Facility® Descriptiunb mgd Facility® Descriptionb pmgcl ¥
1 1,140 ft of 6-in. aluminum pressure line 1 410 ft of 12-in, CA at 3.37% 4.2
2 210 ft of 12-in. conc at 1.17% 2.5 2 2,020 ft of 10-in. and 15-in. conc gravity| 4.4
3 | 510 ft of 12-in. St at 1.17% 2.5 and pressure line at 1.16%
4 170 £t of 12-in, -cone at 1.17% 2.5 3 7,070 ft of 8-in, and 10-in, CAforce main
5 230 ft of 10-in. conc at 0.28 0.8 4 380 ft of 16-in. CA force main
6 480 ft Of ].2-i1'l. conc at 0‘40% 1.4 5 1,240 ft of 16'il'.|. CI force main
7 | 701t of &in. conc at 5.22% 1.8 6 | 790 ft of 16-in. CA force main
8 | 170 t of 8-in. conc at 1.58% 1.0 7 | L980 & of 1%-in. conc at 0.22% 3.2
9 | 40 £ of 12-in. VC at 1.02% 2.3 8 | 530t of 12-in. conc at 0.30% - 1.3
10 | 1,480 ft of 12-in. VC at 0.26% 1.2 9 | 6,350 ft of 12-in. CA force main
11 1.030 ft of 12-in. VC at 0.25% 1.1 10 810 ft of 12-in. conc at 0.22% L1
12 200 £t of 10-in. VC at 0.42% 0.9 11 750 ft of 10-in. conc at $.30% 0.8
13 320 ft of B-in. VC at 3.66% 1.5 12 2,650 it of 10-in. CA force main
14 440 ft of 8-in. VC at 5.98% 1.9 13 400 ft of 12-in, CA force main
15 280 £t of S-in. VC at 1.36% 0.9 14 1,300 ft of 10-in. CA submerged pres-
0t of 6 ; sure line
t in, CA i
16 8 © " oree matfl 15 2,850 ftof 12-in. CA submerged pres-
17 600 ft of 10-in VC at 0.28% 0.8 cure line
18 230 £t of 15-in. conc at 0.46% 2.8 16 2’730 ft of 12-in. CA submerged pres-
19 2,120 ft of 18-in. conc at 0.40% 4.3 sure line
20 510 ft of 18-in, conc at 0.40% 4.3 17 4,180 ft of 10-in. CA submerged pres~
21 | 160 ft of 18-in. conc at 0.50% 4.8 sure line
18 340 ft of 10-in. conc at 2.33% 2.4

85ce Fig. 6-7 for location,

bWhere slope varies within section, limiting or average slope is
shown. Conc signifies concrete pipe; St, steel; VC, vitrified
clay; CA, cement-asbestos.

CCapacity calculated using Manning’s formula, “‘n’’ equals
0.013.

SPRINKLER
LUENT RriGATION
LINE
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TANK

DIGESTED
SLUDGE

T
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UCK

Fig. 6-8. Flow Diagram - Lake Hills Sewage Treatment Plont

Designed to serve temporarily pending full development of the
district, an Imhoff tank of wood construction provides primary
treatment capacity for an average daily flow of 0.16 mgd, Efflu-
ent is sprinkled over the ground surface and absorbed by the
soil. An additional Imhoff tank, not shown here, was added dur-
ing the course of the survey, doubling the plant capacity to 0.32
mgd.

See Fig, 6-2 for location,

by here slope varies within section, limiting or average slope is
shown, CA signifies cement-asbestos pipe; conc, coticrefe;
CI, cast iron.

SCapacities calculated using Manning’s formula, “n™ equals
0.013,

were constructed during the past several yvears
(Fig. 6-9 and Table 6-11). An outstanding feature
of the collection system is that all the new sew-
ers, including house connections, are equipped with
rubber gasket pipe joints to reduce infiltration of
ground water. The original housing project, how-
ever, has combined sewers which must be sepa-
rated to obtain maximum benefits from the new sys-
tem. A separation program is planned for early
construction.

A primary type sewage treatment plant was com-
pleted in 1957 (Fig., 6-11). With a design capa-
city of 8,2 mgd, this plant is the largest now op-
erating in the metropolitan area and is capable
of serving the entire Salmon Creek basin as well
as adjacent areas along the shore of Puget Sound.
Effluent is chlorinated and discharged to Puget
Sound.
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_ Table 6-10. Deseription of Principal Seweroge Facilities,
Roxbury Heights Sewer District

Table 6-11.

Southwest Suburban Sewer Distriet

107

Description of Principal Sewerage Facilities,

)
n

CCapacity calculated using Manning’s formula, equals

0.013.

submerged section, 640 ft of 36-in St;

Facility? Description? Cap;;;ty’c Facility® Description® CﬂP:‘;tY:c
1 60 ft of 15-in. conc at 0.2% 1.8 1 790 ft of 36-in. conc at 1,53% 53
2 280 ft of 15-in. conc at 1.7% 5.4 2 1,990 ft of 30-in. conc at 5.20% 60
3 3,140 ft of 15-in. conc at 5.75% 2.0 3 460 ft of 18in. conc at 6.30% 17
4 1,000 ft of 18-in, conc at 0.5% 4.8 4 900 ft of 21~in. conc at 0,.67% 8.3
-5 . 830 ft of 15-in. conc at 0.5% 2.9 -5 4,240 ft of 24-in. conc at 0.20% 6.5
Outfall | Land section, 900 ft of 15-in. conc; sub 6 1,780 ft of 18-in. conc at 0.27% 3.5
merged section, 880 ft of 14-in, CI 7 1,920 ft of 12-in. conc at 0.30% 1.3
2gee Fig, 6-9 for location. 8 2,270 ft of 12-in. conc at 0.50% 1.6
byhere slope varies within section, limiting or average slope is 9 1,080 ft of 24-in, conc at 5.00% 33
shown, Conc signifies concrete pipe; Cl, cast iron. 10 1,900 ft of 24-in. and 30-in, conc at 0,30% 14
CCapacity calculated using Manning’s forrula, “n’* equals 11 1,360 ft of 18in. conc at 3.68% 13
0013, 12 7,800 ft of 16-in. CA force main
13 1,420 ft of 15-in, and 16-in, conc and
Val-Vue Sewer District CA ot 0.33% 24
The Val-Vue Sewer District, one of the smallest 14 350 ft of 15-in. conc at 1,00% 4.2
operating districts, was formed in 1945 and covers 15 430 £t of &in. CA force main
an area of only 0. 37 square miles, Approximatel
half of the disgrict is sciarved by 3.2 miplis of G—inci 16 280 ft of 24-in. canc at 0.51% 10
1o 15-inch sewers (Fig, 6-12 and Table 6-12), and by 17 680 ft of 15-in, conc at 0.30% 2.3
a primary type treatment plant with a design capacity 18 1,320 ft of 14-in. CA at 0.31% 1.9
" of 0,28 mgd (Fig. 6-13). FEffluent is chlorinated prior i9 960 it of 12-in, and 14-in. CA and PS
to discharge to the Duwamish River. at 0,30% 1.3
20 420 it of 18-in, cone at 0,.55% 5.1
CHLORINATION 21 320 ft of 18-in, conc at 0.88% 6.4
EQUIPMENT 22 | 740 §t of 18-in. conc at 0.30% 3.8
23 2,590 ft of 12-in. conc and CA at 0.32% 1.3
INFLUENT sar || IMHOFF %%lfquF;I(r:q‘l'E 24 1,130 it of 18-in. conc at 9.53% 5.0
SCREEN TANK TTANK 25 2,400 ft of 12-in, CA force main
1 E 26 1,820 ft of 18-in. and 24-in, conc at 0,30% 8.0
= 27 650 ft of 18-in. conc at 1.50% 8.3
DRYING E 28 |830 ft of 18-in. conc at 5.71% 16
ik B 29 1,150 ft of 18-in. conc at 0.62% 3.4
TR 30 | 960 ft of 15-in. and 1&in. conc at 1.02%| 4.2
31 550 ft of 15-in, conc at 1.95% 5.2
Fig. 6-10. Roxbury Heights Sewage Treatment Plant 32 670 ft of 15-in. conc at 3.77% 8.0
Since the annexation of sewered section of the Roxbury Heights 33 1,680 ft of 15-in, conc at 0,34% 2.4
S i e ey of Skl o S0 ity ot 54|00 5. o ot 0205
by city forces. 35 330 ft of 24-in. conc at 0.96% 14
Footnotes for Table 6-11 — 36 470 ft of 24~=in, conc at 5.40% (24-in,
See Fig. 6-9 for location, overflow from this section to Miller
bWhere slope varies within section, limiting or average slope Creek) 3
is shown., Conc signifies concrete pipe; CA, cement-ashestos; 37 1,700 ft of 24-in. conc at 1.00% 15
PS, pipe sewer (local designation); RC, reinforced concrete; 38 1,030 ft of 24-in, conc at 0,40% 9.2
§t, steel. Outfall |Land section, 1,060 ft of 36-in. RC;

discharge to Puget Sound
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SEELYE SEWAGE TREATMENT PLANT, showing sludge dry-
ing beds in foreground, and Imhoff tanks at left and right of pump
and chlorinator house.

AUBURN SEWAGE TREATMENT PLANT, showing sludge
drying beds in right foreground, inlet structures ar left, circuler
primary clarifier and control building. Digesters are under-
ground behind control building.

GREEN-DUWAMISH VALLEY

i *;

VAL-YUE SEWAGE TREATMENT PLANT provides primary
treatment by means of clarifier-digester unit at left. Steel pres-
sure influent line enters inlet structures from right.

KENT SEWAGE TREATMENT PLANT provides primary treat-.

ment except during canning season. Sedimentation tonks are
haused in building adjacent to digesters at right. Trickling fil-
ters are shown at left, sludge drying beds in rear.

SEWAGE TREATMENT PLANTS

At present, the connected population totals 1,150,
This number, however, will be increased substan-
tially with the addition of facilities soon to be con~
structed for a new ULID.

Sewerage and Drainage Improvement District No. 3
Commonly known as Richmond Beach, this district
serves its own half square mile area plus about 40
acres outside its boundaries, including the "Old Fir-
lands™ area., Sewerage facilities, originally con-
structed under a federal grant, have been extended
periodically and now comprise about 7.2 miles of
sewers ranging in size from 6-inch to 18-inch {Fig.

6~14 and Table 6-13). Parts of the system are uti-
lized as combined sewers, a number of catch basins
being connected. Originally, sewage was comminuted
and chlorinated but is now discharged into Puget Sound
without treatment,

Because the district was formed and continues to
operate under drainage law, the King County Com-
missioners act as district commissioners and opera~
tion is supervised by the county engineer, In 1950,
the residents of the area formed the Richmond Sewer
District, but, to date, the district commissioners
have not taken action to acquire and operate the sys-
tem,




EXISTING SEWERAGE AND DRAINAGE FACILITIES 109

COMMINUTOR
NELUENT _-C%_, PREAERATION
CHAMBER TANX
BAR
SCREEN

SLUDGE
CONCENTRATOR

PRIMARY
DIGESTER

DIGESTED
SLUDGE

VACUUM

FILTER [ TRUCK

AN
STORAGE

FOUR PARSHALL ,
PRIMARY EFFLUENT PUBET
SEDIMENTATION SOUND
TANKS FLUME

CHLORINATION

EQUIPMENT

Fig. 6-11. Flow Disgram - Souvthwest Suburban Sewage Treatment Plant

Thig primary treatment plant with an average daily capacity of 8.2 mgd was completed in 1957. It is the largest treatment plant
in the metropolitan area at the present time and has sufficient capacity to serve its natural tributary area when fully developed,

Sewerage and Drainage District No. 4 (

This district, usually referred to as Seelye, was
formed in 1943 under drainage law and also is ad-~
ministered and operated by King County, It now com-
prises an area of 0, 37 square miles, essentially all
of which is sewered.

Initially constructed to serve a private housging
development, the collection system has been ex-
tended and improved and now consists of 9.5 miles
of 6-inch to 18-inch sewers, and 2 pumping stations
(Fig. 6-15 and Table 6~14). Treatment is obtained
in an Imhoff-tank type of primary treatment plant
with a design capacity of 0.20 mgd (Fig. 6-16),
Chlorinated effluent is discharged to the Duwamish
River.

Toble 6-12. DPescription of Principal Sewerage Facilitias,
Val-Vve Sewer District

" | Capacity,©
Facility® Description? mad
1 370 ft of 12-in, St pressure line
2 1,030 ft of 15-in. conc at 4.00% 8.3
3 1,410 ft of 12-in. conc at 5.80% 5.6
4 3,070 ft of 12-in, conc at 2.80% 3.8
Qutfall | Land section, 470 ft of 24-in. conc;
submerged section, 70 ft of 24-in. conc;
discharge to Duwamish River

“See Fig. 6=12 for location.

lelere slope varies within section, limiting or average slope
is shown. St signifies steel pipe; conc, concrete pipe.

SCapacity calculated using Manning’s formula, *n’’ equals
0.013.

(Above) LAKE HILLS treatmentplant utilizes temporary wooden
Imheff tanks for primary treatment pending full development of
the area. Effluent is sprayed over the surrounding wooded area.

(Below} SOUTHWEST SUBURBAN treatment plant provides pri-
mary treatment and has capacity to serve the entire Salmon Creek
basin. Inlet and gritremoval structures and primary sedimentation
tanks, foreground; building at rear houses digesters, metering,
pumping, sludge conditioning equipment, maintenance shop, of-
fice and laboratory. Note proximity of residences on surrounding

bluffs.
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Fig. 6-13. Flow Diagram =~ Val-Yue Sewage Treatment Plant

The Val-Vue tteatment plant, designed for an average flow of

0.28 mgd, provides primary treatment for the Val-Vue Sewer Dis-
trict situated adjacent to Highway 99 a short distance west of

Tukwila.

Table 6-13, Description of Principal Sewerage Facilities,
Sewerage and Drainage Improvement District No. 3

Facility® Description® Cap:l;;ty,c
1,310 ft of 15-in, PS at 1.00% 4.2
900 ft of 8-in. PS at 8.54% 2.3
3 570 ft of 15-in, PS at 3.88% (section
overflows to 21-in, storm overflow to
Puget Sound} 8.1
4 200 ft of 15-in. PS at 6.81% 11
5 460 ft of 12-in, PS at 2.81% 3.8
6 830 ft of 15-in, PS at 8.49% 12
7 30 ft of 1&in. PS at 0.49% 4.8
8 | 260 ft of 18-in, PS at 0.29% 3.6
9 320 ft of 15-in. PS at 0.71% 3.5
10 340 ft of 12-in, PS at 0.03% 0.4
11 320 ft of 10-in. PS at 0.03% 0.3
12 10,160 ft of 8-in. PS, slope unknown
Outfall | Length, size and material unknown; dis-

chatpe to Puget Sound

All combined sewers except No., 12, which is separate sati-

tary.

ASee Fig, 6-14 for location,

b Where slope varies within section, limiting or average slope
is shown. PS signifies pipe sewer (local designation},

SCapacity calculated uging Manning’s formula,

0.013.

£6.,33
n

equals

Fig. 6-12. Sewered Area and Principal Sewerage Facilities

afane

Yol-Vue Sewer District
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Table 6-14. Description of Principal Sewerage Facilities, Seweruge and Drainage District No. 4

Facility® Description? Capacity,® | p acility® De;‘;criptioﬂb Capacity,”
mgd mgd
1 160 ft of 8-in. pipe at 37.60% 4.8 14 370 ft of 8in, pipe at 3.13% 1.4
2 390 £t of 8-in, pipe at 0.63% 0.6 15 340 ft of 8-in, pipe at 3.23% 1.4
3 150 ft of 8-in. pipe at 4.13% 1.6 16 230 ft of 8in. pipe at 0.50% 0.6
4 300 ft of 8&in, pipe at 4.64% 1.7 17 530 ft of B-in, pipe at 0.63% 0.6
5 160 ft of &in, pipe at 5.72% 1.9 18 270 ft of 8-in. pipe at 1.33% 0.9
6 190 ft of &in. pipe at 10.32% 2.8 19 300 ft of 8in. pipe at 4.40% 1.6
7 240 ft of 8-in, pipe at 6,92% 2.1 20 190 ft of 8-in. pipe at 5.44% 1.8
8 220 ft of 8-in. pipe at 2.70% 1.3 21 230 ft of 8in. pipe at 8,90% 24
9 360 ft of 8-in, pipe at 0.63% 0.6 22 2,790 ft of 6-in, CA force main
10 400 ft of 8in. pipe at 1.90% 11 23 140 ft of 15-in. conc at 0.56% 3.1
11 280 ft of 8-in. pipe at 0.81% 0.7 24 500 ft of 12-in. PS at 0.50% 1.6
12 190 ft of 8-in. pipe at 3.12% 1.4 25 840 ft of &in. PS at 3.20% 1.4
13 190 ft of 8-in, pipe at 9.00% 2.4 Outfall | Length unknown, 8in. conc;
discharge to Duwamish River

A5ee Fig, 6-15 for location,

here slope varies within section, limiting or average slope is shown. Except as indicated, matetial unknown; conc signifies
cancrete pipe; PS, pipe sewer (local designation); CA, cement-ashestos.

SCapacity calculated using Mannings formula, “n”’ equals 0.013.
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City of Auburn

Auburn was incorporated in 1891 and now occupies
an area of 2,1 square miles, almost entirely sewered,
Of its present population of 8,000, about 7,000 are
The first sewers

connecied to the sewerage system.

were constructed in 1910 and were designed to collect

sanitary sewage only, Subsequently, however, com-
bined sewers were used in newer sections of the city
and served until 1950 when they were replaced by
geparate sanitary sewers (Fig. 6-17 and Table 6-15),

CHLORINATION

EQUIPMENT
CHLORINE
CONTACT EFFLUENT DURVmEHRSH
TANK

PARSHALL
INFLUENT BAR _"D:ﬂ—"' eMTHVngF
—  T|SCREEN TANKS
FLUME
SLUDGE
CRYING
BEDS

Fig. 4-156. Flow Diagtam - Sewerage and Droinage District No. 4 Sewage Treatment Plant

Pritary treatment for the small community of Seelye is provided by two Imhoff tanks with a combined average daily capacity of
0.20 mgd. The plant and sewer system are operated by Sewerage and Drainage District No, 4,
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Fig. 6-17. Sewered Area and Principal Sewerage Facilities, City of Auburn

Septic tanks were the sole means of sewage treat-
ment prior to 1950, In that year, a primary sedi-
mentation tank with a design capacity of 1.1 mgd
was constructed, and the septic tanks were con-
verted to sludge digestion and sludge storage units
(Fig, 6-18), Chlorinaied effluent from the treat-
ment plants is discharged to the Green River. Ei-
fluent pumping is necessary during high stages of
the river.,

City of Issaquah

Incorporated in 1913, the city of Issaguah now com-
prises an area of about 0.7 square miles, one-half of
which is sewered. Essentially all of its population,

which was 1,196 in 1957, are connected to the sewer
system,

Sewerage construction began in 1940. At present,
the system consists of 13 miles of sewers ranging in
size from 8 inches to 15 inches (Fig. 6-19 and Table
6-16), and a secondary type sewage ireatment plant
with a design capacity of .23 mgd (Fig. 6-20). Plant
effluent is chlorinated and discharged to Issaquah
Creek.

City of Kent

Incorporated in 1890, Kent is the second oldest
city in the metropolitan area, It has a present
area of 3 square miles and a population of 4,150,

CGHLORINATION
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]
CHAMBER TANK
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il

CHLORINE
CONTACT
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EFFLYUENT GREEN
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DIGESTED _[CONCENTRATOR| | glﬁg?&g
SLUDGE AND BEDS
STORAGE

Fig. 6-18. Flow Diagram - Auburn Sewage Treatment Plant

The city of Auburn provides primary treatment in this plant which employs a circular clarifier having capacity for an average
daily flow of 1.1 mgd. The sludge digester and storage units were initially designed as septic tanks but were converted when the

plant was enlarged in 1950.
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Table 6-15. Description of Princips! Sewerage Fuacilities,
City of Auburn
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Table §-16. Description of Principal Sewerage Facilities,
City of Issaquah

Facility® Descriptionb Cap;;;ty,c Facility? DeSCIiPtiOnb Cap:;;ty,c

1 1,570 ft of 30-in, pipe at 0.06% 6.5 1 160 ft of 15-in, VC, slope unknown
2 2,570 ft of 24-in, pipe at 0,17% 6.0 2 920 ft of 12-in. VC at 0.40% 1.4
3 2,670 ft of 30-in, pipe at 0.13% 9.5 3 1,770 ft of 10-in, VC at 0.40% 0.9
4 2,360 ft of 24-in, pipe at 0.24% 7.2 4 840 ft of 12-in. VC at 0,40% 1.4
5 420 ft of 12-in. PS at 0.25% 1.1 5 1,010 ft of 12-in. VC at 0.55% 1.7
6 600 ft of 12-in. PS at 0.50% 1.6 6 1,000 ft of 10-in, VC at 0.40% 0.9
7 690 ft of 18-in. pipe at 0.30% 3.7 CQutfall | Length unknown, 15-in. VC; discharge
8 1,160 ft of 15-in, pipe at 0.30% 2.3 to Issaquah Creek,

9 | 560 ft of 1&in. PS at 0.17% 2.8 3See Fig. 6-19 for location.

10 3,000 ft of 12-in, CI force main bytere slope varies within section, limiting or average slope

Cutfall | Length, size and material unknown; is shown. VC signities vitrilied clay pipe.
discharge to Green River. CCapacity calculated using Manning’s forrula, “‘n”’ equals

Bee Fig. 6-17 for lacation,

Phere slope varies within section, limiting or average slope
is shown, Except as indicated, material unknown; PS sig-
nifies pipe sewer (local designation); Cl, cast iron.

CCapacity calculated using Manning’s formula, “n”’ equals
0.013.

of which about 4,000 are connected to the sewerage
system.,

Kent has approximately 10 miles of 6-inch to 24-
inch sewers (Fig. 6-21 and Table 6-17), one pumping
station, and a sewage treatment plant with a design
capacity of 1.7 mgd, Treatment normally consists
of primary sedimentation and effizent chlorination
(Fig. 6-22). In the canning season, however, a trick-
ling filter equipped with a forced draft hlower is used

RECIRCUL ATION

0.013.

after primary sedimentation to accommodate the ad-
ditional load from two canneries. Effluent containing
filter humus is chlorinated and discharged to the
Green River.

City of Kirkland

Incorporated in 1905, the city of Kirkland has an
area of 2.0 square miles and had a population in 1955
of 5,750. Within the corporate limits, the present
sewered area is about 1,5 square miles but the city
also serves about 0.5 square miles of surrounding
area, including the northerly part of the city of Hough-
ton.

Sewers were first constructed in Kirkland in 1942,
Today, the coliection system serves a connected popu-
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Fig. 6-20. Flow Diagram - Issaquah Sewage Treatment Plant

This sewage treatment plant with design capacity for an average daily flow of 0.23 mgd provides secondary treatment for sewage

from the city of Issaquah.
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Fig. 6-22, Flow Diagram - Kent Sewage Treatment Plant
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Normally operated as a primary treatment plant, the trickling filter is used during the canning season to provide for the extra

loading from several canneries. The sedimentation tanks have design capacity for an average daily flow of 1.7 mgd.
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Table 6-17. Description of Principal Sewerage Facilities,

City of Kent
Facility® Descriptionb Cap:;;ty,c
1 6,640 ft of 24-in. VC at 0.08% 4.2
2 2,950 ft of 12-in. CA force main
3 1,830 ft of 18-in. RC at 0.22% 3.2
4 220 ft of 18-in. RC at 0.36% 4.1
5 330 ft of 15-in. RC at 0.30% 2.3
6 1,170 -ft of 15-in. RC at 0.20% 1.9
Outfall | Length unknown, 30-in, conc; discharge
to Green River,

See Fig, 6-21 for location,

bWhete slope varies within section, limiting or average slope
is shown. VC signifies vitrified clay pipe; RC, reinfarced
concrete; CA, cement-ashestos; conc, concrete,

13

CCapacity calculated using Manning’s formula, “‘n’’ equals

0.013.

lation of about 5, 750 and consists of 5 pumping stations
and 32 miles of sewers ranging in size from 6 inches
to 20 inches (Fig. 6-23 and Table 6-18). Treatment
facilities, initially constructed in 1943 and enlarged
in 1951, share a downtown site with the City Hall and

provide two stage secondary treatment during the
summer season. During the wet season it is oper—
ated as a conventional trickling filter plant and, when
so operated, has capacity for an average flow of 0, 35
mgd (Fig. 6-24). Chlorinated effluent is discharged
to Lake Washington through a trunk storm sewer ad-
jacent to the plant site.

City of Renton

Renton, with a population of 16,500, is the second
largest city in the metropolitan area. It was incor-
porated in 1901 and constructed its first sewers in
1910. Sewerage service is provided to a connected
population of about 14, 800 through a collection sys-
tem which covers two-thirds of the ¢ity area of 5
square miles, This system has 1 pumping station
and a total of 36 miles of 6~inch to 20-inch sewers
{Fig. 6-25 and Table 6-19).

Treatment is obtained by means of a secondary type
plant, which was construected in 1943 and enlarged in
1953 to ifs present design capacity of 2,2 mgd (Fig.
6-26), Plant effluent, after chlorination, is dis-
charged near the mouth of the Cedar River,

Private and Semi-Public Systems
Five privately owned developments, two publicly
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Table 6-18. Description of Principal Sewerage Facilities, City of Kirklond
Facility® Descriptionb Capacity, Facility? Descriptionb Capacity,®
mgd mgd
1 60 ft of 24-in. conc at 0.10% 4.6 27 250 ft of 12-in, conc at 1.00% 2.3
2 260 ft of 18-in. conc at 0.13% 2.4 28 300 ft of 12-in. conc at 2.00% 3.2
3 690 ft of 15-in. conc at 0,18% 1.8 29 280 it of 12-in, conc at 9.50% 7.1
4 440 ft of 12-in. conc at 0.25% 1.1 30 70 ft of 12«in. conc at 1.00% 2.3
5 320 ft of 8-in. conc at 5.00% 1.8 31 400 ft of 12-in. conc at 6.60% 5.8
6 300 ft of 8-in, conc at 6.20% 2.0 32 140 ft of 12-in. conc at 5.70% 5.4
7 1,340 ft of 10-in. conc at 0.60% L1 33 300 ft of 12-in. conc at 5.00% 5.1
8 1,140 ft of 10-in. cone at 0.50% 1.0 34 450 £t of 12-in. conc at 1.00% 2.3
9 1,000 ft of 10-in. conc at 0.30% 0.8 35 170 ft of 12-in. conc at 6.40% 5.8
10 300 ft of 6-in. CI force main 36 1,240 ft of 10-in, conc at 2.00% 2.0
11 1,420 ft of 12-in, CA at 0.22% 1.1 37 440 ft of 10-in, conc at 1.00% 1.4
12 220 ft of 12-in, conc at 0.22% 1.1 38 260 ft of &in. conc at 0.60% - 06
13 1,380 ft of 12-in, CA at 0.22% 1.1 39 250 ft of 8-in. conc at 1.70% 1.0
14 20 ft of 4-in. CI force main 40 400 ft of 8-in. conc at 2.50% 1.2
15 190 ft of 8-in. CA force main 41 380 ft of & in, conc at 6,70% 2.0
16 270 ft of 12-in, conc at 0.43% 1.5 42 270 ft of 8~in, conc at 4.30% 1.6
17 1,950 ft of 12-in. conc at 0.25% 1.1 43 260 ft of 8-in. conc at 1.50% 1.0
18 130 ft of 4-in, CI force main 44 1,400 ft of 8-in. VC at 1.20% 0.9
19 3,250 ft of 12-in. conc at 0.25% 1.1 45 530 ft of 8-in. VC at 1.10% 0.8
20 30 ft of 8in. CI force main ’ 46 540 ft of 8in. VC at 0.96% 0.8
21 3,690 ft of 12-in. conc at 0.25% 1.1 47 830 ft of 8ein. VC at 0.60% 0.6
22 310 ft of 12-in. conc at 1.90% 3.1 48 1,250 ft of 10-in, conc, slope unknown
23 350 ft of 18-in. conc at 0.15% 2.6 49 2,470 ft of 8-in. conc, slope unknown
24 410 ft of 15-in. conc at 0.18% 1.7 50 50 ft of 10-in. conc, slope unknown
25 730 ft of 12-in, conc at 2.66% 3.7 Outfall | Plant effluent discharges to storm
26 | 330 ft of 12-in. conc at 1.80% 3.0 sewer, thence to Lake Washington

ASee Fig., 6-23 for location, bWhere slope vaties within section, limiting er average slope is shown, Conc signifies concrete
pipe; Cl, cast iron; CA, cement-ashestos; VC, vitrified clay, CCapacity calculated using Manning’s formula, ““n*’ equals 0,013,

Fig. 6-24. Flow Diagram
Kirkland Sewage Treatment Plant
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owned installations, and one industry are still served
by independent sewerage systems. Undoubtedly, some
of these will be connected to the systems of nearby
cities and districts as the metropolitan area continues
to develop.

Boeing-Renton.  Sanitary sewage from the Boeing
Airplane Company operation at Renton is collected

and conveyed to a secondary type treatment plant,
Chlorinated effiuent from this plant, which has a de-
sign capacily of 0.5 mgd, is discharged to Cedar River
waterway soveral thousand feet above the point where
the waterway enters Lake Washington. Site drainage
and gome diluted industrial wastes are discharged to
Lake Washington through separate outfalls, Concen-
trated toxic and other processing wastes are hauled
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Fig. 6-25. Sewered Areu ond Principal Sewerage Facilities, City of Renton
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Fig. §-26. Flow Diagram - Renton Sewage Treatment Plant

Additional treatment is provided for dry season flows by converting one of the final sedimentation tanks and one of the trickling
filters to second stage treatment units, as shown. Wet weather flows are given standard trickling filter type secondary treatment.
The average daily capacity of the primary sedimentation tanks, based on two hours detention, is 2.2 mgd.

from the site by tank truck for disposal elsewhere,

Boeing Shopping Center. Designed to serve a pro-
posed shopping center in the vicinity of Aurora Avenue
and 160th Street, this system consists of a single

Table 6-19. Description of Principal Sewerage Facilities,
City of Renton

Facility® Description? Cap:;;ty,c
1 1,430 ft of 24-in. conc at 0.20% 6.5
2 4,320 ft of 24-in. conc at 0.23% 7.0
3 3,420 ft of 12-in, conc at 3.88% 4.5
4 520 ft of 24-in. conc at 1.00%; includes
siphon under Cedar River; 24-in, over-
flow ahead of siphon 14.7
5 1,500 ft of 24-in. conc at 0.12% 5.1
6 1,210 ft of 24-in. conc at 0.09%% 4.4
7 2,600 ft of 24-in. conc at 0.12% 5.0
3 1,120 ft of 8in. CI force main
9 1,130 ft of 18-in. conc at 0.70% 5.7
10 1,930 ft of 18-in. conc at 0.20% 3.1
11 900 ft of 15-in. cone at 0.30% 2.3
12 570 ft of 10-in. conc at 19.00% 13.8
Outfall | Land section, 260 ft of 24-in. conc; sub-
merged section, length unknown, 24-in.
conc; discharge to Cedar River

f%ee Fig. 6-25 for location.

bWbere slope varies within section, limiting or average slope

is shown. Conc signifies concrete pipe; Cl, cast iron,
cCc:-'t,;:-acity calculated using Manning’s formula, *‘n’’
0.013.

equals

9pistance scaled; slope calculated.

1Z-inch sewer extending to Puget Sound, and of an
Imhoff tank type of primary sewage {reatment plant
with a design capacity of about 0.18 mgd, These fa-
cilities are not in use, however, as the shopping cen-
ter has not yet heen developed.

The Highlands. A privately owned sewer system
serves this residential development which is situated
along Puget Sound in the vicinity of the Seattle Golf
and Country Club. No treatment is provided for the
sewage which is discharged to Puget Sound at several
points,

Lake Burien Heights, Sewerage facilities serving
thig private housing development, located at SW 136th
Street and Ambaum Boulevard SW, consist of local
collecting sewers and an Imhoif tank type of primary
treatment with a design capacity of 0.15 mgd. Chlor-
inated plant effluent is discharged into Puget Sound,

Sond Point Naval Air Station. This station operates
its own sewerage system, which includes a trickling
filter type secondary sewage treatment plant with a
design capacity of 0,86 mgd., Chlorinated effluent
is discharged to Lake Washington,

Sand Point Homes. Originally built for war housing,
this multiple dwelling development, located in the
vicinity of 60th Street NE and 65th Street, is now
owned and operated by the University of Washing-
ton. Sewerage facilities, also owned and operated
by the University, consist of local collecting sewers
and an activated sludge type secondary treatment
plant with a design capacity of 0.1 mgd, Plant ef-
fluent is discharged to Lake Washington after being
chlorinated,

'




EXISTING SEWERAGE AND DRAINAGE FACILITIES

SEATTLE-TACOMA AIRPORT TREATMENT PLANT with a
design capacity of 0.10 mgd serves the Seattle-Tacoma Airport.
Bio-filters provide secondary treatment and plant effluent is
chlorinated and discharged into Bow Lake. Digested sludge is
dried in open air drying beds in foreground.

BOEING-RENTON SEWAGE TREATMENT PLANT provides
trickling filter type secandary treatment for sanitary wastes gen-
erated at the vast Boeing Airplane Company plant at Renton.
- Note glass covered sludge drying beds in foreground.

121

PRIVATE AND SEMi-PUBLIC
SEWAGE TREATMENT PLANTS

SHOREWOOD APARTMENTS SEWAGE TREATMENT PLANT
shares o site with the water filtration plant {arrow) at Shorewood
Apartments on Mercer Island. Primary sedimentation {rectangu-
lar tank} is followed by roughing filter and activated sludge
treatment, Digested sludge is used as a soil condifioner on
apartment grounds.,

SAND POINT NAVAL AIR STATION SEWAGE TREATMENT
PLANT employs bio-filters for secondary treatment of sewage
from the station. Digested sludge is air dried in the glass cov-
ered drying beds af left.
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Shorewood Apartments. This private housing de-
velopment, situated along the northerly shoreline of
Mercer Island, has its own sewer system and an acti-
vated sludge type secondary sewage treatment plant
with a capacity of 0,26 mgd. Plant effluent is chior-
inated prior to discharge to Lake Washington. The
Shorewood development is bounded on three sides by
the Mercer Island Sewer District.

Seottle~-Tacoma Airpert. Sewerage facilities serving
the Seattle-Tacoma Airport are operated by the Port
of Seattle. Sewage is treated in a secondary type
plant having a desgign capacity of 0.1 mgd and plant
effluent is chlorinated and discharged to Bow Lake.

Operation and Maintenance

With only minor exceptions, operation and main-
tenance of the various treatment works and pumping
stations are excellent, This, of course, is a credit
to plant operators and their assistants and reflects a
high degree of interest in their assigned duties, Much
of the good work can be attributed no doubt to an in-
terchange of ideas at meetings of plant operators, and
to attendance at short courses in plant operation and
maintenance, The latter are given hiennially under
the joint sponsorship of the University of Washington,
the Pollution Control Commigsion, the State Depart-

ment of Public Health, the Association of Washington
Cities, and the Pacific Northwest Sewage and Indus-
trial Wastes Association.

On the other hand, sewer maintenance practices
vary widely in scope and thoroughness. Many of the
agencies have no regularly assigned maintenance per-
gsonnel, with the result that such work is confined
either to emergency needs or, at best, to occasional
cleaning and repair jobs during slack periods in other
agssigned duties, A few agencies, however, conduct
cleaning programs on a schedule designed to cover
their systems about once each year,

STORM DRAINAGE FACILITIES OUTSIDE SEATTLE

A brief description of existing storm drainage facil-
ities outside Seaftle is given in Table 6-20,

Taken as a whole, the facilities there listed are
of little or no significance from the standpoint of com-
prehensive storm drainage planning. Only Auburn,
Kent, Kirkland and Renton have constructed drains
which locally serve substantial areas. Most of the
other cities have done nothing about this problem and
only a few have constructed minor drains to relieve
critical areas.

Numerous isolated tracts in unincorporated portions
of the metropolitan area are served by storm drains.

Taoble 8.20. Storm Drainage Systems Outside of the Ci.iy of Seattle

Place

Description of system

Auburn A separate storm drainage system was constructed in 1950. Some catch basins and nomerous roof drains

city areas.

ate connected to the sanitary sewers. Trunk storm drains are insufficient in size to serve more than

Bellevue Except for several large culverts under streets and other obstructions, there are no significant facilities,

Several 24-inch storm drains designed to serve isolated areas are under construction. A comprehensive
storm drainape system is being designed.

Bothell One 12-inch to 36«inch drain iniercepts storm drainage from a number of laterals which serve the west-

erly section of the city, The remainder of the city has no system. The existing system is reported to
have some sanitary sewet connections,

Houghton Several minor storm drains serve part of the business section. Two war housmg projects, one of which

has been razed, have local systems,

Kent Two storm drains, a 12-inch and an 18-inch, serve patt of the downtown area and other isolated sections

charged into sanitaty sewers.

of the city. Considerable street drainage and nearly all roof drainage from the downtown area is dis-

Kirkland Separate storm drains, renging in size from 12 inches to 60 inches, convey storm runoff from a consider-

sewers.
Lake Hills

Mountlake Terrace

able section of the city to Lake Washington, Effluent from the sewage treatment works discharges to
one of the storm drain trunks. Numerous catch basins and roof drains are connected to the sanitary

All developed sections are served by a separate storm drainage system. Area has comprehensive storm
drainage plan. Trunks range from 12 inches to 42 inches in diameter.

 One 15-inch storm drain serves school grounds. Remainder of city has no storm drainage facilities.

Redmond Existing drainage facilities consist of a single 12-inch drain. A storm drainage system is scheduled for

construction in 1958,

Richmond Beach

Served by partially combined sewer system, See section on existing sewerage.
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For the most part, however, these were constructed
for the purpose of relieving localized flooding proh-
lems, mainly in connection with street and highway
drainage.

SEWERAGE AND DRAINAGE FACILITIES
OF THE CITY OF SEATTLE

Seattle lies across the natural outlets of the Green-
Duwamish and Lake Washington drainage basins, which
together comprise about 90 per cent of the metropol-
itan area, Its sewerage system, besides being by far
the largest and most complex of those under consider-
ation, occupies a strategic location with respect to
long-term sewerage planning on a metropolitan basis.
This situation, coupled with problems hrought about
by major deficiencies in present facilities, necessi-
tated an extensive study of the Seattle system.

General Features of the Seattle System

A general layout of the Seatile sewerage and drain-
age systems, together with their service areas and
points of disposal, is shown in Fig, 6-27. n all,
about 87 square miles of the land area within the city,
which totals 79. 5 square miles, are presently sewered.
An outside area of 2,5 square miles also is served
by the city. Within the city, the connected population
is roughly 510, 000, as compared to an estimated total
population of 560, 000,

According to available records, the collection sys-
tem consists of 1, 029% miles of combined sewers, 204
miles of separate sanitary sewers, 7 mileg of storm
drains, and 39 pumping stations. About one-fifth of
the estimated total sewage and industrial waste flow
of 65 mgd now being generated receives varying de-
grees of treatment at 5 sewage treatment plants. The
balance of 52 mgd is discharged as raw sewage through
about 50 outfalls scattered along Puget Sound, Elliott
Bay, Duwamish River, Lake Union and the Ship Canal,
In addition, a number of industries discharge wastes
independently to Duwamish River, Lake Union and
the Ship Canal, Enlargements to the existing Lake
City plant and congiruction of a new treatment plant
at Alki Point, which are both in progress, will in-
crease the total treatment capacity by about 15 mgd,

As stated in Chapter 2, early collection systems fol-
lowed natural drainage channels and discharged raw
sewage to the nearest watercourses. But as the city
developed, its natural topography was altered to some
extent by filling of low areas and by major regrading
for street construction. Further, as pollution of Iake
Union and Lake Washington Increased and more ade-
quate poinis of disposal became a necessity, intercep-
ting sewers and tunnels were constructed across nat-
ural drainage boundaries in order to convey the sewage
to salt water. Consequently, most of the area which

comprises the city up to 1954 is served by four major
and numerous minor collection systems. With one ex-
ception, “all of these discharge raw sewage directly to
Puget Sound. Sewage from the Henderson-East Margin-
al Way system, which is the exception, is delivered to
the Diagonal Avenue plant for treatment and disposal.

In 1954, the north side annexation brought in four
sewer districts, each of which had previously con-
structed its own separate sanitary sewer sysiem, Of
these, the Blue Ridge, North Beach and Greenwood
systems lie in the Puget Sound basin and discharge to
the sound, while the Lake City systemsdrains toward
and discharges to Lake Washington., Annexation of
the Roxbury Heights area in 1956 brought still another
separate sanitary sewer system into the city. Four
of these five districts have sewage treatment planis
but none of them has storm drainage facilities.

Principal Sewerage Facilities

Principal sewerage facilities are shown and the
areas they serve are described In Figs. 6-28 through
6-35. Component sections of the various sewers are
designated by numbers and each section is described
under its corresponding number in Table 6-21. Flow
diagrams for the five sewage treatment plants ‘are
shown in Figs. 6-36 through 6-40, For convenience in
reference, Table 6-21 and Figs. 6-28 through 6-40 are
located at the end of this chapter.

Local Effects of Combined Sewers

At Seattle, local effects stemming from the use of
combined sewers are manifested both by frequent
overflows from overflow and bypass structures and
by flooding of streets and basements. Flooding occurs
during even moderate storms and is due to overload
conditions in the collection system. In some cases,
overloading leads also to direct damage of sewers
and related structures.

The frequencies with which overflow and overload
conditions develop, as well as their nature and extent,
depend on a number of different factors. Of these,
the most important is the rainfall intensity used in

SIDE WEIR overflow to Ship Canal
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determining the necessary sewer capacity. Other
factors involve such matters as topography and the
extent of development in the local service areas and
the quality both of construction and of operation and
maintenance,

Damage to public and private property resulting
from the backing-up of water in surcharged sewers
has been a matter of continual concern and expense

not only to the city but to many individual residents.
Agide from property damage, overilows from sur-
charged sewers results in a gituation which, at the
very least, is a nuisance and a potential hazard to
community health,

Overflows. As is common practice in the design
of combined systems, Seattle sewers are provided

SEWAGE TREATMENT PLANTS SERVING SEATTLE
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with overflow and bypass structures whereby wet
weather flows in excess of intercepting sewer and
pumping station capacities are diverted to convenient
points of disposal. Although the majority of these
structures, which may be either overflow manholes
or side weirs, are incorporated in trunk lines leading
to intercepting sewers, many are located also along
the interceptors themselves.

Theorctically, overflow structures in use at Seattle
are designed to function when the flow in the sewer
reaches from {ive to nine times the estimated sani-
tary flow. Since, however, the overflow weir crests
generally are set at a height approximately equal to
the quarter depth of the approach sewer, overflowing
usually begins when the ratio of storm flow to sanitary
flow reaches two to one, or even less.

Overflowsare frequent, even during summer months,
occurring at most structures on an average of about
40 times during the period from May through Septem-
ber. On the other hand, because flows in excess of
trunk or interceptor capacity are generally of short
duration, the actual volume of sanitary sewage thus
discharged is relatively small,

Further information concerning overflow condi-
tions is presented in subsequent chapters. Chapters
8 and 10 discuss their effects on receiving waters;
Chapter 13 presents an analysis of their frequency
and volume as related to the size of intercepting
sewers; and Chapter 15 discusses the overflow prob-
lem ag it affects future sewerage planning and design.

Overloaded Sewers.  Until recently, the design of
combined sewers in Seattle has heen based on a uni-
form runoff of 15 cubic feet per minuie per acre, For
many of the drainage areas, this amount of runoff
can be expected to occur with storms having a recur-
rence interval of only two years. It follows, there-

fore, that overloading of the systems in these areas
is likely to occur at a similar frequency.

As emergencies have arisen, various steps have
been taken to prevent or alleviate conditions resulting
from the backing up of excess flows. Systems orig-
inally intended to function independently have been
interconnected; weirs have heen installed in manholes
to divert pari of the flow from one sewer to another;
sewers tributary to overloaded sections have been
plugged and the flow diverted; emergency bypasses
have been constructed; and relief sewers have been
installed to provide additional capacity in the most
troublesome areas. As a result of these modifica-
tions, some of which have been completed without
any record being made of their nature and location,
it is difficult to make the hydraulic analyses which
are required for the planning of trunk and interceptor
improvements. In fact, conditions in some areas
are such that an analysis of the present facilities is
practically impossible.

Additional information concerning overloaded sewers
will be found in two of the later chapters. Chapier 8
includes a detailed discussion of their detrimental
effects, while Chapter 18 presents an analysis of the
problem as it affects future planning and design,

Operation ond Maintenonce

Maintenance of the Seatile sewerage system is per-
formed on a variable schedule based both on past
experience and on the results of an annual inspection
program. As part of the latter, all sewers up to 15
inches in diameter are candled for evidence of ob-
structions or damage. Inspection of most of the large
sewers, however, is limited to sections in the vicinity
of points of entry. Thig is because of the long dis-
tances between manholes, the depth of sewage flow,
and the inaccessibility of tunnel sections.

dfp—
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(1} NORTH BEACH SEWAGE TREATMENT PLANT, a (.43 mgd primary treatment plant, is hidden beneath this landscaped site
(arrow). The only plant structure visible to nearby residents is the small building which houses the access stairwoy at center of
the triangular site. Note the two residences immediotely adjocent to the property line at right of site. Effluent is discharged to
Puget Sound offshore from the beach shown in foreground.

(2) ROXBURY HEIGHTS SEWAGE TREATMENT PLANT, originally constructed by the Roxbury Heights Sewer District, has been
operated by Seattle since annexation of the Roxbury area in 1956. Primary effluent from the Imhoff tanks shown here is discharged
to Puget Sound offshore from the beach shown in background.

{3} DIAGONAL AVENUE TREATMENT PLANT is the only plant in the area freating combined sewage. The circular clarifiers,
center, provide primery sedimentation for an average daily flow of 8.0 mgd. Wet weather Hlow to the plant is limited to this rate by
an upstream flow regulator, the excess being bypassed. Note the glass covered sludge drying beds behind digesters and the efflu-
ent discharge into Duwamish River at top of picture near end of row of trees.

(4) GREENWOOD AVENUE SEWAGE TREATMENT PLANT, located neor the mouth of Piper Creek in Carkeek Park, is designed
to remove floatable materials from sewage. Effluent is chlorinated and discharged into Fuget Sound opposite the public bathing
beach. Agitation of sewage by air to promote floatation is noticeable in forward compartment. Floatable matericls are removed
from the stilling chamber in rear by spray jets. Building in foreground houses blower and other plant equipment.

(5) LAKE CITY SEWAGE TREATMENT PLANT during con struction of additions in 1957. Section at right houses the origiﬁal 2.5
mgd activated sludge plant. Digesters are at center and new units which will bring plant capacity te 10.0 mgd are at left. Effiuent
is discharged fo Lake Washingfon through a funnel under a high ridge which prevents natural flow from the site to the lake by gravity.
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Certain sewers, especially those with steep grades,
have required little or no maintenance, whereas others
require flushing, dragging or root removal from one
to four times every year, Since {roublesome sections
are generally known from past experience, regular
cleaning programs are scheduled accordingly., Main-
tenance schedules for other sections are developed
annually on the basis of conditions observed during
the annual inspection.

Sand traps, which are located ahead of each of the
siphons, are inspected frequently and normally require
cleaning only twice a year. Material removed at such
times is inspected for pieces of broken pipe or brick
which might indicaie hreakage in tributary sewers.
Debris is pumped from catch bhasgins on an average
of three to four times a year.

A crew of four to eleven men is regularly assigned
to sewer maintenance duties in each of five mainte-
nance districts, and is augmented as necessary to
cope with seasonal and emergency conditions. In
addition, a city-wide crew of twelve men is regularly
assigned to maintenance of the storm water catch
basing. This crew also is augmented for emergency
work during and following storms. Mechanical equip-
ment includes fourteen trucks, five of which are
equipped with winches and dragging equipment; four
trailer-mounted cleaning and root cutling devices;
and seven eductors for catch basin cleaning.

During the annual inspection, and also while per-
forming routine maintenance duties, a special effort
is made to detect cracks, breaks, and other signs
of deterioration in sewer lines and structures, Fail-
ures requiring immediate attention are either replaced
or repaired on an emergency basis, whereas other
repair and replacement work is scheduled as man-
power becomes available, Cracked sewers normally
are not replaced until there is evidence of progressive
failure. Cracks are estimated to have developed in

about 15 per cent of ithe smaller sewers now in service
and, of course, are far more numerous in older sys-
tems.

Principal maintenance problems are the sand and
grit deposits which accumulate in sewers with flat
grades, and the frequent backups which: occur in
many sections of the city during periods of moderate
to heavy rainfall. In sewers which cannot be cleaned
by conventional equipment, or which are inaccessible,
accumulated deposits of sand and grit may account
for some of the hackups.

Pumping stations are operated and maintained by
two crews of two men, each crew working under a
machinist who in turn reports to the foreman of sew-
age treatment plants, Normally, each station is visited
three times weekly for the purpose of washing down
wet wells, cleaning floats, changing pumping record
charts, recording total pumpage, greasing and oiling
equipment, alternating manually operated pumps,
checking equipment for signs of failure, and general
cleaning. Conditions which cannot be corrected by
the maintenance crews are reported to the machinist,
who either makes the necessary repairs in the field
or calls upon the general machine shop or the depart-
ment electrician for assistance.

Sewage treatment plants are operated and maintained
by a regular crew of twelve operators and laborers
under the supervision of a foreman. Each of the five
treatment plants is attended eight hours a day and is
normally unattended for sixteen hours. At present,
operators assigned to the Diagonal Avenue plant also
operate and maintain the Roxbury Heights plant on a
part-time basis. When required, the services of a
machinist and an electrician are available, as is
additional help during emergencies, Two painters,
regularly assigned to the city shop, do part-time
painting and waterproofing at pumping stations and
treatment plants.
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Takle 6:21. Description of Principal Sewerage Facilities, City of Seattle

Facility® Desctiption?sC Capr:;:jty,d
Morth Trunk System = Interbay District
1 1,120 ft of 48in. CI submarine outfall toc water depth of 40 ft .........ccc.oocemieiccnieinecre e 80°
2 8,000 ft of 144«in. BR and BI at 0.033%, includes 3,380 ft of tunnel under Fort Lawtor...........ccoocueee. 273
3 4,040 ft of 144-in, BR and BI at 00320 oot rere et et ettt tea sttt sttt neen s s 269
4 1,640 ft 0f 13800, BI @t D.035% ... oo et et e et seae s cetet st a et seeme e et meemne st siseaint e se s b pr s s b b sanbas 290
5 4,550 ft of 138-in, BR and BI at 0.033% .ttt s sttt s en e st e 244
North Trunk System = Ballard District
6 1,290 ft of twin 36-in. wood stave inverted siphon; discharge through 450 ft of 72-in. RC at 0.028%.
to sewer 3 at 24th Avenue West 20f
7 Sandcatcher, overflow and siphon structure, includes 120 ft of 36-in. overflow outfall.....................
960 ft of BE=in. RC At Do035%. .. oot e e sarerve st et sb e ersrsme st eb e e b bbb s er s rer vt s 40
2,080 £t 0f 54win. RC At 0.08%... . oottt s tb e e e s SRR s semeae s e e ran s ses 26
10 2,130 £t 0f 42000, RC AL 0, 10%.. . e eerieeeeieieiete e eteiee et oot ettt b see e et sreoe e bttt e e e et emnaee st e 21
11 1,360 ft of 36=int, RC At 0.08% ... irces s sccmnir ettt s nrnes et semsnmnss s cecs et eonaens e eacecsesmasemasmesescecsesennes e 12
North Trunk System = Central District
12 50 ft of 60-in, BI at 3.53%, sandcatcher, 30 ft long side weir overflow, and 400 ft of 39-in by 60-in,
rectangular overflow cutfall. Overflow starts when flow reaches 30 mgd. Weir capacity, 145 mgd;
overflow outfall capacity 110 mgd with water surface at weir crest ...,
13 2,550 ft of 72-in. BI at 0.19% and 120 ft of 78-it. BI at 0.24% .cveeviiiiiiin e 120
14 2,500 ft of 60-in, BR tunnel at 0.13 - 0.14% and 250 ft of 66-in, BR tunnel at 0.37%. o 54
15 080 ft of 54-in. BR tunnel @t 0.18%..... oo it iin s m e re s s s e s as sre s 46
16 2,920 ft of 48-in. BR tunniel at 0,20 = 0.26% ..o s s s e s 38
17 30-ft long side weir overflow and 460 [t of 42-in. and 48-in. overflow outfall. Overflow starts when
flow reaches 32 mgd. Weir capacity, greatet than 130 mgd ..ot e
18 2,550 ft of 84-in. BI at 0.21%, includes 200 ft of tunmel.........ocoiiiiiic e e 162
19 210 ft of parallel 24-in. and 66-in. conc inverted siphons under Broad Street underpass... 116
20 3,530 ft of 60-in. BR at 0.61% and 390 ft of 66-in. BR at 0.38%...cccccviviiiiinn e 113
21 360 ft of 48-in, BR at 1.60% and 640 ft of 42-in. BR at 4. 21%......ccooriccc e R 100
22 240 £t of A8Beinly BR AL 1u03% oo itiiieeeeee ittt et et cits st e eatresaes £ £ enar et s e £ e bt e s e b e sben s R EeReE e s b baraas 83
23 330 £t of 42-0nt BR AL 1i0% vttt et seres e e eer e e s e e e e e s eEt et s et sunmen 56
Morth Trunk System = Lake Union District
24 360 ft of parallel 48-in. and 60-in. CI inverted siphons in concrete tunnel; discharge through 150 ft
Of 108-in, BI £0 SEWET 5....oiiiiieiiicce et enret st b b s ar e e e b R e s 125
25 460 £t of 108uifts BT 8 0.073% ooovvvorvvecsrrvvrvenrecesrsesesseesssessosssscrssssoos oo ssessesssssssssssssssssssssmm s 225
26 Sandcatcher and emergency overflow ... s | oo
27 4,800 ft of 108=irt, B at 0.074 = 0,077 ..ot s s e e b b e s ar s e s 221
28 4,760 ft of 108-in. BR and Bl at 0.087%........cccovveernviiie e trtebeie e et t e bena et eae i e 230
29 3,210 ft of 108=in, BR ab 0. 08B% .o oot s b S s s e 182
30 1,960 ft of 108«int. BR At 0.0B5% ...oocvi it p s s ss s s s e bbb ea s e s s e s s 178
Morth Trunk System = Green Lake District
31 80 ft of 96«in, BI at 0.074%; discharge to sewer 30 i e 160
32 50 ft long side weir overflow and 1,260 ft of 84-in. overflow ontfall. Overflow starts when flow
reaches 120 mgd. Weir capacity, greater than 375 mgd... e e
13 6,880 ft of 138-in, BR and BI af 0.18% oo cirrccencncneensee e e mnrsesseeseseace sesessensnes sesssenesens sesserme 535

Continued on next page
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Tabie 6-21. Continved

Facility® DescriptionP© Cap:;;ty.d
34 3,560 ft of 72-in. BR tannel at 2.563% and 130 ft of 126-in. BR tunnel..........cooocoecviinccrnccin s 375
35 Sandcatcher ... v eeateete et eaaeraeeateertsvaremtriresnteseresesrienneenneee | e
36 3,420 ft of 90-in. BR and BI @t Did5% oot cemaiisen e s sasessssesssssesasisssssssssssnssas s sensssesss sssssassssasss saraes 288
37 2,200 £ of 9000, BT At 0.8 ittt e e n s bt en e sen e e n et b 195
38 1,760 ft of 90-in, Bl at 0.11% and 290 £t of 90-in, BL at 0.085% ....c.oovviveeecrnicnirie e s 160
35 320 ft of 72000 BL AL B L% et st et ettt e ene et st st aenene st 90
40 2,170 £t Of 54=inle BE at 0.14 = D.18% -oveveviiiirisimsisiioersesssiosassisssesssssssssssssessssstssssssssase sssasesssssnssesocsseesnesene 47
41 590 ft of 48-in. BI 8L 0,14 = 0.1B8% .cocuveeeeceerieieiienriescesiniaaee st evat et esa b et ss st e e b e s sbes e s snsersas st esssssate s ernearann 34
42 660 ft 0f 42=0n BI 8t 0,16 = 0280 oottt cee et et reree e e s h et e gas st ses et e s eaenes st aaenrannene s 26
43 800 £t of 36-in. BR 8t 0,24 = 0L28% ccooovos oottt et s bbbt as e b et an et s eres 16
44 2,940 ft of 54ainy BT 8t 0.22% ...ttt ettt ekt en ekt st a et e n gt et aena e an et e e pen 59
45 3,000 ft of 4200, BT AE 0,20 oo oieii ettt e bbb e e e e b et S e aen e 29
46 Overflow weir from Green Lake to sewer 38, includes 170 ft of 24-in, connecting pipe, 3-ft weir

with crest at elevation 160.5 mean sea level datum ... e | s
47 Overflow weir from Green Lake to sewer 44, includes 210 ft of 24-in. connecting pipe. 3-ft weir

with crest at elevation 160.5 mean sea level datum.........ciiieiiiiiiici i s
48 Overflow weir from Green Lake to sewer 44, includes 160 ft of 24-in. connecting pipe. 2-ft weir

with crest at elevation 160.5 mean sea level datum ... | e
49 930 £t of 96-in, BR at 0.10% ..corieiiciree ittt et et saes s et smea bt s e e nasasnn et sann 160

North Trunk System = Laurelhurst District
50 1,730 ft of 42-in, RC at 0.08% and 300 ft of 36-in, BR at 0.85%; digcharge to sewer 49 ..o 18
PSs-1 Pumping station, includes 80 ft of 20-in, CI force main. Contains 2 pumps; capacities 5.2 mgd at

39 ft total head and 5.4 mgd at 39 ft total head ......eeiiccii e [ e
51 2,410 ft of 42400, RC At 0008% .. ceeriiinceceiec e cr e ecemncr e e iebens s et n bbb b s 18
52 730 £t of 30-in, CONC B D8ttt e e s et e e bt e e b e et aes 17
53 610 £t Of 30=itt. COMT AL D24 1 ouiiiitieeeie e ettt re e ee e re e s e s n e b st ee e e bt bR st s b e 13

PSs-2 Pumping station, includes 40 ft of 20-in. CI force main and 230 ft of 36-in. emergency overflow and

bypass line. Contains 2 pumps; capacities 4.2 mgd at 22 ft total head and 4.8 mgd at 21 ft total

T OO O OO OSSO UUEN
54 B40 £t of 48-inte RC & 0007 % cuevveriieieieeene ceretnieeeeeerrrsestescesasiasseesrmmes s s et stesessmsesssesete s seat nremeaeassens smsmresenenesmes 24
55 1,200 £t of 48-in. RC At 0.045% . oone oot esniiecir et e s s ea e s ess i bbb a bt 2res 20
56 1,660 ft of 42-in. RC at 0,06 - 0.072%, includes 1,500 ft of tunnel. ... e 17
57 740 ft of 42-in1. RC 8t Du05% covoreeeiecnriermae e sss st b s m s bbb s sess s es e b ben s b enn 14
58 Stormwater overflow and 430 ft of 24-in. conc and 30-in. wood stave outfall ... | s
59 1,600 £t of 301, CoNC At DuB0% .o et e et 7.8
60 2,450 £t of 30-in. CONC AL D.07% ceieiirieec v et es s e R sa R et b es 7.0
61 60 ft of 18-in. conc at 1.72%, 20-ft long side weir overflow, and 980 ft of 36-in. conc and wood stave

overflow outfall. Overflow statts when flow reaches 4 mgd. Weit capacity, 680 mgd..cvvvvicvvciiiceen. | e
62 4,540 ft of 36-in, to 60-in, at 0.25 - 4.5%. Capacity range 70 = 90 mgd......ccooiiniincicvirrceivieee | e

Merth Trunk System ~ Loke Washington District

63 1,090 ft of 48-in, BR at 0.15%; discharge t0 sewer 30 ... e 31
64 510 ft of 48-in, BR inverted siphon under Lake Washington Ship Canal .. 24
65 Sandcatcher, 40-ft long side weir overflow, and 220 ft of 60-in. overflow outfall. Overflow starts

when flow reaches 30 mgd. Weir capacity greater than 260 mgd........cooieieiii e
66 770 £t of 114=it BR @t 0,023 % et canenis et st st cusiesenes rnassese s b st e et b eas bbb s e et 280

Continued on next page
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b Capacity d
Facility® Description™© !
mgd
67 1,280 £& of 660t BI 8t 0,227 oo ettt ettt ettt et b e e en st n ey 100
68 2,770 £t of 90min, B At 0,173 reriereic i cnriimriesrece e scteressesse sesssees s eeunies st ssarsrenessesasans s ess snbsssssassbenes sanbessans 200
69 1,540 £t of 72-in. BR at 0.2%............. A eAEtea s et easee s e as AR SR eaes e sen g ebe R ERE AR e a seee s eseaeses the S b eaeterees e mnesr et saseas 120
70 4,260 ft of 60-in, BR and Bl 8t 0.5% oo oot et ettt e s eb et sttt sttt b et sttt beben st en et ennter s 115
71 1,210 ft of 66-in. BI at 0.16% 85
72 1,760 ft of 60-in. BR aftd BI 8t 0. 186% ce...oov oot ce ettt b b et ene e as s e e ee 72
73 850 £t of 54=int. BR A1 018 o 0,22 ettt e es e e e s et eh e nea et a et es b e s enn e een 46
74 1,940 £t of 54-in, BR 8t 0,35 = 018 oot bbb e 42
75 5,360 ft of 48-in, BR and BI @t 0.25% cccooreereemirereerreriencre reesmmomresses et esassrescsseessemsesseaneasaesesmrens sovesmessserens 40
76 1,360 ft of 32-in. by 48=in. BR oviform al 0.54% .oiiviiir it et s e e eeea 28
77 1,190 ft of 24-in, by 36-in. BR aviform at 2,00% ..o e 26
PS-3 Pumping station, discharges to sewer 75 through 1,010 ft of twin 12-in. CI force maing, Containg 2
pumps; capacities 1.2 mgd at 46 ft total head and 2.7 mgd at 46 ft total head, Emergency ovetflow
and stotmwater bypass from adjacent manhole through 410 ft and 730 ft of parallei 20-in. CI outfalls.
The longer outfall also serves as overflow from tributary sewer ... |
78 2,930 ft of 153+i0, €ONC AL 0, 17% ceeeieie e e b b e b e b 1.7
PS4 Pumping station, includes 120 ft of 10-in. CI force main. Contains 2 pumps; capacities 1.2 mgd at
13 ft tota! head and 1.2 mgd at 14 ft total head. Emergency overflow and stormwater bypass from
adjacent manhole through 420 ft of 24-in, CI outfall ..o e 1 e
79 4,240 ft of 18-in, conc at 0.13 - 0.14%; discharge to P8=3 ... e 2.6
PS-5 Pumping station, discharges to sewer 77 through 300 ft of 12+in. CI force main. Contains 2 pumps;
capacities 0.95 mgd at 81 ft total head and 1,7 mgd at 85 ft total head. Emergency overflow and
stormwater bypass from adjacent manhole through 300 ft of 24«in. CIoutfall ..., | e
80 1,060 ft OF 127000 BE i 2220 et cretre e vta b e re s e e et b e A bbb hasr e e s b e 1.1
81 370 £t Of 24=ine BE B.1D% .. iioov.vvuvseemeeemmreeesuie e eeeerestressesssesse s esst st 4.6
82 3,060 £t 0f 2Leine B 01275 ccrnieceereeiirn et e e a2 han b ek s 3.6
83 3,440 £t Of 1820 B D.18% oo i cereers v ceet et et ettt r e s ana e e et erest et e saen s 2.6
P3S-6 Pumping station, includes 60 £ of 10-in, CI force main., Contains one pump having a capacity of
1.3 mgd at 18 ft total head. Emergency overflow and stormwater bypass from adjacent manhole
through 16-in. CI outfall. Overflow from tributary sewer through 230 ft of 20-in. CI outfall.......cocooee. | e
84 3,140 £t of 15-in, at 0.17%............. E e beereeeebitt e ReRE et eE oA brbe AR e oA eaeE ook e beat et ehen £E e R b e e e tee e nrntebe e et ea s re et men et em et 1.7
85 1,840 F1Of 8eifle Bt 0358 e et e AR R eb SR bbb e e s 0.5
Rainiet - Hanford System
86 5,390 ft of 100-in. by 150-in. BI at 0.075%. Discharges through 48-in. CI submarine outfall at low
flowsz and over spillway at*shore line at high flows .. 308
87 720 it of 48-in, BI at 0.10% 29
88 6,070 ft of 108-in. BI at 0.4%, includes 5,600 ft of funnel ..., 510
89 440 ft of 102000, BT at0.286 = 0.30% ..o oereiiireeie e ecemet e reas se st samnas sttt st eme st e 365
90 2,310 ft of 102«in, B at 0.21 = 0.26% oot iimces i e sttt eb e e 315
91 1,400 ft of 75-in. BR at 0.55%, discharges to sewer 90, Formerly discharged te sewer 199, which :
has been abandoned........cccovenennn - - . 195
92 850 ft of 72-in, BR at 0,55% 175
93 2,480 ft of 66-in1. BT at D.28 = 0,32%. .o et et R e 102
04 3,740 ft of 60-in, Bl at 0,31 = 0.32% ..ttt iiensrirse e e et s e b bt 95
PS-7 Pumping station, discharges to sewer 93 through 50 ft of parallel 10-in, and 20-in. force mains.

Contains 3 pumps; capacities 1.0 mgd at 30 ft total head, 4.7 mgd at 32 ft total head, and 5.0 mgd
D e T L e 20 1 T=T- s OO DO OO O SUROPPORt
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Table 6-21. Ceontinved

Y |
Capacit
Facility? Descriptionh'c pmgd Ve
95 3,520 ft of 42-in. BR at 0.10%, includes 1,800 ft of tunnel ..o e 16
96 Lo Ts o T T OO OO SURUUUROUURUR I
97 1,270 ft of 18-in, at 0.14 - 0.69% 2.6
98 1,290 ft of 72-in. BI at 0.074 - 0.084%, includes 200 ft of 72-in, RC and 36~in. CI overflow outfall.... 74
99 1,290 ft of 72-in1. BI @t 0,055% = 008570 cevoverriiieieicerrnecteretserrensas et st ensssass e s s s ermnsaese st e snnen saesansesasnsnee 64
100 430 £t of 48in. BI 8L 0. I2% ..ottt te s s et aneten st e st e v aon prrr g s s e enn e saeann ehes paneeersre e etans 32
101 1,650 ft of 48-in. Bl at 0,30 « 0, 12% oo i ettt eeeas et ee e e st b e sen e e b enn et et e 29
102 630 £t of 42-in. B 8L 0,13 = D148 oereveieeieeieseeeeietetetiste e s e e e st e s ras s asbess et et snas mrenbese st eaas e seseseas e saabanpss onrare 24
103 400 ft of 15-in, conc at 0.68 - 1.5%, includes 30-in. overflow to creek on 38th Avenue between Con-
over Way and ATASKa SHEet ... s s s 3.5
Ps-8 Pumping station, discharges to facility 96 through 100 ft of 10-in. CI force main, includes 430 ft of
16-in, CI emergency overflow and stormwater bypass outfall, Contains 2 pumps; capacities 1.2 mpgd
at 15-ft total head and 1.5 mgd at 16 ft total head..........coooiiiiii i | e,
104 1,440 It of 21-in, cofie @l DiLD% ..ot e et st e b e e e R s b e b sinns 3.2
105 320 ft of 15-00. CONC AE Did2% . ettt tee et e ee e e er ettt e saeasesssass et asnanane sseeascrantena sses mmenneeeeasesanran 2.7
106 3,260 ft of 15-in, conc at 0.17 - 0.18% 1.7
PS-9 Pumping station, includes 50 ft of 8-in. CI force main. Contains one pump having a capacity of
0.58 mgd at 14 ft total Bead. ... s s e s e ey | eeseins
Henderson - East Marginal Way System
STP Sewage treatment plant, primary type. Design capacity 8 mgd at 2 hours detention. Discharges
through 30-in, outfall to Duwamish Waterway . .....ccveireriin i s e sinies | e
107 3,300 ft of 60-in. RC with VC liner at 0.055% ..c.....cooirii ittt e s - 39
108 3,700 ft of 60-in. RC with VC liner at 0.05% ......cccoviminrisiiii et s st s s 37
109 Flow regulator and overflow, designed to divert 6.5 mgd from sewer 147 to sewer 108, includes 30
ft of 24-in. CONNECHINE PIPE oot ittt ittt seaae s s ke s s ninaramn e e essmnnemn e e rnansrsnnsprrrtnsnees 4 eeriveed
110 4,320 ft of 42-in, RC at 0.12%; discharges to sewer 147.... 23
PS-10 Pumping station, includes short length of 20-in. force main. Contains 2 pumps; capacities 2.4 mgd
at 18 ft total head and 2.6 mgd at 13 ft total head. - Emergency overflow and stormwater bypass from
adjacent manhole through 350 ft of 36-in. conc outfall ... e | areeses
111 9,200 ft of 42+in. RC 