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FOREWORD

Appendix XIII, Water Quality Control, contains authority over , or interest in, the use of water
a detailed report of one component of the Compre- resources are included in the organized planning
hensive Water Resource Study of Puget Sound and effort.
Adjacent Waters. It is one of the technical appendices The published report is contained in the follow-
providing supporting data for the overall water ing volumes.
resource study.

The Summary Report is supplemented by 15 SUMMARY REPORT
appendices. Appendix I contains a Digest of Public
Hearings. Appendices II through IV contain environ-
mental studies. Appendices V through XIV each
contain an inventory of present status, present and APPENDICES
future needs, and the means to satisfy the needs,
based upon a single use or control of water. Appendix I. Digest of Public Hearings
XV contains comprehensive plans for the Puget 11. Political and Legislative Environment
Sound Area and its individual basins and describes the Ill. Hydrology and Natural Environment
development of these multiple-purpose plans includ- N. Economic Environment
ing the trade-offs of single-purpose solutions con- V. Water-Related Land Resources
tam ed in Appendices V through XIV , to achieve a. Agriculture
multiple planning objectives. b. Forests

River-basin planning in the Pacific Northwest c. Minerals
was started under the guidance of the Columbia Basin d. Intensive Land Use
Inter-Agency Committee (CBIAC) and completed e. Future Land Use
under the aegis of the Pacific Northwest River Basins VI. Municipal and Industrial Water Supply
Commission. A Task Force for Puget Sound and VII. Irrigation
Adjacent Waters was established in 1964 by the VIII. Navigation
CBIAC for the purpose of making a water resource IX. Power
study of the Puget Sound Area based upon guidelines X. Recreation
set forth in Senate Document 97, 87th Congress, XI. Fish and Wildlife
Second Session. XII. Flood Control

The Puget Sound Task Force consists of ten XIII. Water Quality Control
members, each representing a major State or Federal XIV. Watershed Management
agency. All State and Federal agencies having some XV. Plan Formulation
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INTRO DUCTION
The Puget Sound Area is rich in water re- their impact on water quality. In many instances, this

sources. Large rivers like the Skagit , outstanding lakes impact had an adverse effect. For this reason, it is
such as Lake Washington. many estuaries, and the critical that all water resource plans consider water
main body of Puget Sound, are the range of these quality both as an impact and as a requirement. This
resources. Enhancement and preservation of the appendix serves that function.
quality of these resources is a goal of the highest
priority consistent with existing and future needs.
Much of the present economy and most of this Area’s SCOPE
future development is based upon the availability of
good quality water. The study was based upon information avail-

This Appendix presents an evaluation of exist- able as of the summer of 1967. Data collection
ing water quality problems in the Puget Sound Area programs were not established to define areas where
and outlines the actions necessary for their solution. inadequacies existed. Reliance was placed upon
Also presented are projections of waste sources and published and unpublished reports, waste surveys,
their impact s on water quality and a plan to preserve and data from ongoing programs.
and enhance water quality now and in the future - All aspects of water quality were considered. In

This is the first study in this Area which areas lacking adequate definition, consideration was
included an extensive economic base analysis tied to broad and general. In other areas , more depth and
projections and evaluations of the whole range of specifics could be developed. All studies were of
water and land resources and uses. This study has necessity broad; sufficient detail is not , therefore ,
allowed the beginning of an appraisal of possible presented to identify, for instance, specific sizes or
future interactions upon w hich plans could be based locations of waste treatment facilities. Some emphasis
to achieve the goal of water quality preservation, was given to establishing waste treatment and/or

freshwater flow requirements and in evaluating the
PURPOSE water quality requirements of other functions in the

plans. ~~
The goal of water quality control is to insure Inl\eeping with the methodology employed in

that water of suitable quality is available for all the compr~hensive study of Puget Sound and Adja-
beneficial purposes such as public health and enjoy- cent Waters , the findings on water quality are based
ment , propagation and protection of aquatic life,and upon a single purpose use of water resource for
economic development. This goal is only partially development of the Comprehensive Plan. (See Appen-
realized today, and in future years it will become dix XV Plan Formulation).
more difficult to attain as the Puget Sound Area
grows in population and industry and as a changing
technology creates new problems. PROCEDURE

This study analyzes the various adverse forces
act ing on water quality today and the threats they The Municipal and Industrial Water Supply and
pose in the future and develops an action plan to Water Quality Control Technical Committee was
enhance and preserve the water quality in the face of formed at the outset of the Task Force Study. This
these forces. The plan will be integrated into the Committee was composed of the following member
comprehensive water resources plan being developed agencies:
through the Puget Sound and Adjacent Waters Task
Force. State of Washington

The many water uses planned for in this report Water Pollution Control Comm.. Co-Chairman
all demand waters of certain quality characteristics. Department of Water Resources
These uses, together with the several land and water Dept - of Commerce & Economic Development
development and management activities, have had Department of Health
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• Federal Government • action on discharges will remove these problem areas
Department of the Interior in a period of six years or less.

Federal Water Pollution Control Administration, Problems of lake eutrophication also exist , and
Co’Chairman the potential is there for these to increase in

Bureau of Reclamation significance and number in the years ahead . In the
Geological Survey 1950’s, Lake Washington was undergoing eutrophica-

tion which prompted the establishment of METRO, a
Department of Agriculture municipal authority to divert treated sewerage from

Forest Service the lake. Today Metro has eliminated treated waste
Economic Research Service discharges to the lake, and the lake now is well on its

way to water quality recovery. Other smaller lakes,
Department of Health, Education & Welfare however , are in early stages of eutrophication and as
Public Health Service the population expands and urban areas reach out to

encompass more land, lake eutrophication and nuis-
Department of Transportation ance algae growths will become more significant from

Coast Guard man’s activities on the environment. Special studies
will be essential to assist in prescribing the facilities

The Committee served as the major vehicle to that will be needed to adequately protect the
facilitate coordination and information exchange numerous lakes in intensively developed areas for
between agencies having an interest in the committee most uses.
functions. Committee members contributed all per- Adequate streamfiow s are available now, and
tinent information available to them and reviewed all should be present in the future, to assimilate residual
appendix drafts. waste discharges in most of the rivers in the Area.

In addition, Seattle’s increasing diversion of the
SUMMARY Cedar River flow for municipal water supply will

further deplete inflow to Lakes Washington and
Over the years , the transition from limited to Union required to maintain lake level, provide lock-

the intense use of the resources of the Puget Sound age, control salinity intrusion and maintain adequate
Area has been accompanied by changes in water water quality. Nutrient enrichment and salinity intru-
quality, the occurrence of water quality problems in sion from the increasing Hiram Chittenden Lock’s
both fresh and marine waters , and an active policy for operation, are the two major impacts on quality.
the prevention, control, and abatement of water Additional problems that will require ever
pollution in a period of improving public understand- increasing attention include solid waste disposal,
ing and support. water and land management effects, waste disposal

The major water quality problems existing from vessels and recreational craft , the separation of
today are largely the result of municipal and indus- storm and sanitary sewers and the dissipation of heat
trial waste discharges generated by the rapidly grow- from thermal power installations. A trend should be
ing population and economic environment. Problems toward increased water re-use and an effective
are not confined in location although they are environmental quality agency.
generally found in the vicinity of the major popula- It was the consensus of the Municipal and

• tion and industrial service centers located adjacent to Industrial Water Supply and Wate r Quality Control
the marine waters. Four marine water areas have Technical Committee that these problems must be
experienced more severe water quality degradation attacked on a regional or drainage basin basis; and it
due to the discharge of wastes primarily from the was noted that several of the larger municipalities
paper and allied industry. While this industry dis- were either activating or were in the process of
charges wastes which are the equivalent to that of a preparing plans to provide for regional and met ro-
population more than six times the present popula- politan systems for the collection, treatment and
tion of the Puget Sound Area , wastes from food disposal of both solid and liquid wastes. It was also
processing industries have also played a significant emphasized that the degree of waste treatment must
role in the water quality picture in fresh waters , be increased in accordance with present and future
Legislation, standards, and a plan of implemented water quality needs.
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p
A number of years ago, it would have been The social and economic development of the

quite difficult to envision many of the water -related Study Area has been followed by water quality
problems that are facing us today, because social and control programs based upon an expanded under-
technological advances have emerged so rapidly. What standing of ecological facts and processes , marine
new developments lie ahead are again difficult to research and technology, reduction of nutrients ,
foresee , but it is certain that new industrial pursuits particularly phosphorous, and improved Federal-
and significant use of advanced waste treatment will State-local enforcement and regulation procedures.
evolve . Their potential affects on the environment are Costs and expenditures are expected to increase
also difficult to forecast , but these, too, will also as population, industry, and recreation leisure in-
evolve and should be handled through research and crease. By the year 2020, a tota l investment of more
programs of management and development in effect than two billion dollars will be needed for water
now and expanded in the future , quality control.
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THE PUGET SOUND AREA

HISTORY ‘
I

The beginning ofa pollution control program in The new Commission, concerned with fresh,
Washington and the Area was a fact finding program tidal and salt water , established Water standards on
based on interagency cooperation between the October 8, 1945, to protect the health and recreation
Departments of Health, Fisheries, and Game, from and the conservation of natural resources.
1925 to 1937. By 1945, the problems of industrial waste

In 1935 , a small appropriation was granted the treatment and control had grown in both magnitude
Washington State Department of Health for the and complexity since pre -war days. The Puget Sound
purpose of conducting a stream pollution study of in particular , with its abundance of fresh and salt
the Yakima River. Publication of this study aroused a water for waste disposal purposes, experienced a
gradual public awareness that the State ’s waters were considerable growth. The impact of this pollution
becoming polluted. load evoked increasing alarm and consideration from

The industrial expansion of the State around many groups. in addition to public health aspects, the
this time included significant increases in the produc- important oyster growing industry was deeply con-
tion of pulp and paper and in the rapid expansion of cerned. Commercial and sports fishing interests and
the chemical industry. The wastes discharged by these recreation enthusiasts such as swimmers, water skiers,
industries soon attracted much public attention and pleasure boat operators, and civic-minded citizens
because of their influence on the commercial and in general, deplored the increasing impact of indus-
sports fisheries resources of the State. trial wastes on Wa shington waters. As a result , many

An initial budget of $14,500 for an executive pollution abatement programs were instituted in
Pollution Control Commission consisting of the (945 and 1946 by a broad educational program for
Directors of the State Departments of Health, Fish- the public and industry on the needs for pollution
cries, Game, and Conservation, in 1937, commenced abatement.
the first activities in determining the status of water . -

-

quality and building a broad foundation for munici- , ‘

pal and industrial waste treatment. This was the ~ ‘-~~~
-
~~~-- -

modest beginning of a concerted effort to bring
together all of the State agencies having a major
interest in water quality. Most agency efforts at this
time were directed toward investigating biological
effects of sulfite waste liquor 1 and evaluation of _________________________________________________

water quality conditions in the vicinity of sulfite pulp
mills.

Pollution control bills were introduced in both
the 1941 and 1943 Legislatures, but neither passed.
An act creating the present Water Pollution Control
Commission was passed by the Legislature and
approved by the Governor in 1945. The Commission,
basically a policy-making body, was composed of the
four Directors of the State departments mentioned PHOTO I-i. Waste discharges from expanding indus-
previously and, in addition, the Director of the State try aroused attention to the need for water pollution
Department of Agriculture. The act directed the control.2
Commission to maintain the highest possible stan-
dards of water quality consistent with the various
water uses and vested the Commission with full .S.. Glossary for def init ion of technical terms.powers to promulgate rules and regulations, deter- 2
mine the condition of water of the State and to issue S.. Photo Credits at back .

orders.
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The first Federal Water Pollution Control Act increased the construction of waste treatment facili-
(PL 845, 80th Congress) became law on June 30, ties by municipalities.
1948, to be administered by the U.S. Public Health Of particular interest is the Municipality of
Service. This Act declares that the states have primary Metropolitan Seattle (METRO) program. By 1956 , a
rights and responsibilities for taking action to abate total of 41 towns and sewer districts representing
and control pollution. The Federal responsibility in separate taxing units were contiguous to Lake Wash-
the field of water pollution control applies to ington and Puget Sound. As a result , serious water
interstate and navigable waters , whether the matter pollution was not only a threat but a reality. The
causing or contributing to pollution is discharged State Legislature in 1957 passed a metropolitan
directly into such waters or reaches such waters after municipal corporation law which made it possible for
discharge into a tributary, which endangers the health cities , towns , and sewer districts in any area to jointly
or welfare of any person. Provisions of this Act and collectively solve their sewage disposa l problems.
resulted in Federal-State cooperation on a number of As a result of this enabling legislation . t he Munici-
projects, programs, and enforcement actions. It also pality of Metropolitan Seattle (METRO) embarked
great ly speeded up programs, notably in municipal upon a ten-year program in 1961 which was designed
sewage treatment plant construction and in author - to remove all sewage treatment plant effluent from
izing grants for the improvement and expansion of the Lake Washington drainage area and to provide
t he State ’s pollution control program. The law adequate sewage treatment for the entire area.
provided for construction grants to municipalities, In 1958, the Washington Water Pollution Con-
but no monies were appropriated. trol Commission retained two scientific consultants

Definite progress was secured in the subsequent (Gunter and McKee) to prepare a report on the
ten years, but the most workable tool for water effects of sulfite waste liquor (SWL) on oysters. It
quality control was provided by the State Legislature was hoped that this report would permit the estab-
in 1955 when they enacted a waste discharge permit lishment of sulfite waste liquor concentration stan-
law which materially strengt hened the basic law of dards. The report , however, was unacceptab le to the
1945. This permit law requires that all industrial Commission due to the lack of field data and related
operat ions involving solid or liquid waste discharge to research studies and because it was concerned only
State waters must secure a permit every five years with oyster mortalities due to SWL from investiga-
from the Water Pollution Control Commission. The tions by others conducted in other parts of the
permit could be permanent (five years) or temporary. country.
Conditiont~ tc prevent water quality deterioration and In 1960, therefore , the Commission issued new
maintain standards of the 1945 Statutes were stated. and more stringent waste control standard s which
By June 1957, 70 percent of the industries had resulted in the issuance in 1961 of temporary permits
obtained permanent permits; in 1958, 80 percent , to pulp and paper mills which lacked adequate waste
and in 1963, 93 percent. This law assisted greatly in control facilities. These temporary permits required
obtaining corrective and preventive pollution control recovery of 85 percent of the SWL and reductions in
for industries. Major industries with problems in fiber losses and suspended solids in prOCeSS effluents.
removing solids, improving outfalls to get maximum Prior to and after this time , from 1958 to 1962, 20
diffusion, reduction in strength of sulfite waste special committee sessions concerning pulping wastes
liquor, and aquatic life mortality or toxicity con- were held to cooperatively improve these inadequate
tinued their operations under temporary and special waste control measures taken by the pulp industry.
permits while investigations of significant water The Pacific Oyster Growers Association
quality impact and development of in-plant controls appealed to the Commission to revoke the permit
were determined, issued to the Puget Sound Pulp and Timber Company

After 1956, newer developments in Wash- of Bellingham, charging that it was inadequate since it
ington’s pollution control program starte d to occur did not require the removal of sulfite waste liquor . A
from utilization of Public Law 660, the Federal Water Federal Enforcement Conference as provided for in
Pollution Control Act. Special studies concerning Public Law 660, was held on January 16 and 17 .
pollution in Puget Sound were continued and new 1962, in Olympia as requested by the Governor in a
ones undertaken. The incentive of additional grants
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letter dated November 22 . 1961. As a result of this given to the pollutional impact of pulp and paper mill
conference , a special five-year Federal-State study wastes upon the fish and shellfish resources of the
was initiated to gather scientific and legal proof of Puget Sound.
pollution in Puget Sound with particular emphasis

PHYSICAL ENVIRONMENT

DESCRIPTION lakes, marshes, and reservoirs diversify the terrain.
These lowland valleys, w ith their mountain-valley

Contrasts in the physical make-up of the Area extensions, contain most of the population, industry,
give it a striking character. Landscapes vary from and agriculture.
streams to marine waterways , islands to peninsulas, The Cascade Range, which reaches altitudes of
lowlands to mountains, and pastora l to wilderness , about 8,000 feet in the north and 5,000 feet in the
These physical features cover 13,200 square miles, all south, forms the eastern boundary of the Area. Rising
blending into a natural environment whose beauty is prominently above the ridges are the volcanic cones
claimed to be second to none in the world. These of Mount Baker (10,778 feet) and Mount Rainier.
same physical characteristics are largely responsible Westward from the Sound, the Olympics rise
for the present pattern of population and for marking abruptly from the shores of Hood Canal. This portion
the Puget Sound Area as an economic unit. of the Area is a complex system of deep valleys and

canyons, separated by sharp ridges and peaks that
Geography commonly attain attitudes of 6,000 feet: through

The blue-green sea of Puget Sound which covers them cascade numerous streams. Beyond these con-
about 2,500 square miles is the focal point of the toured gorges is a great arc of snowcapped peaks (the
Area. A number of islands lie in this inland sea. They Sally Range). Towering above are the crags, the
vary from Whidbey Island, second largest in the snowdome, and the glaciers of Mount Olympus
contiguous United States , to the picturesque San (7,965 feet). To the north, the landscape tumbles off
Juans, an archipelago of 172 islands in the northern abruptly to a narrow plain lying between the steep
part of the Area. foothills and the Strait of Juan de Fuca.

The Sound has two main arms: between the The Puget Sound Area was divided into II
two arms is the Kitsap Peninsula. The western basins for planning purposes. These basins are shown
arm - Hood Canal—is a 50-mile-long, narrow inlet and named on the Study Area map (Figure I-I).
which extends southward between the Olympic Information and plans are developed individually for
Mountains and the K.itsap Peninsula. The eastern arm each basin and presented as the concluding section of
is the main basin of the Sound, which extends this Appendix. This initial area secti n develops the
southward from Admiralty Inlet and ends near broader region-wide information aid presents the
Olympia in a series of inlets and connecting channels, methodology and assumptions used in arriving at the
Between the two arms is the Kitsap Peninsula. basin plans.

Eastward from the Sound, elevations range
from sea-level to Mt. Rainier’s lofty 14,410-foot Land U..
summit in the Cascade Range. The lowlands are The present pattern of land use ranges from
composed of moraines and outwash plains of gravels, areas with intense residentud , commerc ial, and indus-
sands, and clays. Numberous rivers and dreams trial concentrations to undeveloped ~a.. iver lands
discharge into Puget Sound. These streams have built and areas of second-growth timber. Land use is shown
up deltas and flood plains over the older gravelly on the map (Figure 1-2) and in Tabk I-I.
plains. Large tidal estuaries are formed where they Forest land predominates and accounts for 75
meet the sea . percent of the total land use . The are a contains 6.4

Beyond the plains and deltas are alluviated river million acres of forest , 5 million acres of which are
valleys, separated by gently rolling surfaces. Terraces, classified as commercial forest land. Approximately
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TABLE 1.1. Present land use and ownership Puget Sound Area

LANDOWNERSHIP ’ LAND USE 2
(Thousands of Acres) (Thousands of Acres)

County Rural  Urban
& Crop- Range Non- Build . Fresh

Basins Federal State City Priva te Total land Land Forest Farm Up Water Total

Nooksack - Acres 277 87 7 437 808 137 12 610 13 21 12 804
Sumas % Aree 3.2 1.0 0.1 5.1 9.4 1.6 0.1 7.1 0.1 0.2 0.1 9.4

Skagit- Acres 1,378 107 8 433 1,936 100 20 1,753 20 19 35 1.948
Samish % Araa 16.1 1.2 0.1 5.2 22.5 1.2 0.2 20.5 0.2 0.2 0.4 22.7

Sti llaguamish Acres 178 72 2 190 442 35 1 385 6 7 5 438
% Ares 2.1 0.8 0.0 2.2 5.2 0.4 0.0 4.5 0.1 0.1 0.1 5.1

Whidbey- Acres 8 6 1 119 134 23 2 84 12 11 1 134
Camano % Area 0.1 0.1 0.0 1.4 1.6 0.3 0.0 1.0 0.1 0.1 0.0 1.6
Islands

Snohomish Acres 430 142 56 588 1,216 72 2 1.055 29 36 24 1,218
% Arss 5.0 1.7 0.7 6,9 14.2 0.8 0.0 12.3 0.3 0.4 0.3 14.2

Cedar-Green Acres 76 24 116 520 736 53 3 447 34 166 39 743
% Area 0.9 0.3 14 6.1 8.6 0.6 0.0 5.2 0.4 1.9 0.5 8.7

Puyallup Acres 307 19 13 439 779 37 6 593 26 97 11 770
% Area 3.5 0.2 0.2 5.1 9.1 0.4 0.1 6.9 0.3 1.1 0.1 9.0

Nisquallv’ Acres 135 64 5 447 650 46 43 507 20 20 10 646
Qesch utes % Ares 1.6 0.7 0.1 5.2 7.6 0.5 0.5 5.9 0.2 0.2 0.1 7.5

West Sound Acres 368 122 20 782 1,291 46 5 1,124 64 42 13 1,294
S Ara . 4.3 1.4 0.2 9.2 15.1 0.5 0.1 13.1 0.8 0.5 0.1 15.1

Elwh a- Acres 332 27 2 80 442 24 2 409 5 6 2 448
Dungeness S A rea 3.9 0.3 0.0 0.9 5.2 0.3 0.0 4.7 0.1 0.1 00 5.2

San Juan Acres I 9 1 101 113 19 9 72 9 3 1 113
Islands S Ara. 0.0 0.1 0.0 1.2 1.3 0.2 0.1 0.8 0.1 0.0 0.0 1.3

Total Acres 3,490 679 232 4,147 8.547 592 106 7,039~ 239 428 152 8.557
% Ares 40.8 8.0 2.7 48.4 100.0 6.9 1.2 92.2 2.8 5.0 1.8 100.0

1 Figures obtain ed from Forest Work Group.
2 Figures obtained fro m Land Ussge end Development Technical Committee.
3 Includes open lends normally associated with forest areas.

44 percent of the forest land is in Federal ownership also for dairying and poultry raising operations.
and 11 percent in other public holdings. The remain- Cropland is well established in the river valleys of the
ing 45 percent is held by private owners. Nooksack, Puyallup, Green and Sainmamish. Skagit,

There are about 591,000 acres of cropland in and Elwha-Dungeness basins. Crop and pasture lands
the Puget Sound Area which is about seven percent of are not extensive in the area, but the resulting
the total land use. Agricultural operations are con- production from them is very important to the
fined largely to the wide, fertile lowlands which are general economy.
utilized for fruit , berry, and vegetable growing and
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glaciated and occupied by the sea. Geologists believe
t hat the last continental glacier receded about 12 ,000
to 14,000 years ago , leaving an infertile plain of

______ 
moraines and outwash gravels , sands, and clays.

There is a great diversity of soils in the Puget
Sound Area due to the heterogenous character of
rocks in the mountains , glacia l materials , and stream
alluvial deposits. Soil development is influenced by a

~~~~~~~~~~~~~~ ~~~~ S range of climatic factors , topographic features ,
biologic activity, and the length of time the materials
have been exposed to the soil-forming elements.

The mountainous areas generally consist of
shallow , stony, and rocky b arns and silt b arns ,
ranging in depth from less than six inches to more
t han 36 inches, overlying bedrock. The soils of some
mountain areas are influenced by local glaciers and
volcanic materials. Glacial soils are formed on
cemented basal till, clay till. outwash or recessional
moraines, and lacustrine or glacial lake materials.
Those soils on glacial basal till consist of sands.
gravelly sands, and gravelly sandy b arns 20 to 36

PHOTO 1-2. Marine waterways cover about 2,500 inches deep over slowly permeable cemented sandy or
square miles, giving a maritime air to the Puget Sound clay till. Those soils on outwash materials consist of
Area. sands, gravelly sands , and gravelly sandy b arns

ranging between six and 30 inches deep over rapidly
Urban build-up accounts for five percent of the permeable gravel and sands. Those soils on bacustrine

Area’s tota l land use. Most urban development to date materials consist of silt b arns, silty clay b arns, and
is found adjacent to the shores of Puget Sound and in clay b arns from 24 to more than 60 inches deep
the lowlands. Heavy industry is concentrated along overlying eit her stratified sands and silts or slowly
the shores of Commencement Bay and Elliott BaY, Ofl permeable, firm, platy, silty lakebed materials. Those
the tideflats near the mouth of the Puyalbup River, soils on stream alluvium consist of rapidl y permeab le
and in the lower Duwamish River area. Developed sands in he upper reac hes and successively grade to
lands are concentrated in the central part where the more slowly permeable fine sandy ~oams, silt b arns,
Seatt le-Tacoma-Everett metropolitan and industrial b arns, clay b arns, si lty clay b arns, and clays in the
complex and numerous small cities and suburban lower reaches.
residential areas comprise approximately two-thirds
of the area ’s total urban land use.

Inland waters- streams and lakes make up
about two percent of the total land use . The fresh
wate rs are utilized for outdoor recreation , fish and
wildlife habitat , irrigation , various types of industrial
operations, and domestic water supply.

The present pattern of land ownership in the
area is 41 percent Federal , 11 percent State and local,
and 48 percent private. Most of the Federally-owned
lands lie in the National Forests and National Parks.

Soils and Cover
The broad lowland of Puget Sound is often PHOTO 1-3. Mount Rainier , 14,410 feet. Mountains

described as a trough or valley, lying between the and ranges comprise much of the western and eastern
Olympics and the Cascades. The entire area has been parts of the area.
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Dense co nifer fo t~~sts dominate the Area ’s native August . About two-thirds of all precipitat ion occurs
band cover . Douglas f~r dominates , alt hough hemlock , during the six-month period of October through
true firs . western red cedar , bigleaf maple , and willow March.
are found throughout (lie conifer woodlands. Several Most of the winter precipitation falls as snow
varieties of small trees , shrubs, and vines form a dense in the higher elevations. For examp le, the annual
understory cover in all forested areas. Ferns and snowfall at Snoqualmie Pass (altitude 3,000 feet)
mosses dominate the ground cove r in shaded areas. is about 400 inches. Glaciers and permanent snow-

Scattered through the lowlands are seve ra l fields blanket much of the high country.
prairie areas. Grasses are the main cover , with Ave rage summer temperatures vary from the
scattered stan ds of fir , lodgepole pine, and Oregon mid-70’s (24°C) in Seatt le,to about 6~t°F (20°C) on
white oak. Scotch broom has invaded some parts of the coast. Average winter bows vary from about 28°F
the prairie areas. to 36°F (-2° to 2°C). Temperatures below 0°F

The soil mantle and vegetative ground cover are (-18°c) in the lowlands are rare , and maximum
of special significance since they directly affect the temperatures very seldom exceed 100°F (38°C).
runoff pattern and a lso have an impact on the water
quality.. Forested areas tend to slow melting of snow
and retard the outflow of rainfabi whereas logged-over
areas yield larger quantities of runoff and have larger Population
snowmelt flood peaks sooner in the spring. Wood- The population of the Puget Sound Study Area
bands converted to farm land, and rura l areas con- is approaching 2,000,000. Almost two-thirds of the
verted to urban land, also increase the amounts of State’s total populace live within the Puget Sound
runoff as well as the size of flood peaks. The Area.condition of cover , as well as the soil types and

Almost 90 percent of the people live in thetopography, is significant in considering soil erosion
and the resulting fluvial sediment and debris loads. eastern portion of the Area , concentrated largely in

the Everett , Seattle , and Tacoma service areas . TheConsiderable precipitation first passes through the
Snohomish, Cedar-Green , and Puyalbup Basins alonesoil profile, leaching out the more soluble fractions of
contain about 80 percent of the total population.the mineral constituents in the soil. When the ground

water emerges as streamuiow , it has a chemical They also constitute the fastest growing area , having
more than doubled in population since 1940. Thecomposit ion that reflects the soil characteristics.
river deltas and glacial drift plains support a fairly
well-distributed rural population . The northern andClimate western portions stand out as sparsely populated

The Cascade Mountains shield the Area from areas. The Nisqually-Deschutes , West Sound, and
cold air masses traveling southward across Canada in Elwha’Dungeness Basins together account for only 11
the winter. The Olympic Range is effective in percent of the area’s population. Less than ten
protecting it from the more intense winter storms percent of the population is located in the Nooksack-
reaching the coast. As a result, the Puget Sound Area Surnas, Skagit-Samish Basins, San Juan Islands and
is typified by a climate with cool, dry summers , and Whidbey-Camano Islands.
mild, wet winters.

The major population cluster is located in theThe average annual precipitation varies gener-
Cedar-Green Basins in the Seattle metropolitan area.ably from 20 to 50 inches in the lowland areas
Over half of the Area’s people live in this Basin.surrounding the Sound, to over 200 inches in the
Census data estimates for 1967 include 6 cities withhigher elevations. The driest area receives from 1 8 to

30 inches of precipitation annually. This area , often populations greater than 10,000.
referred to as the “rainshadow” of the Olympic
Mountains, extends eastward from Port Angeles to
near Everett and northward into the San Juan Islands.

The Area has a marked seasonal distribution of Economy
precipitation. Autumn, winter , and early spring are Geographical characteristics and its natural
rainy with persistent cloudiness and high relative resource’ base are responsible for marking the Puget
humidity, w hile rainfall is scant during May through Sound Area as an economic unit. Geographically, the
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Area is united by the opportunities and problems
posed by common frontage on the waters of Puget
Sound. The diverse terrain lends itself to a variety of
natural resources. The heavily-wooded slopes of the
Cascades and Olympics provide a rich reserve of
timber resources. The valleys and lowlands are
endowed with fertile farm lands. The numerous rivers
and waterways provide a wealth of fish and sea life
plus several hydropower sites.

The Everett-Seattle-Tacoma metropolitan area
serves as the major shipping and trading center. The
many inlets , bays . and harbors of Puget Sound make
this area a major seaport region w ith some of the
finest natural deep-water facilities for ocean-going S 

- -

vessels in the world . It also serves to support a
growing industrial complex which is heavily oriented PHOTO 1.4. Forest land comprises most of the area’s
toward activities in aerospace, shipbuilding, trade, land use.
transportation, and diversified manufacturing. The
economy here is dominated by activities in the
manufacturing industries and is characterized by a
more highly developed industrial economy than any
other aiea in the Puget Sound. This is the primary
location of Boeing’s giant aerospace industry, which The lowlands and valleys contain many fertile
represents the Area’s leading industrial employer, farm lands. Climatic conditions and rich soil provide
Shipbuilding and repair is also “big business” and an ideal environment for a number of agricultural
completely dominates the industrial economy of the activities. The area produces and processes consider-
Kitsap Peninsula. The Naval Shipyard at Bremerton able quantities of fresh vegetables , strawberries , and
is the second largest industrial employer , next to caneberries and flower bulbs. It is also an important
Boeing, in the Puget Sound Area, area in dairying, beef cattle , and poultry farming.

Elsewhere in the area , government services play A growing emphasis upon outdoor recreation
a major role in the economy. The defense facilities at and tourism is emerging. The mountains, forests ,
the McChord Air Force Base and the Fort Lewis bakes, and rivers are resource s easy to reach. As a
Army Post, plus the military complex of the Bremer- result, the service industry has been expanding in

ton Naval Shipyard, are major sources of personal terms of facilities and manpower to meet the needs of

income. The economy surrounding Olympia, location a growing tourism and recreation industry.
of the State’s capitol, is heavily oriented toward The Puget Sound Area is undergoing a period of

meeting governmental requirements. rapid economic growth. Employment is soaring to

The economy throughout is characterized by new heights and the rate of employment growth in
activities in lumbering, fishing, and farming. The the Seattle-Tacoma-Everett area for 1966 was double
economic structure of several areas within the region, that of other West Coast metropolitan areas and the
however , have been based upon lumbering and the nation as a whole.
manufacture of wood products. Some of the State’s
largest pulp and paper mills, sawmills, and other
forest product industrial establishments are located in
the Puget Sound Area. WATER RESOURCES

Commercial fishing is another important eco-
nomic activity. The Puget Sound and Strait of Juan The waterways of the Sound, the estuarie s , the
de Fuca are richl y endowed with an abundance of rivers , and the lakes are a great asset of the Puget
saltwater sea life. Fishermen working out of the many Sound Area. This description begins with the fresh
harbors and ports harvest salmon and other fish, plus water streams and proceeds downstream to the
oysters, clams, and crabs. estuaries and marine waters.
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severa l flood peaks. However, the major floods
Fresh Water usually result from warm rainstorms occurring in the

The rivers of the Puget Sound Area vary from a winter.
few miles to 135 miles in length. Glaciers, located in Minimum streamfiows for most rivers here
the higher elevations in the Cascades and Olympics, occur between July and November. The magnitude
are the sources for many of these streams. In the and duration of low flows are significantly affected
lowlands, rivers like the Skagit and Stillaguamish by ground and surface storage . Melt water from
exhibit meandering courses across the floodplains. glaciers and snowfields sustain flows in many streams.
The principal rivers of the area are the Nooksack, The timing and quantities of low flows are significant
Skagit . Stillaguamish, Snohomish, Cedar , Green. for water quality considerations since warm water has
Puyallup, Nisqually, Deschutes, Skokomish, Elwha, a lower capacity for absorbing waste loadings. In
and Dungeness Rivers. Discharge figures for various addition, wasteboads to a stream oftentimes are at a
stations on these rivers are shown in Table 1-2. maximum during the low-flow period.
Together , these twelve rivers account for over three’ Most of the ground-water supplies in the Puget
fourths of the total runoff. Sound Area are contained in sedimentary deposits of

Neaily three-fourths of the available surface Quaternary age. These deposits occupy most of the
water flows from forested watersheds. These areas are lowlands and the mountain-valley extensions of the
geologically young and typified by steep topography numerous rivers. The uplands do not support large.
with fast-flowing streams. The climate and topog’ yielding wells. The Quaternary units, generally, con-
raphy result in a heavy winter and spring runoff with tam the most dependable aquifers in the area .

TABLE 1-2. principal rivers Puget Sound Area

Discharge (cfs )
Drainage

Area M m .  Max. Average
B i n  River Sq. Miles Daily Deily Annual

Nook,*ck-Sumjs Nookteck River nr. Lynden 648 595 46,200 3,699

Skagit-Samish Skagit R iver nr. Mt. Vernon 3,093 2,740 144,000 16.490

Stilla gusmisti South Fork , Sti llaguamish River nr . Granite Falls 119 55 32,400 1,064

1 136 ,000 g,500~Snohomish Snohomish River ni. Snohomish 1,714

Cedar-Green Cedsi River at R.nton 186 56 6,640 711

Cedar-Green Green River at Tukw lla 440 195 12,100 1,462

Puyallup Puyallup River at Puyallup 948 306 57,000 3,364

Nlsquefly-Deschutes Nisqua lly at McKsnnu 517 20 25,700 1,415

Nlsqually-D chutss Osachutes River ni. RaInier 90 16 5,620 263

West Sound Skokomiti River ni. Potlsich 227 125 27,000 1.188

Elwh.-Dungsnsss Elwhi River nr. Port Angels, 269 10 41,600 1,487

EIwhs-Dungsnsas Dungarees River ni. Sequlrn 156 77 8,400 373

Discharge below 10.000 cfs not generally coniputsd due to larg. tidal fluctuations.

2 Accurste continuous strismf low records In the Snohomish Rivir hes, not been possible b.cauee river stages are affected by

River system is probably about 9,600 cls.
t idal floctuatlons. ~ ol.ctlon of upu~eam r.cor ~~ ho~~~er, suggests that ths mean annual diwh~~~ of the entire Snohomish
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• /1 / I  iA~~ Estuaries

I 

Estuaries occur in the tidal tone where rivers
meet the Sound. There , the fresh surface runoff joins
and dilutes the marine waters . It creates a unique and
delicate environmental system which includes salt
marshes, bays , channels, and inshore waters. Here also
is where the rivers deposit their sediment loads, fi lling

• .1 and modifying the lower channels and building deltas .
The estuary is of extreme importance for fish as

it is the doorway for juvenile salmon and searun trout
________________________________________________ on their trip to t he ocean , as well as adult salmon

returning to their spawning grounds . It ~s through this
zone t hat the young fishes must adjust to the new
marine environment. This adjustment is a critical

-______ period, and good quality water is a requirement to
provide this transition. In addition, bot h shellfish and
bottomfish have a great economic value in these
es tuaries.

- . Actually, estuaries support an extremel y rich

I S It ( I I and varied ecosystem of aquatic , mud flat , and marsh
habitats. They also support extensive wildfowl popu-

PHOTO 1-5. Fishermen find a way of life, harvesting lations. They are a unique outdoor laboratory for
salmon and other fish from Puget Sound waters, study and research of the complex interactions of

living organisms.
The more fa~~rab(e areas for ground-water Few of the principal estuaries in Puget Sound

supp lies are found south of Seattle where zones of are unspoiled. The Skagit and Nisqually remain
• water -bearing coarse sand and gravel in both reces- essentially untouched. Others, like the Duwamish.

sional outwash and subtill strata are relatively abun- Snohomish, and Puyallup have been seriously en-
dant in comparison to nort hern areas. In the areas croached upon by the expansion of cities and the
south of Seattle , groundwater is used for municipal growth of industries. Examples of man’s activities can
and industrial purposes to a greate r degree than be seen in the continual dredging. port building. and
elsewhere where the principal use of ground water is waste discharges. These activities have caused great
for irrigation , concern over their future preservation.

Lakes and reservoirs comprise a resource of
growing importance to the Area. Many of t he lakes
were formed by glac ia l scour that deepened and . 

-

widened pre-existing troughs. There are over 2$00
lakes and reservoirs occupying a water surface area of
about 175 square miles. Of these there are 24 major
reservoirs having a total surface area of about 70
square miles. Ross Reserw ir on the Skagit River is
t he largest , wit h a total capacity of about I .4 million
acre-feet. The two largest lakes are Lake Washington
(22.138 surface acres) which forms the eastern city
limits of Seattle and Lake Sammamish (4 ,897 surface
acres), approximate ly five miles directly east of Lake
Washington. Many of the other lakes are small and are -

located in mountainous country above 2.500 feet in
elevation. Most of these are high alpine lakes of —

exceptional beauty, lying in a wilderness of scenic PHOTO 1-6. Numerous rivers and stream s flow from
grandeu r. the higher elevations.

1-12

-- • - . .. - ‘— 4 - - —  • -4- - . 4- - -5- — 5— -



water are mixed by tidal actu’ii ,i t u rn s  ,~ iie~ wJIeiMarine Waters type that becomes t he deep water liii Uit next
The following discussion of the marine waters landward basin As a result , the w at e rs ot cadi l~~sui

ot’ Puget Sound is the only such writeup in the become fresher as one pruu~eed’. laisdwj, d \Is~ . (lit-Appendices to the Puget Sound and Adjacent Wat ers temperature range from wilitCi i~ suillili el he~uine~Study. Accordingly, more detail has heel) included greater and t he tidal range increast ”here than would normally he warranted. 
~~~ Strait of ~ ian de Fuca us lit’ in.iiis cluantid

Most of the Puget Sound oceanographic de- connecting the waters ol Puget ~ ‘uiuid .iuud (,c.~Igi.u
scription has been presented in this section. Only Strait with the Paci fut Ocean Ot-eanit .t’.pe wale
brie f oceanographic discussions have been presented enters t he Strait u I  Juan de Fuca beIu~~ tht- %Ul t.ite .11
in t he basin chapters. the western end of f  (‘ape l- laiier~ ~iid iia~ds

The waters confined within the boundaries of landward (to the east) w it bout signif icant in’ ~d,I i~ a-Puget Sound are actually a small portion of a larger tion until it reach es the Victoria-Green Point s ill nealcomplex that includes the Strait of Georgia and the Port Angeles. At this po i li t , Ohuisi u t  t h e  ocea,i,~ ~ ale,
Strait of Juan de Fuca. The entire system is 

~ stopped, but a portion ul it us mixed wit h the
composed of many inter-connected inlets, bays, and fresher surface water to form a water i~ pe thai
channels with sea water entering from the west and becomes the deep water source for both Pugel tuu)uIid
fresh water entering at many points along the system. and Georgia Strait. The eastern end of the Sirail of
This large complex may be divided into nine major Juan de Fuca is essentially the mixing are a and the
oceanographic areas which are interrelated one to the region where the water splits with a portion going
ot her: Strait of Juan de Fuca, Admiralty Inlet. Puget south into Puget Sound and the largest part going
Sound Basin. Southern Puget Sound, Hood Canal . into Georgia Strait via Haro and Rosar,uu Straits.Possession Sound, Bellingham Bay, San Juan Arch- Under proper conditions, some oceanic water may
ipelago, and Georgia Strait. penetrate into the San Juan Islands in late summer.

Basically, the Puget Sound.Georgia Strait-Juan The importance of the increased density in late
de Fuca Strait complex is a two-layer system with summ er by the oceanic water intruding into the StraitS fresher water moving seaward in a surface layer that and then being mixed in the eastern end of the Strait
overrides a more saline layer of inflowing oceanic cannot be over-emphasized. Because of this more
water. The surface layer contains fresh water added dense water entering in the early fall , most parts of
locally from direct precipitation, river runoff , and the Puget Sound-Georgia Strait complex are flushed
ot her land drainage. The deeper , more saline layer has once a year by a replacement of the less dense water
its origin in t he Pacific Ocean off Cape Flattery and with the more dense water. The maximum density
has a net flow landward in response to the pressure water does not occur simultaneously in all parts of
forces associated with the difference in density t he complex , but depends upon the distance from
between fresh water and sea water. The boundary the Strait and upon local mixing areas.
between t hese two layers is most distinct near the Admiralty Inlet are those waters separating the
freshwater source or on either side of a constriction Strait of Juan de Fuca from the Puget Sound Basin.
having strong tidal currents. This boundary becomes Most of the water entering and leaving Puget Sound
more diffuse as the freshwater layer moves seaward as must f low through Admiralty Inlet. Only a small
a result of vertical mixing by winds and the entrain- portion of water flows through Deception Pass at the
ment of deeper. more saline water into the surface northern end of Whidbey Island. Tidal currents are
layer. The processes that govern the mixing and strong in Admiralty Inlet with speeds frequently over
transporting of waters from one part of the complex three miles per hour on both ebb and flood with a
to another are complicated and are related to meteor- maximum of nearly six miles per hour during periods
oIog~cal conditions and to tidal action , of large tidal range . Because of these strong currents .

As one travels eastward from the entrance of Admiralty Inlet is a large mixing zone for the deeper
the Strait of Juan de Fuca off Cape Flaitet ’ to the waters of the Strait of Juan de Fuca with the fresher
head of either Georgia Strait or Puget Sound. a series surface waters from Puget Sound. The mixed water is
of sills are encountered that separate the deeper more dense than the surface water and less dense than
basins. THese sills are often mixing zones whete the the Strait water and flows back into Puget Sound on
fresher surface water and the more sa line deeper a flood tide . The depths at which this mixed water
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will settle depends upon its density and may be either in winter and again in early summer. The waters at
at t he bottom or at some intermediate depth. Thus, depth in Hood Canal are considerably different than
rep lacement of water in Puget Sound does not always the surface waters. Water enters from Admiralty Inlet
occur at t he bottom. Because of the strong currents and travels south through the entrance arm. Some
in Admiralty Inlet , the flushing time is rapid with the mixing occurs , but not so intense t hat the water
various water types requiring only a few tidal cycles column becomes honiogeneous. This water enters the
to make the transit through the region. main basin at a level depending upon its density,

The Main Basin of Puget Sound -- extends from making the flushing mechanism difficult to define
the south end of Admiralty Inlet to the north end of due to the comp lexity and variation of the mixing
the Tacoma Narrows. The main basin is 50 miles long zone.
and average s five miles in width. Several sub-ocean- The Possession Sound — area consists of the
ographic regions are found in the basin which include waters confined between Whidbey Island on the west
Elliott Bay, Commencement Bay, Colvas Passage , and and the mainland on the east . It includes Skagit Bay
the waters west of Bainbridge Island. Each of these and Port Susan.
subregions is closely related to the main basin but Fresh water sources are: the Skagit River which
with somewhat different surface characteristics. The empties into Skagit Bay north of Camano Island, the
major differences are due to the source and amount Snohomish River which empties into Everett Harbor ,
of fresh water entering the subregion. The fresh water and the Stillaguamish River which empties into the
sources are primarily the Duwamish River which northeast corner of Port Susan. The combined inflow
discharges into Elliott Bay (Seattle Harbor) and the of t hese rivers has a pronounced effect upon the
Puyallup River which empties into Commencement oceanography of the Possession Sound region and
Bay (Tacoma Harbor). The major effect of these frequently affects that of the north end of the Puget
rivers is observed near their mouths where a surface Sound Basin.
layer is formed that dominates both Elliott Bay and The Deep Channels of the San Juan Arch-
Commencement Bay. As one proceeds toward the ipelago - serve as mixing areas for the waters of
entrance of either of the bays, a sharp line between Georgia Strait and the Strait of Juan de Fuca . Over
the muddy surface layer and the outside water is 90 percent of the water needed to supply the tidal
observed, prism of Georgia Strait must pass through these

Southern Puget Sound -consists of all the channels. This produces strong currents accompanied
waters south of the Tacoma Narrows. Currents are by vigorous mixing even in such a deep channel as
very strong in the Narrows, with speeds up to seven Haro Strait.
miles an hour being common. The Narrows is a
mixing zone similar to Admiralty Inlet , but on a The Bellingham Oceanographic System— is a
smaller scale . In this case, waters from either side to nort h-south oriented, kidney-shaped body of water
depths of about 160 feet are mixed, depending upon about 19 nautical miles long and five nautical miles
the tide direction . Complete top to bottom mixing wide. It includes Belhingham Bay, Samish Bay, and
occurs during most of the tide cycle. Padilla Bay. The major fresh water sources in this

Hood Canal--is one of the most outstanding region are the Nooksack River which discharges into
marine waterbodies. It is a long, narrow inlet extend- the north end of upper Bellingham Bay and the
ing some 70 miles from Admiralty Inlet on its Samish River. The Nocksack River is the dominant
northern end to Lynch Cove to the south. Hood influence in controlling the salinity of the surface
Canal is bounded on the west by the Olympic layer for this region, but is most influential in upper
Mountains and on the east by the Kitsap Peninsulr Belhingham Bay. The thickness of the surface layer in

The major fresh water sources for Hood Canal are the Bellingham Bay varies directly with the amount of
Skokomish, Hamma Hamma, Duckabush, and Dose- Nooksack River discharge. The surface layer of less
walhips Rivers. The streams exhibit two peak dis- saline water varies from five to twelve feet thick ,
charges, the first in response to winter rainfall , and 

covering most of Bellingham and Samish Bays. Within
the second in June because of snowmelt. A rather this layer , salinity increases rapidly wit h depth. Below
thick (15 feet) fresh surface layer is produced that 

this layer, it increases much more gradually. The

dominates all the main basin . The surface layer is 
Samish River , which is smaller , dilutes the water
locally in Samish Bay but has little effect elsewhere.present at all times of the year , but is most prominent
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Density stratification associated with the sur- small rivers and land drainage, contributes over 90
face layer retards vertica l mixing, maintaining the percent of all the fresh water flowing into the Puget
surface layer as a relatively stable and distinct body Sound.Georgia Strait system . Hence , w hat happens in
of water. Stability decreases wit h distance from the Georgia Strait has a very significant effect upon the
fresh water sources , since the fresh water forming this waters of Puget Sound but the reverse is not true.
layer must flow to sea. As it flows, slight vertical This large quantity of fresh water produces a surface
mixing gradually en tra ins unde rly ing salt water , flow that is southward into the Strait of Juan de
reducing density strat ification and increasing salini- Fuca. In order to rep lenish the loss of salt being
ties. The effect of winds upon this area is to move the transported seaward , a net flow of deep Juan de Fuca
surface water from one part of the system to another water must flow landward from the Strait of Juan de
with a deep compensating counterfiow being estab- Fuca and through the San Juan Channels. Intensive
lished. This counterflow is often cooler and more tidal action , aided by winds , mixes the brackish
saline than the original water and may appear at surface water with the deep saline water in these
unexpected locations within the region. channels. Homogeneity extends across most of the

The Strait of Georgia is one of the largest marine waters , although some stratification occurs
marine waterways on the west coast of North from local coastal drainage . The circulation pattern in
America. It is about 140 miles long, with an average Georgia Strait is generally counter-clockwise as a
width of 20 miles. Only the lower portion is in the result of tides, runoff, and winds. The volume of
Puget Sound and Adjacent Waters Study Area. The Fraser River water dispersed in Georgia Strait aver-
volume of Georgia Strait is six times that of the Puget ages the equivalent of I .3 years of average Fraser
Sound system. It may be classified as a fjord with an River discharge . This amount increases to about 1.6
excess of precipitation over evaporation. The major years of average Fraser River discharge in the
source of fresh water is the Fraser River which summer.
discharges near Vancouver , B.C . This river, plus other

WATER USES

The streams, lakes, and marine waterways of Water used for these purposes in the Area for 1965 is
the Puget Sound Area are used for municipal and shown in Table 1-3 . The distribution of this use by
industrial water supply, fish and wildlife, outdoor basin shows that it is concentrated in the central part
recreation , irrigation, navigation, power generation, of the Area , namely in the Cedar-Green . Snohomish.
and log storage and rafting. Each of the beneficial and Puyallup Basins where two-thirds of the total use
uses of water has a quality requirements. The occurs.
following examination of these uses, both present and Although both surface and ground water are
projected , and their quality requirements, forms the used to meet needs, the surface sources furnish more
basis for planning a sound water quality management than 85 percent of the total. Major sources include
program to serve the present and future needs of the the Skagit . Nooksack , b I t , Cedar , and Green Rivers.
residents in the Area. The data presented in the Although surface water supplies the major municipal
discussion of water uses were obtained from other and industrial users in the Area. ground water is
appendices. readily available and an important source in some

basins.
Water used primar ily for municipal purposes

MUNICIPAL AND INDUS TRIAL accounts for about one-third of the total water use in
WATER SUPPLY the Area . The overall average per capita water use in

municipalities for the entire Area is about 120 gpd.
Present municipal and industrial water use Municipal water use is concentrated in the Cedar-

within the Puget Sound Area averages about 650 Green Basins. About one million metropolitan dwell-
million gallons per day. More than two million ers are us ing over 100 million gallons daily. The city
persons and numerous industries are being served, of Seattle ranks as the largest municipal water user.

~ — - --‘- - 



TABLE 1-3. Summary of municipal and industrial water use, Puget Sound Area (1965)

Ec u -  Surf ace water Esti - Ground water Es t i  T ot a l
mated usage (mgrl t ,i~ati’d usage (c . ..gd mate d saqi. (mqdl
POPU- .—__—— .— --  — —

~~~ —~ popli - — ._
~~~ l)OpU - ___________

lation Average Maximum lation Average Maximum lation Average Maximum
Basin ,in,l use served daily monthly served da i ly  m o n t h l y  served daily monthl y

NOOKSACI< -SUMAS
Municipal 42 .600 9.0 13.0 16.800 1.9 2.6 59.400 10.9 16 0
Rural individual 1,500 0_ i  0.2 16,500 0.9 1.8 18,300 1.0 2 0
Induspial ... 60.0 65.0 -- 0.6 1.2 ~

.. 606 660
Total 44 400 69.0 78.0 33,300 3.4 5.6 77 .700 724 840

SKAGIT SAMISH
Municipal 34.400 3.5 4 .2 5.800 0.8 1.1 40,200 4 .3 5 0
Burjl Individual 1,550 0.1 0.2 13.750 0.8 1.6 15.300 0.9 2 0
industrijl ... 23.0 270 -~- --  - -  - 23.0 270

Total 35.950 27.0 31 .0 19,545 1 .6 2 7 55,500 290 340

Sill I AG U AM ISH
Municipal 665 0.1 0.1 6,135 0.9 1.5 6,800 10 20
Rural - Individual 1.200 0.1 0.1 10,900 0.6 0.9 12 .100 07 1 0
Industrial .“ -. 0.6 4,0 - -  06  4 .0
Total 1,865 0.2 0.2 17 .035 2.1 6.4 18 ,900 2.2 70

SNOHOMISH
Municipal 147,930 23.0 28.0 6.530 0.6 1.2 154 ,760 24 .0 290
Rural Individual 3,540 0.2 0.3 32.400 1.8 2.5 35.940 2.0 3.0
Industrial 138.0 144 .0 -~ 0.4 07  138.0 145 0

Total 151.470 161.0 172.0 39,230 2.8 4.4 190,700 164 .0 177 .0
CEDAR-GREEN
Municipal 899,420 940 133.0 125,800 14 .0 21.0 1,025.220 108 .0 154 0
Hur,il Individual 1,500 01 0.1 13.500 0.8 1.0 15,000 1 .0 1.0
Industrial - - -  54.0 61.0 - .- 2.3 2.7 560 64 .0

Total 900,920 148.0 194 .0 139,300 17 .0 25.0 1.040.220 165.0 219.0
PU V AL LU P
Municipal 151 ,200 22.0 290 193,255 22.0 98.0 344,455 44 .0 1210
Rural lnriivirliial 75 _.. 670 0.1 0.1 745 0 i 0 1
lndir’,t rral - ‘~ 41.0 49.0 - - 15 .0 16.0 - 56.0 65.0

Tolal 151 ,275 63.0 78.0 193.925 37 .0 115.0 345,200 100 0 193.0
NISQUAILY DESCHUTES
Municipal 11 ,680 0.6 1.3 35,209 4 .8 8.7 46.389 5.0 10.0
Rural Inilividual 2,300 0.1 0 2  20,600 1 .1 1.6 22.900 1 2 1 8
Industrial - -  0.2 0.2 2 .0 2.4 - - 2.2 2.7

Total 13,980 1.0 2.0 55,809 8.0 13.0 69,300 9.0 14.0
WEST SOUND
Municipal 44 ,555 7 .3 11 .6 64.695 7.1 14 .6 109.250 140 26.0
Rural’lndsvii’iual 1,250 0.1 0.1 11 ,400 0 .9 1 3 12 ,650 1.0 1.4
Industrial - - 30.6 42.5 - 3 .2 3.8 - - 34 .0 460

Total 45,850 38.0 540 76,095 11 .0 19 121 ,900 48.0 73
ELW HA-D UNGENESS
Municipal 17,672 4 .6 8.2 323 . .. 18,000 4 .6 82
Ru ral-Individual 1,200 0.1 0.1 *0 ,800 0.5 0,7 12,000 0.6 0.8
Industrial - ‘ -  59.2 64.9 -- . - -  - “ . 59.0 65.0

TntaI 18,812 64 .0 73.0 11,123 1.0 1.0 30.000 650 74 .0
SAN JUAN
Municui,al 1,642 0.4 0.9 746 0.2 0.3 2,388 0.6 1 .2
Rural - Individual - - -  - . - - -  212 - - -  212
lnduttrijl - - -  - - -  ... -“  --- - - -  - - - . - -  - -

Tolal 1,642 0.4 0.9 958 0.2 0.3 2,600 0.6 1.2
I WH IOBEY CA~.1ANO

~.1,i,,ii ii,aI 4,800 1.0 1 4 11 .385 1 .1 2 .2 16,185 2 1 3.6
Aural  Individual --- -.. --- 4,015 0.2 0.4 4 .015 0.2 0.4
lnrlusl, al - -  1.5 1.8 ‘~ ‘ “ “ 1.5 1.8

* 
T Olel 4.800 2 .5 3.2 15 ,400 1.3 2.6 20.200 3.8 5.8

TO TAI S a ’ — —

Municipal 1 ,356,550 165 231 467 .000 53 151 1 .823.550 219 382
Rural Individual 14,450 1 1 134,700 8 12 149.150 9 13
Industrial - -  408 455 - 24 31 - 432 486— T otal 

— 
1.37 1,000 575 687 601,700 85 194 1 .912,700 660 881

a Figures are roundest
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Industries are using about 420 million gallons
per day, or two-thirds of the total tnunicipal and
industrial water demand in the Area. U IIII I I IUI II U III I I I I U I U I U IIII I I I I I

Itlost of the industrial water use in tile Area IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIfflIIIIIIIIIII
centers in t he Snohomish Basin whe re one’third of I
t he total use occurs. Major water using industry IIIIIII IIIUIUILI IIIIelsewhere is heaiily concentrated a long the shores of -
Commencement Bay. Bellingham Bay. and near
Anacortes and Port Angeles.

In light of projected growth . the Area may. by UllI lIl I llIll2020. require 1 ,5 11 million gallons of water per day ‘-‘

for municipal purposes, as shown in Figure 1-6. This
is seven times present requirements. This projection is
based on an average per capita municipal water 1111111demand of 190 gallons per day by 1980 and 230 

~~~~

‘ umim ‘~~~~~~~~~~ ‘- 11111
gallons per day by 20.20. I 4 - _ n ir-~ i tIllhllIllI

The growth of industry has been rapid in recent I . , : ’ - I , r a l .  
—

years. This growth is expected to continue to account - _________

for a major portion of all water use . The primary ~ ~~ 
- - ~ 1500 ‘.~r :05 1

water using industries are expected to be the pulp and
paper mills, food processing plants . aluminum reduc- FIGURE 1-6. Prolected water requirements for the
tion. and chemical plants all requiring varying Puget Sound Area.
degrees of clean water.

In the Puget Sound Area, industrial water
bacterial and viral contamination of the waterwit hdrawal constitutes the greatest single water diver-
supplies, necessitating more extensive and expensivesion. It represents the water industries’ use for a treatment.power source, a coolant , a transporting device, an

ingredient , a processing agent , and an air conditioner. Appendix VI, Municipal and Industrial Water
Industries such as pulp and paper manufacturing use Supply of the Task Force adds considerable infor-

mation on tile public health aspects of alternativewater in large amounts.
Because of protected waters heds, most watershed management operation.

municipally-supplied water in the Area receives mini-
mal treatment. A substantial portion of the tota l
population served by municipal surface water supplies
receive s w ater treated only by chlorination.

Eight major watersheds , comprising about 500
square miles are used as the source of municipal and 

~jindustrial water supplies (Figure 1.7). The cities
manage these watersheds for the purpose of pro-
tecting water quality. Access control is exercised by
Seattle on the Cedar and b It , by Tacoma on the V ‘~~~‘

Green , and by Bremerton on the Gorst , t hrough 
~~~~~~~~~~~~ 

~~~
‘W

ownership of all or portions of these watersheds.
Forests are carefully managed to preserve the

water quality. Through this careful control and
managemen t , the water is of sufficiently high quality
to require only disinfection prior to distribution to
consumers. PHOTO 1-7. Many of the lakes are small and located

It is held by the municipal suppliers that in mountainous terrain,
opening the watersheds to recreation use would allow

t
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FISHERIES
candlefish, hake , herring. pilchard , smelt , turbot ,and

Puget Sound is the only inland sea on til e green ling. All of these fish are commercially har-
Pacific Coast. Its waters are extremely rich in marine veste d, eit her for their value as food fish or for their
life and its environment widely varied. These factors incorporation into such products as ferti lizer , vita-
combine to produce a wide variety of marine lish and mins , mink food , fish food , and pet foods. The 1965
shel lfish species. The varied environment is a limiting annual commercial harvest of these fish was about 48

factor on distribution of many species and is, in part , 
million pounds. Severa l of these species are also taken

responsib le for their diversity. The ecology of Puget by t he sports fishermen.

Sound has been studied in only a few areas , and tota l Puget Sound also provides an appropriate
population estimates of marine fish and shellfish are environment for all those animals dnd organisms of
lacking. t he food chain below those fish already listed. Such

The important shellfish inhabiting the Sound life includes the smaller fishes. ioop lankton , phyto-
are oysters , crabs , hard-shelled clams , octopus , squid, plankton , and numerous types of invertebrates.
shrimp, and scallops. Oysters are commercially culti- The potential for production of marine fish and
vated in many areas of t he Sound, including Samish shellfish has not been fully evaluated. Ultimate
Bay in the Bellingham study area and Padilla and realization of the potential , however , is dependent
Fidalgo Bays in the Anacortes area , as we ll as many upon correction of a number of man-made pollution
places in the south and west Sour.d. problems. Oyster production potential has been

Many of the fish and shellfish that reside or estimated at six billion pounds per year—equal to the
migrate t hrough Puget Sound waters are of significant present total U.S. oyster production of all species.
value to commercial and rports fishermen. The Resident fresh water species found in the lakes
1961-1965 average annual commercial harvest of all and streams include trout , char , spiny ray, kokanee ,
fish and shellfish in the Sound amounted to over 98 plus numerous other fish. The anadromous trout and
million pounds, and the average annual wholesale char species and significant populations of other fresh
value of the Puget Sound commercial harvest of fish water game fish play a leading role in the Area ’s
and shellfish for 1961-1965 amounted to over recreation , being sought after by many local sports-
$13 ,800,000. An estimated 300,000 sportsmen fish men, other State residents , and non-residents.
Puget Sound waters and its tributaries for chinook The most intensive steelhead fisheries in the
and coho salmon , stee lhead trout ,and other saltwater Area are located in Green, Skykomish, Puyallup, and
fishes. Crabs and clams are also taken by sport and Skagit Rivers. The Green and Puyallup are in the
commercia l fishermen. It is estimated that on Puget most heavily populated areas and are readily acces-
Sound $50 to $60 million per year is spent for bait , sible by road. The range and average of natural
tackle , boats , and ot her fishing expenses. salmon production in the Puget Sound Area for the

Annual harvest ranges from three to four period 1956 to 1965 is presented in Table 1-4 .
million pounds. The other shellfish, particularly crabs An estimate d 2,820 miles of stream are utilized
and c lams, are harvested by both commercial and for salmon spawning and rearing throughout the
sport fishermen. Total commercial shellfish harvest Puget Sound Area. Most accessible streams are util-
for 1961.1965 averaged 6,500,000 pounds annually. ized by steelhead and searun cutthroat trout.

The anadromous fishery of the Sound includes Salmon escapements to spawning grounds in
t he chinook, cuho, sockeye, pink, and chum species Puget Sound rivers for the period 1956 to 1965 have
of salmon and the steelhead , searun cutt hroat , and averaged 106,040 chinook , 423 ,870 coho . 1 ,346 ,400
searun Dolly Varden species of trout. All of these fish pink ,1 381,850 chum and 98,640 sockeye.2 In
spend their adult life in the saltwaters of Puget Sound addition to natural production , the Washington
and the Pacific Ocean before migrating to tributary Department of Fisheries operates eleven hatcheries
streams to spawn. The juveniles of these fish spend propagating this type of fish. As many as 115 ,500
varying amounts of time in the waters of the Sound adult salmon were handled annually at these facilities
before moving to sea. Salmon are a valuable com- during this time period.
mercia l as well as an important sport fish. In 1965 , The sport fishery for steelhead trout is con•
commercia l fishermen took nearly 4,000,000 salmon, sidered to be the most important fresh water sport
while sportsmen caught about 940,000.

The saltwater fishery of the Sound includes i Ocid years only.rockfish, sole, founder , Iingcod, blackcod , Pacific 2 For period 1964-1967.cod , sharks , rays, skates , rat fish , perch, anchovy,
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TABLE 1-4. Range and average of natura l salmon production in Puget Sound Area (harvest and escapement)
for the p.riod 1956•1965

Chinook Coho Pink ’ Chum Sockeye2
Basin Range Average Range Average Range Average Range Average Range Average

Nooksack- 2,940- 8,820 9,250- 37,050 37,500- 219,390 28,530- 109,720
Sumas 16,730 74 ,100 450.000 290.760

Skegit-Samish 72.520- 134,330 36,950- 246,450 450,000. 1.455,000 37,000- 231,870 1.670- 8.640
284,830 852,700 3,570,000 475,340 30$30

Stillaguamish 1,120- 34,580 33,900- 106,000 375,000- 806.750 11,080- 16,970
76.160 312.700 1,920,000 25,860

Whidbey-
Camano

Snohomish 9,960- 53,760 56,500- 182,200 150,000- 446,250 18,060- 42,290
126,840 404,500 825,000 65,980

Cedar-Green 7,350- 24 430 56,900- 162,400 7,440- 33,360 48,000- 90,000
54.670 296.900 86,410 190,000

Puyallup 1,050- 14,210 4,150- 37,850 30,000- 44,250 9,900- 44,390
25.550 143,850 75,000 114 ,980

Nisqually- 7,600- 26,950 5,200- 24,450 10,950- 13,530 8.070- 21,460
Deschutes 69,200 60.750 18,000 37,770

West Sound 5,460- 26,320 191,500- 372,300 99,15.0- 561,030 110,920- 258.670
67,060 872,700 1.539,000 475.990

E lwha- 700- 7,980 4,950- 12,700 150,000- 493,500 3,790- 5,120
Dungeness 23,940 33,900 1,320,000 7,110

San Juan

.Puget Sound
Region3 330,788 1,181,400 4,039,200 763,850 98,640

Odd years only, 1959-1965.

2 Because of recent increase in run size, figures taken for period 1964-1967.

~ Only averages are additive since highs or lows do not necessarily occur in all basins in the same year.

fishery. In 1966, 190,700 steelhead punchcards were reservoirs within the Puget Sound Area , which resul-
issued and over 158,700 fish were taken. The ted in a catch of 8,484,000 trout and 2,547 ,000
steelhead catch has increased more than fourteen other game fish species. About 953 ,000 man-days
times from 1948 to 1966. A conservative estimate were spent fishing in streams of the Area which
suggests t hat the steelhead fishery of Puget Sound resulted in a catch of about 3 ,110 ,000 trout. The
generates an expenditure of four m ill ion dollars per most significant production of game fish conies from
year. Based on 1966 survey data , almost 2,557 ,000 the Cedar.Green, Nisqually-Deschutes, Puyallup, Sno-
man.days were spent fishing in lakes , ponds, and homish, Skagit and West Sound Basins.

1-22



OUTDOO R RECREATION WEST SOUND BASINS
16%

Outstanding physical features of the Puget ,/
Sound Area — great mountain ranges and forests,
wilderness areas , streams, lakes, and marine water-
ways~ make it an important recreation area . The CEDAR AND GREEN SNOHOMISH BASINoutdoor recreation activities which Puget Sounders BASINS 4%

19% -enjoy take many diverse forms including hiking and
swimming, fishing, hunting, playing outdoor games, PUYALLUP BASIN

10%
bicycling, sightseeing, picnicking, and camping.

The total use of recreation resources in the . ALL OTHER BASINS 4 1%
Area was estimated to be 58 million recreation days
in 1960. Almost 45 percent of this total participation
was for water-related activities. By the year 2020,
public participation in the major forms of outdoor
recreation activitie s will be six times greater than it
was in 1960. In water-related activities ak,ri~, a
seven-fold increase is expected.

The total demand for water-related activities in
FIGUR E 1-8. Concentration of recreational waterthe Area was 25 million recreation days in 1960. As
use, Puget Sound Area.shown in Figure 1-8 , more than half of this recrea-

tiona l water use is concentrated in four basins—-
Snohomish, Cedar-Green, West Sound, and Puyallup.

Swimming has emerged as the most popular
water—re lated activity. It appears destined to rettiain
number one through 2020. As the rivers and marine 

~ I Pi ll 1 1 1 1
waters are generally too cool for this recreational
activity, most swimming occurs at lakes and pools. ~Scuba diving has enjoyed a large increase in popu- 

~larity in the last decade.
Camping and picnicking together account for 

J 
IIIHUHWIIIIUINIIII

one-third of the activity occasions in water-related 
~ 
III BOATING

sports. They are the most common by-products of
the other recreational pursuits and park visits. Camp- ~ I li ii Iing is ex pected to be one of the fastest-growing
outdoor recreational activities through 2020, 

________________

Numerous varieties of fresh and saltwater game
fish make sport fishing an important recreational
activity - Anglers consider the steelbead trout king of
the fresh water game fish. I II It I 1~~~ 11?1

——‘

POWER GENERATION ~ ~ WATER SKUNG
2O2O~~~~~~.eo~~I.I.The rivets in the Puget Sound Area have been a 

~ ~SAILING 
RECREATION DAYSsource of power since the earliest days of settlement,

Today, 1.26 million kilowatts are installed here. FIGURE 1-9. Relative growth oi outdoor recreation
There are 22 developed waterpower sites located in related activities in the Puget Sound Area.
eight of the basins. The Stillaguamiah, San Juan. and
Whidbey.Camano Basins have no existing waterpower
plants.
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The Skagit Basin contains the greatest number most likely, however , that future thermal plants will
of power plants (8) and the largest installed capacity be sited a long the Sound. There are many physically
(825,0(X) kw). Half of these plants are located on the suitable sites which could be utilized to meet future
upper Skagit Riwr and are called Newhalem. Gorge, growth.
Diablo. and Ross. The Ross project is the largest An indication of the number of I ,000 MWe
waterpower development in the Puget Sound Area. nuclear-filled, steam-e lectric plants which might be
The reservoir behind the 540’foot high dam extends constructed has been derived by the Power Technical
24 niiles(l.5 miles into Canada). Committee . According to their projections, no plants

Opportunities for new conventional hydro- would be installed by 1980,12 by 2000, and 40 more
power installations are few. The Corps of Engineers by 2020.
have proposed a project on the North Fork of the
Snoquatmie. and Seattle City Light is studying an
additional site on the upper Skagit. The Sauk Damsite NAVIGATION
in t he Skagit Basin would include power generation as
a function if it were developed. These and a few other The natural deep water channels of Puget
lesser developments about exhaust the potential of Sound provide the waterways for ships. This, plus the
conventional hydroelectric projects in the Area . strategic location of the Sound with respect to Alaska

There are five thermal’electric and two diesel- and ~he Orient , has made navigation of major
electric plants in the Puget Sound Area having a total importance here. Waterborne commerce in forest
installed capacity of about 202,000 kw. The five products , fish products, oil, aluminum, chemicals.
steam-electric plants , with a total installation of and aerospace industries has been showing a steady
200,000 kw . are located on Lake Union, Lake increase . Foreign and domestic coastwise traffic
Washington, the Duwamish River , and directly on the showed a 50 percent increase to 16 million tons from
Puget Sound or channels. At these locations, large 1952 to 1963 . Annual local and internal traffic
quantities of water are available for condenser cool- increased 20 percent to 24.7 million tons during the
ing, and boiler makeup. It is expected that shortly same period.
after 1990 it will become economically feasible to Major ports are located in Seattle , Tacoma.
construct pumped storage hydroelectric projects in Everett , Bellingham, and Anacortes harbors. Brerner-
the area. ton’s port facilities are used almost exclusively by

Nuclear power will be the major source of military vessels. ln the past few years , the port
electricity for the future. Plant sites near the major authorities have been substantially improving and
power loads are preferred. In addition, vast quantities expanding their facilities.
of water are required for cooling purposes in these More and more deep draft transports are being
plants. Both factors point to Puget Sound as the constructed to move raw materials to suitable pro.
preferred location for many of these plants if means cessinc sites and manufactured materials to major
to make them compatible with the existing high world markets. Puget Sound is one of the few natural
quality environment are devised, areas in the United States which has the depth and

A nuclear power plant preferred siting area port potentt~I suitat~Ie to handle these super-ships.
study which was recently prepared by Battelle North- It is expecr~d that traffic in waterborne commerce
west for the Bonneville Power Administration, de- will show increasing growth in the near future .
scribed five example sites within the area in order to
identify t he different physical characteristics and IRRIGATiON
associated costs that should be anticipated. Three
example sites that were studied would have no About 91 ,700 acres are presently irrigated in
cooling towers , discharging the heated effluent the Puget Sound Area. The Nooksack-Sumas Basins
directly to the Sound, They included one near contain the most irrigated lands-more than 38,000
Sellingham, one on Whidbey Isiand, and the last on acres. The Dungeness Basin is second with 15 ,900
the Strait of Juan de Fuca. Two example sites were acres and the Snohomish Basin is third with 12$00.
located on fresh waters - one on the lower Skagit Irrigated areas between I ,200 and 6,200 acres are
River and one on Alder Reservoir on the Nisqually found in the remaining basins. These lands tend t~
River. These latter two included cooling towers. It is in small, isolated areas, interspersed with larger areas
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of unirrigated agricultural lands and almost entirely Each stream is classified as to its intended use -
developed by private rather than project means. including agricultural, municipal, industrial, recrea-

Irrigation is generally supplemental to natural tional, fish and wildlife and the water quality
precipitation and is applied mostly by sprinklers standards to support each use—including not only
during extended dry periods in the summer. If the the criteria or levels of quality necessary, but plans
summer is wetter than average, many farmers do not to implement and achieve these levels of quality. The
irrigate at all that season. The only exception is the standards apply only to interstate and coastal waters
Sequim area in the Elwha-Dungeness Basins where at the present time.
rainfall is so sparse that the area is classified semi-arid. Dissolved Oxygen—is a valuable indicator of
An irrigation develo pment there diverts from the overall water quality. Low dissolved oxygen concen-
Dungeness River and distributes the water through a trations may indicate the presence of excessive
canal system for surface irrigetkxl throughout the quantities of wastes having a high biochemical of
entire growing season, chemical oxygen demand or may indicate the occur-

The amount of water used for irrigating the rence of natural processes such as the upwelling of
91,700 acres is estimated to be only about 180,000 deep sea waters during the fall. Dissolved oxygen
acre- feet annually, less than 0.5 percent of the runoff levels outside the range of 75 to 100 percent of
in the Area . Irrig ation expansion in the future is saturation denote a more undesirable raw water
projecte d to be relatively modest. The location and quality.
extent of suitable land is the primary limiting factor . Dissolved oxygen standards for fresh waters
Projected acreages are 138 ,000 acres by 1980 increas- range from 5.0 mg/ I or 50% saturation, whichever is
ing to 223,000 acres by 2020. greater , for Class C waters , to 9.5 mg/ I for Class AA

waters. For marine waters , DO standards range from
WATER QUALITY 4.0 mg/ I or 50% saturation , w hichever is greater , to

OBJECTIVES 7.0 mg/ I for Class AA waters. Under the standards,
no sewage or industrial waste shall be discharged into

The water quality objectives discussed in this any waters of the Area that will cause the reduction
section represent the levels of water quality required of the dissolved oxyg en concentration to less than 5.0
to fully support water uses. In managing the Area’s mg/ I for fresh waters or 4.0 mg/I for marine waters.
water , the primary purpose is to protect or enhance At dissolved oxygen values below 5.0 mg/ I, eco-
t he quality and value of the water resources and to logical changes occur which start to limit the passage
establish regional programs for the prevention, con- of fish, production of fish food, and other useful
tro l, and abatement of water pollution to allow aquatic life .
maximum use of the resource for all beneficial Dissolved oxygen needs in the Area have been
purposes. The main issue, in the future , is water geared to salmonid fishes due to their physiological
quality --contro lling pollution so that water can be intolerance, migratory uniqueness, and economic
used again and again to meet increasing demands. importance . The production of salmonid species of

Under the Water Quality Act of 1965 , quality fish is a major use of the rivers, streams and estuaries
standards for interstate and coastal waters and a in the Puget Sound Area , and oxygen objectives have
plan1 for implementation and enforcement of such been assigned accordingly. As a result, dissolved
standards were established by the State of Washing- oxygen guidelines are set at nearly 100 percent
ton and approved by the Secretary of Interior. The saturation in locations vital to the spawning, hatch-
primary objective of establishing water quality stand- ing, and early rearing of salmonid fishes.
ards is to protect the water quality for the uses of any Total Coliform Orgenisms—common to the
given watercourse . These levels of protection or intestinal tract of warm-blooded animals, are com-
criteria are summarized in Table 1.5 monly used to measure bacterial contamination and

to indicate the probable presence of disease causing
organisms. Natural waters, uncontaminated by human
activity, will normally have an average Most Probable

ImpI.m.nt atio n and Enforc.msnt Plan for Interstate and Number (MPN) of coliform organisms per 100 milli-
Coenal Water,, Stat, of Wsshtngton. December 1967. liter (ml) of less than 50, The criterion of 240

J 
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coliforms with less than 20 percent of the samples ant taste , and is generally unappealing as a source of
exceeding 1,000 when associated with a fecal source domestic water supply.
is considered to be the upper limit for waters to be The temperature of water also affects its
safely used as source of domestic water supply dissolved oxygen concentration. At 50°F (9.9°C),
receiving filtration and chlorination. Coliform con- distilled water at sea level has a DO saturation value
centrations in water used for contact recreation of 11.2 mg/I. whereas at 65°F (18.2°C), it has a DO
should not exceed 1,000 MPN. saturation va lue of 9.5 mg/ I.

The standard test for the m easurement of total Water temperatures are critical to salmonoid
coliform is the multiple tube dilution technique to fish, especially as they apply to the spawning of adult
determine the “Most Probable Number” (MPN) of fish, deve lopment of embryos and young, and disease
coliform bacteria per 100 milliliters. During recent control. Migration of anadromous fish requires an
years the trend has developed towards the use of optimum temperature range of 45°F to 68°F (7 .2° to
membrane filters to measure total coliform. Both the 19.8°C). Rearing of both trout and salmon occurs in
tube dilution and membrane filter methods are used a somewhat narrower ideal temperature range- 50°F
with differential media and proper temperatures to to 65°F (9.9° to 18.2°C) and spawning requirements
measure “fecal coliform” in water samples. The fecal are very narrow , wit h temperatures beyond the range
coliform groups appear to have more sanitary signifI- of 45°F to 55 °F (7.2° to 12.6°C) destroying fish
cance in the environment than do the total coliforms , production ii sustained beyond a very limited period
and are being considered as the indicator organisms to of time.
replace the present MPN standard, Temperature , as a water quality parameter for

Temperature—not exceeding 50°F (9.9°C) is shellfish, cannot be prescribed within definite Iimits~
usua lly satisfactory, with 65°F (18.2°C) representing it must be related to time and species. In general, the
the upper temperature limit for acceptable Puget water temperature for shellfish propagation must vary
Sound Area water supplies. Water with temperatures from 65°F to 68°F (17.6° to 19.8°C). For edible
greater than 65°F is likely to support excessive body condition, the temperature should be in the
bilogical and bacterial growth. It has a flat, unpleas- range of 45°F to 50°F (7.2° to 9.9°C).

TABLE 1-5. Water quality classification and criteria Puget Sound Area

Water Quality Class AA Class A Clan B Class C
Standards Extraordinary Excellsnt Good Fair

Fresh Marine Fresh Marine Fresh Marine Fresh Marine

Collform 50 70 240 70 1.000 1.000 1.000 1.000
MPN MPN MPN MPN MPN MPN MPN MPN

Dissoivid Oxygen 9.5 7.0 8.0 6.0 6.5 5.0 5.0 4.0
mg/i mg/I mg/I mg/I mg/i mg/I mg/I mg/I

Temperature1 60°F 55°F 65°F 61°F 70°F 68°F 75°F 72°F

pH 6.5-8.5 7.8.8.5 6.5-8.5 7.8-8.5 6.5-8.5 7.8-8.5 6.0-9.0 7.0-9.0

Turbidity 5 5 5 5 10 10 10 10
JTIJ JTU JTU JTU JTU JTU JTu JTU

To~iclty2 Shall be below those of public health elgiuific.nc., or which may cause acute or chronic
toxic conditIons to the aquatic biota. or which may adversely .ffect ny ~~ter use

Assth.tlc Values Shall not be Impaired by the presence of mater ials or their effects, excluding those of
natural origin, which offend the senses of eight , small , touch, or taste .

co~ all dense, the psrmlssible increase In tempersturs over natural conditions Is less than 1.8°F.
2 Emiact definitions of ox Icity can be found In the Water Quality Standards.
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Turbidity—in water is due to suspensions of The more important compounds contributing to
clay, silt , finely divided organic matter , and similar nutrient enr ichment are those of nitrates and phos-
substances. Large quantities of turbidity-causing phates.
materials impose heavy loadings on water treatment Nitrate is usually present in relatively small
facilIties and can impart dissolved impurities to the quantities in unpolluted surface waters. However, the
water with resultant deterioration of quality. nitrate content may be increased in streams by waste

Public health considerations also apply to tur- from industrial, domestic , and agricultural sources.
bidity. Water must be clear enough to be effectively Nitrate is considered the final oxidatton product of
disinfected when it is used for domestic water supply. nitrogenous material. Thus, the oxidation of this
This is generally considered to be a level below 5 material may eventually increase the nitrate concen-
Jackson Turbidity Units (J1’U). Turbidities exceeding tration in the stream. Quantities of nitrate present in
25 JTU are not desirable for recreation uses because surface waters usually amount to less than 5 mg/i.
of aesthetic reasons. The phosphate content of natural surface

The most critical period in the life cycle of fish, waters is normally quite low, often less than 0.1
as it concerns turbidity, is during the incubation mg/ i. However, the occurrence of phosphate is quite
period of the eggs which occupy the interstitial spaces important , and the phosphorous concentration in the
within the gravel. Otherwise suitable spawning gravel water may often have a direct bearing on the aquatic
will not produce fish when silted over . Eggs become life and excessive algal growths. Unfortunately, the
smothered and production is impossible. phosphorous values given in this study do not usually

The quality objective has been expres sed tint give a true picture of phosphorous regime in the
concentrations of toxic materials should be below Area’s water. The values giveim as soluble phosphorus
those which adversely affect publ ic health , or which are the amounts in solution at time of analysis and
may cause acute or chronic toxic conditions to the are not those in the stream at time of sampling. Based
aquatic biota , or which may adversely affect char- on a limited amount of work which has been done,
acteristic water uses. Therefore, it is general practice soluble phosphorus will be reduced to less than 0.05
to prohibit discharge of these wastes to public waters. mgfl , regardless of the source of phosphorus , as soon

Toxic materials cover a wide range, from naturally as warming waters and increased sunlight cause algal
occurring heavy metals to radioactive materials and blooms. All indications are that phosphorus is the

complex insecticidal and herbicidal compounds. Such principal limiting nutrient in our rivers and streams.

materials are generally objectionable as it is not Naturally occurring phosphorus is the major contribu-

always possible to depend on water treatment to tion to the streams of the Puget Sound Area.

lower the concentrations to acceptable leveis In order to limit nuisance growths, the disposal
of all organic wastes such as sewage, food processing,

Aesthetic Values—are impaired when the pre. cannery, and industrial wastes containing nutrients,
sence of materials ce their effects offend the senses of vitamins, trace elements, and growth stimulants must
Wht, smell, touch, or taste. Anything that is offen. be carefully contro lled. The naturall y occurring ratiosskye to these senses is not acceptable in a water and amounts of nitrogen to total phosphorus should
supply. People shy away from any area which has not be radically changed by the addition of waste
floating solids, scum, excessive aquatic growths, or materials. Where streams enter lakes or reservoirs,
other evidences of pollution. For most uses of water, total phosphorous concentrations exceeding 0.1 mg/I
it is necessary to exclude these unsightly, objection- in flowing streams or 0.05 mg/I where streams enter
able, and potentially harmful materials, lakes or reservoirs may create conditions leading to

Nue’i.nts—are required to support a well- algal growths.
balanced biota . However, when water bodies are Hy*ogsn ton ~~ncsnDatIons can affect water
exceseively enriched, aquatic plants and other uses. The pH measures the log of the hydrogen ion
growths may become dense and interfere with other concentration. A good source of drinking water
water or of the aquatic habitat. These growths should have a pH between 6.5 and 83. Water with
Interfere with fishing by fouling lines, clogging nets, low pH may be corrosive and Is often associated with
and genarally creating unsightly conditions in the disagreeable tast es and odors. High pH waters are
infested area . Their decomposition imposes a high generally hard, deposit-formmg, and stimulate growth
Biochemical Oxygen Demand (ROD) load on the of algae and water weeds which interfere with water
stream and can severely deplete the dissolved oxygen. intake mechanisms and affect taste.
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In general, no public health problems may be quality to be provided. Their primary purpose is to
expected from water contact with pH values in the protect high quality waters in the Area and upgrade
range of 6.5 to 8.5. polluted ones. They also provide additonal tools for

Salmon do not thrive under pH conditions making objective and clear public policy statements
much beyond the range of 6.5 to 8.5 , though some on the orderly development and improvement of the
resident species can flourish outside of that range . Area’s water resources.
Proper pH in waters for shellfish production appears The concept incorporated in the standards and
to be more critical than previously thought by implementation plan is that minimizing the genera-
growers and researchers. Recent studies on oyster tion of waste at the source is more desirable than
larvae demonstrate that larvae do not “lay down” treatment of the watercourse to allow for additional
calcareous shell material in waters with a pH below use of the resource. In exploring this concept, a -
7.5. Therefore , a pH of 7.8 was set as the lower level three-step policy is unfolding to (I) minimize with-
of acceptance. Marine waters of the Puget Sound are drawals of water from the watercourses; (2) maxi.
commonly within the range of pH 8.3 to 8.4. mize use of withdrawn water ; and (3) minimize

Wherever existin g receiving waters of a classi- discharge of polluting effluents back into the water .
fled area are of higher quality than the criteria ways.
assigned for that area , the existing higher water All levels of government, as well as industry and
quality should be maintained, the private sector , face a special challenge and

These water quality objectives, as out lined in responsibility to implement and enforce the standards
the standards and implementation plan, are necessary which have been set. There will be a continued need,
in order to effectively control water pollution and over the years, to examine, revise, and improve these
quality. They describe the quality of water needed standards in light of new knowledge and activities
for each use . They relate quantitatively the relation- which affect land and water use and waste output in
ships of substances in water to their effect on uses of the Puget Sound Area.
the water , and they quantitatively measure the

PRESENT STATUS

WAT ER QUALITY development , and to detect changes in quality in time
to initiate control and preventive programs before

Frsdi Water pollution problems become acute.
Samples are now collected on a monthly,

Systematic measurement of fresh water quality bimonthly, or quarterly basis and are analyzed for
characteristics began on Puget Sound tributary most chemical constituents by the U.S. Geological
streams in June, 1959. At this time a Water Quality Survey soon after being collected. The Water Pollu-
Basic Data Program was put into operation as a joint tion Control Commission analyzes for physical con-
effort of the Washington Water Pollution Control stituents and bacterial concentrations.
Commission, the State Department of Water Re- Sediment data have also been periodically
sources, and the US. Geological Survey. Station gathered in the past , but are not part of this program
locations are given in Table 1.6 and shown in Figure and are not systematically collected.
1-10. At the present time (1968), approximately 49 Most rivers in the Sound emerge from heavily
water quality monitoring stations are operating in forested watersheds which through the years have
the Puget Sound Area. been depleted of much of the soluble material in the

All of the data collected is designed to establish soil mantle . The resulting river runoff is a calcium-
and maintain a continuing inventory of the basic bicarbonate type of water , low in hardness, dissolved
quality of the State’s water resources, to provide the solids, and bacterial contamination. The major
basis for study of specific water quality problems, to reaches of the rivers contain this high quality water
serve as a planning guide for resource and industrial suitable for almost all uses.
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In the lower reaches near the Sound, however , of stratification . The estuarial reach of the Duwamish
urban and industrial development has had a measur- River has low dissolved oxygen levels during the late
able effect on the water quality. Dissolved solids and summer and early fall. Bottom oxygen concentrations
bacterial counts are significantly higher and dissolved have ranged between 3 and 4 mg/ I, with the
oxygen levels are lower, minimum dropping below 2 mg/I. Surface concentra-

Since most rivers are of good quality, the tions during this period varied between 5 and 6 mg/ I.
following discussion is intended to summarize quality During this low-flow period, tides are the predom-
characteristics with some emphasis on those few areas inant factor affecting changes in dissolved oxygen due
where quality has been degraded. A more detailed to the low DO of the intruding seawater and the low
discussion of water quality of specific streams is oxygen capacity of the higher temperature river
contained in the respective basin sections of this water. Therefore, increases in fresh water flows have
Appendix. little influence on oxygen levels through the lower

The chemical characteristics of the rivers are reach.
very uniform throughout the area. Iron occurs in all Bacteriological quality, although variable, gen-
surface waters in concentrations up to a maximum crafty reflects the density of urban, industrial, or
recorded value of 7.7 mg/I. Most measurements, agricultural buildup. High densities of total coliform
however , show concentrations below 0.5 mg/I. The organisms generally occur in the same areas as low
reported values are total iron in the sample. dissolved oxygen. Outside of the developed lowlands

Most streams here contain moderate amounts along eastern Puget Sound, the streams receive little
of bicarbonate, usually below 50 mg/I. Sulfate waste and are of excellent bacteriological quality.
concentrat ions are low in most streams. High coliform densities periodically occur in the

Nitrate concentrations are low in most streams. Nooksack River near Femdale; the Skagit River near
The Samish River, however, carries significantly Mount Vernon; the Snohomish River near Everett;
higher concentrations than any other stream in the and Sammamish River, lssaquah Creek, and the
Skagit Basin. Boise Creek near Buckley, and Cham- Duwamish River near Seattle; Boise Creek near
hers, Clover, Flett , and Leach Creeks are others Buckley; and the Puyallup River, Flett Creek, and
carryin g higher nitrate concentrations. Leach Creek near Tacoma. Most results from dom-

The phosphate content is normally quite low estic wastes, often as either untreated or inadequately
and often occurs in concentrations of less than 0.1 treated municipal treatmen t plants effluents. In some
mg/ I - rural areas, occasional high coliform densities occur

Streams with the highest dissolved solids con- from runoff due to dairy farms and feed lots.
centrations per unit flow are Leach, Flett and Streams draining the Olympic Peninsula, the
Chambers Creeks near Tacoma; Chico Creek near upper Puyallup, and upper Skagit Rivers have maxi-
Bremerton; and lssaquah Creek near luaquah. Rivers mum recorded temperatures below 61°F (16°C) and
with the lowest concentrations are the largest rivers— mean temperatures of about 48°F (9°C). Maximum
the Skagit, Snohomish, Skykomish, and Snoqualmie. temperatures over 68°F (20°C) have been recorded
The change in dissolved solids with flow is relatively 

~~ the Deschutes, Nisqually, lower Green and Cedar,
consistent between all streams, regardless of levels of Sammamish, Sultan, bi t , and the creeks around
concentration. For all streams, however, dissolved Lake Steilacoom. Their average temperatures are
solids concentrations are generally low (usually above 50°F (10°C).
within the range 20 mg/I-I 20 mg/I - Several streams originate in glaciers, notably the

Dissolved oxygen levels are at or near saturation North and Middle Forks of the Nooksack , the Sauk
in nearly all the streams. A few river reaches are River, Puyallup, and Nisqually Rivers, Turbidity of
called upon to assimilate sizeable quantities of par- these streams at times is significantly higher than the
tially treated or untreated wastes, with depressed streams not affected by glacial melt. These periods of
oxygen levels being one of the resulting effects. In high turbidity usually occur when a major portion of
South Tacoma, Flett Creek has exhibited dissolved the streamflow is coming from glacial melt carrying
oxygen concentrations as low as 43 mg/ I during the suspended glacial flour . Turbidity also occurs penodi-
fall. Bottom dissolved oxygen levels near 0.0 mg/I in cafly as a result of erosion caused by intense
Lake Union result from solids deposited during past rainstorms.
heavy industrial waste loadings and from conditions

i
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TABLE 1.6. Water quality sampling station s in the Puget Sound Area

Map No. Frequency USGS No. Station 
-

1 M 12213100 Nooksack River at Ferndale
2 0 12210500 Nooksack River at Lav,ence
3 M 12202500 Whatcom Lske
4 M 12201500 Samish River near Burlington
5 M 12200500 Skagit River nesr Mt. Vernon
6 0 12219350 Baker River near Concrete
7 0 12186000 Sauk R iver near Darrington
8 0 12181000 Skagit River at Marblemount
9 M 12167700 Stillaguamish River near Silvana

10 0 12167000 No. Fork Stillaguamish River near Arlington
11 0 12161000 Stillaguamish R iver near Granite Falls
12 M 12155500 Snohomish River at Snohomish
13 0 12148500 Tolt River at Carnation
14 Q 12144400 Snoqualmie R iver at Snoqualmie
15 a 12138200 Sultan River at Sultan
16 0 12134500 Skykomish River near Gold Bar
17 M 12128100 Lake Washington Ship Canal
18 M 12126600 Sammamish R iver at Bothell
19 M 12121600 lssaquah Creek near Iieaquah
20 M 12119000 Cedar R iver at Renton
21 Q 12117500 Cedar River at Landsburg
22 M 12113350 Ouwemish River at Tukwila
23 M 12113000 Green River in Auburn
24 M 12112600 ‘~ Big Soos Creek near Auburn
25 a 12106500 Green River at Palmer
26 M 12101500 Puy.llup River at Puyellup
27 0 12100500 White River at Sumner
28 0 12099600 Boles Creek near Buddsy
29 0 12099300 Bose. Cresk near Enumclew
30 0 12094000 Carbon River near Orting
31 0 12093500 Puyallup River n.ar Orting
32 0 12091500 Chambirs Creek nIsr Steilacoom
33 P4 12091300 Leech Creek near Stsilacoom
34 N 12091100 Fl.tt Creek at Tacoma
35 N 12091000 Chambers Creek below Stsilscoom Lake
36 N 12090600 Clover Creek above Steilacoom Lake
37 N 12090000 Clover Creak near Park land
38 N 12089600 Niequally River at McKenna
39 N 12080000 O.ec$tutus Riyer inTumwet.r
40 0 12075000 Ds.ctsutes R iver nest Rainier
41 SA 12077000 GOId~ IOI’OUgh Creek at Shelton
42 N 12072000 Chico Creek fleer Drarnsrton
43 SA 12061600 Skokoinleh River near Pot*atch
44 SA 12065000 P4amme Hanwna River near Elabn
45 SA 12054100 Ducliabusle Rlvst near Brinnon
46 BA 12053600 Dosevmftips Rhies at Brinnon
47 SA 12052300 Sl Ouilcsne River iear Quilcen.
48 SA 12040000 Di.,us..... R1w r near Sequim
49 5* 12045600 EIvsIsa Riv.r nw Port Anplss

Frsquency: SA-Simi-Annual; M-I~~nth1y ; O- -~~ierIerly.
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The postwar boom in Seattle brought greaterGround Water developments around Lake Washington, leading to
Although some areas exist with excessive con- increased volumes of treated sewage discharged into

centrations of iron, nitrate , and hardness of water the lake. By the 1950’s, the lake was in the early
most chemical constituents and properties of ground stages of nutrient enrichment , with undesirable algae
water in the Puget Sound Area usually are consider- growth and ex cessive weed growths reducing the
ably less than limits recommended for drinking water water quality for outdoor recreation. METRO re-
by the U.S. Public Health Service. The chemical cently completed the task of diverting all municipalquality of the ground water meets most of the wastes out of the Basin, thus eliminating a major
requirements for industrial and agricultural uses. source of bacterial and nutrient contamination . Pre-Most of the ground water contains less than sent ly, only stormwater and combined sewer over-150 parts per million (ppm) of dissolved solids, and ~n flows enter the lake. As a result , there is evidence thatonly a few samples does the concentration exceed the lake’s quality is improving.
250 ppm. In areas near the Puget Sound, large Green Lake, heavily used for recreation and
amounts of dissolved solids occur in a few places lying completely within a developed residential areawhere the ground water is influenced by saltwater of north Seattle, had a long history of water qualityintrusion. Isolated inland occurrences of large problems resulting from extensive drainage of streetsamounts of dissolved solids are attributed to ground and lawns and natural springs. Increased algal blooms,water production from aquifers in marine edi- swimming restrict ions due to high coliform countsmentary deposits of early Quaternary or pre-Quater- and “sw immer’s itch,” turbidity and loss of claritynary age. from dead algal cells, semi-domesticated waterfowl ,In some areas near metropolitan centers , occa- and storm overflows, led to a program of investiga-sional high coliform densities have been observed. tion and rehabilitation by the Seattle Park Depart-
With the exception of a few well waters in areas that ment. Seattle presently flushes the lake with water
are contaminated by saltwater intrusion, the major from their municipal supply system, resulting in
constituents present in solution characteristically are reduction of most of the water quality problem.
silica , calcium, and bicarbonate. Although hardness of Lake Sammamish, which discharges directly tothe water ranges from soft (less than 50 to 75 mg/I) Lake Washington, is in the early stages of eutrophica-to very hard (over 200 mg/I), most water can be lion. Studies by METRO in 1964 and 1965 showed
classified as c t’y moderately hard (75-150 mg/I). that its condition corresponds to that of LakeSeveral areas adjacent to the Puget Sound yield Washington in the 1950’s prior to extensive sewerage
ground water containing iron in concentrations system construction. However, recent studies by
greater than the recommended 0.30 mg/I limit for METRO show drastic improvements in water quality,drinking water. Such water produces objectionable since a municipal treatment plant was interceptedstaining of laundry and plumbing fixtures at concen- into the METRO system. Studies of Lake Whatcom,trations of 0.5-1.0 mg/I. In addition,the presence of near Bellingham, indicate high bacterial contamina-iron in concentrations of 1-2 mg/I makes water less tion along the north end due to septic tank drainage.
desirable for many industrial uses without treatment. Residential developments and intensive land use

Phosphate concentrations of more than 0.5 around American Lake, south of Tacoma , presentlymg/ I are common in ground waters of a large part of contribute excessive phosphorus and other nutrientsthe Puget Sound lowlands. to this lake.
The lakes here are generally inadequately de.

Lakes fined as far as limnological and water quality char-
Water quality monitoring lot coliform bacteria acteristics are concerned. Problems have occurred and

is currently being conducted by local health depart- are occurring, as evidenced by the described excessive
ments on several lakes heavily used for recreation bacterial concentration and algal activity. More must
purposes and for public supply. In addition, a be learned about the lakes in the Area to establish
number of special studies have been, or are b~Ifl~, their present state and to chart the quality trends and
conducted on Lake Washington. Lake Sammamish, problems.
and Green Lake by METRO and University of Wash. Unfortunately, there is only minimal water
ington. Also, the Institute of Fresh Watet Studies, quality information available concerning the lakes of
Western Washington State College has s!udied Lake Wash ington. As a result , a concentrated lake sampling
Whatcom. program was initiated in 1968.
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The following discussion is based on a study Snohomish Basin:
conducted during 1968 by the Washington Water Goodwin Lake—was thermally stratified
Pollution Control Commission, with deoxygenated water below the thermocline. The

water was clear and relatively free of suspended algae.
Nookiack-Sumas B ins Stevens Lake—was found to be thermally

T rVSI~ Lck.--is a very shallow, eutrophic stratified with a vertical distribution of dissolved
lake and appears to be in an advanced stage of oxygen that suggests eutrophication.
senescence. At the time the lake was sampled it was
found to be isothermal, with a uniform dissolved Cedar-Green Basins:
oxygen concentration from surface to bottom of Meridian Lake— had developed a stable ther-
approximately 9.5 mg/ I. A heavy algal bloom was mocine with well-oxygenated water above and
present. Terrell Lake is essentially undeveloped. deoxygenated water below the metalimnion. A sos-
Coniferous trees and farm lands border the lake. pension of “bird-shot-like” algae was present in this

Whascom Lake—is one of the largest and lake. Otherwise, the water was clear and transparent.
deepest lakes in the State. The w r below the Meridian Lake is almost completely developed with
thermocline was essentially devoid xygen while residential homes surrounding its shores.
that above was near 10 mg/I. Sni~ i amounts of Green Laks—(Data taken from Shepherd,
suspended algae were observed but not enough to 1968). l’he aesthetic quality of Green Lake’s water as
const itute bloom, measured with a secchi disc changed drastically in

1967, relative to previous recorded years. In June of
Skajt-Ssmish Basins: 1965 and 1966 the transparency was approximately

Cavansugh L.ak.—is essentially oligotrophic. 10.5 feet, whereas in June of 1967 the secchi disc
A bottom sample contained gravel and silty material reading increased to 21 feet. Green Lake’s water
and was unlike the gelatinous mud usually found on temperature for 1967 varied from a summer high of
the bottom of lakes which are more eutrophic. 23.5°C to a winter low of 4°C. with a general Lack of
Summer cabins encirde 75% to 85% of the lake’s thermal stratification in the lake. The lake is mixed
shoreline, enough to maintain dissolved oxygen, in the upper

Big Lake—a shallow eutrophic lake, was twelve feet of water , between 83.4% and 131.3%
found to be nearly isothermal from surface to saturation. There has been a gradual reduction of
bottom. The dissolved oxygen concentration ranged available nutrients in the lake since 1959.
from 10.2 mg/ I at the surface to 9.9 mg/I at the Source: Shepherd, Thomas A ,  1968—Dilution
bottom. Aggregated clumps of algae were prevalent effects on algal standing crop in a eutrophic lake.
over the entire surface of the lake. The lake was MS. Thesis, University of Washington, Seattle. 109
approximately 90% developed, the majority of homes pp.
being resident dwellings.

Campb.ll Lake—was found to be isothermal Puyallup Basin:
with a high dissolved oxygen concentration from top American Lake—a slightly eutrophic lake,
to bottom. A secchi disc reading of 1.5 feet was had a well-established thermocline (stable) at a depth
recorded and a dense suspended algal bloom was of approximately 40 feet. The dissolved oxygen
observed, which adversely affected the aesthetic concentration above the thermocline was high, but
quality of the lake. Numerous fish kills have been rapidly decreased to below I mg/I at, and below, the
reported and although the causes are unknown, it is thermocline. A slight suspension of algae was present.
suspected that they occurred as a result of algae
die.off and resulting deoxygenation of the water. Nisqually-Deechutes Basins:

Semish Lake—represented a good example of Clear Lake—was found to be a shallow
a thermally stratified lake. Aesthetically, the water isothermal lake with clear water. For some unexplain-
quality of Samish Lake was good. Very little sus- able reason, the dissolved oxygen concentration was
pended algae was present and the water was clear, very low. A maximum dissolved oxygen concentra-

Clear Lake—was found to be thermally tion of 4,5 mg/ l at the surface dwindled to about I
stratified and stable. The secchi disc reading was 123 mg/I at a depth of 12 feet , and remained low to the
feet, with very little suspended algae. bottom of the lake. If the lake had only recently
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turned over, t he mixing of deoxygenated water lrorn
the hypolimnion with oxygenated water from the 

- ~~~~ ~~~~~~~~ ~
— - 

- - -

epilimnion would result in a reduced overal l dissolved ~~~~~ --  W’~~-’~~
’ ‘

~

oxygen concentration below the air-saturation level.
In order to obtain the low dissolved oxygen values
measured in this lake, the volume of deoxygenated
water would have had to be much greater t han the
volume of oxygenated water , unless t he oxygenated -

water had a low oxygen content initially.
Long Lake—is a shallow eutrophic lake

which usually has a heavy annual algal bloom. The 
-~~~~~~

surface waters were alkaline (pH 9.0-9.1), but water - -

near the bottom was nearly neutral (pH 7.3). A low
secchi disc transparency of 4 feet indicated the ______

denseness of the algal bloom present. -

Black Lake—the pH of the water was near PHOTO 1-8. The Cedar River watershed is protected
neutrality from surface to bottom. Black Lake is not to preserve the high water quality for municipal use.
deep and algal blooms occur annually. Fortunately,
the lake, flushed by incoming water from springs and pulp mill discharges. An extensive investigation is
subsurface seepage, supports two outlet streams current ly underway conducted by the U.S. Geological
which enable it to rid itself of unpleasant algae. In Survey and METRO, to define the characteristics of
coves and other sheltered areas , however, algal the Duwamish River estuary.
blooms are often very dense and stagnation occurs. The principal estuaries are being degraded by

Patterson Lake--is a shallow, moderately man’s activities and waste discharges from cities and
eutrophic lake which supports algal blooms from industries. The primary effects in some areas have
midsummer to early fall . Like Long Lake, the suilace been periodic low dissolved oxygen levels , high
waters were alkaline, with pH values near neutrality bacterial concentrations , and high levels of toxic
at the bottom, Water temperatures decreased steadily sulfite waste liquor.
from 17,8°C at the surface to 15.4°C at the bottom.
The dissolved oxygen concentration profile remained Marine Waters
high, between 10-LI mg/ I to a depth of 8 feet and Marine waters have had water characteristics
then decreased sharply. The apparent decrease in measured systematica lly by the University of Wash-
dissolved oxygen below 8 feet probably resulted from ington, Department of Oceanography, since 1948.
decomposition of dead algal material settling out Temperature , salinity, dissolved oxygen, and phos-
from the surface waters. phates have been the primary constituents which

Summit Lake—a stable thermocline existed were measured; and the stations have been wide-
at Summit Lake at a depth of approximately 45 feet. spread throughout the major regions of the Sound.
As would be expected, the dissolved oxygen concen- The bays and harbors have been generally left either
tration dropped sharply at and below the thermo- to special studies or not covered. The recent coopera-
dine. The water in Summit Lake was clear with only
small amounts of suspended algae present.

West Sound Basin
Muon Lake —for all practical purposes, the

waters of Mason Lake were found to be similar to
those discussed above for Summit Lake.

~stuariss
The water charac teristics of most of the estu- PHOTO 1-9. Lake Washington . . . some evidence of

aries are not well defined. A few special studies have improvement after elimination of waste discharges by
been carried out in the past on areas influenced by METRO.
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tive Puget Sound Study has resulted in an intensive graphic area tend to be fresher as one proceeds
study of Bellingham Bay, Everett Harbor , and Port landward , and the temperature range from winter to
Angeles Bay. Elliott Bay and Commencement Bay summer becomes greater.
wer e also the subject of some p~evious Washington Selected measured water characteristics are
Pollution Control Commission studies. shown in Table 1-7. These partially illustrate , in a

The U.S. Geological Surv~y and Metro have general way , the variance in water characteristics of
conducted an intensive monitor~,ig program in Puget the Sound. Since they represent such a small group of
Sound between Point Wells arid Point Pulley since measurements, howeve r, they do not indicate the
1963. This reach of the Sound encompasses the entire actual maximum or minimum levels, nor the extent
Seattle metropolitan area and the program effectively of spatial variance. In addition, these few parameters
covers Puge t Sound waters adjacent to the Cedar- give only an incomplete definition of the quality.
Green Basins. The surface waters of some areas of Puget

Generally speaking, however, the water quality Sound also contain dilute concentrations of sulfite
characteristics are inadequately defined for Puget waste liquors. These originate primarily from the
Sound marine waters. The long~term effect of the sulfite pulp mills at Bellingham, Anacortes, Everett ,
wastes discharged into the Sound is now well known and Port Angeles. Concentrations diminish as distance
except for the outfall areas of the major waste from these sites increases, Concentrations greater
sources. than 10 ppm can be found throughout most of

Puget Sound water characteristics are depen- Bellingham Bay, Port Gardner Bay and Possession
dent upon the oceanographic and meteorologic condi- Sound, and Port Angeles Harbor.
tions described in the previous section on Marine The water quality surveillance stations which
Waters. Throughout the Sound a surface layer of less have recently been established by the Washington
saline water overlies more dense sea water. Near the Pollution Control Commission for the marine waters
mouths of major streams, this layer is quite pro- of the Area, are listed in Table 1-8.
nounced and stable. The boundary becomes more The present status of watercourses covered by
diffuse as the fresh water layer moves seaward as a the existing Interstate and Coastal Water Standards
result of vertical mixing, but the surface layer is never and by the proposed Intrastate Standards is given in
completely destroyed. The waters of each oceano- Table 1-9.
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TABLE 1.7. Water quality of marine waters, Puget Sound Area
5,,.,, Of AdntlriIlv P..8.! Sound Southern S.. Join PIllk,glli,,, G.or,I.

Juon 90 Foci m itt S u m  PoiS! Sound’ Hood ~~~~~~ l.lind~ Sol~
I 50.101

V.11 Sp,.ng Fill Spnin~ Fill Siting Fall Spn.ig P all Spring Fill Sprinq Fall Siting Fall Spring
Wint Summer Wincir Summer Winlit Summer Win, ., Summit Winter S,nnn.r WInlr Summer Winlit Sum.,., Win! ., Summit

Iinip,,,l utt °c
burt ice
Mun 76 I I )  80  10,5 35  120 6.0 20.0
Minimum u S  11 8  92  12.7 12.7 15.2 16.0 12,0 12.2 15.0
M,niin..ni 63  7.8 6.4 96 7.3 8.1 70 6.8 6.0 65

Onuith
Mean 8 I 6S 8.1 9.6 6.6 8.8
Minim um 9.0 10 89 11 .1 10.9 11.2 14.0 12.0 94 10.5 9.0
Minimu m 6.6 6 3 6,4 7.0 6.5 76  8.0 10. 0 7 2 7.9 6.5

Salinity 0(00
Surface

Meais 30 85 31.0 305 30.0 243 29.0 79.5
Minimum 3 14 31 . 8 321 309 30.7 30.2 28.0 31. 1 30.5 30.2
Minimum 298 306 285 29.0 26.9 22.8 28.0 24.0 27.6 12.0 24.0

0.018
Me.. 33 55 340 308 31.0 30.3 30.0 29.5
PA.,inio,n 338 34 . 1 324 31.8 310 31. 1 30.5 32.5 30.5 31.0
Mlnimnun, 322  338 288 29.6 29.6 29.0 280 29.0 30.0 29.5 30.4

OiuIOlu.dOcygen ,ngiI
Sumlice

Meimi 8 2  7 1  80 6.8 96 9.6
M.ni,numn 90 9.6 86  9.1’ 12 . 2 20.1 9.6 20.0 10.0 13.0 10.0
Minim..., 5 I 6.6 36 3.8 6.4 7.0 5.6 5.0 5.6 7.0 7.0

Depth
Me.r, 3.6 2.9 68 6.4 7.2 6.7
M.,innim 8.0 35  83  83  9.9 8.4 6.0 11 .0 5.0
Miitnnum 3.2 2 . 4 28 2.4 54  4.3 4 .8 5.0 7.1

Phouph.te m9/ t
Sotfe~~
Men 0.06 006 006 004 0.01 0.03
Manimno m 0.07 0.07 008 0.06 0.08 0.06 008 0.08 0.06
Minim um 0.03 0.06 0.07 0.02 0.02 0.02 0.09 0.05 0.00

Dsp’!,
Mean 007 0.08 0.06 0.06 0.07 0.06 0.06
M.,ynumn 012 009 010 0.10 008 008
Min,n,un, 0.06 0.09 0.02 0.02 0.05 0.06 0.0.6

Genemalmand p,..entation of dot..
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I
TABLE 1-8. Water quality surveillance stations on Puget Sound

Name & Code No. Location

Admiralty Inlet
ADM 001 Whatc o m Waterway

002 Standard Oil Dock
003 Southend of East Pier
004 Yacht Basin Light No. 2
005 Middle of Inner Bay
006 Nun Buoy Nc 4
007 Cannery Ship Yard
008 Past Point Buoy No. 2
009 Point Francis Buoy No. 2
070 Eliza Rock Bell

Budd Inlet
BUD 001 Yacht Basin

002 Port Dock Buoy No. 18
003 Spar Buoy No . 10
004 Red Light Buoy No. 6
005 Olympia Shoals

Commencement Bay
CMB 001 Tacoma Yacht Club

0.02 Browns Point
003 Mid Bay
004 Old Tacoma
005 City Waterway
006 Mouth of City Waterway
007 City Waterway SW. of the R.R. Bridgs
008 Mouth of the St. Paul Water way
009 Puy.Uup Waterway. 500 yds. N.W.
010 Puyall up Water way, midstream at mouth
011 Puyallup Waterway, midstream at the 11th St. Bridge
012 Puyedfup River under Hwy 99 Bridge
013 Port Industrial Water way
014 400 yds. from the mouth of the Port Industriat Waterway
015 MOuth of the Hylebos Waterway
016 Hylebos Waterway beneath the 11th St. Bridge
017 HØ.bos Waterway near L,ncoln Ave.

Csrr Inlet
CRR 001 Mid Channel Carr In let

Case Inlet
CSE 001 S.W. of H.ron Island

Drayton Harbor
DRA 001 Drijyt on Harbor

Dyes Inlet
DYE 001 Elwood Point

002 Windy Point
003 Washington Narrows

Elliott Bay
ELB 001 East of Pl.r 91

002 50 yds. off Pier 66
003 100 yds . off Pier 51
004 Notth of H bor Island
006 100 yds. off P1st IS
006 200 yds. oft Pistl3
007 100 yds. N.E. of Ssscrsst Mains
008 Duwamiah H.ad
009 Beneath the Spokane St. Bridge
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TABLE 1-8. Water quali ty surveillance stations on Puget Sound (Continued)

Name & Code No. Location

010 Beneath the 16th St. Bridge
011 Beneath tlua Ox Bow St. Bridge
012 Beneath the Last Marginal St. Bridge
013 Tukwila. behind Village Green Apts.
014 Widge on Hwy 181

Eld Inlet
ELO 001 FI.pjack Point

Strait of Georgia
GA G 001 Birch Bay, Whitehorn Point

Hammersley Inlet
11AM 001 Libbey Point

Hood Canal Basin
HCB 001 South Point

002 Pulali Point
003 Eldon Chinom Point
004 SiSterS Point
005 Point Julia

Holmes Harbor
HLM 001 Honeymoon Bay

Hsto Strait
HRO 001 Sklpjacli. Island

Strait of Juan de Fuca
JDF 004 Off the end of Ediz l4ook

006 Pit Ship Point, Sequim Bay
006 Car Point , Port Discovery Bay

Tacomp Narrows
NRA 001 Point Defiance

Nigqually Reach
NSQ 001 Nisqua lly Reach

Oakland Bay
OAK 001 Eagle Point

002 Center North Bay
003 Yacht Basin
004 Mid Bay. Eagle Point

Port Angeles Harbor
PAIl 001 East of Ediz Hook

002 Pilot Station
003 Head of Ediz Hook
004 Fiberboard Mill
005 Ferry Lending
006 Rayonisr Mill
007 Rayon ler Mill Pier, 200 yds. out
008 Mouth of Morge Creek

Pedilla Bay
PAD 001 South of Hat Island

002 FldaI~~ Bay
Pickering Paeaage

PCK 001 MId Channel off Graham Point

Port Orchad
POD 001 PoInt Whit.

002 Battle Point
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TABLE 1-8. Water quali ty surveillance stations on Puget Sound (Continued)

Name & Code No. Location

003 Auto Bridge at Agate Passage
004 Northend of Liberty Bay

Puget Sound
PSB 001 Point Robinson

002 Between Alki and Restoration Points
003 West Point
004 North of Edmond s at Ferry Slip

Possession Sound
PSS 001 Camano Head

002 Tulalip Bay
003 S.E. ti p Gsdney Island
004 Muk ilteo Point
006 Weyerhaueser Dock
006 Port Gardner Pier No. 1
007 Port Gardner Pier No. 2
008 Port Gardner Pier No. 3
009 Scott Paper Dock
010 Naval Reserve Dock
011 East Waterway, westend
012 Snohomlsh River at Light No. 5
013 American Pile Driving Pier
014 Preston Point
015 Snohomlsh River beneat h Hwy 99 Bridge
016 South tip Smith Island
017 Snohomish River beneath Hwy No. 2 Bridge
018 Snohomistt River above Lowell

Port Townsend
PTH 001 (ala Point

002 Crown Zellerbach Mill
003 Yacht Basin
004 Point Hudson

Ro.erio Strait
RSR 001 Guen-ss Channel

002 Borrows Island
003 Oaceptlon Pass
004 Lawrence Point

Sammish Bay
SAM 001 East of Williams Point

002 Williams Point
Saratoga Passage

SAR 001 Forbes Point

Slncleir Inlet
SIN 001 Navy Yard Dry Dock

002 West Sinclair Inlet
Sen Juan Islands

SJI 001 R.id Rock

Skagit Bay
SKE 001 Hops Island

002 Strawberry Point
Pt. Susan
SUS 001 Key~c Point

Tottast Inlet
TOT 001 Windy Point
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TAB LE 1-9. Summary of the present status of water quali ty In the Ar .~.

Watercourse
Interstate Standards Total Onnolnad lOt i c O,

Int rastate Standards (Proposed) Col forn, O.yqe.’ Tempe.ature pH Turh.d.ty Deietertoui Aestheto~

Nook say1 Shh , , , .y  855,0,

Sarr ish Soil Beh)~flqh.t,i Bayt • )t X S S X X X

not-i BolSoqharo Bay - X S S S S S S
‘5,hO k~~~t k  R~vi.r ir, t ,ut h to t h w r  iohle 4 - S S S S S S S
Nooksat - k Riv er P ro ,, ,  r ui.i rode 410
roo f Iue,i,.e n,th Maple Creel. P 5 5 S S S S X

NOo k ,a,.k Ror.i f ro ~~, confluence Wi th
Maple Creel, to the heailw tei P S S S S S S S

Maple Cit -s-k to th e heSdosatet M,ddl,
F or k  of No,bk,ark River P S S S S S S S

South Foil, 01 F4Ooks,osle R oe, Ir e.,,

n,o~~lh to rohh f k,Cni. C w i t h  Skool.,,n, Creek P S S S S S S S
South F o r k  oP Noo k sai.k River Ito,,, Sk ookun,

( it-el. t o the  hr.)htwate,  I S S S S S S S

Skaq ,t Sarnish Basi ns

Sk aqit R iv er - S S S S S S
Skap t R ice. - X S S S S S S
GueroesChannel , Padtlha and Swrwh Baqy S S S S S x S
Sk agi tBay S S S S S S S
Sk .grt Ri v er • S S S S S S
Sira git Riv er • S S S S S S S
Guerria s Chann el P acitl ia Bay • 5 5 S S S S S
Sa,nivh R,v., I S S S S S S S
F ri d ay Cr eek tron, mouth to Sat ri sli La k e P No Data
fl a k e , R iv e r  P 5 S S S S S S
Cast silt- River  I No Data
Sassk River I $ S S S S S S
Sui a tll e Rivei I No Data

St i l l aguamisti Cain

St il l aguanosh Re,ar . mouth to riser mu ,  7 • 5 S S S S S S
St illaguarriis ti R i ver Iro n, r iver mil. i to confluence

with North and South Fork Stiliaguatn.syi I 5 S S S S S S
No.11, F O r k Of St.llagua mish His-it to

i,iout h oP $iluure Cr eek I S S S S S S S
Nor t h P o r k of Stullagua rr i tati Ricer lion,

Squce Creek to the headwatle t $ S S S S S S
South Fo r k of St.ltaqv.aro isft Ricer

fr om mouth to Canyon Creek $ S S S S S S
Sooth Fork Ot Still.guamaft Riser fro m

Canyon Cr eek to the headwater I S S S S S S S
Put chu ci , Creek Iron , mouth to C~~ ini.tqfi Lake I No Data
Poe t Sotan Bay • S S S S S S S

Snohomid, lai n

Poeiistion Sound • S S S S S S S
tueral t Ha r ttor - S S S S S * S
I nner E verett Har bor • S S 5 5 5 5 5
Snofromitin River mouth to
Laliluos Ci 56 30 • 5 5 5 S S S S

Snohontich Re,,, to limit of t ida l influence - S S S $ S S S
Snohomrsh H e,., Iron, t idal Olluence

tO confluenve ot SkytsomtslsRivee P * S S S S S S
Shykomitis Rr~se fr om mouth to May Creek I S S $ S $ S S
Sktrkom.ti. A’s-ge fr om confluence with

May Creek to li.etIveeIe. y I No Date
Pilchucli R,w e from mouth to Purdy Creek I No Data
P,lcfluck Rivet from PurtS~n Cr eek to heedwaters I No Oaf.
Sultan Rose , from mouth to Cfsaplacn Creek I S S S 5 S S S
S.,,ltan Rivet fr om Chaptetn Creek to headw.te,s I No Dale

S Sat rsfac lory , meets Inistrtsg or prO5io,gd staritfard,
S Unsati sfactory, does not inset ee,gt rnq or p.opotad standard,
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TABLE 1.9, Summary of the present stitus of Water Oua lty in the Aria (Continued)

Watercourse
•_ Interstate Standards Total Datolyad Toae, or

5- Intrastate Standards (Proposed) Coliform Oay~gn Temperate.. pH Turbidity Defalgr.out AaiIteli~~

SnoftOmtifr Basins (Continued l
Snoipualmsi River from mouth to confluence with

North Fork of Snoqualmie River t S S S S S S S
Toll R iser from mouth to freidwatars p S S S S S S S
North Fork of Satoqua lm o R iver

from mouth to heedwetgr s I No Data
Middle Forir of Snottoalnue Ricer from
mouth to headwapet s I No Data

South Fork of Snoqoaln,ie R iver fiom
mouth to heedwaiers t No Data

Cedar Green lewis

Ellrost Bay • 5 * S S S 5 *
Duwantrili R e..r moutfr to Slack R iver sanction - 5 5 5 S S S S
DuwemtWr R iver upetream from Stack R,ye. lw~ctiQri

to limit of tidal influence - S S S S 5 5 5
Dusiienr&r R iver toGreen Risrer 5 5 5 5 $ 5 X S
Green R iver from beelnnitti to intersection ol

river *ith east boundary of Section
I O R JS . T 2IN I S S S S S * S

Green R iver from intersection of river with
east boundar y of Section 10
H . 7E. . T .2IN , to lreademters S S S S S S S S

Ceder R iver from lak e Wedtin~ton to
l leaquals-Rasenldale wetertired boundary S 5 5 5 5 $ S

Cedar R iver from weterefted boundary to heisdwaters No Data
Sarnrnemiafi R iser from Lake Waetsiniton to
t,da,Sammamid, 5 S S S S S S

latagusfi Creek S S S S S S S

Puyallup Saein

Conwnsltcsmsln Say • 5 5 5 S S * S
lnner Commeaseement .y • 5 * S
Portlrsdustr iel end City Waterways • S S S S 5 5 5
Puye(tup R wer mo,athporrasr mja t • S S S S S X S
Puygllup River -river mile S to limit of

tidal inf luence • 5 5 5 S S S S
Clieniters Creek mouth to PIta limit of

tidal influence • S S S S S S S
Puyaf Sup R ise, from tida l Influence to
on*fluence wsth Fid. Creel. I 5 5 S S S S S

Puyalkjp R iver from F isk Creek to
fwedweter s and trittutaries I S S S S S S S

Carbon River from mouth to confluence of
SouthPra.rse Creel. S S S S S S

Carbon R iver from SoutIs Prairie Creek
to haadweters I No Oat.

Whi te R iver from mouffi to Mud Mountain Dam I 5 5 S S S S S
White R iver front Mud Mountain Dam to

h.adseetara arId tribul~~ies I No Oaf.

Nraqually ’Detchulet Satins

Suddlnl.t • 5 5 S S S * S
Soulit Pt4st Sound. Welt OS Sir,co PoutS

and fioftIsirt, tip of Ha,telers. I sland • s S s s $
Nuqually River mouth to river mile S • $ S S $ S S S
P4ieqsiefly River f p m  c rest mile 9

~~~~~~~ (tidal Ittfluence l to Attier Den, I $ S S S S S S
Niequelly River from Alder Oat,, to

tteads%eara and trIbutaries I No Data

$.$alideelery leases exl.lWie or propesid slesdesde
*—Uiuefat ae$erp,, lees fiat meal easitlag as preSaged Maliderds
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TABLE 1~9. Summery of *1w pr.sen* stat ua of Water Quility in the Area (Continued)
Watercourse

- I ntsrstete Standards Total D.siolved Toasc a.
~ - Intrastate Standards (Proposed) Cold arm Ory~en Tet,siser.ture 54 Turbidity Osfeterious Aetifietea

Nr siiuall y Detchutes Basins ICont inuedl
Descirutes River from t i d a l influence

to Lawren ce Creek I S S S S S S S
Deic tru tan River f rom Lawrence Creek

hea dwa ter s and tr ib uta .irt I No Oars

West Sound Basins West Sound Basins

Oakla nd Bay • No Data
Union Riv er I S S S S S S S
Tehity. R ivir I S S S S S S S
SkOkorrtrs h Rive r and t eibu ’art es I S S 5 S 5 S S
trfamma Ham ma River and t r i b u ta r ies  I S S S S S S S
Duck ebutli Rivet ar id t r ib utaries  I S S S S S S S
Dotewaltips River and t r i bu t a r i e s  I S S S S S S S
Big Qu ilcene River and t r ibut ar ie s  I S S S S S $ S
Lit t le  Ou tlc ene Rive r I No Data
Dungerseis River frorri niouTh to

Canyon Creek I SS S S S S S S
Dungeness Rivet anti tributaries tr om

Canyon Creek tO h eadwaters I S S S S S S S

Elwha Dungenest Basins

Port Angeles - S * S S S * *
Seguimlay - S S 5 S S S S
Por t TownSend - S S S S S S S
Etwha River and tribut aries I S S S S S S S

All Cair ns
Strait of Joan tie Furs and Puget Sound - S S 5 5 5 5 5

S-Set.dadory, mess ea.stlng Dr propoted standards
S -Utuatidactory. does not meet •sfltrnq or propoied standards.

SOURCES OF WASTES — -

As shown in Table 1-10, the average daily ~~~~
. -t 

- -

municipal and industrial organic wasteload generated 
~~~~ ~~~ ~~

‘ ‘

in the Puget Sound Area approximates 16 million P —~~ 
~
- r

population equivalents, of which only 9 percent ~ ,
r \.~ . &

presently removed by waste treatment. - 
—

The peak season daily wasteload discharged to •
~~~ ‘ ~ - i r  j

the marine and fresh waters of the Area is equivalent 15% 
.

- - 
I

to the amount of wastes produced by about 14,9 
- 

-: ‘. ~~~~~~~ -. 
-

million people - 41%

Basins receiving the largest quantities of wastes e -

as shown in Figure 1-13, include the Snohomish , C’ I - 
. -

E)wha-Dungeneu and Nooksack..Sumas, About 84 ‘ ~~~~~~~

percent of the Area’s total organic waste discharges “~ ~~~~ L

occur in these three basins, The sources of wastes to “-‘~~~‘--~~~ ~~

both fresh and marine waters are summarized for
each of the eleven basins in Table 1-10, ~~~Ym0i0 L

Ninety-three percent of the daily wasteload is o~~~ee

discharged solely to marine waters. Cities and Indus- ‘.~
, / is

tries located near marine waters are generating daily
about 144 million population equivalents (PE) In FIGURE 1-13, DIstribution of waste disthv~es in the
peak season. Puget Sound Aria
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About one percent of this total wasteload Primary 5%receives secondary treat ment; about 5 percent S.condory 1%receives primary treatment; 4 percent is treated by Lagoon 4%lagoon; and 90 percent is released into the marine
waters untreated. As a result , the waste from an

PRESENTequivalent population of 13,710,000 people is being
discharged to marine waters. STATUS

The principal waste sources are located in
No triatmint 1968Bellingham, Anacortes, Everett , and Port Angeles.

Other sources of wastes include treated and untreated
sanitary wastes from several municipalities and food
processing wastes discharged from numerous seafood
canning and freezing plants.

Certain water-related outdoor recreation activi-
ties contribute wastes to the marine waters, Boating is
especially significant. Pleasure craft concregating in
the bays, harbors, and channels impose a load of
untreated wastes on the waters they use, Disposal of
wastes by commercial vessels—such as sanitary wastes, Tr
oil, litter , bilge and ballast water—are other sources of
pollution to marine waters , 1970 - 72

produce about 952,000 PE of raw organic wastes 
~~PLEMENTATION

Sources of waste located on fresh waters AFTER
daily. This is only six percent of the total waste
generated daily in the Puget Sound Area, During the 1 I mple~~ n~~~on—.nforcetnent plen for int.,al.tiu u’~food processing season , an additional 723,000 PE are coastal waters, State of Washington.
produced every day. The generation of wastes from

FIGURE 1-14, Treatment of wastes discharged intosources along fresh water reaches 1,675 ,000 PE daily
in peak season. marine waters in the Puget Sound Are.,

TABLE 1-10, Summary of municipal and industrial wastes Puget Sound Ares

Before Treatment Discharged Wastes Treatment Efficluncy
Population Equivalents Population Equivalents (Percent)

Basin Fresh Marine Total Fresh Marine Total Fresh Marine Total

NOOKSACK-SUMAS
Municipal 5,400 56,000 60,000 2,000 34,000 36,000 63 38 40
Non-Seasonal Industr Ial 25,600 1,745,000 1,770,000 20,000 1,745,000 1,766,000 22 None None
Seasonal I ndustrIal 116,200 77,500 189,000 46,000 59,000 105.000 60 24 44
RecreatIonal 15.000 5,000 20,000 3,700 1,200 5,000 75 78 75

SICAGIT-SAMISII
Municipal 23,000 8,000 31,000 14,300 5,000 19,300 38 37 36
Non’Sasaonal Industrial 25,000 789,000 814,000 25.000 785,000 810,000 Non. None None
Seasonal I ndustrIal 116,000 78,000 194,000 116,000 78,000 194,000 None None None
Recreational 14,000 5,000 19,000 3,600 1,200 5,000 74 76 74

STILLAGUAMISH
MunIcipal 5,000 - 5,000 2,200 — 2,200 61 — 61
Non-Seeuonel IndustrIal — - - - - - - - -
Seasonal Induat id 338,000 - 335,000 fl OOD - 221,000 34 — 34
RecreatIonal 1,500 1,200 8,000 1,000 300 2,000 75 75 75

I 
- - --- -- -. - —  
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TABLE 1-10. Summary of municipal and indusv ’reI wastes Puget Sound Area (Continued )

Before Treatment Disch arged Wastes Treatment Efficiency
Population Equivalents Population Equivalents (Percent)

Basin Fresh Marine Total Fresh Marine Total Fresh Marine Tota l

SNOHOMISH
Municipal 16,000 95,000 111 ,000 9,000 33,200 42,200 44 65 62
Non-Seasonal Industrial 77,000 6,906,000 6,983,000 61,000 6,644,000 6,705,000 21 3.8 4.0
Seasonal Industrial 48,000 10,000 58,000 38,800 3,400 42 ,200 19 66 27
Recreat ional 22,000 7,000 29,000 5,500 1,800 7,000 75 74 76

CEDAR-GREEN
Mu nicipal 347,000 653,000 1,000,000 52,000 424,000 476,000 85 35 52
Non-Seasona l Industrial 108,000 136,500 2,445.000 83,300 136,500 219.800 23 None 10
Seasonal Industrial 55,000 -. 55,000 29,000 — 29,000 47 -- 47
Recreational 37,000 12,000 49,000 9,000 3,000 12,000 76 75 76

PUYALLUP
Municip al 214,000 142,000 356,000 140,000 95.000 226,000 35 33 37
Non .Seesonal Indu it rial 88,000 346,000 434,000 64,000 346,000 410,000 27 None 5
Seasonal Industrial 39,000 10,000 49 000 32,000 10,000 42,000 18 None 14
Recreation al 21,600 3,800 25,000 5.400 1,000 6,400 75 74 74

NISQUALLY-DE SCHUTES
Municip al 3.000 55,300 58,300 100 40,000 40,100 97 28 31
Non.Seaaona l Industrial 200 62,300 62,500 200 57,300 57,500 None 8 8
Seasonal Industrial -- — — -- — — -- -- --
Recreational 14,000 4,000 18,000 3,600 900 4,500 74 78 75

WEST SOUND
Municipal — 75,000 75,000 — 52,800 52,800 - 30 30
Non-Seasonal Industr ial -. 126,000 126,000 ‘- 119,000 119,000 — 6 6
Seasonal Industri al - 2,000 2.000 •- 2,000 2,000 -- None None
Recreational 16,700 16,600 33,300 4,000 4,000 8,000 76 76 76

ELWHA’DUNGENESS
Municipal -- 24,600 24,600 — 23,200 23,200 -- 6 6
Non-Seasona l Industrial -- 3,234,000 3,234,000 — 3,234,000 3,234,000 - None None
Seasonal Industrial — - - — -- -- - -. --

Recruetlonal 4,600 1,500 6,000 1,100 400 1,500 76 73 75

SAN JUAN ISLANDS
Municipal -- 800 800 - 800 800 -- None None
Non-Seasonal Industrial -- - - — -. .- — -. --

Seasonal Industrial -- 2,800 2,801) -. 2,800 2,800 -- None None
Recreational — 7,000 7,000 — 1,700 1,700 -. 76 76

WHIOBEY-CAMANO ISLANDS
Municipal — 11,500 11 ,500 -- 7,400 7,400 -- 36 36
Non-Seaeonal Ind~strIaI -- - — -- .‘ - -- -- --
Seasonal Industrial — — - -- - — -. -. —

Recreational OGO 11,300 12,000 200 2,800 3,000 67 75 75

TOTALS
MunIcipal 614,000 1,121 ,000 1,735,000 220,000 715,000 936,000 64 36 46
Non-Seasonal Industrial 324,000 13,345,000 13,669,000 264,000 13,067,000 13,321.000 20 2 2
Seasonal IndustrIal 709,000 180,000 889,000 483.000 155,000 638,000 33 4 28
Recreational 152,000 74,000 226,000 38,000 18,000 56,000 75 76 75

All figures are rounded.
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PRESENT waters of the area , indicati ng the population and
industrial concentration near marine waters. More

(

~~~~~~~~

Prlma

~~~~

,
,
, 

than 80 percent of these municipal wastes are
1968 produced within the Snohomish , and Cedar-Green

Basins alone. The Cedar-Green Basins account for 45
percent of the total municipal waste in the Area.

otmsnt trsatm.nt About 1,370,000 people or 75 percent of the
32% Sscon dory municipal population of 1,818,000, are served bytr .otm.nt municipal sewage collection systems and the re-

221% inainder by septic tanks and drain fields. All munici-
pal sewer systems are also served by waste treatment

01’)’ facilites. Waste treatment facilities for handling muni-
fl
l~~~~~~~~~~~~ 

cipal wastes include prim~~ plants, lagoons, and
secondary waste treatment plants. An estimated 30

8% municipalities of over 500 population provide pri-
mary treatment , seven provide secondary treatment
by lagoon , and eight provide treat ment by secondary( 

~~~~~~~~~~~~~~~~~~~~~~~ 

~~ sewage treatment plants.
About 875,000 people are considered to have

1974 92% After treatment , 694,000 PE are discharged to
adequate waste treatment facilities.

AFTER the Area’s fresh and marine waters, Nearly 70 percent
IMPLEMENTATION of these are discharged to the marine waters . More

- 
than 90 percent of the municipal wastes discharged to

FIGURE 1-15. Treatment of wastes discharged into 
(reds waters and 65 percent of the municipal wastes

fresh waters in the Puget Sound Area. discharged to marine waters are centered in the
Snohomish, Cedar-Green , and Puyallup Basins.

Waste treat ment efficiencies of the major muni-
cipalities within the Puget Sound Area are shown in

These wastes are given varying degrees of Table 1-Il. The overall treatment efficiency for
treatment. Twelve percent receives secondary treat- municipal wastes presently stands at 47 percent.
ment; 32 percent receives primary treatment; 22
percent of the wastes are treated by lagoon ; and 34
percent is discharged into the fresh waters untreated .
After treatment , more than a million PE are dis-
charged daily into the rivers by cities and industries
during the peak season. Most of these discharged
wastes (73 percent) are generated by Industry . After
1972, implementation of the Interstate Standards will
reduce the million PE to an estimated 302,000.

Significant waste sources to fresh waters in the
Puget Sound Area are ooncentrate4jn—fouibaalns:
the Puyallup, Stillaguamih , Cedar-Green, and Skagit-
Samish Basins. They account for over three-fourths of
the Area’s waste discharge to fresh waters.

Municipel
More than 1.3 mIllion PE are collected by

municipal sewer systems throughout the Puget Sound PHOTO 1-10, Green Lake . . . ones a eutrophic body
Area at the present time (Table 1-10). Two-thIrds of of water plogestd by heavy blooms of bluegresn algae
this waste production occurs adjacent to marine during the aummsr.
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TABLE 1-11. Municipal treatment efficiencies Puget Sound Area
Untreated Discharged Treatment

Waste Waste Efficiency
City PE Treatment P6 Percent

Bellingham 47,000 Primary 27,300 42
Lynden 2,700 Secondary 500 82 2
Anacortes 8,000 Primary 4,800 40 1
Everett 45 ,000 Lagoon 18,000 60 3
Seattle (West Point STP)4 228,000 Primary 113,000 so ~Seattle (Alki Point STP)4 37,000 Primary 21,000 43
Seattle IRento n SIP) 3 Secondary 4,250 ~~
Tacoma 266,000 Primary 204 000 30 2
Olympta 49,000 Primary 34 500 302
Brsmerton 42,500 Primary 29,800 302
Port To wnsend 6,000 Primary 4,200 302
Port Angeles 22,800 Primary 15,900 302

Conference on the matter of pollution of the navigable waters of Puget Sound, Strait of Juan de Fuca and their tributaries,
Seattle, September 6-7 and October 6, 1967 (this Appendix, page 13-1).
2 aasei~ on design

Treatment plant records and conference on the matter of pollution of the navigable waters of Puget Sound, Strait of Juan
de Fuca and their tributaries, Seattle. September 6-7 and October 6, 1967, (this Appendix , page 13-1).
~ Sewage treatment plant.

Industrial taste or odor problems, or otherwise downgrading
As shown in Table 1-10 , 13.7 million PE are quality; (7) radioactive substances from the use of

produced by annual non-seasonal industries. These nuclear materials; and (8) temperature increases
wastes represent about 91 percent of the combined resulting from the use of water for cooling purposes.
peak municipal and industrial wastes. The paper and
allied industries are responsible for 95 percent of the Municipal
annua l non-seasonal wastes. The pulp and paper Mu nicipal wastes are composed primarily of
operations of the Area are presented in Table 1-12. unstable oxygen demanding matter containing large

Of the total annual non-seasonal waste produc- concentrations of microbial agents (bacteria or viral)
tion, more than 98 percent occurs adjacent to marine which may be pathogenic. They are colored and
waters , and more than 50 percent is produced within odorous and impart these characteristics to receiving
the Snohomish Basin alone, waters if discharged in the untreated state . Wastes

Seasonal wastes, generated primarily by food making up the municipal category include those from
processing plants , represent only about six percent domestic sources, smaller industrial and commercial
(885,000 PE) of the total industrial wastes, establishments connected to the municipal system,

and storm water runoff. Domestic wastes—those
generated primarily by households (sanitary , laundry,

TYPES OF WASTES garbage disposals, etc.) usually account for a major
portion of the organic material contained in munici-

Wastes can be classified into eight general pal wastes and are the primary source of infectious
categories: (1) oxygen demanding organic wastes agents. Industrial and commercial operations such as
contributed by domestic and industrial sources; (2) smaller food processing plants , laund ries, and restaur-
infectious agents contributed by domestic sewage and ants , also contribute to the organic load with wastes
animal wastes which may transmit diseases; (3) simila r to domestic wastes. Storm runoff from streets
sediments resulting from man ’s activity such as gravel and other urban areas contributes sediment , oil
washing; (4) plant nutrients which promote the washed from streets, and chemicals such as fertilizers
growth of algae; (5) synthetic organic chemicals such and pesticides utilized by homeowners.
as pesticides , which are toxic to aquatic life; (6) Unusually large water-using industries have
inorganic chemicals and mineral substances, acids, or large waste discharges and , the refore, are not con-
industrial waste either toxic to aquatic life , causing nected to the municipal system of most cities in the
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TABLE 1-12. Summary of wastes from paper and allied industries Puget Sound Area

Average Untreated Discharged
Industrial Production Waste Treatment Waste Treatment

Basin Plant Tons/Day PE Facilities PE Efficiency

Nooksack-Sumas Georgia-Pacific 730 1,687,000 None 1,687,000 None

Skagit-Samish Scott Paper Co. 140 778,000 None 778,000 None

Snohomish Simpson Lee Paper Co. 270 75,000 Pond 60.000 20%
Scott Paper Co. 1,400 4,481,000 Solids Remova l 4,481,000 None
Weyerhaeuser Co. 300 1,910,000 Solids Removal 1,910,000 None
Weyerhaeuser Co. 420 - Holding Lagoon 238,000 • I

Puyallup St. Regis Paper Co. 1 .500~~ 294,000 None 294,000 None
West Tacoma Newsprint 430 31,200 None 31,000 None

West Sound Crown Zallerbach 400 2 96,000 None 96,000 None
Simpson Timber Co. 30,000 Pond 23,000

Elwhe-Dungeness Fiberboard Corp. 190 264,000 None 264,000 None
Rayonier, Inc. 470 2,820,000 None 2,820.000 None
Crown Zellerbach 880 145,000 None 145 ,000 None

Treatment effIciency of lagoon has not been determined. Effluent is discharged into Steamboat Slough over a five-hour
period on each ebbing tide.

2 CaPaCItY

Puget Sound Area. In evaluating the strength of these with officials of cities and towns although consider-
organic industrial wastes that are discharged to the able information was also obtained from engineering
municipal systems, a value of 0.17 pounds of bio- reports , State Health Department reports, and the
chemical oxygen demand (ROD5) is normally State Wate r Pollution Control Commission. Informa-
equated to one population equivalent (PE). This is tion regarding industrial waste discharges was
the average amount of SOD5 exerted by the organic obtained primarily from the State industrial waste
waste front one individual , discharge permits and from a numbe r of industrial

Municipal wasteloads presented here are based waste surveys.
primarily on the inventory of municipal and indus-
trial wastes developed for the Puget Sound Task Industrial
Force by the Water Quality Control Technical Corn- Wastes from industrial operations such as pulp
mit tee. This inventory presents , the sources and and paper mills; milk products plants; fruit , vegetable ,
locations of the wastes generated within the Area fish , and shellfish canneries; meat processing plants;
along with the number of people served by the chemical plants; sawmills; and aggregate production
sewage collection system , the quantity of waste areas are the primary sources of pollution in the
produced , the type of treatment provided , and the Puget Sound Area. Over 90 percent of the total
quantity of wastes discharged after treatment. Gener- organic wasteload generated in the Area is attributed
ally speaking, the inventory is based on 1965 data to industry.
although many entries reflect the use of more recent Industrial wastes discharged into the fresh ,
data . Because the installation of new waste treatment estuarial , and marine waters of the Area affect these
facilities is an ongoing program, a number of cities, waters in several ways. Organic solids may settle to
towns and industries may have upgraded their treat- the bottom to form sludge beds. These solids decom-
ment facilities which may not be shown on the pose, producing odors and destroying aquatic life.
Sources of Waste Summary Tables in each basin Another adverse effect of these waters has been the
chapter. Information regarding municipal wastes was, depression of dissolved oxygen levels which has
in most cases, obtained by personal communication occurred in some harbors as well as in the lower
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reaches of the Duwamish River as previously men- rece ive primary treatment and about 6 percen t
tioned. Some wastes contain compounds that are receive secondary treatment.
toxic to fish and other aquatic life. Such compounds After treatment , 13 ,970,000 PE (seasonal and
as acids, alkalies, cyanides, metals, or phenols are the non-seasonal wastes) are discharged to the Area ’s
usual toxicants. fresh and marine waters , reflecting the large quantity

Certain industrial wastes cause damage to the of pulp and pape r wastes which are discharged
waters by physical actions such as wastes from without treatment.
lumbering and mining operations which contribute Some plants in the pulp and paper industry
large amounts of sawdust and silt; cooling water have improved their waste-handling methods. For
discharges which raise the temperature of the waters ; example , Georgia-Pacific Corporation has instituted
and oil wastes which contribute floating oils, color , their alcohol by-product recovery program; the
and sludge . Everett sulfite mills have constructed a deep water

Many industrial effluents contain substances outfall; the Everett Kraft plant has built settling
which produce disagreeable tastes and odors to water lagoons; West Tacoma Newsprint has installed Rota-
supplies. Other highly acidic or basic wastes are tion units for fiber recovery ; Sampson Lee Paper
corrosive and seriously damage piping systems. Company in Everett discharges to a settling lagoon

Some of the industrial wastes produced in the prior to release to the Snohomish River on favorable
area which possess significan t biochemical oxygen t ides; and the Anacortes mill has relocated their
demand include waste liquors from sulfite pulp mills, outfall to Guemes Channel for better dispersion of
food processing plant wastes, meat packing wastes, wastes.
and milk processing wastes. A number of mills have been operating barker

The findings of the joint Federal-State Washing- clariflers and Scott Paper Company at Everett has
ton State Enforcement Project were published in a constructed a complete clarification system.
report entitled “Polutional Effects of Pulp and Paper The paper and allied products industry gener-
Mill Wastes in Puget Sound ,” March 1967, and are ally provides treatment for suspended solids (flt’cr)
reproduced more fully in the last section of this removal at present and all plants are required ~o
appendix. Bioassay studies conducted by the Project provide collection treatment and control equipment
showed tha t sulfite waste liquor concentrations in of a type such as is described here:
excess of ten parts per million were damaging to In the operation of the hydrauli c barker for
oyster larvae and Engiish sole eggs and , in some cases, logs, the bark removed is discharged with the water
caused adult and juvenile oyster mortality. Sulfite on a drag conveyor with a perforated bottom. The
waste liquor was also shown to produce conditions water passing through these perforations contains fine
toxic to juvenile salmon, bark particles as well as sand and other material. This

Also, detrimental i water quality are industrial water flows through a fabricated flume and is
wastes which have a direct lethal effect on biological distributed to vibrating screens. The water passes
life forms. Included in this category are spent metal through the bark screens into the main pit and is then
plating solutions contai ning heavy metals , cyanide , discharged to a clarifier. The solids retained on the
cleaners and strippers; acid wastes from pickling screen fall into a drag chain conveyor and are
operations , chemical manufacture , prima ry aluminum delivered to one of the refuse conveyors. Water fed to
reduction , organic phenols and petro-chemical wastes. the clarifier is retained in the clarifier tank for

Waste treatment for industries include the use approximately 1½ hours , then flows to the main mill
of screening, prima ry treatment plants , lagoons, sewer. Suspended solids settle to the tank bottom
secondary treatment plants, neutralization , chemical during the 1½ hour holding period and form a sludge
treatment , oil separation , and in-plant controls. Very layer. Clarifier rake arms move the collected sludge to
few industries have no waste treatment facilities while a circular sump where it is pumped out for fu rther
others utilize municipal facilities. Pulp mill wastes , processing. Any scum which floats to the surface of
however , cannot be adequately treated by municipal the clarifier water is collected by a rotating rake and
facilities due to the large quantities and high strength piped back to the vibrating screens for reprocessing.
of the wastes. Of the total industrial wastes produced , Water from plant floor drai ns and bark press liquor is
92 percent receive no treatment; about 1.7 percent collected in a small sump and pumped to the clarifiei
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for clarification. The solids are ultimately burned in primary effect on water quality has been high
boilers after mixing with the hog fuel, turbidity.

Mill systems are subject to continuous main-
tenance, metering and sampling; and deep water out- Agricu lture
falls are used to gain adequate and required diaper- Constituents carried in the water draining from
sion as follows: this Area’s agricultural land could result in significant

Effluents from pulp mill chlorination washers water quality degradation. The urban dwellers as well
are combined with the clarified effluent flow entering as the farmers of the Area use large amounts of
a deaerating tank just ahead of the diffuser system. petroleum products , fertilizing minerals, and toxic
This tank is equipped with showers, mechanical foam substances such as organic and inorganic insecticides
breakers and level controls to maintain a full dis- and herbicides. If too high a concentration of these
charge line, compounds reaches the watercourses , either by direct

Fresh water inputs to the mill and the main mill application , rainfall runoff , or irrigation runoff , a
effluent are measured , integrated, and recorded . This significant deterioration of water quality will occur.
metering equipment provides a check of input vs. Careless handling or excessive applications may result
effluent for the mill, indicates any abnormal effluent in some of these materials being sprayed onto or
conditions and provides data requested by the indus- dumped directly into streams , lakes, ponds, or under-
trial waste permits, ground water sources. No large-scale problems have

occurred from the use of these materials in the Puget
Dredging Sound Area. Most of the pesticides and fertilizers

Dredging normally is carried out .in the estu- now applied have been classed as permissible and have
anne areas where sediment and waste products build been recommended by county , State , or Federal
up to block navigable Waters. In areas where new port agricultural agencies.
facilities are being constructed , dredging is usually a Evidently some of Puget Sound’s croplands
prerequisite. receive fertilizers at rates much heavier than those

Dredging introduces quantities of suspended normally used in other parts of the State. This is
material to the local water prism. In those bottom illustrated by the fact that the 3.1 percent of the
areas where debris and sludge beds have built up from State’s farm land which is in the Puget Sound Area
industrial waste discharges, dredging frees large quan- received 12 percent of the total fertilizer reportedly
tities of oxygen-demanding organics in the water and used in Washington in 1964. Even with such large
may release toxic products of decomp~’sition. In amounts of fertilizer elements being applied, how-
Puget Sound, dredging is an important activity . The ever , little is leached or washed away in the surface

waters. The conditions peculiar to the Pugel Sound
Area tend to minimize the loss of fertilizer elements.
The region’s mild climate permits live, viable roots to
abound in the soil even during winter. This tends to

~r~~~J L ~~ .1.T u*r ~ utilize all the available nitroge n and to prevent its
~~~~~~~~~~~~~~~ being leached out of the soil. Additionally, little, if

_____ any, phosphorus or potash is leached out because
Puget Sound’s soils have a high iron content that
tends ro complex phosphorus and potash into in-
soluble compoun ds. Special phosphorus and potash
fertilizers must be used to minimize this binding and
to make usable forms of these elements available to
plants.

Excessive irrigation can impair water quality by
— leaching minerals from the soil and flushing them into

surface or ground waters. This seldom, if ever, occurs
in Puget Sound, however. Here the amount of water
applied per acre amounts to 35 percent , or less, of the

PHOTO 1-11. Drsdginq In Elliott Bay. 35 to 50 inches of average annual precipitation that
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falls on most of the ‘owlands. This means that the forest area. The “normal” or geologic rate of erosion
relatively easily dissolvet constit uents have already can be greatly accelerated by upsetting the vegeta-
been removed. Sprinkler igation is the usual means tion-soil balance . Acceleration of the erosion rate
of applying water here , a 4 it rarely, if ever , results in increases the amount of soil lost , the turb idity of the
surface wash or even in measurable leaching of the transporting water , and the amount of sedimentation
soil . in stream , pond , or ocean.

Farm animals, whether fed in concentrated lots There is no specifIc data which describes the
or grazed loosely on pastures or ranges , produce large effects of past or present logging practices. Logging
amounts of waste. It has been estimated that the has increased sediment to some unquanti fied exten t .
waste produced by one cow is equivalent to that Well.controlled logging can be conducted with a
produced by about 6.4 persons. Most of this waste minimum damage, but careless operations can result
prod uced in Puget Sound remains on the land , but in increased sediment loading. Studies indicate mini-
rain and irrigation waters flush part of it into streams mal siltation in those areas where proper road
and ponds. Dairies, feedlots, and other animal con- construction and logging practices are followed . Test
centrations along streams cause accelerated erosion a.’ watersheds recently established by the Forest Service
well as intensifying the potential coliform bacteria , have, as one of their objectives, the measurement of
nutrients and biochemical oxygen deman~ in the water quality resul ting from various forest practices.
water . Sometimes intensive forest managemen t may

call for the applical -in of pesticides or fertilizers on
Navigation either the publicly privately-owned forest land.

Commercial vessels are a major sourct of This introduces tin ,tential for dangerous pollutants
unquantified pollution in marine waters. Whil t to enter the r~ and streams. However , little, if any,
dock , these ships discharge raw domestic wi pesticides ha ieen applied to the forests in the
directly into the harbor waters . For a naval vessel at Area. Recer esearch shows that many economic
Bremerton , this may amount to a wasteload equiva - chemicals in.~oduced into the forest environment
lent to a town of 3,000 people. Other waste from have little or no adverse effect on water quality if
ships are the accidental oil spills and bilge waters they are car~ uUy applied.1
pu mped while in transit which contain oil and other A growing activity in the forests is recreation,
petroleum products . These create the oil slicks on the which is discussed in the recreation section.
Sound which ultimately gather on the beaches.

Mining
Forests Uncontrolled minir ~ . gravel washing, and ore

More than three-quarters of the fresh -water processing can render a earn unfit for most water
runoff in Puget Sound originates in forested water- uses. The pollutional substances which are likely to
sheds. Thus, any activity in these forests will influ - enter streams from these operations are : silt , color ,
ence, to some extent , the quality of these surface minerals, acids, and other chemicals.
waters. At the present time, the mining of heavy metals

Timber harvesting is the primary activity in the is limited in the Puget Sound Area. Economic
forests, along with its road construction require ment. conditions have caused most of the existing mines to
The Area clear-cut per year averages about 900 square be closed. There are several areas where limestone is
miles. Forest management practices at the present mined for use in pulp mills or in the manufacture of
time range from total land clearing through careful , cement, but no water quality problems have arisen
intensive , sustained-yield management to a closed, from this activity. Coal is being mined to a limited
no-cut policy on sensitive areas or those set aside for extent in two locations in the Puget Sound Area.
certain specified uses. Many other large deposits exist, but the market does

Major effects on water quality of clear-cut not justify the mining of these deposits. Although
timber harvesting may be accelerated erosion with there has been some water pollution in the past from
consequent siltation and sediment transport and coal mining operations, these have been eliminated .
increased summer stream temperatures. A tenuous
balance exists between the vegetative cover and the
soil of this geologically young, steep, well-watered Forsst S.rvicu.
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P Water pollution can result intermittently from reservoir releases may similarly have either ben eficial
incorrect mining practices by the sand and gravel or detrimental effects on downstream water quality.
industry . There are some 55 separate locations under Beneficial effects include the entrapment of
permi t from the Washington Water Pollution Control sediment where it is settled out and retained in the
Commission . In addition to these permanent loca- reservoir. Thermal stratification in larger reservoirs
tions, there are 31 other operators who are under provides storage of cool waters at depth. Multi-level
special permit for portable operations. These portable outlets then allow the release of selected cooler
pLants may be set up almost anywhere in the Area for waters during the summer to reduce natural stream
a day or a month. No data are available as to their temperature.
operations except that they are required to notify the Adverse effects include the depletion of dis-
WWPCC any time they set up a wet operation. solved oxygen concentrations in the bottom layers.

Releases of this water to the streams depress the
Recreation oxygen levels. If the sediment trapped during the

Recreation is rapidly expanding in ever-increas- flood runoff season is sluiced out by reservoir
ing forms . The dimensions of this growth are operation procedures in the fall , this creates exces-
sketched in the following chapter on water uses. sively high sediment loads in the downstream reaches.

Recreation is also growing into a major waste Stimulation of algal growth is another problem that
source. Increasing numbers of recreationists are parti- often occurs in reservoirs. This results in nuisan ce
cipating in outdoor activities at National Parks and taste and odor conditions and affects dissolved
Forests , at saltwater beaches, and along the lakes and o~cygen concentrations.
streams. The major impact of these recreational Few effects on water quality have been docu-
activities is bacterial contamination of both the fresh mented for the 24 major reservoirs in the Area. Ross
and saltwater areas. In mountain streams and lakes, Dam has little effect on the temperature regime of
recreational activities can introduce nutrients into the the downstream reaches of the Skagit River. Probably
waters. Organic oxygen demand is another secondary the most significant adverse effect has been on the
factor here . Pleasure boats spill oil and gas as well as White River tributary to the Puyallup. Mud Mountain
discharge human wastes. In some areas, accumulation Dam is operated as a single-purpose flood control
of rubbish and garbage in streams , lakes , and bays structure , storing the winter and spring floods which
creates both maintenance and pollution problems. carry substantial suspended material from upstream

Water quality problems caused by recreation glaciers. To prevent a build-up of this material in the
activities are isolated and scattered throughout the reservoir , it is flushed out each fall. This introduces a
Area. Several recreation home developments around large slug of sediment to the White River during the
small lakes in the West Sound Basins have been halted lowflow period , seriously degrading the water quality.
because of inadequate waste handling facilities. This operation procedure is undergoing review to find
Wastes from boaters periodically concentrate in bays a means which will achieve the same results without
in the San Juan Islands and West Sound . the severe impact to water quality.

Lake Whatcom receives inflows diverted from
Impoundments the Middle Fork of the Nooksack River which

The impoundment of a free flowing stream contain large sediment loads of glacial origin. There
modifies the physical and chemical properties of the has been no noticeable effect upon the lake from
water. These changes may be either beneficial or suspended material , but study is continuing to discern
detrimental to the water quality in the reservoir , and any adverse trend that may develop.

PRESENT AND FUTURE NEEDS
PRESENT NEEDS population and industrial centers and are the most

susceptible to man.caused pollution.
Water quality problems in the Puge l Sound Degradation of water quality is related to the

Area are most critical in the bays, harbors, and volumes of municipal and industrial wastes produced
estuaries. These waters are located near the major in these areas, as well as the wastes produced from
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such other sources as agricultural activities, navigation Needs for water quality control may also be
(including oil spills), recreation , and sand and gravel, found on several lakes of the Area. Most prominent

While not as clearly defin ed as the point source are Lake Washington , Lake Sammamish and Lake
loads from the major pulp and paper and food Whatcom. High nutrient concentrations have been
processing plants, wastes contributed by recreation responsible for considerable algal activity in Lake
activities also contribute to water quality degrada- Washington which has contributed to water quality
tion . Wastes produced by watercraft are presently degradation. Since the establishment of METRO ,
discharged without treatment. While certain areas are water quality of the lake has improved . All municipal
not affected to a great degree , other locations known waste discharges, with the exception of storm over-
for recreational boating opportunities, such as the flows, have now been removed from the lake . Storm
San Juan Islands, are threatened to a greater degree. waler runoff , however, is a factor in the control of

Oil pollution caused by accidental spills and the lake’s water quality. In addition , wastes produced
illegal discharges to both fresh and marine waters isa on board watercraft presently do not receive treat-
significant problem. Since December of 1966 , more ment prior to discharge to lake waters.
than 30 oil spills have been documented within the Green Lake and Lake Sammamish also exhibit
Puget Sound Area. Lack of shore facilities for signs of the eutrophication or aging process. Green
collection of oil-containing wastes and adequate Lake has to be flushed with considerable amounts of
disposal methods has contributed to the problem. fresh water from the city supply to control water

Untreated or inadequately treated municipal quality. Lake Sammamish is in the early stages of
and industrial wastes have created substandard water eutrophication. Residential build-up along the shores
quality conditions primarily in four bays in Puget coupled with upstream waste discharges have resulted
Sound. These are Bellingham, Port Gardner , Corn- in conditions similar to those found in Lake Washing-
mencernent , and Port Angeles Bays. The effects of ton in the early 1950’s. METRO has since intercepted
these waste discharges are high bacterial concentra- the upstream waste discharges. Other lakes of the
(ions, low dissolved oxygen, toxic levels of SWL in Area, such as American Lake, Lake Steilacoom , Lake
some areas, extensive sludge beds, and low aesthetic Tapps, and Lake Whatcom near where substantial
levels. These conditions have limited recreation uses residential growth is now taking place, are also
and damaged immature forms of indigenous fish and threatened with eutrophication.
shellfish.

Waste discharges from uninteroepted municipal FUTURE NEEDS
and industrial outfalls have created conditions of
substandard water quality in Elliott Bay. Most water Future water quality in the Puget Sound Area
quality standards—those for bacteria , dissolved will be affected by several economic factors—popula-
oxygen, toxic substances, and aesthetics—are not (ion growth , industrial expansion , agricultural pro-
being met in these waters. duction , and outdoor recreation. As this growth

In addition to the above-mentioned locations, occurs, the production of wastes will likewise in-
needs for improved water quality also exist on several crease. Looking ahead to 1980 and beyond to 2000
river reaches in the Area. Most of these reaches are in and 2020, these factors provide the primary source
downstream locations near the urban concentrations, for: (1) projecting the quanti ty and location of
Water quality problems r u s t  on the lower Snoho- wastes, and (2) determining the means to preserve
mish, Duwamish, and Puyaliup Rivers and on water quality and to protect the water uses of any
Chambers Creek. The needs on the lower Snohomish given watercourse . The following discussion regarding
River and Chambers Creek stem largely from the the economics of the Area is based upon information
discharged wastes of pulp and paper operations. The contained in Appendix IV, Economic Environment:
Duwamish River, lined with industrial establish- A period of extraordinary growth lies ahead for
menu-slaughter houses to ship yards-receives con- the Puget Sound Aiea. This growth will be driven
siderable amounts of wastes and presently does not along by the aerospace Industry, but the economic
meet the established water quality standards. Munici- base Is far broader (see Table 1-14).
pal discharges are the primary cause of degraded FIgure 1-17 shows the population growth trend
water quality on the Puyallup River. for the Area. Population in the Puget Sound Area is
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projected to be 2.7 million persons by 1980, ex- TABLE 1-13. Population prolections by river basins
ploding to 6.8 million by the year 2020. It is (in thousands), Puget Sound Area
expected that population growth in the Seattle-
Tacoma-Everett area will run far ahead of other areas , 1963 1980 2000 2020

accounting for 1.6 million persons by 1980, or 58 Nooks.ck-Sumas 74.6 91.6 123.5 168.7
percent of the Area’s total population. Table 1-13 Skagit-Samish 53.8 64.2 86.5 118.2
shows the population projection for the Area and for StiU~~u.mish 17.6 30.2 48.5 77.8

the basins Snohomish 178.2 302.7 485.8 780.3
-

. 

— Ceder-Green 976.9 1,479.0 2,375.7 3,816.3
It is easy to see from Table 1-li that the Puyal up 324.5 449.8 721 0 1 ,157.7

greatest growth will occur in the central part , namely Ni~~uelly-0eschutu 69.6 74.9 104 5 146.5
in the Cedar-Green , Puyallup, Snohomish , and West West Sound 124.2 175.0 274.1 432.7
Sound Basins. By 1980, these four basins will be El~~..Dung.ness 28.3 29.8 41.0 56.6
home for some 2.4 million people and will account W~~~~Y Clfllf l O 

199 269 362 495for 88 percent of the Area ’s total populace. Present Sen Juan Islands 2:6 2.8 3.7 5.1
trends point to a continued concentration of popula- - _____

tion in these areas. The Seattle-Tacoma-Everett corn- Regional Totals 1,870.0 2,726.9 4 300.5 6,809.4
plex will grow into a Pugetopolis by 2020, with over
five million people and a solid development of Source: Appendix IV.

intensive land use from north of Everett to south of
Tacoma. industries is expected to realize an 82 percent

________________________________ increase from 1965 to 1980 in terms of value added.
Food and kindred products, paper and allied

6000 products, and primary metals are projected to lead
this growth. Relatively large increases are also pro-
jected for chemicals and petroleum industries. On the§ declining growth side is the lumber and wood

- 400C products industry .
Recreation and tourism will become very

importan t economic activities. By 1980, over 109
I I million recreation days are forecast for Puget

200C Sound—almost double the 1960 estimate. Water~related activities are expected to account for over 45
percent of this total outdoor recreation demand in
1980. Intense recreation is expected to occur in the

~~ao Cedar.Green , Snohomish , West Sound, and Puyallup
YEAR Basins. These four basins will account for about 63

FIGURE 1-17. Projected population growth for the percent of the total outdoor recreation demand
Puget Sound Area. estimated for 1980.

Significan t changes are predicted for the Area’s
Future economic growth to 1980 includes a agricultural economy. Farm land is expected to

number of highlights. Employment will approach one decrease 23 percent between 1963 and 1980. and to
million jobs as shown on Table 1-14. Gross Regional decrease 56 percent by 2020. The number of farms
Product will almost double to 11.4 billion expressed will also be reduced 40 percent by 1980 and 66
in 1963 dollars. Gross Regional Product per person percent by 2020. Future declines in the amount of
will be up some 34 percent over the 17-year period. farm land will be associated with urban-population

Even a casual inspection of Figure 1-18 which growth and industrial expansion . Agriculture will
summarizes the value added by the large water-using have its greatest decline in the central part of the
industries to the Gross Regional Product indicates a Area where over 30,000 acres are expected to be
substantial growth in those Industrie s expected to converted to urban uses by the year 2020. The
have a m~ or impact on water quality In the region, northern part will contain the major share of farm
Production growth for the major water-using land.
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The proportion of farm land used either for
crops or for pasture will increase substantially. A few
major commodities account for most of farm output.
Projections of the major farm products to 1980 show
the following changes: production of vegetables will
increase 80 percent; berries, 52 percent; boilers, 47
percent; eggs, 40 percent; and milk, 27 percent. Total

‘I.—
.value of crop and livestock production is projected to

increase from $128 million in 1963 to $165 million >

in 1980 and to $274 million by 2020.
In terms of percentages, the northern part of

the Area is projected to show the largest increase in u
~~~&~xj :~economic activity through 1980. Aluminum, petro 

-

________________________________
leum refining, and university and research facilities ~63 

~~ A R  2000 2020
will lead the way, especially in the Nooksack Basin FIGUR E 1-18. Relative growth for major water usingand the Skagit Basin. The pulp and paper industry industries in the Puget Sound Area.and the wood products industry will also expand.
Since most of these industries require water access,
development of additional deep-water port facilities is will be felt in lumber and wood products and in
expected . Subdividing the San .Juan Islands and the agriculture where the land will be converted to urban
Whidbey.Camano Islands into summer houses and uses.
recreation lots will continue to be the main activity Major growth strength in the western part of
there. Recreation and tourism will provide the coo- the region will be drawn from the pulp and paper
nomic lift to these two island areas. products component of the forest products industry.

The present economic upsurge in the central But there will be a decline in the wood products-
part of the region as expected to continue, wi th the lumber industry. In both areas—West Sound Basins
aerospace industry providing the explosive force in and the Elwha -Dungeness Basins—tourism and recrea-
the future . The big g wth “industries”— in the tion will continue to expand.
Cedar.Green , Snohomish , isd Puyaliup Basins—will Future population and economic growth will be
be transportation equipment , construction , mach- greatest in and adjacent to the existing cities and
inery trade, finance, insurance , real estate, and towns of each of the basins. The extent of this
services. Noticeable declines in economic act ivities growth through 1980 will shift , spill over , and vary

from basin to basin . The greatest changes will occur
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PHOTO 1-12. Future economic growth In the north is PHOTO 1.13. The aerospace industry is expected to
expected to come from increases In pstrolsum ratio- contInue to lead the economic “boom” in the central
Irig, aluminum, and education, portion of th. area.
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in the Snohomish, Cedar.Green, and Puyallup River This will be the result of residential spill over from
Basins, the Seattle-Everett metropolitan area. The construc-

In t!... northwest and southwest sectors of the tion of a bridge from Wh.idbey to the mainland is
Cedar.Green Basins a large amount of industrial expected to accelerate the residential development of
activity is expected to take place. A major industrial these islands.
corridor is expected to occupy the Green River Generally speaki,ng, the waste projections pre-
Valley area between the city of Seattle and the sented graphically in Figure 1-19 are a result of the
King-Pierce county line. This industrial development close relationship between unit wasteloads and the
will replace a large amount of agricultural land. projected economic conditions. These waste projec-

The boom period of growth in the Snohomish tions—indeed , all projections—are limited by the
Basin will continue as a suburban area for the criteria used in their derivation but are , nevertheless, -
Seattle-Everett metropolitan area due to the develop- a necessary tool in future planning . The specific
ment of the Boeing complex at Paine Field. Future prc~ections for each basin may prove to be in error
development of industry is expected to occur in and due to the narrowing of the geographical area studied
around the Edmonds-Ewrett-Marysville area, in relation to the broader , Area-wide outlook ; the

Present trends show that the Puyallup River projection of all industrial growth in present loca-
Valley is destined to develop intensively from the tions; and lack of projections of new waste prod ucing
mouth of the Puyallup River to the city of Puyallup. industries. The summary of Area-wide totals, how-
There is also a good possibility that the fertile ever , can be expected to minimize this error and to
agriculture lands between the cities of Puyallup and - provide generally usable figures for futu re planning.
Orting may be developed intensively. Large spill overs The present municipal , Industrial, and recrea-
of population from the Cedar-Green Basins will tional raw waste production of 16.4 million popula-
continue into the future. tion equivalents (PE) is projected to grow to 28.2

In the Nooksadc-Sumas and Skagit-Samish million PE by the year 2020. Most of the increase will
Basins, future development—both industrial and scsi- occui in the central area. By 2020, 57 percent of the
dential—is expected to take place along the shore of total waste production is expected to be concentrated
Puget Sound. Other new growth is expected along in the Everett-Seattle-Tacoma urban -industrial corn-
various locations bordering Interstate Highway 5. plex. Generally speaking, the bulk of the future waste

The Stillaguamish Basin may become a distant production ii expected to occur near marine waters
suburb to the fast-growing Seattle-Tacoma-Everett since these areas are most heavily populated and
area . There is a good possibility that this basin may industrialized at the present time. By 2020, about
receive a large spill over of population and intensive two-thirds of the total waste production will be
land uses from the developing Pugetopolis to the located in the vicinity of marine waters .
south.

Growth within the West Sound Basins is ex-
pected to continue in and around the various corn-
munities—principally Bremerton , Port Townsend,
Shelton, and Port Orchard. If a cross-Sound bridge is
constructed connecting the Seattle metropolitan area 

- 
- -V..

with Bainbridge Island and the Peninsula mainland, “-.. 
-

growth will be accelerated . This would serve to make Ø~
the Peninsula area a suburb of Seattle. -. 

- 
- .

New growth in the Elwha-Dungeness Basins 
I -

through 1980 will occur pthnarily in and around Port 
- .Angeles and Sequim, with some small scattenngs F°°°Ø~ 

- 
• 455~

along the Strait of iuan de Fuca. ~~The outer perimeter of the San Juan Islands
will continue to be subdivided into summer homes
and recreation lots. A good percentage of the
part-time residential development on Whidbey and F I GURE 1-19. Projected municipal and industrial
Camano Islands will become permanent residents , wastes for the Pugst Sound Area (thousands of PE).
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The overall future protlie of the wastes will be TABLE 1-16. Projected municipal wastes, Pugst
somewhat different from the existing mix due to Sound Area
population , technological , and economic growth
shifts. For instance , municipal wastes which presently Populat ion Equivalents

account for about 8 percent of the total waste Marine Total

production will , by 2020, represent about 38 percent 1980 396,000 2.787,000 3,183,000
of the total. Likewise , industrial wastes, presently 2000 601,000 4,606,000 5,207,000
accounting for 90 percent of the total wastes, will 2020 815,000 7,391,000 8,206,000

then account for 57 percent. More specifically , the
paper and allied industry which presently produces Municipal raw wastes are projected to increase
80 percent of the total wastes is expected to diminish greatly from 1965 to the year 2020. More than 70
to 41 percent of the total by 2020. A more detailed percent of these wastes will be generated in the
discussion of municipal, industrial , and recreational Everett , Seattle , and Tacoma area. Of the total
wastes follows, projected municipal wastes, 90 percent are expected

to be generated in the vicinity of marine waters .
Municipa l As seen in Figure 1-19, the amoun t of munici-

Projected total basin populations as provided pal wastes to be dealt with in the Puget Sound Area is
by the PS&AW Task Force were broken down into expected to double by 1980 and increase more than
municipal and rural segments based on consideration six-fold by 2020. Proper controls must be imple-
of the present distribution for each basin. A basic mented to insure that the impact of these organic
assumption here was that the municipal portion of wasteloads will not intensify the problem areas or
the population would account for an increasingly create new problem areas. Without adequate controls
greater share of the total basin population—i.e., most low dissolved oxygen conditions could occur in
future growth would occur in the already populated marine waters and in some streams and many areas
areas , leaving the rural segment with a declining rate could become bacterially contaminated for water-
of growth. The , projected municipal populations were contact use.
also assumed to be served completely by municipal Although the rural population projected for the
sewerage systems by 1980. Table 1-15 presents the Area is significant , this waste source is not considered
regional summary of this population breakdown. to have any adverse water quality impact due to the

extensive utilization of sub-surface waste disposal
TABLE 1-15. Projected population ,1 Puget Sound methods by rural households.
Area

Municipal Rural Tolal Industrial
Industrial organic wastes are projected to

1980 2.547,000 18~,000 2.728,000 decline slightly from present levels and are projected

:~~:~~ ~~~~ ~~~~~ 
to account for 57 percent of the total municipal and

____________________________________________ indust rial waste production by the year 2020. About
i 38 percent of these industrial wastes will be generatedFigures are rounded . -in the Everett-Seattle-Tacoma service area. About 55

The municipal population figures for each basin percent of the industrial wastes will be generated near
were then multi plied by the factor 1.25 to obtain the marine waters ,
projected municipa l wastes in population equivalents. Paper and Allied Products—Based upon the
The factor , 1.25 , allows for the inclusion of wastes projected figures of value added for this industry, as
generated by commercial establishments and small presented in the Economic Appendix , growth factors
ind ustries that are included in municipal wastes. were determined for the periods present to 1980,
These projected municipal wastes were then distri- 1980 to 2000, and 2000 to 2020. From these , the
buted to the fresh and marine water environment future production levels for the Area’s pulp and paper
based upon the present distribution and also on the operations were projected. It was assumed that all
expected future growth pattern for each basin . The additional pulp production over presen t levels would
projected municipal raw wastes summarized for the be of the sulfate (kraft) process. Based on projected
Area are presented in Table 1-16. product mix profiles as provided by the Northwest
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Pulp and Paper Association , the total proj ected The paper and allied industry , located almost
production was distributed accordingly. The present entirely on marine waters , will continue to be the
and projected pul p and paper production levels , based major producer of organic waste. The amount of
on value-added figures developed by the Puget Sound paper and allied wastes produced , as shown in Figure
Task Force, are presented in Table 1 17. 1-19 , will remain at about present levels through

2020. These wasteloads adequately handled , will
maintain water quality standards conditions.

TABLE 1-17. Present and projected production levels Food and Kindred Products-Food processing
paper and allied products, Puget Sound Area will also be a m~ or source of organic wastes in future

years. Wastes produced 1w this industry will amount
~~~~~~on—Tons/Dav to about 40 percent oi the total industrial waste

Yea - lii Kr.tt Ground~~ od Total1 production by 2020, increasing to 7.6 million PE or
nearly 5.5 times present levels of waste production.

1965 2,322 1.825 3.722 7,870 Unless properly treated , these wastes could
1960 2,480 4,905 9,020 16.500 contribute further to the degradation of streams and

~~ ~~ ~~~~ 
marine waterways. Wastes from most food processing

______________________________________________ industries are strong in terms of BOD and suspended
Figites are rounded. solids. 

-Food processing wastes produced by seasonal
operations will be about twice as great as those

Unit wasteloads established for the production produced in non-seasonal operations. Approximately
processes were derived from Gaudy’s 1957 work in 18 percent of the seasonal wastes and 55 percent of
Publication 17, California State Water Pollution the non-seasonal wastes are projected to be produced
Control Board. The projected raw unit wasteloads for near the marine waters of the Area by 2020.
the sulfite and kxaft processes are shown in Table Utilizing growth index figures obtained from
1- 18. the food processing industry , projected levels of value

added for production are 175 percent , 365 percent,
TABLE 1-18. Projected unit wasteloads, lbs. BOW and 775 percent of present levels by the years 1980,
ton, Pug.t Sound Area 2000, and 2020, respectively. To allow for expected

increased processing efficiencies and greater utiliza-
PFO ~~ II tion of the input materials, future waste production

Year SulfIte Kr.ft Ground~ ood has been projected as 150 percen t , 300 percent , and
550 percent of present levels by the years 1980,

1900 mo 30 15 2000, and 2020, respectively . Projected wastes were
2000 750 25 15 then distributed to seasonal and non-seasonal cate-
2020 750 _20 15 gories and to production in the vicinity of fre sh

waters and marine waters using currently existing
These unit wasteloads were then applied to the ratios. The projected food and kindred products

proje cted production levels to obtain the projected wastes are sununarized in Table 1-20 .
raw wasteloads as presented in Table 1-19. Other Industries—The lumber and wood pro-

ducts industries are contributors of sludge, organics,
TABLE 1.49. Projected ._w paper and allied and heat. Sand and gravel operations may impart
products, Pugat Sound Area heavy turbidities to the receiving waters. The chem-

ical and petroleum industries produce primarily
Pai,er & synthetic , organic, and inorganic chemical wastes

Y.sr Sulfit. t(rstt Gioundwood ~~~ toxic to aquatic life. These will require special
1900 11,160.000 686,00~ 813.000 12.868.000 treatment facilities and handling in order to maintain
2000 10373,000 1,430.000 1,458000 12,270,000 water quality .
2020 7,830.000 1,603,000 t~9~.000 ~~~~~~~~ Potential contributors of oil pollution in the

Puget Sound Area will be all facilities engaged in the
* E,IprSNSd In populielon equivalent,, production , transportation , handling, and use of

4
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TABLE 1-20. Summary of projected wastes1 food and kindred products . Puget Sound Area

Non.Seauonal Seaional Total
Year Fresh Marine Fresh Marin e Fresh Marine

1980 331,000 410.000 1,084,000 240,000 1,415,000 650,000
2000 662,000 790.000 2,169,000 474,000 2,831 ,000 1,264,000
2020 1,214,000 1,502.000 3,976,000 868.000 6,190,000 2,370,000

Population equivalents.

oil — ships, oil-loading points, refineries , garages, and Wastes generated by recreation activities were
industries. The primary source of oil pollu tion is the based primarily on projections of water-related and
discharge from vessels of oil-contaminated ballast and non-water-related recreation days. Consideration was
bilge . Accidental oil spills are also of importan ce . given to their seasonal distribution , the percentages of
These discharges can damage beaches and wildlife; both the water-related and non-water-related recrea-
foul boats , fishing gear , quays; create fire hazards in tion days requiring treatment facilities , and natural
harbors and other enclosed areas; and da mage marine features of each basin affecting the location potential
flor a and fauna. for the assumed facilities. In the determination of

l’he ship repair activities at the Bremerton wastes , one recreation day was assumed to equal one
Naval Shipyard are expected to increase at a steady population equivalent. The projected raw wastes
rate. The number of nuclear powered ships will summarized for the Area are shown in Table 1-21.
expand substantially, introducing the potential prob-
lem of radioactive waste disposal to that area , This, TABLE 1-21. Summary of proj ected recreation
plus incteases in metal processing wastes and ship wastes’. Puget Sound Area
domestic and bilge wastes, will be the fut ure waste-
loads to be handled. Recreation Wastes. PE

Year Fresh Marine TotalControl of waste heat produced by thermal
nuckar power plants will be important in the 1960 244.000 119.000 363.000
maintenance of adequate water quality. For the 2000 461,000 225.000 686.000

potential sites located on marine waters , it is pre - 2020 842,000 388.000 1.230.000

sumed tha t waste heat may be dissipated directl y to
Puget Sound. For all proposed power plant locations , Fwur es are rounded .

however , special studies will be required to determine
treat ment or controls necessary for protection of Agriculture
temperature in receiving waters . The future develop- Livestock handling poses a future threat to
ment of nuclear power plants represents a consider- water quality. The potential of this problem may be
able growth, creating a great potential threat to water glimpsed from the fact that the cattle and calves in
quality—particularly to the ecological balance of the Puget Sound Area have been estimated to number
Puget Sound waters. Sites located on fresh waters will nearly one-half million , which would be equated to
require adequate facilities for proper control of waste over three million PE generated daily. A study now
heat discharges for prevention of adverse quality and being established on the dairy herd located on
ecological effects on the rivers. Washington State’s honor far m near Monroe , Wash-

ington , should provide considerable specific informa-
Recreation tion on the dairy cattle waste problem and means of

Wastes generated by recreati onal activities are control.
pr ojected to increase to 1,230,000 PE by 2020—more Runoff from feedlots and stockyards would
than six times present levels. These wastes, however , pose a health problem, as well as a possible depleti on
will account for only 5.7 percent of the total wastes of oxygen in receiving waters. Since these wastes ar e
in the Area. About 70 percent of these wastes are very high in nitrogen and phosphorus, they would
projected to be generated on fresh waters and the also cause heavy nuisan ce algal growths if not
remaining 30 percent on marine waters . properly diluted or adequately treated.
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V

MEANS TO SATISFY NEEDS
Most of the present and future needs in Puget presently-known and projected discrete waste sources

Sound will be met if adequate waste treatment was first established. The costs of acquiring these
facilities required in the present and proposed quality facilities were also estimated. Then the treated waste
standards are installed at all municipal, industrial , and discharges to the watercourses were estimated to
recreational areas . This will reduce the amount of determine flow requirements for assimilation of these
residual wastes entering fresh and marine waters to residual waste loadings. Finally, the general support
levels within their assimilative capability . It will also requ irements needed to measure and solve the re-
require substantial new waste treatment construction maining problems were outlined . These include the
in the near future , especially by the pulp and paper water quality monitoring system , management
industry. Ports will need to provide hookup facilities system, and research.
for commercial vessels, and recreation sites will have The plans presented here are generally for
to have adeq uate facilities for people and recreation recommendations which apply to several or all basins.
watercraft. The plans involve recommendations for construction

It is possible that streamfiow will be inadequate of new facilities as well as increased programs for
in fut ure years in the Cedar and Green Rivers. A management agencies. They are intended to provide a
potential conflict exists on the Cedar River between guide for furthe r study or action. For example , a
future municipal water supply diversions and the general outline of immediately required municipal
need for fl ushing inflows to Lake Washington. A treatment facilities is given for each basin , but the
detailed study an 1 developme nt of information reader must go to the Washington State Wate r Quality
systems including computer models, however , should Standards Implementation Plan for the specific list
be undertaken to determine flows required for this under each watercourse . Wherever possible, the
purpose and potential sources of supply . Increased agency responsible or best suited to carry out the
future diversions from the Green River by the city of recommendations is identified.
Tacoma may also conflict with required flows for Water control and management must be imple-
water quality control in the Green-Duwamish River. mented by a systems approach so as to relate agencies

Surveillance of water quality is a critical action and their requirements to needs. A close , formal
for the estuaries and marine waters. A framework of interrelationshi p is needed between all levels of
recommended elements of this program is outlined government in the area tied in with a good corn-
and cost elements developed. munication system which would facilitate rapid and

Ultimately, the achievement and preservation unified decision-making on serious problems as they
of good water quality is based upon people operating evolve .
within the context of a political, social , and economic As established in the previous chapte r , the
syste m. The attainment of adequate water quality in marine waters are and will be the most important
Puget Sound will require an efficient , adequately water quality problem area. The Task Force
staffed and funded water quality management system emphasis , however , has been on the fresh-water
geared for attacking the water pollution problem. resources. The net result is that only a portion of

These broad elements and costs of the wate r these plans is effectively integrated into the Puget
quality plan are described in more detail below. Plans Sound Water Resources Plan. It is unfortunate that
specific to each basin are presented in the basin the overall study does not extend broadly enough,
chapters. but it was necessary to emphasize marine waters here

The water quality control system in Puget to bring the future of water quality in the Sound into
Sound is based upon two broad principles. These are: perspective , since so many of the uses developed—
(1) control of wastes at the source , provision of the such as fisheries , recreation , and future power genera-
required waste treatment facilities before discharging tion—are basic to these waters.
effluent to a watercourse and (2) attack of problems One of the main inputs to the formulated plans
tha t remain after installation of adequate treatment of the Task Force is the projected flow requi rements
effectively and efficiently. The system of waste for various major streams needed to maintain ade-
collection and tr eatment facilities required for quate quality for all legitimate present and future
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stream uses. It must be remembered , however , that
these have been determined for conditions of ade-
quate waste treatment facilities and operation which
should prevail through implementation of the water
quality standards. .. 

. - ,
To provide a base for the planned waste . 

- -

handling facilities systems, as detailed in the basin
chapters of this appendix , certain basic assumptions
were made , such as—all wastes would be diverted out
of’ the lake basins or advanced waste treatment for -

nutrient removal to prevent excessive al gal growths
along with the concomitant water deterioration. .• - -

The general approach was to assume that water
quality levels and controls acceptable and achievable
today , under the Interstate and Coastal Waters PHOTO 1-14. The key to attaining desired waterStandards, would persist into the future. quality in the future is adequate waste collection and

treatment facilities.

WASTE TREATMENT
Municipalities or industries planning to con-

Adequate waste collection and treatment facili- struct a new outfall on a watercourse will be required
ties are the primary means for achieving desired water to conduct adequate outfall and dispersion studies to
quality objectives in the Puget Sound Area. Although ascertain if their waste discharge will be able to meet
other elements are also necessary , installation of the existing Water Quality Standards as set for th in
adequate waste treatment facilities is considered a the Implementation and Enforcement Plan , for Inter-
prerequisite. The approved State-Federal Water state , 1967 , and Intrastate Waters , (Proposed) 1969 ,
Quality Standards have set the levels of waste of the State of Washington . This study will also
treatment upgrading, modification or expansion and reflect the type and extent of treatment necessary to
other controls for municipalities and industries protect the existing water quality . The Plan calls for
located on interstate and estuarial waters. The pur- secondary treatment for all waste uischarges. How-
pose of the Implementation and Enforcement Plan is ever , if the receiving water course is marine water and
the achievement of the water quality criteria and the outfall and dispersion studies indicate primary
classifi cation objectives. All activities which discharge treatment , an adequate deep-water outfall will pro-
wastes into the waters or affect water quality must tect the water quality , and secondary treatment will
provide all known available and reasonable methods not be required by the Commission.
of treatment and control. For these iocations, refer- In order to maintain a healthful environment -
red to in the implementation plan , in the Puget and to provide adequate disinfection commensurate
Sound Area the general policy regarding waste tre at- with legitimate water uses and established water
ment was that the proposed Interstate and Coastal quality criteria , the (proposed) policy to be used in
Waters Standards would require secondary treatment the design , operation , and control of disinfection
unless it could be shown that a lesser degree of facilities is that all liquid wastes which are , or may be
treatment could be utilized without violation of the associated with the spread of waterborne disease,
standards. With approval of the Interstate and Coastal shall be disinfected with chlorine or by other
Waters Standards by the Secretary , Department of approved methods.
the Interior , exceptions l’~ve been made to allow Efficiency of Disinfection - In general , investiga-
~wimary treatment with adequate outfalls and dir- tions by State agencies have found that the effluent
psiiâ l aiea evalua t ions for plants at several cities , coli~orm counts are influenced most by chlorine
indeahi ag their n~~u( cities of Seatt le , Tacoma , Port dosage rate and contact time. Field investigations

4~ and Ajiacurtes. with the provision that have indicated that the colifoim count in chlorinated
~~~~~~~~~~~~ Ue lP ~Wn( as. . I be required if water sewage effluent was much higher than previously
~~~~~ at.sviai~~ were viplaicd suspected. Substantial numbers o’ coliform organisms

1-64



may be present with chlorine residuals as high as 2.0 The Basin and Area plans were developed
mg/I , which could result in pathogenic organisms according to the following criteria which are :
entering the receiving stream. The presence of such 1. After sufficient treatment , wastes would be
organisms in chlorinated sewage effluent constitutes a conveyed and discharged to Puget Sound through
potential health hazard, adequate outfalls, wherever feasible.

Adequate disinfection proposes a treated efflu- 2. Secondary treatment facilities would be
ent with a median value of total coliform organisms required for waste sources discharging to fresh waters ,
of 1000/ 100 ml or less, with no more than 10% of based on the proposed Intrastate Water Quality
the samples exceeding 2400/ 100 ml for secondary Standards.
treatment , or a median value of 2400/100 ml or less, 3. Primary treatment facilities would be ade-
with no more than 10% of the samples exceeding quate for most waste sources discharging to marine
10,000/100 ml for primary treatment. In no case waters. This contorms with recent actions in regard to
shall the disinfected effluent cause the degradation of the water quality standards where adequate disper-
the receiving water quality below the criteria estab- sion has been accepted as the basis for allowing
lished for the waterway . exceptions to the requirement for secondary treat-

New facilities should have sufficient capacity to ment throughout the State.
maintain 15 minutes of chlorine contact time at peak 4. Industrial wastes suitably located and
hourly flow or maximum rate of pumping in acceptable to a system were assumed to be inter-
chambers, basins and out falls. Existing plants whose cepted by municipal treatment facilities. Lagoons
disinfection facilities do not meet the above c-iteria were assumed as treatment for seasonal food pro-
should be upgraded. cessing wastes.

The required waste collection and treatment 5. Municipal populations were projected to be
facilities, described in the basin chapters from the completely sewered by 1980.
standards , will be the major tool in attain ment of 6. Secondary treatment and adequate outfalls
adequate water quality (to desired levels). They do would be requited at all recreation areas.1
not , however , guarantee water quality improvement, Treatment costs were estimated for present ,
but represent only the initial needed requirements . If 1980, 2000, and 2020 waste conditions. Waste
additional requirements and actions become neces- treatment facilities were assumed to have an effective
sary to attain desired quality levels, the standards and life of fifty years.
implementation plan will have to be revised accord- Waste treatment costs were divided into three
ingly. In addition to these standards for marine and categories: municipal, industrial , and recreational.
estuarial waters , the establishment of Interstate and Under the industrial treatment category , petroleum,
Coastal Water Quality Standards for the fresh waters food processing, pulp and paper, chemcial and alumi-
of the Area now being formulated will aid in quality num refining treatment processes were each separ-
attain ment in these locations. ately derived .

The separation of storm and sanitary sewers Present treatment construction costs were
will become an increasingly important factor in determined from information in the State Implemen-
reaching water quality goals. Antiquated combined tation Plan of the Water Quality Standards, and the
systems, a definite source of wastes, will need State priority list from the Annual State Plan . These
separa tion. This is a costly, long-term program but sources gave costs for many of the required facilities.
one which will substantially aid in the sustained Costs for facilities not estimated from these sources -
achievement of firm water quality levels. Seattle is were estimated from curves derived by the Federal
presently embarking on such a program but these Water Pollution Control Administration (FWPCA).
efforts will need to be extended throughout the Area. Municipal waste treatment facility cost curves were

The Bellingham, Everett , Seattle, and Tacoma established from “A Compilation of Cost Information
service areas all have high priority requirements for for Conventional and Advanced Wastewater Treat-
waste collection and treatment facilities. Most of the
requirements are geared to problems which are 

~~ ~~~~~~~ ~~~~~~~~~ ~~~ ~~~~~ Water Qual ity Stand-primarily concentrated in estuarial and bay areas. arde may require tertiary w t e  treatment facilitie s at lakes
These locations have the greatest need in terms of an~ their feed er streams and on all surface ~qmters in the
present and potential water quality. Olympic and Cascade Mountains above certain elevations.
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ment Plants and Processes.” Industrial waste treat- Water ” report , U.S. Department of Interior. For the
ment costs were derived primarily from the Industrial three industries of petroleum , vegetable and fruit
Waste Profiles, Volume III , “The Cost of Clean processing, and dairies , costs for biological treatment
Water ,” U .S. Department of the Interior. Although processing for the three levels of technology (1950,
organic waste projections were not determined for 1963 , and 1967) presented in the report were -~
the chemical and petroleum industry , treatment costs plotted. A logarithmic decreasting unit treatment cost -~
were based on future growth pr~ ections for this rate was then applied to the present costs of both
industry and assumed facilities which included an API municipal and industrial treatment. To derive approx-
separator , an activated sludge unit , a sludge filtration imate treatment costs for the year 2000, these
and incinerating unit and outfall facilities, reduced costs were then plotted to attain a modified

Food and kindred products waste treatment treatment versus plan size cost curve for derivation of
costs were based on provision of a screening and future treatment costs.
lagoon system. Costs and efficiencies of advanced waste treat-

Pulp and paper waste treatment costs were ment , processes, were not applied in the plans
based on a paper developed by the FWPCA for the derivation although they will probably be utilized
Puget Sound Enforcement Project; the greater cost of within the next thirty years.
which involve a recovery plant to destroy , by Sewer construction costs were based upon cost
burning, the major part of the waste stream produced curves developed in 1964 and indexed to October
during the manufacture of sulfite pulp—spent sulfite 1967 cost levels.
liquor. The basic process (Cor a sodium base recovery Residual wastes following treatment were corn-
plant) is as follows: puted using secondary treatment efficiencies of 85

Spent sulfite liquor is pretreated by steam percent for 1980 and 2000 and 90 percent for 2020.
stripping to remove dissolved sulfur dioxide , neutral- Primary treatment efficiencies were assumed to be 35
ized with recycled sodium carbonate , a second steam percent for 1980 and 2000, and 40 percent for 2020,
stripping to remove carbon dioxide , and filtration , to reflect more advanced equipment and processes.
The pretreated liquor is then concentrated in a six The required investment for municipal , indus-
effect evaporator and a direct contact cyclone evapor- trial , and recreational sewerage facilities in the Puget
ato r. The concentrated liquor is then burned in a Sound Area is enormous . About 52 ,190 ,000,0001
Kraft-type recovery furnace . Over 95 percent of the will need to be invested by 2020. Of this vast sum,
entering biological oxygen demand is destroyed. A about 80 percent will be spent for municiçal facili-
Kraft-type smelt (a mixture of molten sodium sulfide ties, 15 percent for industrial treatment , and the
and sodium carbonate) is removed from the bottom remaining 5 percent for waste treatment facilities for
of the recovery furnace. This smel t is dissolved, recreational wastes. The present and projected invest-
clari fied , treated with carbon dioxide to remove the ment requirements for the Puge t Sound Area are
sul fide fraction , and filtered. A blower furn ishes stack shown on Figure 1-20 and Table 1-22.
gas to the carbon dioxide plant. The resulting sodium ____________________________________
carbonate solution is used in part for manufacture of ii

cooking acid and in part for the neutralization step ~previously mentioned. Carbon dioxide is obtained by h
absorbing recovery furnace stack gas. d

The sulfide removed from the dissolved smelt is !‘
released in the form of hydrogen sulfIde . The I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
hyd rogen sulfide is treated in a hydrogen sulfide • 0 s O  ~~~~~~~ 2~~0 i60 at

reduction unit to release elemental sulfu r which i~ FIGURE 1-20. Required rates of waste treatment
returned to the pulp mill for cooking acid manufac- investment 1 for the Puget Sound Area to meet the
ture . standards for interstate waters.

It was presu med that future technology would
result in decreased treatment costs per unit of waste In vestment for municipal treatment and
treated. This influence of technology on treatment sewers1 will total $176,000,000 by 1980, with an
costs was approximated by using the costs from the
Industrial Waste Profiles of “The Cost of Clean

Costs are not amortized.
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will be generated which could cause serious water

quate waste heat control methods. What to do with
~~~~~~~~~~~~~~~~~~~~~~~~~~~ quality degrada tion without the application of ade-

~E~~ WA& ~~*N13 ~~~ ~~~~~~~~ jVEST~~~NT this waste heat is of primary concern to those charged
___________ with the maintenan ce and control of water quality.

_________________________________________ With the potential for thermal power plants being,e’ro ~eIo ~~~~ 
~
‘ located on both the fresh and marine waters of the

FIGURE 1-21. Government investment require- Puget Sound Area , control of waste heat may be
menU’ for waste collection and treatment in the accomplished by different means.
Puget Sound Area .

TABLE 1-22. Total amortized capital and operational
additional $366,000,000 needed by 2000 and costs—Puget Sound Area
anothe r $400,000,000 needed by 2020. About 75
percent of this money is projected to be needed for Million Dollars

Present- 1980- 2000-sewer construction. 1980 2000 2020
Waste treatment for the paper and allied prod-

ucts industry accounts for about 80 percent of the Industrial 88.9 40.2 33.9
present total investment required for industry .’ By Municipat treatment 99.5 99.9 44.4

Municipal sewers 483.4 512.6 217.1the year 2020 it will account for 70 percent of the R~~reation 23.4 24.9 11.2
total industrial investment requirement. Industries ACtVC~ C C I  waste treatment 31.7 48.4 72.1
will need to spend $43,000,000 by 1980, an addi- — —

tiona l $43 ,000 ,000 by 2000, and another Sub’Total 726.9 726.0 358.7
$80,000,000 by the year 2020.

An investment 1 of Sl3,000,000 is needed by Water quality engineering
menagement and evaluation 13.0 12.8 14.9

1980 for waste treatment facilities for recreational
areas. An additional $52,000,000 is needed by 2020. Operation and maintenance 51.7 314.7 287.7

Sources of funding for treatment facilities are — —

shown in Figure 1-21. The Federal Construction Totai 791.6 1063.5 661.3

Grants program will need to provide a total of
$21 ,000,000 by 1980 and an additional $34,000,000 For those plants to be located on marine waters
by 2000, with another $40,000,000 by 2020. State once-through cooling may be utilized with waste heat
funding requirements are projected to total discharged directly to Puget Sound waters . However ,
$10,500,000 by 1980, $27 ,500,000 by 2000 and this must be based on detailed studies for each
$47,500,000 by 2020. The Federal investment in proposed installation . It is difficult to predict the
sewer construction will total nearly $17 ,000,000 by effects of this waste source on the marine waters. It is
1980. An additional $67,000,000 will be needed by expected tha t effects on marine life in the immediate
2000 and another $84,000,000 by 2020. The Federal vicinity of the plants may be more pronounced . An
investment in recreation is expected to be $8,500,000 adequate surveillance system tied in with oceano-
by 1980 with an additional $20,000,000 needed by graphic research will be an important key to the
2000 and another $20,000,000 needed by 2020. protectIon of the marine waters.

In addition to the requirements of collection For those thermal power sites located on the
and treatment of conventional waste sources, achieve- fresh water streams of the Area , once-thro ugh cool-
ment and maintenance of adequate wate r quality in ing- d rect discharge of waste heat to the stream—will
future years will involve dealing with other waste not be possible in the control of water quality.
types not now playing a significant role in the impa ..: Co4~.ng towers or possibly lagoons will need to be
on water quality. employed to adequately reduce the amounts of waste

Considerable future development of thermal heat discharged without violation of the established
power plan ts is expected for the Puget Sound Area. water quality standards .
With this development , large amounts of waste heat A study designed to analyze all existing and

— 

~ Coits are not amortized. 
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potential thermal power sites which would present FLOW REGULATION
locational guidelines and requirements , and recom-
mend those areas most suitable for development from The future network of waste treatment facili-
the standpoint of wate r quality preservation , ties will remove at least 85 percent of the oxygen

A study is presently underway to determine if demanding wastes from the raw waste stream. This
waste heat could be utilized for beneficial purposes , will leave about IS percent of the wasteload to be
such as establishing and maintaining marine life not assimilated by the water resources without lowering
now suited to the cold wate rs of Puget Sound. the level of water quality below standards. In

The control of oil pollution is now important addition , land drainage will contribute some waste-
to water quality and is expected to become even loads. Therefore , virtually all strea ms near the Sound
more important in the future. Control of the wide- require some flow to absorb the wastes expected to
spread pollutional source will involve finding an be discharged to them. In the future , with the heavy
adequate , legal method of disposal coupled with an development of recreation in the headwaters of the
effective preventive-oriented oil pollution control basins creating residual wasteloads the re , it will even
program. Collection systems aboard ships and on- be necessary to maintain adequate levels of flows in
shore collection and disposal facilities must be pro- those presently remote areas.
vided if the occurrence of oil pollution is to be Present streamfiows during the summer low-
prevented. Further control involves implementation flow period exceed flow requirements for waste
of an efficient system for reporting and collecting assimilation in most rivers. The Green-Duwamish
accidental spills. River , however , is completely regulated during

A plan should be developed for combating summer months , and flow releases of 110 cfs for fish
massive oil contamination in the event of a tanker requirements are being made. Substantial quantities
accident in Puget Sound. It should be aimed at coping of effluent are expected from METRO’s Renton
with accidents such as that of the Torrey Canyon off secondary sewage treatment plant (projected to be
the British Coast. Such a disaster in Puget Sound 180 cfs by 2000, and 234 cfs by 2020). A study has
could cause a serious economic and environmental been made by METRO of diverting the Renton plant
loss to the Area. A task force should be formed to effluent directly to Puget Sound. Cost estimates were
study operating pi ocedures and all other information prepared and METRO is committed to diversion of
that would be needed to combat a major disaster of the treatment plant effluent if water quality condi-
this nature . lions in the Duwamish River so dictate.

Disposal of watercraft wastes—trash , garbage , Lake Washington will continue to receive
debris , sewage, oil, and gasoline—directly to the increasing loads of nutrients as urban build-up con-
waters without treatment , is presently a common tinues. The nutrients introduce d from this source
practice. The control of such wastes will largely may provide the potential for increasing algal growth.
depend on legislation prohibiting the discharge of raw In addition , lockages between Lake Washington and
sewage, garbage , and trash or debris , by requiring the Sound are projected to increase substantially.
these wastes to be retained in holding tanks for This will mean more chance of salinity intrusion into
disposal on-shore or on the high seas. In addition to the lake. To handle both problems will require fresh
enabling legislation , more cooperation between water inflows to the lake. The Cedar River presently
governmental agencies, ship owners , boat designers, accounts for a major amount of low nutrient inflows.
port authorities , private and public marina operators , The city of Seattle projects increasing diversions from
and other responsible groups should be effected to the Cedar River to meet municipal and industrial
expedite the required collection and treatment facili- demands. Before any more diversions are made , an
ties or methods for servicing watercraft. Increased
consideration should also be given to proposals for
grants and contracts for studies in the Area of
watercraft waste collection and disposal .
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in-depth study of the entire Lake Washington system waters in the vicinity of the Cedar-Green Basins. In
must be undertaken to establish flow requirements in addition , the University of Washington has some
combination with other elements of a comprehensive stations located on marine waters . These programs
plan to preserve the lake’s quality . form a good basis from which to begin.

It should be noted that the flow requirements The next step is to bring into this system design
are ultimately based upon a presumed settlement elements. Selection of the sampling interval and
pattern and assumed industrial development loca- spatial location of stations in marine waters is a
tions. These, as previously noted , were primarily highly complex problem. If data are collected in
extensions of the present patterns and would result in excess of needs , the result is an expensive overload of
the minimu m impact on the streams and rivers , processing facilities. Similarly , data collected too
Should extensive urban shifts to inland areas occur , infrequently will have limited value.
such as along the Snoqualmie or Stillaguamish Rivers, The first step in system design is to elucidate
the flow requirements would be markedly increased, the goals of the monitoring program. A very impor-
Again, these contingencies were not investigated nor tant goal is to measure the long-term trend in
built into the plans. The recommended minimum productivity in the Sound. The past occasional
flow requirements do present a reasonable approxi- measurements that have been made indicate Puget
mation to maintain adequate future water quality in Sound is one of the most productive marine areas in
the face of the projected growth , presuming the the world. The continued future growth of waste
planned waste treatment facilities are constructed. discharges to the Sound will result in an ever

increasing load of nutrients . These effects must be
traced to prevent over-enrichment of the marine

MONIT ORING environment. The primary goal for which the present
system is operated is to monitor for Standards

A monitoring network for the estuaries and compliance. Another goal should be the development
marine waters of Puget Sound has been developed as of an information system to assist in a precise
specified in the implementation plan. Adequate dcci- definition , over a long-term period , of the eco-system
sions concerning waste management and water qual- of the Sound. In addition , consideration should be
ity requires a basic knowledge of the water character- given to the public health aspects of water quality ,
istics. While a number of Federal , State and local especially in those areas utilized for shellfish growing
agencies and universities are actively involved in the and water contact recreation. The network should be
monitoring of water quality in certain locations of a framework , expandable in the future to meet
the Puget Sound Area , overall the water quality projected needs , of which the ongoing data collection
characte ristics of the marine waters are not ade- would also be usable in the context of the future
quately defined, programs. To meet these types of goals will require

A basic network exists for fresh wate r areas. It several types of sampling programs. Some will define
requires some expansion now and will undergo long-term changes, some short-term changes, and
readjustments in the future as the conformation of some will give in-depth definition of rather limited
waste sources changes. Similarly, the parameters areas.
measured will be adapted to the needs. A basic Long-term changes should be observed by a
network needs to be established for ground water . systematic sampling program at key locations. The
Ground water monitoring will be more actively para meters measured at each station should include
pursued in the future. temperature, salinity, dissolved oxygen , colifor m

An area-wide network of water quality stations organisms, dissolved organic phosphate , total phos-
in Puget Sound , with measurements taken at suffi- phate , nitrate , silicate, pH, alkalinity, and sulfite
ciently close intervals to adequately define the marine waste liquor. A systematic biological and ecological
environment , is a must . The Washington Water program should be carried out at the same time to
Pollution Control Commission began an operating determine both the phyto and zoo-plankton popula-
system in 1967. It includes a sizeable number of tions at the same locations. Other supporting data
stations with measurements taken monthly or should include (1) river runoff data of all rivers and
quarterly . The U.S. Geological Survey and METRO cret~ks that feed in to Puget Sound , and (2) meteorolo-
also have a number of stations located on the marine gical observations of’ winds, rainfall , air temperatures,
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and insolation at sufficient locations to adequately (5) training programs to alleviate shortages of trainee
define these parameters for the Puget Sound Area. personnel , and (6) tech nical assistance to local enti-

ties from State and Federal Governments in special
techniques. As an example , the State Water Pollution

MANAGEMENT SYSTEM Control Commission, has utilized gas chromatography
in quality management programs and the abatement

Authority to manage or affect water quality in of water pollution; this instrument has been used to
the Puget Sound Area today is dispersed among analyse for DDT and its isomers in water , fish ,
private concern and numerous local , State , and shellfish , and residues from other various hosts .
Federal agencies. Analyses were made for pantachlorophenol , ethylene

Coordination and cooperation are necessary at dichioride (used indirectly to determine concentra-
the various levels of government. Adequate definition tions of gasoline in clams), diesel oil , and numerous
of a water quality control program for the Puget pesticides, using the electron capture detector and
Sound Area , utilizing a task force composed of hydrogen flame ionization detector. These instru-
Federal , State , and local agencies is needed to put ments are scarce and expensive , but extremely effi- -
pollution control on an effective , continuing basis. cient and results obtained are very satisfying. The
This could be a formal development of present atomic absorption unit technique is an excellent
informal interagency cooperation . accessory, and lends itself very well to a monitoring

Area-wide approaches such as metropolitan program. This technique can determine the trace
municipal corporations, or county area services, concentrations of a metallic element in solution.
should be emphasized as a way to strengthen institu- Generally, the level of detection is in the parts per
tional arrangements at the local level. Important billion range . A few of the elements that are easily
proble m areas for municipalities include the fragmen- applied are: aluminum , iron , lead , silica , silve r , tin ,
tation of waste treatment among mul tiple units , chromium, nickel , potassium, and sodium. These ions
city-suburban relationships , and the urban fringe ; are suspected to be involved in algae growths as trace
sewer contr ols and controls over privately-owned elements and in chronic (low level) toxicities to
septic tanks and package treatment plants; and aquatic life.
regulation and development of land use in relation-

The private sector should be explored in thisships to waste disposal and protection of water
quality study of new institutional arrangements. Today ,

At the present time , the State occupies a industry must work toward a position of asserting

strategic position in water quality management. It ~ 
proudly and positively its contribution to a better
environment through involvement in outside pollu-the focal point and has the primary responsibility for
tion control matters. Strict programs of good house-water pollution control. The ability of the pertinent

State agencies to discharge their responsibilities must keeping and preventive maintenance should also be

be strengthened in order to enhance the effectiveness implemented for in-plant pollution control. Industry

of their roles in water quality management by must adopt new standards , perform in new ways,
show new concern for the quality of the environmentengineering and planning developments. There are six
of the Puget Sound Area it serves.areas of need for grants , appropriations , direct funds ,

and new approaches to deal with : (1) local and State The use of planning grants to develop perman-
projects to demonstrate new or improved treatment ent arrange ments in the Puget Sound Area for
and disposa l technology , (2) implement area-wide regional water quality management is encouraged.
management systems to end fragmentation of respon- Under Section 3(c) of the Federal Water Pollution
sibility among small communities beyond the single Control Act , plannin g grants are available to State-
Seattle-METRO at present , (3) State surveys of needs designed agencies seeking to develop an action pro-
using an up-to-date information system, (4) research gram to control pollution . Such grants can also be
to establish the basis for new approaches to treatment used to support the preparation of a regional plan for
effectivenes , potential severity of discharge , degree of the provision of programs and facilities through
compl iance, effect or enhancement on water quality which the communities and industries of a metropoli-
by waste discharges, cause and effect of resource tan or multi-community area can most effectively and
damage, effectiveness of industrial in plant control , economically control and abate pollution.
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Serious consideration should be given to tying location of new industry must be constrained so as to
660 grant funds to comprehensive county planning minimize its adverse effect on water quality . Trans-
and regional planning. This should include separation port characteristics of marine waterways in South
of storm and sanitary sewers and inclusion of large Puget Sound and Hood Canal are weak and poorly
trunk s as being eligible, defined. Such bays as Port Susan , Skagit , Samish , and

Stronger land use controls and other associated Padilla exhibit poor flushing. Other local areas have
controls must be developed that: (1) give significant limited waste dispersion capabilities , suggesting that
attention to the physical capabilities of the fresh and future wasteloads must be kept to a minimum in
marine waters and (2) give protection to the various these areas. By the same token , areas of good water
uses of water. This will require a combination of movement and replacement , air movements , and
actions , including the regulation of urban and indus- other attributes should be indicated as good industrial
trial development , maintenance of control over densi - sites and the way paved for their development as
ties, and narrowing of the range of permitted uses to such.
be compatible with and complementary to water Rivers and lakes must also be zoned in the
quality and primary water use objectives, future. The boom in outdoor recreational activities

Zoning can be a useful tool to preserve water will make this necessary in order to protect the high
quality and to protect the uses of water , provided quality of water needed for these activities and to
that such regulations are prepared in conjunction prevent the contlict of uses. Sections of rivers and all
with a carefully-worked-out policy of comprehensive lakes will have to be set aside for certain uses and
planning and that their application bears a substantial kept free of industrial and municipal development.
relationship to the health , safety , or general welfare A master plan of land use zoning should be
of the public, established to protect the water resources from

Conflicting uses of water are likely to increase pollution, over-d evelopment , and conflicting uses.
in future years along with the increases in water use The Puget Sound Area should be divided into several
activities which have been forecast. In recreation water quality and land use zones in which develop-
activities alone, the water skier conflicts with the ment of industry , housing, recreation , and other
fisherman in his boat , the power boater with the future development can be regulated .
scuba diver , the beach swimmer with the shore The industrial waste discharge per mit system
fisherman. Specialized recreation waters will have to employed by the Washington State Water Pollution
be designated in the future in order to keep such Control Commission could be a useful tool in
conflicts at a minimum. Restrictions on some activi - implementing a zoning program. New sources of
ties will probably be required wherever they tend to industrial wastes are permitted to locate where water
“overuse” areas and degrade the water quality . quality conditions are less critical and where waste

The poor flushing and dispersion characteristics treatment requirements and their associated costs will
of marine water in some areas indicate that the be least to industry.

4
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NOOKSACK - SUMAS BASINS

INTRODUCTION

The physical features of the Nooksack-Sumas The major marine water bodies of the area are
Basins vary from relatively low , flat farmlands and Bellingham , Lummi , Chuckanut and Birch Bays,
fertile valleys characteristic of the western portion of Drayton Harbor , and portions of the Strait of
the Area , to the rugged , heavily forested , and moun- Georgia. Lummi is the largest offshore island , located
tainous terrain of the northern Cascades. west of Bellingham Bay.

Land and inland waters of the Nooksack-Sumas
- Basins total 1 ,256 square miles. Forest land accounts

for 75 percent of tins area and crop land 17 percent
Inla nd waters comprise 1 5 percent of the area Land

\ ~~~ ownership is divided about equally between public
and private. About 80 percent of the public land is

J 
‘— ‘-‘ ~~.J / ~. held in Federal ownership.

,,,,,, , An estimated 77,300 people reside in the

~ 
-~J ~j ç~ Nooksack-Sumas Basins, based on 1967 Seattle Area

> ~~ _ Evereff ‘
~
“( Industrial Council figures. More than half of this

ç population is urban and concentrated largely in the
city of Bellingham. Bellingham, with an estimated
1967 population of 36,500, accounts for nearly 47
percent of the total basin population. Another 9

) /. percent are concentrated in the cities of Lynden,‘1
-‘ • ,,..

~~~~~~

, ) Blam e, Ferndale , and Sumas, having populations in
QIvfn~io L~ / the range of 600 to 3,000.
“—

~. \_-j~ In past years , the basins’ economy relied almost
entirel y on the lumber and wood products industry
and agr iculture . These industries are still important
aspects of the economy , but industrial diversification

FIGU R E 2-1. Location of the Nooksack-Sumas Basins is having a strong effect on population growth and

West of the mountainous foothills , at elevations -

. ~~~
‘. - ‘P

generall y below 2000 feet , lies a glacial plain which is ~~ - -

r~~
V
m

t
s~ 

Nooksack River , Sumas River , and ~I%~ II

The Nooksack River merges from the glaciers
on the western slopes of Mount Baker and flows
westerly more than 70 miles to Bellingham Bay. The
Middle and South Forks, the major tributaries,
emerge from the southern glaciers of Mount Baker
and flow westerly to their confluence with the
Nooksack River near Deming. 

-

The Sumas River , which originates on Sumas ‘~~~~~~~ ~~~~~~

Mountain meanders through a broad fertile valley ‘i,. ~~and crosses the border into Canada at the city of
Sumas, draining about 56 square miles in the United PHOTO 2-1. MAJESTIC MOUNT BAKER Is char-
States. istic of the rugged eastern portion of the basins.
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economic expansion. Important industries in the area fish are harvested in the waters of Bellingham , Birch ,
include a pul p and paper plant located on Bellingham and Boundary Bays , as well as in the lower Gulf of
Bay, and an oil refinery and an aluminum reduction Georgia area. Shellfish , principall y crabs , are har-
plant located along Georgia Strait west of Fernda le. A vested in good numbers in the Boundary Bay-Point
site at Bellingham is being developed for industrial Roberts vicinity.
use by the reclamation of tidelands. The Nooksack-Sumas Basins are also experi-

Major commercial fishing areas for salmon , encing an increasing tourist trade. This scenically
marine fish , and shellfish are located in the marine endowed area is catering to the outdoor enthusiast on
waters of the basins. Purse seiners, gill net and a year-round basis. Its natural resources and recrea-
reef-net fishermen , fIsh near Lummi Island , Point tion facilities offer opportunities for both summer
Roberts , and Bellingham Bay. A variety of marine and winter sports.

PRESENT STATUS

WATER RESOURCES 1964. The 7-day and 30-day low flows that may be
expected to occur at this station for the 10-year

Fresh Water recurrence interval are 760 and 1000 cfs respective ly.
The Nooksack River has two high runoff The major water-bearing materials in the Nook-

periods each year : one in the fall or winter , coin- sack-Sumas Basins are the rive r and glacier-depo sited
ciding with the time of maximum precipitation ; and silts , sands, and gravels which extend throug hout
one in the spring, during the melt-off of snowpack in most of the western lowlands. Natural recharge to
the higher elevat ions. The average annual discharge these groundwater reservoirs is by direct precipita-
(1944-1965) for the Nooksack River near Lynden tion.
(drainage area 826 square miles) is 3,700 cfs. The High ground-water yields are found primarily in
maximum discharge of 46,200 cfs was recorded at the western lowland section in the vicinity of
this station on February 10, 1951 , and the minimum Ferndale , Custer , Lynden , Everson, and Sumas. Shal-
flow of 595 cfs was recorded on November 30, 1952. low wells in these areas readil y produce 100 to 200

A low-flow frequency analysis was made by the gpm with only two to three feet of drawdown. Yields
USGS for the Lynden gaging station based on the of 500 gpm or more could be obtained with five to
18-year period extending from April 1946 to March ten feet of drawdown.

Areas of moderate yield include the delta
lowland of the Nooksack and Lummi Rivers south of

~~~~~~~~~~~~~~~~~~~~~~I 

Ferndale , the area west of Custer to Bla m e, the lower
Custer trough , the lower fringes of the upland areas
west of Ferndale , and the lower portions of the

- - 
- North , Middle and South Fork valleys of the Nook-

sack River .

Marine Water
Mar ine waters of the Nooksack-Sumas Basins

encompass a total surface area of 234,200 acres.
Strait of Georgia. The Strait of Georgia is

classified as a deep basin estuary . Substantial quanti-
ties of fresh-water inflow create a brackish surface
layer , mixing with sea water in its movement to the
Pacific Ocean. This oceanward movement of brackish

PHOTO 2-2. The NOOKSACK R I V E R  is the primary water is replaced by a deep flow of sea water from
water resource of the basins, the ocean through the San Juan channels.
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• Bellingham Bay. Net transport (long-term organic material composed , primarily, of settled ,
movement) of surface waters in Belling ham Bay is volatile solids.
seaward. This transport is drive n by the inflows of
fresh water. Consequently, in the northern part of WATER QUALITY
Belling ham Bay, net surface -water movement carries
Nooksack River water southward. Fresh Water

Short-term surface circulation is variable be- Surface-water quality data are presented in
cau se of the actions of tides and winds. Strong Table 2-1. Water quality was measured on the
southerly winds tend to hold Nooksack River water Nooksack River , Lake Whatcom , and numerous small
in the northern part of Bellingham Bay, cuasing it to creeks. For the stations on the Nooksack River , data
spread into Bellingham Harbor and contiguous have been obtained on a monthly basis.
waters. Northerl y winds or the absence of winds Water quality of Lake Whatcom , Bellingham ’s
allows southward movement of rive r outflows. Con- municipal and industrial water supply source , has
sequently, short-term patterns of surface salinity been measured since April 1962, by the Institute of
show much variation . The time required for flushing Freshwater Studies at Western Washington State
of the bay varies from 3 to 78 days, depending upon College , to determine the quality effects of diversion
fresh-water inflow, of Middle Fork Nooksack River water on the lake.

Natural sediments in Bellingham Bay generally In 1965 the U.S. Forest Service established a
consist of homogeneous, silt-clay muds containing water quality station on the Middle Fork Nooksack
about 10 percent sand . In many cases , this base River about one mile above the diversion structure
formation is covered by a layer of very fine , that supplies water for Bellingham. Samples collected ,
flocculated material , described as the oxidized layer primaril y during the summer months , are analy zed
because of its brownish appearan ce. In the waterway for suspended sediment and bacteria and water
adjacent to the mill , however , this oxidized layer is temperature is measured at the time of collection.
absent , and the base formation is overlaid with sludge Very little water quality data are available for the
deposit—an oxygen-deficient layer of decomposing Sumas River.

TABLE 2-1. Surface water quality, Nooksack—Sumas Basins

MG/L MG/I MG/L MG/I
— o” _. _~~~_ a t  —

- ~ u . =  — ~‘a  a
~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~j I~~~~~1~I,.., S “~~~ ~ ~ ~~~~~~~~~~~~~~ ...~~~~ — — - 

~~
—

~ ~ I I
WHATCOM LAKE NEAR BEL L INGHAM OCTOBER 1961 THROUGH PRESENT

o~ ,, i O  60 08 24 0 88 55 02 I I  67 003 • .- 6 7  0. 16 002 7 1  $0 IS 7 1 4  13.0 132 22 4 930
32 5 3  15 33 05 27 0 5 1 26 0 1 06 86 0.01 - 1 9 0 0 7 0.02 12.3 10.? 102 19 2 184
28 4 8  0 7  29  02  $ 7  0 4 4  IS  00 0 1 54 0.00 . 06 002 0.07 6.6 0 0 33  8.6 90 18 0 0

20 20 75 25 25 75 74 25 25 74 25 24 12 - - 25 12 4 74 74 12 27 27 27 75 24 27
NOOKSACK RIVER AT DEMIN G DECEMBER 1965 TO SEPTEMBER 1966

~~~~~~~ 9. 130 48 2 0  7 5  2 6  00 46 0 14 0  I 5 07  t O  703 021 . - -  98 7 .70 0.06 7.6 90 330 76.4 I3A 137 44 10 24 ,000
49 89 7 3  I S  0 5  32 0 00 0 7  0 7  04 73 0.02 74 1.00 001 9.3 11.2 100 32 5 727

Mo,,,,,..,~ 3.800 35 60 12 09 0 1 2 7 0 4 2 00 00 00 49 0 0 0 - 4 7 0.01 000 6 9 0 5 7 4 9.0 89 22 2 0

II 40 40 40 40 40 40 14 40 40 4Q 40 40 37 --- 40 27 9 40 40 30 40 41 40 40 40 41
NOOKSAC K RIVER AT FERNOA L E JULY 1959 THROUGH PRESENT

77 $ 3 0  4 9  4 ?  10  53 0 15.0 4 7  0 3  15 I~~~ 0.00 .-- 11 ,0 7.50 0,02 7 7  26 700 IT S  136 171 53 tO 74 .000
P4,... 56 9 5  79  2 4  0 6 36 0 82  7 9  0 1  0.8 86 002 -. 6.7 1 .16 0.01 .. - -. -. 9 7  I I I  99 36 6 2.488

• 32 50  I 4 I 2 0 2 77 0 5~4 07 00 0 I 51 000 •.. 5 I 0.05 0.00 6.8 5 5 70 5 I 45 72 2 36
57 57 57 57 51 57 33 57 57 57 57 57 48 - 57 43 7 57 67 46 02 60 59 57 57 60
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Chemical. The chemical quality of surface being soft to slightly hard. In many ground-waters ,

waters in the Nooksack-Sumas Basins is generally hardness is but 60-80 mg/ 1, while in others it is as
excellent. Total dissolved solids concentrations for high as 175 mg/ i , with the average hardness being
the surface waters of the basins rarely exceed 100 about 150 mg/I .
mg/ I .  Samples collected monthly from the Nooksack Iron , in concentrations greater than 0.3 mg/I , is
River at Ferndale during a five-year period had a a common objectionable constituent of ground-water
maxim uni dissolved solids content of 77 mg/i . (See in the basins , occurring mainly throughout the
Table 2-I.) Data for small tributary streams around Nooksack and Sumas River lowlands.

• Lynden and Ferndale show about twice the dissolved Bacteriological. The bacteriological quality of
solids concentrations of the Nooksack River . the Nooksack River is, for the most part , satisfactory

The water in all streams is generally soft , but a general trend of decreasing quality from the
normally having hardness values of 60 mg/ I or less. headwaters to the mouth is apparent from the data.
Hardness of more than 100 mg/ l is unusual. The higher concentrations of coliform bacteria usu-

Nutrient concentrations in the Nooksack River ally occur during the summer months in stream
are relativel y low. Most phosphate values are below reaches below the more populated areas. The most
0.05 mg/ I for both the upstream station at Lawrence probable number of coliform organisms per 100 ml
and the downstream station at Ferndale . Nitrate (MPN) has reached a high of 24,000 at Lawrence , but
concentrations for the Nooksack River at Lawrence is normally in the range of 36 to 91 MPN . These
average 0.1 mg/I , with a maximum value of 0.2 mg/ i . relativel y low MPN figures are typica l of streams
Concentrations for the river at Ferndale are higher , draining remote mountain areas. At Feindale , the
averaging 0.2 mg/I with maximum values of 0.6 MPN has ranged from a low of 36 to a maximum
mg/I. value of 24,000. The normal range for the MPN for

The ground waters are relatively low in dissol- this station is from about 230 to 4 ,600. In the Middle
ved solids , although they are more high ly mineralized Fork of the Nooksack River , bacterial levels were
than the surf ace waters . They are generally of good normally found in the range of less than 3 to 105
che mical quality. MPN. A summary of bacteriological data is presented

Ground waters may be generally classed as in Table 2-2.

TAB LE 2-2. Summa-y of coliform concentration s Nooksack-Sumas Basins

MPN/100 mis
Leis Than 240 240-1,000 1,000-2,400 Greater Thin 2.400

No. of Percent of No. of Percent of No. of Percent of No. of Percent of
Watercou ras Samples Tota l No. Samples Tota l No. Samples Total No. Samples Total No.

Nookssck R iver
( Lawrence) 40 91 1 2 2 5 1 2

Nookeidi River
(Fernd.l.) 19 29 26 39 5 8 16 24

Whatcom Lake
(B.IIIngh.m) 29 88 4 12 0 0 0 0

Sourc : Washington Water Pollution Contro l Commieslon.

Physical. The Nooksack River and its major record from October 1961 to May 1966. Except for
t ributaries are relatively fast-moving watercourses. the minimum value of 5.1 mg/ I , DO concentrat ions
Dissolved oxygen concentrations throughout the were in the range of 9.4 mg/ l to 13.6 mg/ I . Furt her
river ’s length are normall y near saturation. At Fern- upstream at Lawrence , DO concentrations ranged
dale , on the lower !4ooksack R iver , DO concentra- from a minimum value of 9.8 mg/ I to 12.9 mg/ I .
tions ranged from a minimum of 5.1 mg/ I to a The Nooksack River has cooler stream temper
maximum of 13.6 mg/ I , based on the period of atures than the other major streams in the Pupet

4 2-5
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p Sound Area . The maximum temperature on the stations on the lake and analyzed for dissolved
South Fork is the highest recorded in the Nooksack — oxygen (DO), pH , and coliform bacteria , in add ition
Sumas Basins. Temperatures on the main ste m of the to measuring water temperature at the time of
Nooksack River at Deming are about the same as collection. The maximum monthl y mean surface-
those near Lynden. During the summer of 1965 , water temperature was 68.4°F (20.2°C) for August
temp eratures on the Middle Fork ranged between of 1963. Mean surface dissolved oxygen concentra-
46°F (7.8°C) and 56°F (13.3°C). Maximum and tion s for the period 1963 to 1 966 were a maximum
minimum month ly stre am Lemperatures obtained of 11.8 mg/ I for April 1965 and a min imum of 8.1
from spot observations at three sites in the Nook- mg/ I for August 1965. Bottom DO concentrations
sack-Sumas Basin are shown in Table 2-3 . were considerabl y lower , partic ularly in the extreme

The turbidity of the Nookiack River is high western section of the lake. Monthl y mean bottom
compared to other streams on the east side of Puget DO concentration s of 0.0 mg/ I were found during
Sound , due to subst antial quantities of the glacial August , Septem ber , and October of 1966. Both
melt water. Turbidity of the Nooksack River at surfa ce and bottom concentrations of coliform bac-
Fernd ale has averaged 69 Jack son Turbidity units , teria were found to be highest in the western parts of
with a maximum of 700 JTU being recorded. the lake . During 1966, mean surface concentrations

During high streami lows some bank sloughing in this area ranged from 1 to 49 coliform bacteria per
and bed movement are evident in the three major 100 ml, while bottom concentration s rang ed from 0
tributaries of the Nooksack River. Most of the to 61 coliuorm per 100 ml.
headwater streams are almost sediment-free , and A definite trend of water quality change , due to
rarely have concentrations greater than 20 mg/I. In the Middle Fork diversion entering Lake Whatcom,
cont rast , glacier-fed streams that originate on the has not been established . Althoug h the Nooksack
slopes of Mount Baker and Mount Shuksan have a River water entering the lake is more turbid , it moves
milky appearance and are particularl y turbid and to the lower level of the lake shortly after entering
sediment -laden during periods of high runoff , and is mixed and diluted .

Analyses of samples obtained from the Nook- The bacteriological quality of Lake Whatco m
sack R iver near Lynden during 1965 and 1966 show water has also been studied by the city of Bellingham
that large sediment load s are transported during and the Washington Water Pollution Control Cominis-
high-water periods. An annual load of about one sion. High coliform concentrations during the winter
million tons of suspended sediment can be expected months were found by both agencies. City data for
during a year of normal runoff. The daily load is the period 196 1 through 1963 showed maximu m
probab ly about 300,000 tons when the daily river values up to 700 MPN for all three winters. WWPCC
discharge averag es about 30,000 cfs. During the data for 1964 through 1966 showed 930 MPN for
winter , sediment concentrations of the Nooksack February and October 1965.
River near Lynden rang e from 50 to 3,000 mg/i.
During the low-flow period (Jul y thro ugh October), Marine Waters
sediment concentration is low , ranging from about 20 The waters of the Strait of Georgia with in the
to 50 mg/ I . Study Area are usually well-mixed. Salinities range

Lake Whatcom samples have been collected from 28.0 parts per thousand (o/oo) in the fall to
weekly for the years 1963 throug h 1966 at four 30.0 o/oo in the spring, with little variation over

TABLE 2-3. Water temperateres. Nookieck-Sumas B slns

Maximu m Minimum
Station Period of Record Temperature Temperature

South Fork Nooksack River near Wlcksrsbem October 1944-June 1965 70°F (Aug.) 32°F tOec.-J.n)

Nookisdi River near D.mklg October 1944-July 1965 65°F (Aug.) 32°F (DecSmbSr)

Nookusck R iver near Lyndsn January 1946-August 1966 66°F (Aug.) 32°F (January)

Souras: Appendix III H~dOIO9y arid Natural Envlmnmsnt

26



depth or tide. Some stratification occurs at places MPN concentrations within Bellingham Harbor
near shore due to local surface inflow , occasionally have rang ed from 500 to 22,500 coliform organ isms
resulting in lower salinities in the upper zone (2.0 per 100 ml , while concentrations in Beiiingham Bay
0/co generally aao the overall area). have ranged from 20 to 830 coliform organisms per

Temperature has the same uniform character- 100 ml.
istics as salinity. Temperature in the upper zone (60
feet) ranges from 44°F (6.7°C) to 52°F (11.1°C) SOURCES OF WAST E
during the year .

Dissolved oxygen concentrations near the ml- The peak municipal and industrial waste load
face range from 9 to 10 mg/I in the summer; generated in the Nookeack-Sumas Basins app roxi-
minimums of 7 mg/i occur in the fall . Concentrations mates over two million population equival ents, of
decrease to about 5 mg/I at about the 300-foot which six percent are present ly removed by treatment
depth, and remain at this concentration at depths before being discharged to fresh and marine waters.
below 300 feet . Almost 90 percent of the tota l raw waste load is

Surface pH rang es from 7.8 to 8.5 . The usual produced in the Bellingham Service Area on Belling-
pH range is between 7.9 and 8.0 at most depths. ham Bay. About eight percent is produced in areas
Variations of pH conform closely to that of dig- along the Nooksack River.
solved oxygen concentrations. The quantities and general location of waste

Surface salinities in Bellingham Bay are affected production and discharge are shown on Figure 2-3. A
by fresh-water inflows from the Nooksack River. For summary of the present status of municipal and
the period 1959 to 1962, average surface salinity industrial waste sources for the basins is presented in
varied uniformly from 20.0 o/oo at the head of the Table 24. After compliance with the Interstate and
bay near the Nooksack River to 29.0 0/co southeast proposed Intrastate Quality Standard’s implements-
of Lummi I sland. Below a depth of about ten feet , tion and enforcement plans, these waste quantities
salinity is nearly uniform , with concentrations in the and strengths should be substa ntially reduced .
range of 29.0 to 30.0 o/oo.

Waters of Bellingham Bay are usually of better Fresh Water
quality than those in and around Bellingham Harbor. Municipalities and industries located along the
Surface dissolved oxygen (DO) varies from about 7 Nooksack and Sumas Rivers produce about 25,500
mg/i near the city of Bellingham to about 13 mg/i in PB of organic wastes each day . Dur ing the food-
the outer bay. Dissolved oxygen varies with depth processing season , an additional 130,000 PE are
from about 8 to 12 mg/i at iS feet to about S to 8 produced daily along these waters . These wastes are
mg/i at 60 feet. The pH ranged from 7.6 in the inner gwen varying degrees of treatment. Of 156,000 PE

• harbor to 8.3 in the outer bay. The pH is uniform peak waste production, about five percent receives
with depth. secondary tr eatment , 65 percent is treated by lagoon ,

Sulfite waste liquor concentrat ions are highest about one percent receives primary treatment , and 29
near Bellingham and in the surface ten-foot layer of percent receives no treatment. After treatment , a
water . Concentrations decrease rapidly to inszgeifi- total of 67,000 PE i~ discharged to fresh waters
cant levels (less than 5 ppm) with increan ng depth. during the peak waste production period. Over 99

Water quality In and around Belliugham Harbor percent of these wastes are discharged to the Nook-
ii variable, being Influenced by the actions of winds sack River . Of the total waste load discharged to fresh
and tides. During a four~dsy period in May 1964. DO water, 96 percent is contributed by industrial sources,
varied from 0.35 to 9.30 mg/ I at one station and and the remaining four percent is contributed by
from 6.46 to 9.47 nsaJ I at another. For ten stations, cities and towns .
the mmimum DO concentrations ranged from 035 to About six percent of the total waste load
7.2 mg/I , while maximums were from 9.25 to 10.47 discharged to the Nooksack River during the peak
nseJl.Slntilarly, pH ranged from a minljnuzn of 54W waste production period is released at Ferndale, 67
a maximum of 7.9. Sulfite waste liquor concentra- percent at Lynden , and 27 percent at Everson. The
tions varied from minimums of’ 34 to 87 ppm to Sumu River receives 200 PB daily from the town of
maxim um s of 129 to 6230 ppm. Sumas.
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TABLE 2-4. Summary of municipal and Industrial wastes, Nooksack-Sumas BasIns, 1965

1965 Non.Se.sonal Seasonal Non.S.uon.I Seasonal
Estimated Untreated Untreated Waste Waste
Population Waste Waste Discharge Discharge

• Watercourse Served PS PE Trsetm.nt PE PS

Boundary Bay
Food and Kindred — 2,800 600 None 2,800 600

OTsyten l4atbor
Blam e 1,700 2,200 - Primary 2,200 -

Food and K indred - 1,450 — None 1,460 -

Blam e A.F.B. 350 360 -. Secondary 50 —
Birch Bay
Birch Bay Stale Park - 1,000 .. Primary . individual -

Geo~~a Straft
Oil Refining - 1,000 - Secondary 600 -

Bef ilngham Bay
B.Iulngham.M.rls St Outfall 1,600 2,000 — None 2,000 -

Food and Kindred - 60,000 68,600 None 50,000 58.600
Paper and Allied - 1,687,000 — None 1,687,000 —

Whstcom Creak
8sf Iingham 30,000 47,000 — PrImary 27,300 —

Food and K indred - 5.500 — City 3,200 -

Squalicum Creek
Falrhavsn Outfall 2,600 2,600 None 2.600 --

Nookesdi Rivsr
Lyndun 2,700 2,700 — Second ary 500 —

Food and Kindred - - 4,500 Secondary - 700
Food and Kindred - 19,000 25,000 None 19,000 25,000

Everson 300 300 - Primary, I ndividual -.

Food and Kindred - - 70,500 Lagoon - 17,000
Food and Kindred — 1,100 - None 1,100 -

F.rndale 1,450 1,500 — PrImary 1,200 -

Food and Kindred - - 30,000 Lagoon — 3,000
Hospital - 360 - Secondary 100 -

Sumas R iver
Sum 600 800 — Primary 200 —

TOTAL”2 41,200 1,630,000 189,000 - 1,000,000 106,000

MunIcipal 41,200 60.000 - - 36,000 -

lndusvlal - 1,770,000 189,000 - 1.705,000 106,000

1 Figoree ate rowidud.
2 p~’~ vd(U be reduced for all ~~~e dlsdux ps after compliance with the lnl.. hts and proposed inb..beu Oudity $lenJs..~MImplementation arid ....i ....eea.M glen— 1*704972.
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PHOTO 2-4. Waste lagoon treats food processing
wastes in Ferndale.

PHOTO 2-3. The Georgia-Pacific Pulp and Paper Mill
is the major source of industrial wastes.

Marine Waters
About 1 ,803,000 PE of municipal and indus- charge s to marine waters are attributable to indus-

trial wastes are produced daily in areas adjacent to tr ios.
marine waters. During the food-processing season, an The Georgia-Pacific sulfite pulp and paper
additiona l 59,200 PE are generated. An insignificant plant , located in Beftingham , is the largest single
amount of the total raw waste load receives second. source of waste in the basins, discharging 1,687,000
ary treatment; about three percent receives primary PE to Bellingham Bay . This plant accounts for about
treatment; and 97 percent is discharged to marine 94 percent of the basins’ tota l waste discharge to
waters untreated. Practically all of the waste dis- marine waters.

WATER USES AND QUALITY OBJECTIVES
The major beneficial uses of fresh and marine Salmon reared in the basins contribute to

wa ters in the Nooksack-Sumas Basins are summarized United States and Canadian ocean commercial and
in Table 2-5 , which focuses on principal watercou rses sport fisheries, and to commercial and sport fisheries
and problem areas in the basins. The table also existing through the Strait of Juan de Fuca and upper
indicates the water quality classificat ion established Puget Sound into the Nooksack River. The average
for each watercourse that in turn defines the type of annual contribution from 1956 to 1965 to these
water usage to be protected in the area. fisheries from the Nooksack-Sumas Basin amounted

Five species of Pacific salmon utilize Nook- to 180 ,980 salmon.
sack-Sumas drainages. They are: chinook , coho, pink, The marine waters support a heavy commercial
chum, and sockeye . Anadromous game fish found hI fishery for salmon, especially in the area from Point
the basins are steethead and sea-run cutthroat trout Roberts southeast to Samiah Bay. The Lummi Indians
and searun Dolly Varden. In the marine waters, the fish the lower Nooksack River and the marine waters
fish presently contributing to local commercial or immediate ly adjacent to the river mouth.
sport interests include species of the cod family, On the basis of 1966 survey dat a , 126,800
lingcod and greenling, flounder and sole, rockfish, man-days of effort were spent fishing in the lakes,
herring , and dogfish. Predominan t shellfish are Dun- ponds, and reservoirs of the Nooksack..Sumas Basins;
gene crab , Pacific oysters , rock and butter clams, and a tota l harvest ci 450,600 trout and 83,600 other
and blue muael. game fish species was realized . SImilarly , 61,500

2-10

—— . ._ _- • • — • • .__ •-~~~~
__ - •-——~• _,

~~ 
.



man.days of effort were spent fishing for game fish surface waters in this region are presently being
other than steelhead in the streams, and 190,600 fish employed for outdoor recreation activities.
were harvested. About 31 ,100 man-days of effort One of the most popular recreation sites is Mt.
were spent fishing for steelhead and searun cutthroat Baker , where skiing and other winter sports are
trout , and 2,860 steeLhead and 10,100 cutthroat enjoyed by thousands of enthusiasts. Three State
trout were harvested , parks— Birch Bay , Larrabee , and Peace Arch— are

Commercial and sport harvest of shellfish is located in the basins. Outstanding natural areas
considered moderate to heavy with principal empha- include Church Mountain Fossil Bed , Mt. Shuksan ,
sis on crabs and oysters. Galena Falls, Wells Creek Falls, and the North

The Nooksadc’Sumas Basins have the seventh Cascades, which are often referred to as the American
largest recreational water use in the Puget Sound Alps. A North Cascades National Park has been
Area. Except for Inner Bellingham Bay, all of the established recently. A portion of the Park is within

TABLE 2-5. Water u and quality objectives. Nooksaclc-Sumas Basins
z
I-0 U.

U-
Uor mntstwfty .-~~~

L - L l~ht a ~~~~~~~

Wasarcour,. ~~~~~~~~~~~~~~~~~~~
Nockssdc R lvsr , Mouth
Io RMr MIH 4 A H H L  L H ?  L L M M  L L

Sumse R lvsr, Bordur as
H.dwatsrs A M L L  I N L M L  N

Liks Whstcom A1 M M  H N H  H H
Strait of Juan do Fucs
andPu .tSound A H H  M H H H L  L H N  N N M

Drayto n Harbor . South
of Entrmnc. A L L  M L  M N  L t .

Outsr B.Uki~~am Bsy A H H  H H H H  H U H  N H
Bullingitam Bay B M N I N L N H
Inner Bs$IIngIlsm Bay C I L L I N H
Nookiurk River from

riwsr miIs 4 to
confluinci ofth
Maplsct.sk A3 H H H  H I N N  N M M

Noolisudi Riwur from
cool~jsnce udth NoØs AA3 H H H H I N N  N I L

Midols Pork of No-#~ ” NM , AA3 H H H H L H H N N I

South Pork of Noo~-~”River from a~uth as
cOnhIumflCsVdlthSMokum CmSk A3 H H H H I H H L L I

South Pork of P4ooh~~~NM, from Ikookum Crook
f asthsL_~v W U  AA~ H H H H I N N  I L L

I
~ Not ,..—.S~ J..dflad. Iquul as asMln5 qudity.

J 2 s..t~s, 14
3 Tan~~~o fiof~iud CM,. I.,f,., .,..da.. SuNstk~ on k% y. .s.,s, watur quality slsndordu, Wsshin~ton Watur Pollution
Control Co~.mludan, INS
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the Nooksack-Sumas Basins and should greatly in- tons. The 1963 domestic internal traffic in the Bay
crease the recreation activity in this area. was over 440,000 tons.

The Middle Fork of the Nooksack River is the Fisheries and recreation uses require the highest
major source of water for the basins. Water from the water quality standards of all raw water uses. As a
Middle Fork is diverted through a ten-mile pipeline result , for most watercourses in the Nooksack-Sumas
into M irror Lake; flows thence down Anderson Creek Basin s, and because even greater importance is cx-
into Lake Whatcom where the city of Bellingliam pected to be given to these uses in future years , the
draws an average of 59.6 mgd for munici pa l and water quality class in the basins is either excellent (A)
industria l use. or extraordinary (AA), with the exception of Inner

Navigation is heavy on Bellingham Bay , the Bellingham Bay. This body of water (Class C) does
population center for the basins. In 1963 , the foreign not receive any high.quality uses, due to the intense ,
and domestic coastw ise traffic was nearly 990,000 waste-producing pulp and paper manufacturing along

t he shore .

PRESENT AND FUTURE NEEDS

PRESENT NEEDS solids to these marine waters.
Water quality standards on the lower-Nooksack

Present water quality control needs are concen- River are not being met. High concentrations of
trated primarily in mar ine waters , where fish proces - colifor m organisms in the lower reaches of the river
sing, pulping, and municipal waste discharge s create are most probab ly due to waste discharges from the
unsatisfactory water quality conditions. The water Fern dale, Lynden , and Everson areas. The lower
quality objectives for dissolved oxygen , bacteria , Nooksack River flood plain , however , is used exten-
temperature , turbidity, ae sthetics , and toxic sub. sively for dairying, and the wastes produced by
stances, are not being met in Bellingham Bay. livestock may be significan t in contributing to the

The Georgia-Pacific pulp and paper mill located coliform concentrations in the river .
in the city of Bellingham is the principal source of Adequate water quality data for the Suma s
wastes now discharged to Bellingham Harbor . The River are not available and , therefore , it is not known
Bellingham—Samish Bay system is too shallow , and whether the water qua lity meets established sta n-
the flushing characteristics are too weak to afford dards. However , municip al wastes from the city of
adequate dispersion of the mill’s large volume of Sumas (population 674) are collected in septic tanks
untreated wastes. These wastes , discharged into near- and then discharged directl y to the Sumas River.
surface waters , and largely confined to the surface- Lake Whatcom, an integral part of Bellingham’s
layer waters, produce sulfite waste liquor concentra- water supply system, is recognized as a most impor-
tions from values less than 100 ppm to values greater tant resource . The continuing water quality study by
than 6,000 ppm in the harbor. These high concentra - Western Wash ington State College , Institute of Fresh-
tion s are injurious to marine life and adversely affect water Studies , has demonstrated the persisting excel-
water quality for most uses. In addition , sludge lent quali ty of the lake in all respects, except
deposits have been created in Whatcom Waterway bacter ial. High coliform concentrations occur near
adjacent to the mill . This material has a strong the outlet of the lake . These are believed to on-
hydrogen-sulfide odor, is high in volatile solids, ginate from septic tank effluents of lakeshore resi-
contains wood fragements , exerts a high biochemical dents.
oxygen demand , and produces general ly toxic and No known man-caused water quality problems
turbid conditions when disturbed . Disposal of this exist for ground-water in the basins.
material to the deep waters of the bay would violate
the water quality standards. FUTURE NEEDS

Other m~or sources are municipal and food-
processing wastes. Food processing wastes contribute The principal factors determining future waste
significant amounts of oxygen demanding settleable loads in the Nooksack-Sumas Basins will be popu la.
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tion and industrial growth—including increases in
agricultural production and in the recreational use of
the basins’ water resources. As this growth occurs, the
production of wast es will also increase . Forecasts of
the amount and location of wastes set the basis for
determining the means to preserve water quality and
to protect the water uses of any given watercourse.

The 1967 population of 77,300 persons in the ~
Nooback~ umas Basins is projected to increase about ~~
18 percent by 1980, 59 percent by 2999, and 117
percent by 2020. Figure 2.4 shows the present and
pr9jected basin population.

leo nèo YEAR eobo 2020

FIGURE 2.5. Relative growth for major water-usinglee

140
Future population and economic growth are

expected to concentrate primarily in the Bellingham
2

120
0 service area , although substantial industrial develop.

~

ment is expected for the Ferndale industrial park
-J area. A large , new oil refine ry is to be constructed ina.
0 8 this area by Richfield Oil Company.a.

Growth of recreation in the Nooksack-Sumas
Basins will be substantial . By 1980, the number of
water-oriented recreation days is expected to top four

4C million—double that of 1960. Intense recreation isig~~ iaeo 2000 2020
Y EAR expected for both the upper Nooksack River area

with the establishment of a North Cascades NationalFIGURE 2-4. Projected populatIon growth 1965- Park, and the marine waters of the basins.2020. As shown in Figure 2.6, raw waste loads
generated in the basins are projected to equal

As shown in FIgure 2-5 , production growth for 3,100,000 PE by 1980. The pulp and paper, and food
the major water-using and waite-producing industries and kindred industries, will remain the largest sources
in the Nooksack-Sumas Basins is expected to realize a of waste in the basins, accounting for over 96 percent
four-fold increase between 1980 and 2020, in terms of the basins’ total raw waste production by 1980.
of value added . By 1980, the basins’ municipal waste produc-

Primary metals—chemicals, and petroleum—are lion, primarily from the Bellingham service area , is
forecasted to play a relatively large role in the projected to increase to 92,000 PE from the presen t
basins’ economy. By 2020, these two industries will level of 60,000 PE. By 2020, municipal waste
account for two -third s of the total added value production is projected to be about 300 percent of
produced by the major water-us ing indu stries. These the 1965 production.
industries, however, are not expected to be major Raw wastes generated from recreational activi-
waste producers. ties are project ed tt. increase to 31,000 PE by 1980.

Paper and allied products, and food and kin- By 2020, this raw waste production is expected to be
dred products, are projected to increase but at a more than five times present levels.
slower rate. By 2020, these industries will account for At the present time, 38,000 acres are under
about 22 percent of the total value added by the irription in the Nookssck-.Sumas Basins. By 1980 ,

58,000 acres and by 2020, 78,000 acres are expected~~~~~ maj~ water-using industries.
to be under irrigation.
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Ln summary, by 1980 more than 2,5uiO,000 PE
will be produced by the pulp and paper industry,
400,000 PE by food processing, and about 90,000 PE
by municipalities. There will also be other types of
waste s produced which will need special handling
methods. The future needs are to manage these large
projected waste loads so as to enhance and preserve
the water quality environment. The demand for high
quality water will increase as population and recrea-
tion increase. The plans required for protection of
wate r quality are presented in the Means to Satisfy
Needs section.

- -

FIGURE 2-6. Project ed untreated municipal and
Industrial wastes (thousands of PE)

MEANS TO SAT ISFY NEEDS
The principal aspect of the plan for attainment of generated waste s is such that provision of separate

of adequate water quality in the basin is the provision treatment facilities appears to be the best method for
of adequate waste collection and treatment facilities, their present and future control. The needed facilities
Other elements have been integrated into the plan to as outlined in the implementation plan are:
insure the effectiveness of the needed waste col-

Nooksack-Sumas Riverslection and treatment facilities . Water quality man-
agement required in support of the treatme nt 1. CIty of FsrndaIe—secondary treat-
construction includes water quality surveillance ment and disinfection .
stations on Beflingham Bay, Lake Whatcom, Birch 2. CitIes of Everson, Nooksack, and

Sum as—sewerage systems, secondaryBay, Drayton Harbor , and the lower Nooksack River.
Present management procedures for control of pesti treatment , and disinfection.
cides in agricultural and forest operations should 3. Food-processing plants in Lyn-
meet future water quality protection requirements. den— ondary treatment and disinfec-
With proper controls, no significant detrimental water tion .
quality impact is expected through the application of Lalce Whatcomtoxic substances and fertilizers in the future. Control Interception of septic tank effluent byand treatment of dairy wastes by lagoons or land a municipal system is needed to controlapplication will be requ ired In the near future, high colifor m concentrations in the west

end of the lake and to redu ce me nutrient
load to retard or eliminate eutrophicationWASTE COLLECTION AND TREATM ENT of the lake.

Present needs can be met largely through the B&hin~ sain BayJ construction and prop er operation of waste collection i. GSO~QI5P$CflIC Cosporatlon—pri-
j and treatment facilities. For these basins, the location mary treatment , including adequate
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means for the disposal of recovered solids The estimated present and projected municipal ,
or sludge ; facilities which will remove 80 industrial , and recreational waste treatment invest-
percent of the sulfite wast e liquor from ment require ments are presented in Table 2-6, Table
mill effluents or limit sulfite waste liquor 2-7 and Figure 2-7. Present investment requirements
discharges to 3,600,000 pounds per day , are large , re flectin g the costs associated in compliance
based on 10 percent solids by weight; a with the State Implementation Plans.
submarine outfall with diffuser ; and Following the higher initial investment , costs
removal of existing sludge deposits in reflect the investment required to keep pace with
Whatcom Waterway adjacent to the urban and industrial growth and re placement of
Georgm-Pacific mill to land disposal. facilities.

2. City of 8eIIin~ sam—adequate col- Industrial costs’ will total $10,258,000 by
lection and treatment of unintercepted 1980 with additional sums of $6,951 ,000 by 2000
waste discharges; submarine outfall and and $9,000,000 by 2020.
an engineering study to determine Sewer construct ion 1 will amount to about 75
whether a higher degree of tr eatment percent of the total municipal cost , which is expected
than primary will be necessary in order to to be $4,038,000 by 1980, $10,080,000 by 2000,
meet water quality stand ards . and $26,080,000 by 2020.

The cost 1 of waste treatment facilities for
Birch Bay recreation areas will total $1 ,500,000 by 1980 with

Secondary treatment with disinfection an additional $2,000,000 by 2000 and an additional
should be provided for all municipal and $2,000,000 by 2020.
domestic wastes generated in this area Sources of funding are shown in Figure 2-8.
prior to discharge to Birch Bay to insure The Federal Construction Grants program will need
adequate water quality for the expected to invest $445,000 by 1980, an additional $618,000
wate r -contact recreational activities in by 2000, and $1,800,000 more by 2020. For the
this area , same periods the State will need to invest $220,000,

$310,000 and $800,000, respectively. Federal invest-
A large number of waste treatment plants will ment in sewers will amount to $350,000 by 1980

be needed to handle the expected recreational with an additional $1,260,000 by 2000 and an
growth. Intense recreational activities are expected in additional $2,600,000 by 2020. Federal investment
the mountainous areas near Mt. Baker and Mt. in waste treatment facilities for recreation areas will
Shuksan , especially with the establishm ent of a North total $960 ,000 by 1980, $1,650,000 from
Cascades National Park ; on nearb y Lake Whatcom; 1980-2000 , and $1 $00,000 from 2000-2020.
and on the marine waters , particularly in the vicinity
of Birch Bay. FLOW REQUIREMENTS

Considerable investment will be required to
meet the pre sent and future waste collection and With the installation of adequate treatment
treatment requirements, facilities in conformance with State standards and

Ii 
____ 
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ii I
‘L.~ FIGURE 2-8. Government investment requirements1

‘~ for waste collection and treatment in the Nookssck-
Sumas Basins

FIGURE 2-7. RelatiVe required rates of waste treat-
ment Investment for Nooksack-Sumas BasIns. c~østs rs not .mortiz.d.
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TABLE 2-6. Costs for waste collection. treatment, and outfall facilities and quali ty systems to meet water
quality standards, Nooksack-Sumas Basins

Annual Costs
(Thousands of Dollars)

1967 Dollars
Present-1980 1980-2000 2000-2020

STANDARDS FOR INTERSTATE AND INTRASTATE WATERS 1

Upgrade treatment , plant expans ion or modification—
municipalities and industries $207 $149 $115

DisInfection 31 18 15
Outfall, 167 69 65
Interception and sewer syst em
a. MunIcipal 124 85 75
b. Industr ial 31 18 15
Combined sewage infil tration and overflow correction 64 25 15
Advanced watte treatment in rsasation.

lakes, areas, etc. 61 87 79

Sub-Total $685 $451 $379

WATER QUALITY ENGINEERING DEVELOPMENT, MANAGEMENT AND2
EVALUATION PROGRAMS FOR MARINE , FRESH AND GROUND WATER

Monitoring- ground water, automatic equipment , etc. $ 9 $ 9 $ 11
Evaluations—dispersion areas, ecological , productivity 47 6 7
Information system , quality control , plant operation

improvement , operation research 28 9 9

Sub-Total $ 84 $ 24 $ 27

OPERATION AND MAINTENANCE 2 $ 234 $ 609 $ 617

TOTALS $1 ,003 $1 ,084 $1,023

1 Annual amortized costs.

2 Direct annual costs from appropriations , revenue , planning funds and grants. (Does not include interest)

in-plant waste contro ls, future waste discharges to the discharges , the minimum flows required in the lower
waters of the Nooksack -Sumas Basins will be con- Nooksack River for the maintenance of adequate
siderably less than they are at the pr esent time . water quality, assuming a single-point wast e loading

By 1980, 2000, and 2020, it is estimated that at Lynden , have been determined to be 180 cfs by
the discharged municipal and industrial wastes to the 1980 , 350 cfs by 2000 and 725 cfs by the year 2020.
lower Nooksack River from Fernda le , Lynden and The 7-day and 30-day lowflows expected to occur
Everson will total 39,100 PE , 78,400 PE and 164 ,000 once in ten years for the Nooksack River at Lynden
PE , respectively. Based on these projected wast e are 760 cfs and 1,000 cfs.
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TABLE 2-7 Total amortized capital and operational OTHER MEASURES
costs—Nooksack-Sumas Basins

Adequate water quality monitorin g is an essen-
Million Dollars t ial element for the water quality program in thi s

2000 2020 area. The extsting State wate r quality surveillance
program for fresh waters should be continued , and

Industrial 20.3 6.7 3.7 new stations should be estab lished , as industrial
Municipal treat ment 20 2.4 2.7 discharge an d/or population incr eases place additional
Municipal sewe rs 12.0 14.5 15.4 pressures oi~ the receiving watercourse - The exist ing

Recreat ion 3.0 1.9 0.8 . - -

Advanced waste treat ment 31 44  40 station locations, characteristics measure d , and sam-
— pling frequency are described in the Regional section

Sub-Total 40.4 ~~g 2i1 and are shown in Figures 1- 10 and 1- 14. In add ition ,
stations to monitor lakes and ground-water should

Water quali ty engineering also be established.
management and evaluation 1.0 0.5 0.6

Operation and maintenance 2.3 12.2 12.3

Total 43.7 42.6 40.0

1

2-I l  

— .,—~~~--.--.— ,, --- -- — 
-

- — . . ‘—

~

—

~

--

~

‘ 
-- -- - — ,—  

~
- 

~~~~~~~~~~ 
- -.  

~~~ -~~~~~~~~
-
~~ -



rd”)



0 -

SKAGIT - SAMISH BASINS

INTRODUCTION
The physical features of the Skagit-Samish outwash plains in the vicinity of Sedro Woolley.

basins are varied as they comprise mar ine islands, About eight miles from Puget Sound it branches into
reclaimed tidal lands, and mountains. The eastern two major distributaries that flow into Skagit Bay.
part of this area lies mostly in Mount Baker National The Cascade , Sauk , and Baker Rivers are its largest
Forest which includes an extensive alpine area of tributaries. The Suiatt le River is a large and important
high ridges and peaks of the Cascades. The western tributary of the Sauk River.
section of the basins consists largely of the Skagit - An importan t aspect of the Skagit is the three
Samish lowlands. This lowland area encompasses the power dams of Seattle City Light. The uppermost is
t ideulats , delta plain s, and valley bottom lands of the Ross Dam , which forms a reserw ir 24 miles long
Skagit and Samish Rivers . The Skagit-Samish Basins extending into Canada. The reservoir has more than
contai n approximately 3,044 square miles of land 1 ,434,000 acre-feet of total storage . It is estimated
an d inland wate rs. that Ross Dam controls one-third of the annual

______ runoff from the upper Skagit. South of Ross lies
N W A S H I N G TO N  

~j  1. Diablo Dam , which forms another reservoir that•IUiA9hSIii 
~> extends up to Ross Dam. Farther downstream is the

Gorge Dam , backin g up a deep, narro w pool of water.
Two other dams , the Upper and Lower Baker , are on

~~ 
the Baker River . The lower darn forms 8-mile long

— ,,, 
Lake Shannon , and the upper forms Baker Lake .

‘-_
~~~~~~~~~~ ~-‘ They are used for both power and flood control

£~•~~‘ purp oses.
~, 1’~J ’ V The Samish River heads in rough upland terrain

south of Bellingham and drains unregulated in to
// Saniish Bay. Friday Creek, the outlet of Samish Lake,

is its main tributary.
The marine waters iqdude a number of off-

shore islands and bays. Fidalgo, Cypress, and Guemes
.QlYirPiO L~ / are the three largest islands. The major marine inlets
\‘-
‘ 

\.-.._ r_

FIGURE 3-1. Location of the Skagit—Samish Basins
in the Puget Sound Area.

The basins are rich in water resources which
Include the Skagit River, Samish River , several small ____________________________

streams, and over 150 square miles of marine waters.
The Skagit River , originating in a network of narrow ,
precipitous canyons in Canada , is the largest river In
the Puget Sound Ares. The Skagit River leaves Its
mountainous catchment area near Marblemount ,
where It is jo ined by the Cascade River. Below PHOTO 3-I. Tideflats and bottomlands comprise
Mirblemount it flows through flood and glacial the western part of the basin.
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PHOTO 3-2. Glacier Peak area is characteristic of PHOTO 3-4. The timber industry is one of the main-
the basins’ rugged , eastern portion. stays of the economy.

of the area are Samish Bay, Padilla Bay, Fidalgo Bay, valley walls, consist of a gravelly , sandy silt derived
and Skagit Bay. fro m the weathering of glacial drift .

Soils of the extensive deltas are made up of Woodland accounts for over 70 percent of the
alluvial materials . They consist of silty clay , sandy tota l land use in the Skagit-Samish Basins. These
silt , and silty fine sand lai d down by the Skagit and basins contain 1,405,330 acres of forests. More than
Samish Rivers. Natural drainage of the sandy soils is two-thirds of the basin s’ total land area is held in
generally good , while that of the clay soil is poor. The Federal ownership. Inland waters —rivers and lakes—
upland soils, lying between the flood plain and the comprise less than 2 percent of the total land area.

The majority of the basins ’ 57 ,000 people
- (1967 estimate) live in the western part on the rich ,

agricultural lowlands. Here are the major urban
developments of Anaco rtes , LaConner , Mount

_____ 

Vernon , Burli ngton , and Sedro Woolley.
The economic base is diversified , made up of

agricultur e, forest products, fisheries , food proces-
• sing, manufacturing , and oil refining industries. The

tideflats and bottomlands support an agricultural
— economy largely based on dairy products, vegetables,

feed crops, and berries. Frozen food processing is big
__________________________________________ buSUleSs. Most of the green peas, sweet corn , cauli-

flower , broccoli , and carrots are shipped to local
processors in Mount Vernon , Burlington , and LaCon-

- ncr.

~1 .• Since the earliest settlement , lumbering has
,I .•.I.a ~~~~~~~ been one of the most importan t elements of the

-
. economy . The timber industry today primarily con-

slats of log output , most of which is trucked to pulp
__

___
____ 

and lumber mills in Everett and Bellingham. Short -
fiber pulp from hardwood is produced in the basins at

_____________________  
the Scott Pap er MIII in Anacortes.

i-~~~~~~ ~~~~~~~~~~~~~~~ The large migratory runs of salmon and steel-
head in the Sakgit River provide a significant sports

PHOTO 3-3. Diablo Dam on the Skigit River. and commercial fish resource. The Skagit River is the

3-2
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largest pro ducer of ana dromous fi sh in the Puget mainly conf ined to rafting logs.
Sound Area. Large runs of pink , chinook , coho , chum Outdoor recreation and tourism are rapidl y
an d sockeye salmon occur in all months of the year. increasin g the ir economic importance . Recreation
The largest sport catch 3f winter steelhead trout in resources in the basins are exceptional , and unlimited
the State usually comes fro m the Skagit. Plants in opportunities exist for most outdoor recreation act iv-
LaConner and Anacortes process most of the Skagit ities . The area is especially endowed with fresh and
River and Skag it Bay commercial catches as wel l as saltwater areas that are recreation and scenic attrac-
some of the catches from Puge t Sound and offshore tion s which North Cascades National Park , Ross Lake
waters. 

• National Recreation Area , Pasayten Wilderness Area ,• Oil refining is impor tant on March Point near and additions to the Glacie r Peak Wilderness Area
Anacortes where two re fineri es—Texaco and Shell— have been authorized through passage of Public Law
operate . The Skagit Steel and Iron Works at Sedro 90.544. Public Law 90-542 designate s a portion of
Woolley, founded in 1902 , plays a dominant role in the Skagit River and its tributa ries as a potential

- 
the basins’ manufacturing. Ot her industries include additio n to the National and Scenic Rivers System
two chemical plants and several meat-pack ing corn- with studie s to be expediti ously undertaken to
panics. Water-transp ort oriente d industries depend on determine suitability . State highway 20, North Cross-
the port facilities at Anacortes. Petrol eum , forest and State Highway, which is under construction , will
fish product s, chemicals , and sand-and .grave l move provide acce ss to much of this area .
thro ugh this port - Traffic on the Skagit River is

PRESENT STATUS

WATER RESOURCES to rise in April , snow melt causes a rise in streamflow
which usually reaches a peak by mid -June.

Fresh Water A low-flow frequency analysis has been made
The Skagit produces more runoff than any for 25 stations within the Skagit-Samish Basins by the

other river in the Puget Sound Area . The average US. Geological Survey . The 7-day and 30-day low
annual discharge of the Skagit River into Skagit Bay flows for a recurrence interval of ten years for five
was about 11 ,800,000 acre-feet during the period selected stations in the basins are shown in Table 3-1 .
1931.1960. Its average discharge range s from 4,418 Ground water occurs at shallow depths over all
cfs (1931.1960) at Newhalen to 16,250 cfs of the Skagit River delta area . Fairly large yields , up
(1931-1960) at Mount Vernon. The minimum dis- to 600 gpm , can be developed from the major sand
charge at Mount Vernon was 2,740 cfs recorded in and gravel aquifers in this area.
October, 1942.

Above the Whitechuck River , the 30-year aver- TABLE 3-1. Low flow frequency: Ten-year recur-
age discharge of the Sauk R iver is 1,144 cfs. For rsncy Interval Skagit-Samssh Basins
practically all of the Sauk-Suiattle River system, the 7-Day 3O-Day
mean annual discharge is 4,387 cfs . Low Low

The numerous glaciers in the basins have the F low F low
effect of supplementing streamflows and practically Station Cf. cfs

eliminate the occurrence of extreme low flows during Slcag,t River at Nawhalem. Wash. 1.200 1.600dry summer months. At lugher altitudes the mini-
mum runoff occurs in February or March , but at s.~ Ri~~ .._ s.~ w~~. ~~ 1.050
lower elevation s the minirnwn flow in tributary
streams normally occurs in September. Streamflow Sk.glt R iver near Concrete. Wish. 4.700 5.500
from October to March is characterized by a series of

Slisglt River near Mt. Vernon . Wash. 5.100 5.800sharp rises superimposed on an increa~ ng base flow
which is highest in December. As temp eratures begin ~~~~~ R iver near Burlington . Wash. 19.5 21

- - ~~~~~~~~~~~~~~~~~~~~~ -~~ -



‘- Recharge to aquifers in the delta area comes Island which joins Bellingham-Samish Bays to the
primarily from local precipitation. In the upper areas north and Guemes Channel to the east.
of the Skagit Valley where the alluvium is much Gusmes Chann el, a narrow , moderately deep
coarser than the fine-grained alluvium of the lower channel, carries large ti dal flows between Padilla-
delta , recharge may come directly from the Skagit Fidalgo Bays and Rosario Strait . It has been esti-
River. Aquifers in the low-lands are conservatively mated that from two to three times the volume of
estimated to receive about 50,000 acre-feet of re- water that is contained in the Fidalgo-Padilla Bay
charge annually. tidal prism normally passes through the channel on

The discharge of ground water is mostly into ebb tide. The large volume of additiona l water carried
the Skagit and Samish Rivers and their tributaries, out into Rosari.o Strait comes from the water masses
The amount discharged to marine waters is unknown . to the north, since the inflow from Swinomish

Samish Island is a water 4hort area. Most of the Channel is neglible. Thus, significant port ions of the
local precipitation runs off because of a thick cover Bellingham-Samish 8ay waters are carried out
of relatively impermeable giacial till. Some water does through this system. On flood tide , inflowing water
percolate though fractures or permeable zones in the to the bays about equals the intertidal volume being
till to recharge aquifers below that have small area filled. The large water exchange results in strong
and varied permeability. These strata have been prevailing tidal currents in Gueines Channel. The large
tapped by several wells that supply sufficient water flows and associated turbulence cause rapid diaper-
for domestic use. sion and transport of inflows into the channel .

~ t a K  Bay receives the flows of the Skagit
Mar ine Water River , which exerts a significant effect on this sy*ni .

Sesnlsh Bay forms the southern portion of the The Swinomish Channel cususects ~~agIt Bay with
Bellingham-Samish Bay system, and has a relatively Padilla Bay. There is hu e asdiuiO. of waters
stable surface layer of low salinity, weak and variable between the two bays through the .- - vinci.
circulation and protracted flushing. This system has a
relatively low capati~Iity for assimilating large waste WATER QUALITY
influent flows .

Pathu. and Fidsigo Bays are shallow, with most Freill Water
depths less than 60 feet . The deeper waters of Padilla Water quality ci the Skagit-Samith Rivars has
Bay occupy a channel along the east side of Guemes been measured on a routine basis since July , 1959.

TABLE 3-2. Surface water quality Sk.gft-Samlsh Basins
mg/I _______________ .. ~ZL Hwdnus 

—

~~~~~~~~~ l l i
1

~~II 
1 h

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I
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The following discussion is based on this da ta which of decreasi ng quality downstream from Mar blemount.
was gathered from five monitoring stations as pre- The most probabl y number of coliform organisms per
sented in Table 3-2. 100 ml (MPN) ran ged from a low of 0 to a high of

Chemical Dissolved solids concentrations in the 230 at Marbiemount , but is usually less than 50/ 100
Skagit River at Marb lemount have ran ged from 23 to ml. This low average is typical of streams drain ing
44 milligrams per liter , and values of hardness have remote mountain areas. At Mount Vernon the MPN
ranged fro m 14 to 30 mg/I . Minera lization of Skagit has ranged from a low of 0 to a maximum value of
River wate r increases only slightly downstream . Near 24,000. The normal range for the MPN for this
Mount Vernon the dissolved solids concentration station is from about 91 to 4,600. Bacteriologi cal
ranged from 22 to 52 mg/ I , and hardness ranged water quality of the Sauk and Baker Rivers genera lly
from 15 to 32 mg/I . Water in the Samish River is indicates better quality than the Skagit River. The
slightly more mineralized than water in the Skagit maximum recorded MPN values obtained on the Sauk
River. Maximum dissolved solids concentr ation s and River and Baker River are 2,400 and 930 coliforms
values of hardness for this river ar e 71 and 44 mg/I , per 100 ml, respectively. The MPN values obtained
respectively, for Samish River near Burlington indicate a range

Phosphate values are very low. Six years of from 0 to 11.000 coliforms per 100 ml. Table 3 3
water quality data have not indicated concentrations gives 3 summary of coliform concentration s taken
over 0.10 nag/ I . Nitrate values are also low, the from basic data sampling .
maximum recorded value being 034 mg/I. The Physical. The Skagit River and its major tribu-
Samish River, however, carries moderately high nit- tarie s are relatively fastmoving water courses. Dis-
rates with a mean concentration of 051 mg/I for the solved oxygen concentrations throughout the length
period of record . of the Skagit River are near saturation . At Mount

High iron concentrations are common , especi- Vernon , on the lower Skigit River. DO concen-
ally in the vicinity of the Skagit River. Ground-water trati ons have ranged from a low recorded value of 93
increases in salinity towar ds the bay areas , and fresh mci I to a high of 13.7 mg/I. The recorded low DO
water cannot be obtained in some places along the concentrations on the Sauk and Baker Rivers were
shoreline. Significant encroachment of saline water 10.2 and 9.7 mg/ I . Dissolved oxygen concentrations
has not been observed, however , in the Samish River Basin have ranged from 7.0 n-ssJ I

Bacteriolog ical The bacteriological water to 13.0 mg/I .
quality da ta for the Skagit River show a general trend Genera lly cool stream temp eratures occur in

TABLE 3-3. Summary of coUform concentrations, Skagit-Samish Basins

MPN 1 100 mIs
Lan Then 240 240-1,000 1.000-2,400 Greeter Then 2,400

No. of Percent of No. of Percent of No. of Purcent of No. of PWcsnt of
Wstsrmuris Samples Total No. Samples Total No. Simple. Total No. Simple. Total No.

Skagit R iver
(M blemount) 40 100 0 0 0 0 0 0

Ssuk River
(N r. Disrlngton) 16 94 0 0 0 0 1 6

i~er River
IConcret,) 14 93 1 7 0 0 0 0

Skagit River
(Mount Va non) 46 48 24 28 2 2 22 24

Semish River
(Surulng~ n) 13 29 24 63 1 2 7 16

Source: Washington WiSer Pollution Cannel Commission.
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the Skagit River. The temperature of the Skagit River varies only from about 27 to 30 o/oo over the period
at Mount Vernon has reached * maximum recorded of a year .
value of 64°F (15.2 °C) recorded for the Skagit River Measurements of dissolved oxygen , pH , water
at Marb lemount , 5 5.4°F (13.0°C) for the Sauk River transparency, sulfite waste liquor (SWL) and phenols
near Darrington , 62°F (16.7 °C) for the Baker River in the bays show water quality properties approach-
at Concrete. Maximum temperatures of the Samish ing those of ambient sea water in most areas. The
River near Burlington are higher than the Skagit oxygen content of the surface layer will vary from 7
River . A maximum of 66.2°F (19.0°C) was recorded. to 13 mg/I and is somewhat dependent upon

Fluvial sediment in the upp er Skagit Basin is of biological activity. Samples in Guemes Channel just
glacial origin. Non-glacial streams normally transport off Anacortes showed high concentrations of SWL
little sediment except during periods of high runoff , and occasional dissolved oxygen levels near zero.
Analysis of data obtained in 1965 and 1966 indicates These were localized and did not appea r to persist
that the Sakgit River can be expected to transport a throughout the channel. Maximum SWL values obser-
sediment load of ten million tons during a year of ved in past surveys showed levels ranging fro m 20 to
normal streamilow. Observed concentrations of sos- 40 ppm in nort hern Padilla Bay and 4 to 14 ppm
pended sediments in the Skagit River near Mount throughout the remaining areas except at Anacortes
Vernon ranged from 19 to 654 mg/I during 1965 to in Guemes Channel . The higher levels in northern
1966. Padilla Bay result from inflows of Bellingham Bay
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ waters carrying higher concentrations of dispersed

SWL.
In the Skagit Fla t area , the fresh water layer

was frequently observed nearly to the bottom , and
- extended from the mouth of the Skagit River north

-. - to Deception Pass and south into Saratoga Pass.
Surface temperatures varied from an aver age low of
42.8°F (6°C) in winter to about 626°F (17°C) in

______ - summer. The oxygen content of this water was above
6 mg/ I and completely saturated most of the time.
The phosphate concentrations varied from a low of
0.05 mg/ I to over 0.27 mg/ I with the fresher water

-~~~~~~ 
- usually being deficient in phosphate while being high

in oxygen.

I. . 
-
‘

~~~-~ SOURCES OF WASTE
PHOTO 3-5. Streams in the basins transport large
amounts of sediment during periods of high runoff. The raw municipal and industrial wasteload

generated in the Sakgit-Samish Basins approximates
The Samish River , heading in low mountains over one million population equivalents, of which less

south of Bellingham, may transport a total sediment than two percent is presently removed by waste
load of 10,000 tons during a year of normal tr eatment before being discharged to fresh and
streamfiow . When the flow of the Samish River near marine waters. The waters receiving the largest
Burlington is 5,000 cfs, a daily sediment load of quantities of waste s in relation to the total basin area
about 4,000 tons can be expected. Observed concen- are Guemes Channel (80 percent) and the lower
trations of suspended sediment ranged from 6 to 60 Skagit River (15 percent).
mg/i during 1965 and 1966. The quantities and general location of waste

production and discharges in the basins are shown in
Marine Waters FIgure 3-3. Sources of wastes contributing to the

The Samish River dilutes the marine waters degradation of fresh and marine waters are summar-
locally in Samish Bay, but has little effect elsewhere . ized in Table 34. Compliance with the Implementa-
The surface layer in Padilla Bay is affected mostly by tion and Enforcement Plan will substantially reduce
local drainage. Thus , the surface salinity of these bays the quantities and strength of discharged wastes.

£ 
_ _  
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TABLE 3-4. Summary of municipal and Industrial wastes, Skagit-Samlsh Basins

Seasonal Normal Se.aonal
Estim.ted Untre.t.d Untreated Waste Waste
Population Waste Waste Dischwgs Discharge

Weterc our a. Served PE PE Treatment PE PE

Skagit River
DIabl o 265 265 — Primary 190 —
Newtialsm 225 226 - Primary 180 -

Sedro Wooii.y 3.500 6.000 - PrImary 4,200 —

Metals — 75 - Oil. separ 50 -

Food processing - 800 - None 800 -
Burlington 3,000 3,600 — Secondary 800 —
Food processing — 6.700 — None 5,700 —

Food processing - - 40,200 None - 40.200
Mt. Vernon 8.000 13.000 - Primary 9.000 -

Food processing - 8,300 66,000 Non. 8,300 66.000
Avon

Food processing - 8,200 10.000 None 8,200 10.000

Semish River
Edison

Food processing - 1.900 - None 1,900 -

Guern.s Channel
Anaconss 7,000 8.000 — PrImary 4,800 -

Food processing - 800 39.820 None 800 39,820
Paper a allied - 778,000 — None 778,000 -

Oil refining - 2,000 - Secondary 500 -

Fidelgo Bay
Lumber & wood - 6,000 - None 6,000 —

Oil refining - 2,000 - Secondary 600 -

Padilia 8ev
CItem&.al. — — -. Neutralization — —

Skagit Bay
Skagit Co. SD No.1 - 260 - Primary 150 —

Swinom ish Slough
LaConner
Food processing — — 37,700 None — 37,700

TOTAL ’ 21.990 845,000 4,000 - 829,300 194,000

Municipal - 31,000 — •- 19,100 —

industria l - 814,000 4 000 - 810.000 194,000

~ F9irss we rounded.
2 PS’s wi ll be reduced for all ~~ste discharges sftsr compliance wIth the Ins.. .iata and proposed l~b..s.t. Quality Standards
kit ,J....... l.Ijoa and ..J ,..... ..s..i pian—1$ 70.1972.

FrsiIs Wag., day. The production of wastes exceeds 164,000 PE
MuaicI~.lltles and industries along the Skagit during the peak season.

and Samisb Rivers psuducs about 48,000 PE of raw These wastes are given varying degrees of
organic wastes ~~By. Diving the food processing treatment. Two percent of this total wasteload
season, an addItiona l 116,000 PE are produced each receives secondary treatment; 12 percent receives

3.8
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primary treatment; and 85 percent of the total wastes
are dumped into the streams untreated. After treat-
ment of wastes , a total of 155 ,500 PE are d ischarged
daily into the Skag it an d Samish Rivers by cities and -

industries during the peak season. The great majority - 
-.

of wastes (99 percent) are discharged to the Skagit
River. Of the total wa~Les discharge d to fresh water in :~the basin s, 90 percent is generated by industry and
the remaining 10 percent is from cities and towns.

The major waste sources to the Skag it R iver are
concentrated in the Mount Vernon and Bur lingt on
areas , where three-fourths of the total waste discharge . -

to the Skagit originate. Several food processin g plan ts - 
--

discharge untreate d wastes totaling 14,000 PE daily.
During the peak season an additiona l 100,000 PE are PHOT O 3-7. Food processing wastes are discharged
discharged. Municipal waste discharges to tal 9,800 PE to Swinomish Slough , a popular recreation wate rway,
daily after treat ment. before implementation and enforcement of qualit y

Two other significan t sources along the Skag it standards.
River include a food processing plan t at Avon , which
discharges 18,000 PE during the peak season , and 77,500 PE during the food processing season. Less
Sedro Woolley where municipal and indust rial waste than one percent of this total wasteload receives
discharg es to the river total 5,000 PE da ily. secondary treatment; less than one percent receives

The Samish River receives 1 ,900 PE daily fro m primary treatment; and 98 percent is released into
a food processing plant. Puget Sound untreated. As a re sult , waste s fro m an

equivalent population of 868,4-00 are being dis-
Marine Water charged into Puge t Sound . Practically all of the waste

Cities and industries adjacent to marine waters discharges to marine waters are generated by indus-
are producing 797,000 PE daily , plus an additional try .

The major waste source is the Scott Pap er mill
at Anacortes which discharges 778,000 PE daily to
Guemes Channel. This pul p mill is responsible for
about 90 percent of the basins ’ total waste discharge
to marine waters. The city of Anacortes and several
fish proce ssing plants also discharge wastes totalin g
45,900 PE to Guemes Channel. This channel receives
about 95 percent of ‘he basins waste load going to

oil refineries on March Point both
- adequately treat their wastes prior to discharge to

- 

- Fida lgo Bay . Treatment includes oil collection and
separa tion , primary clarif ier , and biological treatment

-
~~ of the combined clarif ied oily wastes and septic tank

(sanita ry) effluent. Treated effluent meets the Wa sh-
ington State require ments.

Swinomish Slough receives wastes equivalent to
PHOTO 3-8. Pea h arvesting results In toed processing 37,700 PE during the food processing season . Fidalgo
wastes to a water course until Implarnentation of Bay, Padilla Bay, and Skagit Bay also receive wastes
quality ~~~~~~ is acc mpl ishsd. from industries. The discharges to these three marine

areas tota l 6,800 PE.

3.10

: -
~~~~

- -- - - - .  - - -,-- -- — - .-,- - -



WATER USES AND QUALITY OBJECTIVES
The major beneficial uses of fresh and marine mainland shorelines support extensive shellfish

waters in the Skagit-Samish Basins are summarized in stocks .
Table 3-5 , which focuses on princip al waterco urses All f ive of the Pacific salmon species utilize the
and problem ar eas in the basins. The table also Skagit -Samish Basins ’ dra inages. These include spring,
indicates the water quality classification established summer , and fall runs of chinook , coho , pink , chum,
by the State for each wa tercourse that , in tUrn , and sockeye salmon . In addition , there are summer
defines the typ e of water usage to be protected in the and winter runs of steelhead , searun cutthroat trout
area , and searun Dolly Varden.

As shown in Table 3-5 , most surface waters The marine waters of the basins are generally
are used for fish passage and rearing. An enor- restricted to the more shallow expanses of Skagit and
mous variety of ecological environments exists in Samish Bays and Rosario Strait. Principal marine fish
the area and all of them are used by certa in found in these waters include members of the cod
anadromous or resident fishes. All but a few of the family, lingcod, flounder , surf perch , rockfish , her -
total number of the species recorded in the entire ring, dogfish, shark , and raffish. The two most
Puget Sound Area exist somewhere in the Skag it prevalent species of shellfish are Dungeness crab and
system. The Samish River system also supports softshell clam.
abundant fish stocks. The tidelan ds of Skagit , Padi lla , Saimon produced or reared in the Skagit-
and Samish Bays; the island beach areas; and the Samish Basins contribute to United States and

TABLE 3-5 Water uses and Quality objectives. Skagit-Bamish Basins

I .~U lntunaity
L-Li~~t
M—Med lum U~~ U~ ~~~~~~~~
H—Heavy 

~~~ 
—

_ _ _ _ _ _ _  

ASsigned ~~~~~~~~~~~~~~~~Watercourse C’..2 
~

Skagit River, Mouth
to Rlve,- MIIs 17 A H H L L H H L L

Sliagit R iver , River
MIII 175o Canad ian

ocdsr AA H H H  M L H H  L M  H
Padlila, Semish Bays;
GuemssChen.* A H H H H H H  H H H  M M

Poisseslon Sound, Port
Susen Serasog. PsaNg..
& Skagit ay A H H  H H H H  H H H  H M

SumIsli R iver, mouth
se tisedvasters A3 H H H  N H H H  I. L L
iear Rlvsr AA3 H H H  H I H H  L I L  H

Sauk Rlvsr H H H  N L M H  L L M  N
FrIdsy Creek from
mouth lo Samlsh Lake A 3 H $ H  H H M H  L L M

cascads River AA3 H H H H L. H H I.
Suiatde Nlver M H H  H L N H  L L L

Indian Fishery.

~~~~~~~~~~~
j 3 Tentstlve assigned class, Infarmetlon bulletin on Investets v~ter quolity st.ndsrds, Washington Wat er Pollut ion

Control Corn. ieee.
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number of water-related re creation days was
2 ,200,000 . By 1980 this will increase to 4,300,000.
At the present time , fishing is the most popular
outdoor recreational activ ity. AU of the principal
watercourses in the are a are utilized by fishermen.

- . •‘se~ Camping and boating are two other pastimes enjoyed
by large numbers of peop le. It is estimated that by
2020 there will be a ninefold increase in camping
activity, making it by far the most popular of the
outdoor recreations.

The area has long been famous for its moun-
- - tains , wilderness , streams , lake s and saltwater , islands ,

and shorelines. The Skagit River is the lar gest river in
- the Puget Sound Study Area and the most significant

~~— ----- .~~~~~~~~~ for recreation. The Baker , Diablo , and Ross Reser-
- voirs are popular recreation attraction s. In 1 964,

the re were 126 publicly-administere d outdoor recrea-
tion areas within the basin.

Outstanding natura l areas mcluded : Little
-- Mountain Park in Mt. Vernon ; Baker Hot Springs

Geological Area; Rainbow Falls Scenic Area; and
North Fork Falls Scenic Area. The North Cascade

- - Mountains are immensely valuable in re creation re-
PHOTO 3-8. Salmon produced in the basins con- sources. Much of the area is chara cterized by spectac-
tribute to commercial fisheries and to the econom y. ular mountain scenery unsurpassed in the United

States. The North Cascades Nat tonal Pack , which
Ca nadian Pacific Ocean sport and commercial fish - enco mpasses the Picket Range country and the
cries an d to fisheries existing throug h the Strait of Eldorado Peaks vicinity, Ross Lake Nationa l Recrea-
Juan de Fuca and upp er Puget Sound. The estimated tion Area , and Lake Chelan National Recreation Area
aver age annual contribution to these fisheries from were authorized by Publi c Law 90-544 which also
1956 to 1965 fro m the Skagit-Sam ish Basin designates the Pasayten Wilderness Area .
amounted to 1 ,008,820 salmon. The onl y significant diversion of water fro m the

Sur veys estimate that 180,000 man- days were Skagi t River for municipal and industrial purposes is
spent in catching 36 ,000 steelhead . Searun cutt h roat an indirect one by Anacortes along the lower reach
data shows 50 ,000 man -days spent in catching 30,200 near Mount Vernon. Anacortes obtains its supp ly
fish , from two Ranney Wells , which are infiltrati on gal-

Resident fish supp orted 363 ,200 man days of leries supp lied primaril y by the Skagit River. The
effort for a total harvest of 1 ,413,300 trout and aver age daily requirements met from the source
169,000 other game fish from lakes , ponds, and amount to about 24 cfs.
reser buirs. Similarl y, 153 ,500 man .days of effort were Navigation on the waters surroundi ng Anacor-
spent fishing for game fish other than steelhead ~ 

tes is extremel y heavy . The 1963 fore ign and domes-
strea ms; and 508,300 were harvested , tic coastwise traffic of 4,411 ,232 tons was second

Marine fish species in the basin receive moder - only to Seattle ’s traffic. In 1963 , the domestic
ate to heavy sport and commercial fishing effort . internal traffic was over 2 ,000,000 tons.
Commercial harvest is conducted principally by otte r Fisheries and recreation uses require the highest
trawl vessels, water quality standar ds of all raw water uses. As a

Commercial and sport harves t of shellfish result , for most watercourses in th e Skagit-Samish
species is considered moderate for the basins ’ waters. Basins , the water quality class is either excellent (A),

The Skagit-Samish Basins rank fifth in the or extraordinary (AA), with the objectives being to
Puget Sound in recreational water uses. In 1 960, the meet or exceed the qualit y requirements for all uses.
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PRESENT AND FUTURE NEEDS

PRESENT NEEDS FUTURE NEEDS

Present water quality control needs occur pr i- The principal factors expected to affect future
manly in marine waters , where fish processing, fresh and marin e water quality in the Skagit-Samish
pul ping, and municipal waste discharges create unsat - Basins will be the growth in population , industry,
isfacto ry water quality conditions. The State-Federal agricul tural pro duction and recreation. As this growth
water quality standards for dissolved oxygen and occurs , the production of wastes and water quality
toxic or deleterious concentrations of pulp mill problems will likewise increase . Forecast s on the
waste s are not being met in Guemes Channel and quantities and locatio n of waste s are the basis for
Pad ila and Samish Bays. the means to preserve wat er quality and to protect

The Scott Paper Company pulp mill located in the water uses of any given watercourse.
Anacortes is the major source of wastes now dis- The 1967 population of 57 ,000 persons in the
charged to Guemes Channel. Tidal currents in the Skagit-Samish Basins is projected to increase about 16
channel provide conditions suitable for assimilating percent by 1980 , 56 percent by 2000 , and 113
residual waste discharges. However , pul ping wa stes percent by 2020. It is expected that the Mount
discharged by the Scott Paper Company will produce Vernon-Bur lington -Sedro Woolley Service Area s are
sulf ite waste liquor concentrations of 10-10 ,000 ppm expected to grow at the same rate.
SWL in the vicinity of the outfall. These concen-
trations are injurious to marine life and adversel y 12C

affect water quality for most uses. Further , they
produce a surface patch of highly colored , aesthetic- 100
ally displeasing wastewater over the outfall and under
the docks fronting the city of Anacortes. so

Food processing waste s containing significant ~
quantities of settleable solids are discharged into the 

~ 60 1
marine waters on a seasonal basis by several fish

-Jpacking plants. 
40Possession Sound , Port Susan , Saratoga Passage o

a-and Skagit Bay receive wastes fro m small settlements
and several fish canneries. Swinomish Slough , in ~
particular , receives a large load of untreated food
processing waste s during the summer which impairs 1966 1900 2000 2020
the aesthetic, boating, and recreational uses of this Y EAR
popular watercourse .

Bacterial standards on the lower Skagit River FIGURE 3-4. Projected population for Skagit—
are not being met. High concentrations of coliform Samish Basins.
organisms in the lower reaches of the river are most
probably due to the domestic and Industrial waste
discharges from the Mount Vernon and Btulii ton Production growth for the major water using
areas. Wastes produced by livestock may also be industries in the Skagit and Samish Basins is expected
significant in contributing to the total bacterial count to realize a 2.7-fold inc rease between 1980 and 2020
In the river. At tisnes, silt (rum private gravel washing In terms of value added.
operat ions has been destructive to fish and delet~ The petroleum and food and kindred industries
erlous to other water uses. No water quality needs have been rapidly increasing and are forecasted to
exist for ground-water in the basins, loom relatively large in the basins by the year 2020.

4. 
3-13

-~ - - - - - -



By 2020, the chemicals and petroleum and the Pa sayten Wilderness by Public Law 90-544 . In addi-
food and kindred products industries will account for tion , portions of the Skagit River and its tributaries
95 percent of the tota l value added by the major have been designated for potential addition to the
water using industries. (See Figure 3-5) . Two oil National Wild and Scenic Rivers System established
re fineries are currently located on March Point , and by public Law 90-542.
several large food processing plants are located in the As shown in Figure 3-6, the total raw wasteload
Burli ngton , Mount Vernon , an d other communit ies. is projected to equal 1 ,880,500 PE by 1980 . The
As potentials for increased agriculture exist , gr eater major waste producers will be the pulp and pap er an d
volumes of fruit and vegetable processing and dairy food and kindred industries. These two industries are
production are expected. expected to account for 98 percent of the total raw

waste production in 1980. Municipal waste pro-
duction , primarily from the Sedro Woolley
-Burlington-Mount Vernon Service Area and Anacor-

~~~~~~~~~~~~~~~~~~~~~~~~ tes, is expected to double , increasing from 30,000 PE
in 1965 to 60,000 PE in 1980 . Raw waste s from
recreational activities are projected to increase abuut
52 percent by 1980. By 2020, this raw waste
production is expected to be about five times the
present level.

‘i.IMBER S“‘~~~~~~~~~ ~~0O PRQOt~~fl-

Y EAR 2000 2020

coco a KINORE9,.~~~~
’
~

FIGURE 3-5. Relative production growth for major ~ �
water using industries in the Skagit—Samis h Basins.

The pap er and allied industry is projected to

reflect the expected shift of pul ping cepaci~ to other

increase pro duction to 1980, and then decline to
about the present level of production by 2020 to

plants. Tota L timber harvest should remain at about
the present level , with usage shif ting away from FIGURE 36. Projected untreated municipal andsawmills to pulp and plywood. By 2020, the paper industrial wa~ for the Skagit-Samish Basinsand allied industry is expected to account for only ~~~~~~~~ ~f PE)
0.5 percent of the basins ’ total value added by the
major industries.

Future population and economic growth is Livestock handling poses the most serious ,
expected to concentrate in two areas—the Mount future agricultural threat to the qualit y of water
Vernon-Bu rlington-Sedro Woolley Service Area and flowing in the streams of the Skagit-Samish Basins. In
the Anacortes-March Point Service Area . 1964, these besins had a cattle plus calf population of

By 1980, almost eight million recreation days 73,780—about 0.74 per acre of cropland. The total
are forecast for the basins—double the 1960 level, number was second highest of Puget Sound ’s 11
Intense recreation is expected to occur in the upper subregions , but the intensity ranked eighth. During
Skagit River area , with comple tion of State Highway heavy winter rains some of this waste material washes
20, North Cross-State Highway and establishment of into streams . The magnitude of the threat of pollu-
the North Cascades National Park and Ross Lake tion from this source will increase in the future , not
Nationa l Recreation Area , and the desipation of the only as a result of an increase in the number of cattle
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but also because they are likely to be concentrated will rarely, if ever , result in surface wash or in
onto smaller areas. measurable leaching of the soil.

The Skagit-Samish Basins produce large Pesti cides have become an almost indispensable
amounts of green peas for the canning market. In land management tool of the farmer and forester. The
1964, Skagit County had 22,500 acres in peas. This is exact amount of these chemicals that have been used
about 22 percent of the total cropland acreage of the by far mers in the Skagit -Samish Basins is not known ,
Skagit-Samish Basins. If peavine waste is ensiled in but it is believed that little , if any, has yet been used
stacks, the liquor produced from such stacks is on the forest land . It is expected that future
extremely high stre ngth. A BOD of 35,000 to 78,000 applications of these toxic substances or of fertilizers
mg/ I is common. Such liquors should not be allowed will be only of recommended kinds and amounts.
to enter streams untreated . By 1980, more than 1 ,460,000 PE will be

Although excessive irrigation can impair water produ ced by the pulp and paper industry; 330,000
quality by teaching or washing sediment and minerals PE by food processors ; and about 60,000 PE by
into sur face or ground waters , this is not now , nor is municipalities. Greater wasteloads are predicted
it expected to be a future problem in the Skagit- throug h 2020. Adequate manage ment of these wastes
Samish Basins. The present irrigated acreage of 6,200 by all levels of government and private industry will
acres is expected to increase slowly to 38,200 acre s be a “must ,” in order to protect the various uses of
by 1980 and to 95,000 acres by 2020. However , most water and to preserve the environment.
of the irrigation here will be of the sprinkler type and

MEANS TO SATISFY NEEDS

Several elements compose the water quality WASTE COLLECTION AND TREATMENT
means for the Skagit-Samish Basins. The central and
paramount element is adequate waste collection and The large waste loads now discharged require a
treatment. Most wastes are and will continue to be collection and treatment complex composed of
organic, generated primarily around Anacortes and several new facilities and rep lacement and expansion
Mount Vernon-Bur lington-Sedro Woolley. Collection of most existing plants. The actions required to meet
and treatment facilities will provide waste discharges these requi rements are outlined in the Washington
amenable to acceptance by the water resources. The State Water Quality Standards and Implementation
flow requirements to assimilate the residual wastes , Plan , December , 1967. They are separate actions and
both now and in the fut ure, are small compared with are summarized as follows:
present minimun flows.

Water quality management measures required Skagit River
to support the treatment construction includes water 1. Cities of Mount Vernon, Sedro
quality stations on each of Skagit and Paddle Bays. Woolley, the town of Concrete, and the
Present management procedures for control of pesti- facilities of SssttI. City Light—secondary
cides in agricultural and forest operations will meet treatment with disinfection. City of
future quality protection requirements. Control and Burlingson—expand or modify domestic
treatment of dairy wastes in lagoons or by other system and disinfection. This will redu ce
treatment will be required in the near future . The bacterial concentrations reaching the river
majority of treated wastes should be disposed of In to allow the levels to drop to standard
the vicinity of Guemes Channel for optimum di. requirements.
persian . L Food processors—adequate second-

The major aspects of the water quality control sty treatment or interception by a muni-
means are discussed in more detail below. cipal system.
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Guemes Channel , Padilla and Samish Bays
1. Scott Paper Company at Ana- ~ 

-

cortes—primary treatment facilities to re- ~
move all settleable solids from mill efflu- r i ~ents; adequate facilities for the disposal 

~ Iof recovere d solids or sludge ; and a r — — -

— M NIC~P~~. T~~~A~ M€NT

submanne outfall with diffuser. This will ~ 
— _____

~tC~~AT~~ WASh T~EAbM ~I(~
reduce SWL concentrations in Guemes
Channel to acceptable levels.

2. The fish canneries and wood pro- FIGURE 3-7. Municipal and industrial investment
ducts industries—adequate treatment or requirements for waste collection and treatment In
inte rcepted by a munici pal system. the Skagit-Sam ish Basins. 1

Possession Sound, Port Susan, Saratoga
P.s-sage, and Skagit Bay keep pace with urban growth and facilities replace-

1. Town of LaConne r—the nearby ment. A significant finding is the large near-future
Swinomish Indian settlement , and the investment requirements for sewers. This high initial
Skagit County Sanitary District No. rate anticipates significant expansion of sewers to
1—secondary treatment , disinfection , and serve all urban concentrations.
adequate outfall. The relative investment rates for the municipal ,

2. Several seafood canneries— inter- industrial , and recreational sectors are shown in
cept ion of wastes by a municipal system. Figure 3-7 also. The industrial sector shows an

immediate rise in investment to provide needed new
facilities. Once this initial large investment has been

Future wastes can , in most cases, be treated by made , the rate drops substantially where enlargement
the above complex of municipal and industrial and replacement takes place. The pulp and pap er and
treatment facilities with adequate expansion and food processing industries’ requirements dominate
replacement. An exception is the Mount Vernon- the industry curve. The rise and decline of the
Burlington..Sedro Woolley group. These towns should municipal sector reflect the impact of sewer construc-
coordinate their waste system planning. As the urban tion . Recreation investment shows a steady growth.
areas expand to meet each othe r in the future , and as Municipal costs1 will total over $2 ,000,000 by
replacement of treatment facilities becomes neces- 1980 with an additional $4,500,000 by 2000 and an
sary , interceptors leading to a central treatment additional $3,700,000 by 2020.
facility will allow increased efficiency of operation at Industrial costs1 will total $2 ,400,000 by 1980
lower cost. with additional amounts of $2,650,000 needed for

Substantial waste treatment facilities will be the period 1980-2000 and $4,200,000 from 2000 to
required to support recreation grow th in the upp er 202G.
Skagit Basin . Several large recreation complexes and Sources of funding are shown in Figure 3-8 .
many small developments for more specialized recrea- The Federal Construction Grants program will need
tion pursuits are indicated. Since most of the recrea- to invest $530,000 by 1980, an additional
lion potentia l exists on Federal lands , the Federal $1,088,000 by 2000, and another $1 ,020,000 by
Government will be required to provide or insure 2020. State grants for these time periods will be
provision of most of these facilities. $265,000, $544,000 and $474,000, respectively.

A substantial continuing investment will be Federal investment for sewers will total $128,000 by
required to meet present and future waste collection 1980, $500,000 from 1980-2000 , and $540,000 from
and treatment requirements . 2000-2020. Federal investment in waste treatment

Projected municipal waste collection and treat- facilities for recreation areas will total $480,000 by
ment investment requirements are shown in Tables 1980, an additional $900,000 by 2000 and another
3.6, 3-7 and Figure 3-7. Treatment requirements are $1,000,000 by 2020.
Initially high to meet the State Implementation Plan.
Followlol this, a steady investment rate is required to ~ costs irs not smortizsd.
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controls, future waste loadings to surface waters will
_____ 

be reduced to 125,000 FE less than exists at the
A ~~~ _____ 

present time .

r :~:::~,~:: assimilaling residual waste ~~~~ 
f~

be, centered in the Burlington-Mount Vernon area.
a~ o I~ o By 1980, 2000, and 2020 it is estimated that

FIGURE 3-8. Government investment requirements1 the discharged municipal and industrial wastes to the
for waste colleciton and treatment for the Skigit- lower Skagit River from Mount Vernon , Burlington
S.mlsh Basins, and Sedro Woolley will total 42,100 FE, 78,900 FE,
1 costs irs ~~ ~~~~~~~~~~~~ and 93,900 FE, respectively . Based on these projected

waste discharges, the minimum flows required in the

FLOW REQUIREMEN TS lower Skagit River for the maintenance of adequate
water quality , assuming a single-point waste loading

With the Installation of secondary treatment in at Mount Vernon , have been determined to be 240
conformance with State standards and in-plant waste cfs by 1980, 435 cfs by 2000 and 650 cfs by the year

TABLE 34. Costs for waste collection, treatment, and outfall facilities and quality systems to meet water
quality standards, Skagh-Samids Basins

Annual Costs
(Thousands of Dollars)

1967 Dollars
Prstsnt-1980 1980-2000 2000-2020

STANDARDS FOR INTERSTATE AND INTRASTATE WATERS1

Up~ sds trs.tmsnt. plant axpunslon or modification—
unlctpelltlss and IndustrIie $ 73 $ 57 $ 22

Dislnf.ctlon 10 8 4
Outf.Il* 58 47 22
lntsrcaptlon and sswsr systsm
a. MunicIpal 29 23 11
b. Industrlal 10 8 4
Comblnsd ~~~~~ InfIltration and overflow c enlon 14 13 11
Adv.ncsd vests triutmunt In rscrestlon sreus 61 82 113

Sub-Total $265 $238 $187

WATE R QUALITY ENGINEERING DEVE LOPMENT. MANAGEMENT AND2
EVALUAT ION PROGRAMS FOR MARINE, FRESH AND GROUND WATER

Monitorlng—~ ound water, eutomstlc equIpment, etc. $ 7 $ 6 $ 7
Ev.luadons—dl.pscslOn aries. ico4o~k~~. productivIty 22 5 7
Information system, quality control, plant operation
Irnprovsinsnt, operation r.us.,di 18 7 7

Sub-Total $ 4 7  $18 $ 2 1

OPERATION AND MAINTENANCE2 $ SS  $183 1t52

TOTALS $3$O $MS $380

k ~~~
2 DIrect annual oasis from appropd.dons. twanue, plannI~~ funds end yaMs. (Does not Includs 1..teis.d.
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TABLE 3-7. Total amortized capital and operatIonal 2020. The 7-day and 30-day lowflows expected to
costs—Skagft-Samlah Basins occur once in 10 years for the Skagit River near

Mount Vernon are 5,100 cfs and 5,800 cfs.
MI llion Dollars

Present. 1980- 2000-
1980 2000 2020 

OTHER MEASURES
IndustrIal 4.8 2.6 1.7
Municipal vestment 1.6 1.8 0.6 The present State water quality surveillanceMunicipal uswan 4.7 5.2 1.8 progr~~ for fresh waters is adequate and should be
~~~~~~~~~~~~~~~~ trestmSffl continued. Marine stations will need to be expanded

— — — as industry and population density increases. in
Sub.Total 15.2 14.6 10.2 addition , more lakes and ground-water sampling

stations should be established.Water quality engineering
,nenapmwnt and evaluation 0.5 0.4 0.4

Opsr.tlon and melntsnenca 06 3.9 3.0

Total 16.3 18.9 13.6

3-18
I

--—--

— —~~~~~ - ~~~~~~~ -~~~—. ~~— -- - , . — - - j — . - ~~~— ~~~~~—-— -‘~~~.-- 
.,~~~ - .. 

—.— -~~~- — . .- --- ~~~~~-— —,~~



-

‘F
—J-

Pt
1

A 
_ _ _ _ _ __ _

- 4 -- ~~~
-
- 

~~~~~~~~~~~~~ 
-—

- -
:-- 

•v_. ~~-



STILLAGUAMISH BASIN

INTRODUCTION
The Stillaguamish Basin encompasses an area rens. Logging has occurred at scattered points

of 690 square miles, including ~ix square miles of salt throughout the basin , but the major part of the area
water. ft lies in the northwes tern part of the State in remains in the natural , undevelop ed state .
Snohomish and Skagit Counties. The greater portion The Stillaguamish River drains the enti re area
(about 75 percent) is in Snohomib County. Eleva- into Puget Sound. The three principal drainage areas
tions range from the tideflats and deltas of the of the Stillaguamish River are: the North Fork , with a
Stillaguamih River at sea level to the 6,819-foot drainage area of about 286 square miles; the South
summit of Mt. Bullon. Between these two extremes Fork , with an area of about 257 square miles; and the
lies a topography made up of river bottoms , gently downstream coastal area of 147 square miles.
rolling foothills , level benchianda, narrow canyons, The North Fork and its principal tributaries
and numerous mountain spurs of vary ing height and drain the area around F inney Peak (5 ,090 feet) ,
extent . Whitehorse Mountain (6,820 feet), and other adjacent

peaks . It then meanders westerly for 31 miles,
— -- - flowing through a comparatively broad glacial valley,

‘ .‘~~‘ 
~ _,.J 

\ 
to its confluence with the South Fork at Arlington.

I’ The South Fork heads above the ghost town of
I “L_~ Silverton and falls swiftly through a gradually

widening valley. This stream flows westerly for 41
J “-- - miles to its confluence with the North Fork. Its

- -—— - principal tributaries are Boardman , Canyon , and Jim
Creeks.

~~
‘
~ ‘ ‘i Below Arlington the main stem of the Stilla-

~ ç..r guamish River meanders slowly over a broad flood
7 ,/ islam 23 miles to tidewater. It makes th ree entrances

~~~.., / to Puget Sound . Most of the river’s flow enters Port
Susan through Hat Slough, the main outlet . During
high river stages, some flow enters through a smaller

7 
chan nel that divides into two outlets known as South
Pass and West Pass. Pilchuck Creek is the principal
tributary to the main stem. It dr ains a long gourd-
shaped area of about 74 square miles.

Lakes in the basin total about I $37 acres of
surface area. Cavanaugh Lake in the headwaters of

FIGURE 4-1. LocatIon of the Stillaguamish Bpein Pilchuck Creek is the largest lake (844 acres) in the
with in the Pugit Sound Ares. Stillaguamish Basin . It is Tinged by mountains and

ridges varying in heights from 2,500 feet to peaks
Alluvial flats , an extensive delta plain, and low nearly 4,000 feet high.

gisciel outwath plans comprise the western part of The basin’s fer tile bottomlands are composed
the tissie. of silt , sandy and clay b arns win  the coarser textures

~~~ eastern sector Is mountainous and lies in the upper reaches and becoming progressively fIner
mostly within the boundary of the Mt. Baker textured towards the mouths of the rivers. Peat and
National Forest . Tisis Is steep, rugged terrain , mostly muck soils are scattered throughout both river hot-
forui.tevered except for high.elevation alpine bar- toms and uplands in patches of 10 to 12 acres. Most
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soils in the basin which are used for agriculture have timber production are expected with the develop-
been formed from some type of glacial material . ment of access roads to remote areas. Five sawmills at
Except for the younger alluvial soils, they are highly Arlington and two at Stanwoo d attest to the impor-
leached and acid in character. Soils of gravelly and tance of the timber indust ry.
sandy barns cover most of the western half. These
include the uplands, terr aces, and hilly areas above
the river flood level.

Forest -covered lands account for more than 85
percent of the total acreage in the basin. About
34,500 acres are utilized for cropland , which
represents six percent of the 441,600 total acres in
the basin . Most of this band is confined to the alluvial
lands of the flood plain . More than 55 percent of the

— — ~~~~~~~~~~basin ’s total land area is held in public ownersh ip .
About 18 ,300 people live in the Stillaguam ish

Basin (1967 estimated figures) . The two principal
population centers are Arlington (2,195 persons) and
Stanwood (1,240 persons). With the main occu-
pations being agr iculture and lumbering, most settle-
ment has occurred in the rural areas. The eastern part
of the basin is sparsely populated due to the rugged PH OTO 4-1. Man y different raw crops grow in the
terrain , basin (U.S. Bureau of Reclamation Photo ).

In the last century , the basin has grown from a
few pioneer clearings to an important area in agri-
culture and forest products. Agriculture and its The eastern half of the basin is being used
associated indust ries has become the most important , extensively for sports , fishing, hunting, and other
and accounts for more than half of the basin ’s outdoor recreation. River shore lands are rap idly being
income. Dairy farming is the main agric ultural enter- developed for recreation homes.
prim. As a result , most of the cropland here is used The basin is located away from large employ-
for hay and silage to support the livestock industry . ment centers and has been unable to generate any
Pastures dotted with cattle and fields of hay on the significant employment itself. But for all its rural
valley flats and plains are common tights. There iS atmosphere and open spaciousness, the Stillaguamish
now a trend toward the growing of peas, sweet corn Basin is being encroached upon by progress taking
and other field crops to meet the demands of a place beyond its borders. Suburbia has no respect for
growing freezing industry and to satisfy the need for boundaries, and even now some farmlands are being
more fresh vegetables in the expanding Seattle- plowed under and replaced with subdivisions. The
Tacoma metropolitan area. countryside is being consumed a bit here , a piece

Lumbering from the more than 377,000 acres there. More cropl.nds may be removed from agri-
of forest lands in the eastern part is the second culture in the future with the development ci new
mainstay of the basin’s economy. Future Increases in industry in nearby Everett.

PRESENT STA TUS
WATER RESOURCES of the Stlllaguamith (3,500 cfs average annual) is

estimated from the two forks. During the period of
FtSSI~ Wstst record (1931-1960), Mzeamflow averaged 1,850 cfs

Two stream gaging stations—one on the South on the North Fork and I ,085 di on the South Fork .
Fork near Granite Falls and the other on the North Variat ions in annual discharges during this same
Fork near Arlington-measure runoff from approxi- period included lows of 1,220 cfs on the North Fork
mately S5 perceut o( the basln.Flowin the mainstem and 711 cfs on the South Fork and hlghs of 2,6lScfs
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on the North Fork and 1,466 cfs on the South Fork. The total surface area of glaciers in the basin is only
The flow of the Stillaguanush River and its about one-half of a square mile.

tributaries begins to increase in September or October The important aquifers in the lowlands are
from the summer base flow. During the October- found in the coarse sedimentary zones of Quaternary
M arch period , a series of closely spaced storms cause deposits , which are rather continuous over sedi-
freq uent sharp rises in rive r flow. Increasing temp er- ments exposed at the surface . The plateaus are
atur es and snowmelt in April cause an increase in covered with till , which is not an important aquifer ,
streamfiow which may rea ch a discharge of damaging because it is composed largely of fine materials. In
magnitude with in 24 to 30 hours. Following the some places, the till plateaus , terraces , and flood
snowmelt peak , stream fiow recedes to min imum base plains are covered with recessional outwash that
flow as snowpacks arc dep leted. By the end of contain little water. Deposits of alluvium—consisting
August . discharge is largely sustained by groun d-water mostly of san d , silt , clay and peat , with minor
contributions. The small glaciers in the upp er reaches amounts of gravel—o ccur in the flood plain and delta
of the basin contribute little to summer low flows , of the Stillag uamish River.

In general , little var iation in annual low flows Practically all recharge to the lowland aquifers
axe found to occur on the Stillaguamish River. The is by infiltration of precipitation . These aquifers are
only exception is Pilchuck Creek which has a large estimated to receive about 40,000 acre -feet of re-
variation in low flow—as much as twice that of other charge annually on the average. However , not all of
streams in the Puget Sound Area. Low flows are due this recharge can be captured by wells. The natural
to the absence of appreciable glacial meltwa ter during discharge of ground water is mostly into the river and
critical summer months , its tributaries , an d into Port Susan through submarine

A low-flow frequency anal ysis has been made springs .
by the US. Geological Survey for the two gaging
statio ns in the basin , based on a 36-year period Marine Water
(1929-1964) for the North Fork and on a 21-year The basi n’s marine water area consists of Port
period (1937.1957) for the South Fork . These Susan which is connected to Possession Sound at its
discharges were adjusted to a base period April 1 , southern end. Port Susan has an entrance sill with a
1946 to March 31 , 1964, The 7-day and 30-day low contro lling depth of 318 feet east of Camano Head ,
flows that may be expected to occur at these gaging but deepens to an average basin depth of 378 feet.
stations for a recurrence interva l of ten years is shown Because of the entrance sill , some of the water below
in Table 4-1. 328 feet is trapp ed and will remain in the inner basin

for several months . Flushing of this water occurs in
TABLE 4-1. Low flow frequency 10-year recurrence the fall and again in February or March of each year.
interval Stillaguamish Basin Winds will affect the surface layer and in turn move

the deeper water.
7-Day 30-Day

Low Flow Low Flow
Stat ion di Cf.

WATER QUALITY
North Fork new Arlington 200 240
South Fork new Granite Falls 94 112 Fresh Water
South Fork new Arlington 130 163 The following discussion is based on an analysis
Sour~ : Appsndix Ill :  Hydrology & Natural Envkonisent. of water samples collected monthly from the main

stem of the Stillaguam ish River near Silvana and at
Granite Falls and from a station located on the North

There are no dams or reservoirs on the Stilla- Fork near Arlington.
guamish River; It flows freely , unchecked and Ch.mlcal—A review of several wate r quality
unharnessed by man . The surface area of lakes and indicators shows that the water is soft and low in
glaciers in the basin provides at least a comparative dissolved solids. Low dissolved oxygen content and
indication of the amount of water that is stored . The generally poor wate r quality conditions axe prevalent
total lake surface area here is about 2.8 square miles, in Hat Slough near Stanwood during peak season
most of which is accounted for by Lake Cavanaugh. waste produ ction.

4-4
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TABLE 4-2. Surfac, water quality. Stillaguamish Basin
mg/I mg/I -— mg/I mg/I
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Ground-water is generally low in dissolved Stream-borne sediment in the basin is minimal.
solids—usually less than 200 mg/I and rarely more Preci pitation in the high country is excessive, but a
than 300 mg/I . Water hardness normally ranges from heavy cover of vegetation normally retards erosion .
60 to 120 mg/I , and silica concentration is usually The well-drained glacial till and outwash materials are
between 200 and 40 maJ l. also not easily eroded. At times , however , sediment

Bactu rlologicil—The bacteriological measure- fro m clay slides has been particular ly destructive to
ments of the waters show high coliform values spawning salmon. During low flow , most streams in
occasionally occurring below points of waste disposal. the upper drainages are nearly sediment-free. In the
Maximum MPN values ranged from 930 on the North lowlands, heavy vegetation normally prevents exces-
Fork to 4,600 on the South Fork at Granite Falls. On sive erosion on steep slopes.
the main stem near Silvana , the maximum MPN
observed was 1,500. Table 4-3 gives a summary of Marine Waters
coliform concentration s taken from basin data Temperatures of the marine waters will vary
sampling. from a winter low of 44.6°F (7°C) to a summer high

Physical—Average DO concentrations range from of 5 1.8°F (11 °C). Salinities will vary from about 29
11.1 mg/ I to 11.7 mg/I on the main stem. Evidence of oico in winter to slightly over 31 o/co in late
oxygen depression in the basin is on the main stem summer. The oxygen content will vary from 5 to 8
near Silvana where a minimum DO of 4.8 mg/I was maJi and the phosphate content from .06 to .09
recorded and in Hat Slough near Stanwood . mgJ I. The oxygen content of the trapp ed water

Maximum stream temperatures on the North (below 328 feet) in Port Susan will decrease with
Fork are relat ively low, less than 63.7°F (17.6°C) time, becoming less than 1.5 mg/ l while the phos-
during the warmest months. Past Arlington the phate content will increase to over 0.36 mg/i.
Stlllaguamish River warms up on Its way to Puget
Sound . Temperatures on the main stem near Silvana
have reached a maximum recorded value of 73°F SOURCES OF WASTE
(22.8°C).

Throughout Its length and tributaries, the Stil- The raw municipal and industrial wasteload
laguaniiih River runs decidedly turbid. The average generated in the Stillaguamish Basin approximates
turbidity is 50 JTU on the main stem below 350,000 populatIon equivalents Of this amount, 35%
Arlington, 42 ITU on the North Fork, and 44 JTU on Is presently removed by treatment before being
the South Fork at Granite Falls. Maximum turbidities discharged. The results of the Interstate and proposed
on the entire system have ranged from 135 to 400 Intrastate Quality Standards Implementation and
RU. Color values are also high, ranging from 0 to 45 enforcement plan will reduce the discharged FE’s to
units on the main stem and 0 to 30 unIts on the 15 percent of the present raw wuteload.

A North Fork.
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TABLE 4-3. Summary of coliform concentrations, StiHaguamish Basin MPN /100 mis

Ls* Than Greater Than
240 240-1.000 1.000-2.400 2,400

No. of Psrcsnt of No. of Percent~~ No. of Percent of No. of Percent of
Watercourse Samples Total No. Samples Total No. Samples Total No. Samples Total No.

Stillaguamish
(at Granit e
Falls) 34 94 1 3 0 0 1 3

North Fork
Stillag u.miah
m r .  Arlington ) 16 73 6 27 0 0 0 0

Stillaguamish
(nr. Silvan.) 72 79 16 18 2 2 1 1

Source Washington Water Pollut ion Control Commiieion.

Quantities and general location of waste pro - peak food processing season , two food processing
duction and discharges in the basin are shown on plants produce 335,000 FE daily. The town provides
Figure 4.3. The sources of waste are listed in Tab le waste stabilization ponds to treat both municipal and
4-4. flood processing wastes from the two local industries.

After treatment , t he normal waste discharge is 800
Fresh Water PE daily from the town and 221 ,000 PE daily in

The principal sources of wastes to fresh water season from the two industries.
in the basin are outlined in Table 4-4. Cities and Arlington discharges 1,400 PE daily afte r pro-
industrie s are daily discharging wastes into the Stilla- viding primary treatment to some 2 ,000 FE. Other
guamish River equivalent to those from a popu lation towns in the basin rely primaril y upon individual
of 2 ,200 persons, with an additional 221 ,000 PE septic tanks .
daily during the food processing season.

The municipal and industrial wastes produced Marine Water
in the Stanwood area account for virtually all of the There are no direct discharges of wastes to
tota l raw waste load generated in the basin . During the marine waters in the basin .

TABLE 4-4. Summary of municipal and industrial wastes, Stilleguamish Basin

Non.Seeaon.l Seasonal Non-Seasonal Seasonal
Estimated Untreated Untreated Waste Waste
Population Waite Waits Discharge Discharge

Water Course Served PE PE Treatment PE PE

j  
Stilleguamish River

AIlIngssn 2.000 2,000 -. Primary 1,400 —

Stanwood 1,100 3.600 -- Lagoon 800 -.

Food Processing — — 150.000 Stenwood — 36.000
Food processing — — 185.000 None — 185,000

TOTAL 3.100 5.800 335.000 2 200 221 000

1 Figures are rounded.

2 PEa niH be reduced for all ~~sts dlechargsa aftur completion of implementation and enforcement plan for interstat, and
lnI,...~ I. walaru—19 701972.
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WATER USES AND QUALITY OBJECTIV ES
The major beneficial uses of fresh and marine saltwater environments with a total harvest of 30,200

waters in the Stillaguamish Basin are presented in fish.
Table 4-5. The table also gives the water quality On the basis of 1966 survey data , 124,000
classification which the State estab lished to protect man-days of effort were spent fishing in cold water
the type of water usage in the area. lakes , and a total harvest of 433,000 trout and

The anadro mous fish inhabiting the waters of 30 ,800 othe r species was realized. Similarly , 63,800
t he Stillaguamish system are chinook , coho , p ink , an d man -days of angling effort were spent fishing for
chum salmon and steelhead and searun cutthroat game fish other than steelhead in basin streams , and
trout. Lakes , ponds , and sloughs also afford impor- 215 ,800 were harvested.
ta nt natural rearing waters for many species. Principal The small mar ine water segment of the Still-
species of shellfish and other marine invertebrates aguamish Basin receives no commercial fishing and
include Dungeness and red crabs , butter clams , blue very limited sport fishing . Marine fish stocks pro-
mu ssel , octopus, and ghost shrimp. duced contribute to commercial and sport fisheries of

Salmon reared in the Stillagu amish River sys. Port Susan and adjacent saltw ater areas. Little corn-
tern contribute heavily to Puget Sound and United mercia l or sport fishing is expended on the limited
States and Canadian ocean sport and commercial shellfish stocks.
fisheries. Between 1956 and 1965, the estimated The water-related recreation days in the Stil-
average annual contribution fro m the Stillaguamish laguamish Basin in 1960 numbe red 830,000, the
Basin to these fisheries amounted to 396 ,110 salmon. smal lest in the Puge t Sound Area. By 1980 , the

Fresh-water angling for salmon is limited to the numbe r will be 1 ,600,000 days. Camping, picnicking
main Stillaguamish River. Most of the catch in the and fishing are the thre e most popular outdoor
Stillaguamish River is pink salmon. In 1965 , the acti vitie s in the basin .
catch , representing 18,800 angler -days use , was esti - Water based recreation opportunities are few by
mated to be 4,700 salmon. comparison with other Puget Sound Basins. Frontage

Data from stee lhead ang ler surveys , adjusted on Puget Sound itself is restr icted to tidef lat areas in
through 1966 , show a use of 99,200 angler-days the upp er reaches of Port Susa n and Skag it Bay.
which resulted in a harvest of 19 ,830 stee lhead . These While small lakes are numerous in the mountain areas ,
same data indicate 50,300 angler-days annually were Cavanaugh is the largest lake in the basin. Most
spent in the pursuit of searun cutthroat trout in wa ter-based recreation is , there fore , concentrate d

TABLE 4-5. Water uses and quality objectives. StiHaguamish Basin

z
U-

Use lntensaty
L - Light z t u - ~~~~~M - Medium
H - Heavy

? ~ E~~ ~ ~~ 
.
~~ .~~ ~~ ~ .~ 2 ~Aaslgn.d’

Watercourse Class ~ z -J I

Port Sueen A H H  H H M H  H H H  L

Stlll.gu.mish River to
Rlvsr Mils 7 A H H  L L H H  L

Sti llaguarnW~ River—
River Mile 71o Hesdv~ tsrs A H H H H M H H

1 Ses Tsble l-L
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along the streams and rivers , of which the South Fork Navigation on the Stillaguamish River is not
of the Stillaguamlsh is the most used. Other recre - possible except on the lower reaches at high tide.
ational attractions include the high mountain area in There are no significant water terminal s or water -
the eastern half of the basin. The area includes some transport oriented industries in this basin. With
25 ,000 acres of alpine or subalpine terrain and dredging and filling, several thousand acres of water-
supports a large ski development on Mt. Pilchuck . front ipdustrial property at the head of Port Susan
There are outstanding natural areas to be found in the could be developed, but there is no knowledge of
Mt. Baker National Forest . In 1964, there were 37 such a development having been investigated.
publicly-administered outdoor recreation areas within Fisheries and recreation uses require the highest
the basin , water quality standards of all raw water uses. As a

The Stillaguamish River is not presently being result , for most watercourses in the Stillaguam ish
used as a source of water supply for municipal or Basin , the water quality class is excellent (A) with the
industrial purposes. Ground -water is expected to objectives being to meet or exceed the quality
fulfill these needs in the future . The rural population requirements for all uses.
likewise obtains most of its water supply from wells.

PRESENT AND FUTURE NEEDS

PRESENT NEEDS
percent by 1980, 157 percent by 2000 and 310

There are few water quality problems in the percent by 2020. Stanwood and Arlington are cx-
basin. The most significant deficiency exists on the pected to be population centers in this agriculturally-
lower Stillaguasnish River below Stanwood. The large oriented basin. The basin is connected to nireby
industrial organic wasteloads discharged to the stream Everett by the Interstate 5 Freeway. Contirn .d
at Stanwood seriously deplete the oxygen content , growth in Everett would very likely generate su m-
sending dissolved oxygen levels far below water sive suburban developments in this basin . Such an
quality standards requirements. occurrence would make the adopted projections

Mud and clay slides , one on each fork of the significantly low and would modify the assumed
river , cause excessive water discoloration and heavy population distribution .
siltation of the downstrea~’ rea ches. Another adverse
natural condition is the high temperature levels ______________________________
reache d periodically throughout the lower reaches.

An estimated 62.4 miles of the Stillaguamlsh
River banks and chan nels are subject to bank cutting 

CCand braiding. Another 60 to 90 miles of bank cutting ~
and braiding is estimated to occur on tributary 

~streams. 

FUTURE NEEDS 

~ :: ~~~~~~~~~

The food processing industry , population, and
recreation growth are the significant projected future
waste sources. The forecast of the quantity and _____________________________

location of these waste sources forms the basis for ISO 1110 2000 2020
deriving the means to achieve and maintain water
adequate in quality for the Cstabhshed uses. FIGURE 4-4. Population growth projected for the

The 1967 population of 18,300 persons in the Stillaguamish Basin.
Stillagsuamlih Basin is projected to increase about 60

4.9
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I ndustrial growth is expected to be from food palities and recrea~ ion developments will be the othe r
and kindred industries. These industries’ production two significant w~ste sources. The primar y future
is proj ected to be 3.7 times as great in 2020 as in need , then , will be to adequately control and manage
1 980. Stanwoo d was assumed to remain the major the wastes from these sources so as to maintai n the
food processing center. wat er quality sta ndards in the basin. Increa sed ef-

In 1980 , about 3.7 million re creation days are ficiency in forest managem ent will be a supporting
expected— 1.8 times the 1960 amount. Major recre - need.
ational activities will be camping , picnicking, and
fishing along the North and South Forks of the
Stillagua mish River .

Figure 4-5 shows the breakdown of the
530,000 raw PE expected to be pwduced by 1980.
The 500,000 PE contributed by food and kindred
industries accounts for 95 percent of the raw waste
produced. Municipalities should produce about 170
percen t more raw wastes in 1980 than in 1965. Raw
wastes from recreation activities are pr ojected to
increase 56 percent—from about 7,700 PE in 1965 to
12 ,000 PE in 1980.

The area in crop land (now about 35,000 acres) it - .

wi ll increase only slightly in the future . The major - .. ~~~
- .. 

‘~~ -~

shift will be loss of some better agricultural lands to
other uses and improvements of some less desir ab le S

lands. The number of cattle and calves is relati vely 6 ~

“

low. The small amount of present irrigation (2,500 “S

acres) is projected to double by 1980 and doub le ~~~. 
.

again to 10 ,000 acres by 2000, remaining at about
that level the reafter. Agricultural impacts on stream S .—

water quality should remain rather insignificant.
The major future waste source in this basin IS FIGURE 4-5. Projected municipal and industrial

expected to be the food processing industry . Munici- wastes for the Stil laguamish Basin (thousands of PE).

MEANS TO SATISFY NEEDS

The sparsely settled Stillaguamish Basin with its 1. Stanwood—enlargement of treat-
single major industry of food processing is projected ment facilities to a size capable of han-
to remain the same in the future . The measures dling existing and future wasteloads and
needed for water quality contro l will , therefore , be adequate disinfection. The food proces-
few: waste treatment , adequate streamfiow s , and sing industry should make arangements to
water quality monitoring , have their wast es intercepted and treat ed

by Stanwood or provide other adequate
WASTE COLLECTION treatment ; and lagooning of waste sludge.

AND TREATM ENT 2. Arlington-secondary treatment.
These treatment impr ovements will

The immediate prog ram for enhancement of make it possible to reduce the wast eload
water quality to Standards level is outlined in the discharged to the Stillaguamish River and ,
Washington State Wate r Quality Standards and Imple- thus , allow dissolved oxygen concentra-
mentation Plan of December , 1967. The separate tions and pH to return to required levels
needed actions are summarized below , and also reduce bact erial concentrations.

4-10
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Futu re wute loads are proj ected to be essen- The total investment 1 for municipa l sewers and
tia lly of the same nature and located in the same treatment is projected to be $740,000 by 1980, with
places . Under this premise , future treatment require- an additional $1 ,544,000 by 2000, an d an additional
ments can largely be met through expansion and $1,680,000 by 2020.
replacement of the networ k established to meet Industrial investment ’ will total $670,000 by
immediate needs and continuation of the land dis- 1980; an additional $830,000 by 2000; and an
posal of the food processing industry treated effluent. additional $1 ,380,000 required by 2020.
Small communities that grow beyond several hundred Treatment of wastes resulting from recreational
population will also have to meet their waste han dling activities is estimate d to cost1 $450,000 by 1980 ,
needs with adequate treatment facilities. $920,000 from 1980 to 2000 and an additional

Recreation gr owth will spawn resorts with $920,000 by 2020.
population concentrations in the upp er basin. Treat- Figure 4-7 shows the sour ces of funding to
ment facilities to handle the concentrated load s have construct the required treatmen t facilities. Federal
been forecast. grants will total $160,000 by 1980; $380,000 for the

Cabins along the streams also pose a potenti al time period 1980-2000 and $520,000 for the period
water quality threat here . The projections of increa s- 2000-2020. Federal investmen t in sewers is expected
ing nu mbers of cabin developments , coupled with to total $51 ,000 by 1980 with addition al amounts of
present sub-surface waste disposal methods would be $170 ,000 for the years 1980-2000 and $240,000 for
expected to lead to bacterial contamination of the 2000-2020. State gr ants are expected to total
streams. A waste collection and treatmen t scheme $80,000 by 1980, $190 ,000 from 1980-2000 and
designed for this situation will be a likely solution in $220,000 from 2000 until 2020. Federal investment
the future. State and Federal assistance , in the form in t reatment facilities for recreational areas is esti-
of research and funding , will be required. mated to total $320,000 by 1980, with an additional

The investment requirements for waste collec- $860,000 needed for 1980-2000, and $900,000 for
tion and treatment facilities are shown in Figure 4.6 2000-2020.
and Tables 4-6 and 4-7 . Municipal treatment costs ___________________________________
show a steady rise to meet future population growth.
Industrial investment will be high initially . Expansion ~~~~~~~~~ .~vn~~~r

II PEC~~~ATICN WAITE TICATMENT

and replacement will proceed at a lower , althoug h
ascending rate , in the future .

I • *a~c~~. ~~~~s FIGURE 4.7. Government investment requirements1

g . for waste collection and treatment In the Still.-
*

~~~

WIL YA(ATMEMT

_ 
- FLOW R EQUIR EMENTS

FIGURE 4-6. Rilatlve required ratsa of Investment The largest concentrations of point waste dis-
for waste collection and treatment in the Still.- charges to the river system are projected to be at
gu.mluh ~~~~ Arlington and Stanwood . The Stillaguamish River

Costs irs not amortized.
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TABLE 4.6. Costs for waste collection, treatment, and outfall facilities and quality systems to meet water
quality standards, Stillaguamish Basin

Annual Costs
(Thousands of Dollars)

1967 Dollars
Preeent-1980 1960-2000 2000-2020

STANDARDS FOR INTERSTATE AND INTRASTATE WATERS 1

• Upgrade treatment, plant expansion or modification—
municipelitiseand Industr ies $ 23 $ 19 $ 7

Dislnfe~tion 4 3 2
Outfa lls 23 19 10
Interception and sewer system
a. MunicIpal 11 10 5
b. Industrial 4 3 2
Combined sewege Infiltration and overflow correctIon 11 10 5
Advanced west. treatment in recreation areas 25 39 63

Sub-Total $101 $103 $ 94

WATER QUALITY ENGINEERING DEVELOPMENT . MANAGEMENT AND2
EVALUATION PROGRAMS FOR MARINE , FRESH AND GROUND WATE R

Monitoring—ground weter, autometic equipment , etc. $ 5 $ 6 $ 6
Eveluations—dI~~eralon areas, ecological, productivity 5 6 6
Information system, quality control , plant operation
improvement, operation reseerch 6 ~~~~~~~~~ 5

Sub-Total $ 1 6  $ 1 5  $ 1 7

OPERATION AND MAINTENANCE 2 $ 24 $ 69 $ 61
TOTA LS $141 $187 $172

Annual amortiz.d costs.
2 Direct annual costs from eppropriations, revenue, planning funds and grants. (Does not include interest).

below Arlington must have flows of about 20 cfs by TABLE 4-7. Total amortized capital and operational
1980 and 50 cfs by 2000 to assimilate the projected costs, Stillaguamish Basin
municipal residual wastes in that area. Presum ing a Million Dollars
1980 suburban development of 20,000 people just Present- 1980. 2000-
below Arlington, resulting from expansion in Everett , 1980 2000 2020
about 70 cfs would be needed in this area following lndumjal 1.4 0.8 0.6
adequate treatment. Present 7-day Iowflows expected Municipal treatment 0.8 0.8 0.4
on a 10-year recurrence interval exceed 170 cfs Municipa l sewers 1.5 1,5 0.7
though this reach. Recreetlon 0.9 0.9 0.4

Advanced weste treatment 1.3 2.0 3.2The lower Stillaguanush River at Stanwood is — — —
influenced by tidal fluctuations. Sub-Total 5.9 6.0 5.3

Based on the projected municipal and industrial Water quali ty engineeringresidual waste discharges In the vicinity of Stanwood , 
~~~~~~~~~ an~ evaiustion 0.2 0.3 0.3

minimum streamfiow requirements for the main S
stream of w ter quality were determined to be 140 OP5i~tiOfl and maintenance ..!! it
cfs by 1980, 270 cfs by 2000 and 415 cfs by the year Total 6.4 7.7 6.8
2020. With the combined one In ten year 7-day
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P lowflows of the North and South Forks of the OTHER MEASURES
Stillaguamish Rive r near Arlington amounting to 330
cfs, additional flow would be required under these Preservation of water quality will require a
waste discharge circumstances to adequately protect surveillance system designed to measure the impacts
water quality. Unless additional flow could be made of future developments not only on streams and
available for waste assimilation purposes , it is recom- marine water , but on lakes and ground-water as well.
mended that the industrial waste discharges from The lower Stillaguamish River below Stanwood
Stanwood be applied to suitable nearby land for should continue to be monitored to measure the
disposal . With this waste discharge scheme , the return of wate r quality to stand ards level. In the near
minimum flows required in the Still~guamish River to future , the impact on streams due to re creation
handle Stanwood ’s municipal waste discharges are activities in the upp er basin will need to be measured.
estimated to be 20 cfs for 1980, 30 cfs for 2000 and The Interstate and proposed Intrastate Quality
40 cfs for the year 2020. Standard’ s implementation and enforcement plans ,

sets out classiciation of water courses and treatment
facilities necessary to maint ain and /or improve exist-
ing water quality.

________ .
.. —
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WHIDBEY - CAMA NO ISLANDS

INTRODUCTION

The Whidbey Camano Islands cover about 209 and about 25 percent of this area is made up of land
square miles in the northern end of Puget Sound and and f resh water. The majority of the area (60
comprise five islands . Whidbey Island is the largest ; it percent) is composed of marine wa ters . Almost 90
is about 40 miles in length and from one to ten miles percent of the Islands ’ total land area is held in
in width. Camano is the second largest island and is private ownership.
about 15 miles long and fro m one to seven miles The population of the Area is sprea d along the
wide. Three smaller islands—Ben Use, Strawberry , and shorelines of Camano and Whidbey Isla nds. The
Samith—are included in the group. Islands ’ population in 1967 was about 22 ,400.

Princi pal communities include Oak Harbor , Coupe-
ville, Langley, and Clinton on Whidbey Island and

“rs~~ \~45lnghom ,,
i--f Camano and Utsaladdy on Camano Island.

Lumbering, agriculture , and military installa-
tions form the base of the local economy. No

~~— ~~~~~ ~~~~~~~~~ ~. industrial enterprises of any size are located on the
5 Islands, and most of the timber is used locally as are

~~~~~~~~~~~~~~~~~ tion of forage to support a dai ry industry. Vegetables

‘._. “
~~

-j ~~‘ the agr icultural pro ducts.
ver.~t ’” 

~~~~~~~~ Most of the cropland is devoted to the pro duc-

and other specialty crops are increasing in impor-
tance.

Whidbey and Camano Islands is held in private
A major portion of the shoreline on both

ownership, which has been developed into recrea-
/ tion and retirement homes.

•%•~~

FIGURE 5-1. LocatIon of the Whldbey-Camano ~-~~- -

Islands within the Puget Sound Area .

The Islands arc composed primarily of glacial
drift consisting of unassorted glacial tills, sands,
gravel , and clays.

There are no major rivers on the I slands, only
short coasta l streams that empty into Puget Sound.
There are more than 40 fresh water lakes in the Area , —~~

but most are unaller than 15 acres in size.
The marine waters include parts of Admiralty

In let , Skagit Bay, Port Susan , and Pouession Sound.
Whidbey Island contains several harbors and bays.

Land use ~ predominantly woodlands (63
percent). Crop)and accounts for about 17 percent. PHOTO 5-1. South of Deception Pass and the bridge
The Whldbey.Casnano Islands contain 522,154 acres, extends Whidb.y, the largest of the islands.
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Rapid growth of the Islands is beginning as due to the likelihood of a bridge linking Whidbey
a result of The Boeing Company extension in nearby Island and Everett.
Everett. Considerable land speculation is occurring

PRESENT STATUS

WATER RESOURCES Whidbey Island and is 6.5 miles long and 1.1 miles
wide.

Fresh Water The depths of these marine waters vary from
There are no major streams on either island. 723 feet off Possession Point to extensive mud flats

Surface drainage is to marine waters through several east of Skagit Bay. Fresh water sources for this area
small , mostly intermittent , streams. come from three major rivers , namel y the Skagit ,

Average annual runoff from the area has been Snohomish , and Stillaguamish. This large amount of
estimated to be about 168,000 acre-feet , or 68 fresh water has a pronounced effect upon the
percent of the aver age annual precipitation. Of the oceanography of the marine wat ers in the Islands .
168,000 acre-feet , Whidbey Island discharges about
136 ,000 acre-feet and Camano about 32 ,000 acre -
feet. The low annual runoff expected to occur once WATER QUALITY
in 50 years has been estimated to be 72,000 acre -feet.
Precipitation is the only source of recharge to ground Fre sh Water
water. Alt hough about 10,000 acre-fee t of recharge is
available to the aquifers above sea level , it is Little information is available concerning the
estimated that only about 60 to 70 percent of this is surface water quality on either Whidbey or Camano
actual ly absor bed. Islands , as surface water quality measurements have

not been made. Dissolved solids content in ground
Marine Water waters usually varies between 100 and 300 mg/ I , but

Admiralty Inlet is about 19.2 miles long, with values above 300 mg/ I occur in some well waters.
an average width of 3.4 miles and an aver age depth of Objecti onable concentrations of iron have been repor-
about 361 feet. Most of the water entering and ted in both shallow and deep wells in scattered
leaving lower Puget Sound must flow through locations on Whidbey Island . Some saltwater intru-
Admiralty Inlet; only a small portion of water flows sion of the ground water has been re ported in some
through Deception Pass at the northern end of areas.
Whidbey Island.

Tidal currents are strong in Admiralty Inlet Marine Water
with speeds frequently over 3.5 miles per hour (mph) The salinity throughout Possession Sound and
and a maximum of near ly 5.7 mph during periods of Saratoga Passage varies from less than 5 o/oo off the
large tida l range . Because of these strong currents , the river mouths to about 28 0/co in more distant parts
inlet is a large mixing zone for the deeper waters of such as nea r Deception Pass or off Possession Point.
the Strait of Juan de Fuca with the fresher surface Surface temperature s will vary from an average low of
waters from Puget Sound. The flushing time is rapid , 42.8°F (6°C) in winter to about 62.6°F (17°C) in
with the various water types requiring only a few summer. The oxygen content of these marine waters
tidal cycles to make the transit thro ugh the area . is usually above 6 mg/ I and is usually completely

The distance from Possession Point to Decci,- saturated, but may vary from as low as 4 mg/I to
tion Pass via Saratoga Passage and Skagit Bay ~ over 15 mg/I. The phosphate concentration may vary
mges and the width varies from 2 miles to 6.2 miles from s low of 0.05 mg/I to over 0.27 mg/I .
Port Susan is a large bay east of Cainano Island it i~ In Holmes Harbor , temp eratures observed
17.4 miles long and has an average width of 2.3 mIles. below 66 feet vary fro m 44.6°F (7°C) to 53.6°F
Holmes Harbor Is a anall bay on the southeast side ~ (12°C), the sslinities from 27.5 c/co to 303 0/00,

A 
________________
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the oxygen content from 3 mg/ I to 8 mg/I , and the receives secondary treatment . Aiter treatment of
phosphates from 0.09 mg/ I to 0.32 mg/ I - wastes, a total of 7,400 PE are discharged daily into

marine waters.
Whidbey and Camato Islands, being residential

SOURCES OF WASTE in nature , have primarily domestic wastes to treat.
The major exception is the Naval Air Base complex at

The raw waste load generated in the Islands Ault Field and Oak Harbo r . Wastes fro m these
approximates 11 ,500 PE , of which about 35 percent installations also include such items as residue from
is presently removed by waste treatment before being airplane washings and petroleum products from field
discharged to marine waters. The areas receiving the runoff.
largest quantities of wastes in relat ion to the total Th. towns of Oak H bor, Coupsville, and
basin include Oak Harbor (34 percent) , Crescen t Bay Langeley all have waste collection and treatment
Seaplane Base (28 per cent), and Ault Field (28 Systems. Treatment consists of pri mary plants and
per cent). disinfection followed by discharge to the Sound .

The quantities and general location of Waste Estimated population served by these systems is
pro duction a~d discharges in the Islands are shown in 4,300.
Figure 5-3. Sources of waste are summarized in Table Deception Pass and Camano State Parks provide
5.1. The completion of the Interstate and proposed septic tanks for waste treat ment.
Intrastate Quality Standard’ s implementation and The Naval Air Base installations have primary
enforcement plans will substantially reduce the treatment plants with disinfection prior to disposal to
strength of these wastes in relati on to the present the Sound. These Systems serve about 4,800 people.
untreated wastes. The remaining 13,000 people on the islands

Over 90 percent receives primary treatmen t and utilize individ ual septic tanks for waste disposal .
less than 10 percent of the tota l generated wastcload

TABLE 5-1. &immay of municipal and industrial wastes, Whidbey-Camano Islands

Non-Seasonal Seasonal Non-Seasonal Se~~onsl
Estimated Untreated Untreated West. Waste
Population West. Waste Discharge Discharge

WaSPr Co~ris Serv.d Pt Pt Treatment Pt Pt

Oak Harbor 3.500 3,500 -• Primary 2,550 -

Crescent Say Seaplane B... 2,500 3,000 — PrImary 2.100 —

Cre~~nt Say Capehart Housing 800 1,000 — Secondary 160 -

Coup~~IlIe 800 750 - PrImary 520 -
Langisy 200 250 - Primary - -
Ault FIeld 2,500 3,000 — Primary 2,100 -

TOTAL1 10,100 11,500 -. 7,400 -

Municipal - 11.500 - 7,400 -

lndus isl — - — - —

1 Fl~~rss are roundpd.

WATER USES A ND QUALITY OBJECTIVES

The major beneficial uses of marine water in watercourse, which in turn indicates the type of
the Whidbey and Camano Islands are summarized in water usage to be protected in the area .
the following table. The table indicates the water As there are no perennial streams on the
quality classification established by the State for each islands, there are only small numbers of anadromous
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TABLE 5-2. Water usss and quality objectives, Whid bey•Camano Islands

Us. Int snslty
Light

N—Medium
H—Heavy

U-

a
i u .  ~~~~~~~~~~~ z~~~ w
~~~~~!~~~~~U

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Assigned
Watereaurse Class U.

Strait of Juan de Fuca
and Pugst Sound AA H H  H F 4 H L L H H  M H M

Possesiion Sound. Port Susan ,
Saratoga Pssuge. and
Skagit 8ay A N H  H H H H  H H H  N M

1 Sae Table I-5.

fish produced. The prec eeding table shows that the 22 ,000 other game fish species was realized. The
marine waters in this vicinity are used heavily for steelhead fishery off Whidbey Island is unique in that
rearing and migration of fish produced in other areas. it is the onl y saltwater fishery for steelhead of any

Whidbey and Camano Islands ran k eighth in the significance found in the Puget Sound Area. In 1966,
Puget Sound in outdoor water-re lated recreation about 25,100 man.days of effort were spent fishing
demand. In 1960, the number of water -related for steelhead and searun cutthroat trout and I ,700
recreation days was 1 ,S00 ~)00. This number will steelhead and 10 ,100 cutthroat trout were harveste d.
double by 1980. Swimming, boating , and picnicking Navigation terminal facilities include two ferry
are the three most popular activities enjoyed on the landings , a number of piers for fishing and other small
islands. boats, a few log dumps , and facilities for the use of

The Islands provide an outstanding environ- the military installations. Water-transp ort oriented
ment for recreation and a base for saltwater fishing industry is limited to two sawmills. No major
and othe r outdoor activities. Their extensive shore- industrial development is foreseen. However , there
lines and excellent beaches , resorts , spectacula r Be- are several well-protected harbor areas that could be
ception Pass, towns and older buildings , historic sites , developed as water terminals if needed to serve
and large Naval installations at Ault Field and Oak possible industrial plants.
Harbor , attract many visitors. In addition , the favor- Fisheries and recreation uses require the highest
able climate is attractive to recreationists. In 1964 , water quality standards of all raw water uses. As a
there were 19 publicly-administere d outdoor recrea- result , the marine waters nea r Whidbey and Camano
tiofl areas. Islands are classed as either excellent (A) or extra-

On the basis of 1966 survey data , 44,100 ordinary (AA), with the objectives being to meet or
man-days of effort were spent fishing in the lakes and exceed the quality req uirements for all uses.
ponds; and a total harvest of 2 14 ,400 trout and

PRESENT AND FUTURE NEEDS
PRESENT NEEDS disposal facilities are required. The situation is aggra-

vated by widespread soil conditions not well-suited to
The population density in many areas of the on-site sewage disposa l through septic tanks. About

islands is reaching a point where community sewage 70 percent of the land area is unsuited for septic
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PHOTO 5-2. Many small farms are giving way to ~ SO 2000 2020
YE ARrecreation and retirement home sites (U.S. Bureau

of Reclamation Photo). FIGURE 5-4. Projected population growth for the
Whidbey-Camano Islands.

tanks. The soil mantle in many areas is shallow and is
not sufficiently permeable to adequately receive By 1980, the production of municipal wastes is
septic tank drainage, expected to reach 29,000 PE.

With the exception of Penn Cove Park , the Major municipal areas in orde r of raw waste
entire rural population relies on septic tanks or other production are Crescent Harbor , Oak Harbor , Naval
individual means for sewage disposal. Septic tanks Air Station (Ault Field), and Coupeville. Residential
have been established as the minimum for sewage developments along the shoreline and near freshwater
disposal in the area. A few of the older homes still lakes are expected to substantially increase .
rely on cesspools and , there are isolated instances pf Raw wastes generated by recreation is expected
p t  privies in use , to be 40 percent of the total raw wastes for 1980.

The spread of population along the shorelines Recreation wastes for 1980 will amount to 19,200
of Whidbey and Camano Islands makes the installa- PE.
tion of proper facilities difficult and costly.

Both Whidbey and Camano are oriented toward
water recreation , yet adequate public sewage disposal
facilities are not being provided at parks , boat
marinas, beaches, etc. Sewage disposal from pleasure
craft is another concern .

FUTURE NE EDS

Population and recreation growth will be res-
ponsible for the increase of wastes in the Whidbey-
Camano Islands. Establishment of large water-using 

_________industries is not expected because of fre sh water
limitations.

YEAR 2000 2020
The 1967 population for the Islands was about

22,400. Figure 5-4 shows the 33 percent increase in
1980, the 79 percent increase in 2000, and the 145 FIGURE 5-5. Relative growth for maj or water using
percent increase in 2020 that is expected for the two industries.

Islands.

F
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Agricultural activities are forecast to decrea se in
the future , so such practice s as irrigation , pesticide
app lications , and wastes from livestock are not

-
~~ 

. — . _
~ - 

- - - - - - - 
expected to have an impact on water quality in the

- 
- - - Whidbey Camano Islands.

- 
-~~~~ Adequate management of these expected waste-

- - -
~~
. loads is the primary need of the future . The growth in

- -~ ~
. 

~~. - population and water-oriented recreation will demand
it. The means to prevent , control , and abate water
pollution in the Islands to 1980 and beyond are
presented in the succeeding section.

FIGURE 5-6. Projected wastes for the Whidbey—
Camano Islands. (Thousands of PE )

MEANS TO SATISFY NEEDS
Several elements comprise the overall plan for 2. Towns of Coupevi lle. Langley . and

insuring water quality in the Whidbey-Ca mano the Penn Cove Sewer District—secondary
Isl ands. The major aspect of this plan is adequate treatment 1 and disinfection facilities with
waste collection and treatment facilities. Most wastes adequate outfall.
will continue to be orga n ic, being generated primarily 3. Seaplane Base—secondary treat-
from Oak Harbor , the Naval installations , and other ment 1 an d disinfection facilities; ade-
areas a long the shorel ine. Collection and treatment quate outfa lls at both the Seaplane Base
facilities will provi de waste discharge s amenable to and Capehart Housing.
acceptance by the water resources. Future wastes could , in most cases, be

The major aspects of the water quality control handled by a similar system of municipal
means are discusaèd in icre detail below. treatment facilities with adequate expan-

sion and replacement. The majority of
WASTE COLLECTION AND TREATMENT treated wastes should be disposed of in

Admiralty Inlet for rapid and optimum
The waste loads now being discharge d require a dispersion.

collection and treatment syste m composed of several A la rge number of waste treatment
new facilities , replacement and expansion of existing facilities will be required to handle the
plants, an d adequate treatment of wastes. Such a expected gr owth in outdoor recreation.
syste m is outlined in the Washington State Water
Quality Standard s and Imp lemen tation Plan , Decem- Considerable investment will be required to
bar , 1967. The separate actions required are summa r- meet t he present and future waste collection and
ized below: treatment requirements.

Tables 5-3 , 54 and Figure 5-7 show estimates
Possession Sound, Port Susan , Saratoga Pas- of projected waste collection and treat ment invest-
sage and Skagit Bay ment requirements. .Treat ment costs will be high

1. Oak Harbor—secondary treatmen O initially in order to comply with the State Implemen-
with disinfection; the Implementation
Plan singles out the septic tank used to
treat sewage from a portion of Oak 1 Secondary treatment required unless a lesser degree of
Harbor and calls for this sewage to be treatment whO provide for protection of present and future
intercepted and directed to the city ’s vater uses and the preservation or enhancement of existing
treatment facilities; an adequate outfa ll . qua lity
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TABLE 5-3. Costs far waste collection, treatment, and outfall facilities and quality systems to meet water
quality standards, Whidbey-Csmano Islands

Annual Costs
IThousands of Dollars )

1967 Dollars
Pr esent.1980 1980-2000 2000-2020

STANDARDS FOR INTERSTATE AND INTRASTATE WATERS ’

Upgrade treatment, plant expansion or modification—
m unicipalities and industries $ 29 $ 17 $ 8

Disinfection 5 3 1
Outfa ll’ 29 17 8
Interception and sewer system
a. Mun I cipal 14 9 4
b. I ndustrial 5 3 1
Combined sewage infiltration and overflow correction 14 9 4
Advanced west. treatment in recreation areas .- -. --

Sub-Total $ 96 $ 58 $26

WATER QUALITY ENGINEERING DEVELOPMENT . MANAGEMENT AND2
EVALUATION PROGRAMS FOR MARINE , FRESH AND GROUND WATE R

Monitoring—ground water, automatic equipment , etc. $ 5 $ 3 $ 4
Evaluations—dispersIon areas, ecological , productIvity 10 4 4
inform ation system , quality control , plant operation
improvement, operation research 10 3 4

Sub-Tota l $ 25 $ 10 $12

OPERATION AND MAINTENANCE 2 $ 27 $ 73 $55

TOTALS $148 $141 $93

1 Annual amortiz ed costs.

2 Direct annual costs from appropriations, revenue , planning funds end grants. (Does not include interest).

tation Plan. A steady annual investment will be
required after 1975 to keep pace with population and , 

-

recreation growth. After 1990 , municipal investment
is expected to increase , which anticipates the expan - ~
sion and re placement of sewer facilities.

M unicipal costs1 are expected to total ~~ 
- 

.
$2,000,000 by 1980 with additional amounts of ~ _____________________________________

$2 ,000 ,000 in the interval s 1980-2000 and ~~ ~~
2000-2020.

The investment 1 for recreation is expected to F IGURE 5-7. R elative required rates of investment
be $430,000 by 1980 with an additional $1,000,000 for waste collection and treatment.
needed by 2000, and an additional SI ,000,000 by
2020. sizeable portion to meet waste treatment needs as

Sources of funding for treatment facilities are they develop.
shown in Figure 5-8. Local entities must pay for a Federal gr ants will total $385 ,000 by 1980 ,

$710 ,000 by 2000, and $1 ,170 ,000 by 2020. State
1Costs .rs not smortized. grants will total $190 ,000 by 1980 , $350 ,000 by

I
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amounts of $368,000 and $750 ,000 will be needed in
the periods 1980-2000 and 2000-2020 , respectively.
The Federa 1 investment in waste treatment facilities
for recreation areas will total $410,000 by 1980;
$1 ,000 ,000 f rom 1980-2000 ; an d anot her

STATE asAKTS -
____________________________________ $1 ,000,000 from 2000 to 2020.

,i7O “° “~~vu ui 5000 ~~ At least for the pre sent , the economics of sewer
syste m construction and the intermittent population

FIGURE 5-8. Government investment requirem ents~ concentrations along the shorelines of Whidbey-
• for waste collection and treatment in the Whidbey- Camano Islands favor the formation of a number of

Camano Islands to meet Interstate Quaii ty Standards sewer districts or county service areas to mee t sewage
and secondary treatment in fresh water. disposal needs. In the near future , a coor dina ted

approac h to pollution problems must be made by the
TABLE 5-4. Total amortized capita l and operational county, communities , and special districts , in order to
costs. Whidbey-Camano Islands decrease the burden of financing treatment and

disposal facilities and to develop an adequate revenue
Million Dollars base throughout t h e  Islands.Present- 1980- 2000-

1980 2000 2020
OTHER MEASURES

Industri al — — —
Mu nicipal treatment 1.4 0.7 0.3 A water quality surveillance program for the
M unicip a l sewers 5.1 2.5 1 1  marine water and ground-water is an essential dc-
Recreation 0.9 1.0 0.4 ment. Stations have been established on CamanoAdvanced waste treatment — —— — — I-lead , Port Susan (Kayak Point), Gedney Island ,
Sub-Total 7.4 4.2 1.8 Holmes Harbor , Crescent Harbor , Strawberry Point ,

and Skagit Island , to regu larly measure the mari ne
Water quality engineering water characteristics. Additional stations , however ,

management and evaluation 0.3 0.2 0.2 are necessary to achieve ad equate checks of lakes and
Operation and maintenance 0.3 1.5 1.1 ground-water in the Islands.

— — — The Implementation and Enforcement Plans for
Total 8.0 5.9 3.1 interstate and intrastate wat ers sets out classification

of watercourses and upgraded treatment facilities
2000 and $550,000 by 2020. Federal investment in necessary to maintain and /or improve existing water
sewers will total $131,000 by 1980. Additional quality.
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SNOHOMISH BASIN

INTRODUCTION

The Snohomish Basin is the third Ia r gest( l.978 Sound and Port Susan. The major marine inlets of the
square miles) in the Puget Sound Area. The eastern area are Port Gardner , Everett 1-larbor , and the
portion is heavi ly forested and includes an extensive Snohomish Rive r estuary.
scenic area of numerous mounta in spurs. Westward, Soils of the river flood plains consist of sands ,
the varied topography is composed of rolling foothills gravelly sands , and sandy b arns in the upper reaches ,
and the tideflats and deltas of the Snohomish River. becoming progressivel y finer textured to fine sandy

b arns , silt learns , clay barns , silty clay b arns , and
“
~ T~~ ~~~~~~~~~~~~~~~~~~~~~~ peat soils in the lower reaches.

“Ø°~’ ,‘“ I
> Land and inlan d waters of the Snohomish Basin( ~~~~~~~~ J) total 1,903 square miles. Woodland accounts for 85

percent of the land area. Inland waters—rivers and
,, j_s~_r\

l ~, lakes—comprise 2 percent of the total land area. Land
ownershi p is divided about equally between public

./ 
— 

~ 
~r c ~~~ ,? and private. More than two-thirds of the public land

verse is held in Federal ownership— largely in national
~ / 

‘ “~ forest .-‘ s The popu lation of the Snohorn ish Basin was
(

/ 
‘~ / 201 ,300 in 1967. The cities of Everett and Edmonds

¼? ‘ ‘
~~

-,.,,.,j ’ a~.count for about 30 percent of the basin ’s popu-
I
”

> ~~~~~~ 

lation. Everett is the largest city with a population in
ocomo ‘--..~-~ 1966 of 51 ,000. Another 20 percent of the basin ’s

“ I population lives in the rural inland communities. The
\_•,_ 

‘
\ ,_,,_ ..-“ balance of the population is mostly rural non-farm

FIGURE 6-1. Location of the Snohomish Basin - 
a -

- 
-

with in the Puget Sound Area ‘r

- ~~‘ ~~~~~~~~~~~~~~~~~~ 
-
~~~ -~~

The entire basin drains mm Puget Sound by - - -

way of the Snohom~h R iwr which enters through
Port Gardner and Possession Sound in the vicinity of
the city of Everett. Two major river systems—the
Skykomish and Snoquaimw Rivers-unite in the
lower part of the basin to form the Snohomish ~aver.
The Skykom~h is the largest tributary (844 square
miles) and drains the northeastern part of the basin,
while the Snoqualirne River drains 693 square miles
in the southern part. The loft River, a tributary of
the Snoqualm~ , has storage facilities on its south PHOTO 6-1. The Alpine Lakes area Is typical of the
fork for the city of Seattle water SUPPIY. basins’ scenic and rugged eastern part .

Marine waters in the Snohomish Basin cover 78
square miles and encompass parts of Possession

6-1-
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The Snohomish River valley- which has become
an important food supplier for Puget Sound resi-
dents -produces dairy products forage crops vege
tables berr ies and poultry products Numerous
frozen food companies canneries and packing plants

- pro vide ready markets for the se farm products.
The Snohomish River , with its feeder streams ,

is one of the important fish spawning watersheds in
— Puget Sound. Both salmon and steelhead utilize these

fresh waters. Commercial fishermen in the area rely
directly on these salmon runs for their livelihood .

- - 
Sport fishermen are coming in increasing numbers

- each year to catch salmon and steelhead .
The proximity of deep salt water is an impor-

- tant factor in the basin ’s economy. Everett Harbor is
PH OTO 6-2. The forest products industry continues capable of handling both shallow and deep-draft
to buttress the economy. facilities.

In late 1966, the Boeing Company purchased
(45 percent) clustered around Everett and Edmonds several hundred acres in the Paine Field area and
and rural (about 5 percent). began construction of a plant to assemble the Boeing

In the last 100 years, the Snohomish Basin has 747 . As a result , prompt and significant increases in
grown from a few pioneer clearings to an area emplo~’ment and population in the Snohomish Basin
important in forest products and agriculture . Forest are forecast .
products—lumber , wood products, pulp, and pap er— The waterways , forests , and mountains attract a
contin ue to be one of the most important mainstays large number of people who are pursuin g outdoor
of the economy . The wood and pap er products indus - recreation activities. The basin is experiencing an
tries are resp onsible for a large share of the basin ’s ever-increasing rate of use of its public lands for
work force—about 30 percent. The number of pulp hunting, fishing, camping , hiking, and other recrea-
and paper mills, lumber mills, and wood product tion activities.
plants also attest to its importance.

PRESENT STATUS

WATER RESOURCES readings taken in January , 1965 at the gaging station
at the town of Snohomish.

Fresh Water The North, Midd le, and South Forks of the
The 22 miles of the Snohomish River begin at Snoqualm ie River meet near the town of North Bend .

the confluence of the Skykomish and Snoquahnie Four miles below the confluence the river drops 268
Rivers. Tidal fluctuations in the lower 18 miles of the feet at Snoqualmie Falls , then flows nort hwesterly
Snohomish make it impractical to compute ~~~~ about 36 miles to join the Skykomish River. The
below 10,000 cfs. However , projections from up- aver age annua l discharge of the North , South , and
stream tributary flow records indicate a mean annual Middle Forks (as measured at the gaging station at the
discharge of about 9,500 cfs for the entire basin for town of Snoqua lmie) is about 2,636 cfs for the
the years 1931 to 1960. Climatic conditlonsentailing period 1931 to 1960.
heavy precipitation in the late fall and winter months The b k  River , major downstream tributa ry of
and melting wow in the late spring usually cau~ ;~ = the Snoqualmie River , drains about 81 square miles
annual periods of high water. A maximum discharge of foothills and mountains. The city of Seattlej . of 71,600 cfs for the year was computed from operates water supply storage facilities o~i the South 
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Fork of the TolL River. The Tolt Reservoir has a area. The headwaters of the Skykomish Rive r are in
storage capacity of about 68,000 acre-feet , supp lying the high Cascades , with the North and South Forks
Seattle with upwards of 30 cfs. Records for the risin g in the mountains around Stevens Pass . The
period 1928 throug h 1958 taken at the gaging station South Fork is the largest contributor to the Sky-
Located on the Snoqualmie Rtves neat Carnation show komish main stem. Discharge from this area is
an average di scharge of 3 ,777 cfs for the combined effectively measured at a gag ing station near Gold
b i t  and Snoqua lm ie Rivers. Bar; records for the period 1930 to 1960 reflect a

mean annual flow of 3,976 cfs.

, 

The Sultan Rive r , tri butary to the Skykomish
River main stem, drains a re latively limited area of
74.5 square miles. The discharge from this stream is
corresp onding ly small at 813 cfs (30-year mean
annual yield). The city of Everett has constructed
wate r supp ly storage facilities on the Sultan River to

- 
supplement the existing supp ly fro m Lake Chap lai n ;

- the two reservoirs together supp ly the communities
- of western Snohomish Basin with approximately 260

cfs (170 mgd) from storage of about 36,000 acre-feet
capacity.

The Pilchuck River empties into the Snohomish
River main stem and is the only major tributary

- downstream from the confluence of the Skykomish
an d Snoqualm ie Rivers. This stream drains 54.5

PHOTO 6-3. The Snoqualmie River drops 268 feet square miles in the northern central basin which is
at the fa lls, then flows north westerly to join the comprised mostl y of foothills of the Cascade Mou n-
Skykornish River . tam Range .

Perio ds of low river flow in the Snohomish
Basin occur in the months of August and September

- - - and are significant in evaluating problems of water

I__lI 
quality. The 7- an d 30-day low flows for a recurrence
interva l of ten years are given in Table 6-I -

TABLE 6-1. Low flow frequency 10—year recur-
- rence int erval, Snohomish Basin

7-0ev 30 - 0ev
LOvd Flow Low Flow

Station Cf S cii

Snoqualmie R iver at Carnation 450 510
Skykomisit River near Geld Bar 490 580
Sultan River near Startup 64 80

Source : Appendix Ill . Hydrology and Natural Environment.
PHOTO 6-4. Water supply storage facilities on the
South Fork of the bolt River are operated by the
Seattle Water Department. The wat er ii diverted to Marifl Water
the Cedar-Green Basins. Reaching fro m the community of Warm Beach

in the north , to the city of Edmonds in the south , the
sal t waters of the Snohomish River Basi n include

The Skykomish River and its tributaries drain parts of Port Susan , Possession Sound , and Puget
over 40 percent (844 square miles) of the Snohomish Sound. Major features of the area are Port Gardner.
River Basin—all in the northeastern portion of that including Everett Harbor . and Gedney Island , the

6.4



only offshore land in the basin’s marine waters . in the main river at Snohomish and in other tribu-
Port Susan is a narrow inlet to the north of taries. The b i t  River near Carnation carries

Everett bounded by Camano Island and the mainland extremel y low amounts with less than 0.03 mg/I. The
and open only at its southern end. Shallows occur Sultan River at Sultan and the Skykomish River at
over the Stillaguamih River delta at its northern end Gold Bar have maximum values of 0.07 n*Jl and
and the Snohomish River delta at the southern end . average values of less than 0.03 mg/I . The main river
Otherwise, it is steepsided with depths up to 360 feet. at Snohomish carries maximum concentration s of

Port Susan tends to act apart from the rest of 0.12 mg/ I or less and average s values less than 0.04
the marine waters in the area . The Stillaguamish River mg/i . The Snohomish River at Snohomish is low in
inflows are not large and are greatest in the winter nitrates when compared with other rivers in the
rather than spring or summer . Because of the en- Study Area b~t is much higher in nitrates than its
trance sill, the Port is not afforded continuous tidal tributaries as maximum values are 0.6 mg/ i or less,
flushing such as that which occurs in the more open but average values are 0.2 mgI 1.
waters of Port Gardner Bay. Some of the waters Most ground-waters are generally low in dis-
below 300 feet will remain trapped for several solved solids with concentrations being usually less
months. Net circulation consists of inflowing saline than 200 mg/I . Hardness of water taken from alluvial
water from Port Gardner ente ring at mid.depth and materials is around 50 nigh and that from deeper
moving very slowly northward and outflowing less sands and gravels varies from about 15 mg/ i to 150
saline surface water (from Stillaguamush River). Net mg/ I . Silica concentration is commonly in the 20 to
current velocities are low and flushing is a long term 40 mg/ I range . Iso- ~s the most common objection-
situation. able constituent , with maximum concentrations as

Port Gardner is the northeastern arm of Posses- high as9 mg/I found in man y well waters. This high
sion Sound , lying west of Everett. Depths in most of iron content is especially prevalent where peat or
the Port are from 200 to 600 feet with shallow areas boggy soils are present.
found around Everett Harbor and north along the sill Saline ground-water often occurs in the flood
to Port Susan Bay. plain and delta areas downstream from Snohonush

The Snohomish River and , to a lesser extent , and at some places along the shoreline. Salinity of
the Skagit and Stillaguamish Rivers, produce a fairly ground-water is generally less than 1.5 mg/ I of
stable surface layer of less saline water. This density chloride except for wells in the lower flood plain and
stratification inhibits vertical mixing of surface water delta regions where brackish waters are common .
with underl ying saline water. Tidal currents are weak Baease~~ igi.al. Bacteriological quality data for
and variable with no strong circulation patterns , the Snohomidi si~oa indicate a general trend of
Generally , flood tide currents move northward and increase in collfovm concentrations from the head-
ebb tide currents move southward . waters to the mouth. The Skykomish River at Gold

Bar genera lly his MPN values of not more than SO
coliforms per 100 ml. However, there is some increase

WATER QUALITY in coliform concentrations in the lower Skykomish
River before it joins the Snoquahn ie River . Bacteri-

Frsah Wutsr ological quality data for the Snoqualmie River at
The Snohomish River system has had water Snoqua buic show the MPN values to be highly

quality measured on a rout ine basis at the stations variable. During the summer and fall months , MPN
shown on Table 6-2. values have reached 4,600 or more coliforms per 100

Chemical. The waters of the Snohomish Basin ml. Data for the Snohom~h River at Snohomish
are low in dissolved solids. The average dissolved reveal the composite effect of the upper two rivers
solids are about 25 mg/I for all streams measured. together with some increase In discharged wastes

The chemical characteristics are quit, similar below their confluence. MPN values are normally
for all the major tributaries. In general, the average found to be about 2,000 wIth an observed maximum
composition is 15 percent magnesium, 65 percent of 24,000 coliforms per 100 ml.
calcium, and 20 percent sodium. Table 6.3 summarizes coliform concentrations

Phosphate concentrations In the Snohomish taken from basic sampling.
S Basin range from very low In some tributaries to low

1~ 
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TABLE 8-2. Surface water quality. Snohomish R iver
mg/I mg/I mg/I mg/I

~ ~ ~ ~ ~~~~~ 
;r I

~ J~ ~~~~~~~~~~~~~~~~ ~ ~~~~~~~~ ~-

~~~~~~~~ SKYKOMISI4 RIVER NEAR GOLD BAR JULY 1959 THROUGH 1966
M..~m..,, 23 . 700 35 51 I I 2 3  09 III 0 40  2 5  02 06 46 006 - 76  052 005 7 5  20 10 113 139 122 II 7 1.400

23 3 8 05 I S  0 5  19 0 70  I I  00  0 3  37 001 55 009 007 - - 8 8 1 1 6  102 I? 0 174
U .. ‘. 748 13 70 (II 06 07  TO 0 06 02  00 00 20 000 36 001  0.00 65 0 0 2.6 9.6 92 7 0 0

3 1 3 9  3 9 3 9 3 6 3 638 2 3 3 9 3 9 3 7 3 9 3 5  33 39 34 12 37 36 15 37 37 3 7 3 9 3 9  37
SULTAN RIVER NEAR STAR T UP JULY 1960 THROUGH 1966

- 23 1.1 0 7  14  06  IS . 3 7  09 0 1  - 58 0.07 13 - - - -
- 23 4 1  0 7  II 06  IS 37  09  0 1  5 8  007 13 —
-- 23 4 1  0 7  1 4  06 IS .37  09 0 1  - 58 007  13 -

-- I I I 1 I I - 1 I - - I I — . — -  I .- - -

SULTAN RIVER A l SULTAN JULY 1960 THROUGH 1966
56 90 2 4  33  09 39 0 49  18 02  08 73 007 - t OO 7.30 006 II 20 75 7 13  137 127 31 7 930

M in  — 27 46  08 I ]  03  II 0 28 08 0 1  04  39 001 - 57  041 0.01 -- — .— 99 I I ?  107 IS 0 98
M.ni.n,rn, - IS 20 0 1  06 00 9 0 06 02  00 0 1  20 000 - 26  001 0,00 39 0 0 36 65  80 9 0 0

15i.48i. -- 39 39 35 35 35 39 20 39 39 39 39 .~ ~I 35 31 II 35 II 16 34 35 ~~ 36 35
SNOOUALM IE RIVER AT SNOQUALMIE JULY 1959 THROUGH 1966

~~~~m.n, 2.610 33 80 I 0 I 8 08 22 0 30 I 6 0 3 I 8 46 0 I? 79  4.90 006 7 4  40 40 175 132 III II 2 4 .600
Ms.. -- - 75 4 1 04 1 2 0,4 15 0 20 0 1 00 05 30 002 5 7 0 9 0 001 -. - - - - 9 1 11 . 1 99 12 0 1 .439
Ms,,n,.n, 134 14 I S  00 0 7  0 1  7 0 00 02  00 00 II 000 3 1  002 000 52 5 5 32 90 86 6 0 0

15 34 34 34 34 34 34 22 34 34 34 34 34 3! 3 4 3 1  tO 34 34 14 36 36 36 34 34 35
TOLl RIVER NEAR CARNATION JULY 1960 THROUGH 1966

V...n,~., 2 .340 47 80  I 9 2 1  0 7  32 0 56 I 2 0 1  T O  48 003 TOO 110 001 7 5  30 50 73 ,3 1 47  122 27 2 430
33 52  t O  I S  03  20 0 3 7  08 0.0 04  43 001 - 7 2  0.33 001 - - 10.6 I I I  102 I? I 86

M..rnnos, 90 21 30 03 10 00 10 0 7 2  02  00 0 1  74 000 36  003 000 66  0 0 3 7  8 7  86 9 0 0

27 34 34 34 34 34 34 19 34 34 34 34 34 3! 34 31 I I  34 34 15 34 35 34 34 34 34
SNOOIJALMIE RIVER NEAR CARNATION 1947 THROUGH 1948

Mi n,,m 7 .600 42 7 2  I 0 . 29 - - -  54  I 0 0 2 0.9 50 10.0 006 0.01 7.2 72 2 -Ms... 39 6 6 t O  - . 25 - 4 6  09 0 2  0 7  SI - 9 4  005 001 - . - - 21 I
M,n ,.,.n. 880 36 6.0 I 0 21 - -  3.8 0.6 0 7  05 47 9. 2 006 0.01 72  - . . 19 0

2 2 2 2 2 - -  2 7 I 2 7  - - - 7 I I I 2 2  -

SNOHOMISH R I V E R  AT SNOHOMISH AUGUST 1959 THROUGH 1966
M.. j ..sn,, 40800 40 7.2 18 3 1  0.9 27 0 4 .0 22 0.2 26 62 012  1 1 0 3 7 0 005 7 4 1 0 1 9 0190 14 .0 1 3 9 2 2  2 14 . 000
M..n - - -  30 4.5 0.9 1 .8 0.5 18 0 2 7  12  0, 1 0 7  40 002 54 038 00? - -  T OO 110  tOO IS 0 2 050
Ms 41,45T 10000 14 2.0 0.1 0.8 0.0 10 0 08 00 0.0 00 20 000 33 004 000 6 4 0 0 4 .0 9 3 9 9 9 0  73

19 59 59 59 59 59 59 35 59 99 59 59 59 48 - 59 45 8 5 9 56 43 62 62 6 2 5 9 56 62

Physical. Dissolved oxygen concentrations turbidity values are slightly greater than those of the
throughout the Snohomish River system are normally Snohomish.
nea r saturation levels. The minimum recorded DO Sediment transport in the upper drainage areas
concentration within the basin is 8.3 mg/ i for the is small except during periods of high runoff. Suspen-
Snohomish River at Snohomish . The maximum re- dad sediment data in the Snoqualmie River system
corded DO concentration is 14.7 mg/ I for the b i t  indicate that the South Fork transports more sedi-
River at the town of Carnation. ment than the other forks of the river .

Based on the data presented in Table 6-2 , the Based on data obtained in 1965 and 1966, it is
maximum temperature of the Snoqualmie River at estimated that the Snoqualmie River transports an
Snoqualmie has reached 63.5°F (1 8.3°C). The maxi- average of 230,000 tons of suspended sediment
mum ‘mperature for the Tolt River is 73.8°F annually. Recorded suspended sediment concentra-
(23.2°C). tion s ranged from 4 to 108 mg/i with a probably

Turbidity of the Snohomish River is rather low maximum estimated to be less than I ,000 mg/ I . The
when compared to other streams on the east side of Skykomish River tran sports about 130,000 tons
Puget Sound. The mean turbidity of the Snohomish annua lly . Measured concentrations for the Skykomush
River at Snohomish was 13 JTU (Jackson Turbidity River In 1965 and 1966 ranged from I t o  28 mg/i.
Units) for sewn years of record. However, the The Tolt River transports only small quantities of
maximum turbidity at this point , occurr ing during sediment except during periods of high runoff.
storm runoff , was 160 JTU (Tab le 6-2). The turbidity
of the Skykomish River is apprec iably less than that Merlive Water
of the Snohomish River , and the Snoqualmie River Port Susan Bay his s relatively shallow (usually

6.6

- .-~~~~~ —~~~.— — - —  — _9. - - . . — .—— —.— -— —~-. .5. - . S -—



TABL E 6-3. Summary of coliform concentratIons. Snohomish Basin

MPN /100 ml,
ce than Oreater than
240 240 1.000 1,000-2.400 2.400

Sot Sot %~ f Sot
No. of Total No. of Total Plo. of Total No. of Total

Samples No. Samples No. Samples No. Samples No.

Sliykomlth (Gold Bar) 35 96 0 0 0 0 2 5
Sultan (at Sultan) 32 91 3 9 0 0 0 0
Snoquslmis (at Snoqualmis) 7 21 16 47 2 6 9 26
Tolt (Camatiori ) 30 91 3 9 0 0 0 0
Snohomish (at Snohomlsh ) 16 25 28 47 0 0 16 27

Sourcu: Washington Water Pollutio n Control Commiwon

less than 30 feet) surface layer of highly variable low March , April , and May of 1965 , while concentrations
salinity water. The distribution of the surface layer is in the lower Snohomish River and in certain dock-
difficult to predict . The waters below the surface front areas of the harbor ranged from abou t 800 to
laye r are similar in characteristics to those found in 2,700 coliforms/100 ml.
Port Gardner Bay.

Port Gardner Bay and its inner component ,
Everett Harbor , have been the subject of extensive SOURCES OF WASTE

water quality surveys in the past. The most recent
survey focused upon those parameters which were The raw municipal and industrial wasteload
indicative of waste discharges to marine waters— generated in the Snohomish Basin approximates over
namely sulfite waste liquor, dissolved oxygen , and seven million population equivalents of which five
bacteria. percent is presently removed by treatment before

The minimum observed SWL concentrations are being discharged to fresh and marine waters. The area
greater than background values (0.2 ppm) at almost receiving the largest quantity of waste In relation to
all points in the Port Gardner -Possession Sound- the total basin , is the Everett Harbor and Port
Everett area. Highest concentrations occur below the Gardn er area (96 percent). The Snohomish River
150-foot depth. Generally, aver age SW!. concentra- receives the next largest quantity of wastes , but it is
tions at depth exceed 15 ppm and reach 250 ppm less tha n two percent of the basin total.
near Everett. Maximum SWL concentrations at depth The quantities and general location of waste
near Everett range from 25 to 750 ppm . In the production and discharges in the basin are shown in
surface layer (0-3S oot depth), average SW!. concen- Figure 6-3. Sources of waste con tributing to the
trat ions range from 10 to 25 ppm, and maximum contamination of fresh and mar ine waters are sum-
SWL values range from IS to 100 ppm. Average SWL marized in Table 6-4. The completion of the Imple-
concentrations of about 30 ppm are found at mentation and Enforcement Plans will substantially
mid-depth in the northern port ion of Port Susan . reduce the strength of pre sent raw waste.

Dissolved oxygen concentrations at abou t the
30-foot depth in the vicinity of Everett Harbor have Fresh Water
been found to be as low as 0.0 mg/ I. M inimum ValUes Sources of wast e located along the Skykomish ,
of DO at the surface are about 3.0 mg/ I , increa sing *0 Snoqualmie , Plichuck , and Snohomish Rivers produce
about 4.2 mg/I at about the 10 to 15-foot depth . The about 92,500 PE of raw organic wastes daily . Dt~t ing
maximum DO concentration of about 10.0 mg/ i the food processing season , an additional 48,150 1E
occurs at the surface. are produced every day. The prod uction of wastv;s

MPH concentrations in Port Gardner Bay and exceeds 140,650 PE daily in peak season. Completion
the open waters of Everett Harbor were less thait 300 of the prop osed Intrastate Quality Standards will

J 

coliforms/ l00 ml for three surveys conducted during reduce this waste load.
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TABLE 6-4. Sumnwy of municipal and lnduuS’icl ~~~~a. ~~m1ult Sasin

Non-Ssasun.l Seasonal P4on-5a~~ nal Seasonal
Estimated Untrsatsd Unaussed Waste Wise.
Population Waste West. Disch gs Dlsdt ,s

Water Cour Served PE Pf Trsatmsnt PE PE

Skykomish River
Sulta n 500 500 -. PrImary 500 --
Monroe 1,950 2.400 -- PrImary 1.700 --

Food procceing — -- 2.400 Monroe — 2,000

State Refor matory 1.000 1,000 - Lagoon 400 —

Snoqualmis River
North Bend 900 1.200 - Prinve’y 840 -
Snoqualmls 1.200 1,500 - Lagoon 220 -

Snoqualmis Falls 300 400 — PrImary 250 -

PIld~uck R iver
Granite Falls 600 700 - Primary 450 —
Lake Stevens
Food processing -- - 2,500 None -- 2,500

Snohomish River
Snohomlsh 4,000 8,400 — Lagoon 5,000 -

Food procsuing 42,000 CIty 33.000
Food processing - - 1.250 None - 1,250
Food proceedng — 700 Primary 300
Paper & allied - 75.000 - Primary 60.000 -

Lumbar & wood - 700 — None 700 -

Ebey Slough
Maryaville 3,000 4,000 - Lagoon 1,100 —

Food processing - 8.000 CIty - 2.000
Tanning - - 600 Lagoon - 350

Possession Sound
Everett 41,000 45,000 - Lagoon 2.000 --

Food processing - 4.000 1,100 None 4.000 1.100
Lumber S wood - 11.600 - None 11,600 -

Paper & allied - 6.391.000 * None 6.391,000 -

Paper S allied - 500,000 - Lagoon 238,000 -

Mukiltao 1,300 1.500 — Primary 1,000 —

Paine A.F.B. 1.000 1,300 - Sscondsry 200 -
Lynwood 10.200 12,000 - Primary 9,000 -

Edmonde 10,000 31 ,000 — Primary 19.000 -

Mount laics Terra ce 12,000 (14,000) — Edmonds (8,000) —

TOTAL 1’2 88,960 7.094,000 58,000 6.747 000 42,200
Municipal — 111,000 — 42,000
lnduWiai - 6.983,000 - 6,705,000 -

~ Figorse are rounded.

2 PEe will be reduced for all ~~ste dlachsr s after compliance with the inta..t.ta and proposed Intrastate
Quality Standards Imptsmsntatlon and enforcement plan—1970 1972.
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— — 
&~~~~ Marine Water

Citie s and industries located near marine waters:~ are producin g over seven million PE da ily. Less than

‘ 
one percent of this total waste production receives
secondary treat ment; about one percent receives

treated by lagoon; and 90 percent are release d into

- - 
— prima r y treatment ; eight percent of the wastes are

! —- the marine waters untre ated. As a result , waste s from
an equivalent population of 6 ,677 ,000 peop le are
bein g discharged , of which most are being generated
by industry.

The principal waste sources are the Scott Paper
Company sulfite pul p and paper mill and the Weyer-
haeuser Company sulfite pul p mill -both located in
the city of Eve rett. Othe r major waste sources in this

PHOTO 6-5. The Simpson Lee Paper Company mill same area include two lumbe r mills and a Weyer-
on the lower Snohomis h River. haeus er company kraft mill. Together, t hese paper

and lumber mills are responsible for 99 percent of the
These wastes are given varying degrees of basin ’s total waste discharge to marine waters. Wastes

treatment; 58 percent receive primary treatment; 39 are discharged into Port Gardner , the Everett Harbor ,
percent of the wastes are treated by lagoon; and 3 and the tida l area of the Snohomish River.
percent are discharged into the streams untreated. The city of Everett ’s waste stabilization pond
After treatment , a total of 109 ,000 PE are discharged for treatment of domestic wast es serves a connected
daily into the rivers by cities and industries during the population of about 50 ,000 . Paine Air Force Base
peak season. The majo rity of wastes (92 percent) are and suburba n communities like Mukiltco , Lynwood ,
discharged into the Snohomish River. Out of the tota l Edmonds , and Mountlake Terrace discharge wastes
wastes discharged to fresh water in the basins , about totaling 29,000 PE to Port Gardner and Possession
94 percent are generated by industry: and the Sound. Ebey Sloug h receives wastes which total
remaining six percent are from cit ies and towns. 3 ,450 PE from the town of Marysville , a food

The primary waste source to the Snohomish processing plan t , and a tannin g plant.
River is the Simpson Lee Paper Company kraft pul p
and pap er mill located near the mouth of the Snoho- - 

- 
- 

-

mish River near Everett. Other waste sources are . . 
-

located in the town of Snohomish , including several . 
- “ k ”.

food processing p lants and the town its elf. Wastes - 
-

-

discharged to the river total 100 ,250 PE during the - . -
- 
.-.‘

peak season. Most of the food processing wastes are —~~~~ - -

treated by the town ’s lagoon. - -

The Snoqualm ie River receives 1 ,310 PE dail y
fro m three small communities. The P ilchuck River ~ 

- - 
-- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -.

receives about 3,000 PE daily from both the town of ‘ - -

Granite Falls and a food processing p lant at Lake
Stevens (see Table 6-4).

PHOTO 6-6. Major industries and waste sources to
marine waters at Everett.
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WATER USES AND QUALITY OBJECTIVES
The major beneficial uses of fresh and marine Commercial and sport harvest of shellfish

waters are summarized in Table 6.5 which focuses on species is considered very light at this time. Some
the principal waterco urses and problem areas in the crabs , oysters , and hardshe ll clams are taken annuall y;
basin. The table also indicates the water quality however , the magnitude of this harvest is relatively
classification established by the State for each water small due to a variety of limiting factors on shellfish
course which defines the type of water uses to be production.
protected in the area. The Snohomish Basin ranks third in the Puget

Anadromous fishes inhabiting the Snohomish Sound in water related recreation demand. There
River system are chinook , coho , pink , and chum were 3 ,600,000 water-related recreation days in
salmon; steelhead and searun cutthroat tro ut ; and 1960. By 1980 that number will double . Swimming is
searun Dolly Varden. Species of marine fish in the by far the most popular activity , followed by
basin include cod, hake , lingcod, greenling , flounder , camping, picnicking, and fishing.
sole, surfperch , rockfish , herring, dogfish , and ratfish. Water based recreation areas include about 50
Significant populations of Dungeness crab prevail miles of shoreline on Puget Sound , numerous lakes ,
along the edge of the Snohomish flats from Mission rivers , and small streams. Better known large water
Beach to Port Gardner and along the shoreline from areas include Sultan Reservoir and Lake Stevens. The
the Everett boat basin south past Mukilteo to eastern half of the basin contains many attractive ,
Edmonds. small , high altitude lakes. A group of such lakes is

The basin ’s marine waters support a moderate included within the proposed Alpine Lake Wilderness
to heavy commercial fishery for salmon. Gill netters in the Snoqua lm ie National Forest. Other recreational
operate in the Port Susan and Port Gardner areas. attractions include the mountainous areas of the
Favorite locations include Kayak Point , lualip Point , Cascade Range and a large section of the Glacier Peak
Hat Island , Mukilteo, and Meadowda le . The majority Wilderness. In 1965 , there were 112  publicl y.
of salmon caught are landed at Everett. The average administered outdoor recreation areas within the
annual contribution (1956-1965) to the Puget Sound basin.
and ocean fisheries from the Snohomish Basin is The surface waters of the Snohomish Basin are
estimated at 464,430 salmon. Saltwater sport fishing used extensively by municip alities and industries.
for salmon is presently considered light to moderate Everett obtains its water supp ly fro m the Sultan
in Port Gardner. In 1965 , more than 160,500 angler River. The town of Snohomish gets its water from the
trips were recorded in the surrounding waters . The Pilchuck River. The Weyerhaeuser Company sulfite
effort by anglers of marine species is light to paper mill in Everett presently obtains water from the
moderate. I n 1965 , 4,300 angler trips were recorded. Snohomish River.

Based on 1966 survey data , 389,300 man-days Everett ’s 1963 foreign and domestic coastwis e
of effort were spent fishing in the lakes and ponds of traffic was over 700,000 tons; the domestic internal
the basin , and a total harvest of 1,143,700 trout and traffic that year was over 850,000 tons.
414,800 other game fish was realized. In the streams , Fisheries and recreation uses requir e the highest
293,000 man days were spent with a harvest of more water quality standards of all raw water uses. Except
than 955,000 trout. 1 Approximately 206,000 man- for the inner part of Everett harbor , the water quality
days were expe nded in 1966 in pursuit of steelhead class in most watercourses in the Snohomish Basin is
and searun cutthroat trout and 34,500 steethead and either good (B), excellent (A), or extraordinary (AA)
20,100 cutthroat trout were harvested , with the objectives being to meet or exceed the

quality requirements for most uses.
I ncludes catch of all selmonoide5
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TABLE 6-5. Water uses and quality objectives. Snohomish Basin

Use i ntensity
L—Llg ht
M-Medium
H-Heavy -

~~

!~~ !~~~~‘~ ~~~~~~~~~~~ ~~ 2

Assigned ~~~~~~~~~~~~~~~~~~~~~~~~~~~~Watercourse Class u.

Everett Harbor A H H L L L L M M L I~ H
Inner Everett Har bor C H H L L 11 H
Snohomish River . mouth
to River MHe 9 B H H L M M M I. H H

Snohomish River to
River Mile 1$ A H H L M M M L H H

Snohomish River above
Tida l Influen ce A H H M M M M

Snoqualmie River A H H H H H H L L L hi
Skykomish River A H H H H I. H If
Tout River A M M M H L H H H
Sultan River A H H I I  H M H  H H  M

See TabIe l-5.

PRESENT AND FUTURE NEEDS
PRESEN T NEEDS variable and do not effect rapid dispersion and

transport of discharge d wa stes. Water circu lation in
Present water quality control needs are concen- the Everett Harbor is weak and does not provide

trated in the marine waters where the discharge of sufficient flushing action for maintenance of accept-
pulping, food processing, and municipal wastes are able water quality.
causing unsatisfactory quality conditions. The inner High bacte rial concentrations thro ughout
portion of Everett Harbor does not meet a single Everett Harbor are due to inadequately treated
water quality objective. Outer areas of the harbor do municipal wastes , an unsewered waterfront , and
not meet the objectives set for dissolved oxygen , wastes from wate rcr aft .
turbidity , toxicity, and aesthetics. Water quality in the est uarial reach of the

Pulp mills located adjacent to Port Gardner and Snohomish River is also affected by pulping and
the Everett Harbor which contribute great amounts lumbering mill wastes and by discharges from the
of sulfite waste liquor , solids, and oxygen demand to Everett stabilization pond. SWL concentrations up to
marine waters are affecting the water quality over a 5~ ppm maximum are common along with depres-
broad area. These discharges result in high waste sion s of dissolved oxygen concentrations down to 4
concentrations , sludge deposits, and attendant water and 5 mg/I.
quality degradation—conditions which are incompat- MPN concentrations on the upper Snohomish
ible with marine life and interfere with other legiti- River periodically exceed the water quality objectives
mate water uses. due primarily to municipal and industrial wastes from

Tidal currents in Possession Sound, Port Susan , the city of Snohomish. Wastes produced by livestock
Saratoga Passage, and Port Gardner are weak and may also be quite slgnlficant in contributing to the
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tota l bacterial count In the river. Turbidity is high at industries in the Snohomish Basin is expected to
times due to clay slides which is a natural problem. increase 1.4 times between 1980 and 2020 in terms

In conclusion, the prevailing need is to improve of value added . The basin ’s economy is now , and will
the water quality of the Everett Harbor and Port continue to be , based on progressive pape r and allied
Gardner system (Possession Sound), and the Snoho- products industries. Slight diversification is offered
mish River , especially its lower reach. Waste dis- by a growing food and kindred products indu~Lry and
charges to these waters have been found to be a declining lumber and wood industry. (See Figure
detrimental to juvenile salmon, sensitive early-life 6-5).
stages of sheilfishes , and phytoplankton.

FUTURE NEEDS

The principal factors expected to affect future
fresh and marine water quality in the Snohomish
Basin will be the growth in population , industrial
production , recreation , and agriculture . As this
growth occurs, waste production and water quality
problems t~ill likewise increase. Forecasts of the
quantities and location of wastes are the basis for tL&~~ Rp~ IØJ~Ø 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~determining the means to preserve water quality and , ... r—~~~6 K1Pf~~~D PROOUCT~to protect the water uses of any given watercourse . ào ~ooo 2O2~YEAR
800-

industries in the Snohomish Basin.

600
The increased production of the pap er and

allied products ind ustry is projected to parallel the

— 

400 

~~~~~~~~~~~~~~~~~ 
FIGURE 6-5. Relative growth for major water using

total basin growth until the year 2000, when it will
continue to incr ease but at a slower rate. In the year
2000, the pap er indust ry will constitute about two-

P thirds of the total basin product, but will decrease to
£ 200 ~~ejtE.1l 56 percent in 2020.

The growth of pap er production should ca~ise a
timber harvest increase. The rate of timber harvest is

0 expected to nearl y parallel the rate of paper prod ucts;
YEAR 2O~~ ~~~ the difference will be due to a slow decline in the use

of logs for lumber and wood production.
FIGURE 6-4. Population growth projected for the The major production of pap er pr oducts ...
Snohomish Basin. presently located in Everett along Puget Sound.

Futu re productio n will most likely remai n in the
same area because of transportation for finished

The 1967 population of 201,300 in the Snoho- products, marine water disposal of waste , and avail-
mish Basin is expected to increase 59 per cent by able manpower.
1980, 155 per cent by 2000, and 310 percent by Food and kindred products industri es are fore-
2020. (See Figure 6.4). It is expected that the cast to provide the main diversific ation of a paper and
population increase will be throughout the basin , allied products economy by 2020. In that year food
with growth areas occurring around Everett , Ind ustries will represent about one-fifth of the total
Edmonds. M ysville and Snohomish. basin production.

Produ ction growth for the major water ~~ ‘8 The production of seasonal food and kindred
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products is projecte d to remain distributed through-
out the basin with the greater production occurring
near Snoho mish. The major non-seasonal food pro- -

duction will remain near Everett.
By 1980, nearly 15 million recreation days are

forecast for the basin—almost double the 1960
recreation demand. Intense recreation is expected to
occur in the eastern portion of the basin due to the
two cross Cascade highways , improved access, and 

-

increasing demands for areas and facilities by the -- -

nearby Seattle-Everett population complex. 
-

As shown in Figure 6.6, the raw waste load
expected in the Snohomish Basin by 1980 is - - - -

5 ,880,000 PE . Pap er and allied products will account -. 

--

for 90 percent of the raw waste produced , while ,ti’~’ 4s ’~ -
~~. 

-

municipalities and food and kindred products indus-
tries will account for only about 7 percent. Municipal
waste pro duction , primarily from the Everett area , is
expected to make a three-fold increase from 111 .000
PE in 1965 to 322,000 PE in 1980. FIG URE 6-6. Projected munici pal and industrial

Untreated waste due to recreation will be untreated wastes for the Snohomish Basin. (Thou-
50,600 PE in 1980, a 72 percent increase from 1965 . sands of PE) .

Livestock accumulations , especially into larger
dairy herds , portends the worst agricultural danger to
the quality of Snohomish Basin streamflow. During The primary need of the future is to manage
heavy winter rainstorms, some of the wastes excreted these large , expected wasteloads that will be
by these animals washes into streams . The quality generated in the basin. By 1980 more than five
impact from this source of pollution will increase in million PE are projected to be produced by the
the future as the number and density of cows per acre paper and pulp industry, 94,000 PE by the food
increase , processing industry , and about 322~)00 P’E by the

The present irrigated acreage of 12,800 acres is municip alities. There will also be other types of
expected to increase to 48,000 acres by 2020 to meet wastes produced which will require special handling
food and fiber needs. Most of the irrigation will be of methods. The means necessary to prevent , control ,
the sprinkler typ e and will rarely, if ever , result in and abate future water pollution are developed in the
surface wash or in measurable leaching of the soil. succeeding chapter.

MEANS TO SATISFY NEEDS

Several elements compose the water quality The major aspects of the water quality control
means for the Snohomish Basin . The central and means are discussed in detail below.
paramoun t element is adequate waste collection and
treatment. Most wastes are , and will continue to be ,
organic wastes generat ed primarily around the Everett WASTE COLLECTION AND TREAT MENT
area. Collection and treatment facilities will provide
waste discharges amenable to acceptance by the water The serious water quality degradation that
resources. The flow requirements to assimilate the exists in Port Gardner Bay is a result of partially

• residual wastes, both now and In the future , are small treated and untreated wastes from the pul p mills. The
compared with present minimum flows, high bacterial concentrations on the Snohomish and

614 

- • - 
~~~~~~~~~~~~~~~~ - -



• Snoqualmie Rivers derive primarily from untreated transferred to treatment plants along the Sound ,and
municipal wastes. These present needs require the trea ted effluent discharged to the Sound through
immediate institution of collection and treatment adequately designed outfalls.
facilities. This system of facilities is detailed in the Everett will need to eventually abandon its
Interstate and proposed Intrastate Quality Standard’s lagoon and provide treatment due to lack of land area
implementation and enforcement plans , December for expansion . Waste s should be conveyed to treat-
1967. Some of the requirements as outlined in the ment in and dispersion into the Port Gardner Bay .
plan as well as additional requirements not covered in The estuarial reaches of the Snohomish River are not
the Standards, are summarized below: disposal areas for absorbing signifIcant loads of

treated waste effluent.
1. CitI.. of North Bind and Sno- The land area north of Mary sville is ideally

quaknis F~ Is—secondary trea tme nt. situated for urban development. This area should be
2. City of Snoqiodmis—interoeption. sewered on a schedule compatible with settlement. In
3~ City of Granite Falls and food and this area also, wastes should be carried to marine

kindred industries —secondary tr eatment. waters for treatment and disposal as the communities
4. CItiss of Indsec, Sultan, and Moo- south of Everett do. The design and construction of

roe—secondary treatment. needed interceptor trunk lines and treatment facilities
6 City of Snohomlals-plan t expan- will have to accommodate the problem of initial low

sion , disinfection and outfall facilities , population development with steady growth to an
6. City of Ev.r.tt—plant expansion , ultimate.

sewer interception and adequate opera- Lake Stevens is attracting new homes. Septic
tion. tanks presently handle domestic wastes generated in

7. City of Marysvill.—adequate disin- areas around the lake. The beauty of the lake and its
fection facilities, usefulness for recreation are both now threatened by

6. Food proc~ slng industries located wastes in the basin handled in this way. Bacterial
at Ev.r.tt and Snohomish—adequate contamination and nutrient enrichment leading to
secondary treatment or waste intercep- excessive algal activity are two prime threats from
tion. Simpson Lee Paper Company— septic tank effluent drainage. Collec~ion of wastes
removal of all settleable solids from mill and diversion from the lake basin for treatment and
effluents prior to discharge and an ade- disposal are pressing projects for the area. A likely
quate outfall and diffuser to achieve receiving body for Lake Steven’s basin treated wastes
maximum waste dilution and dispersion, Is the Snohomish River.

The towns of Snohomish and Monroe on the
Evsrstt Harbor upper Snohomish River and on the Skykomish River

The Scott Paper Company and Weyerhaeuser are expected to retaJn their rural character through
Company sulfite mills at Everett-primary treatment the future. Dairies and other food processing plants
facilities to remove all settleable solids from mill will concentrate heavily through this area , and pro-
effluents prior to discharge into Puget Sound; ade- duction will intensify. Industrial development is not
quite disposal of recovered solids; removal of 80 expected to be significant . Enlargement or replace-
percent of sulfite waste liquor from mill effluents; ment of their existing basic set of secondary facilities
and an adequate outfall and diffuser . Will be the acceptable pattern.

Future wsste management is also founded upon Similarly, the towns along the Snoqualmie up
collection and treatment of wastes from discrete to the Snoquabnie-North Bend area will remain
sources. Future population and industrial growth is rural-suburban. Flood threats and flood plain zoning
expected to be large In the basin, concentrated near will limit development in this area.
the marine waters from Edmonds north through Snoquahnis and North Bend are expected to
Everett and above Marysvllle. This pattern of growth expand significantly-ultimately growing together.
will call for a system of collection and treatment Eventually, central treatment facilities will be a
applicable to the physical environment, logical development for Iow’cost , high-efficiency,

The area from Edmoods to Everett is under- waste handling.
• going rapid growth. Wastes can easily be collected, As shown in Tables 6.6, 6-7 , and Figure 6-7,
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ind ustrial waste treat ment investment requ ire ments federation of local governments , along the same lines
dominate much of the total expend iture . as METRO , or coun ty services, is proposed as a means

Industrial costs 1 will total $12 ,730 ,000 by for united action to better solve future financing and
1980, with an additional $10,310,000 by the year water quality problems.
2000, and $23,000,000 by 2020.

Municipal waste collection and treatment
investment requirements1 are also large. By 1980, a
total of $11 290,000 will be needed with an addi . ~
t ional $19 ,580 ,000 by 2000, and another
$16 ,000,000 by 2020. 

_______

N0VST~~ *L 

- 

FIGUR E 6-8. Government investment requirements~

~ ~~~~~~~~~~~~~~~~~~~~~ 
for waste collection and treatment in the Snohomis h

~ 
_ ____ 

_2~~
1
~~~____. _.________?_ _

~~C WjSIE T~EAT~~ FLOW REQUiREMENTS
iø~ !öQ ~~~~~ 2000 200 20

FIGURE 6-7. Relative required rates of investment Was te loadings to the Snohomish River system
for waste collection and treatment in the Snohomish were projected to be concentrated in three general
Basin. areas. These centers are North Bend-Snoqualmie on

the Snoqualmie River , Monroe on the Skykomish,
and Snohomish on the Snohomish River. After

Sources of funding for municipal facilities are compliance with the Interstate and prop osed lnt ra-
as shown in Figure 6-8, Federal grants of SI ,400,000 state Quality Standards implementation and enforce-
by 1 980, with an additional $2 ,680,000 by 2000 and ment plans , waste loadings to fresh water of the basin
an additional $3,000,000 by 2020. By 1980, State will be reduced from 111 ,300 PE’s prese ntly to
grants will total $721,000. In the period from 22,900 PE ’s. The marine waste loads will be reduced
1980-2000, State grants are estimated to total approximately 80 percent.
$1 ,342,000. From 2000 to 2020 State grants are Based on projected waste discharges to the
estimated to total $1,500,000. Snoqualmie , Skykomish and Snohomish Rivers after

The Federal investment in sewers will total over secondary treatment , minimum flow requirements for
$1 ,000,000 by 1980, with additional amounts of water quality control have been determined to be t O
$3,000,000 and $4,500,000 in the perIods 1980 to cfs by 1980, 20 cfs by 2000 and 25 cfs by 2020 for
2000 and 2000 to 2020. the Snoqualmie River; 150 cfs by 1980, 285 cfs by

The Federal investment in sewage treatment 2000 and 335 cfs by 2020 for the Skykomish River;
facilities fot recreational areas will total $870,000 by and 400 cfs by 1980, 750 cfs by 2000 and 890 cfs by
1980. Additional expenditures of $2 ,600,000 and 2020 for the Snohomish River. With the one in ten ,
$4,500,000 will be needed for the years 1980-2000 7-day lowflows that may be expected for the Sno-
and 2000-2020, respectively . qualmie and Skykomish Rivers of 450 cfs and 490 cfs

Political boundaries must be crossed and a and relatively large flows in the Snohomish River
f regional approach taken to the problem of water (mean annual estimate 9,500 cfs), additional water is

pollution . In the near future , a coordinated approach not required in these rivers for the maintenance of
• to pollution problem s must be made by the county , adequate water quality .

cities, and special districts in order to drecrease the
burden of finan cing treatmen t and disposal facilities
and to spread the tax base throug hout the area . A Coats ire not amortized.

• 6.16

— ~—— •- — —  -- -
~~~ . 

_,— -



TABLE 6-6. Costs for waste collection, treatment, and outfall facilities and quality systems to meet water
quality standards, Snohomish Basin

Annual Costa
(Thoua.nds of Dollars)

1967 Dollars
Prsi.nt-1980 1960.2000 2000-2020

STANDARDS FOR INTERSTATE AND INTRASTATE WATER~
1

Upgrade treatment, plant expansion or modification—
municipalities and industries $ 296 $ 187 $ 106

DIsinfection 49 31 18
OutfaIls 296 187 106
Interception and as~~~ system
a. MunicIpal 218 164 93
b . l ndustri.l 49 31 18
Combined ~~~~ s Infiltration and overflow correction 78 24 13
Advanced ~~ate treatment In recreation areas 86 138 222

Sub-Total $1,072 $ 762 $ 576

WATER QUALITY ENGINEERING DEVELOPMENT, MANAGEMENT AND2
EVALUATION PROGRAMS FOR MARINE, FRESH AND GROUND WATER

MOnltorln,—Vound vatter, automatic equipment, etc. $ 49 $ 12 $ 22
Evalu.tlons—dlaperslon area., ucological, productIvity 68 12 12
Information system, quality control, plant operation

i.~provement, operation reaserdt 123 36 36

Sub-Total $ 240 $ 60 $ 70

OPERATION AND MAINTENANCE2 $ 585 $1,660 $1,880

TOTAL.S $1,897 $2,482 $2,526

Annual amortized costs.
2 DIrect annual costs from appropriatIons, revenue, planning funds and grant.. (Does not include Interest) .

TABLE 6-7. Total amortized capital and operational OTHER MEASU R ES
costs, Snohomlab Basin

Million Dolliri Protection and/or enhancement of wate r qual-
__ 

ity will require a balanced management system to
support waste treatment construction and operation .

I ndustrial 28.2 9.9 9.4 Focus of future management will be on the lower
Municipal treatmunt 6.7 5.7 2.0 Snohomish River and Bay areas.
Munic ipal ei~~n 31.3 28.3 91 Extensive log rafts axe heLd near the pulp mills
Aa~a.,t1on 1.7 2.1 ~~ on the lower Snohomish River and on Port GardnerAdvanced easte etmeni —n— ±!~ !!-!~. Bay. Although not a significant source of pollution,
Sub-Total 89.2 51.3 ~~,s these log rafts exert a degrading effect on the surface

waters. Land storage and handling methods arc now
Water quality unginusrlng approaching the low cost of rafting, and may soon

mane smentsndsvsluatlon 2,5 12 1,4

A 

Development of Everett Harbor for IndustrialOpa.MIon _~~~ ~ 
~ i !.!_ sites and major water transport docking facilities will

Total 77.7 85.7 72,5 be a continu ing effort . This will involve significant
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dredging activity, as the Snohomish River deposits an erosion introduces glacial clay into the stream during
estimated 500,000 cuhic yards of material in the bay periods of high runoff. These colloidal SUSpeflS Ofls ,
each year. A formal long-term prog ram for removal when stor ed in the reservoir and relea sed throughout
and placement of this materia l for the benefit of the the year , will adversely increase the turb idity of the
Port developments with no adverse water quality Snoq ualmie Rive r during the summer-fall months.
effects must be devised by the Port authorities and Investigation of means to insure settling the suspen-
the State Water Pollution Control Commission. sions in the reservoir prior to release , should be a part

The poor flushing of Port Susan Bay and the of the project.
excellent recreation potentialindicates that many Water quality surveillan ce c ’ fresh and marine
industries would not be compatible to this area , waters is provided now throug h a framework system.
Recreation developments such as small boat basins This syste m needs expan sion with additional stat ions
and parks will require adequate waste treatment being established in the estuarial reaches of the
facilities. Snohomish River , several locations for the gathering

There are two proposed mult i-purpose storage of information in the bays and harbors of the basin ,
projects on the upp er Snoq ualmie River. The Middle and also the establishment of a lake and ground
Fork Snoqua lmie Pr oject would store water partl y monitoring system.
contributed from Taylor River. Bank slumping ai I
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CEDAR - GREEN BASU~JS

INTRODUCTION
These basins comprise an area of I ,16l square 62,000 acre-feet of active storage for municipal and

miles which includes 69 squar e miles of marine industrial water supply and conservation.
waters. There are three principal rivers—th e Green- Below Howard A. Hanson Dam, the Green
Duwamish , Cedar , and Sammamish. River has cut a deep gorge 12 miles long. Beyond the

gorge , the Green flattens out and meanders through
-— the farmlands of the Auburn and Kent valleys. The

~~~~~~~~~ 
i i

T(
~ ,.~~r_,i’ ~‘~ 1

1 
lower Duwamish flows through the West Wate rway.

~
.- ,~~ ~ 

( During high water the East Wate rway carries part of
\ 

~
$---. \ L__) the Duwamish discharge . The last seven miles of this

r river have been dred ged and improved for navigation
—.-— ‘-. _ i f.~ and are known as the Duwamish Waterway. The

-- —— \rs .. Duwamish Waterway is one of the most industrialized
“ - j~

) ç~ areas in the State.
~ ~v~rst ‘

~
“( The Cedar River flows from the crest of the

s., fV
’ 

~
‘ ( Cascades through timbered country for 50 miles to its

outlet in Lake Wash ington , drain ing an area of 188

I square miles. In the upper reaches of this river is an
isolated and protected area—the Cedar River water

) - - -: shed—which covers some 143 square miles.accno
-‘ , ., ,,-. The area is heavily forested and is managed

‘€ ~~‘° L~ / under a sustained yield program by the city of
.‘-

_ 
\~-7~ Seattle , the US. Forest Service , and several private

timber owners. The watershed is closed to entry
except for such controlled activities as powe r devel-

FIGURE 7-1. Location of the Cedar-Green Basins opment and logging, which axe carried on under
wi thin the Puget Sound Area. regulations promulgated by the city of Seattle .

In the Cedar River watershed is Chester Morse
Lake which provides 56,000 acre -feet of storage for

The Green-Duwamish River , emptying directly water supply and hydro~ekctr ic power generation. At
into Elliott Bay , drains an area of 483 square miles the western end of the Cedar River Watershed is
and is the Largest in the basins. The Gre en River L.andsburg, where a low crest darn diverts water from
originates in the easternmost part of the basins at the the Cedar River into the Seattle water supply system.
crest of the Cascade Mountains. It flows west and The Sammamish River is a slow-moving stream
north about 60 miles to Tukwila , where it becomes about 38 miles long, which drains a 240 square mile
known as the Duwamish River. The Duwamish flows area between two fresh-water lakes. Its source is Lake
north an additional 12 miles and enters Elliott Bay in Sammamish and its outlet is the northernmost end of
Seatt le. Lake Washington.

In its upper reaches , the Green River is swift Lake Sammamish has a surface area of 4,897
and turbulent. Since 1913 , this upper portion has acres and a maximum depth of 106 feet . The shores

~~~ been the main watershed for Tacoma ’s municipal and of Lake Sammamish are lined with residences and
industr ial wate r supply . Howard A. Hanson Dam, summer homes. It is fed primarily by lssaquah and
located at Eagle Gorge , has a capacity of 105 ,650 Tlbbetts Creeks .
acre-feet for flood control purposes but provides Lake Washington is a 22-mile long fresh-water
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body, bou nding Seattle on the east . It covers an are a
of about 50 square miles and is the State ’s second . 

-

largest fresh-water lake. The lake is essentially tro ugh-
like in shape , reachin g depths of over 200 feet in the
central portion and shoaling graduall y towar d each -

end._______________________________ 
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PHOTO 7-2. Salt water intrusion via the Chitten •
____________________________________________ den Locks increases with summer boat traffi c.

4 
-

PHOTO 7-1 . Chester Morse Lake in the Cedar River
Watershed .

Westward from Lake Washington is the ship
canal --a system of bays , canal locks , and wa terways
leading to Puget Sound . The Lake Washington Ship
Canal is a large fresh-water complex composed of the
Chittenden Locks, Salmon Bay, Lake Union , Portage
Bay , Union Bay , and Lake Washington. All these
lakes have the same level and are connected by -

uno bstructed channe ls 30 feet deep at low-lake level. PHOTO 7-3. The Cedar-Green Basins are bounded
This in land harbor has a tota l area of 25,000 acres on the west by the main trough of Puget Sound.
and a shoreline of about 100 miles. Ocean freighters , In the foregro und is Elliott Bay, Seattle’s deep-
fishing boats , tugs , and barge s enter the canal , tying water harbor.
up at the piers in Salmon Bay.

One of the lakes in Seattle is Green Lake ,
located in the heart of the north end. It possesses a The deepest parts of the marine water area are
water surface area of 256 acres and a shorelin e of 2.9 found in the northern end off Richmond Beach
milcs. Green Lake is heavily used for outdoor where a depth of over 950 feet has been measured.
reueati ..rn. Two municipal beaches are located on the Another marine troug h is located off West Point. Its
lake. center is over 660 feet deep throughout its length ,

The main trough of Puget Sound extends along shoaling southward to less than 90 feet off Brown
the basins’ western front and covers a surface area of Point.
44,602 acres. Landforms and water bodies of this Soils of the bottom lands consist of gravels,
marine area include , from north to south: Meadow sands, loamy sand s, and sandy b arns in the upper
Point , Shilahole Bay, West Point , Elliott Bay, Duwam- reaches, becoming progressively finer textured to fine
ish Head , Alki Point , Point Williams, Brace Point , sandy b arns, silt loams, clay b arns, and silty clay
Point Pulley, and a portion of Poverty Bay. boams and clays in the lower reaches. The soils of the
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glacial basa l till terrace s (about 50 to 60 percent of ducts , food processing, metals , and other industries
the area) consist of gr avelly sandy b arns and gravelly does exist in the basins. Heavy industria l development
b arns 24 to 40 inches deep over slowly permeable , is concentrate d in four areas: (1) the lower reaches of
cemented , gravelly sandy, basal till. The outwash the Green-Duwarnish River Valley ; (2) along the
terrace soils consist of deep gravelly san ds , gra velly shores of Elliot Bay; (3) at Lake Uni on and Salmon
sandy b a rns, sands, and sandy loams. Bay, both a part of the Lake Washington Canal; and

Forest land predominates the lan d use , accou nt- (4) at the southe rn end of La ke Wash ington in the
ing for 60 percent of the total. Urban buildup is Renton area. Ligh t industry is considerabl y more
significant , accounting for 22 percent of the land dispersed .
area. This includes the metropolitan area of Seatt le , Dairy ing, vegetable gr owing, an d some li ght
its satellite cities , and suburban residential areas. industry are the chief supports to the economy in the
Agricultural uses are concentrated in the Green and fertil e valleys of the Green . Ceda r , an d Samma mish
Sammamish River valleys with marginal uses in the Rivers. Vegetable crops- such as beans , cabbage .
upland areas. About 70 percent of the basins ’ total rhubarb , broccoli , and caneberries— are grow n in these
land area is held in private ownership. areas to supply canneries and freezing plants. These

The Cedar and Green Basins—with an estimated lowlands are utilized for graz ing dairy cattle , raising
1967 poçu latio n of 1 ,072,400—are the most pop- chickens , growing ber r ies , an d mainta ining farms.
ulated of the Puge t Sound basins. Seattle is the New people are pouring into these areas and caus ing
largest city with some 580,000 dwellers inside its farmlands to be replaced by housing sub divisions ,
limits, and half as many more nearby. Like any othe r new shopp ing centers , and freeways. Industry has
barge metropolis , Seattle is surrounded by a number been moving in at a rap id pace , entom bing even more
of satellite cities and new , growing suburb an residen- agricultural land.
tial are as.

The major center of economic activity in the
basins , and for the entire Pacific Northwest , is the
metropoli tan Seattle area. The pioneer economy was
initially based on lumber , It soon expanded to
include mining, agriculture , fishing, and shipping.
These activities have now been surpassed by manu-
facturing, trade, education , government , and trans-
portation .

In 1916, a small firm began making two-seater _____

bi-planes here , growing into the Boeing Company and
the world’ s leading producer of commercial jets . i—.

Today, Boeing is the life-blood of the basins’ coon- -

omy . Employment growth in the aerospace industry
has attained unpreceden ted heights, reaching a record
98,800 as of June , 1967.

One of the fi nest seaports in the world is
located in Seattle. Seattle Harbor (Elliott Bay) is a
deep-water harbor with an expanse of 5,300 acres. Its
extensive waterfront is lined with modern terminals
equipped to handle any typ e of cargo. Ships from
every part of the globe call at these piers in the
continuous exchange of goods.

Although dominated by aerospace , a wide PH OTO 7.4. Developmental Center and preflig ht
diversification of industries— shipbuild ing, forest pro- facilities at south end of Boeing Field .

7,4 



r -

PRESENT STATUS

WATER RESOURCES and June. Base flows on the Cedar during the dry
summ er are relatively high due , in part , to the storage

Fresh Water influence of Chester Morse Lake and sizeable ground
Runoff from the upp er part of the Gree n River water contributions. The higher discharges of the

watershed has been measured since 1932 at a station Green River usuall y result from winter rains. Pro -
near the community of Palmer . The 30-year period of nounced low flows , reaching a minimum in August ,
record indicates a mean discharge of 1,080 cfs. The reflect the absence of storage in glacial ice and meager
maximum annual runoff (1 ,500 cfs) of record at this contributions from ground-water. Streamfio w on the
station occurred in 1959 and was 139 percent of the Sammamish is characterized by a series of sharp peak s
30-year mean. The minimum annual discharge , in during October to March and a summer base flow of
1941, amounted to 47 percent of the mean . Extreme about 200 cfs.
instantaneous discharges of 12,200 cfs (maximum) A low flow frequency anal ysis has been made
and 87 cfs (minimum) have been recorded . by the USGS for 35 gaging stations in the basins

Streamfiow records for the Cedar River go back based on an 18-year period from April 1 , 1946 to
to 1895, making it one of the longest periods of March 31 , 1964. The 7-day and 30.day flows that
record for a stream in the Puget Sound Region . With may be expected to occur at eight of these stations
the exception of two short periods, continuous for a recurrence interval of ten years is shown in
measurements have been taken at a gaging station Table 7-1 .
located near Landsburg. These data represen t the
runoff from approximately the upp er half of the TABLE 7-1. Low flow frequency 10-year recur-
Cedar River watershed and closely reflects the natural rence interval , Cedar-Green Basin
runoff regimen. During the 1931-60 period of’ record , 

7— Day 30—Daythe average annual discharge was 680 cfs. The highest Low Flow Low Flowannual discharge (940 cfs) was recorded in 1934, Sasti on cfs cfs
which was 139 percent of the 1931-60 mean. The
lowest discharge occurred in 1941 when the flow was Green River n e r  Lester, Wn 27.0 30.0
only 50 percent of the mean . Extreme maximum- N.w.ukum Creek near

Black Diamond , Wn. 11.3 12.7and-minimum discharges of 14 ,200 cfs and 83 cfs Big Soos Creek near Auburn , Wn. 22.0 23.5
have been observed on the Cedar. Gr ean River et Tukwfla. Wn. 140.0 155.0

A dream gaging site at Bothe ll measures runoff Cider R iver near Lsflc~burg, Wn. 184.0 210.0
from 88 percent of the Sammamish River watershed . Ceder River at Renton , Wn. 40.0 52.0
During the 1939-60 period of record , the averag e lN.ciuah Creek near l ,.ciuah.Wn. 11.7 12.7

Sammamish R iver at Both ell , Wn. 72.0 75.0annual discharge was 367 cfs. The maximum dis 

-

____________________________________

charge recorded occurred in 1965 and was 1 ,910 cfs. Source : Appendix I l l :  Hy&ology & Natural Envimnment.
The minimum discharge ever recorded during this
21-year period was 62 cfs in l95LStreamflow of the
Sammamlsh River is highly dependent on the amount Use of this low flow data shown above should
of outflow from Lake Sammamish , which receIves 40 take into account that: (1) the Cedar River at
percent of the total runoff in the watershed. Landsburg is affected by regulation for power devel-

These three streams—Cedar , Green , and Sam- opment at Chester Morse Lake and Masonry Pool; (2)
• mamMh—displiiy runoff patterns similar to other records of the Cedar taken at Renton are affected by

rain and snow fed streams. The highest flows occur upstream regulation and diversion for municipal use
during December and January , receding slightly as by Seattle; (3) recent channel Improvements on the
spring approaches , theii merging into the less pro . Sammam ish River may have changed its low-flow
nounced snowmelt runoff peak durIng April , May, characteristics; and (4) records for the Green River
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below Palmer are affected by diversion to Tacoma freshwater inflows from Lake Washin gton. The level
and the operation of Howa rd A. Hanson Dam for of Lak e Washington is controlled to rise from 20 to
flood control and conservation purposes. 21.85 feet to provide storage for lock operation

Using fluorescent dye , time of travel studie s for during the low inflow period . When salinity at the
the Green -Duwami sh River were made on the reach Mounta lke Brid ge reaches J O mg/ I , the canal system
between Palmer and Tukw j la , in 1965 , by the U.S. is flushed with increasing amounts of fresh water to
Geological Survey . The trave l time of the peak dye prevent the salinity wedge fro m entering La ke Wash-
concentrations nea r Palmer was 19 minutes per mile; ington .
from Kent to Tukwila , 28 minutes per mile. The Ground water supp lies are p lenti ful in many
average time of tra vel from Palmer to Tukwi l a was 23 places in the basins. The most’ important aquifers
minutes per mile. The discharge of the Green during occur in the lowlands in sedimentary deposits of
this study ranged from about 3,500 cfs at Pa lmer to Quaternary age . These sediments are mainl y til l ,
about 4,500 cfs at Tukwi la. rece ssional outwash , all uvium , an d niudfiow dep osits.

There are three principa l reservoirs in the The up land s are covered principally by till.
basins; Chester Morse Lake , Youngs Lake , and How- Alluvium occurs mainly on flood plains of the
ar d A. Hanson Reservoir . These storage reservoirs Sammamish , Cedar and Green Rivers~ it is composed
have a combined total capacity of 177 ,000 acre-feet. principally of sand and gravel. Fine sand , silt and clay
Howard A. Hanson Dam is located on the upper predominate in the Green Rive r Valley north of
Green River. It provides 62 ,000 acre-feet of active Auburn. The water table in the alluvium is generall y
storage for municipal and industrial water supp ly and about the same level as the river. Deeper alluvial
conser vation purposes. During the summer , the low aquifers in the lower Green River Valley are confined
flows in the Green River are augmented so that under artesian pressure .
approximately 110 cfs remain in the lower reaches Sediments older than till are exposed along
for fi sheries enhancement. The other two reservo irs some marg ins of the up lands , especially along Puge t
are on the Cedar River. However , no low flow Sound and the lower Gree n Rive r Valley. These older
augmentation is provided for fisheries enhancement sediments include sand and gravel aqui fers that
from the Cedar River storage . contain fresh water at most places. Consolidate d

Chester Morse Lake is a natural lake in the rocks of pre-Quaternary age usuall y do not contain
upp er part of the Cedar River watershed . It has been sign ificant aquifers.
developed to provide 56.000 acre-feet of storage for Recharge to the lowland aquifers is primarily
hydro-electric power as well as water supply. The by direct infiltration of preci p itation. These aquifers
Masonry Pool Reser~vir , located a coup le of mines are estimated to receive about 110 ,000 acre-feet of
downstream from Chester Morse Lake , has a capacity recharge in an average year. The natural discharge of
of 4,000 acre-feet. The masonry dam below Cheste r ground water is primaril y into the lower drainages of
Morse Lake was intended to inundate the crib dam to the Green , Cedar , and Sammamish Rivers and Lakes
provide increased storage for power and water supply. Washington and Sammamish.
An immense slide and washout occurred short ly after
construction nea r the ri ght abutment of the dam. Marine Water
Since this failure , the Masonry Pool has been oper- Prevailing currents , bot h surface and deep, are
ate d near an elevation of 1,546 feet which is the crest parallel to shore northward to Mea dow Point , with
elevation of the existing crib dam . surface velocities averaging 70 feet per mi n ute (fpm)

Lake Youngs provides stor age ( 11 ,000 acre- on the flood tide , and 35 fpm at a depth of 100 feet.
feet) for the city of Seattle. Seattle divert s municipal Currents in the vicinity of West Point are hig hly
water fro m the Cedar River near Landsburg into influence d by this projectin g land mass . Sea water
off-stream stor age in Lake Youngs. This lake is used moving southward is deflected around this point and
primarily as a sedimentation ba sin when the river is flows paralle l to the shore toward Elliott Bay. On the
turbid , ebb tide , the sea water swings northeasterl y around

In operation of the Chittenden Locks, saltwater West Point and into Shilshole Bay. An extensive
enters the ship canal and builds up during the low onshore eddy develops south of the point when high
inflow period (April .November). During the velocitie s of water occur. Velocities in excess of 100
December-March period , it is flushed out by large fpm have been observed in the sur face layers under
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both ebb and flood tide conditions. Currents obser . In the Seattle area , as in othe r metropolitan
ved in Elliott Bay were parallel to the shore on each area s , the lack of a governmental unit with adequate
side of the bay and were directed away from the jurisdiction made progress in solving inter-community
bay ’s lower end. Longshore flows ori ginate off the problems very difficult . Most pre ssing of all was the
outlet of the Duwamish River , and were found to growin g threat of water pollution .
have velocities rang ing from 20 fpm to 40 fpm. Lake Washington was becoming opaque with

scum and algae. Studies showed that sewage effluent

U 

was turning the Lake into a well-fertilized garden of
algae which was rapidly destroying the Lake’s recrea-
tional values. Important fisheries resources were

- - being threatened. Sixty raw sewage outfa lls were
- s polluting every salt water beach in the area and many

- 
- were closed to recreaüona l use .

- 
- 

- Enabling legislation was passe d by the Washing-
ton State Legislature in 1957 which allowed the
establishment of METRO. In 1961 , METRO em-
barked upon a ten-year prog ram with one objective
being to remove all waste inflow to Lake Washington.

- The program , by early 1970 , is expected to have
eliminated all raw sewage d ischarges into the Duwam-
ish River , Elliott Bay and Puget Sound. All sewage
treatment plant discharges into Lake Washington and

PHOTO 7-5. After implementation the inter èeption Lake Sammamish have been eliminated and the basic

of sewer outfa lls will benefit from treatment and tidal waste collection syste m necessary to serve virtually all

dispersion at West Point . of the entire Cedar-Gree n basins is nearly complete.
To date , METRO has essentially eliminated the

At certain times , onshore eddies exist north and contamination of Lake Washington which is now well
south of Alki Point. Southward from here , the on its way to regainin g its sparkling blue color and
c irculation patterns are greatl y affected by the more oligotrophic condition.
northerl y flow in Colvas Passage . Longshore cur- En the past , a few of the larger lakes of the
rents between Brace Point and Point Pulley are much basins were being “lost” to water pollution. A few
stronge r (30 fpm) in a southerly direction as corn- years ago Green Lake was a eutro phic body of water
pared to about 5 fpm on the ebb or northerly flow, plagued by heavy blooms of blue-green algae during
Eddy activity similar to those at West Point and Alki the warmer months. Use of the lake was also being
Point exists on each side of Point Pulle y. Sctuth fro m affected by seasonal algal blooms , sewage , the routi ng
here , longshore velocities on the flood tide avera ged a of urban stormwater to the lake , littoral vegetation ,
lit t e less than 50 fpm in surface and deep-w ater shoaling areas with mud bottoms , semi-domesticated
laye r s. waterfowl , and outbreaks of swimmers ’ itch. As a

result of a study, the Seattle Park Department
WATER QUALITY instituted a prog ram of impro ving Green Lake in-

volving the addition of large amounts of nutrient-
Fresh Water poor city water for dilution purposes , dred ging, and

The quality of surface water at selected points shoreline improve ments. Since 1962 , the lake has
in the “edar -Green Basins is shown in Table 7-2. The been flushed approximately seven times. Lake flush-
major ‘ .vers and streams flow out of isolated and ing has decreased the quantity of algae produced .
protected country. However , industrial development improved the transparency of the water , and virtually
and an increasing population , with their accom- eliminated one species of blue-g reen algae. These
panying waste disposal to surface waters , have caused remedial actions have allowed Green Lake to practi-
the water quality of .lome lakes , the downstream cally recover but have not completely eliminat ed the
sections of major streams and other watercour ses, ~ 

problem.
deteriorate. A limnological investigation of water quality
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conditions in Lake Sammanush is presently being and is possibly more degraded than Lake Washington
conducted by METRO to determ ine conditions and was in 1950.
devise means to prevent further eutrophication. This discussio n of water quality characteristics
Twelve stations have been established on the lake to in the basins is based primarily upon the data
collect information on water qua lity. A substantial presented in the preceding tab le .
quantity of nutrients is being contributed by Chemical. The chemica l quality of most streams
lssaquah Creek , Tibb etts Creek and several minor and lakes in the basins is soft , low in dissolved solids ,
tributary streams. The Lake Sammamish blue-green and high in dissolved oxygen concentrations. The
algae popu lation is a classic indicator of lakes highest concentrations of dissolved solids occur in the
undergoing eutrophication. The study so far indicates Duwamish River near Tukwila and in the Lake
that the lake is in the early stages of eutrophication Washington Ship Canal.

TABLE 7-2. Surface water quality, Cedar-Green Basins
mgfl 

- 
Iflgfl ..~ sLL., _~t&.

~~ 11 1 J i J I ~1i~ 1 fI iJ !lf~ i1IlIL!i) !i!J I
GREEN RIVER NEAR PALMER JULY 1959 THROUGH JULY 1961

M.,.n,s~n, 70 ,900 48 6.6 1.4 3.3 0.6 32 0 3.8 15  02 0.9 82 0.06 — 17.0 0.68 0-09 7.5 10 .- 78,0 13. 7 104 22 2 439
Mu,, --‘ 37 51 0.8 2.5 0.2 22 0 2 .7 10 0.7 0.2 44 0.02 — 73.5 0.73 003 ... .— — 53 172 109 lb 0 114
M,n,.,,s.,,s 754 29 3.4 0.1 2.0 0.0 73 0 1. 4 0.5 0.0 0.0 33 0.00 — 17.0 0,00 000 62 — 20 9.4 80 70 0 0

V 21 21 21 19 59 25 4 25 25 20 25 27 II — 21 20 4 20 25 — 56 17 79 31 25 Ii
GREEN RIVER AT PURIFICATION PLANT NEAR PALMER 0CVOCER 1931 AND OC TOBER 1948

MiiIs,,s.n, -- . 3 9  8 2 1.2 69 0.6 29 -- 3.2 63 0.0 0. 2 -  - . 23.0 0.05 ... 7 4 . . — _. 
~
. -. 16 0 -V .

Mu., -- . 39 5 !  1.2 4.8 0.6 25 --- 2.6 3 9  0.0 0. 5 —. .— -— 58.5 0.07 -. — .~ — -. 75 0 --
- . 39 50 1.2 2. 7 0.6 21 -- 2.0 16  0.0 0.0 —. — 14.0 0.00 “ 7 . 4 - -  ... — .

- - 1 2 2 2 1 2 — -  2 2 I 2 2 2 ... I . . . — ... ... ...~~~~~~~~ l —.

GREEN RIVER NEAR AUBURN JULY 1959 THROUGH rEeRUARV 1966

~~~~~~ 4.800 75 11 .0 3 1  6.0 1 .0 50 0 6.4 3.8 0.3 7 .9 103 0 13 - - -  I t O  1.20 0.03 7.9 18 40 24.2 14 1  ‘37 39 0 24000
Mu,, -- 51 7 1  1 6  3.6 05  32 0 38 5.7 0. 5 0.7 67 0.03 -- 13 ,2 024  001 --- —. -. - 50. 5 I I I  7 01 24 0 1.225
~~~~~~~~ 572 39 4.0 05 2.2 0.0 7 0 0 2 . 0 0.0 0.0 00 38 000 -- 99 0.00 0. 0 0 6 7  0 0 3 5 8.3 51 14 0 0

Ns.n’Cs. 63 54 54 84 84 84 84 33 84 54 8~4 84 54 73 - - - 84 7 1 13 54 53 46 51 N 87 84 54 86
GREEN RIVER AT T UKW IL LA OCTOBE R 1962 THROUGH APRIL 1966

- - 5 76  200 20 . 0 16.0 5 .1 49 0 93 18.0 0 2  4.5 954 0.59 -- I SO 57 0 0.09 7 9  30 ‘70 390 73, 7 I I ?  ‘33 15 240.000
Mii’s - - 72 9,0 30  7 4  5.0 45 0 5.7 88 0 7  2.0 12 1 0.27 --- 14 5 055 0.03 - --  -. — 70.4 97  89 38 2 17 .268

- . 34 4 5 05 7 7 0 7 22 0 2.0 5 .2 0.0 0 4  49 0.05 --- I1 .0 0.25 0.0l 8 . 8 0 9 4 . 9 62 86 18 0 730

‘5415. -- 47 6 8 4 8  47 41 48 37 47 47 4) 47 48 3 8 - 4 9 34 7 1 5 41 38 50 91 50 49 45 50
CEDAR RIVER AT RENTON JULY 196* THROUGH MARCH 1966

Mi’s,.’s’s.,, ‘ 930 77 12 .0 31 53 0.9 58 0 40  2.7 0. 5 1.9 112 0.2* -. 55.0 5 3 9  0.06 7.9 70 38 22.8 12.8 518 49 0 4,800-— - 44 7 3  I i  26  04 31 0 3 7 .3 0. 1 0 5  52 0.02 — 7 7 .3 015  0.02 —. — .-. 106 50.5 500 24 0 420
5S.s._..,, 87 34 50 06 1 6 00 22 0 7. 8 0 5 0.0 00 46 0.00 ... 88 0.02 0.00 8 . 9 0 0 4 . 1 7 8  77 58 0 0

38 48 46 48 46 48 46 59 46 46 46 46 46 43 -- 48 43 13 41 48 II 50 51 50 48 48 80

CEDAR R I V E R  NEAR LANDSBUPG JULY 1959 THR OUGH AUGUST .s962
5 .100 51 5 5 0  5 6  2 2  05 35 0 40 2 7  07  0 6  73 004 12 0  024  001 73  5 0 5 4 5  5 2 5  506 31 7 30

39 1 5  0.8 5 7  0 3  27 0 2 .0 5 0  00 0 2  53 00 7  S Q l  005 000 93 I I I  101 25 0 34
~~~~~~~~~ 335 27 60  00 1 7  00 IS 0 0.0 05 00 00 37 000 -- 4. 0 000 000 7 0  0 0 5 3  9 7  93 II  0 0

25 23 23 23 71 21 23 9 21 23 _27 23 2’ 21 - 23 72 4 77 22 4 20 25 70 23 22

SAM MAMISH RIVER AT BOTHELL JULY 2959 THROUGH MARCH 1956
U.....— ‘ 010 500 5 20  86 l r  7 )  97 0 560 45  05  6 3  546 04 4  -- - ‘7 0  24 0  007 7 4  40 120 236 1 2 5  719 56 I S 17000
M’s.., - II 92  40  53  12  45 0 90 30 01 I S  105 0 10  - 508 049 001 5 7 2  99 93 39 3 5 . 759

I 31 75  25  35 0 7  33 0 68 50  00 03  93 0.00 5. 7 008 000 56 5 9 60 7 3  50 31 0 95

43 53 53 53 53 63 53 54 53 53 53 53 53 90 53 50 I I  53 33 22 57 67 57 53 53 66

ISSAOUAH CREEK NEAR ISSAQIJA H NOVEMBER 1964 THROUGH APRIL 1966
94 5 3 0  S I  7 5  1 3  49 0 7 2 0  30 07  6 2  539 099 700 260 004 7 7  20 350 73.3 5 2 2  105 33 6 24 .000
73 9 7  39  59  08 46 0 7 3  2 7  0 ’  3 5  504 04 7  159 013 003 5 2  7 0 7  98 39 7 50629
97 58 77  35 04 73 0 94  I I  0 7  7 5  97 006 -- 1 2 0  0.06 0.02 63  8 8 51 55 55 23 0 36

- 22 72 22 37 22 72 22 72 22 72 72 72 I I  22 I l  1 22 - -  I I  9 9 9 22 72 9
BIG SOOS CREEK ABOVE HATCHERY NEAR AUBURN OCTOBER 1962 THROUGH 4PqIL 1966

Mi..,. ’sfl 464 II 1 2 0  46  6 3  I I  58 0 5 2 0  33  05 3 7  115 0 ,9  - 20.0 046 006 7 7  60 10 75 6  5 7 5  12 5 45 6 74000
Mi.. II 95 3 4  84  5 0  49 0 58 22 0 1 1 1 1 0 1  0.08 --- 54 8 0 5 4  003 95 I S O  500 39 I 7 . 738
N,.,i ,’s.,,. 20 62 7 5  1 2  4 4  05 35 0 5.8 7 0  00 06 49 00? 1 1 0  003 000 65 5 0 36 9 4  49 30 0 0

34 48 45_ IS 4 8 4 8 46 33 45 48 45 46 49 34 - 4 5 34 9 4 4 4 9 3 3 4 9 4 5 4 4 4 949 45
LAKE WASHINGTON SHIP CANAL AT SEATTLE OCTOBER 1964 THROUGH SEPT 3965

- 333 540  140 970 46  4 0 290 5520 0 7  59 660 079 7 9 0 2 9 0 7 0  7 5  3 29 30 4 17 5  173 97 53 4 900
Mii’s 514 503  75  389 2 4  47 0 79.3 965 0 5  2 3  330 0.7 7 - 44 0 .7 3  0.07 - .- -- 7 2 9  9 1  93 57 73 ‘166

62 84  34  84  I I  38 0 8.0 6.5 00 1 2 1 0 8  0 1 3  I I  006 004 68 3 0 2 3  7 5  73 33 5 39

77 52 72 I., 57 52 II  12 72 I I  5 2  12 12 72 12 3 52  57 17 77 52 72 52 12 52

Source: Stat. of WWstngton m d  U.S. GacIOqk.t ~~~~~
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1
The dissolved oxygen values shown in Table Puget Sound into the fresh-water canal. Little

7-2 indicate that most fresh waters in the basins intrusion was detected beyond Lake Union in 1966.
contain adequate amounts of dissolved oxygen for Dissolved oxygen concentrations have been zero for a
the maintenance of aquati c life . The reach between number of years in the bottom waters of Lake Union.
Tukwi la downstream to the mouth of the Duwamis h Sewers previousl y emptying into these waters ha ve
River does, at times , contai n water with a dissolved been intercepted by Seattle , but sludge deposits and
oxygen content less than 5 mg/ I . stormwater overflow s continue to degrade Lake

The lower Duwamish River has been the subject Union ’s water quality.
of study by various agencies since 1948, when the Phosphate values in the Cedar Rive r are among
city of Seattle began its study of dissolved oxygen in the lowest in the reg ion . Zero phosphate values have
the river in the fall of that year. IN August 1949, been recorded at the upstream station near Lands-
the dissolved oxygen content in the bottom water burg, and a maximum value of 0.3 mg/I at Renton.
was 3.7 mg/ I and in the surface layer it was Sammamish River and Issaquah Creek are
6.1 mg/I . higher in phosphate . Issaquah Creek has an average

The Duwamish River downstream from Tuk- value of 0.4 mg/I. The Sammamish River at Bothell
wila is a strati fied estuary . The surface layer of water has an average value of 0.10 mg/I.
generally has a dissolved oxygen content greater than The Green River shows an increase in phos-
5 mg / I.  The longitudinal dissolved oxygen profile for phate from the upstream station at Palmer to
the surfa ce water layer shows no pronoun ced oxygen Tukw ila. Maximum values at Palmer are 0.06 mg/I or
sag, but rather a linear decline in oxygen values in a less; at Auburn maximum values are 0.1 mg/I or less;
downstream direction. This relationship, however , is and at Tukwila they are 0.9 mg/I or less. Average
tida l dependent. In contrast to this, the bottom layer values are 0.02 mg/I at Palmer , 0.03 mg/ I at Auburn ,
of water shows a rather severe oxygen sag in the and 0.2 mg/I at Tukwila . The increases in values
vicinity of South Park. Data from the automati c below Auburn are partiall y due to waste discharges
water quality monito r operated by the cooperative from domestic and industr ial source s which result in
Municipa lity of Metrop olitan Seattle—US. Geological relatively high concentrations of mineral nutrients in
Survey program, since 1964 show tha t the minimum the r iver .
dissolved oxygen content in the bottom water was Big Soos Creek , tributary to the Green River ,
0.6 mg/ I on September 26, 1966. (Fresh-water has phosphate concentrations similar to the Green
discharge is 275 cfs) . River at Auburn where average values are less than

As part of a compre hensive water quality 0.1 mg/I.
program , METRO began in 1961 , an extensive study Nitrate concentrations in the Green River show
of the physical , chemical , and biological character- average values of 0.04 mg/I at Palmer , 0.2 mg/I at
istics of the lower Green River and the Duwamish Auburn , and 0.4 mg/I at Tu kwila. Concentrations at
Estuary. Biological and nutrient sampling of the Auburn are influenced by the nitrate contribution
Green-Duwam ish River is conducted on a monthly from Big Soos Creek , where average values are 1 .7
basis during the winter and weekly thereafter. A mg/I.
routine sampling trip in August 1963 , showed that Information collected by METRO and the U.S.
the bottom waters of the Duwamish Estuary lacked Geological Survey from 1963 throug h 1968 shows an
adequate amo unts of dissolved oxygen to maintain increase in nutrients below the Renton sewage treat-
aquatic life for any prolonged period. Furthe r samp- ment plant outfall . Nutrient concentrations were
ling during the critical summer period revealed a sufficient to support phytop lan kton blooms during
month-by-month degeneration in oxygen concentra- 1964, 1 965 , and 1966 and also before those periods.
tions. Dissolved oxygen decreased from 5.2 mg/I m The Cedar River at Renton has an average
July to 3.1 mg/I in September. St udies in Lake Union nitrate value of 0.01 mg/I. The Landsburg station has
and the Lake Washington Ship Canal , re lating to avera ge values of 0.1 mg/I . The Lake Washington Ship
saltwater intrusion and dissolved oxygen depletion , Ca nal has maximum nitrate values of 1.3 mg/I and an
were starte d in 1964 and have been continued since awrage ?alue of 0.5 mg/I.
tha t time. Sia~uficant amounts of iron occur in some

Data shows that since 1960 there has been a stream sections. Iron concentrations in the Sam-
noticeable decrease in the intrusion of saltwater from mamlh River at Hothell average 0.5 mg/ I with a
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maximum of 2.4 mg/I being recorded . In Issaquah
Creek the average is 08 mg/I and the maximum 2.6
mg/I. In the lower Duwam ish River at Tukw ila , the
average is 0.6 mg/I and the maximum 1 .7 mg/I.

Dissolved solids concentration in most aquifers
is usually less than 200 mg/I in the shallower aquifers I
and somewhat grea ter —up to 500 mg/I —i n deeper
aquifers. Hardness of the ground water is generally
less than 120 mg/I. Highly mineralized water occurs
in some aquifers adjacent to Puget Sound . Silica
content aver ages about 30 mg/I in waters containing -

less than 200 mg/I of dissolved solids. Brackish water
occur s only locally in the deeper aquifers. Some deep
aquifers in the southern part of the ba sins commonly
yield water containing more than 50 mg/I of sodium.

Bacteriological. Sanitary quality in the lower
reac hes of major streams has been a problem for PHOTO 7-6. Sewage pump stations like this one on
many years. The presence of a high number of the shore of Mercer Island in Lake Washin gton
coliform organisms in the water samples taken at the provide sewage collection to the METRO system.
statio ns , as shown in Table 7-3 , indicates contam- Mercer Island Sewer District.
ination by sanitary wastes. The Green River above
Auburn is bacterio logically satisfactory as the MPN record ed was only 230. Downstream at Renton , the
range near Palmer was only 0 to 430. Conditions MPN range was 0 to 2,400.
become worse downstream. At Auburn the range of On the Sammamish river at Bothell , the MPN
MPN ’s was 0 to 4,600. On Big Soos Creek , a tributary va lues are usuall y less than 1 ,000 but a high of
of the Green , the MPN range was higher— 0 to 24,000. 11 ,000 was recorded here . The outlet of Lake
MPN values ranged from 230 to 240,000 on the lower Washington showed MPN values ranging from 36 to
Duwamish River at Tukwi la prior to the elimination 4,600. Issaquah Creek , which flows into Lake Sam-
by Metro of the South Kent and Tukwila treatment mamish, had coliform concentr ,% tions in excess of
plants. 11 ,000 MPN , on the average , and an MPN range of

The bacteriolog ical quality of the Cedar River is 1,500 to 24 ,000 prior to the elimination of the
excellent above Landsburg, where the maximum MPN municipa l and industrial discharges into the creek.

TABLE 7-3. Summa’y of coliform conceniratlons, Cedar-Green Basins

MPN/100 ml.
Lies than Grs tsr than

240 240.1,000 1 000.2,400 2,400
Sof %of %of Sot

No. of Total No. of Total No. of Tota l No. of Total
station S.mplss No. Samples No. Samples No. Samples No.

Lak. WmhIngton Ship Canal 6 42 2 17 0 0 5 42
C.dse Riv~ at Rinton
Stet. l4lgIwsy 5 33 72 10 fl 0 0 3 7

Csd.r RMr nusr Lasdebu,~ 21 100 0 0 0 0 0 0
Ssmmamluli Ri,sr at Both.ll 7 13 29 54 4 7 14 26
lisaqush Creek neer lausqu.h 0 0 0 0 1 17 5 83
Duvmmleh River at TUISISIIS 0 0 3 50 0 0 3 50
Gvssn Rivtr neer Aubu rn 25 30 39 47 5 6 14 17
Il, Soo. Cresk nssr A ubum 29 64 13 29 1 2 2 4
Groan P Mr .sssr PsImur 15 88 2 t 2 0 0 0 0

Source: Waekln,ton Water Pollution Control CommMlon

7- 10



V
Table 7-3 provides a summary of colifor m concen- this minimum and remains at about 30.7 0/co until
trations taken from basin data sampling , ear ly November. The coldest surface water tempera-

Physical. The maximum summer temperature , tures of 46.8°F (8.2°C) occur in February in
75.6°F (24.2°C) of the Green River at Auburn is response to the cold air temperatures Maximum
one of the highest recorded stream temperat ures in surface temperatures of 57 .6°F (14.2°C) take place
the Puget Sound Area. Other high temp eratures have in August . The dissolved oxygen content of these
occurred on the Sammamish River , 74.5 °F (23.6°C) surface waters undergo large changes due to phyto-
at Bothe ll and on the Cedar River, 73°F (22.8°C) at plankton activity. Values of 9 to 11 mg/I are common
Ren ton. The Lake Washington Ship Canal has over the entire Sound . DO value’ less than 5 mg/I are
atta ined a high of 69°F (20.1 °C). Summer tempera- rare and occur only occasionaily . Flushing rat es of
tures on other streams in the basins are considerably the main part of Puget Sound are estimated to vary
cooler ; none exceed 65.3 °F (18.5 °C). from two to four weeks.

Stream-borne sediment is not a serious problem 
~~URCES OF WASTEin the upper parts of the rivers , but it is in the lower

reaches. A dense cover of vegetation on most slopes As shown on Table 7.4,1 the daily untreated
largely precludes excessive soil erosion. Streams in the municipal and industrial wasteload in the Cedar-
Cedar watershed transport only small amounts of Green Basins approximates 839,000 PE , of which 44
sediments and have suspended-sediment concentra- percent is presently removed by waste trea t ment
tions less than 20 mg/I . Sediment data collected daily before being discharged to fresh and mar ine waters.
on the upper Green River during the period During the food processing season , an additiona l
1951-1955 showed su~pended4ediment concentra- 58,000 PE are produced . The areas receiving the
tions ranging from 1 to 1,350 mg/I. On the lower largest quantities of waste s in relation to the basins’
Green River at Tukwila , the maximum concentration total include Puget Sound (38 percent), Green-
was 1 ,590 mg/I. Duwamish River (35 percent), and Elliott Bay (27

Turbidity runs high for three streams here . The percent).
average turbidity for lssaquah Creek was 62.7 JTU. The untreated municipal wasteload of 582 ,000
The maximum observed in lssaq uah Creek was 350 PE was in large part determ ined by utilizing influent
ITU , the highest turbidity recorded in the basins. The data from the METRO sewage treatment plants. This
Sarnm amish River at Bothel l showed an average of procedure does not , however , account for the par tial
20.5 .JTU, with an observed maximum of 120 JTU . reduction of wastes in the sewerage system while in
The average on the Duwamizh River at Tukwila is less transit to the sewage treatment plants . With such a
than that of the other two streams —only 12.7 .r ru. large system , much of the waste travels many miles
The remaining streams have low turbidities, generally through sewers and may experience a substantial
less than 6.0 JTU on the average , reduction. The raw wasteload generated at the source

Informat ion on temp erature , transparency, is considered to be much higher —probably as high as
nutr ients , dissolved oxygen , phytoplankton end zoo- 1,000,000 PE.
plankton populations, primary productivity and The quantities and general location of waste
bacteriological data , is not available for other fresh- production and discharges in the basins are shown in
water lakes in the basins. There can be little doubt , Figure 7-3. Sources of wastes contributing to the
however , that the impact of population increases and degradation of fresh and marine waters are summar-
encroaching suburban developments will cause other ized in Table 7.4. The completion of the Interstate
lakes to deteriorate at an increasing rate in the future and proposed intrastate Quality Standard’s imple-
unless protective measures are taken at the time of mentation and enforcement plans will substantially
land development , reduce the stren gth of these wastes.

Mwins Watu’ Fruh Water
Water characteratics throughout the main part The numerous towns and industries along the

of Puget Sound in the basins are quite uniform . The Green- Duwamish River produce about 333 ,700 FE of
average minimum surface salinity is 27 ofoo, but wastes daily . During the food processing season, this

~~~~ values of less than 20.0 o/oo have been obeerved. total is increased by 55,000 PE daily. Auburn , Kent ,
Lowering of the salinity occurs In early summer when Renton , Black Diamond , one sewer district , two
large amounts of fresh-water pour Into the Sound
from the rivers. The salinity increases abruptly after ~ 8 .d  on 1967 w t.lo ilng Information.
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been designed for enlargement to a capacity of 144
mgd and a peak hydraulic capacity of 375 mgd.
Ultimately, it is expected to serve a tr ibutary popula-
tion of approximately one million pers ons.

Marine Water

_  

average flow to the Renton p lant is 16 rugd. I t has

M unicipalities and industries are discharging
sewage and wastes into Elliott Bay and into Puget
Sound along the western perimeter of the basins.
About 495 ,000 PE are being produced daily in the
vicinity of the marine waters. Less than one percent
of this waste receives secondary treatment; 72 per-
cent rece ives primary treatment; and 27 percent is
release d into these waters untreated. Wastes fro m an

PHOTO 7-7. The Green-Duwamish River receives equivalent population of about 325 ,000 people are
more wastes than any other body of fresh water being discharged into the marine waters every day.
in the Puget Sound Area. The new West Point primary treatment plant is

located on Puget Sound west of Fort La wt on. It went
sewage treatme nt plants , and a number of industrie s into operation on Jul y 5 , 1966. Five major sewerage
discharge wastes to the ri ver that are given varying areas will eventuall y be served by this system. They
degrees of treatment. About 55 percent of the total include Elliott Bay , Southwest Lake Wash ington ,
wasteload receives secondary treatment; 27 percent Lake Union , Nort hwest Lake Washington , an d North
re ceives primary treatment ; and 18 percent of the Lake Washington. The plant has been built to provide
tota l waste s are discharged into this river untreated. a treatment capacity sufficient to accommodate an
After waste treatment , a tota l of 144 ,320 PE are ultimate sewage flow of 125 mgd. A wet weather
discharged into the river by cities and industries , hydraulic capacity of 325 mgd makes West Point the
During the food processing season , an additional largest treatment facility in the Pacific Northwest .
29,000 PE are discharged. Organic and inorganic Effluent is discharge d to Puget Sound 3,600 feet
industrial wastes are discharged directly into the river offshore thro ugh a 600 foot long diffuser located at a
at vario us points , but princi pa lly into the estuary. depth of 250 feet.

Population equivalents , as shown in Table 7.4, The disposa l of di geste d slud ge at the West
are only a part of the complete picture of industrial Point treatment plant by dilution in the waters of
pollution , since there are plants discharging oils, Puget Sound was approved , on an inter im basi s only.
chemicals , acids , an d many othe r toxic wastes which by the Federal and State authorities , to be abandoned
cannot be evalu ated in terms of population equ i- in favor of an alternate acceptable meth od. About 14
va lents. These include cyanides, ehro mat es , pickling tons per day of digested slud ge from the Seattle
liquors , caustics , acids, greases , and phenols. The metrop olitan area mixed with the liquid effluent are
majority of these waste s are neutralized or are being discharged at this p lant. The shoreline and
ot herwise treated , but some are discharged into the water envi ronment in the vicinity of the West Point
est uary untreated , outfall is monitored by M ETRO to insure that the

METRO ’s treatment plant at Renton provid es digested slud ge-effluent mixture will not degrade the
secondary treatment to 113 ,300 FE by the activated waters of Puge t Sound. A visual insp ection of the
sludge process, with effluent disposa l to the bottom of the Sound and around the West Point
Duwamish River. The treatment process removes outfall was conducted by hard hat divers and televi-
approxim ately 95 percent of the biochemical oxygen sion cameras during the summe i of 1968 following
demand and suspended solids. Sludge frori the plant two years of plant operation. No measurable deposit
will be conveyed to th~ West Point sewage treatment of sludge could be located and all marine flora and
plant for further handl ing. The Renton plant has a fauna appeared to be normal . The condition of the
design average sewage flow of 24 million gallons per bottom app eared to be the same as at the time of
day and a peak capacity of 76 mgd . The present construction of the outfall.
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TABLE 7-4. Summary of municipal and industrial wades, Cedar-Green Basins

Non-S.asonal seasonal Non-Seasonal Seasonal
Estimated Untreated Untreated Waste Waste
Population Waste Waste Discharge Discharge

Water Course Served PE PE Treatment PE PE

Puget Sound
Richmond Beech SIP 15.000 16,300 -~ Primary 4.400
Hi~~landsSD 300 350 -- None 350 -.

Cwke.k Piili SIP 25,000 31,000 - Primary 15.500 -.
West Point STP 180,000 228,000 -- Primary 113,000
Alki Point SIP 35.000 37,000 -- Primary 21,000
S.W. Subur ban SIP (Salmon Cr.) 24,000 30,000 -- Primary 24.000 -

S.W. Suburb.n SIP (Miller Cr. ) 4,000 5,000 - Primary 3.500
Seattle-Tacoma Awport 1.000 1,000 -- Secondary 300 -.
Des Moines SD 1,350 1,500 -. Primary 1,000 -.

Salt Water St. Perk — 1,000 -. Primary 600 —

Sylvia Pin., SD 1,200 1,400 — Primary 840 -.
Late Haven SD$TP 5,000 6,000 -- Primary 4,000 -.

Ellio tt Say
Food processing -. 136,000 -- None 136,000
Lumber & eicod - 500 -- None 500

Green River
Niweukum Creek

Food processing -- 22.000 — Primary 20,000 —

Auburn Acad,my 700 1,000 -- Primary 700 -
Big $00, Creek
BIsdz Diamond 1,026 1,200 -- None 1,200 -

Aubu rn 17,100 25,000 -- Lagoon 5,000 -

Food proceasing -. 16,000 -- Primary 14,000 -

Kent 13,000 51 .600 .- Kent 10,770 -.

N. Lagoon
Food processing - -. 51.000 Kent — 25,000

N. Lagoon

Duwembh R iver
Food processing -- 46,000 4,000 None 46,000 4,000
Chemicals -. 11.000 - Non. 11,000 -

Metals — 2,400 — None 2,400 —

Renton SIP 103,500 113,300 .. Secondary 7,610
Rainier Vista SD 3,000 3,500 -- Primary 1,200
Diagonal Way SIP 45.000 51,000 -. PrImary 25,400 -.

TOTAL ” 2 83,000 55,000 470,000 29,000
Munic ipal 4 — 582,000 -- 236,000
Industrial -- 257,000 55,000 234,000 29,000

1 Figures .re rounded for 1967.
2 PE, will be reduced for all west, discharges after comp lience with the Interstate and proposed Intrastate Quality
Standards Implementation and enforcement plan—1970-1972.
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l’hree other sewage treatment plants on Puget were being closed due to high coliform counts an d
Sound--Al k i Poin t , Carkeek Park , and Rich mond the observed presence of sewage materials in the
Beach—are also a part of METRO ’s system. The ADd beach areas. This dismal trend is now being reve rsed
Point plant provides primar y treatment for 37,000 PE by METRO’ s $135 ,000,000 sewage works construc-
dai ly an d discharges 21 ,000 PE. Effluent is discharged tion program which is well on its way to saving the
into Puge t Sound 1 ,400 feet from shore at a depth of Puge t Sound from water pollution.
80 feet. The Carkeek Park primary plant treats a raw
load of 31 ,000 PE daily and discharges 15 ,500 PE
daily . Plant effluent is diffused into Puget Sound
2,000 feet from shore at a depth of 200 feet. The
Ric hmond Beach plant is also of the primary typ e
an d treats some 16 ,300 PE daily before discharg ing
4,400 PE into the Sound .

Large amounts of untreated waste are presently
discharged into Elliott Bay by numerous industries.
About 136 ,500 PE are discharge d daily into this bay -

where sport fishing and pleasure boating are carried
on extensively.

In the early 1950’s more than 60 outfalls were
discharg ing raw sewage into the marine waters of the
Cedar.Green Basins. Sewage fields and slicks were
becoming visible over a wide range . Bathing beaches

PHOTO 7-8. Elliott Bay receives raw wastes from
numerous industries.

WATER USES AN D QUALITY OBJECTIVES

The major beneficial uses of fresh and marine the many tourists and vacationers visiting the basins.
waters in the Cedar-Green Basins are summarized in Marine fish and shellfish in the area are likewise
Table 7-5 which focuses on the principal watercourses harvested mainly by sport methods. The fish and
and problem areas in the basins. Table 7-5 also shellfish populations indigenous to the basins are
indicates the water quality classification established extremely importan t to the area ’s economy .
by the State for each watercourse which defines the Based on spawning ground survey information ,
type of water u~ ge to be protected in the area . it is estimated that salmon escapements to the rivers

The Cedar and Green Rivers are used heavily and streams for the period 1956-1961 aver aged about
for domestic and industrial water supply . The upper 198 ,600 annua lly. The average annual contribution
Cedar River watershed is the major source of water from 1956 to 1965 to the Puget Sound and ocean
for Seattle and much of King County. It is current ly commercial and sport fisheries from the Ceda r -Green
supplying 220 mgd to the city of Seattle. The upp er Basin amounted to 579 ,160 salmon.
Green River is the principa l source of water for the Based on 1966 svrvey data , 368,800 man-days
city of Taco ma . of effort were spent fishing in the lakes and ponds of

Drainage areas withi n the Cedar .Green Basins the basins; and a total harvest of 985,000 trout and
provide ~xtensive and important spawning and rearing 405 ,600 other game fish was realized. In the streams ,
areas for anadromous fish — principally chinook , sock- 100,200 man -days were spent with a harvest of
eye, cohn , and chum salmon and steelhea d , searun al most 321 ,000 trout. About 165 ,700 man -days
cutth r oat tro ut and searun Dolly Varden. These fish were expended in pursuit of steelhead and searun
contribute significantl y to the area ’s recreation use by cutthroat trout and 26,440 steethead and 20,100
providing sport for both the local residents and for cutthroat trout were harvested.
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TABLE 7-5. Water u~~ and quality objectives, Cedar-Green Basins

Use Intensity
L-Light
M-Medlum
H—Heevy .~~

~

~~~~ .?~~ .~‘fl
~ UI ~~~~~~ ~~ ~ 

8 ~ -~~

Watercourse

Strait of Juan de Fuca
and Pug.t Sound AA H H M H H H L L H H M H M

EIliott B.y A H H  M L M L  L M H  L H
Ouvmmlsh River, Mouth to

Black River Junction B H H L L L H
Du~semieh River. Black River
Junction to LImit of
Tldsl lnfk*nce A H H  M M  L L

Green River, Limit of Tidal
Influence to Heedwaters AA 1 H H M H L M H H H L

Cedar River A 1 H H H  M L L .  H H  M
Sammemish River A 1 H H H L M M L
l siaqush Creek A 1 H H H  M M M
Blg Soos Creek A 1 H H H  M WI
Lake Washington A 1 H H H M M L H H H L
LalceSammamush A 1 M M M L M M M

Not presently classified. Equal to existing quality.

2 See Table 1-5.

The population concentration results in the
largest recreational use of the area ’s wate r resources.
Major attractions include waters and shore lines of
Puget Sound , Lake Washington , the Ship Canal , and ‘—
Lake Sammamish . Fine parks and beaches line the
shores of Lake Washington , the largest fresh-water -- -

lake in the Puget Sound Area. Several thousand boat
moorages are located along the shores , and the lake
waters are used extensively for swimming, water -

skiing, and cruising. Smaller but picturesque lakes,
like Green Lake and Angle Lake , are also heavily used
for outdoor recreation.

The shorelines and waters of the Cedar , Green ,
and Sammamish Rivers receive a tremendous amount
of use by boaters , steelheaders , and picnickers. A
unique area is the Green River Gorge —a primeval
section , 12 miles long with massive walls rising 300 PHOTO 7-9. Fresh waters within the basins are used
feet above the river . In 1964 , t here were 250 heavily for water supply, fisheries , and recreation.
publicly-adm inistered outdoor recreation areas within
the basins.
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Naviga t ion is heavy on Elliott Bay, Duwamish require the highest water quality stan dards and have
R iver , and Puge t Sound . Ships from every part of the set the minimum acce ptable quality for most water-
globe call here . In 1963 , t he foreign and domestic cour ses in the ( edar.Green Basins. As a result , the
coast wise traffic was over 5.8 million tons. The 1963 water quality class is either excellent (A) or extra-
local interna l traffic in the area was over 7.0 million ordinary (AA ) with the objectives being to mee t or
tons. Water born e commerce on the Lake Wash- exceed the qua lity require ments for all u ses. The only
ington Ship Ca nal was over 2.0 million tons for the exception is the lower Duwamish River which is one
same year. of the most industria lized waterways in the Puget

Water supp ly, fisheries , and recreation uses Sound Area .

PRESENT AND FUTURE NEEDS
PRESENT NEEDS Flood and storm water cont rol facilities are

Present water quality control needs are largely 
either lacking or seriously inadequate in major parts

concentrate d in ar eas adjacent to the marine waters of the urban areas. Uncontrolled storm water causes
of the basins. Most of these need s occur in the Elliott damage to property , prevents the development of
Bay area where unintercepted muni cipal and water- areas to their highest and best use , and results in
front industria l wastes are being discharged to the illegal connection s of downspouts to sanitary sewer
bay. Most water quality standards—those for bacteria , systems. The most pressing need is for major facilities
dissolved oxygen , toxic substances , and aesthetics— to serve large drainage areas.
will be met after implemen tation and enforcement Another critical need in this same area is for the
by 1972. separation of combined storm and sanitary sewers

The lower Duwa*nish River is another area which exist in the urban sections. Heavy ra infall
where considerable needs exist . The banks of this causes these sewers to overflow mixed sewage and
r iver are lined with industries , many of which stor m water to the nearest watercourse— Lake Wash-
discharge untreated wastes to the river. The only ington , the Ship Canal , the Duwam ish River , Elliott
water quality standard being met here is that for the Bay, and Puget Sound.
hydrogen ion concentrat ion of pH. 1

Sin ce establishment of METRO , the water
quality of Lake Washington has shown substantial FUTURE NEED S
improvement. All municipal waste discharges , with
the exception of storm overflows , have been removed The major factors which will affect future
from the lake. During heavy rains these overflows water quality in the Cedar- Green Basins are expected
enter t he lake. A large perce ntage of the wastes to be the growth in population , industri al prod uction
generated by boaters also continue to enter the lake recreatio n. As this gr owth occurs , wastes and poten-
wa ters untreated . Nutrient s have been , and will tial water pollution proble ms could also conti nue to
continue to be , an important factor in the control of increase . Forecas ts of the quantities and locati on of
water quality in Lake Washington. Alga e blooms , wastes are the basis for determ ining the means to
promoted by high nutrient concentrations , have m pre serve wate r quality and to pro tect water uses.
past years degraded water quality. Increased use of The 1967 population of 1,072,400 is projected
the ship canal and locks tyin g the lake to the Sound , to increase 42 percent by 1980 , 130 percent by 2000,
along the larger diversions of water from the Cedar and 270 percent by 2020. Figure 7.4 indicates the
River , has threatened Lake Washington with potential population growth for the basin and the Seattle
salt water intrusion. Log booming activities on the Service area. It may be noted that a very large
north and south ends of Lake Washington may create percentage of this tot al basin growt h will be concen-
wate r quality problems. trated in the Seattle area .

The economy of the Cedar -Green Basins is
based primaril y on the man ufacture of transp ortation

1 Aft. , Implementation and enforcement sil wastes will be equi pment , which completely overshadows all other
intercepted by METRO, industries. In 1965 , the value added from this indust ry
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was 2.7 times as great as the the major wate r using
industr ies. By 2020, production of transportation
equipment is projected to increase more than
twenty-fold over present levels. Food process ing is
the most important of the major water using indus-
tries in terms of value added. By 2020, t his industry ~~is expected to account for about 60 percent of the ~~ .~cJ~ ’
value added produced by major water using indus.
tries. The relative growth of the major industries is
shown on Figure 7-5 .

The primary metals , stone , clay , glass, and
chemicals and petroleum industries are projected to sTo~~,ci AY a— _ _ —
play a re lativel y minor role in the economy of these 

~~~~~~~~ a PETROLEUM
basins. Thus , wastes produced in these basins are 

YEAR 2000 2020
primarily municipal , including support industries ,
with some toxic metal platin g wastes also produced ,

FIGURE 7-5, Relative projected arowth of major
4000 water using and transportation industries in the

/ 

Cedar-Green Basins.

3000 
As shown in Figure 7-6, the total raw organic

wa steload is projected to equal 2,350,000 PE by
1980—nearly a 162 percent increase over present

2000 
levels. Mu nicipal waste production will account for
about 77 percent (1 ,827 ,000 PE) of the total raw
wasteload by 1980. By 2020, a municipal raw waste
pro duction is projected to be almost five times

1000 
‘
~~~ present levels. By 1980 , raw waste s pro duced by the

food and kindred industries are projected to be nearl y
450,000 PE— 19 percent of the total raw waste load .
Raw wastes from recreational activities are projected0

I9€~ 900 YEAR 2000 2020 to inc rease about 60 percent by 1980. By 2020, this
raw waste production is expecte d to be 5.6 times the

FIGURE 7-4. Population growth project ed for the present level .
Cedar- Green Basins.

By 1980, more than 20 million recreation days
are projected for the basins—more than double

areas may become limited. Much of the upp er waters
present levels. However , future outdoor recreational

of the Cedar and Green Rivers are non-recreational
areas because they are closed municipal watersheds.
The development of lakes as recreational areas , çO~~ s

especially Lake Sammamish , is being threatened by
septic tank drainage from new residential area s along
shores. Future recreational activities on Lake Wash-
ington , the major recreational area , as well as un Lake
Sammamish may diminish if pollution from recrea- FIGURE 7-6. Projected municipal and industrialtional activities continue . raw wastes for the Cedar-Green Basins (thousands of

PE).
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Three steel plants are located in Seattle . The fertilizers en home lawns and gardens. Considerable
annual electric steel igot capacity is about 400,000 amoun ts of these materials are applied in these basins ,
tons—73 per cent of the Pacific Northwest total. The which may have played some part in the nutrient
steel industry migh t pose a potential thermal pollu- enrichment of Lake Sammamish and Lake Washing-
tion proble m through the improper discharge of ton. Increased use of these materials in the future is
cooling waters . expected and , conseque ntly, may present a threat to

Livestock wastes are not now a serious threat to future water quality. Existing studies by M ETRO on
the quality of water in the Cedar Gree n Basins , the quality of storm water , will per mit a more precise
Agricultural and livestock activities in these basins are evaluation of this contribution.
giving way to urbanization. Future wastes fro m these Domestic wastes are expected to be the primary
sources , wit h adeq uate controls , should have a dimin- source of most of the future wast es in these basins ,
ishing effect on water quality , generating a 1 ,830,000 PE by 1980. At that time ,

Althoug h excessive irriga tion can impair water food pro cessors—the second largest waste source—will
q uality by leaching or washing sediment and minerals be producing about 450,000 PE and recreationists
in to surface or ground waters , this is not a problem in about 78 ,000 PE . There will also be toxic wastes
this basin and is not expected to become one in the fro m the transportation manufacturing in dustry re-
future . Irr igation practices in these basins are rather quiring special handling techniques . The primary need
minimal with only 2 ,600 acres under irri gatio n in the of the future is to manage these large , expecte d
past four years. Increased urba n and industrial sprawl waste loads that will be generate d in the basins. The
is expected to continue to take more lands out of means necessary to prevent , contro l , and abate future
productio n in future years. water pollution are developed in the succeeding

Tied to irr igation an d agricultural practi ces, section.
however , is t he domestic use of pesticides and

MEANS TO SATISFY NEEDS

Several elements are included in the overall plan operations wil l need further study aimed at reducing
for insuring adequate water quality in the Cedar- the quantities of these substances which reach the
Green Basins. The most prominent aspect of this plan streams in order to adequatel y protect t he quality of
is an adequate basin-wide waste collection and treat- water in these basins.
ment scheme --well underway by METR O. The major aspects of the plan for water quality

The projected Cedar River flow requirements contro l are discussed below.
for assimilation of residual wastes are small when
compared with the present one-in-ten , 7-day low flow WASTE COLLECTION AND
ol’ 40 cfs in the Cedar Rive r at Rento n. Flows TREATMENT
require d for maintenance of adequate fresh•water
quality condi tions in Lake Washington , however , Substandard water quality existing in Elliott
may be much more signif icant. Minimum flow Bay, the lower Duwamish River , and other areas of
req uirements for the Green -Duwamish River are more the Cedar -Green Basins , is due primaril y to the
signi ficant and will have to be coordinated with discharge of inadequately treated municipal and
dow nstream uses. industrial wastes over the past years. These present

A water quality monitoring system is an needs are expected to be met upon the completion
essent ial tool in support of the existing and future of the current METRO program in 1969. The
waste tr eatment construction program. The required facilities are itemized in the Interstate and
monitoring program bei ng conducted by METRO and proposed Intrastate Quality Standard’ s implementa-
the U. S. Geological Survey should pro vide adequate tion and enforcement plans. Virtual ly all waste
data collection in these basins , sources listed in this pla n are required to be inter .

Present management procedures for control of cepted for treatm ent by METRO. Adequate outfall
pestici des and fertilizers in agricultural and forest and other facilities which are required to maintain



water quality are stated in th is plan. An estimated $240 ,000 is required annually forr In addition to these requirements , the comple- recreation waste treatment facilities , 1
tion of METRO ’s existing and planned progra m for Industrial treatment cost requirements are
adequate waste collection and treatment faciliti es rathe r insi gni ficant in compari son to the req ui red
woul d be a large step towards the ultimate achieve- investment for municipa l and recreationa l waste
ment of adequate water quality in these basins. With treatment facilities. This is due to the lack of large
completion of thi s program , more than 60 percent of organic waste producing industries which make it
the total la nd area of these basins wil l be provided possible for most industria l wastes to be discharged
service by the METRO sewerage system. Separation directly to the municipal system with minimal cost .
of storm and sanitary sewers to eliminate all over- Some industrial wastes , par ticularly those of the
flows to Lake Washington will aid in the improve- metal plating in dustry, will require special treatment
ment of water quality. The city of Seattle has methods prior to discharge.
obtained voter approval for a $76 ,000,000 separation Fe deral and State investments are shown in
progra m. This work is expec ted t o be completed by Figure 7-8. The Federal Construction Grants prog ram
19 74 and will provide complete separate storm sewer will need to invest $8 ,300,000 by 1980 and addi-
systems for al t of that part of the city draining tional amounts of $16,600,000 from 1980 -2000 and
directly to Lake Washington , for the area in West $17,200,000 from 2000-2020.
Seattle tributary to the Alki Point treatment plant State contributions are estimated to be 50
an d for several smaller areas throughout the city percent of Federal gr ants.
where sewer backups have occurred because of Federal investment in sewers will total
indadequate capacity. METRO is installing a system $12 ,360,000 by 1980 with additional amounts of
of computer controlled regulators at the outlets of all $52 ,000,000 needed by 2000 and $78 ,800,000 by
major combined sewers so that the maximum capa- 2020.
city of the METRO interceptors and combined sewers The Federal investment for waste collection
will be utilized before overflows are permitted. The and treatment facilities for recreation uses will
combination of Seattle ’s separation program and amount to $2 ,850,000 by 1980 , an additional
METRO ’s computer-controlled regulator system will $5 ,800 ,000 for the period 1980-2000 and
elimina te a large majority of the summertime over- $3 ,000 ,000 for the period 2000-2020.
flows and many winter overflow s as well. _______________________________________

The required present and projected investment ~
for munic ipal , industrial , and recreational waste
treatment and sewer facilities are presented in Tables 47-6, 7-7 and Figure 7.7. 2

FTD~R4~. IN~tST~~NT 
~TATt GRAl4Is

I C ‘I - 1 I C 4 , IN qEC~~~NTI~~4 W&S1E ¶~EA11~~rn - -.or m u n ic ipa 1 lac iliLl es a o~a~ 0 I 
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$ 1 11 ,000,000 wi ll be needed by 1980 , with an 
~~~~~~~~~~~~~~additional $270,000,000 by 2000 and an additional “ ~~~° ~~~~~~~~

$234 ,000,000 by 2020. FI GURE 7-8, Government investment requirements 1
for waste collection and treatment in the Cedar-Green

____________________________________________ Basins.

~~~ FLOW RE Q UIREMENTS

~~sIC~~L T~4AT~~~4T

With the exception of effluent discharged to

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— ~~~ the Duwamish Rive r from the METRO -Kento n

I~~o 16,o 20 secondary sewage treatment plant , a ll adequate ly
FIGURE 7-7. Relative required rates of investment treated wastes generated in these basins have been
for waste collection and treatment in the Cedar- projected to be discharged to marine waters.
Green Basins.

Colts are not arnorttz.d
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‘jp TABLE 7-6. Corn for waste collection, treatment, and outfall facilities and quality systems to meet water
quality standards, Cedar-Green Basins

Annual Costs
(Thousands of Dollars )

1967 Dollars
Present -1980 1980-2000 2000-2020

STANDARDS FOR INTERSTATE AND INTRASTATE WATERS 1

Upgrade treatment , plant expansion or modification—
municipalities and industries $1,352 $ 1,590 $ 578

Disinfection 225 265 96
Outi aIls 1,352 1,590 578
Interception and sewar system
a. Municip al 676 795 289
b. Industrial 225 265 96
Combined sewage infiltrat ion end overflow correction 676 795 289
Advanced waste treatment in recreation areas 147 235 378

Sub-Total $4,653 $ 5,535 $2,304

WATER QUALITY ENGINEERING DEVELOPMENT , MANAGEMENT AND2
EVALUATION PROGRAMS FOR MARINE , FRESH AND GROUND WATER

Monitoring—ground water , automatic equipmen t , etc. $ 110 $ 80 $ 88
Evaluations—d ispers ion areas, ecological , productivity 110 80 88
Information system , quality control , plant operation
improvement, operation research 120 82 90

Sub-Total $ 340 $ 242 $ 266

OPE RATION AND MAINTENANCE 2 $2,670 $ 9,770 $8,610

TOTALS $7,663 $15,547 $11,180

Annual amortized costs.
2 Direct annual costs from appropriations, revenue , planning funds and grants. (Does not include interest).

A study has been made by METRO of diverting in such a manner that will allow for the immediate
the Renton plant effluent directly to Puget Sound. analysis and interpretation of the data in order to
Cost estimates were prepared and METRO is com- provide a workable water resources management tool.
mitted to diversion of the treatment plant effluent if In addition , a complete monitoring system for lakes
water quality conditions in the Duwamish River so and ground water should be established.
dictate. Although flows are n~t required on the Cedar

River for the purpose of waste assimilation , an
OTH ER MEASURES analysis of prelimina ry nutrient balance studies in the

Lake Washington system , with incorporation of pro-
The existing water quality monitoring program

on both fresh and marine waters should be continued
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TABLE 7-7. Total amortized capital and operational jected water supply diversions from the Cedar River ,
costs, Cedar-Green Basins indicates that high nutrient levels may prevail in Lake

Washington.Million Dollars The Cedar River inflow is presently the majorPresent. 1980- 2000-
1980 2000 2020 mechamsm for control of water quality in Lake

Washington. Increased streamfiow diversions from the
Industrial — — — Cedar River will reduce the control capability. In
Municipa l treatment 54.9 64.9 23.8 order to resolve this conflict , an in-depth comprehen-Munic ipal sewars 329.4 389.1 142.8 sive investigation of the Cedar River-Lake Washington
Advanced wastS tre tment 7:4 11.8 18:9 system should be undertaken. This study should— — analyze the interrelationships of hydrology, nutrient
Sub-Total 397.4 471.4 186.7 concentrations, salinity concentrations , and diver-

sions from the system for water supply to determineWater quality engineering a basis for management of the system for themenagement and evaluation 3.6 4.8 5.3
maintenance of Water quality.

Operation end maintenance 29.4 195.4 172.2

Total 430.4 671.6 364.2
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V

PUYALLUP BASIN

INTRODUCTION
The Puyallup Basin is located in King and the White River , which has a drainage area of

Pierce Counties , with the greatest portion (about 85 494-square miles. The White River , is rather milky
percent) in Pierce County. most of the time with glacial rock flour from the

Rugged foothills, valleys, and streams radiating comparative ly soft material of Mt. Rainier ’s volcan ic
from Mount Rainier occupy the greater part of this cone.
1,203 square-mile area . To the west is the Puget
Sound , and beyond the Kitsap Peninsula are the i~~~~~: ~~~~~~~~~~~~~ .-
Olympics. Eastwa rd is the city of Tacoma and the ‘~ 

. 

-

flats of the Puyallup River. Farther eastward , prairies
with patches of woodland give way to higher eleva-
tions, forests, t urbulent streams, alpine meadows,
and glaciers of Mt. Rainier. —

~ ~~~~~~ 

- — ~~~~ ~~~~~ __b.

‘~r—.. \,~~smghom ~ d— r-”

,~~i

~~~

~ (--if ~4j~ 
‘
~
‘ PHOTO 8-1. Rainfall, plus snowme lt from the slopes

“
~~ J3 of Mt. Rainier, supplies the runoff for the Puyallup
( /‘ I ~

‘ // River and its tributaries.

\ &~~‘

coma The mountainous area between the Puyallup
and the White is drained by the Carbon River , the
Mowich River , and several smaller streams. The

/ Carbon is the second largest tributary to the Puyallup
and joins it below the small town of Oiling.

In addition to the Puyallup River system , there
FIGURE 8-1. LocatIon of the Puvallup Basin within are numerous small creeks which also discharge
the Puget Sound Area. directly into Puget Sound . The largest is Chambers

Creek , which drains about 104 square miles of the
Heavy rains, plus glacial and snowmelt from the western slopes of the basin. It carries the outflow

Mt. Rainier are a , feed the rivers and streams. The from Steilacoom Lake to Puget Sound , a dista nce of
Puyallup River , which flows about 46 miles to its four miles.
mouth in Commencement Bay, and its major tribu- Natural and man-made lakes contain a total
taries, the Carbon , Mowich, and White Rivers , drains surface area of about I I  square miles. The largest is
an area of 972 square miles and accounts for about Lake Tapps (2 ,296 acres), created by diverting water
three-fourths of the total runoff in the basin, from the nearby White River . Two clusters of

The principal tributary to the Puyallup River is fresh-water lakes are located in the western uplands—

A 8-1
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the Lakes District (American , Gravelly, Steilacoom, basin. According to 1967 estimated population fig-
and Lake Louise) south of Tacoma, and several ures, the major city is Tacoma. This city of 156 ,000
in the northwestern part of the basin. Eastward , population is the third largest in the State and covers
near the basin’s southern perimeter , are two large an area of 69 square miles. The second largest city is
lakes—Spanaway and Lake Kapowsin. Mowich L ake Puyallup, containing 14 ,200 people. Several other
and numerous smaller alpi ne lakes lie in the higher communities— Sumner , Buckley, M ilton, Orting, and
elevations. 

•
Mud Mountain Reservoir (1 ,200 acres) Mgona - have populations between 1 ,200 and 4,000.

on the White River is a Corps of Engineers’ flood Most development in the basin is adjacent to the
control project. shores of Puget Sound , in the Puyallup River Valley,

The marine water area extends along the basin ’s and along the major arterial highway. The rugged
western front , and covers a surface area of 23,623 eastern sector remains void of concentrated settle-
acres. Its land(orms and waterbodies include : Ketron ment.
Island, The Narrows, Point Defiance, Delco Passage,
Commencement Bay , Point Brown , and a portion of
Poverty Bay.

Commencement Bay is one of the world’s
largest natural protected harbors. It is a deep rec-
tangular-shaped harbor with an average width of
nearly two miles and a length of two and one-half
miles. The entrance of the Bay between Brown ’s
Point and Point Defiance is four and one-half miles
wide. The harbor has an average depth of 150 to 180
feet.

Glacia l action during comparatively recent geo-
logical time shaped much of the topograp hy here .
Advancing and retreating ice sheets covered the
prai ries and lowlands with a deep mantle of gravel ,
sand and clay. Numerous lakes and ponds were left
behind in the uneven surface in the final retreat of PHOTO 8-2. Tacoma is a major seaport with a diversi-
the glaciers. These depressions became American , lied industria l economy. In the background is Mt.
Spanaway, Steilacoom, and Kapowsin Lakes. A lobe Rainier and to the left is the Puyall up Val ley .
of one ice sheet gouged out Commencement Bay.

Soils of the bottom lands consist of gravelly The backbone of the area ’s prosp erity con-
sands, sands, and sandy b arns in the upper reaches, tinues to be the forest products industry. Harvesting
becoming progressively finer textured to fine sandy timber in Pierce County has increased over 100
loanis, silt b a rns, clay loams, and silty clay b arns in percent since 1954. Food and kindred products
the lower reaches. The soils of the lower reaches are repre sent the second largest category of manu-
highly productive. Soils of the glacial terraces are facturing activities. Further growth in manufacturing
deep gravelly sands , sands, and sandy b arns on of forest products and in food processing is expected.
ablation t ifl, and moderately deep (20-40 inches) The basin’s most heavily industrialized area lies
gravelly sandy b arns , and gravelly loamd overlying along the shores of Commencement Bay, where over
slowly permeable cemented gravelly sandy and gravel- 18 ,000 persons are employed . Over half of this
by sandy clay basal till, employment is an industrial complex with a wide

Land use in the basin area chang es from intense category of manufacturing. Along the Bay ’s 14-mile
residentia l and industr ial in Tacoma , through agricul- shoreline is an industrial complex with a wide array
tural in the Puya llup and Stuck River valleys , to of manufacturing concerns. There are more than 500
woodland in the eastern part where most of the area industries located here , including lumber , pulp and
is presentl y covered by second-growth timber. Wood- paper mills, furniture manufacturing plants , plywood
land use predominates , accounting for 84 percent of factories , and food processing plants. Here also is the
the tot al, largest copper smelter on the Pacifi c Coast , a new

About 349,800 people (1967) live within this electrochemical and metallurgica l industrial center ,
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and the home of a diversified shipbuilding industry.
The Port of Tacoma is situated at the head of ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ ~~.the Bay. The Port encompasses 3,300 acres of

industria l park land with some 320 acres devoted to ____________________________________________

marine terminal facilities. New and expanding plants
are springing up throughout the industrial district .
Since 1960 over 70 new industries have moved into 

______

~~~~~~~~~

,. .~
East from Commencement Bay is the narrow ,

winding Puyallup Valley, which constitutes the
basin’s richest farming area. Fertile soils and a mild
climate have united to make the Puyallup Valley ideal .

for cane berries , truck gardening and poultry. Here
also is million-dollar industry ; where valley farmers -
cultivate daffodil , tulip and iris bulbs for florists
and greenhouse growers. Other agricultural activi-
ties—dairying, poultry and livestock—also add much PHOTO 8-3. The industr ial area lies along the
to the economic level of the basin, shores of Commencement Bay. Beyond stretches the

The Boeing Company has had a tremendous Puyallup Valley toward the foothills of Mt. Rainier.
impact on the economic conditions in the Puyallup
Basin, especially in the northwestern area. This is
especially true now, with the large Boeing plants
located in Auburn and Kent in southern King
County , and a possibility of small plants being built
just inside the basin.

PRESENT STATUS

WATER RESOURCES

Fresh Water due to snowmelt and low during the late summer
Approximately 98 percent of the basin’s runoff months. The Puyallup River system is characterized

is measured at the gaging station on the Puyallup by a summer base flow of about 1,600 cfs and an
River near Puyallup. During the period 1931-1960 increase in streamfbow to about 5,3000 cfs by
the mean annual discharge at this station averaged mid -June due to rising temp eratures and snowmelt.
3,432 cfs. Records on the main stem of the Puyallup Following the snowmelt peak , streamfiow returns to
River near Orting, which include the Mowich River minimum base flow as snowpacks are depleted.
tributary , indicate that the mean annual discharge Runoff is then sustained by ground water and glacial
from the western foothills and slopes of Mt. Rainier is melting .
about 703 cfs. Streamfiow of the Carbon River , A low-flow frequency analysis has been made
measured at the gaging station near Fairfax , show a for 12 stations within the basin based on an 18-year
mean annual discharge of 426 cfs. The mean annual period from Apri l I , 1946, to March 31 , 1964. The
discharge of the White River near Buckley aver aged 7-day and 30-day flows that may be expected to
1,490 cfs during the period 1931-1960 . Many small occur at five of these river stations for a recurrence
creeks drain directly into Puget Sound and Corn- interval of 10 years , is shown in Table 8-1.
mencement Bay. The largest is Chambers Creek with There have been two principal reservoirs con-
an annua l average discharge of 120 cfs. stru cte d in the basin. Mud Mountain Dam , used only

Streamflows are highest during early summer for flood control , provides 106,000 acre-feet of
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storage on the White River. A few miles downstream , the margins of the river valleys or directl y into the
near Buckley, a timber dam diverts much of the flow Puget Sound.
through a 14-mile series of flumes and canals to Lake Sand and grave l aquifers probably occur in the
Tapps, a 44,000 acre-feet off-stream reservoir. Dis- mountains in quaternary sediments that cover about acharge from Lake Tapps is used to generate power for 30-square mile area. Assuming such qualities as
the Puget Sound Power and Light Company plan t at saturated thickness and permeability, these aquifers
Dieringer. might be developed to supply ground water on a

sustained basis. in other mountainous sections ground
TABLE 8-1. Low flow frequency 10-year recurrence water is obtainable only from consolidated and
interval, Puyallup Basin semi.consolidated rocks, which yield at best only 10

gpm.
7-Day 30-Day

Low-F low Low-Flow Marine WaterStation cfs cfs
The predonunant surface movement in Corn-

Puya llup R iver at Puy& lup 910 1 150 mencement Bay is outward and results from thePuy .llup R iver new Orting 188 260 outflow of fresh water from the Puyallup River . TidalCarbon River near Fairfax 98 118 studies indicate that fresh water moving out of theWhite R iver near Buckley 310 11~ river on the falling (ebb) tide spreads across the BayChambers Creek Below Leach Creek
near Steil~~ om 32 35 m a surface layer which extends toward Brown’s

Point. Studies have shown evidence of a deep,
Source: Appendix Ill : Hy&ology & Natura l Environment, counter-clockwise circulatory current which is strong-

est on flood tides, but persists on ebb tides. Associ-
ated with this current is intermittent upwelling of the

Part of the Puyallup River flow is diverted denser bottom water and an over-riding toward
through the Electron power plant , 23 miles southeast currents of fresh water from the Puyallup River, as
of Tacoma. The diversion dam , 14 miles upstream mentioned. This current and circulation pattern
from the powerhouse, creates a small reservoir of 120 produces two relatively quiescent areas within Corn.
acre-feet in the stream bed. mencement Bay; one on the east side of the harbor ,

Plentiful supplies of ground water exist in much and the other area near its mouth. The deep portion
of the lowland areas of the basin. Coarse sedimentary of the Bay is flushed in roughly one tida l cycle, or 12
zones of Quaternary age are the important lowland hours. Outward current velocities during flood tide as
aquifers. These deposits are nearly continuous over high as 30 fpm have been measured near Brown’s
about a 420-square-mile area. Point at 100 feet of depth. Such flow patterns in the

Quaternary sediments at the surface are mainly Bay may be sufficient in magnitude to effectively
basal till , recessional outwash, alluvium, and mudflow prevent any build-up of pollutional load.
deposits. Glacial and the older semi-consolidated The Narrows is an area of strong tidal flows
sediments generally yield only small amounts of where velocities exceed 600 fpm at maximum flood
water to wells. The outwash deposits, consisting and 400 fpm at maximum ebb. Submarine topog-
mainly of coarse sand and gravel, are the most raphy in The Narrows consists of a smooth, well-
productive aquifers in the lowlands. A feature of scoured channel. Maximum depth is about 175 feet at
these outwash aquifers is their high transmissibility, the channel center 2,200 feet from shore .
Wells tapping them have the greatest specific capac- Studies in the Chambers Creek area revealed
ities and the greatest yields of any wells in the area . weak and variable eddies adjacent to the shoreline. In
Alluvium (silt, clay, and fine sand) occurs mainly on the vicinity of Chambers Creek, these eddies were
the flood plains of the Puyallup and White River found to extend offshore as far as 2,000 feet .
Valleys and appears capable of yielding appreciable
quantities of water to wells. WATER QUALITY

Precipitation recharges the lowland aquifers,
which may receive an average of about 130,000 Fresh Water
acre-feet annually. Most of the ground-water da- A number of water quality parameters on the
charge takes place through springs and seeps around Puyallup River, plus its significant tributaries and the

4 
_ _ _  
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Chambers Creek system, have been measured since Chemical—The chemical quality of surfa ce
October 1960. These water quality characteristics are water in the basin is low in hardness and in dissolved
shown in Table 8-2. solids. Concentrations of total dissolved solids for

the Puyallup Rive r system rarely exceed 100 mg/I.
Water in the Chambers Creek basin is somewhat more
mineralized than streams in the Puyallup Basi n.
Chambers Creek near Steilacoom and two of its
tributaries—Leach and Flett Creeks—often exceed
100 mg/ I of dissolved solids. This slightly higher
dissolved solids content is probably due to the large
amount of ground water drainage received by the
system.

The White River near Sumner is harder and
higher in dissolved solids than any other stream in the
system. A tributary of the White River , Boise Creek ,
on the other hand is softer and lower in dissolved
solids than any other stream in the basin.

High iron concentrations ranging from 2.9 to
9.4 are common , especially in the Puyallup River and
Boise Creek.

PHOTO 8-4. Strong tidal flows exist in The Narrows. Average dissolved oxygen concentrations on the
Puyallup River and its tributaries are high , ranging
from 10.5 mg/I to 11.6 mg/I. The lowest minimum

TABLE 8-2. Surface water quality (page 1 of 2).
mg/I me/I mg/I mg/I

~~~~ 11 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~SOUTH PRAIRIE CREEK AT SOUTH PRAIRIE FEBRUARY 1955 THROUGH SEPT 1955
Nu,k,.. ,,, 902 70 11.0 29 5.9 0.7 5* — 7.7 22  0.3 1.9 190 - 14.0 000 0.05 7.3 ... - — — — 39 I —PM.., . 5 7  7.9 2.0 4. I 0.6 35 — 6.1 1.7 0.2 1.1 79  — 12.5 0.00 0.03 - - — —  -. — — 2 6 *MSW.,w,, 54 43 4.4 1.0 2.5 0.6 18 - - 4 . 5 1 .2 0.1 0.3 49 - l t .0 0,00 0.03 6,7 -. - I S O  —

2 2 2 2 2 2 3 —  2 2 2 2 2  ... — 2 2 2 2 — — — — —  2 2  —

PUYALLUP RIVER AT ALDERTON FEBRUARY 19~~ THROUGH AUGUST 1955
~~~~~~ 4, 190 57 5.6 1.6 3.0 0.9 26 — 5 . 1 l.a 0.2 1.6 90 ... — 12.0 0.05 0.14 7.2 21 0 —

52 5.2 1.3 28 08 3 3 — 4 ,1 1.0 0.1 09 53 —. — 11.0 004 0.90 .- 1 9 0  —

~~~~~~ 1,070 45 45 10 2. 5 0.7 2 0 — 3 . 0  1 .0 0.1 0.3 47 .— — 10.0 003 0.01 6.9 I S O  —

2 2 7 2 2 2 2 —  2 2 2 2 2  — 2 2 2 2 2 2  —

WHITE RIVER AT GREENWATER FEBRUARY 1955 THROUGH AUGUST 1955
~~~~~~ 3,04,0 62 5.6 09 3.9 0.6 1* — 10.0 1.2 0.3 0.9 56 .- — 14.0 002 0.12 7 .0 II 3 —

-. 53 5.0 08 3. 1 07 1$ .-. 7.2 08 0.2 0.9 51 -. — 13.5 001 0.13 ... 1 6 2  —
Mà.,i, ,,.,n, 123 44 4.4 0,8 2,3 0.6 *7 — 4.4 0.5 0.1 0.3 43 .- — 13.0 0.00 0.11 5.9 — — •- — — *4 0 —

2 2 2 2 2 2 2 —  2 2 2 3 2  --. — 3 2 2 2 - - —’ ’- — — 2 2  —
GR~ ENWATER RIVER AT GREENWATER FEBRUARY 1955 THROUGH AUGUST 3955

M..,,,,o,, 1.150 50 6,7 1,2 4,3 05 33 — 3.3 1.2 0.3 0.9 61 — -- 16,0 0,03 0,06 7.5 ’- -. — — — 3 2 0 —47 56 0.9 34 0.4 26 2.6 1,1 0.2 05 II — 150 002 0.05 .- -- — -. — — II 0 —PM,~m,..,, 73 43 4.6 05 25 0.3 19 -. 2.6 1.0 00 0.1 11 — 140 0,0 0 0 .02 6.5 ‘ —- — *4 0 —
2 2 7 3 7 2 7 ’  2 2 2 3 2  2 2 2 2 — -  — —- — 2 2  —.

WHITE RIVER NEAR BUCKLEY AUGUST 0947 THROUGH AUGUST 1955
~~~~~~ 3,350 50 7.2 * 2 3.7 0.9 76 -- 14.p I S O,3 I.1 61 - 17.0 0.07 0,13 7.2 3 3 1  —-- 52 13 09 2,5 o.a 21 -. 9.4 * 0  0.2 0.5 49 .. -. 13.4 0.06 0.06 -- 17 0 —M54.m,,, 496 42 3.2 0.5 I V  0.7 12 -. 38 02 0.1 0.2 34 5.5 0,03 0.0* 9.6 II 0 -.

4 4 4 4 3 2 4 . .’ 4 4 3 4 4  4 3 3 3 — —  ..- — — 4 4
BOISE CREEK ABOVE RESERVOIR NEAR ENUMCLAW JANUARY 1963 THROUGH OCTOBE R 1964

25 40 4.5 08 3 0 08 22 0 2.4 2.0 0.1 1. 1 4 9  003 0.05 140 005 0,02 7,2 *5 5 110 12 . 4 9 0 1 4  0 *90PM.. ... 34. 36 06 , 7.5 0.9 17 0 1.0 1.3 0.0 0.7 34. 0.02 0,04 130 005 0.0* 67 11.2 94 12 0 377 30 3,0 01 2.0 0. 1 1 4  0 0.2 1.0 00 0 . 3 2 5 0 . 9 0 0.07 12.0 0.04 0,90 5.9 1 0 3.0 107 45 5 0 0
7 9 I I I •~~~~~~I_ 5 a I I I  I 4 I 4 4 . a  a s a a . .  S

BOISE CREEK AT SUCICLEY JANUARY 1963 THROUGH OCTOBER 2964
97 7,0 II 51 30 37 0 4,6 3.1 0, 1 4 7  76 094 1.10 ISO Oil 001 08 60 49 ISO 118 90 74 2 24010PM., - .  57 19 1.4 36 II 26 0 3.7 2.4 0.1 32 64 039 093 16.5 0.42 004 — — -. *00 *0.1 95 2* I 4783949 10 1. 1 3.0 1. 2 3 3  0 2.4 *0 00 7,0 51 0.11 0.22 16.0 0.90 003 6.4 *0 5 4 8 90 93 .J 0 1,505

- ‘ S S ~ I A S S  S I $ I S  S 1 I 3 3 I I I  I a 5 9  S I
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TABLE 8-2. Surface water quality (page 2 of 2).

________ 
mgJI mg/I mg~* mg/I

~I —~~~~~~
‘

—~~~~~~ 8 ” ,,~~ r _ ”~~~~’ - ~
‘

— 
i~~i ~~f 1 1 1 1  J I~’I ~ ~ ~~~~~ IWHIT E RIVER NEAR SUMNER OCTOBE R 1961 THROUGH MARCH 1966

44s,,,,,,~n, 3,370 1$ *2.0 4.1 5,3 7.2 49 0 *4 ,0 32 0.3 33 *23 0,28 -- . 20.0 tO O 0. 16 9. 7 39 230 26.0 *48 123 47 S *5 ,00583 1,5 2.0 38 1 , 1 34 0 9.6 1.9 0. 5 0.7 II 0.05 - *5,4 0.29 0,0? .- — — 10. 7 1* .? *04 30 2 1410M,n.m,.. 57 37 4. 4 07 2.3 0.3 II 0 12 0,5 00 0.0 46 002 - - -  *0 ,0 0.02 0.00 66 0 0 3.4 94  79 *5 0 0

35 53 62 52 52 53 52 36 52 52. 52 53 53 47 — 52 49 *2 53 53 45 II It II 53 53 II
PUYALLUP RIVER AT PUYALLUP OCTOBER 1961 THROUGH APRIL 1966“

~~ .56o,,, 5.130 74 11 .0 ii 5.4 18 46 0 *2.0 3.0 0.3 30 Ill 0.13 — 15.0 ISO 0.04 7.5 20 100 15.3 12.4 II? 40 4 ?4,~~~— 5 3  6.9 * 7 3.6 0 . 9 3 9 0 6 8 1.6 0* 0.7 17 006 — 138 0.4 4 0 ,01 -- — — 9,3 108 07 24 * 1,52156.’M~.. 1,900 36 4.9 0.9 2.7 0 . 4 2 6 0 4 , 0 08 0,0 0. 1 4 5 0 , 0 1  --- 9.9 001 0.0 0 6 . 3 5 0 2 8 9.3 87 *6 0 0
P54I*I~ 26 42 42 42 42 42 42 25 42 42 42 42 42 28 — 42 30 13 42 62 16 42 43 43 47 42 43

CLOI ER CREEK NEAR PANKLAND OCTOBER 1962 THROUGH SEPTEMBER 1964
— 8? t OO 40  48  * 5  48 0 6.8 4 .0 0.2 57  99 0* 5  0. 15 73.0 0.30 0.06 14 70 5 19 .5 13.4 *49 39 6 * 000

PM..’ ‘-- 74 9 0 3 4 4 .1 1 ,0 4 3 0 4 9 3,0 0 1 3 * 45 001 007 19.9 0 04 0 . 0 ?  - ‘ - ‘ - - - 109 * 1 5 190 36 I 593
— 90 7,5 2 4 3.8 05 28 0 3.2 75 00 2 * 84 007 003 15.0 000 000 6.6 0  0 6 1 9. 3 8 * 28 0 0

— 74 21 24 24 24 24 12 24 24 74 24 24 24 22 74 59 4 24 24 74 24 24 74 24 24 24
CLOVER CREEK ABOVE STEILACOOM LAKE NEAR TACOMA OCTOBER 1962 THROUGH SEPT1965

M~~•n~,rn, - -- 13 110 4.0 53 15 4$ 0 9 . 4 4 5 0 2  1 2 * 0 9  029 0.35 21 .0 0.36 002 7 7 30 20 2 1 0 1 3 1  *47 42 6 2 4 ,000
67 9 ?  3 *  46  09 40 0 59 3.7 0 ?  32  95 006 012 127 0.?? 0.0? - ‘ .  I i?  II I lOS 36 3 1 571

- 54 7 5  1.8 4 .2 0.6 30 0 4 .2 30 00 06 82 000 0.03 71 0.00 000 65  5 0 4 5  88 SI 29 0 0

*4,4,88, ‘- - 35 35 35 39 35 35 24 35 35 35 35 35 36 34 35 29 6 35 35 35 15 35 35 35 35 35
CHAMBERS CREEK BELOW STEILACOOM LAKE NEAR ST EILACOOM OCT 1962 THROUGH SEPT 1964

M.,,,’,4.’ 273 99 12 .0 4 .2 5 7  1. 6 60 0 06  4 . 2 0, 1 4 6 1 2 5  088 *00 *90 0??  005 St 10 5 74.0 133 136 47 7 ~~~
‘

PM4fl 13 10,5 36 5? *0 47 0 13 39 0* 22 lOS 025 079 131, 004 003 *28 *08 lOS 41 3 50
M4.W.’~.n, 21 53 95 2 1  4 .6 01 39 0 5.4 28 00 0 *  96 0.04 0.05 I 7 000 0*20 6.6 0 0 61 80 76 35 0 0

24 24 24 74 74 24 74 *2 24 24 74 24 24 24 73 74 8 4 24 21 74 74 74 24 24 74 74
FLET’ T CREEK AT TACOMA OCTOBER 1962 THROUGH SEPTEMBER 1965

IM..o,on, 5* 155 770 9.9 9,0 66 75 0 35.0 *00 03 *3.0 220 0.96 1.10 22.0 1.10 003 7,8 160 170 20* 137 *50 85 36 74,000
*20 *6,0 65 12 22 53 0 208 79 0 *  101 * 7 7  0.20 0.28 166 0.78 0.01 1 1 3  89 81 61 73 5343

7 58 *20 4,2 5 *  1 .6 30 0 * 7 0  4 ,5 0 0 6.8 131 0,07 001 *2. 0 0.07 0.00 63  5 0 7 3  45  4 1 47 15 91

~4 36 36 35 36 36 36 24 36 36 36 36 36 36 35 36 29 6 36 36 36 36 .16 36 36 36 36

LEACH CRE0.A NEAR STEILACOON OCTOWE.W 1962 THROUGH SEPTEMBER 1965

~~~~~~~~~ 33 121 14 ,0 9.2 6.7 7 *  70 0 *7 .0 65 03  54  167 0,19 051 30.0 0.29 006 ~J 100 IS *5 .0 126 III 65 16 11,000
—. lOS 11,2 7.5 5,5 1.5 59 0 13 1 4.6 0 *  4.0 *45 0* 3  020 2 5 6 0 * 2 0.03 ‘— -- 9.9 107 97 59 II * 566

M” .’~8~ ’ S 83 10 4.4 4,0 1.1 26 0 110 28 00 13 10 1  0,07 0 ? ?  I6,O Q03~ 0.O0 6.4 0 0 5.6 90 82 36 S 0
2 4 3 6  3$ 36 36 35 36 24 36 36 36 36 36 36 35 35 32 6 3 6 35 36 36 36 3 6 3 5 36 36

CHAMBERS CREEK NEAR STEILACOOM OCTOBER 196 2 THROUGH APRIL 1966

~~~~~~~~~ 358 *00 57.0 67 6.2 23 57 0 170 60 0.7 5.6 1 3 9  094 1 2 0 7 3 0 092 010 78 70 20 1 7 4  130 113 55 tO 11 .000
— 8 4 1 1 0 4.9 5.5 1 . 3 4 6 0 9 .7 4 6 0 1  4 7 * 2 3  020 028 10.9 099 001 .-. - “ . 11 .3 * 0 1 9 4 4 1  7 9.13

194.’,*.,.,, 37 73 8,0 3,3 40 0.9 30 0 6.9 30 0.0 2 1 91 004 0 10 II 0 0* 20 000 67 0 0 95 83  S2 36 2 0

75 46 49 49 49 49 49 35 49 49 49 49 49 il ,35 49 32 *0 49 45 35 51 50 50 49 49 SI
KAPOWSIN CREEK NEAR K*POWSIN f EBRUARY 1955 AND SEPTEMBER 1955

PM~.”..’.’ 245 51 48 1.4 34 0 . 9 2 8 .  15 20 03 1 .6 53 — — 160 0.01 0.01 5.1 — * 8 0MM.’ -. 50 4 . 1 1.3 32  0,9 23 ‘ I I  IS 0.3 II  ~~ ‘~~ —. *4 .5 0.01 0.04 -- ‘ - - 16 0 -
5S.’_,~

_,, 9 40 34 I I  30 09 *8 .. 0 7 1.0 02 07  43 ,— -- *30  003 0,0* 69 I 3 0

2 2 2 7 2 2 2 . - .  7 2 7 2 2  _. 7 2 2 2 .- - 7 2  - .

PUYALLUP RIVER NEAR ORTING JULY 1959 THROUGH MARCH 1966
~~~~~~~~~ 3,740 90 1.5 23  10 I * 30 0 16.0 28 0.3 5.6 14 0* 4  .— 19.0 9,50 0.1* 75 40 500 550 134 lOS 25 *2 430
54,4.’ .— 45 52 1 . 3 2 7  0.6 71 0 57  1.1 0 1  0.3 52 003 —. 53.4 0.68 0.02 80 1 1 4  99 *8 2 It S
M64,*94,, 701 37 35  0.5 I A  0.2 8 0 IS 00 0.0 0.0 40 000 -- 8.9 0.02 0.00 6.7 0 0 10 97  89 13 0 0

24 32 32 37 32 32 37 17 32 32 32 32 32 24 - ‘ - 3* 29 1 1 3 7 3 7 9 2 9 3 0 2 9 3 7 3 7  30
CARBON RIVER NEAR FAIR FAX FEBRUARY 1955 THROUGH AUGUST 1964

MMM81,, l76O 52 *5 Il 4 .0 1.0 31 0 3.6 * 5  0.2 1,6 64 0* 0  -_ 12.0 0.90 0.01 7. 4 tO 370 115 *74 *03 23 0 48)49 45 * 0 29 07 23 0 7.3 08 0.1 05 44 0.03 -. 0.1 0.20 003 --. 80 1 1 6 101 15 0 III
PMW~I~.’~* 194 23 2.4 03 Ii 0.1 *2 0 * 4  03 00 00 39 000 -_ 6.9 000 000 6.6 5 0 51 10.6 lOS 7 0 30

5 9 5 9 9 9 9 7  9 0 9 9 $  7 -_ 9 9 5 9 9 7  7 7 7 9 9  7
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DO recorded for this river system was an 8.4 ppm on 7 and 54 mg/ I , while averaging about 30 mg/ I .
the White River near Sumner. The only evidence of Objectionable concentrations of iron occur locally,
any oxygen “sag” in the basin is in the Chambers principall y in aquifers that underlie the Puyallup and
Creek area where on Flett Creek the minimum White River flood plains. Sodium con centrations in
dissolved oxyge n content dropped to a low of 4.5 the lower Puyallup River Valley are rather high ,
mg/I. Average DO concentrations in this entire system generally exceeding 50 mg/I as compared to less than
are lower than the Puyallup , and range from 8.0 mg/I 10 mg/ I in most of the basin.
to 11.5 mg/I . Bacteriological—The bacteriological quality of

Total phosphate concentrations in the basin streams in the basin is highly variable. The MPN
cover a wide range of values. The Puyallup and of coliform bacteria in the Puyallup River near
Carbon Rivers and Clover Creek normally maintain Orting, for example , is usually less than 100. Down-
concentrations of 0.06 mg/I or less. Leach Creek stream , at Puyallup, MPN values range from 0 to
appears to continually maintain concentrations 24 ,000. Total coliform densities throug hout Boise
throughout the year near 0.12 mg/I. Phosphate values Creek range from 37 to 48,000 MPN , with occas-
on Boise Creek range from 0.02 mg/I at the upper sional maximums as high as 240,000 MPN near
station to 0.28 mg/I at the lower station near Buckley.
Buckley. Chambers and Flett Creeks have registered Sanita ry quality in the Chambers Creek area
phosphate concentrations above 0.90 mg/I . also varies. The MPN values of coliform bacteria in

Nitrate values also range from some of the Chambers Creek below Steilacoom Lake are usually
lowest to some of the highest in the Area. The less than 100 , but occasionally as high as 390.
Carbon River near Orting has been measured at peak However , downstream near the town of Steilacoom ,
values of 0.10 mg/I. The Puyallup River near Orting this same stream has MPN values in excess of 700,
has a maximum of 0.25 mg/I as compared to a value with a recorded high of I l  .000. Leach Creek has
of 0.45 mg/I at Puyallup. The White River near MPN near Parkland and 24,000 MPN farther down-
Sumner has a record maximum of 0.75 mg/I. Nitrate Creek at Tacoma contains an even greater concentra-
values on Chambers Creek show a maximum recorded tion—5 ,300 MPN . The entire length of Clover Creek is
value of 104 mg/I below Steilacoom Lake. Nitr ate of similar sanitary quality, with maximums of 11 ,000
concentrations on Flett Creek average 2.28 mg/I. MPN near Parkiand and 24,000 MPN farther down-

Most ground water contains less than 200 mg/ I stream at Lake Steilacoom. Table 8-3 gives a sum-
of dissolved solids. Water hardness generally does not mary of coliform concentrations taken from basic
exceed 60 mg/I. Silica concentrations range between data sampling.

TABLE 8-3. Summery of coliform concentrations, Puyallup Basin

MPN/ lOO mls
Lea, then Greater than

240 240-1,000 1,000.2,400 2,400
%of %of %of %of

No. of Total No. of Total No. of Total No. of Total
Station Samples No. Samples No. Samples No. Samples No.

Clover Creek (Parkland) 18 75 5 21 0 0 1 4
Clover Creek (Steilacoom Lake) 16 46 11 31 2 6 6 17
Chambers Creek (Bi. Steilacoom Lk) 21 88 3 13 0 0 0 0
Floss Creek (Tacoma) 4 11 9 25 3 8 20 56
Le ch Creek (Stellacoom) 11 31 15 42 3 8 7 19
Cfsambers Creek (nr.St.ll.ooom) 36 62 16 28 0 0 6 10
Puyaliup River lnr Ortlng) 29 88 4 12 0 0 0 0
Puyellu p River (Puyallup) 3 6 14 29 4 8 28 57
White River (near Buckley) 0 0 0 0 0 0 0 0
Bolee Creek (nr. Enumclaw) 8 100 0 0 0 0 0 0
Bole.Crsek (Buddey) 0 0 0 0 1 13 7 88
WhlteRlver (nr. $umner) 30 56 12 f l  0 0 12 22

Sourre: Washington Water Pollution Control Commission
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Physcial - -Temperatures of the Puyallup River The dissolved oxygen content of the surface
at Orting and its tributary , the Carbon Rive r , are waters undergoes large changes because of ph yto-
relatively low , ~less than 59°F ( 15 °C) during the plankton activity. In some areas the oxygen content
warmest months) reflecting their glacial ori gins. The exceeds 29 mg/I , with values of 9 to I I  mg/I being
Puyaliup warms up downstream and has reached a common over the entire marine water area . The
recorded high of 65°F (18.3°C). The increase in the excessively high DO is patch y and rather isolated. The
summertime is probably due to the contribution of minimum surface values are observed in late fall and
warm water from the White River. The low summer winter when the phytop lankton activity is at a
flow in the White River near Sumner has attained a minimum and may be as low as 5 mg/I. At depth , the
temperature as great as 78.8°F (26°C). dissolved oxyge n content is more stable with the

High stream temperatures occur in the maximum of about 8 mg/I occurring in May and the
Chambers Creek area where temperatures over 73°F minimum of about 5 mg/I in early fall.
(23°C) have been recorded. The warmest stream
flows occur near Lake Steilacoom where maximums
of 75.3°F (24.0°C) on Chambers Creek and 69.8°F SOURCES OF WASTE
(2 1.0°C) on Clover Creek have been reached. Flett
Creek at Tacoma has attained a high of over 68.2°F The raw municipal and industrial wasteload
(20. 1°C). Temperature on Chambers Creek near its generated in the Puyallup Basin approximates over
outlet at Steilacoom have reached a maximum three-quarters of a million population equivalents , of
recorded value of 63.4°F( 17 .4 °C). which about 20 percent is presently removed by

The White River is heavily laden with sand and waste treatment before being discharge d to fresh and
silt , with suspended sediment concentrations rang ing marine waters. The areas receiving the largest
from 10 to 60,000 mg/I. The sediment load on the quantities of wastes in relation to the total basin
Puyallup River raiiges from about I to 27 ,100 tons include Commencement Bay (66 percent) and the
per day. This r iver probably transports more than a Puyallup River (over 25 percent with tributaries
million tons of suspended sediment during a year of excluded).
normal streamfiow. Streams in the basin which are The quantities and general location of waste
not fed by glaciers generall y have suspended sediment production and discharges in the basin are shown on
concentrations less than 10 mg/I. Water in the Figure 8-3. Sources of wastes contributing to degra-
Chambers Creek area is practicall y sediment-free. dation of fresh and marine waters are summarized in

The glacial-fed streams are turbid most of the Table 8-4 . Upon completion of the Int erstate and
ttme from the ir headwaters to mouth. The average proposed Intrastate Quality Standard’s implementa-
turbidity for the White River near Sumner was 20 tion and enforcement plans , the strength of these
JTU; for the lower Puyallup, 25 JTU ; and for the wastes will be substantially reduced.
Carbo n River , 61 JTU. The maximum turbidity for
these streams ranged from 85 to 370 JTU. Stream- Fresh Water
flows are less turbid during the winter months when At the present time , municipalities and indus-
glacial melt is reduced , tries are dail y discharging wastes to rivers and streams

equivalent to those from a population of about
Mllrine Water 270,000 persons. During the food processing season ,

Water characteristics throughout the basin are an additiona l 42 ,000 PE are produced every day. Of
quite uniform. The average minimum surface salinity the total wastes discharged to fresh water in the
is 27.4 0/00 , but values of less than 20 o/oo have basin , 45 percent are generated by industry and 55
been observed. The maximum surface salinity is percent by municipal sources.
observed in the middle of October when fresh water The various sources of waste along the Puyallup
contributions have been at a minimum and reaches a River and its tributaries produce about 301 .500 PE of
value of 30.4 o/oo in August . raw organic wastes dail y. During the food processing

The surface water temperatures are coldest , season , an additional 39,000 PE are produced every
46.8°F (8.2°C), in February. The maximum surface day. About 2 percent of the raw wasteload receive
temperatures are observed in August , with an average secondary treatment ; 90 percent receive primary
maximum of 57.6°F (14 .2°C). treatment ; and 8 percent of t h e  total wastes are
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r dumped into the river system untreated. After treat .
ment of wastes, a total of 197 ,550 PE are still
discharged daily into the Puyal lup River system by
cities and industries. -

A major source of wastes to the Puyallup River
originates from Tacoma’s number one sewage treat-
ment plan t , which serves over two-thirds of the city ’s
population and several industries and discharges
160 ,000 PE daily after primary treatment. This
treatment plant is designed to provide primary
treatment for an average flow of 13 million gallons
per day. The dry weathe r flow to the plant often
exceeds its hydraulic capacity, with the result that
raw sewage is bypassed to the Puyallup River and
hence into Commencement Bay. The city of Puy-
allup discha rges 7,500 PE daily, with an additional
10,000 PE discharged daily during the food proces-
sing season. During the season, an additional 16,000
PE are discharged daily into the river by industry. PHOTO 8-6. The West Tacoma Newsprint Corn-
Sumner’s primary treatment discharges 2 ,400 PE pany discharges the largest volume of wastes into

Chambers Creek estuary.daily and an extra 6,000 PE seasonally.
Other significant sources of waste are located

along tributaries to the Puyallup River. Two indus- the Puyallup River , discharges the largest volume of
tries—a paperboard mill and a food processing plant— untreated wastes (294,000 PE) into the Bay. Other
discharge 9,500 PE daily into the White River contributors of waste to Commencement Bay are a
without treatment. Boise Creek , a small tr ibutary to sewage plant (40,000 PE daily), several non-
the White River , is another center of wastes where the intercepted outfalls (10 ,000 PE daily, and the Con-
city of Enumclaw and a Weyerhaeuser lumber mill ta m er Corporation (7 ,000 PE daily)) .
discharge daily a combined wasteload equivalent to The Chambers Creek estuary receives a total
6,360 persons. Enumclaw accounts for 360 PE of this daily wasteload of 33,100 PE. The West Tacoma
total , rendering secondary treatmen t to some 3,000 Newsprint Company releases the largest volume of
PE. wastes into the estuary—3 1 ,000 PE daily. An air

Commencemen t Bay receives 353.000 PE of floatatio n system is utilized here to remove solids
Wastes daily from Tacoma and its industries. The St. from the waste before discharge to the estuary. This
Regis Paper and Pulp Mill . located at the mouth ol pulp mill produces 220 tons (mechanical process) of

groundwood pulp and newspaper print per day with
an estimated total water use of approximate ly 4.5- 
mgd. Zinc hydro-sulfite is the chemical used primarily

- 
,~~~~~_ ..,, ~~~~~~~ 

- - 
for bleaching. The concentration of wood sugars in
t he process water lends itself to , and enhances the

•.“I 
~~~~~~~~~~~~~~~~~~~~~~~~~ — growth , of various slime producing organisms.

The other main effluent discharged to the
Chambers Creek tidal basin originates from the
Steilacoom sewage system (4,000 PE daily), which
includes wastes from the city and Western State
Hospital .

MariM Water
PHOTO 8.6. Tacoma’s ~~~s~sr ~~~

_ . .  About 400,000 PE of municipal and industrial
plant is a m ~~ 

wastes are being discharged into Commencement Bay,
the Tacoma Narrows, and along Cormorant PassagePuyallup River.
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TABLE 8-4. Summary of municipal and industrial wastes. Puy.Uup Basin

Non-Seasonal Seasonal Non-Seasonal Seasonal
Estimated Untreated Untreated Waste Waste
Population Waste Waste Discharge Discharge

Water Course Served P6 PE Treatment PE P6

Puyallup River
OrtIng 500 600 -. PrImary 350 --
Washington Soldiers Home 150 150 -- PrImary 120 -.
Food proceasing — 1 000 -- Non. 1.000 -.
Puyallup 12,000 14,000 14,000 Primary 7,500 10.000

Food proceasing — -- 16.000 None — 16,000
Paper & al l ied - 7,000 - None 7.000
Tacoma SIP No. 1. 160,000 250,000 - Primary 160.000 —

Food& kindred -. (63,600) -- Tacoma (40,000) -

Carbon Hiver
Carbonado 425 500 — None 500 -.
Orting SIP No. 2 500 600 -- Primary 400 -.

White R iver
Paper & allied -. 7,500 — None 7.500 —

Food & kindred - 2,000 - None 2,000 --
Rainier St. School 2.000 2,500 — Secondary 370 —

Budcley 1,800 2,000 — Primary 1,300 —

Sumner 3.225 3,900 -- Prlmasy 2,400 —

Food & kindred .- 750 -- None 750
Food & kindred — - 9,000 Sumner •- 6.000

801w Creek
Lumber & ~~od — 6,000 -. Pond 6000 —
Enumclew 2.400 3.000 -. Secondary 360 —

Puget Sound—Commencement Bay
Chambers Creek
Flstt Creek
Food & kindred .- 1,900 - None 1,900
Paper a allied -. 31,200 -. None 31,000

Steilacoom 5,000 6,000 •- PrImary 4,000
Tacoma Western Slopes SIP 5,048 6.000 -- Primary 4,000
Fort LewIs 50,000 70,000 - Primary 45,000 -

Hyleboe Creek & Waterney
Naval R eserve Training Center - 100 - None 100 —

Food & kIndred 500 - None 500
City Waterway

Lumber & ~enod -. 1,700 -. PrImary 1,200 -.
Foodakln*.d - 1,300 -. None 1,300 -

Non intercepted outfalls -. 10,000 -. None 10000 —
North End SIP 50,000 60,000 — Primary 40,000 —

Port I ndustrial Wstervesy
- 

- Food a k indred -- 3,600 5,000 None 3,600 5,000
Puyallvp Wat.rvmy

Paper a allied — 294,000 -. None 294,000
Wapsto Creek a Waterwey

Food a kindred - 2,300 5,000 None 2,300 5,000

TOTAL1’2 293,000 790,000 49,000 638,000 42.000
Municipal — 356,000 -. 226,000 -.
Induseiel — 434,000 49,000 410,000 42.000
1 FI~are. are rounded.

2 PEe will be reduced for all weate diedverpu. sfter compliance with the interstate and propoeed I ntrastate Quality
Standarda Implementation and enforcement plan —1970.1972.
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each day . Of these, 79 percen t are produced by _____________________________________
industry and 20 percent by municipal sources. About — 

. — -

30 percent of the total raw waste load receives .‘- ~~ ~~~~~~

primary treatment and the remainder is discharged to ~~
-! 

~~
Puget Sound waters without treatment. -

A sewage trea tment plant , which services the
western part ci the Tacoma metropolitan area ,
d ischarges 4,000 PE daily into the strong curren ts of
the Narrows. This plant is located between Point __________________________________
Defiance and Chambers Creek, ju st south of the
Narrows bridge. It has a design capacity of 2 mgd,
average dry weather flow .

The Fort Lewis sewage system, after primary
treatment , discharges 45,000 PE daily into Cor-
morant Passage, which lies between Ketron Island and
the mainland. This system serves not only the PHOTO 8-7. The Commencement Bay area receives
principal barracks area , but also all adjacent military the largest quantities of wastes—about two-thirds
facilities and the town of Dupont. of the total generated in the basin .

WATER USES AND QUALITY OBJECTIVES
The beneficial uses of fresh and marine water in Sound and ocean fisheries is estimated to be 149 ,500

the Puyallup Basin are shown in Table 8-5 below. The salmon.
table also contains State water quality otassifications Based on 1966 survey data , 383,300 man-days
for each watercourse that in turn defines the type of of effort were spent fishing in the lakes and ponds of
water usage to be protected in the area. the basin; and a total harvest of 1 ,109,100 trout and

Most waters in the basin are used for fish 610,000 other game fish was realized. In the streams ,
passage, spawning and rearing. The main stem and 106,500 man-days were spent with a harvest of over
tributaries of the Puyallup ,White ,and Carbon Rivers, 366,000 trout.1 More than 118 ,000 man.days were
as well as the independent streams entering Puget spent fishing for stee lhead and searun cutthroat trout
Sound, are utilized by anadromous fish. On the upper and 20,100 steelhead an d 10,100 cutthroat trout
Puyallup, however, fish passage ii limited by an were harvested.
unladdered diversion dam. Anadromous fish found in Marine fish species receive only light corn-
the Puyallup drainage are chinook, coho, pink, and mercial fishing effort. Herring make up a majority of
chum salmon; steelhead and searun cutthroat trout; the catch , and most fish are taken with beach seines
and searun Dolly Varden. and round haul nets from the Narrows area.

Resident trout spawn throughout the Puyallup Shellfish harvest is principally by sportsmen.
Basin above and below fish barriers. Rainbow trout Squid are harvested commercially by otter trawl and
are plentiful in most streams. Resident cutthroat and herring gear mainly in the Tacoma Narrows area and
brook trout are found in many higher elevation are landed at ports from Tacoma to Blam e.
streams and in most beaver dam impoundments. The Puyaliup Basin ranks fourth among Puget

The maine waters support a relatively light Sound Area in total water-related outdoor recreation
commercial fishery , with Commencement Bay desig- demand. In 1960, the number of water-related
nated as closed waters. A few gill net and purse seine recreation days was 2,500,000. This future will
vessels fish the area in the vicinity of Dumas Bay and double by 1980. Swimming, picnicking, camping, and
Dash Point. Principal landing areas are in Seattle and fishing are the most popular activities.
Tacoma. The average annual contribution to Puget The most notable outdoor recreation attraction

is Mount Rainier National Park . Its glacier-wrapped
I ndudee catch nf all edmonids. slopes and alpine scenery draw people from all over
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the nation and parts of the globe. Point D~i~iance over 3,000,000 tons. The 1963 domestic intern al
Park , within the city limits of Tacoma , is an excellent traffic was nearly 2,000,000 tons.
large urban park. The shores and waters of the Fisheries and recreation uses require the highest
Tacoma Narrows afford exceptional opportunities for water quality standards of all raw water uses and as a
fishing and boating. There are presently 118 publicly result , have set the minimum acceptable quality for
administered developed recreation areas within the most watercourses in the Puyailup Basin. Water
Puyallup Basin. In 1966 , there were over 300,000 quality class is excellent (A), with the objective being
visits to these areas. to meet or exceed the quality requirements for all

There is negligible use of surface waters by uses. The only exceptions to this are the mouth of
municipalities or industries in the basin. Tacoma the Puyallup River (B) and the Port Industrial and
obtains its water supply from the Green River and City Waterway s (C). The water quality class of AA
from wells. was not assigned to the headwaters of the White or

Tacoma Is the center of navigation in the basin, the Puyallup only because of the naturally high
Its 1963 fore ign and domestic coastwise traffic was turbidity values found in those places.

TABLE 8-5. Water u~~ and quality objectives . Puyallu p Basin

Use Intensity
1—Light
M-Msdlu m Z

H-Heavy .~~

2 ~~~~~~~~

Wetereaursa Claus2 ~~- 2 1 2

Puy.llu p R iver . Mouth to
Rlvsr Mlls I B N H  L L I  L

Puyallup R ivir, R iver
Mile I ID Limit of
TIds1lnflusn~~ A N H  M M M  L

Puyellup R iver . Tidal
Influence to Ortmg A 1 H H H H I M M

Puyellup Rivi,, Orting to
Heed~~turs A’ H H H  H 1 M M

White R iver. Confluence
lo Budiley A ’ H H M  It H 1 M M

White R iver. Cudd ly
to Niadvmlsrs A 1 H N H  H I N N
chambers cr,eis. Mouth
to Umli of Tidal
Influence A N H  L M L M

Chambers Crtek. Tidal
lnflusncs to Heedvmtsrs A 1 H H H  1

Comnusncsmsnt Bay A H N I I L H I H H
lnner Commsnc.ment Bay B N H  I M L  M N
Port lndusvlel end

City Walenveys C I L I I M N
Pupt Sound A N H  M H H L  I N N M N M

1 Not pr..autly clausif led. Equal to existing quality.

2 Ses Tibis 1-B

t Indian Flaiwey.
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PRESENT AN D FUTURE NEEDS

PRESENT NEEDS the quantities and location of wastes are the basis for
determining the means to preserve water quality and

Present water quality control needs occur to protect the water uses of any given watercourse.
primarily on marine waters and the lower reaches of The 1967 population of 349,800 persons in the
the Puyallup River, where pulping, toxic, and munic- Puyaliup Basin is projected to increase about 30
ipal waste discharges have created generally unsatis- percent by 1980, 109 percent by 2000, and 335
factory water quality conditions. The State-Federal percent by 2020. This substantial increase is expected
Water Quality Standards for dissolved oxygen, to be centered primarily in the Tacoma service area
bacteria, turbidity, aesthetics, and toxic or deleteri- and in the areas south and southwest of Tacoma.
ous concentrations are not being met in the waters of These areas are expected to grow at a faster rate than
Commencement Bay or in the Port industrial and city areas located further east of Tacoma up the Puyallup
waterways. Standards for toxics are also not being and White Rivers.
met on the lower Puyallup Riser and lower Chambers
Creek. Standards for bacteria are not being met on 1200
the lower Puyallup River.

The St. Regis pulp and paper mill, located at i oocthe mouth of the Puyallup River. Is the major source
of organic waste now discharged to Inner Commence-
meat Bay. Municipal wastes discharged to the lower
Puyallup River from the city of Tacoma are also 

g 600significant to the water quality of this area. In ,-.
addition , many large chemical companies and other
industries which discharge toxic wastes to the bay 400
waters are located in the industrial complex on a’

Commencement Bay. Municipal , food processing,and 200
some pulping wastes are discharged to the Puyailup
and White Riser. Chambers Creek estuary receives C _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

SIC SeQ 2000wastes from West Tacoma Newsprint Company which YEAR
impair water quality in this area .

High bacterial concentrations in the lower FIGURE 84. PopulatIon ~ owth projection for Puyal-
Puyallup River and Commencement Bay are most lup Basin.
probably due to the municipal and industrial waste
discharges from the Tacoma service area . J~~~ock Growth of production for the major water-
wastes may also contribute to the bacterial count in using and waste-producing industries in the Puyallup
the Puyallup and White Riven. Basin is expected to realize a 3.7-fold increase

between 1980 and 2020 in terms of value added.
The food and kindred products and chemicals

FUTURE NEEDS and petroleum industries have been rapidly increasing
and are forecast to be very important segments of the

The principal factors expected to affect future basin’s future economy . By 2020, food processing
fresh and marine water quality in the Puyallup Basin will account for 40 percent and chemicals and
will be the growth In population, Industry , agri- petroleum for about 30 percent of the total value
cultural production, and recreation. As this growth added for the basin by the major water.using indus-
occurs, the production of wa~ ss and potential water tries. Most of this growth Ia expected to occur in
quality problems will likewise Increase. Forecasts on Tacoma, Puyallup, and Sumner .
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Livestock wastes are a serious potential agri-
cultural-based threat to the quality of wate r in the
streams of the Puyallup Basin. in 1964 the basin had
a cattle-plus-calf population of 29,260. During heavy
winter rains, some of the waste from these animals
may wash into the streams. The magnitude of this
pollution threat will increase in future years. About
one-third of the State ’s fryer chickens are concentra-
ted here and contribute to the problem.

Although excessive irrigation can impair water
quality by leaching or washin g sediment and minerals
into surface or ground waters, this is not a problem in
this basin and is not expected to become a problem.

__________________________________ The 1966 irrigated acreage was only 3,700 acres, and
1963 1910 2000 2020 because of the rapidly expanding urban buildup inYEAR

- this area , irrigated acreage is not expected to expand
FIGURE 8-5. Relative growth for major water using to any sigiuficant degree.

Pesticides have become an almost indispensableindustries in the Puyallup Basin.
land management tool of the farmer and forester. The
amounts of these chemicals used in this basin is

Although the production of the paper unknown , but no serious pollution problems are
and allied industry will increase in future years, this known to have occurred as a result of their use. With
industry will play a proportionately smaller role in proper future use of these chemicals, water quality
the basin’s overall future economy, decreasing from should not be degraded.
about 20 percent of the basin’s total value added in By 1980, more than 437,000 FE are expected
1965 to a projected 12 percent in 2020. Wastes to be produced by the paper and allied products
produced by this industry, however, will remain an industry; 189,000 PE by food processing plants; and
importan t potential influence on the basin’s water 561,000 PE by municipalities. There will also be
quality, other types of wastes produced needing special

The primary metals industry will also be handling methods. Greater wasteloads are predicted
importan t in the basin’s future economy, with a through 2020. Adequate management of these wastes
production expected to experience a seven-fold in- generated in the basins will be a prime concern in
crease by 2020. At the present time, an aluminum order to protect the various water uses and to
and a copper smelter are located in the Tacoma preserve the environment.
service area.

By 1980, 12.6 million recreation days are
projected for the basin—almost double the 1960 level.
Most of the recreation will occur in the eastern
portion of the basin around Mt. Rainier National
Park.

As shown in Figure 8.6, the total raw organic
waatelo.d is projected to equal 1,225,000 PE by
1980—about a 60 percent increase over present levels.
Municipal waste production will become more sig-

r~~
s_ 

~~~~~~nificant, increasing from about 356,000 FE In 1965
to about 1440,000 FE by 2020. Raw wastes from
recreational activities are projected to increase about
55 percent by 1980. By 2020, this raw waste
production is expected to be 5.4 times the present FIGURE 8-6 Projected municipal and Industrial
level, wastes for the Puya ftup Basin (thousancis of PE).
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MEANS TO SAT ISFY NEEDS
Several elements are included in the overall plan 3. Food processing plants—located

for insuring adequate water quality in the Puyallup along the rivers—adequate secondary
Basin . The most important aspect of this plan is treatment or interception by a municipal
adequate waste collection and treatment facilities. In system.
this basin, most wastes are organic in na t ure and & City of Tacoma—secondary treat-
concentrated primarily in the Tacoma service area . In ment1 disinfection and adequate outfall
future years, toxic wastes will become more inipor- facilities and provide for collection and
tent , requiring special treatment methods. Adequate treatment of unintercepted waste dis-
collection and treatment facilities will provide waste char’es.
discharge amenable to acceptance by the water
resources. The flow requirements for assimilation of Commencousent Bay
the residual wastes, both now and in future years, are 1. St. Basis P~~sr Ci~-~~sj—seoon d-
relatively small when compared with present mini- ary treatment1 and an adequate outfall .
mum flows. 2. Indumlss b ailed on Cominunea-

Water quality management measures required in mont Bay—which produce toxic wastes—
support of the treatment construction includes water adequate treatment prior to effluent dis-
quality surveillance stations located on Commence- posal to the Bay .
manS Bay, on Puget Sound west of Tacoma and
Steilacoom, and on the lower Puyallup River. Present Ch.nthsrs Crssk—Pugst Sound
management procedures for control of pesticides in i. .. Tao~~ a Nawsprlnt-second-
agricultural and f orest op erat ions will meet fu ture aiy treatment1 and an adequate outfall.
water quality protection requirements. The major 2. Fort Lewis—secondary treat-
aspects of the plan for control of basin water quality manS,1 —disinfection and an adequate
are discussed in detail below, outfall.

Substantial future population and
WASTE COLLECTION industrial growth is projected for this

AND TREATM ENT basin. Most of the growth will occur near
the marine waters from Fort Lewis to

Water quality degradation existing in Corn- north of Tacoma. The probable future
niencenlent Bay and and other areas of the Puyaliup collection and treatment system for this
Basin is largely due to inadequately treated municipal basin Is outhned below.
and industrial wastes. The separate actions required Future wastes from the Fort Lewis
to meet these needs are detailed In the Water Quality area can be collected and conveyed to
Standards and Implementation Plan , December , treatment plants along Puget Sound.
1967. These requirements as well u additional The area between Fort Lewis and
requirements for areas not covered by the interstate Tacoma, which Includes the cities of
standards are summarized below: Lakewood and Parkiand, is experiencing

very rapid growth. At the present time,
PuyaIIup-WhIts Rivers this area is not adequately aew~ ed.

1. C$~~ of B.dtJsy, Bamnur. and Wastes generated in this area could be
Puyslup—secondasy treatment and disin- collected and provided aecondasy treat-
fiction facilities for collected wastes.

2. CIII. of ~~ bonado, Oiling. Willea- 
~ S~~~~~ ry ~~~~msnt ~ required unlus ft an-, be thov.,

SOil. BOIWIIY Liks. A1 o.ii. and Pacifta— that a loner ds ’ss of vsst,na~.t wUl provide for pruasatlon
sewerage systems with secondary treat- 

~~~ ~~~~~~~~~~~ —- -~ f~m~re ~~tv usse and the ~~~~ vetIon or

j ment and disinfection of collected wastes. snliuncsmsnt of xiedn water quality.
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ment with effluent disposal to Puget
Sound.

~~~iICI.*~. T~~ATI~ NT ~,�
�‘

~The cities of Puya llup and Sumner will
grow substantially . Wastes generated in ~~~~~~~~~~~~~~~~~~~~

P~ U5T~lALthis area could possibly be treated by one
plant with disposal to the Puyallup River. ___________________________________

u,~o sbo •bO~~m ~~~ 
oeo 20

The towns of Buckley, South Prairie ,
Wilkeson , Carbonado, and Orting are cx- FIGURE 8-7. Relative required rates of investment
pected to retain a more rural character , for waste collection and treatment in the Puyallup
with wastes treated at each location. Basin.

Rapid build-up is occurring around
Lake Tapps and Bonney Lake. Wastes
generated in this area will need to be 75-85 percent of the future industrial treatment
collected and adequately treated . Treated costs. A total of $S ,600,000 is needed by 1980,
effluent should not be discharged to the $7,200,000 from 1980-2000 , and $18,400,000 more
lake. Wastes produced in this area may by 2020.
possibly be conveyed to Sumner. Sources of funding for treatment facilities are

The towns ci Algona and PacifIc are shown in Figure 8-8. The Federal Construction
situated very close to the basin boundary, Grants Program should invest over $5,400,000 by
northeast of Lake Tapp e. This area is 1980; $8,220,000 will be needed by 2000, and an
expected to be served by METRO facili- additional $12,000,000 by 2020. State grants will
ties through the city of Auburn . total $2,700,000 by 1980 with an additional

Future wastes generated in the area $4,110,000 by 2000 and another $5,400,000 by
north of Tacoma which drains to Puget 2020.
Sound, can be collected and conveyed to The Federal investment in sewers will total
treatment plants along the Sound with nearly $2,000,000 by 1980 wIth an additional
disposal of effluent to Puget Sound $5,850,000 by 2000 and another $10,300,000 by
through adecuate outfalls. 2020. The Federal investment in waste collection and
Considerable investment will be required to treatment facilities for recreation areas will totai

meet the present and future waste collection and $1,800,000 by 1980, with an additional $4,800,000
treatment requirements. needed by the year 2020.

The estimated investment requirements are
presented in Tables 8.6, 8-7 and Figure 8.7. Present

with compliance with the Interstate and proposed
requirements are large, reflecting the costs associated ~
Intrastate Quality Standard’s implementation and
enforcement plans and the result of the generally 

_____dower investment rate in previous years. Following ~~~~~~~~~~~ ~~~TI V~~*TreIIT

the higher initial investment, annual coats reflect the 
-

amount required to keep pace with urban and FI GURE 5-8. Governm ent investment r.quiremsnts
industrial growth and replacement of facilities. fat- Waste collection and treatment in the Puyallup

Municipal Investment requirements1 for collec- Basin.
tion and treatment systems will total $26,000,000 by
1980 with an additional $41,600,000 needed by
2000 and an additional $58,800,000 by 2020. FLOW REQUIREMENTS

Cost of sewers will average about 60 percent of
the total municipal costs. With the installation of adequate waste t eat-

The paper and allied products and food and ment facilities in conformance with State Standards
kindred products industries account for more than 90 and In-plant controls, future waste discharges to the
percent ci the present industrial treatment cost
requirements1 and are expected to account for about ~ Costs not amortized,
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TABLE 8-8. Costs for waste collection, trea tment, and outfa ll facilities and quality systims to meet water
quality standards, Puyaliup Basin

Annuil Coin
(Thoussndv of Dollars)

1967 Dollars
Prennt-1980 1980 2000 20002020

STANDARDS FOR INTERSTATE AND INTRASTATE WATERS1

Up~ ads trsstmsnt. plant expansion or modification—
munIcIpalities and Industries $ 404 $ 295 $ 194

Dlslnfscthoq, 67 49 32
OutfaHs 404 295 194
lntsrcsptlon and sawer .yatsm
a. Munlclp I 202 148 97b. Industriel 67 49 32
Combined isv~~~ Infiltration and overflow correctIon 202 148 97
Adv.ncsd wears trsstmsnt In recreation areas 18 125 200

Sub-Total $1,424 $1,109 $ 846

WATE R QUALITY ENGINEERING DEVELOPMENT, MANAGEMENT AND2
EVALUATION PROGRAMS FOR MARINE, FRESH AND GROUND WATER

MonIrsrin —eround wet.r, automstlc eq pmant,,,~, $ 90 $ 80 $ 90
EvaluatIons—dIspersion erase acitiogital, productIvity 90 70 90
Information .ystsm. quality control, plant opsredon
knprovemssn, operation research 80 60 80

Sub-Total $ 260 $ 210 $ 260

OPERATION AND MAINTENANCE2 $ 800 $2,340 $2.130

TOTALS $2,484 $3,659 $3,236

Annual amortized costs.
2 DIrect annual costs from apçwoçwietlons, rsvsnus, pu nning funds and ~-.nts. (Dow not Include Interest).

waters of the Puyaflup Basin will be reduced to less TABLE 8.7. Total amorti zed capital and operational
than present levels. COstI~. PUVIIIUP Bidn

Baaed on the waste discharge projections for MIllion Dollars
the Puyaflup and White Rivers, the minimum flows Present- 1980- 2~~~-
required in the Puyalhzp River near Puyallup have 1980 2000 2020
been determined to be 105, 245, and 270 cfs for the 

IndustrIal 111 6 9 75years 1980, 2000, and 2020, respectively. Minimum 
~~~~~~ ~~~flows required in the White River for maintenance of ~~~~ 63.2 480 28.7

adequate water quality have been determined to be RecreatIon 3.6 2.3 10
45, 120, and 135 cfs for the years 1980, 2000, and Advanced ~rsste tT,.ln ~~ ,t 3.9 6.3 100
2020, respectIvely, In the lower PuyaUup River near sub—rosal 102.9 79.5 56.8Tacoma, the required minimum flows are 140 cfs by 

___1980,210 cfs by 2000, and 240 cfs by the year 2020. Water quality an kissrlng
The i-day low flows expected to occur once in 10 ~~~~ end eaalu.tion 29 42  52

years for the Puyillup River near Puyaflup and the 89 46.8 42.6White River near Buddey are 910 of. and 340 cfs,
respectively.
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OTHER MEASURES ado area in recen t years has been minimal , plans have
been made to export 200,000 tons per year of coking

Adequate water quality monitoring is an essen- coal to J apan , which will increase coal mining activity
tial element for the water quality program in this in this area. Without exercise of proper controls ,
area. The existing surveillance program on fresh and intensified mining operations could have an adverse
marine waters should be continued. Additional sta- effect on water quality. In addition , stations to
tions for the Puyallup River and Chambers Creek monitor lakes and ground water also should be
should be established. established.

Although coal mining in the Wilkeson-Carbon-
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NISQUALLY - DESCHUTES BASINS

INTRODUCTION

This basin , about 70 miles long, encompasses Major ice sheets of the geological Pleistocene
1 ,044 square miles of area lying primarily in Thurston Ice Age lay stagnant over this area 10 ,000 to 25,000
County . The Nisqually -Deschutes area is predomin - years ago . The ice sheets receded , leaving behind a
antly a drift-co vered glacial plain rimmed on the west rollin g and lake-dotted topograp hy. The basins ’ main
by many nanow inlets of Puget Sound and on the physical characteristic is the glacial till plain with
east by the Cascade foothills and Mt. Rainier. The large areas of f lat prairies and gentl y-sloped mora ines ,
area is drained by the Nisqua lly and Deschutes Rivers several large lakes , and numerous small bogs of clay
which flow directly into Puget Sound. The Nisqually and peat. importa nt flatlan d areas of 200 to 500 feet
River is fed by glaciers on the south side of Mt. in elevation underlain with deep deposits of coarse
Rainier. It flows in a northwesterly direction for over glacial material were formed and include Chambers ,
80 miles and enters Puget Sound at Nisqually Flats Ruth , Smith and Yelm Prairies . Some rather large
about 10 miles northeast of Olympia . The Deschutes lakes occupy low places in the glacial drift plain—
River heads in the hills southeast of Yelm, flows 35 notably Chambers , Offut , Hicks , Long, Patterson m d
miles across benchlands and prairies , and empties into Lawrence Lakes.
Budd Inle t , the most southerly arm of Puget Sound at The glacial plain is dominantl y glacial ablation
Olympia. till and outwash sands and gravels. The soils consist of

deep, somewhat excessively drained sands , gravelly
sands, and sandy b arns. An area of the plain lying

‘
~-~~~ Bs4lkiqhom ~.P-.J’” between the Nisqua lly and Deschutes Rivers has

~~~~~~~~~ ~~~ 
(~ 

i
,.
) developed soils under a prairie environment. Soils on

‘ ~-- ..
~~~

) other parts of the plain consist of gravelly sand y
I 

~~~~~~~~~~~~~ 
loams , gravelly b arns , silt loams , and clay b arns 20 to

( 40 inches deep over slowly permeable cemented
— 

‘i- ..,,, ~
.. ) gravelly sandy loam, sandy clay, basal till and silty

lacustrin e sediments. The stream bottom land soils

~ / ‘r \ consist of gravelly sands , sands , and sandy boams in
the upper reaches , becoming progre ssively finer tax-

I / tured to finer sandy loams, silt boams, and clay loams

~~~~~ / in the lower reaches. The most productive soils in the
Nisqually River delta consist of silt b arns and silty) 

~~~~ 
~~~~~~~ j  clay b a rns.

-t . ) Land use in the basin ranges from an intens e
residential and industrial area surrounding the south-
ern shores of Puget Sound , through dairying and
far ming on the prairies , to heavy growths of timber in

FIGURE 9-1. Location of ~~ 
the eastern sector. Woodland use predominates and
accounts for 85 percent of the total area. Crop land is
the second largest typ e of land use , concentrated

The marine water area covers a surface of chiefly in the lowlands and prairies , and devoted
10,000 acres in the south ernmost tip of Puget Sound. mainly to feed crops to support the dairy and live-
Its landforms and waterb odies include: Nisqually stock indus t ry . About 64 percent of the basins’ total
Reach , Johnson Point , Henderson Inlet , Dana Pas- land area is held in private ownership.
sage, Budd Inlet and Eld Inl et. Approximately 70,100 people (1967 estimate)
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live within the Nisqua lly-Deschut es Basins. The city poultry raising play an important part in the econ-
of Olympia , with a 1967 pop ulation of 20,880, is the omic welfare of the area.
State Capitol and county seat of Thurston County.
The city is a deep seaport and has grown from a
pioneer settlement in 1846 to the commercial ,
trading, and shopping center for southwestern Wash-
ington. It is, today, the focal point of progress for the - - -

basins. Two satellite comrn unities—Lacey and Turn-
water—have popul ations of 7,650 and 4,698 respec-
tively. Smaller towns in the farming areas such as
Yelm and Rainier , have populations of less than 600
persons.

Lumbering and the production of forest pro-
ducts have always been the basins’ economic main-
stays. Wh ile mining, far ming and fishing were early
industries that helped shape the economy here , today
othe r commodities such as metalcraft , can manufac-
turing, boat building, cold storage , and meat packing
are of marked importance and give the area a
diversified commercial base . PHOTO 9-1 - Mouth of the Deschutes River. with the

The Port of Olympia comprises over 72 acres , State Capital , Port of Olympia , and Budd Inlet in the
mostly around the shore of Budd Inlet. It is equipped 9IOU fl

to handle any cargo from both ocean vessels and local
wate r freight. Ind ustria l plants have long occupie d With Olympia being the Stat e Capitol , govern -
approximate ly half of the port pro perty. The West ment is the beading employer in Thur ston County,
Bay terminal presently serves as an export log accounting for almost 36 percent of the total
receiving, handling and rafting site. Beyond Budd employment in 1963. Between 1950 and 1960 ,
Inlet , the Olympia Harbor accommodates a reserve government employment increased 28.7 percent in
fleet of over 100 merchan t ships of the U. S. the United States, 13.1 percent in Washington . and
Maritime Administration . 46.6 percent in Thurston County. The manufacturing

Farms within the basins are intensively man- sector plays a leading role, but increases in employ-
aged to produce products of high value . Livestock ment have been only gradual—2.7 percent in the
raising is the most common and valuable farm 1950.1960 decade and 3.10 percent in the 1954-1964
industry. Additionally, dairying , berry growing , and decade .

PRESENT STATUS

WATER RESOURCES

Fresh Water 1944 and was only 59 percent of the longterm
The natural flow of the Nisqually River is 30-year mean. Another gaging station on the Nis-

affected by ir rip tion diversion s and regulation at qua lly near National measures approximately 19
Alder and LaGrande reservoirs. Adjusted flows for percent of the runoff from this basin. During a
the river near McKenna indicate a mean annual 23-year period— 1942-1965—the mean annual dis-
discharge of 1 ,758 cfs during the 30-year period charge was 778 cfs. The extreme high and low flows
1931-1960. The maximum discharge (2,540 cfs) recorded were 11 ,000 cfs and 108 cfs , respectively.
occurred in 1956 and was 144 percent of the The Deschutes River drain s a relatively narrow ,
1931-1960 mean. The minimum runoff occurred in poorly-defined basin in the south ern lowlands. A
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It gaging station near Olympia measures about 99 may be expected to occur at four of these stations for
percent of the r unoff from the river. The mean a recurrence interva l of 10 years are show n in Table
ann ual runo ff was 390 cfs for the adjusted period of 9-1.
recor d. Since 1946, when record collection began at
this station , the maximum discharge recorded was TABLE 8-1. Low flow frequency , 10—Year recur-
6,650 cfs and the minimum was 66 cfs. The gage at rence interval, Nisqua lly and Deschutes Basins
Rainier on the upp er headwaters of the Deschutes has
recorded a mean ann ual discharge of 267 cfs based on 7—Day 30—Day
a period of record from June , 1949 to September , 

S~ tion 
Low Flow Low Flow

1965.
Deschutes River near Olympia 80.0 83.0

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Woodland Creek near Olympia 8.8 9.7
- Niaqually River near National 178.0 213.0

Nisqually River near McKenna 405.0 500.0

Source : Appendix Il l :  Hy&o logy & Natural Environment.

Two reservoirs exist in the basins. Both are
located on the Nisqua lly River and are operated by
t he city of Tacoma for power generation. The Alder
Reservoir has 232 ,000 acre- feet of storage. Immed-
iate ly downstream from Alder Dam is LaGrande
Reservoir with 2,700 acre-feet. No significant up-
strea m storage exists on the Deschutes River. Some
storage near the mouth is provided by Capitol Lake
which was developed primarily for recreational pur-

PHOTO 9-2. The Deschutes River as it flows through poses.
Tumwater . Coarse zones of Quaternary sedimenta ry de-

posits are the important lowland aquifers. These
sediments are mostly alluvium , recessional outwash ,

The natural runoff pat tern of the Nisqually and basal till. Alluvium is one of the most productive
River consists of two distinct peak periods each year : ground water aquifers in the basins. It occurs mainly
One fro m abundant winter precipitation falling on the flood plain of the Nisqually River and , to a
mainly in the form of rain at lower elevations , and a lesser extent , on the Deschutes flood plain.
second during the spring from the melting of accumu- Most of the lowlands are covered with reces-
lated snowpacks in the high country . The low-flow sional outwash composed pr imarily of coarse sand
period occurs in late summer , but large quantities of and grave l , with minor amounts of clay and silt.
glaciab meltwater from the slopes of Mt. Rainier Where favorabl y situated , moderate to large supp lies
augment the flows during the warm months. The of water can be withdrawn from these materials. The
summer base flow is usually about 400 cfs. recessional outwash is a productive aquifer in the

Deschutes River runoff displays the same pat- basins , but it is su sceptible to contamination in areas
tern as other rain-fed streams of the Puget Sound. A of extensive development , owing to its stratigrap hic
period of high flows occurs during the winter months. position.
Minimum flows occu r during the months of August Practically all recharge to aquifers in the low-
and September , contributed primarily from ground lands is by infiltration of precipitation . These aquifers
water discharges. The mummer base flow of this may rece ive about 200,000 acre-feet of recharge in an
stream is about 100 cfs. average year.

A low-flow frequency analysis has been made
by the U~ S Geological Survey for 13 gaging stations Marine Water
in the basins on an 18-year period from Apr il 1 , 1946 The marine waters in the se basins include the
to March 31 , 1964. The 7-day and 30-day flows that Nisqually Reach , and Henderson , Budd and Ebd
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I nlets. Maximum depths are about 200 feet . occurrence and magnitude , with maximum values less

The Tacoma Narrows is a major mixing zone in than 0.20 mg/I. The Deschutes River water quality
which complete top to bottom mixing occurs during stations at Tumwater and near Rainier do not
most of the tide cycle . All the marine waters in these indicate any increase in phosphates between the
basins enter through this zone - On flood tides , strong upstream and downstream station - The Deschutes
turbulence extends from the Narrows throu gh the River at Tumwater , however , shows a higher nitrate
Nisqually reach. The result of the mixing is vertically value than the upstream stat ion near Rainier , with
homogeneous marine waters throughout most of the maximum value of 0.40 mg/I.
basin . Water in most ground -water acquifers is gener-

ally low in dissolved solids, usually less than 150
mg/I . Hardness of the water is gener ally less than 60

WATER QUALITY mg/I. Silica is usually in the 20.40 mg/ I range .
Objectionable concentrations of iron occur locally,

Fresh Water primarily in shallow aquifers that underl ie the Nis-
Water quality of the Nisqually and Deschutes qually flood plain . More highly mineralized ground

Rivers has been measured since July 1959. Water water is common near Puget Sound , where fresh -
qua lity data as measured by a number of parameters water aquifers contain traces of sea water.
are presented in Table 9-2. Bacteriological—The impact of drainage and

The following discussion of water quality in the land use downstream from Rainier on the Deichutes
basins is based upon the above data gathered from River is evidenced by the fact that 50 perce nt of the
three monitoring stations. samples taken at Tumwater exceeded 240 MPN , 21

Chemical—The chemical quality of the Nis- percent exceeded 1 ,000 MPN, and 14 percent exce-
qua lly and Deschutes Rivers is low in hard ness, low in eded 2,400 MPN , as opposed to 14 percent of
dissolved solids, and high in dissolved oxygen concen- samples at Rainier being in the 240-1,000 MPN range ,
trat ton s. Both streams, however , contain iron in and 86 percent being in the less-than -240 MPN range .
significan t amounts. Iron concentrati ons in the Nis- Table 9-3 summarizes coliform concentrations ob-
qually River averag e 48 mg/I , with a maximum of tam ed from basic data sampling.
4.40 mg/ I being recorded . Surface water in the Physical-Stream-borne sediment is excessive in
headwaters of the Deschute s River near Raini er is low the Nisqually River. During periods of glacial melt ,
in iron , but downstream near the outlet at Tumwater , this river runs turbid and sediment-laden . The sus-
iron concentration s are higher , averaging 3.6 mg/I . pended- sediment concentr ation above Alder Lake

Phosphate values in both streams are similar in probably ranges from about 1 to 60,000 mg/I, with

TABL E 9-2. Surface water quality, Nisqually-Deechutes Basins
mg~* — 
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41 
- - the salinity increases to about 293 o/oo, and the

- . .~. - temperature of the surface waters increases to about
60.8°F( 16°C) those at depth to over 572 °F (14°C).
The oxygen content of these waters is usually above 6
mg/I at all depths. The surface oxygen content is
affected by biological conditions, especially during
the spring phytoplankton bloom. Also, the phosphate
content of the water is between 0.14 and 0.23 n*Jl
throughout most of the year , and is also subject to
changes by biological activity .

SOURCES OF WASTE

The raw municipal and , industrial wasteload
PHOTO 9-3. Nisqually Flats result from the depo- generated in the Nisqually-Deschutes Basins totals
skion of the substantial sediment loads in the about 120,888 PE, of which about 20 percent is
Nisqually River. presently removed by waste treatment before being

discharged to fresh and marine waters . The area
most of it being deposited in the lake. Sediment data receiving the largest quantity of waste in relation to
obtained at McKenna during 1965 and 1966 indicate the total basin is Budd Inlet (99 percent).
that a suspended-sediment load of 250,000 to The quantities and general location of waste
300,000 tons may be transported by the river during production and discharges in the basins are shown on
a year of normal runoff. Figure 9-3. Sources of wastes contributing to the

Similar data for the Deschutes River near Fast degradation of fresh and marine waters are suznznar-
Olympia indicate that the river may transport an ized in Table 9-4. Upon completion of the Interstate
average suspended-sediment load of 30,000 tons and proposed Intrastate Quality Standard’s imple-
annually. Excessive erosion is precluded by the heavy mentation and enforcement plans, the strength of
cover of vegetation, discharged wastes will be substantially reduced from

Turbidity measurements on both streams have present discharges.
been comparably low. This is surprising in view of the F~~~ Water
fact that the Nisqually River originates in glaciers and Only one waste discharge to fresh water existscontains substantial amounts ?~ 

glacial melt water at in the basins. The small town of Eatonville dischargestimes. Apparently, resident time in Alder Reservoir 100 PE daily to the Mashel River, a tributary to theallows much of the suspended material to settle. Nisqually River.

Mvrns Water Mvin Water
A minimum salinity of 28 o/on usually oceurs Cities and industries located on Budd and

at all depths during the winter. During the summer Henderson Inlets produce 117,900 PE. Less than I

TABLE 9-3. Summery of eollform co jikaj iloca, P~,qga9y~Duecliut.s Basin

MPN/ 100 mis
than Greeter th.n

240 
— — 240-1.000 1,000-2,400 2,400
Sot Sot Sot Sot

N..øI Total No. of Total No. of Total No. of Total
8t.~~~ 

Samples Ne. Sumplus No. Samples No. Samples No.

Ds.cfmutes ( nr flsinj sr) 18 88 3 14 0 0 0 0
Duschutss (et Twiwaetr) 7 50 4 29 1 7 2 14
NIUqUSIIy (IS MCICWal 30 88 3 9 1 3 1 3

Source: W~~k~gson Water Pothatlon Convol Commiulcn
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TABLE 9-4. Summary of municipal and Industrial wastes, Nlsqually-Deschutes Basin

Non-Seasonal Seasonal Non-Saasonsl Seasonal
Estimated Untreated Untreated Waste Waste
Popuistlon Waste Waste Discharge Discharge

Water Cour Served PE PE Trestmsnt fE  PE

Nlequally R iver
Pamdise 800 1,000 — PII,~~y 0
Longmlr, 800 1,000 — Prl,ys, y  0 -

Meubell River
Eatonville 700 900 — 100 -

Henderson Inlet
Woodiand Crest
St. Martins CoIls e 300 350 — I~~~con 0 —

Paod&kln&ed - 200 Non. 200 -

Sudd Inlet
OlympIa 22.000 49.000 — ~~~~~~ 34,500 —

Lumber & vceod - 1,400 -‘ None 1,400
Food l liln&gd - 900 - None 900 -

Tumuelsr 4.000 6.000 - OIyn ~~l. 5.500 -

Food & kln~~ed - 60.000 - Olympia 55,000

TOTAL’.2 28.600 120.800 - 97,600 -

Mun icIpa l — 58.300 — 40,100 -

lfld usWial — 62 .800 — 57,500 -

1

2 Fl’s tail be reduced for all ~~~t. discharges otter compliance whit ste lns...s.as and pro~,oasd l..b.it.&. Quality
Ssan~~~ k l....e.t.sJcm siid snforce.,,a.,t plans— 1970-1972.

percent of this total wasteland receives secondary the city’s plant or iginate from industry, with the
treatment; 97 percent receives primary treatment; Olympia Brewing Company beltg the major contrib-
and about 2 percent is discharged into marine waters Utor. Their wastes have a high pH and contain high
untreated. As a result , wastes from an equivalent dissolved solids and 90D . The pnmary plant not-
population of 97,600 are being discharged into Budd really doesn’t modify these waste characteristics.
and Henderson Inlets. Operation of the plant has been modified to adjust

Olympia’s psinasy sewage treatment plant was the pH, but the plant effluent is still high in DOD.
constructed In 1952 to handle municipal and indus- Several small industries isa concentrated along
trial wastes. The plant was recently expended to the shores of Dudd Inlet in the Port of Olympia.
handle the increasIng load. The effluent , presently These are primarily hunber, plywood, food products,
about 95 000 PE daily, Is duinfected and discharged and oil and asphalt products plants. These industries
through an outfall approximately 27 feet below mean are still not connected to the municipal sewer system,
high water in Dodd Inlet. and discharge an extimated 5,000 PE daily Into Budd

More than two-thirds of the wastes treated by Inlet.

WATER USES AND QUALITY OBJECTIVES
The beneficial uwa of fresh and marine water in defines the type of water u~~e to be protected In the

the Nliqually-Descisutes Basins are shown In Table area .
9-S below. Th. table also contains State water quality The marine and fiesn waters contaIn a wide
cMagVjcatJas,s for esch watercourse that Ii turn variety of fish and shellfish species. Anadromous
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TABLE 8-5. Wats, mm and qusilty oblactlvas, Niqually-Deechutes Basin

U.s lnt.nalty
L-Ll tt 0

M-M sdlu m Z

U- 11
!I ~~

Watercourse Ciese2 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
South Pupal Sound
~~st of Brian Pt. and
north dp ofHvstsn.ls. A 1 4 1 4  M H L  M L  N H
udd lnlet a 1 4 1 4  N M L  M L  N i l

Diechutse Alver A’ H H H  N L M M t  L
Nisqually R iver. mouth

t oR lvsr Mlls 9 A’ H H H  M M  L L L
N isqusily R iver,

River Mile 950
Hsuivuesrs AA1 1 4 1 4 14 N Mt Mt I L L  H

~ Not presently cI ifisd. Equal to existing quality.
2 Sas Tchla l-S.

fishe s inhabiting the basins are chinook, coho, pink and 10,100 cutthroat trout were harvested.
and chum salmon and steellwad and searun cutthroat Spear fishing interest Is growing rapidly in the
trout. Marine fish include species of cod , sudperch, area, due mainly to the relatively clean marine waters.
flounder , sole, herring, and rodcfbh. Shellfish species Sport harvest of shellfish Is conducted on a few
Include red cu b; Pacific, native, and Kunurnoto public access areas on Nisqually Flats and on beach
oysters; Manila, littleneck, butter,horse,and softshdll areas west and north of this area , as well as in
clams; geoduchs; cackles; piddodu; blue mussels; and eatuarine and beach areas at Johnson and Cooper
spot and pink abrimp.. Points.

Sport angling is very popular hire. The inatine There is ~ ry little commercial harvest of
waters from the mouths of the there to Johnson marine bottomlish species and the basins’ marine
Au nt, Cooper POint , and Anderson Island are antinsg waters are dosed to commercial salmon fishing. A
the moat popular lit southern Pupt Sound where, lii significant commercial harvest of shellfish , mainly
1965, nearly 135,000 snglsr.days ware recorded. oysters, occurs In the basins. It is estimated that the
Freshwater salmon angling occurs In the mainstem average annual contribution from 1956 to 1965 to
Nlsqusily River downstream from State HIghway 507 the Puget Sound and ocean commercial and sport
(McKanna ~ Idps), In Capitol Lake, and It the fisheries from the NliquaHy-Dsschutes Basin was

pjpaj psop~~, içetream front the old 128,720 salmon.
Highway “99” brIdge. On th. basis of 1966 data , Recreation opportunities abound lit these
358,700 mm.days of effort were spent fishing In the basins. The eastern portion Is within Mount Rainier
lakes, gone, and re..i u&z. and a total harvest of Nation al Park, where visitors mu anjoy a variety of
1,224,400 trout and 550,600 other game fish was leisure time activities. The Park receives nearly
realised. a the ~~ssms, 83,800 asea.days were spent three-fourths of the total vieltatloet of publicly-
with a harvest of almost 314,000 trout . About admkulatered recreation areas, of which Users were 38
41,800 i -days war expended in pwssdt of steel- In 1964. Over 8,000 acres of lakes and reser~~In,
hued and searun cutthroat trout assd 5,000 stesLuad Including the popuhe Cagétni Lake, afford excellent
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and varied recreation opportunities. Outstanding most watercourses in the Nisqually-Deschutes Basins.
natural areas include the Deschutes River near Turn- The water quality class is good (B), excellent (A), or
water; the N isqually River Delta east of Olympia ; the extraordinary (AA) , with the objective being to meet
Julia Falls and Sawtooth Ridge scenic areas. or exceed the quality requirements for all uses. It is

The Nisqually-Deschutes Basins rank ~xth in expected that Budd Inlet will be reclassified to A in
the Puget Sound in total water-related recreati on the future .
demand. In 1960, there were 2,000,000 water-related
recreation days. By 1980 , that number will doubl e.
Picnicking, swimming, and camping are the three
most popular outdoor activities.

Municipal and industrial water supplies come ~~.. - -mostly (88%) from ground water. Total average daily
use for the basins amounts to only about 9.1 mgd.
McAllister Springs near the mouth of the Nisqually
River supplies Olympia , the major municipal user,
and artesian springs serve the Olympia Brewery, the
larg est industr ial user . Future demands are also
expected to be met primarily from ground water.

Navigation at Olympia totaled 157,504 tons of
foreign and domestic coastwise traffic and 593 ,688
tons of domestic internal traffic in 1963.

Fisheries and recreation uses require the highest
water quality standa rds of all raw water uses, and as a PHOTO 9-4. Long Lake is typical of the several
result , have set the minimum acceptable quality for lakes in the basins.

PRESENT AND FUTURE NEEDS
PRESENT NEEDS FUTURE NEEDS

Present water quality control needs are con~ The principal factors determining the quantities
centrated primarily in Budd Inlet where municipal of future wasteloads in the Nisqually-Deschutes
and industrial waste discharges create unsatisfactory Basins will be population and industrial growth-
water quality conditions. Water quality objectives for including rises in agricultural production and in the
dissolved oxygen, bacteria , aesthetics and tonics, are recreationa l use of the basins’ water resources. As this
not being met here . In addition, temperature and growth occurs, the production of wastes and water
turbi4*ty is naturally higher than desired levels, quality problems will likewise increase. Forecasts of

The nnjcr sources of waste to these waters are the quantities and location of wastes set the basis for
the cities of Olympia and Tunuwuter . Municipal and determining the means to preserve water quality and
Industrial wastes which receive primary treatment thus protect water uses.
before discharge into the rather shallow waters of The 1967 population of 70,100 persons in the
Budd m ist , are the prlnwy cause of poor water Nisqually-Deschutes Basins is projected to increase
quality us this area, about 7 percent by 1980, 50 percent by 2000, and

High coliform counts during each summer’s low 110 percent by 2020. The Olympia Service Area is
flow period show the lower reaches of the Deachutes expected to account for more than 60 percent of the
River to be unsatiefactory front a Public Health basins’ projected population as shown in Figure 94.
standpoint. This bacterial contamination needs to be Production growth for the major water-using
controlled . Industries Is the Nlsqually.Deschutes Basins is expec-

The rapid growth of Lacey, and its parallel ted to realms a three-fold increase between 1980 and
increasing subsurface domestic waste dischwges 2020 in termsofvalue added.
through septic tank units, poles a serious threat to The food and kindred products industry is
the bacterial quality of the ground water . expected to account for 73 percent of the total value
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added by major water-using industries. (See Figure to be the second largest raw waste producer ,
9-5). accounting for about 35 percent (66 ,000 PE) of the

Paper and allied industries and chemical and 1980 raw wasteload. Raw wastes from recreational
petroleum industries should continue a moderate activities are projected to increase about 65 percent
increase in production while lumber and wood by 1980. By 2020, the raw waste production is
products industries should decline in production - expected to be almost six times the present level.

Municipal and industrial raw wastes are expec-
ted to be concentrate d in the Olympia-Tumwater
area . A possibility exists for the future development
of major port facilities on the Nisqually River
estuary-presently called the Nisqually Flats. Should
this development occur, this area could also become a
center for waste production.

75 TO1’$-
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FIGURE 9-4. ~~puIation gro~~~ projected for the

0 neo eooo , ,

_
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YEAR

Nisqually-D.schutas Bashis.
FIGURE 9-6. Projected municipal and industrial
wastes for the Nisqua~lyD eechutes Basins (thousands
of PE).

In 1964 about 50,000 head of cattle were
located in the Nisqually-Deschutes Basins, ranking it
fourth in the area on the basis of total numbers of
cattle. The density of Li head per acre of crop land ,
however, was the highest of all the banns. The wastes
produced by these animals pose a threat to the basins’

~~mouuv. water quality when , during heasy rainstorms, some of
the wastes may be washed into streams. This threat
will increase as the number and density of the basins’Psi arTsi.....~~~ , animal population increases.

YtM ~°°° 0 The present irrigated acreage of 5,600 acres is
expected to increase to about 21 .000 acres by 2020.

FIGURE 9-6. RelatIve geowth of major wat , ~~~~ Most of this new irrigation will be done by sprinkler
Industries, application.

Raw wastes produced from activities in these
basins are projected to grow gradually to 3980,

The total raw wasteload, shown In Figure 9-6, is Increasing more rapidly thereafter. The proper hand-
projected to reach 187,000 fl by 1980. The major ling of these wastes to maintain the required high
waste producer will be the food and kindred products water quality levels should not be a difficult task , but
Industry . This Industry Is expected to account for 49 is a very necessary one . The actions required to
percent of the basins’ total raw wasteload Is 1980 achieve the proper waste control program are out-
and 57 percent by 2020. MunicIpalities are projected lined In the following chapter .
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MEANS TO SATISFY NEEDS

Adequate waste collection and treatment is the Domestic wastes in Lacey—sewer ing
primary program element for a control of water and interception to Olympia treatment
quality in the Nisqua lly-Deschutes Basins. Nearly all plant.
the generated wastes are produced in the Olympia Future growth of popu lation and
Service Area. Most of these wastes are , and will industry will be concentrated in the
continue to be, organic . Minimum streamfiow re- O lympia-Tumwater vicinity. Future
quirements for assimilation of the residua l wastes , wastes produced in this area , as well as
both present and future , are smal l compared with other locations in the basins , will require
present minimum flows, an adequate waste collection and treat-

Water quality management measures required in ment system. Those generated in the
support of the treatment plant construction include Olympia -Tumwater area should be
water quality surveillance stati ons located on the hand led through expansion of Olympia’ s
lower Nisqually and Deschutes Rivers and on Budd facility with discharge to marine waters.
and Henderson inlets. Emerging management proced- The broad lowland area near the .
ures in agricultural and forest operations should , in mout h of the Nisqually River is being
most instances , meet future water quality protection considered for an extensive port develop-
requirements. ment. Should this take place , it would

The m~or aspects of the plan for control of become a major industrial center with
water quality in these basins are discussed below, possible large quantities of waste being

produced . These wastes should be ade-
quatel y trea ted with effluent disposal to

WASTE COLLECTION AND TREATMENT the marine waters.
The smaller towns located further up

The existing system of waste collection and the Nisqually and Deschutes River;
treatment facilities is not adequate . The following is Rainier , Yelm, Roy, and Eatonv ille on
the recommended plan for waste collection and the Mashel River , are expected to retain
treatment construction which includes requirements more of a rural character and , therefore ,
from the Washington State Water Quality Standards can continue to rely on individual dis.
and Implementation Plan of December 1967. posal facilities.

Considerable investment will be required to
Nisqually River meet the present and future waste collection and

Lonp’nlrs—secondary treatment facili- treatment requirements. These present and projected
ties. waste treatment costs are presented in Table 9-6, 9-7 ,

and Figure 9-7.
Budd Inlet The initially high municipal costs indicate a

The City of Olympia—secondary treat - substantial modernization and expansion of the exist-
ment ,1 disinfection and an adequate out- ing system to comply with the Interstate and pro-
fall, posed Intrastate Quality Standard’ s implementation

Domestic and industrial wastes of and enforcement plans.
non-.ewered Industries—interception by Municipal costs2 will total $3,700,000 by 1980
the city system. with an additional $3 ,100,000 needed by 2000 and

1 Secondary Vestment Is required unhssi it can be ds.ean- an addit ional $5,000,000 needed by 2020.
sv.tsd thit a Issssr ds -se of Vestment ~~ 

An estimated tota l2 of $900,000 is requi red for

~rotsction of pm.nt sod future wss.r u.s. and this prsssrvs-
Sian at •nhincsmsnt of existing issler Guilty. 2 cost. ar not imortlz d.

I
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waste treatment facilities for recreation areas by FLOW RE QUI REMENTS
1980. Projections indicate that $1 ,700,000 is neces-
sary for the period 1980-2000 with an additional By 1980 , 2000, and 2020, the total discharged
$2 ,200,000 for the period 2000-2020. wastes to both the fresh and marine waters of the

basin are estimated to be about 100,000 PE; 182 ,000
PE; and 286 ,000 PE , respectively. These discharges
are expected to be concentrated primaril y in the
Oly mpia Service Area , with 95 percent of these11 ~

ssU.Tssa
,_,, .~t,IIP_.g3

_ wastes being discharged to marine waters. The pro-
~~~~~~~~~~~~~~~ jected waste discharges to the fresh waters of the

basin are estimated to be 5,800 PE in 1980;9 ,500 PE
__ 

in 2000; and 11 ,000 PE in the year 2020. The great
~~~VIM ~~~ majority of these wastes are expected to be dis-

charged from recreation activities within the basin.FIGURE 9-7. Relative required rates of investment Based on these projected waste discharges , the mini-for waste collection and treatment facilities in the mum flows required for the Nisqua lly R iver haveNlsqually-Deschutes River Basins.
been determined to be 30 cfs by 1980, 50 cfs by
2000, and 60 cfs by 2020. For the Deschutes River ,
required minimum flows tor wate r qual ity control

The food and kindred and lumber and wood have been determined to be 10 cfs by 1 980, 17 cfs by
products industries account for most of the present 2000, and 20 cfs by the year 2020. The 7-day low
and projected industrial waste treatment costs.’ An flows expected to occur once in ten years for the
estimated $775,000 will be needed by 1980 with Nisqually River at McKenna and the Deschutes River
additional sums of $1,960,000 by 2000 and near Olympia are 405 cfs and 80 cfs, respectively .
$3,000,000 by the year 2020.

Sources of funding are shown in Figure 9-8. OTHER MEASURE S
The Federal Construction Grants program will need
to invest over $1 ,000,000 by 1980 with an additional Adequate water quality monitoring is an impor-
$750,000 by 2000 and another $1 ,500,000 by 2020. taut aspect of the water quality program. in addition
State grants for these periods are projected to be to the existing and proposed monitoring stations in
one-half of the Federal contributions. Federal invest- these basins , additional monitoring stations are pro-
ment in sewers is projected to total $150,000 by posed for Henderso n Inlet in light of potential
1980; $340,000 from 1980 to 2000; and $750,000 large-scale future development in the Nisqually Flats
from 2000 until 2020. The Fede ral investment in Area, and for Alder Reservoir —a site for a potential
waste treatment and collection facilities for recrea- nuclear power plant. Additional stations are also
tion areas will total $580,000 by 1980 with an needed in Budd Inlet and for lakes and ground water
additional $840,000 by 2000 and another monitor ing .
$1 ,160,000 pr ojected by 2020. The potential port development on Nisquall y

______________________________________ Flats could involve extensiie dred ging and filling
a operations. Efforts must be made for the accomplish-

ment of these operations if this area becomes ank ( c a n 1
_~~ .~~~~ quality .

industrial site without detrimental impact on water

I ~~~~~~~
=:-

~
- _______ __

_____ Future development and expansion of boat
_____ marinas on Budd Inlet will require the incorp oration

- sso,,~ 
‘
~~~~
“

~
“

~~~~~ ~ of adequate facilities for the treatment of domesti c
wastes.

FIG’JRE 9-8. Government investment requIrements
for waste collection and treatment in the Nlsqually- 1 Cost. are not amortized.
D ctiutss Basins.
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TABLE 9-6. Costs for waste collection, treatment, and outfall facilities and quality systems to meet water
quality standards, Nisqually-Deachutes Basins

Ann ual Costs
(Thousand, of Dollars)

1967 Dollars
Present-1980 19802000 20002020

STANDARDS FOR INTERSTATE AND INTRASTATE WATERS ’

Upgrade treatment, plant expansion or modification—
municipalities and industries $ 64 $ 39 $ 25

Dioi~fectsOii 1 1 7 4
Outfalls 64 39 75
Interception and sewar system
a. Municipal 32 20 12
b. Industrial 11 7 4
Combined sewage infiltration and overflow correctiOn 32 20 12
Advanced waste treatment in recreation are as 55 77 108
Sub-Total $269 $209 $190

WATER QUALITY ENGINEERING DEVELOPMENT . MANAGEMENT AND 2
EVALUATION PROGRAMS FOR MARINE . FRESH AND GROUND WATE R

Monitoring—ground water, automatic equipment, etc. $ 10 $ 4 $ 6
Evaluations—dispersIon ms. ecological, prOductivity 15 2 3
Information sysasm, quality control , plant operation

isoprovemsnt, operation resserth 10 6 5
Sub-Total $ 3 5  $ 1 2  $ 1 4

OPERATION AND MAINTENANCE 2 $ 58 $162 $136

TOTALS $362 $383 $340

Annual amortized costs.
2 Direct annual costs from appropriations, revenue, planning funds, and grants. (Does not include interest).

TABLE 9.7. Total amortized capital and operational
caste. NIIqUalIy-DSSChUSSS Basins

Million Oollw.
Pruesnt 1900 2000
1980 2000 2020

Industrial 1.5 1.9 1.2
Municipal treatment 37 1.5 1.0
Municipal sewan 7.3 ao 2.0
Rucreetlon 1.8 1.7 0.9
Advanced wait. treatment 2.8 3.9 5.4

Sub-Total 17.1 12.0 10.5

Water quality engineering
msnagstnsnt and evaluatIon 0.4 0.2 0.3

Operation and mslntsnance 0.6 3.2 2.7

Tota l 18.1 16.4 13.5
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WEST SOUND BASINS

INTRODUCTION
These are maritime basins where peninsulas are and marine embayments. The shoreline is indented

laced with marine waterways and where inlets and with many bays , coves , and harbors , Numerous
bays provi de havens for pleasure boats and shi ps. is lands range in size from less than a square mile in
Nu merous lakes dot the lan dscape , althoug h most are area to upwards of the several hundred square miles
smaller than 100 acres. of Bainbrid ge and V asho n Islands. The penins ula

The West Sound Basins encompass an area of itself is drained by hundreds of small stream systems.
2,620 square miles. They are bounded on three sides Twelve streams out of 426 separate stream systems
by Puge t Sound and on the west by the Olympic have drainage areas greater than 10 square miles. Most
Mountains. Hood Canal is an arm of Puget Sound are less than one square mile .
which separates the basins into distinct areas—the
Olympic and Kitsap Peninsulas.

Topography in the western portion is roug h ,
with altitudes vary ing from sea level at Hood Canal to - - . - . .

over 7,700 feet in the Olympics. Large and swift 
— ~~~~~~ 

.

streams which flow into Hood Cana l drain this slope
of the basins. The Skokomish , Hamma Hamma ,
Duckabush , Dusewallips, Big Quilcene , and Little
Quilcene are the principal rivers.

Bellrnghom 
,.‘- ‘
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) PHOTO 10-1. The Kitsap Peninsula accounts for a
.,/\) c

_____ 
good portion of the West Sound Basins.

~~ ~~~~~~~~~~~~~~~

~~ o~t e  ~~~~~ / The marine waters cover an area of 385 ,500
__________ “— .1 acres , representing 23 percent of the total area of the

~~~ ~~~~~~~~ West Sound Basins. Major waterbodies include Hood
mp~o Cana l , Dabob Bay, Port Madison , Dyes and Sinc lair

/ Inlets , Port Orchard , Colvos Passage , Admiralty, Carr ,
Case , and Totten Inlets , and Oakland Bay.

Hood Canal extends some 70 miles from
Admiralty Inlet on its northern end to Lynch Cove

FIGURE 10-1. LocatIon of the West Sound Basins in on the south. Its average width is about I .5 miles.the Puget Sound Area Can Inlet is the largest inlet in southern Puge t Sound.
It is 14 miles long, with an average widt h of I .7 miles.

The Kitsap Peninsula is generally flat and The basins have an estimated 1967 popul ation
undulating with hills and ridges separated by valleys of 134 ,200 . Bremerton is the major center of

10- I
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popu lation , with 36, 1 70 persons and about 30,000 board pla nt , lumber remanufactu ning, and a veneer
more residing in the surrounding metropolitan area, plant. Pope & Talbott Corporation has a large saw-
Shelton and Port Townsend ar e towns with popula- mill and boardmill operation at Port Gamble which
tion s of around 6,000. The other town s are smaller utilizes the timber resources of their larg e land
and scattered. holdings on the peninsula.

Forestland accounts for about 90 percent of Though of less importan ce than milita ry activi-
the acreag e. Agricultural cropl an d accounts for about ties and the forest products industries , agriculture has
three percent of the acreage . Most urban buildup is grown steadily . Dairy farming and general livestock
found along the shorel ine and bays , leaving the area raising (with some specialty crops) are the primary
inland relatively undeveloped. More than 60 percent agr icultura l pursuits. Numerous small dairy , poultry,
of the basins’ total land ar ea is held in private and berry farms are scattered about the uplands and
ownership. creek valleys. An importan t strawberry and raspberry

The Navy dominates the basins ’ economy. The growing industry has developed on Bainbnidge Island.
Bre merton shipyard repairs all types of Navy si~i1,5, Both Olympia and Pacific oysters are cultivated
inclu ding atomic powered vessels. These require a and harvested on “farms ” in the tidewater inlets
complex of facilities for such operations as plating , which lace the basins. Totten Inlet is the center of
pickling, and galvanizing . Other extensive naval insta l- production. Other commercial oyster farms are lo-
lations include the Keyport ’s Naval Torpedo Station cate d in Oakland Bay, around Harstene I sland , at the
and the Bangor Ammunition Depot and Polaris head of Case Inlet , and on Hood Canal. Most of the
M issile Facility. oyster production is processed in local plants.

Crown Zellerbach’ s 820 tons per day kraft pulp Tourism and outdoor recreation are assuming a
and paper mill in Port Townsend is the basins’ major more important role in the basins’ economy. The
forest products industry as well as this city’s major increas ing construction of vacation homes and boat-
industry . Shelton is also a focal point of the logging lag facilities plus the development of new resorts and
industry , containing a complex of Simpson Timber tourist accommodations are adding considerably to
Company plants which include sawmills , an insulating the basins ’ economic stability and growth.

PRESENT STATUS
WA TER RESOURCES effect of the rain shadow is less pronounced , the

winter peak becomes dominan t and the two seasonal
Fresh Water peaks tend to merge into one long period of high

The West Sound is drained by a number of flows.
rivers and creeks which empty into the waters of In general , minimum monthly flows for streams
Puget Sound. The Big Quilcene, Dosewallips, Ducka- in the southern portion of the basin occur during the
bush, Hamma Hamma, and Skokomish Rivers are of months of August and September , whereas in the
major importance to the water resources of the area. northern areas minimum flows extend into October.
The mean annual runoff of the Dosewallips River , as A low flow frequency analysis has been made
measur ed near Brinnon , adju sted to the period 1931 by the USGS for 22 gaging stations within the West
to 1960 was 475 cfs. A~ usted to the same period , Sound Basins. The 7-day and 30.day low flows that
the mea n annual runoff of the Duckabush River, also may be expected to occur at seven of these stations
measured near Brinnon , was 407 cfs. The mean for a recurrence interval of ten years, are shown in
annual runoff of the Hamma Hamma near Eldon Table 10- I.
averaged 337 cfs. Flows of the North Fork Skokomish River have

Streams heading in the Olympics exhibit two been regulated for power by Lake Cuahman since
peak flow periods—one during high winter preciplta- 1925. This reservoir has over 460,000 acre-feet tota l
tion and the other during the spring rain s and storage and 360,000 acre-feet of act ive storage . The
snowmelt period . Further to the south where the entire runoff of the North Fork Skokomith RIver is
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normally stored in Cushman No. 1 reservoir ano is drawdown of 63 feet.
diverted from Cushman No. 2 reservoir (immediately Practically all recharge to the aquifers is by
downstream) into Hood Canal through the city of infiltration of precipitation . Aquifers in the southern
Tacoma ’s power plant near Pot latch . The power lowlands receive about 120 ,000 acre-feet of recharge
diversions here preclude an y app reciable discharge in per year . The natural discharge of ground water Is
the North Fork Skokomish River below Cushman No. mostly into the larger streams and into Puget Sound
2 Dam . These are the only major storage reservoirs in through springs .
the West Sound Basins. All other streams are essen-
tially unregulated. Marine Water

Marine water occurs throughout the Basin . For
TABLE 10-1. Low flow frsqusncy. 10—ye.’ recur- purposes of this oceanographic discussion, they will
rsnes kd.rv*WsstSound Basins be treated in four parts: (1)Admiralty lnle*, fronting

Port Townsend; (2) Hood Canal; (3) Puget Sound ,

LOW Flow ~~~
‘
~~

‘
w frontin g Bremerton; and (4) South Puget Sound ,

extending west of the Narrows at Tacoma.
Admiralty Inlet acts as a channel for most of

Little Qulicen. River the water entering and leaving Puget Sound. Tidal
nest Qullcsn.. Wn. 7.30 8.40 currents are strong, creating a large mixing zone for

Doseaml lli s R iver ~ the deeper waters of the Strait of Juan de Fuca with
Brlnnon. Wn. 106.00 12300

Duckabu~~ R iver new Brinnon 58.00 70 00 the fresher surface waters from Puget Sound. Because
SkokomIsI~ R iver near Potletch 151.00 168.00 of the strong currents , the flushing time is rapid with
Union R iver new Belfait 14.00 15.00 the various water types requiring only a few tidal
Gold Creek ~ew Brenierton 0.36 0.40 cycles to make the transit through the region .
Cleldl~orou~h Creek near Shelton 16.00 17.80 Hood Canal has an entrance sill 190 feet deep

Source: Appendix I l l :  Hydrology & Istural Environment , which gradually deepens to a basin over 550 feet deep
off Quatsap Point. The fresh-water inflows extend
along the Canal with the Skokomish River contribu-

In places where Quaternary deposits are absent , ting about half of this flow. Thus the surface layer
ground water is obtainable only from older consoli- does not show an increase in salinity as it moves
dated rocks. In the mountainous Olympic National seaward , but rathe r a thick (about 15 feet) fresh-
Park , formed principally of consolidated rocks, well water surface layer is produced that dominates all
yields of 10 gpm or less can be expected. The most the main basin.
productive aquifers in the northern lowlands are The flushing mechanism in Hood Canal is
contained in coarse sediments. Near Sequim these complex and difficult to define. The water entering
deposits are plentiful . Well yields as high as 720 gpin from Admiralty Inlet receives some mixing at the
are rep orted in the northern lowlands, and pumping entrance sill , but not so intense that the water
rates of 200 gpm or more are common . cokunn becomes homogeneous. This incoming water

Recent alluvium occurs principally li the ~~o- then spreads at a level depending upon its density,
komish River flood plain. It conshts of fins send and resulting in a considerable amount of nucrostructure
silt with minor amounts of clay and pest . Alluvium in rn sabnity and ts~~ sratwe .
the Skokomish River Valley is ustuated about to The winds us One of the ush er driving forces in
river level. In the northern pert of the Kitsep the circu lation of Hood Canel. Prevailing winds for

— Peninsula, the older acqulfers are composed mainly most of the yes’ —s from the southwest and follow
of fine sand and yield little water, the con$oei of the hails.

The most productive aquifers of the southern P~~ t 3isand waists Is the ~lcinky of ~~esier-
lowlands are contained in coarse Quatemary deposits ton and kinbfl~~ - and Vuuhon Islands have rather
which are rather continuous over a 900 squus mile vaiform water diancteristlcs. Thus. waters are well-
area. mined and have fl-~~~~ rates estimated around three

Most wells in the southern lowlands produce wesha.
less than 1,500 gpm. The largest yielding well, kirated Southern Pupt Sound recs*vss fresh-water in-
at Shelton , was tested at 4,lóO gpm wlthawaterlesel flows from she Niequ.ly and Dsschutss Rivers and

t
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several small creeks. All marine waters entering this Division of Water Resources Bulletin No. 18 entitled
area pass through the Tacoma Narrows where cur- “Water Resources.. . of the Kitsap Peninsula -

rents are very strong. The Narrows is a mixing zone The surface waters were sampled once during the
where complete top to bottom mixing occurs. Be- winter (Jan—Feb) period and once during the summer
cause of this , the waters are vertically homogeneous, (Aug) period.
with some change in the longitudinal direction. Chemical-Most waters in the basin are general-

Since there are no strong driving forces from Iy low in hardness with average values for the seven
large fresh-water inflows or winds, the transport stations ranging from 27 to 63 maJi. Dissolved solids
characteristics of the south Sound waters are poor. concentrations are low, with averages ranging from
The waters are not readily exchanged and remain about 42 mg/I to 90 mg/I. Slightly higher dissolved
resident for some time. solids are found in Goldiborough Creek where a

maxiinwn of 151 maJI was recorded. Iron concentra-
tions are low, with averages ranging from 0.0 to 0.3

WATER QUALITY
All the streams within the basin exhibit high

Fresh Weiss’ dissolved oxygen values. Averages range from 10.4 to
A swnmary of the water quality for the seven 12.0 mg/I.

stations found in the basins is shown in Table 10-2 Land use and natural factors have kept total
below, phosphate and nitrate concentritiosis relatively low.

Chemical and physical water quality data were All streams average less than 0.2 of these constituents
also obtained for 90 streams and one lake on the with many phosphate samples of 0.00 nsaJl. Nitrates
Kitsap Peninsula during 1961. These data were range from very low in the Olympic Peninsula rivers
gathered and presented in the Washington State

TABLE 10-2. Surface water quality , West Sound Basins
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y to moderately high in the smaller creeks in the south ~ g Quilcene near Qwlcene recording a 60°F (15.6’C)
part of the basins and the Kitsap Peninsula . maximum temoerature.

For ground waters of the West Sound Basins in Smaller streams in the basins have appreciable
the southern lowlands dissolved solids normally range amounts of color at times, attributed largely to
between 100 and 200 mg/I , with hardness ranging organic solutes derived from swamps and poorly
between 50 to 100 mg/I. In some of the shoreline drained marshy areas. These colored waters are
areas where aquifers may contain traces of seawater, especially characteristic of much of the surface water
dissolved solids concentrations may exceed 200 n*Jl. on the Icitsap Peninsula. Maximum color values of 50
Nutrient values are generally rather high with phos- and 20 unIts have been recorded on Goldsborough
phates averaging about 0.5 to 0.8 mg/I and nitrates and Chico CreW.
averaging 1 to 2 mg/I. High iron content is seldom Suspended sediment concentrations for most
reported, although some wells do exhibit slightly high streams in the West Sound Basins are relatively low.
concentrations. In the northern lowlands, the ground Sediment data coliected from the ~~okomish River
water has a dissolved solids content of 200.500 mg/I near Potlatch dur ing 1965 and 1966 indicate an
and hardness of 120-180 tug/I. averag e yearly transported load of about 100.000

BacterIological—Samples taken from the ~~se- tons. It transports as much as 40,000 tons per day
wallips and Duckabush Rivers near Brinnon , from the when the mean daily discharge exceeds 10,000 cfs.
Big Quilcene River near Quilcene, from the Haznma Sediment data for the Dosewsilips, Duchabuoh, and
Hansma at Eldon , and from the Skokomish Riwr near Hamma Hamma Rivers indicate a much lower average
Pot latch indicate very low average coliform counts. annuaJ transported sediment load of about 4,000
Maximum coliform concentrations at these stations tons.
are also relatively low-the highest being 430 MPN. Turbldity is generally low throu ghout the basin.
Higher coliform values are observed on Goldsborough Average turbidities for the principal watercourses is
Creek at Shelton and Chico Creek near &emedon. less than 10 Jackson Turbidity Units with maximums
Maximum MPN’s at these points were 4,600 and of only 80 and 70 JTU recorded on the Dosewallips
2,400 collforms per 100 ml, respectively. Table 10-3 and Skokomish Rivers.
summarizes the coliform concentrations taken from
basin data sampling. Marine Watsr

Physical-Stream temperatures in the basin are The surface layer of Hood Canal generally
significantly low. The maximum summer temperature ranges in salinity from about 24 o/oo to 28 0/00.
of 62.6’ F (17.O’C) for the stations listed in Table Temperatures exhibit extremes and reflect the pre-
10-2 was recorded on Goldsborough Creek. The other veiling surface air temperatures. During the winter, a
stations indicate slightly lower maximums with the typical surface temperature is about 42.8 F (6’C). In

TABLE 10.3. Sommuy of colilorm concsniatlons, West Sound Bndns

MPN/100 n~s
La then Grssisr then

350 2401.000 1,000.2,400 2.400
Sot Sot Sot Sat

No. of Totsi No. of Total No. of Total No. of Toisi
Station Samples No. Samples No. Samples No. Sampiss No.

m Oullosns m r  0uIl~ n.) 25 07 1 3 0 0 0 0
Ooee*ssNlps(at Srlnnon) 25 100 0 0 0 0 0 0
Oud (U.S. 101 Brk~ sl 24 50 3 11 0 0 0 0
H.mms H.mm. (atEldon) 12 02 1 S 0 0 0 0
SkokomWu (nr Potl.duj 25 100 0 0 0 0 0 0
Chico Creek (Brsm.rl..n) 0 0 1 33 0 0 2 67
Gorut Cresk (Srsmaflon) 0 0 0 0 0 0 0 0
Andsuson 0.55k (SAITI.VIOI*) 0 0 0 0 0 0 0 0
Ooldshiroui50uehon) 12 52 6 26 1 4 4 17

Source: W.ltln~~n Wofsr Polkitlon Convol Cos,wnlssion.
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p the summer , the waters of Lynch cow region are SOURCES OF WASTE
frequently above 71.6°F (22°C). The oxygen content
of the surface water varies from 20 mg/ I in spring to The municipal and industrial wasteload gene..
S mg/ i in summer . Surface phosphate content is also ated in the West Sound Basins approximates 201,000
quite variable and ranges from nearly zero during th~ population equivalents of which only about 14
spring plankton bloom to over 1.18 mg/I in the percent is presently removed by waste treatment
winter , before being discharged to marine waters. There are

The waters at depth in Hood Canal are consid- no significant waste discharges to fre sh waters . The
erably different than the surface waters. In summer, areas receiving the largest quantities of wastes in
the temperatures are between 50°F (10°C) and relation to the total basins include those waters off
53.6°F (12°C) and the salinity between 30 0/00 and Port Townsend (51 percent), Dyes and Sinclair Inlets
30.8 0/co. In the winter, the temperature may drop (28 percent), and Oakland Bay (15 percent).
to about 46.4°F (8°C) and the salinity as low as 29 The quantities and general location of waste
0/co. Oxygen content of this water Is usually above 5 production and discharges in the basins are shown in
mg/i and the phosphate content is above 0.18 mg/I. Figure 10-3. Sources of wastes are summarized in

In Can Inlet the waters are usually homogenous Table 10-4. Upon completion of the Interstate and
with depth. Salinity differences are usually less than I proposed Intrastate Quality Standard’s implements-
0/co and temperatures are usually within 1.8°F (1°C) lion and enforcement plans, the strengths of wastes
except during the summer when the surface may be presently being discharged will be substantially re-
about 5 4°F (3°C) higher than the deeper water. duced.
Minimum salinities and temperatures are observed in Fiesh W~te-February at 29.6 o/co and 46.4°F (8°C) respectively. There are virtual ly no waste discharges to theThe surface temperature increases to about 59.9 F streams and rivers of the basins. The possible excep-(153 C) in the summer and is accompanied by a tion may be a few scattered waste discharges to freshsalinity of about 29.8 o/oo. Oxygen content varies waters from rural homes, recreationists, animals, etc.from an autumn low of 5.6 mg/I to a spring high of
9.6 mg/I because of the annual phytoplankton Marine Watar
bloom. The principal sources of wastes to marine

In Case Inlet , a minimum salinity of 28 o/oo at waters average 201.000 PE daily , plus 2,000 PE
all depths was observed to occur in winter. The during the food processing season . About one percent
lowest temperature of about 44.6°F (7°C) was of this total wasteload receives secondary treatment;
observed in late winter. During the summer the 37 percent receives primary treatment; and the
salinity increases to about 293 0/co and temperature remainder is untreated . As a result, wastes from an
to about 60.8°F (16°C). Temperature at depth equivalent population ci’ 173,800 are being dir-
increases to over 57.2°F (14°C). The oxygen content charged into Puget Sound .
of the waters is usually above 6 mg/I at all depths. The m~ or waste source is the Crown Zellerbach
The phosphate content remaii j  between 0.14 and pulp and paper mill which discharges 96,000 PE daily
0.23 mg/ I throughout most of the year . to Port Townsend Bay. This pulp mill is responsible

Marine water characteristics throughout the for 56 percent of the basins’ total waste discharge.
eastern part of West Sound are quite uniform. The The city of Port Townsend and Fort Flagler State
average minimum surface salinity is 27.4 0/00, but Park also contribute wastes totaling 6,110 PE to the
values of less than 20 o/oo have been observed . The Bay . This channel receives about 60 percent of the
maximum surface salinity of 30.4 o/oo Ii observed in total wuteload going to marine waters.
the middle of October when fresh-water contribu. Organic waste discharges from the Bremerton
lions have been at a minimum. Surface water temper- area are almost entirely municipal . An estimated
atures of 46.8°F (8.2°C) are coldest in February . The 34,750 PE are discharged to Dyes and Sinclair Inlets
maximum surface temperatures are observed in from two Brenierton sewage tre atment plants and
August with an average maximum of 57.6°F two Kitsap Sewer Districts. Sanitary wastes produced
(14.2°C). DIssolved oxygen values of 9 to 11 mg/ I at the Naval Shipyard located at Bremerton are
are common over the entire area. Only on rare treated by the city sewage treatment plant No. 2.
occasions does the oxygen at any depth In this basin Industrial wastes produced here are neutralized be-
decline to le than $ mg/I. fore going to marine waters.
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TABLE 10-4. Summary of municipal and Indu*ial wastes. West Sound Basins

Non’Sss,onsI Seasonal Non-Seasonal Seasonal
Estimated Untreated UnU,atad wan. wwa
Population ~Wets Waste Dbcha’qs Dbduaiu.

Water Courus Served P6 PE T~i.tmSflt P6 FE

Pu~st Seund
KkS.SOn NMis San and Army Houing 200 225 - Prlmury 200 -

Wlnalew 900 1,100 - Primary 630
Food & kln*ud - - 1.000 None — 1,000

~ soeois 40 50 - Primary 3D -

Vaul~on SD 300 320 - PrImary 200
Food&klndr,d - - 1,000 None - 1,000

MdStII Federal Penn. 1800 2,000 - None 2,000

Port Tovdiuund
Port Townuund 5,000 6,000 - None 6,000 -

Paper 0 All ied (400T!D) - 96,000 - None 96,000
Fon FIap.r Stsw Perk — 200 - Sscond.ry 110 -

Nood Cinal
Port Gamble 100 150 - Primary 100 -
Ban or NAD 800 1,000 - Sacondsy 200 -

L~ arty Say
Poubeo 1,000 ~600 - Primary 1,000
Ksypos’t Nasal Torpedo Station 1.400 1,500 - Primary 1.~~~ -

Dyes 0 SlncI* Inlet
Port Orchurd 3,000 3.500 - PrImary 3,000 -

lOts’s SO No. 6 800 700 - Primary 650 -
Klti’sSO No. I 1,500 3000 - Primary 1,300 -

remaflon No. 1 SIP 18.700 23,000 - Primary 13.800 -

Srasnarton No. 2 STP 20,000 24,000 - Primary 16,000 -

Ships et Don 2,500 3,000 - None 3.000 -

~~~~~d lay
Shelton 4 000 4,000 - Primary 3.400 -

Papar O sihlad - 30,000 - Pond 23,000 -

TOTAL1.2 62,340 301,000 2.000 - 171,800 2,000
— 71,000 — — 52,800 —

IndoulU - 125,000 2,000 — 115,000 2,000

~ FI~~us —. ,eu.~~d.
2 PEa niP be reduced for ill was. do Sucgus after complianso wIth the I..s..~~~ and ,.r’sausd l..ar..i.~ Quality
Ilen~~* Ias,.L .s..L.do.. end M .-,....,....t plan— I 970.1572.

A t1e’r sonros of wastes to Dyes and StorkIs 3000 PB daily) from the.. th~is are untreated.
Inlets comas fro* assgehrg wussle. S1~~S at. cootinu- Tb. thhd mdcc waste seance Is the Stoip~ it
ally belig b.*.~ht bito the Naval ~~~yard for Thnbur Co.panj to tie’ ally of Shelton wbith
rIpIkL Normally the pessosasi r.msin aboard while oontthatss 23,000 PB to the watats of Oakland ky.
r.~aàs are bs~~ mad.. Al wastes (ap~nox~~~.ly

WATEI USES AND QUALITY OIJECTIVES
Tb. m~ or bsnullalsi was of freak and s lne Indicates the water quality cls~~~adon .stablhised

waters to he West Souad~~ i a r e~ ~~lusd la by tb. Stats fcr sach wstsrcoune whidi dsibtes the
Table 10-S on th. foIlowIi~ p~~ . Table 105 also typs of water uass to be p,otest.d .
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TABLE 10-5. Water uses and quality objectives. West Sound Basins

&he I ntensity
L-Llght
N-MedIum
H-Heavy I

z

Assigned
Watercourse Claus U. Z 1 1

Strait of Juan di Puce
and Pugst Sound AA H H  H H M L  L H H  M H M

Ssqulm B.y A L M  M L M L  L L H  t - L
PortTowaand A H H  H L L L  L M H  M M
Port Gamble A L L L N I.. L M H L L
Dyes & Skiclair Inlets A N N M L H M N H H H L
South Pugst Sound A H H  N L H L  M L  N H

O*Iend Bay A M M  L H L  L L  L M M
Tanuys R iver A 1 H H H H N H H
Union R iver A1 H H H H N H H H H
DoaaanNlpa River
and ullariarles AA 1 H H H H - L N H
Big Oullasne River
and Vlbutariae AA~ H H H H I N H H H

Little Qulloene River AA 1 H H H H N N H H H H
Dunchueh River arid

AA 1 H H H H L N H
Hemme Hemma River
and tributaries
SIIOIIOmlIIi River ~,,41 H H H H L H H I H

• ~~ 1 H H  H L H

1AuefonadClaul tentative ....dIn h l n  on neler quality asandsrds for Intrastate ~~Iars.

. 

Four Pacific salmon species utilize West Sound
Basin drainages. These include chinook , coho, pink,
and chum. Aisedromous game fish utilizing the basins
include steelhead and seanan cutthroat trout and
searun Dolly Varden.

The h~ hly diversified environments and ecolo-
gical riches offered by the marine waters of the West
Sound Basins provide suitable habitat for a great
vusisty of marine fishes. Also, the extensive marine
area associated with the lerpe number of streams and
rivers entering saltwater provides both space and
productivity to support abundant populations of fish.
Those fish presently contributing to the basins’
cosnmercad or sport fisheries Include species of the
cod family, Bag and groenling; flounder and sole;

PHOTO 10-2. Th. oily of Bismirlon and the Naval nfperch ; rockflsh; herring; shark; and raffish. Prom-
~ ilpyu’d irs m*r soureus of waste to Dyes and hunt shellfish spades include Pacific oyster ; little-
-_ t .  ln~~~

10-10

-~~~

-~~~~~- - -~~~~~~— —- . - - — — —. .. .—— -~~ .- -. ~~~- - — •-.
~~~— — .. —.-~ -



neck, butter , Manila , and geoduck clams; and spot saltwater recreation resources of any of the basin or
shrimp, island areas within the Puget Sound Area. The central

A relatively intense commercial fishery for and eastern portions are completely interlaced with a
salmon takes place in the more northern marine complexity of sheltered waters of high recreation
waters of the basins from Discovery Bay southeast value—augmented by attractive islands , bays , and
into the entrance of Hood Canal and from Hood fresh water lakes. In the western portion are the
Canal to Bainbridge Island. The waters surrounding beautiful Olympic Mountains. Numerous streams and
Vuhon.Maury Island also receive heavy commercial Lake Cushman provide further attraction within the
fishing effort . No commercial salmon fishing is mountainous reaches.
allowed in basin waters south of the Tacoma Nay- The West Sound Basins rank second only to the
rows. The average annual contribution from 1956 to Cedar-Green Basins in outdoor water-related recre-
1965 to Puget Sound and ocean commercial and ation demand. Recreation al use of the basins’ waters
sport fisheries from the rivers and streams in the West is tremendous; it is one of the most Vital economic
Sound Basin was 853,960 salmon. factors in the area. In 1960 , there were 4,000,000

Generally, the marine fish species receive light water-related recreation days. By 1980 that number
to moderate commercial and sport fishing effort . The will more than double . Swimming is the number one
commercial harvest of marine fish is conducted activity, but there are nearly u many boat operators
principally by otter trawl vessels; however, some as there are swimmers. Camping, fishing , and pie-
hook and line fishermen also utilize these waters , nicking are also extremely popular . In 1964 there

Sport angling for salmon in saltwater is cx- were 148 publicly-administered outdoor recreation
tremely popular throughout the basins. it is estimated areas within the basins.
that in 1965 somewhere between 250J)00 and Water for municipal and industrial purposes is
300,000 angler trips were made on the basins’ waters, obtained primarily from surface water supplies. in
Hood Canal alone received nearly 50,000 angler trips fact , 77 percent (37 mgd) of the water supplied is
in that year. Sport fishing, specifically for marine fish drawn from surface water sources. The Union River,
species, is performed in virtually every segment of the Gorst Creek, and Anderson Creek for Brem erton and
basins’ marine environment. Sport angling from the Big Quilcene River for Port Townsend are the
boats, piers, or beach areas is especially heavy in major sources in the basins. By 2020 ii is estimated
Sequins and Discovery Bays, in certain areas along that 95 percent of &emerton’s total supply will come
Admiralty Inlet , in the waters surrounding Bainbridge from surface waters.
and Vashon.Mausy Islands, in the Tacoma Narrows Navigation at Port Townsend in 1963
and the inter-island waterways of Southern Puget amounted to 158,240 tons of foreign and domestic
Sound, and in virtually all of Hood Canal. coastwise traffic and 593,479 tons of domestic

Based on 1966 survey data, 335,300 man-days internal traffic . Shelton handled 239,168 tons of
of effort were ipent flshlng in the laires and ponds of domestic internal traffic in l963.
the besins; and a total harvest of l ,338,000 trout and The future of the West Sound Basins is tied
242,200 other game fish was realized. in the streams , firmly to recrea tion and fisheries. These uses require
74,500 mas.da~s were spent with a harvest of almost the highest water quality standards of all raw water
194,000 trout. About 119,700 man-days were spent uses. As a result , for most water courses in the West
fishing for steelhead and searun cutthroat trout and Sound Basins, the water quality class is excellent (A),
about 7,200 steelhead and 50,200 cutthroat trout or extraordinary (AA), with the objective being to
were harvested , meet or exceed the quality requirements for all uses.

‘flu commercial sad sport harvest of shellfIsh AlthouiJs log rafts occupying large portions of marine
from West Sound waters is considered relatively waters adversely affect water quality and recre ation
Intense, with empliash on oysters, hardihell clams, use, It is expected that this problem will decline in
crabs and sl~Inip Sport h~~~st of siwWlah occurs the futuse as it is now almost as economic to store

• over eblusSy sway section of beach or tidehod and handle logs on land. Thus, Oakland Bay and
• ti~ bmb~ South Sound may be classified higher in the future as

The West Sound ~~~~s i~a,e ti~. moat .xtes~ w the local problems are met and solved.

I 
____ _____

10-I l

*~a~~~~ ~~~~~~~~~~~~~~~~~~~ - -~~- -

- .-- •- - - ~.



PRESENT AND FUTURE NEEDS

PRESENT NEEDS recreation homes. This threat will become even more
significant in future years as the recreation activ ities

Most wa ter quality problems occur on marine increase.
waters. These include untreated or inadequately
treated municipal wastes, untreated pulp mill wastes, FUTU~~5 NEEDS
log raft debris, and untreated wastes from large ships
as well as pleasure craft. This be~iji s unique marine recreational attri-

Port Townsend Bay receives treated municipal bates indicat*~d that future growth will be concen-
wastes from Port Townsend as well as untreated trated in recreation homes and suburbs supporting
wastes from the Crown Zellerbach kraft pulp mill. Seattle-Tacoma. The poor land transportation net-
The municipal wastes produce high bacterial concen- work will prove to be a limiting factor on big
trations which preclude recreation uses. The pulp mill industrial growth. These are the significant considera-
wastes introduce oxygen-demanding and toxic wastes tions in the following projection of elements which
which at times adversely affect the marine biota . The wiil generate the waste loads that will be discharged
area is fortunate in that the bay has good transport to the water resources. The quantities and locations
characteristics or the impairment of water quality of these waste sources have been projected to serve as
would be more severe, the basis for determining the measures required in

POrt Gamble Bay has been affected by in- handling the resulting wasteloads so as to insure
adequately treated municipal wastes and by forest futu re adequate wate r quality.
industry (log rafting) wastes. These have produced
high bacterial concentrations, low dissolved oxygen _________________________
levels, and aesthetically displeasing water.

Bremerton and the Puget Sound Naval Shipyard
disch arge wades to Sinclair Inlet. Inadequacies in
disinfection and outfall desagn ,coupled with the poor
dispersion characteristics of this bay, result in
periodic high bacterial concentrations. Additionally, ~troop ships docked at the shipyard discharge un-
treated wastes directly into the bay, creating an
oxygen demand and health hazard . The shipyard’s
handling of plating and radioactive wastes has con-
formed to recommended procedures, and thus these a!tLIlIImrpwoco PRonUCTS
wastes have not had an adverse Impact on water

Shelton is on the tip of South Puget Sound ~s: moo 2020• YEAR
along Hammersisy Inlet . The Simpson forest products
mill uses the inlet as a vast log rafting area as well ~~ FIGURE 104. Rsiative gowth for major water using
receiver of their treated process wastes. The results Industries In the West Sound Basins.
are traces of toxic elements, beds of log bark with a
sizeable oxygen demand, and floating debris. In Production of the major water using industries
addition, the log rafts reduce surface circulation of for West Sound Is expected to Increase 1.83 times
the inlet , which aheady has poor traiuport charscter. between 1980 and 2020 in terms of value added .
istics. Paper and allied production Is assumed to continue Its

The many isolated, anall bays and inlets are Important role In the basins’ economy. By 2020,
being threatened by people in pleasure craft and paper products will account for half of the total value

10.12
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added from major water using industries. (See Figure is eminently suitable for development from a recre-
10.4.) Food and kindred industries should also show ation and aesthetic standpoint. For this study, It is

an increase in production. In 2020, food and kindred expected that by about 2000 fairly dense clusters of
industries will account for one-third of the total value mixed permanent and recreation homes will line both
added of the major water using industries, shores.

The Naval shipyard at &smsrton is predicted Recreation growth will be large, and the fore.
to maintain its hnpodance In naval ship repair and cast is that it will almost double every 20 years.
msintesance. The changing power sources for naval Fifteen million recreation days are forecast by 1980.
vessels ,lI mean an Increasing amount of radioactive The wealth of lakes, streams, and marine bays and
materiel ladling and dlçoeal by the shipyard. This Inlets sisow the reasons for an optimistic prediction.
could be the most significant future waste to be Recreation wiH take many forms. The most signifi-
handled at this Installation . csst will probably be marine-water activities such as

The population of the West Sound Basins was sailing, scuba diving, swimming, and fishing. The
134,200 in 1967. It is expected to increa e 44 many lakes are now feeling the pressure of cabin
percent by 1980, 122 percent by 2000, and 254 development projects for recreation purposes. Lake
p cent by 2020. Figure 10-5 shows the present and Cusliman is in the midst of a sizable development
projected population of the entire basins and of along tie’ east shore, and several small lakes on the

psnimala are being developed similarly. These are
setting the pattern for potential big growth. The

SOC Olympic National Park and the basin’s rivers are
reusatlon attractions that will receive significant use.~~ / Tie’s. bag. and diverse recreation activities will
result in a ‘hn~~ ly scattered production of wastes.

2 The developments around lakes will produce the
3 gg~ greatest concentration. Boating activities on marine

waters will periodically present concentrated prob-
lems in bays and Inlets.

100 The amount of agricultural cropland (less than

cattle) were not projected to change significantly.
The small amount of Irrigation presently practiced
will not increase greatly. Agricultural management

YE AR 
1000 t.diiu€iues will improve in the future, yielding a net

effect of less water quality impacts. The largest
FIGURE 104. ~~~O~’ ~~~~~ P’OISCI.d for the present factor affecting water quality-animal wastes
West Sound S.ina- in streams—is subject to improvement through these

advanced techniques.
Major population growth areas are predicted to Timber harvest Is expected to increase 50

be on the east side of th, basins. With Impuv,vd percent by the year 2000- This will require expansion
transportation mans, greater eisa of commuting of the logging road system. The rugged terra-ins and
between the Industrial areas in and around Seattle- unstable soils In areas along the Olympic Mountains
Tacoma and Bremerton and environs, it vii ~~~~ thj are susceptible to yields of high sediment loads from

• Increased growth of residential developments. Thes erosion along these roads. This waste could be a
vii gradually spread along the east side untIl 2020 significant future problem In the basins.
when they will be fairly solid from Balnbrldge Island The municipal, Industrial, and ri~creational
to Fox Island. Port Townsend and Shelton are wastes produced for the years 1965, 1980,2000, and
expeciad to grow more slowly, prinselly to support 2020 are shown in FIgure 10.6. Of the total 567$)00
the forest products industrIes In these areas. Mi area FE foreseen for 1980, paper and allied industries will
where It Is especially difficult to predict population produce 57 percent . Municipal waste production,

A growth is tie’ shoreline around Hood Canal. This area with major centers being Bremerton , Port Townsend,

10.13
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Shelton , and Port Orchard; is expected to increase
from 75,000 PB in 1965 to 186,000 PB in 1980.
Municipal waste in 2020 will probably aceount for I

more than one-third of the total waste produced
which will be almost seven times the 1965 produc-
tion. Wastes generated in 1980 from recreational
activities will amount to 54,000 PB and are expected ~c�~to rise to 188,000 PE by 2020.

The future needs of the people in the West ~~ iI~~
° 

-

Sound Basins are to manage the predicted warteloads - - - -..

so as to preserve the outstanding environment. TheIr ~~~~øl. . s a~~major potential growth factors—recreation opportun- ~~~ ~~ L

Ities and aesthetics —dema nd this. The means neces- .

sary to prevent , control , and abate future water FIGURE 10-6. Projected munici pal and industrial
pollution are developed in the next chapter. wastes for the West Sound Basins (thousands of PE ) .

MEANS TO SATISFY NEEDS

The many and diverse wastes produced in the many new small plants will be required to respond to
West Sound Basins call for many handling methods to the needs of the scattered developments. The soil
minimize the impact on natural water quality. Again , characteristics of the peninsula are generally very
waste collection and treatment of all concentrated poor for handling subsurface waste flows from septic
discrete wastes is the foundation of the water quality tank disposal units. Several lake developments are
management plan. Other elements are integrated into now being constrained by health considerations from
the plan to insure the effectiveness of treatment. The the waste disposal stan dpoint .~ Thus , an important
continued use of the marine waters as the sink measure is a program to aid in instituting waste
receiving most residual wastes results in little require- treatment at these population concentrations ,
ment for fresh surface water flows, whether on lakes , bays, or streams. This prog ram

should be mana ged at the basin level and include the
WASTE COLLECTION establishment of a comprehensive waste management

AN D TREATMENT plant for the basin which takes into consideration
future population growth patterns; establishment of a

Present needs can , to a great extent , be met broad , area-wide organization for financing and
through the Immediate construction and prop er operat ing waste collection and treatment installs-
operation of waste collection and treatment facilities. tions ; and supporting Federal research to devise
The separate actions required to meet these needs are economical small size sewer and treat ment install s-
outlined in the Washington State Water Quality tioni.
Standards and Implementation Plan , December 1967. Waste collection and treatment from pleasure
These requirements are summarized below: boats and at County , State , and Federal Parks will

I. Port Townsend , Fort Warden , and Crown have to be provided in increasing numbers of sites.
Zellerbach at Port Townsend—ade quate treatment These should be included in the above prog ram for
and outfa ll facilities, housing developments.

2. Naval Shipyard—interception of industrIal The present and projected municip al , industrial
shipboard wastes to Bremerton . and recreation al waste treatment costs are presented

3. Shelton and Simpson Timber company— in Tables 10-6, 10.7, and Figure 10-7.
modification an log storage and handling p~~t~~~ Municipal cos& are proj ected to total

The projected waste sources are similarly scat- $7,400,000 by 1980 with an additional $16 ,000,000
tered. A large part of these wastes can be trea ted
through enlargement or replacement of the above
complex ni treatment plants. In th. basins, however, ~ Cosu ers not amortized.
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r
needed by 2000 and an additional $24,500,000 by Federal Investment in waste tr eatment facilities
2020. for recreation ar eas will total $1 ,210,000 by 1980

With the paper and allied products industry with additional amou nts of $4,300,000 and
accounting for 90 percent of expenditures, industrial $4,800,000 from 1980 to 2000 and 2000 to 2020,
costs1 are projected to total $2,300,000 by 1980 , respectively.
$4,400,000 from 1980-2000 , and $8,000,000 in the
interval 2000-2020 FLOW REQUIREMENTS

_______________________________________ Treated wastes have been projected to be

•~~C~~~~~WER•
discharged to marine waters. Residual wasteloads to
streams from natural causes or recreation activities
are expected to be small and easily accepted by the
streams. Therefore , flow requirements were not esti-
mated for the basin.

- 

~~~ 

-_slo 
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OTHER MEASURES
F IGURE 10-7. Relative required rates of investment
for waste collection and treatment in the west sound A plan of radioactive waste disposal will be
Basins, required as a joint State-Federal output in the near

future as the problem emerges. Bremerton Naval
Shipyard will be faced with a growing demand for
handling radioactive materials, and the disposal prac-

Sources of funding are shown in Figure 10-8 tices must not impair the water resources.
The Federal Construction Grants Program will need Another necessity is a prog ram for inspection
to invest $2,200,000 by 1980; an additional and patrol of recreation boats and sites to insure
$2,800,000 by 2000; and $3,500,000 from 2000 compliance with waste handling requirements. The
untIl 2020. State grants will t~tal over $1,000,000 by mobility of the pleasure craft will make enforcement
1980; $1,400,000 from 1980-2000 and $1 ,800,000 of regulations a future problem.
from 2000-2020. Federal investment in sewers is Hood Canal and South Sound , west of Tacoma
expected to total $390,000 by 1980 with an add-i- Narrows, are ideal recreation areas. The transport
tional $1 ,175,000 by 2000 and still another characteristics of the South Sound are poor. Both of
$6,000,000 by 2020. these factors point to the conclusions that residual

wasteloads must be kept to a minimum in these areas,
particularly from those industries which would have a
significant impact on these watercourses.

Present water quality monitoring is concen-
trated on the eastern rivers of the Olympic Peninsula .
These streams and lakes on the peninsula and the
marine waters have intermittent and fragmented

~ measurements. These, however, are the areas where
most wasteloads and potential pollution problems

FIGURE 10-8. Government Investment require’ will be. The surveillance program should be expanded
~~~~~ for waste coll ctlon and treatment In ~~ to meet the increasing need for measurements as
west SOUnd Basins, developments take place, and to include lakes and

ground-water monitoring.
Costs ~s not amortized.
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TABLE 10-6. Costs for waste coIl.ction, treatment, and outfall facilities and quality systems to meet water
quality stand.,ds, West Sound Basins

Annual Costs
(Thousands of Dollan)

1967 Dollars
Prsaent-1980 1980-2000 2000-2020

STANDARDS FOR INTERSTATE AND INTRASTATE WATER S 1

Upgrade treatment, plant expansion or modification—
municipalities and ,ndustries $129 $ 146 $ 91DIsinfection 22 24 15Outfall, 129 146 91Interception and vmr system

a. Municipal 65 73 46b. lndsgstrial 
22 24 15Combined sewage infiltration and overflow correctIon 65 45Advanced waste treatment in recreation areas 98 153 240

Sub-Tota l $530 $ 639 $544

WATER QUALITY ENGINEERING DEVELOPMENT , MANAGEM ENT AND2
EVALUATION PROGRAMS FOR MARIN E, FRESH AND GROUND WATER

Monitoring—grctjnd water, automatic equipment, etc. $ ~~ $ 6 $ 8Evaluations-dispersion areas, ecological, productivity 41) 6 8I nformation system, qual ity contr ol, plant operation
Improvement, operation research 10 6 8

Sub-Total 
$ 75 $ 18 $ 24

OPERATION AND MAINTENANCE 2 
$119 $ 429 $431

TOTALS $724 $1,086 $999

Annual amortized costs.
2 Dlrsct annual costs, from eppropr iatlons, revenues, planning funds, and grants ( Doss not include Interest) .

TABLE 10-7. Tot.! amortIzed capital and operational
costs, Wist Sound Basins

MUllen Doll s
Present . 1960- 3600-
1980 2000 2020

IndustrIal 4.6 4.3 3.3
MunIcipal treatment 5.1 5.6 3.5
Municipal sswars 19.0 20.7 13.0
Rscr.stlon 2.4 4.2 2.0
Adwu ncsd waste treatment 4.9 7.7 12.0

Sub-Total 36.0 42.5 33.8

Water quality inuisiwlng
msn~~~~a.i and evaluation 0.8 0.4 0.5

Operation and malntsnsnce 1.3 8.6 8.6

Total 36.1 51.5 42.9
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ILWHA - DUNGENESS BASINS

INTRODUCT ION

These basins are located in the counties of here , containing a total sutface area of 1,400 acres.
Jefferson and Claltam, with the greatest portion The th ree of the largest ones are on the Elwha , and
(about 75 percent) being in Clallam County. The include two reservoirs: Lake AIdwell (321 acres) and
Olympic Mountains , together with their outlying Lake Mills (451 acres) . The other large lake is Lake
foothills, occupy most of the region. Sutherland (361 acres), which is in a narrow basin

The major watercou rses of these basins are the near the foot of Mt. Storm King . The remaining
Elwha and the Dungeness Rivers. The Elwha River is surface area is made up of smaller lakes located in the
about 40 miles long from headwaters near Mt. lowlands and cradled high in the alpine areas.
Olympus to its outlet in the Strait; it drains 321 The marine water area consists of approxi-
square miles in the weste rn portion of the basins. mately 30 miles of shoreline, paralleling the Strait of

The Dungeness River is about 30 miles long Juan de Fuca , and encompasses 107 square miles of
from its glacier-fed headwater s between Mt. Decep- the surface area. The major waterbodies are New
tion (7 ,788 feet) and Mt. Constance (7,743 feet) to Dungeness Bay, Port Angeles Harbor , and a portion
its confluence with the Strait. It flows northward of Fresh Water Bay. The Strait of Juan de Fuca is one
through mountainous areas draining some 198 square of the two channels—the Strait of Georgia bein’g the
miles of the basins’ eastern portion. The river other—connecting Puget Sound with the Pacific
contains several sizeable tributaries such as Canyon Ocean.
Creek, Gray Wolfe , and Silver Creek. The Dungeness The soils of the flood plains consist of gravell y
River is an important spawn ing strea m for anadro- sands, sands, and gravelly sandy b arns in the upper
mous fish , and a salmon hatchery is located on the reaches and adja cent to the streams, becoming pro-
r iver near Sequim. gressively finer textured to fine sandy b arns, silt

The area between the Elwha and the Dungeness boams, and silty clay b arns on the lower reaches and
Rivers is drained by many short , swift streams, of alluvial fan areas. Most of the glacial plain terrace
which Morse Creek is the major one. soils are gravelly sandy b arns, gravelly b arns, and

Both natural and man-made lakes are found clay b arns 18-40 inches deep , over slowly permeable
dense, gravelly loam and gravelly clay basal till . The

N , 
‘
~~~ W A S H l ~d G T O N  

~~ upland soils consist of stony b arns, gravelly b arns,
‘— \ B.4llngho m “—“ (
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and gravelly clay boams ranging from less than one

\~
-.-~~~

.— <~“~~~j  foot to five feet and more in depth over bedrock.
The Elwha-Dungeness Basins contain 448,000
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acres of land and inland water. Forest lands pre-
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PHOTO 11-1. The shoreline consists of many fine
FIGURE 11.1. Location of the basins, sand and gravel beaches.

11-1

1- 
s” -. -- “ ‘  -



— —

r

~~~~~~~~~~
_
~~~~“: 

~~~~~~~~~~~~~~~ I
• .,,

1,~ 
•“

• 
•

• 
I 

1~ • S q..o,

,r • f

• -I.

t

SW” t

015

NA HAL

/Co,,is

MI .~ - -
- 

ISITOM cO(IJ,pIA

i l d

LEGEND

u_s. POUSSY Sift VICE

ScsI. ~, Mu ,,
STAT E DRPAITMINT OP 3 0 1

,0NATURAL ERS OU R C IS

• 
NATIONAL PASS SIEVICI ELWHA - DUNGEN ESS BA SINS

MILITA SY SE$ISVAT ION Figur. 11-2 Land Ownership

— CITIES

1 1-2

— ‘W - — .‘~~ 
— — -r - 



dominate, accounting for 78 percent of the total. and at unincorporated Carliborg. Paper and pulp
More than three-fourths of the basins’ total land ares production has become the largest industry and ~~~,

is held In Federal ownership. today, the backbone ci the area’s economy. Lumber
About 28,500 people (1967 estImate) Ihe In ~~ PulP mills at Port Angeles, and sawmills at

the Elwha and Dungeness Basins, The two major Sequlni and Carbsborg help sustain th~ local economy
population centers are Port Angeles wIth 15,800 and provide seasonal employment for part time
persons in 1967 and Sequim with 1 ,450. Most ~~mers
settlement has occurred along the narrow coutal Port Angeles, county seat of Clallam County,
area . The more rugged and Inaccessible southern part serves as the principal commercial center. Industrial
remains barren of people due to Its national park plants line the water’s edge. There are 56 manu-
status. facturing firms here which contribute to the corn-

The economy here rests primarily on wood mercial importance of Port Angeles.
manufacturing finns, government, trade (wholesale Ediz Hook, a narrow split of sand , curves into
and retail), and agriculture, the Strait and protects Port Angeles Harbor , coast-

wise, and ocean freighters load and unload in this
harbor which is the flit port of entry for ships
entering into Puget Sound.

The Sequlm-’Dungeness area is the agricultural
hub of the basins . Deirying and bivestod are the

______ 

primary farm enterprises, but some crops are grown.
-

~~~~~~~~~ Hay and pasture crops, grain, berries, and seed crops
make up the major band use of the irrigable areas. The
town of Sequim is the tr ade center for the surround-
ing fertile agricultural area.

______________________________________ Tourism is a rapidly growing industry due to its
wealth of great scenic and recreation assets. Olympic
National Park is a big attr action for recreation ists.
Thus, numerous business establishments have been
developed to furn ish services or sell direct ly to the
tour lit consumer.

PHOTO 11-2. The Ssqulm-Dung.neas area is de~0e.d The favorab le climate, coupled with an
chiefly to agricultural ~~J%~J $  abundance of natural attractions, is causing new land

developments , aimed at developing the area into a
retirement and tourist-vacation center for the State of

Timber supplies from private lands and the Washington. Resorts, recreation homes, and retire-
Olympic National Forest provide raw material for ment communities contribute to m aking this basin an
forest products industries at Port Angeles, Sequins, important tourist and retirement center.

PRESENT STATUS
WATER RESOURCES vicinity of the high mountain ranges. The runoff for

the entire area amounts to about 45 Inches annuall y.
Frasli WMSr During the period from b93 1-b960, the average

Tb. Etwba-Dwtg.ness Rivers are the primary annual discharge of the Elwha River was 1,500 cfs,
water resources of th. basins. Between these two rivet recorded at the McDonald Bridge near Port Angeles.
beshis is More. Creek and several m ailer streams Variations in annual runoff in this same period
which drain a llliquars mile area. Runoff Is Included a low of 859 cfs for the 1944 water year ,
~~~~Iad by owpeaka and rainfa ll originating In the and a high of 2,050 cfs for the 1954 water year.
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The Dungeness River has less than half the unit 69,000 acre-feet. Their combined active storage of
runoff of the Elwha which reflects its lower elevation 29,000 acre-feet is used solely to meet power
and its general location in the “rain shadow” of the demands. No storage or minimum flow releases are
OLympic Peninsula. Records for the Dungeness show established to augmen t low flows for fish enhance-
an annual averag e of about 382 cfs during the 30.yeam ment . Agreements do exist , however , which guarantee
p riod from 1931 to 19W . The minimum recorded 30 cfs below the city of Port Angeles diversion dam.
discharge at the USGS stream gage near Sequim was This amo un t of water cannot be considered as an
200 cfs during the 1944 water year , and the enhancement to the fishery of the Elwha River. No
maxunu m was 549 cfs in 1954. reservoir exists on the Dungene ss River.

These two rivers share similar seasonal runoff Plentiful supplies of ground water can be found
variations. Flows in both the Elwba and Dwigeness in several mounta inous and lowland places of the
peak dur ing the winter per iod of hiaji precipitation , Elwha and Dungeness Basins. The most productive
and again In late spring or early summer during a lowland aquifers are coarse sedimentary zones of
combination of spr ing rains and snowmelt . Generally , Quaternary deposits , which are continuous over
tin greatest monthly flows occur in May and June. about 90 square miles. Virtual ly all of the ground
By contrast , winter flows are more variable and are water in the lowlands is derived from sands and
often characterized by sharp rises due to storms. gravels deposited by the northward flowing streams

Both the EIWha and Dungeness exhibit mini or as glacial outwa sh. Generally, this material is
mum flows during the summer when precipitation is permeable enough to allow moderate yields of ground
least and snowpacks are depleted . Following the water.
spring rains and the snowmelt peak , streamflow Natural precipitation is the chief source of
recedes to misimwn base flow , usually by the end of ground water recharge to the aquifers. Runoff from
September. All of the smaller tributar ies to the Strait the Olympic Mountains may also contribute sub-
of Juan de Fuca — like Morse , Siebert , and McDonald stantial amounts of recharge , as the annual precip-
Creeks—have extremely low flows during the summer, itat ion in the Sequim-Dungeness area is low , but the
because their watersheds store little snow and receive ground water supply is quite abundant. Another
small amounts of precipitation, source of recharge is directly from irri gation , which

A low-flow frequency analysis has been made has caused a rise in the water table of as much as
of the Elwha and the Dungeness based on an 18-year three feet in some areas during the summer months.
period from April 1, 1946 to March 31 , 1964. The The amount of natural recharge to aquifers in
7 day and 30day low flows that may be expected to the lowlands may be as much as 10,000 acre -feet per
occur on these rivers for a recurrence interval of ten year. Probab ly no more than one-half cf this recharge
years are shown in Table il-i . can be intercepted by wells, owing to the steep

hydraulic gradients which often exceed 100 feet per
TABLE 11.1. Low flow ussscy—lO-yuar remit-
rinse Ininvui-Eb.he-Dun ,anaas Basins.

7 Osy 30.Osy Mwlne Water
Low Flow Low Flow Large voiwnes of tidal flows pass through the

stations cfs cfs strait and largely dominate the marine water circula-
(ion.

E~~~~ RIVSr t MCOOflhld ~~~ Port Angeles Harbor is partially enclosed by
~~mhMesen 300 376 Edlz Hook, a iandspit fingering three miles into the

s , w ~~~~sen tea Strait . Depths in the southern half of the harbor are
less than 60 feet, while in the northern half depths to

Soiarss: Amiandin III: H~*o1o y & Nslurst £nv4rinn~snt. 192 feet occur .
Currents in Port Angeles Harbor consist of a

There are two dams and storage reservoirs on dominant eddy motion, generated by currents in the
the Limbs River . This rher has been partly regulated adjacent Strait of Juan de Fuca , superimposed upon
at Lake Aidwell sInce 191 1 and at Glines Canyon weak tidal filling and emptying currents . The eddy
Dean (Lake Mills) sInce 1927. This, two private develops near between Edia Hook and Dungeness Spit
power dsvsiopm.nts have a combined total storage of and, In general , transports water alongshore in the
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direction opposite to main currents in the Strait . mineral solids for the river and streams rarely exceed
Due to interaction and resonance effects in 100 n,gJI and they contain soft water most of the

Puget Sound, flood and ebb currents in the Strait are time.
not necessarily in phase with their respective counter- Dissolved oxygen concentrations throughout
parts of rising and falling tide levels at Port Angeles. the length of these rivers are near saturation. DO
Thus, the harbor may either fill or empty coincident concentrations on the Elwha have ranged from a low
with flood or ebb current in the Strait , recorded value of 10.0 mg/I to a high of 14,1 maJ l.

Net circulation of surface waters in the Port The DO concentrations on the Dungeness have ranged
Angeles area is characterized by: from a minimum value of 83 mg/I to 133 mg/I.

1. A net anticlockwise circulation within Port Seasonal changes in all disaoht,d constituents
Angeles Harbor , due to predominance of northaide occur to a m all extent. The Dungeneas River is
flood and southside ebb motion, slightly higher in hardness and magnesium over all

2. A net ebb-direction transport in the Strait of seasons of the year than the EIWhI River. The Elwha
Juan de Puce of about two miles per day, due to River carries a higher concentration of sulfate.
seaward movement of freshwater land drainage. Nitrate values of record are less than 030 aug/I

3. A net eastward drift aiongsi~ore between for the Elwha Riser and less than 0.60 aug/I for the
Port Angeles Harbor and Dungeness Spit, due to eddy Dungeness. All samples since 1960 have shown that
movement associated with net ebb-direction transport the Dungeneis River in all seasons has nitrate values
ia~ tin Strait . twice as high as the Limbs, and in regard to this

The main effects of net circulation on waste chemical parameter, the rivers are not basically
distribution in the Port Angeles area an the general similar.
restriction of wastes to the southern portion of the Phosphate samples for the Elwha River are less
harbor , the movement of some wastes eastward than 0.1 1 mg/I and loss than 0.06 nnJl for the
alongshorc toward Dungeness Spit , and their eventual Dungeness River. All seasons show that the con-
transport seaward once dispersed into the Strait . centration of phoaphate in the Elwha Riser is twice as

great as that in the Dungenea River.
WATER QUALITY Both rivers may be characterized as low in

nutrients.
Fresh Water BaaIsrIoIo~ cal-The sanitary quality of these

Water quality of tin Elwha-Dungeness Riven streams is generally excellent. Data indicate that they
has been measured on a monthly basis from July have low MPN values of coliforrn bacteria , usually less
1959 to July 1960, and then quarterly thereafter to than 100. On the Elwha, the MPN ranges from a low
1966. The followmg discussion is based on this data of 0 to maximum value of 430. The MPN values on
gathered from monitoring stations located on the the Dungeness range from 0 to 230.
Limb. at McDonald Bridge near Port Angeles and on Table 11-3 swnmarlzes coliform concentrations
the Dungeness near Sequim. obtained from basic data sampling.

Chsmlcal-Concentratjons of total dissolved

TABLE 11-2, Surfa ce water quaNty-Eiwha Dungsn.ss Basins
________________ I malI niW l

II... I
ELWNA RIVER NEAR PORT ANGELES .AJ LY 1960 THROUGH 1066

~~~~~~~ $~~ •7 704 7 7  13 04 ii 0 5.1 7 0  03 03 ,00 0 7 7  - 71 012 003 SO 70 00 III 7 4 7  III 40 S 430
00.4 - 04 73.4 t O  I.. 02 41 0 75 0.7 0.7 0 7  N 000 - -- SI 0.75 0.0’ - - -. - .- 02 114 lOS 30 4 3
10i44.,s,. 300 42 700 07 7 2  00 32 0 40 00 00 00 03 000 30 000 007 5.4 0 0 3.7 700 53 25 2 0
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OUNGENESS RIVER NEAR SEoulu JULY 1950 THROUGH 1956

00....,~~ 7 .210 04 730 35 4. 7 05 70 0 100 72 02 00 712 005 140 440 0.04 70 10 00 1*1 735 III II 5 230
-. 70 ISO 1.3 3.7 03 5 0 0 7 7  1 1 0 1 0.2 7*1 007 — 0.5 045 001 - — -- SP II.3 1•1 53 2 43
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li-S

I 
_ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ ____________________________— --.,— __.n ~~~~~~~~~~~

— ~~~~



TABLE 11-3. Summ.’y of coilforn, cuncen atlons, Eiwha-Dungsnsus Basins

MPN / 1CW) mis
Lass Than Oroator Than

240 2404.000 1,000.2.400 Z400
Sot Sot Sot %of

No. of Total No. of Total No. of Total No. of Total
Wsturmuris Samples No. Samples No. Samples No. Samples No.

EIv~~ R Iver 27 95 1 4 0 0 0 0
Dungsn. R Iver ~~ 100 0 0 0 0 0 0

Sowa~ W50hh7~ton Wear Pollution Conmol Commission

Physical—Maximum temperatures of both rivers is well below standard of 15 for color , the
streama—Elwha and Dungeneis-are generally low in recognized standard for drinking water.
comparison to other dreams in the Puget Sound
Area. Temperatures on the Elwha have reached a Marin Water
maximum recorded value of 59.9°F (15.5°C). A Water of oceanic type (below 328 feet) in the
nnximum of 61°F (16.1°C) has been recorded on Strait of Juan de Fuca varies in salinity from a winter
the Dungeness River. The Elwha is generally 0.9° F to n’ipimum of 32.3 0/co to a summer maximum of
4°F warmer during most months. This warmer 33.9 o/oo. The temperature of this deep water will
temperature may be, in part, attributed to stabilizing vary from a winter high of 47.1°F (8 .4°C) to a
effects of Lake Mills, a power reservoir located above summer low of 43,30 F (6.3°C) with corresponding
the Port Angeles station. oxygen contents of 7 mg/ I and 3 mg/I. The surface

The lower maximum temperatures of these tWo waters exhibit an average maximum salinity of 31.6
streams are due to tin predominantly high altitude o/oo in late summer and a minimum of 30.8 o/co in
and northern latitude of their watersheds. These late winter. The corresponding surface temperatures
streams are also among the few in the Puget Sound are 52.2°F (11.2°C) and 45.7°F (7.6°C) and the
Area that are north-south oriented, and thus ex- oxygen values for the same time are 6.4 mg/I and
perience less exposure to solar radiation than east- 11.0 mgI 1.
west Onented ~~~~ During the summer months phosphate values of

Streaxn.borne sediment is generally not cx the surface water slowly increase from a low of 042
cessave an the basins due to the stony and shallow maJI to an average of about 0.15 mg/I.
soils at high elevations and to the profu se COY~T ~( Minimum amounts of phosphates at all depths
vegetation which prevents excessive soil erosion are observed in winter and are usually above 0.18
Some sediment problems do occur, but they are
usually local in nature, resulting from construction, The waterfront area of the Port Angeles Harbor
lo95lng, or farming operations. The Elwha 

~~~~ is ~i~~ifimMly contaminated in an area roughly two
transports about 25,000 tons of sediment during a miles long on the southern and western sides.
year of normal streamflow . In contrast, the Water movement in the Strait is relatively rapid;
Dungeness River transports less than 1,000 tons 0~ and, although there is a significant natural dilution
sediment in an average year . Suspended sediment and disper sion of SWL (sulfite waste liquor) is not
concentration in moat dreams of the basins is I~~ved aj all tunes. Float studies have indicated that
generally less than 20aug/1. ~~ fl~o~~ g tides SWL movement is to the west and

The average turbidity for the Elwha was 12 north, and significant concentrations of SWL In the
JTU and the Dungeness 7 JTU . The maximum surface layer off Ediz Hook have been detected .
turbidity observsd was 65 flU for the Dungenesa and Waste disposal from the Port Angeles Harbor
60 JTU for the Elwba. Color values are equally 10W, may be Influenced by the natural phenomenon of
ranging from 0-IS units for the Dwigeness and 040 upwelllng deep ocean waters which are deficient in
units for the Limbs. The average color value for both dissolved oxygen.
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Water circulation within Port Angeles Harbor is over three million population equivalents, of which
specifically complicated by the existence of Ediz less than one percent is presently removed by waste
Hook where the physical relationship of land and treatment before being discharged to mar ine waters.
water movements tend to create pooling conditions. The area receiving the largest quantity of waste in

The southern portions of the Elwha-Dungeness relation to the total basins is Port Angeles Harbor.
Basins are within the boundaries of the Olympic The quantities and general location of waste
National Park. production and discharges in the basins are shown in

Three pulp and paper mills discharge raw wastes Figure 11.2. Sources of waste are summarized in
Into harbor waters. The southern one-quarter of the Table 11-4 . Upon completion of the Interstate and
harbor is adversely influenced by municipal and proposed Intrastate Quality Standard’s implements-
industrial wastes, and the northern three-fourths of tion and enforcement plans, the strength of dis-
the harbor shows characteristics equivalent to water charged wastes will be substantially reduced.
found off-shore in the Strait of Juan de Fuca.

Average surface SWL concentrations in the Fresh Water
harbor exceed 15 mg/I essentially over the entire area There are no known discharges to fresh waters
and about 50 mg/I in about 50 percent of the area. in the basins.
Serious water quality degradation—SWL values above
800 mg/I, DO approaching zero, PH depressed, and Marine Water
presence of toxic sulfides —occurs in the dockfron t The principal location of pollution centers
areas near each of the three pulp mills, about the Port Angeles area are where numerous

industrial plants line the water’s edge. Here both
SOURCES OF WASTE municipal and industrial wastes are discharged into

the harbor water.
The municipal and industrial wasteload gen- The two major sources of pulp mill wastes in

erated in the Eiwha-Dungeness Basins approximates the Port Angeles area are Rayonier Inc. sulfite pulp

TABLE 114. Summ y of munkigal and industrial umass, Elwha-Dungeness Basins

Non-Seasonal Seasonal Non-Seasonal Seasonal
Estimated Untreated Unveatad Wast. waste
Population Waste Waste Discharge DIscharge

Water Course Sieved PE PE Treatment PE PE

Se-aft of Jun, de Fins
Piper & idled (Clown Z.) - 145.000 - None 145,000

Port An,slea
Port Angeles 15,300 22,800 - Non. 22.800 -

Paper B allied (Flberbo ..d) - 264,000 - Non. 264,000 -

Papir & uNhsd (Rayenler) - 2,820,000 -‘ None 2.820.000 -

Lumbar / ~~od (Pen Ply) — 2.400 — None 2.400 —

Food B kindiud - 2,500 - Non. 2,500
U.S. Coast Guied Session 200 200 - Lend -
Mo~~ Creek

Hart of die Hills - 100 “ Secondary 20 -

Sequkn Bay
1.000 1.250 - Secondary 250 -

Ssqulm ey $tessPie* - 240 - Prlmc,y 160 -

TOTAL1’2 10500 3.205,800 - - 3,257.200 -

- 24.000 - - 23.200 -

l~~~sstluI — 3.234,000 — — 3,234.mo —

rmjr”’t
2 , will ba ~~ jesd far id ~~~Ss dlsekar,ss utter ,ani,.ll... .~~ with the lni...i.S. and proposed lnt, ,i.te Quality
Seenderde L_ .IJI...n and ...ta........a..i plun—1970’1972.
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mill and Fibreboard Paper Products Corp. sulfite pulp The U.S. Coast Guard Air Station at the end of
and board mill. Both mills discharge untreated pro . Ediz Hook discharges domestic wastes into four
cess wastes directly into the harbor. septic tanks and thence into drainfields on the Hook.

The Rayonier mill contributes over 90 percent These facilities are designed to handle wastes from
of the total discharged wasteload to the harbor. This over 225 persona, and they are considered adequate
mill produces pulp by the calcium-base sulfite process by the Washington State Health Department.
and averages 467 tons of pulp per day. On an average The Crown Zellerbach mill, located at the inner
day, Rayonier, Inc. discharges 36 million gallons of end of the harbor , has a daily production of about
wastes, containing 235 tons of SOD5 (2 $20,000 FE) 400 tons of pulp and 480 tons of newsprint and
and 1,157 tons of solids, into the harbor waters. telephone directory paper . This miii discharges, per

day, an estimated waste volwne of about nine million

r 

• . .  ~~~~~~~~~~~ gallons, containing 12 tons of BOD5 (145,000 PE)
_____ 

and 47 tons of solids. directly outside the harbor .
____ ~~~ Generally, these wastes are dispersed seaward by

- 
Strait currents and thus do not affect- the main Port

— —— The combined wasteload from all waste sources
in ties basins exceeds 3,200,000 PE. The Rayonier

-
~ 

- and Flbreboard mills are the principal sources,
accounting for about 95 percent of the daily waste.
load.

PHOTO 11.3. Rayonlsr Pulp and Paper Mill is a ‘ ‘~~ •~~~ ‘ ~~

source of water pollution In the basins. “14 
~~~~~~

The Flbreboard mill, located near the west end
of Port Angeles Harbor , produces about 191 tons per
lay of bleached sulfIte and groundwood pulp and
board stock for packaging and wallboard. This mill
discharges, per day, a waste volume totaling over four
million gallons. containIng 22 tons of BOD5 (264,000
FE) and 0.2 tons of solids.

The city of Port Angeles discharges, after
primary treatment, domestic waste effluent from a
populatIon of 15,300 into Port Angeles 

~ ‘°j~ 
PHOTO 114. Th. Crown Zellerbach Mill discharges

estimated at 15,000PE. pulping w tes directly to the Strait of Juan de Fuci.

WATER USES AND QUALITY OBJECTIVES
The in~or beneficial uses of fresh and marine usage to be protected in the area .j waters In the Elwha.Dwigeneas Basins are summarized The Ehelia and Dungeness Rivers are used for

In the table below, which focuses on the pdnclpal the spawning and rearing of anadromous fish. The
watarcourses and problem areas In the basins. The Pacific salmon and anadromous trout species to be
table also gives the State water quality classification found in the area are chinook, coho, pink, and chum
foe each watercourse which defines the typ. of water salmon; steelhead and asarun cutthroat trout ; and

114 
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searun Dolly Varden. These fish contribute signif~ 16,300 man -days were spent with a harwst of almost
icantly to recreation use by providing sport for both 45,000 trout .1 About 42,000 man-days were spent
the local residents and for the many tourists and fishing for steethead and searun cutthroat trout and
vacationers visiting the basins. The principal species over 5,000 steelhead and 10,100 searun cutthroat
of shellfish and other marine invertebrate in the area trout were harvested.
are the Dungeness crab, littleneck and softshell clam, The Elwha-Dungeness Basins rank tenth among
and octopus. These are harvested by both sport and basins in the Puget Sound in demand for outdoor
commercial methods. recreation . Water-related activities were estimated to

Salmon produced in the basins contribute to be 650,000 recreation days in 1960 and are expected
fisheries in the Strait of Juan de Fuca and Upper to double by 1980. Picnicking, fishing, and swimming
Puget Sound. The average annual contribution to are the three most popular activities in the basins.
these fisheries during the period 1956 to 1965 was The main recreation attractions are the salt-
195,810 salmon. water , rivers and streams, and the Olympic moun-

The marine waters support a light to moderate tains. Other outstanding natural areas include Ediz
conunercial fishery for salmon. A few gill-net vessels Hook, Hurricane Ridge, the Tyler peak scenic area ,
and some seiners ply these waters, principally off- and the Dungeneas Spit which is one of the finest
shore near the Canadian-United States border, saltwater recreation resources within the Puget

Saltwater sport fishing for salmon is very Sound. In 1964, there were 15 publicly administered
popular, as reflected by the nearly 90,000 angler-days outdoor recreation areas within the basins.
logged in the adjacen t waters in 1965.Popular fishing The Elwha and Dungeness Rivers ai~ the
sites include Dungeness Spit , Green Point (at mouth primary water suppliers of the basins. The total
of Siebert Creek), and Ediz Hook. average daily water use is over 55 mgd, of which only

Based on 1966 survey data , 53,600 man-days of 0.8 mgd are furnished by groundwater. Morse Creek
effort were spent fishing in the lakes and ponds of the supplies Port Angeles with 3.8 mgd, serving a pop-
basins; and a total harvest of 134,700 trout and
15,600 other game fish was realized. In the streams , ~ ~~~ uds, catch of ill salmonids

TABLE 11-5. Water u and quality objsctlv.s, Elwha-Dungen.ss Basins

I,

tZ
Use lntunsity .? !‘~~L-Ll~~t

M—Medlum 0 0 (H--Heavy 

Assigned
Watercourse C1

Strait of Juan di Fuc.
andPu tSound AA H H  M H H P I L L H H  N H M
POItAngSISSHaI’bor A L H L  I L  I M M H  I L H
Dungsneea River mouth

so Canyon Ossk A H H H II N H H N H
Dunisneis R iver and
tributaries from
Canyon Creek to
lias~ veisrs AA 1 H H H  H L N H

£Ivdis River and
Vibut~ ius AA1 H H H  H L H H  H H  H

lslu.l~psed cliii tentative pending hearing on vatter quality standards f~~ leaatata vmters.
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ulation of 15,700. Industry , however, is the big water the domestic internal traffIc was 650,547 tons.
user , accounting for about 90 percent of the total Fisheries and recreation uses require the highest
daily requirement for the basins , water quality standards of all raw water uses. M a

Navigation at POrt Angeles amounted to result, the water quality class for most watercounes
530,279 tons of foreign and domestic coastwise in the Elwha-Dungeness Basins is either excellent (A)
traffic in 1963. The harbor is the first port of entry or extraordinary (AA) with the objective being to
for ships coming into Puget Sound. In the same year, meet or exceed the quality requirements for all uses.

PRESENT AND FUTURE NEEDS

PRESENT NEEDS seriously damaging to the marine environment. Fur-
ther , currents are too weak to scour and remove the

Present water quality control needs are on extensive sludgebed formed at the western end of the
marine waters, where pulping and municipal waste harbor. Thus, the hydraulic characteristics of the Port
discharges are causing unsatisfactory water quality Angeles Harbor-Dungeneas Spit eddy system are not
conditions. There are no major discharges of waste to adequate to accept the large volumes of strong
fresh waters in these basins. Generally, clean water untreated pulp and paper processing wastes without
prevails in the rivers and streams from source to their resulting in pollution of the marine waters.
final rendezvous with the Strait.

The State-Federal water quality standards for
coliform, DO, temperature, pH, turbidity, toxic or
deleterious, and aesthetics are not being met in the
Port Angeles Harbor. Pulp mills are dischargmg high - -

waste concentrations, creating sludge deposits, and - - ~~~

continuing to degrade the quality of marine waters
surrounding each mill, the city waterfront , the
harbor, and the ihorelands to the east.

These pulp wastes are damaging to marine life
in the area. Acute damages occur within the harbor
adjacent to each mill and mainly associated with the -

concentrated sulfite liquors and settleable solids in -

the mill effluents. Chronic damages occur throughout
the area and are associated with dilute concentrations
of sulfite waste liquors. Sludge deposits continue to
seriously degrad. the water quality. Floating sludge,
buoyed to the surface by pies of dsconspoaltlon end
having an odor of hydrogen ailfid., has been fi.. - - 

- -quietly ob.sivad In the harbor . These conditions are -
Incompatible with marine life end interfere with
othsr legitimate water usus.

The waste assimilation capacity of the Port
Angeles area Is seriously limited by the presence of a
large, slow moving, predominantly antklockwlae
eddy circulation of water between th. harbor and
Dunpenass Spit . This eddy tends to confine mill PH OTO 11-b. Th. major ~~~ r quality ptoblsms are
wastes to shallower waters along shore before evan- concuntretid In Port Mg.lss H bor. where pulping
tuafly dlapsrIng them to the Strait of Juan di Fuca. and domsstlc waste dhsalsirges are ds~ adlng the
This Is resulting In waste concentratIons that are mains waters.
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r FUTURE NEEDS Lumber and wood production should remain
about the same with very little increase . Lumber and

The principal factors expected to affect future wood products manufacturing are now located
fresh and marine water quality in the Eiwha. mainly in Port Angeles.
Dungeness Basins will be the growth in population , About 1.3 million re creation days are forecast
industry , agricultural production , and recreation. As for the basins by 1980—double the 1960 level.
this growth occurs, the production of wastes and Intense recreation is expected to occur along the
water quality problems will likewise increase . Fore . marine waters, Elwha and Dungeness Rivers and
casts on the quantities and location of wastes are the tributaries , and in the mountains and forests of the
basis for determining the means to preserve water Olympic National Park.
quality and to protect the water uses of any given
watercourse.

The population of 28,500 persons in the
Etwha.Dungeness Basins is projected to increase
about 5 percent by 1980 and 45 percent by 2020.
Port Angeles will probably remain the fastest growing
and largest municipality. 0

Production for major water using industries in 
#

the Elwha-Dungeness Basins is expected to more than 
~ ddouble from 1980 to 2020 in terms of value added.

By 2020, paper and allied industries are cx- >
pected to account for 62 percent of the production
for major water using industries. In 1965 , this
industry accounted for 57 percent of the total
production. Port Angeles will probably continue to 

2020be the center for this industry. YEAR

______________________________ FIGURE 11-5. Relative growth for major water using00
industries.

Figure 11-6 shows tha t the pap er and allied
40 industries are projected to pr oduce about 2,650,000

PE , accounting for 99 percent of the raw waste
produced in the basins in 1980.

Municipalities are expected to form the second
largest raw waste producer.

20 PORT Food processing industries are expected to
produce 4,000 PE in 1980 which is double the 1965
amount of 2,000 PE.

Major municipal and industrial raw waste pro-
C - ducers are expected to remain located in Port
mao mao aooo aoao

YEAR Angeles.
Recreational raw waste will increase 52 percent ,

FIGURE 114. PopulatIon ~‘owth . from 6,100 FE in 1965 to 9,300 PE in 1980.
Uvestock handlin g poses an agr icultural threat

Food and kindred industries are forecast to gain to the quality of water in the future. The basins rank
in importance by increasing from over 6 percent in second highest in the Puget Sound in number of
1965 to over 28 percent in 2020 of the total value cattle per acre of cropland . Some of these animal
added for major water using industries. Food proces- wastes wash into streams during heavy rainstorms.
sing growth is also expected to concentrate in the This water pollution problem will intensify as the
Port Angeles area, total number and density of cattle increase .
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The primary need of the future is to manage
- these large , expected wasteloads that are generated in

the basins . The major objectives will be the same—to
I prote rt the various uses of water and to preserve the

outstanding envgonment. The means and manage-
I ment programs necessary to prevent , control , and

abate future water pollution are developed in the

$ 

succeeding section

— 
~
‘: ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~

-
~~~

FIGURE 11-6. Project ed municipa l and industrial
wastes for the Elwhe-Dungeness Basins (thousands of
PE) .

MEANS TO SATISFY NEEDS
Several elements comprise the water quality treatment and effluent chlorination for

means for the Elwha-Dungeness Basins. The central all domestic wastes with discharge
and paramount one is adequate waste collection and through a deep diffuser outfall.
treatment . Major aspects of the water quali ty control 2. Pan Plywood Corp.—in-plant con-
means are discussed in more detail below. trol s for the removal of glue wastes , and

all wastes intercepted by a municipal
system. Merril and Ring Western Lumber

WASTE COLLECTION Co.—domestic wastes intercepted by a
AND TREATMENT municipal system.

3. Rayonhsr, Inc. and Fibreboard
Adequate pollution abatement will require sig- Piper Products Corp.-primary treatment

nificant reduction in SWL concentrations throughout facilities to remove all settleable solids
the marine waters, physical removal of existing from mill effluents prior to discharge into
sulfide-producing sludge beds, prevention of further Puget Sound; adequate facilities for the
solids accumulation, and maintenance of tolerable disposal of recovered solids or sludge; a
levels of DO and pH in Port Angeles Harbor . These submarine outfall equipp ed with an ade-
measures must be met primarily by treatment of the quate diffuser to permit discharge of all
wastes for removal of aettleable and volatile dissolved residual wastes into deeper waters to
solids, rather than by chmi s In disposal practices, achieve maximum dilution and disper.
Such a plan is outlined In the Interstate Water Quality sims; removal to land by dredging of the
Standard’s Implementation plan of December 1967 . existing sludge bed In the waterways
The separate requirements si. detailed In the Imple. a4$acent to each mill.
nsentatlon plan d Indude:

Stra it of Juan di Fuca
EdIz Hook (Class A SectIon) 1. crown ZsUerba1.h Corp.-dessgn

1. CIty .1 Port An eles-prlmary and construct facilities and provide in.

11.13
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plant controls similar to Rayonier and Industria l costs’ will total $9,870,000 by 1980
Fibreboard above ; a screening lagoon for with an additional $7,340,000 by 2000 and another
log barker effluent. $16,000,000 by 2020.

Waste treatment facilities for recreation areas
These waste collection and treatment require- are projected to cost1 $525 ,000 by 1980 plus

ments will abate water pollution in Port Angeles additional amounts of $1 ,300,000 and $2,000,000
Harbor and the Strait. Future wastetoad s are cx- for the periods 1980 to 2000 and 2000 to 2020,
pected to occur in and around Port Angeles, Sequim, resp ectively.
and along the Strait of Juan de Fuca . These future Sources of funding for treatment facilities are
wastes, in most cases, can be treated by the existing shown in Figure 11-8. The Federal Construction
system and above complex of municipal and indus- Grants program will need to spend $1 ,470,000 by
trial treatment facilities with adequate expansion and 1980; and an additional $165,000 in the period
replacement. 2000.2020. State grai~ts will total $735 ,000 by 1980,

Outdoor recreation is expected to become a $860,000 by 2000 and $1 ,120,000 by the year 2020.
“prime industry” in the basins. Substant ial waste
collection and treatment facilities will be required to
serve this future growth. A few major recreation ____________________________________
complexes are anticipated that will involve large ~numbers of people and generate many small satellite
developments to handle the traveling public and more
specialized recreation pursu its. Since most of the ~ ~~~~~~~~~~~~~recreation potentia l will develop on Federal lands , the ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~

Federal Government will be required to provide or . •
~SS0 2l~00 ~~0 20insure provision of most of these facilities.

A substantial continuing investment will be F I GU RE 11-8. Government investment require-
required to meet present and future waste collection ments1 for waste collection and treatment in the
and treatment requirements. These investment re- EIWha-DUn~.n.U Basins.
quirements are shown in Tables 1 1-6 , 11.7 and Figure
11-7. M unicipal treatment costs will be high initia lly The Federal investment for sewer construction
in order to comply with the State Implementation will total $25 ,500 by 1980, an additional $125 ,000
Plan. The industrial sector shows an immediate rise in for the period 1980.2000 and $840,000 for the
investment to provide adequate treatment of present period 2000.2020. The Federal Government in waste
wast es. treatment facilities for recreation areas will total

Municipal costs1 are expected to total $500,000 by 1980 with an additional $1 ,660,000
$3,200,000 by 1980 with an additional $1 ,120,000 needed by the year 2020.
needed by 2000 and an additional $3,300,000 by
2020

FLOW REQUIREMENTS
- The Elwha and Dungeness Rivers flow , for the

greater part of their length, through a natural
sanctuary-Olympic National Park-where outdoor
recreation is the primary use. Hence, waste loadings

Ia4 on these streams will be light and minimum flows forg 
, such other resources as fish should be sufficient to

~ o maintain desirable water quality. The proposed Intra-
state Quality Standards will provide very strict

FIGURE 11-7. RelatIve required rates of investment effluent conditions , probabl y requiring advanced
for Elwha-Dungeness Basins, waste treatment.

Cos~ are not .mortlz.d.
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r TABLE 11-6. Costs for waste collection, treatment, and outfall facilities and quality systems to meet water
quality standards, E lwha~Dunganeas Basins

Annual Costs
(Thousands of Dollars)

1967 Dollars
Prsssnt-1980 1980-2000 2000-2020

STANDARDS FOR INTERSTATE AND INTRASTATE WATERS’

Upgrade lreetmsnt. plwt expansion or modific ation—
municipalities and industries $161 $ 56 $ 52

DisinfectIon 27 9
Outfafti 161 56 52
Interception and sewar systsm
a. Municipal 81 28 26
b. IndustrIal 27 9 9
Combined sewage infiltration and overflow correction 81 28 26
Advanced ~~~e treatment in recreation arees 18 25 36

Sub-Tot al $556 $211 $209

WATER QUALITY ENGINEERING DEVELOPMENT. MANAGEMENT AND2
EVALUATION PROGRAMS FOR MARINE. FRESH AND GROUND WATER

Monitoring—ground wster, automatic equipment, etc. $ 10 $ 7 $ 8
Evaluations-dispersion ar.ss. ecological, prOductivity 15 9 10
Information system, quality control, plant operation
improvement, operation reaserth 10 6 8

Sub-Total $35 S n  ~~26

OPERATION AND MAINTENACE2 $150 $345 $268

TOTALS $741 $578 $503

1 Annual amortized costs.
2 DIrect annual costs from appropriations, revenue, planning funds and grants . (Doss not include interest).

TABLE 11-7. Total amortized capital and operational
costs, Elwha-Dun sness Basins

MIlli on Dollars
Present 

OTHER MEASURES

IndustrIal 19.5 7.1 6.6 A water quality surveillance program is an
we essential element in any plan to maintain adequate

Recreation 1.1 1.3 0.8 water quality . The Washington Pollution Control
Advanced waste treatment 0.9 1.3 1.8 Com mission’s existing surveillance program should be

expanded to include lakes and ground-water monitor-
Sub-Total 32.3 11.6 11.4 ing as well as fresh and marine waters.

Water quality engineering
...snagement and evaluatIon 0.4 0.4 06

Operation end mslntsnence 17 6.9 54

Total 34.4 18.9 17.3
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SAN JUAN ISLANDS

INTRODUCT ION
The San Juan Islands form an archipelago of The major marine channels in the San Juan

172 islands. The surrounding waters are sheltered , the Islands are Haro Strait , Rosario Strait , and San Juan
climate is mild, and there are countless protected Channel .
baYs and harbors. The resident population of the San Juans

The Islands vary in size from rocky inlets and esti mated to be 2,600 in 1967, has not varied
reefs, visible at low tide , to areas of over 50 square greatly since 1930. One characteristic of the Islands is
miles. The three main islands are Orcas, San Juan and a marked summer increase in numbers of persons
Lopez Islands. visiting the area , living in vacation homes , or staying

at resorts each year . A summertim e population of
N w*s iwo ~ ow j ’~~~~~~~ 23,600 was estimated for 1965 . There is little urban

- 11 1ØS1,I 
,
“

~~~ population , since no tow n or city exceeds 2,500
persons. The largest town is Frida y Harbor , the only
incorporated town of the islan ds.

The 113,000 acres that comprise the land and
— 

inland water area of the San Juans are primarily in
~~~~~~~~~~~ ~~~ ç) forest (55 percent). About 90 percent of the Island’ s

\ \.,. ve~at total land area is held in private ownership .
) / ‘

~‘ \~ The economy of the San Juan Islands is
primarily tourist-oriented. The services ind ustry is the

(
I I major industry , growing more than 60 percent since

‘‘- f  1950. In 1960, services alone accounted for over 25
-

~~ 
percent of the total persons employed in the islands.

acons ‘‘-~~l Services , trade , and construction indus-
“ .~iymp~”i I tries together employ over one-half of the area ’s labor

‘_
\ ._

,_‘_
\ 

_..,1-

- 
-.

~
-..- - . -

FIGURE 12-1. Location of the San Juan Islands
within the Puget Sound Area.

This Island group owes its existence to the
partial submergence of a range of mountains extend-
ing as a spur of the Cascades from the mainland to
Vancouver Island. Orcas Island rises abruptly out of
the sea to a height of 2,409 feet. It has the greatest
range in elevation and the most varied relief and
Irregularity of shoreline. San Juan , Lopez and Shaw
Islands are primarily rolling plateaus with localized
hills of leu than 500 feet above sea level. The
maximum elevation of Waidron Island is 612 feet and PHOTO 12-1. The natural beauty and setting of the

f of Stuart Island is 527 feet. San Juan Islands mak. them a unique resource to
There are only ~t few streams on the Islands, the people of Puget Sound .

most of which flow Intermittently.
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force. A substantial decline lii manufacturing has Importance have disappeared; some have been con-
occurred since 1950, especially In the nunther of veiled to recreation endeavor ,. Today, the Islands
employees in food manufacturing. are particularly noted for sheep raising. Much of the

Açicultuze has declined In Importance. Many Interior of the large Islands is used for the grazing of
farm enterprises that were formerly of prinury these animals arid other livestock.

PRESENT STATUS
WATER R ESOURCES WATER QUALITY

Fresh water Fresh WsW
Stream flow data ate not available, but ptecip~ Although specific analytical data are not avail-

tation data indicate that the average annual ninoff able , surface water Is probably similar in quality to
ranges from about 5 inches In the southerly islands to that of ground water, as low flows of streams ame
15 inches in the north, supported by contributions from ground water . The

The small lakes and reservo irs on the Islands sanitary quality of lakes and streams may be impaired
comprise about 1.4 square miles; reservoirs that are somewhat in localized areas as a result of septic tank
used for municipal and Irription purpo ses conta in dra inages.
about 1,600 acre-feet of storage. Low runoff volumes The deeper ground water aquifers seem to
and lack of natural holding basins preclude the contain the softest water; the highest known value of
likelihood of future sigeificant storage projects, hardness Is 179 maJI. Contaminated water from

The better aquifers are in coarse zones of shallow wells, caused by sewage disposal from septic
Quaternary sediments. Yields of wells completed in tanks, has been reported locally.
Quaternary aquifers rarely exceed 20 gpas-the largest
yield recorded In the area is 50 ~~m. Sons wells are Marine Water
drilled as deep as 500 feet into the older consolidated In Hero Strait , the surface water is coldest in
rocks to obtain sufficient water. These aquIfers February wIth an averag e low of about 44.2°F
generally are not capable of fiarnliliing more than 10 (6.8 C) and a high of about 53.6°F (12°C) in July.
gpm.

Marine Water
Hero Strait is 36.6 mIles long. Water depth. of

985 feet to 1215 feet are cominosi in. thj clsannel. _______________________________
Rosarlo Strait is 29,8 miles long; It has an avenge 

____depth of 198 feet with greater depths to 490 feet -
deep, so It does not contribute significandy to the -
overall circulation through the San Juan Islands.
These deep channels serve as mixing areas for the
waters of Georgia Strait and the Strait of Juan di
Fuca.

Currents In Hero Strait are strong, often reach.
Ing 4.3 miles per hour. In Rosado Strait, the currents
are in the vicinity of 3.1 miles per hour. Currents In
the other channels are fairly stron* with speeds up to
2.5 mIles per hour being common. The direction of
the currents In Nato and Rosarlo Strait are northerly
on th. flood and southerly on th. ebb. A definite PHOTO 12-2. The malor Industry of the islands is
counter.clockwise circulation Is established around tourism.
the San Juan V.1.n~l.,
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The highest salinities are observed Mm winter (31. 1 production and discharges at Friday Harbor are
o/oo) and the lowest in July (27.6 o/oo). in water shown on Figure 12-3. Sources of wastes are summar-
below 500 feet. maximum asliulty I observed in ized in Table 12 -I. M a  result of the Inter state and
August (32.5 o/oo) in response to the high salinity proposed Intrastate Quality Standa rd’s impiementa-
water Intruding Into the Stru t of Jum di Fuca. This tion and enforcement plans, the strength of existing
deep water is also oxygen poe’ and phosphate rich waste discharges will be reduced by 60 percent. These
and is the cause of low oxygen content water which figures are shown in Table 1-9 .
may appear along thi west side of San Juan Island in The sewage collected by the town of Friday
July or August. Harbor is discharged into the harbor through three

The surface salinity in Rosarlo Strait I similar outfalls. Waste from several seafood canneries here
to that of Hero Stra it , but the deep wate rs atta in are also discharged directly into the harbor.
maximums of about 32 0100. On occasion, sewage debris is visible in some of

The dissolved oxygen content of the waters in the other harbors and yacht basin s of the islands.
the San Juans very from a surface high of over 10 Pleasure craft congregating in t he bays , harbors, and
mg/i dunng the spring phytoplgLkton blooms to a channels Impose a load of untreated wastes on the
low of 5.6 nseJI in early fall . On the averag e, waters waters they use. Most pleasure craft and other vessels
are usually above 80 percent saturated with oxygen. are not equipped to adequately handle or treat their

wastes.
SOURCES OF WASTE

Fresh W~~~
Water from some of the shallow dug wells

tested by the County Health Department has been
found to be unsafe for human consumption. Septic
tank effluent at times has been reported surfacing in
tire East Sound Area. Drainage conditions in the
major portions of the Islands are poor for septic tank

-
.

The raw municipal and industrial waste load in
the San Juan Islands is generated from Friday Harbor.
About 800 PE are being produced daily, with an
additional 2,800 PE in the tourist and canning season.
This waste load is discharged to marine waters PHOTO 12-3. Pollution from watercraft is bicoming

The quantity and general location of ~~~~ more widespread throughout the islands.

TABLE 12-1. StImmar y municipal and lndu*’Ial ~,aatu. ~~n Juan Islands

Non-Ssssonsl Sss.on.I Non S.sson.l Sessonal
terbursed U .Uuaisd UnIr.and Wan. W.st.
Population Wss~ Wan. Discharge Dlschwg.

~~tsr Ceums Issued PE PE Trsstmsnt PE PE

P.id.y ltstor 750 500 — Non. 800 —

Pood&kln~ sd - - 1,000 Non. -‘ 1.000
Pood&kln~ sd - - 1.800 Non. -. 1 800

~~~~~~~ 1,3 750 500 2800 - 800 2.800
Munia~,i - 500 - - 800 -

I ndueVisi — — 2,800 — — 2,800

~ Fipums are roundid.
2 PEs niH be reduced for all nsse. dl.Jij ,s. after compliance WIth dw ~~~~~~~ and proposed Inb sst, Quality
ss~~~~ ~~~~~ .id *,~~.~_niL.t plan—I wso-iafl.
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WATER USES AND QUALITY OBJECTIVES

The major beneficial uses of the marine waters for the tourist vacation trade. Set off in a group by
arouno the San Juan Islands are tabulated below. The themselves, they posses a certain quaintness and
tablt also supplies the State-established water quality charm not found elsewhere in the Area. In addition
classification which defines the type of water usage to to their excellent scenic qualities, the Islands offer a
be prot ected in the ar ea. wide variety of watc r oriented recreation oppor-

As the table shows, the waters in the Strait of tunities, of which fishing, boating and scuba diving
Juan de Fuca are heavily used for fish migration an~ are the most popular .
rearing. The small, intermittent streams on the Island Major attractions on the islands include Moran
themselves constitute an extremely marginal produc- State Park and Rosarlo resort-vacation complex on
tion area for anadromous fish. There is only one Orcas Island, the San Juan Island National Historical
stream on the Islands that is used for spawning. Pa rk, and Roche Harbor resort on San Juan Island.

In the marine waters surrounding the Islands , Sucia Island is noted for its unusual rock formations
chinook, coho, pink, chum, and sockeye salmon are and is a great source of fossil specimens for all
to be found . Marine fish include Iingcod and herring , collectors. In 1964, there were 27 publicly-
Small quantities of crabs and shrimp occur in these administered outdoor recreation areas on the islands.
waters . Although there is now small demand for fresh

Sport fishery in the San Juan Island area water , the amount of available water is limited. The
amounted to 97,700 angler trips in 196S . Based on water supply problem can be expected to become
1966 survey data , 9,600 man-days of effort were criticai if the populatiot increases In the future.
spent fishing In the lakes and ponds of the San Juan Harbor facilities o,i the Islands are limited to
Islands; and a total harvest of 37,000 trout and 3,000 ferry landings, log dumps, and piers for local small
other game fish was realized. Commercial salmon net boat and barge traffic. Tl.~re is no significan t ind us-
fisheries are highly concentrated throughout the trial development on the Islands and none is antici-
Islands and particular ly productive along the “Salmon pated. There are many natural protected bays and
Banks” on the west shoreline of San Juan Island. inlets where additiona l harbor facilities can be devel-
Salmon harvests from the San Juan Islands account oped for any future needs.
for the lion’s share of the Puget Sound commercial Fisheries and recreation uses require the highest
fishery. water quality standards of all raw water uses. As a

The San Juan Islands rank ninth in the Puget result , the water quality class for the water of the
Sound in water- related outdoor recreation demand. Strait of Juan de Fuca is extraordinary (AA), with
In 1960, there were 1,000,000 water-re lated recre - the objective being to meet or exceed the quality
ation days . By 1980 this figure will nearly doub le . requi rements for all uses .

The islands constitute a significant attraction

TABLE 12~2. Water uiss and quality objectives, San Juan Islands

Use tn t .nslty
1—Light .~~

M-M idIum I ’ ~I4—HUvy 
$~~~~~~~ >.

Z U- -
~ Z O WAssigned IIIJiJJiIJVIJIIhIIUtWstircouru Class u, _I I

Strait of Juan di Fuca
ss~d Pugpt Sound AA t I N  H N H L  I N N  M N M

1 SseT.blal-5
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PRESENT AND FUTURE NEEDS
PRESENT NEEDS recreation days. In 1980, boatin g and fishing are

expected to be major recreational activities.
The rural population relies primarily on septic

tanks or other individual means for sewage disposal.
But soil conditions are not well-suited to on-site 8
sewage disposal though septic tanks. Small popula-
tion centers are growing and aggravating the problem.

The town of Friday Harbor and YMCA Camp 6
Orkila are discharging wastes directly to marine
waters, impairing the aesthetics and recreation uses of

s
the waters.

The spread of population throughout the
Islands and the increase of people in the summer ~
makes the installation of proper treatment facilities

Tourism and outdoor recreation are the back- 
2difficult and costly.

bone of the Island’s economy yet, adequate public
sewage disposal facilities are not being provided at 

______________________________Cparks, boat marinas, beaches, etc. Sewage disposal ~eo 2000 2020
from pleasure craft is another major con cern. YEAR

FUTURE NEEDS FIGURE 12-4. Popu lation growth.

The principal factors affecting the future water 
____

quality of the San Juan Islands will be population and
recreation . The expected growth of these factors will
increase tire quantity of waste and, consequently,
water quality problems. The prediction of quantities 

~~~~~~~ ~~and locations of future wastes is necessary in
determining the means of treatment that will Insure 

~~~~~~~~~~~~~~~~~~water quality of a given watercourse.
Figure 12-4 shows that the 1965 population of

2,600 is expected to Increase 8 percent by 1980, 43
percent by 2000, and 96 percent by 2020. Friday
Harbor is expected to remain the largest municipal
area in the future.

Production, in terms of value added , for m~jor
water-using industries is expected to d~~rease and u S  ISSO YEARcease by 2000.

Lumber and wood production Is expected to
terminate by 1980.

Food and kindred production Is expected to FIG URE 12-5 Rslatlvs ~ owth for major water using
remain the same until 1980 when production will IndustriaL
decrease and finally terminate lii 2000.

Growth of recreation In the San Juan Islands FIgure 124 thaws the ie~ th’s breakdown of

t will be substantial . By 1980, the number of recre- 16,700 raw PB expected for 1910. 1~~ majority
atlon days expected is two and one-half miIlion-1.8 (64%) of raw waste will be Os to rscisatlonal
times the 1960 amount . Water related recreation days activities. By 2020, recreatlcs wil pmb.bly represent
is expected to be three times non-water related 86 percent of th, total raw waste. 



~~
> 

in 1965 to 3,250 PE in 1980. Municipal waste will
account for 19 percent of the raw waste in 1980. By
2020, municipal waste production is projected to be
670 percent of the 1965 production .

Raw waste production from food processing is
— ~. 

expected to remain at 2$00 PE until 1980. By 2000
no food processing is expected.

The problem of pollution from waterc raft is
becoming widespread throughout the islands. What
once were negligible wastes are now a significant
factor in the overall pollution picture. The growinf

~~ aI~ popularity of boating is likely to increase this source
— ,.I~~’, of pollution to even greater proportions than is true

at present.
The primary need in future years will be to

FIGURE 12-6. Projected munIcipal and industrial adequately manage these expected wasteloads.
wastes for the San Juan Islands (thousands of PE). Growth of population and water-related recreation

will demand it. The means to prevent, control , and
Raw waste from municipalities, primarily abate future water pollution in the San Juan Islands

Friday Harbor , is project ed to increase from 800 PE are summarized in the succeeding chapter.

MEANS TO SATISFY NEEDS

The paramount element of the means to satisfy ing raw discharges to Friday Harbor and
water quality needs in the San Juan Islands is provide primary treatment before dis-
adequate waste collection and treatment. Most wastes charge by way of a deep water outfall .
will cont inue to be organic, being generated primarily This project will include a treatment
from communities and recreation areas. The major plant , interceptor line, two lift stations,
aspects of water quality control means are discussed and approximately 1,800 feet of outfall
in more detail below, line.

2. YMCA Camp Orkila—secondary
WASTE COLLECTION AND TREATMENT treatment with disinfection , and an ade-

quate outfall.
The waste loads presently being discharged Future wastes can , in most cases, be

require a collection and treatment system composed treated by the above system of municipaL
of new facilities, adequate treatment of wastes, and treatment facilities. As the urban areas
improvement of operations. Such a system is outlined grow to meet each other in the future,
in the Washington State Water Quality Standards and interceptors leading to a central treat-
Implementation Plan , December, 1967. The separate ment facility may allow Increased effi’
actions required are summarized below. ciency of operation at lower coat .

The large influx of recreationists during the
Strait of Juan d. Fuca and Pugst Sound summer seasons will require waste treatment facilities

1. Friday Hurbor—prlmary treatment at parks and campgrounds, as well as for summer
with disinfection and an adequate marine home and recreation lot developments. Wastes from
outfall to disperse wastes. A town pro- outdoor recreation activities must be collected and
jest, with Federal and State assistance, is adequately treated, in order to preserve the recrea tion
now underway, which will intercept exist- and scenic qualities of the San Juans.
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r Legislation is needed to Initiate an effective
prog ram for the control of sewage pollution from ~~~~~~~~~~O JST~~~

should be given to a statewide prog ram to control
wate rcraft. Support from the county and local levels ~g ei

four major waste categories from vessels; namely, ~
sewage, bilge and ballast waters , litter and related ~ —solids, and nil. As part of the overall program,
adequate shore treatment and disposal facilities
should be provided at all significant points, such as FI GURE 12-7. Relative required rates of investmentmarinas and commercial ports. for waste collection and treatment facilities in theThe Investment requ ired to meet present and San Juan Islands.future waste collection and treatment requirements Is
shown in Tables 12-3, 124 and Figure 12-7.

TABLE 12-3, Costs for waste collection, ~eatment, and outfall facilities and qualIty systems to meet water
quality standerds , San Juan Islands

Annual Cost.
(Thousands of Dollars)

1967 Dollar.
Present -1980 1980-2000 2000-2020

STANDARDS FOR INTERSTATE AND INTRASTATE WATERS1

Upgrade treatment, pl nt ex pansion or modIfication—
rnunlclpelltlsa and industries $ 15 $ 17 $ 9

Disinfection 3 3 2
OutfalIs 15 17 9
Interception and ss~~r system
a. Municipal 10 11 6
b. Industrial i i i
Combined sswoge Infiltration and overflow correctIon 8 9 5
Advanced ~~st. treatment in recreation areas — —

Sub lotal $ 5 2  $58 $32

WATER QUALITY ENGINEERING DEVELOPMENT, MANAG EMENT AND2
EVALUATION PROGRAMS FOR MARIN E. FRESH AND GROUND WATER

MonitorIng—ground wstsr. autOmatic equipment, etc. $ 15 $ 2 $ 4
Evsluetlons—dispsrilon vies, ecological. productIvity to 4 4
Informetlon system, quality control, plant operation
Improvement, operation rsueerth 10 2 2

SUbIOtlI $ 35 $ 8 $10

OP%RAT~ON AND MAINTENAN CS2 
$ 13 $ 60 $52

TOTALS $100 $126 $94

‘ An~~d an~~~~ed
2 

~~ annu al cotes. from ~~,.roprl.4Ions. r~.snue, pluwsin tunds. and ~ ants. ID-os. not Include intsrsst .
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r Municipal costs 1 will tota l $374,000 by 1980 The Interstate and proposed Intrastate Quality
wit h an additional $268,000 needed by 2000 and an Standard’ s implementation and enforcement plans ,
additional $200 ,000 by 2020. sets out classification of watercour ses and treatment

Indust r ial cost s1 w ill total $225 ,000 by 1980 , facilities necessary to maint ain and /or improve exist-

decreasing to no costs by the year 2000, since t here is ing water quality.
no further industrial development projected for the An in-depth study to adequately define the
islands. magnitude , scope , an d sign ificance of water pollution

The Federal investment 1 in waste treatment in the San Juan Islands should be undertaken by the
facilities in recreation areas will total $1,225 ,000 by county, with financial and technical assistance from
1980 with additional sums of $2 ,700,000 needed by the State and Federal levels of government.
2000 and $3,400,000 needed by 2020.

Sources of fundin g are shown in F igure 12.8. _.~~~

The local entities must pay for a sizeable portion in
orde r to meet waste collection treatment need s as

~~
they develop. However , Federa l grants will total
$60,000 by 1980 wit h additional amounts of

FE~~RAL ~~*f~1$39,000 and $37,500 in the time periods 1980 to
2000 and 2000 to 2020, respecti vely. State gr ants
will be one-half of Federal grants for the same
periods. Federal investment in sewers will total - ~~~~
$28,000 by 1980 wit h an additional $43,000 needed ~o ~ o 2000 ~~o

by 2000 and another $48 ,000 needed by 2020. FIGURE 12-8. Government investment requir e-
ments 1 for waste collection and treatment in the San

OTHER MEASURES Juan Islands.

A wate r quality surveillance prog ram for the TABLE 12-4. Total amortized capital and operationalmarine wate rs is an essential element . Stations have costs, San Juan Islands
been established by the Washington Pollution Control ____________________________________________

Commission in Rosar io Stratis off Lawren ce Point on Million Dollars
Orcas , in Ha ro Straits off Wa idron Island , an d in San Present- 1980- 2000-
Juan Channel off Friday Harbor to regularl y measu re 1980 2000 2020

the marine water characteristics. The Commission Industrial 0.6 — —
should expand a surveillance program to include Municipal tr eatment 0.3 0.1 0.1
ground-water monitoring also. Municip al sewers 1.0 0.3 0 1

At least for the present , the economics of sewer Recreation 1.4 2.6 1.4
system construction and the scattered population Advanced waste treatment — — —
concentrations among the Islands favor the format ion Sub-Total 3.2 3.0 1.6
of a number of sewer districts to meet sewage
disposal needs. By 1980 the county should provide Water quality engineering

under the County Services Act sewage disposal management end evaluation 0.4 0.2 0.2

faci lities to assure a coordinated and orderly sy stem.
Operation and maintenance 0.1 1.2 1.0

1 
~~~j vino ta,,ioflhzed Total 3.7 4.4 28
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RECOMMENDATiONS OF THE SECOND SESSION ,
POLLUTION OF INTERSTATE WATERS OF

PUGET SOUND ENFORCEMENT CONFERENCE
STRAIT OF JUAN DE FUCA ,

THEIR TRIBUTARIES & ESTUARIES
Seattle , Washington ,

September 6-7 and October 6, 1967

1. Georgia-Pacific Corp. at Bellingham shall: quate facilities for the disposal of recovered solids or
sludge shah also be provided . These facilities shall be

a Design and construct primary treatment placed in operation no later than September 30,
facilities to remov e all sett leable solids from mill 1970.
effluents prior to discharge into Puget Sound. Ads- b. Provide a subma rine outfall equipped with
quate facilities for the disposal of recovered solids or an adequate diffuser to permit discharge of all
sludge shall also be provided. These facilities shall be residual wastes into the deeper waters adjacent to the
placed in operation no later than September 30, mill to achieve maximum waste dilution and disper-
1970. sion . The outfall is to be designed and located by an

b. Design and construct facilities which will extensive outfall evaluation of the receiving water-
either remove a minimum of 80 percent of the suffite course and is to be completed and placed in operation
waste liquor front mill effluents or limit sulfite waste no late r than September 30 , 1970.
liquor discharges to 3,600,000 pounds per day , based
on 10 percent solids by weight. These facilities are to 3. Scott Paper Co. at Everett shall:
be completed and placed into operation no late r than
Sep:ember 30, 1972. a. Design and construct primary treatment

c. Provide a submarine outfall equipped with facilities to remove all settleable solids from mill
an adequate diffuser to permit discharge of ~~ effluents prior to discharge into Puget Sound . Ade-
residual wastes into the deeper waters adjacent to the quate facilities for the disposal of recovered solids or
mill to achieve maximum waste dilution and diaper- sludge shall also be provided. These facilities shall be
sion. The outfall is to be designed and located by an placed in operation no later than September 30 ,
extensive outfall evaluation of the receiving water- 1970.
course and is to be completed and placed in operation b. Design and construct facilities which will
no later than September 30, 1970. either remove a minimum of 80 percent of the sulfite

d. Remove , by dredging, the existing sludge waste liquor from mill effluents or limit sulfite waste
bed in the waterways adjacent to the mill and dispose liquor discharges to 5,500,000 pounds per day, based
of the sludge on land when feasible. The schedule for on 10 percent solids by weight. These facilities are to
this operation will be dependent upon In tegrating it be completed and placed into operation no later than
with the construction of primary treatment and September 30, 1972.
outfall facilities. c. Provide a submarine outfall equipped with

e. Modify chipbarge unloading operations to an adequate diffuser to permit discharge of all
eliminate spillage of wood chips. This shall be residual wastes into the deerr waters adjacent to the
completed no later than September 30, 1970. mill to achieve maximum waita dilution and disper-

sion . The outfall is to be designed and located by an
2. Scott Paper Co. at Anacortes shill: extensive outfall evaluation of the receiving water-

course and is to be completed and placed in operation
a. Dsajn ead construct primary treatment no later than September 30, 1970.

____  ~ remove all settleable solids from mill d. Remove, by dredging, the existing sludge
prier to diacharge Into Puget Sound. Ade- bed in the waterways adjacent to the mill and dispose
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of the sludge on land when feasible. The schedule for b. Provid e an outfall equipped with an ade-
this operation will be dependent upon integrating it qua te diffuser to permit discharge of all residual
with the construction of primary treatment and wastes into the waters of the Snohomish to achieve
outfall facilities , maximum waste dilution and dispersion. The outfall

e. Modify chipbarge unloading operations to is to be designed and located by an extensive outfall
eliminate spillage of wood chips. This shall be evaluation of the receiving watercourse and is to be
completed no later than September 30 , 1970. completed and placed in operation no later than

September 30, 1970.
4. Weyerhae user Co. sulfite mill at Everett shall :

6. Crown Zellerbach Corp. at Port Angeles shall :
a. Design and construct primary treatme nt

facilities to remove all settleable solids from mill a. Design and construct primary treatment
effluents prior to discharge into Puget Sound. Ade- facilitie s to remove all settleab le solids from mill
quate facilities for the disposal of recovered solids or effluents prior to discharge into Puget Sound . Ade-
sludge shall also be provided . These facilities shall be quate facilitie s for the disposal of recovered solids or
placed in operation no late r than September 30, sludge shall also be provided. The date that these
1970. facilities shall be placed in operation is contingent

b. Desigi~ and construct facilities to either upon a reasonable length of time for the company to
remove a ininimuip of 80 percent of the sulfite waste stabilize mill property now being eroded away
liquor from mill effluents or limit sulfite waste liquor through wave action .
discharges to 2,200,000 pounds per day , based on 10 b. Provide a sub marine outfall equipped with
percent solids by weight. These facilities are to be an adequate diffuser to permit dischar ge of all
completed and placed into operation no later than residual wastes into the deeper waters adjacent to the
September 30, 1972. mill to achieve maximum waste dilution and diaper-

c. Provide a submarine outfall equipped with sion. The outfall is to be designed and located by an
an adequate diffuser to permit discharge of all extensive outfall evaluation of the re ceiving water-
residual wastes into the deeper waters adjacent to the course and is to be completed and placed in operation
mill to achieve maximum waste dilution and disper - concurrently with the primary treatment facilities.
sion. The outfall is to be designed and located by an c. Remove , by dredging, the existing sludge
extensive outfall evaluation of the receiving water- bed in the waterways adjacent to the mill and dispose
course and is to be completed and placed in operation of the sludge on land when feasible . The schedule for
no later than September 30, 1970. this operation will be dependent upon integ r ating it

d. Remove , by dredging, the existing sludge with the construction of primary treatment and
bed in the waterways adjacent to the mill and dispose outfall facilities.
of the sludge on land when feasible. The schedule for
this operation will be dependent upon integrating it 7. Fibreboard Pap er Prod . Corp. at Port Angeles shall :
with the construction of primary treatment and
outfall facilities, a. Design and construct primary treatment

e. Modify chipbarge unload ing operations to facilities to remove all settleable solids from mill
eliminate spillage of wood chips. This shall be effluents prio r to discharge into Puget Sound. Ade-
completed no later than September 30, 1970. quate facilities for the disposal of recovered solids or

sludge shall also be provided. These facilities shall be
5. Simpson Lee Pap er Co. at Everett shall : placed in operation no later than Septemb er 30,

1970.
a. Design and construct primary tr eatment b. Provide a submarine otitfall equipped with

facilities to remove all settleab le solids from mill an adequate diffuser to permit discharg e of all
effluents prior to discharge into Puget Sound . Ade- residual wastes into the deeper waters adjacent to the
quate facili ties for the disposal of recovered solids or mill to achie ve maximum waste dilution and diaper-
sludge shall also be provided . These facilities shall be sion . The outfall is to be designed and located by an
placed in operation no later than September 30, extensive outfall evaluation of the receiving water-
1 970. course and is to be completed and placed in operation
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no later than September 30, 1970. of the sludge on land when feasible. The schedule for
c. Remove , by dredging, the existing sludge this operation will be dependent upon integrating it

bed in the waterways adjacent to the mill and dispose with the construction of primary treatment and
of the sludge on land when feasible. The schedule for outfall facilities.
this operation will be dependent upon integrating it
with the construction of primary treatment and 9. The city of Bellingham shall:
outfall facilities.

a. Provide for collection and treatmen t of
8. Rayonier Incorporated at Port Angeles shall : wastes discharged by the Fairhaven sewer and other

unintercepted waste discharges no later than March
a. Design and construct primary treatment 31 , 1970.

facilitie s to remove all settleable solids from mill b. Construct a submarine outfall from the
effluents prior to discharge into Puget Sound. Ade. present primary plant into the deep water of Selling-
quate facilities for the disposal of recovered solids or ham Bay to achieve maximum waste dilution and
sludge shall also be provided. These facilities shall be dispersion no later than March 31 , 1970.
placed in operation no later than September 30, c. Conduct an engineering study to determine
1970. whether a higher degre e of treatment than primary

b. Design and construct facilities to either treatment will be necessary to comply with receiving
remove a minimum of 80 percent of the sulfite waste wate r standards and submit an engineering report no
liquor from mill effluents or limit sulfite waste liquor later than December 31 , 1969.
discharges to 3,700,000 pounds per day, based on 10
percent solids by weight. These facilities are to be 10. The city of Everett shall:
completed and placed into operation no later than
September 30, 1972. a. Prov ide chlorinat ion of the waste stabiliza-

c. Provide a submarine outfall equipped with tion pond effluent no later than July 31 , 1968.
an adequate diffuser to permit discharge of all
residual wastes into the deeper wate rs adjacent to the 11. The city of Port Angeles shall:
mill to achieve maximum waste dilution and disper-
sion . The outfall is to be designed and located by an a. Pro vide for collection of all domestic waste
extensive outfall evaluation of the receiving water- discharge s and treatme nt of the wastes by providing
course and is to be completed and placed in operation primary treatment and effluent chlorination with
no later than September 30, 1970. discharge into a deep water outfall no later than

d. Remove , by dredging, the existing sludge March 31, 1969 .

bed in the waterways adjacent to the mill and dispose

V
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METROPOLITAN M U N I C I P A L  C O R P O R A T I O N S
(RCW 35. 158)

The growth of urban populations and the A metropolitan municipal corporation may be
movement of people into suburban areas has created created by vote of the qualified electors residing in a
problems of sewage disposal, garbage disposal, water metropolitan area. An election to authorize the
supply, public transportation , planning, and parks creation of a metropolitan municipal corporation is
and parkways which extend beyond the boundaries by resolution or petition in the fo llowing manner :
of cities, counties, and special districts. For reasons of (1) A resolution or concurring resolutions
topography, location and movement of population , calling for such an election may be adopted by either:
and land conditions and development, one or more of (a) The city council of a central city; or
those problems cannot be adequately met by m di- (b) The city councils of two or more corn-
vidual cities, counties and districts of many metro- ponent cities other than a central city ; or
politan areas. (c) The board of commissioners of a central

Metropolitan municipal corp orations provide county.
and coordinate certain specified public services and (2) A petition calling for such an election
functions fQr prescribed geographic areas including signed by at least four percent of the qualified voters
two remote cities and towns and all or part of one or residing within the metropolitan area.
more counties. Any resolution or petition calling for such an

Citie s and counties may act jointl y to meet election describes the boundaries of the proposed
those common problems in order that the proper metrop olitan area , names the metropolitan function
growth and development of the metrop olitan areas of or functio ns which the metrop olitan municipal cor-
the state may be assured and the health and welfare poration are authorized to perform initiall y and states
of the residents may be secured, that the formation of the metropolitan municipal

Any area of the state contain ing two or more corp oration will be conducive to the welfare and
cities, at least one of which is a city of the first class, benefit of the persons and property within the
may organize as a metropolitan municipal corp ora- mctrop olitan area.
tion for the performance of certa in functions. ~Upon receipt of a duly certified petition or

No metrop olitan municipal corp oration shall valid ~resolution calling for election for the formation
include only a part of any city, and every city is of metrop olitan municipal corp oration , the board of
either wholly included or wholly excluded from the commissioners of the central county fixes a date for a
boundaries of such corp oration . No area may be public hearing.
included within the boundaries of more than one The commissioners may make such changes in
metrop olitan municipal corp orat ion. t he boundaries of the metrop olitan areas as they

A metrop olitan municipal corp oration has the deem reaso nable and proper , but may not delete any
power to perform any one or more of the following portion of the proposed grea which would create an
functions , when authorized : island of included or excluded land , may not delete a

(1) Metropolitan sewage disposal. portion of any city , and may not delete any portion
(2) Metrop olitan water supply. of the prop osed area which is contributin g or may
(3) Metrop olitan public tra nsporta tion . reasonably be expected to contribute to the pollution
(4) Metrop olitan garbage disposal. of any wa tercourse or body of water in the proposed
(5) Metropolitan parks and parkway s. area when the petition or resolution names metropo li.
(6) Metrop olitan comprehensive plann ing. tan sewage disposal as a function to be performed by
All functions of local government which are not the proposed metrop olitan municipal corp oration.

author ized to be performed by a metrop olitan mum- If a majority of the persons residing within the
cipal cor poration , continue to be performed by the central city votes in favor and a majority of the
coun ties, cities and special distri cts with in the metro - persons voting on the proposition residing in the
politan area , metrop olitan area c utside of the central city votes in
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favor , the metrop olitan municipal corporation is metropolitan council is authorized to perform the
estab lished, additional functions.

A the same election , the voters approve or A metropolitan municipal corporation is
reject a prop osition authorizing the metropolitan governed by a metrop olitan council composed of the
municip al corpo ra tion , if formed , to levy at the following :
earliest possible time permitted by law on all taxable (1) One member selected by, and from , the
property located within the metrop olitan municipal board of commissioners of the central county ;
corp orat ion a general tax , for one year , of one mill in (2) One additona l member selected by the

• excess of any constitutional or statutory limitation boar d of commissioners of each component county
for authorized purposes of the metropolitan munici- for each county commission er district containing ten
pal corporat ion, thousand or more persons residing in the uninoorpor-

The one mill propositio n to be effective must ated portion of such commissioner distr ict lying
be approved by a majority of three -fifths of the within the metropo litan municipal corporation who
persons voting on the prop osition to levy such tax shall be either the county commissioners from such
and the number of persons voting on the prop osition district or a resident of such unincorporated portion.
must constitute not less than forty percent of the (3) One member from each of the six largest
total number of votes cast in the area of the prop osed component cities who shall be the mayor of such
metrop olitan municipal corp oration at the last pre - city , if such city shall have the mayor-council form of
ceding county or state general election , government , and in other cities shall be selected by,

A metropolitan municipal corpor ation may be and from, the mayor and city council of each of such
authorized to perform one or more metropolitan cities.
functions in addi tion to those which it has previously (4) One member representing all component
been authorized to perform , with the approval of the cities other than the six largest cities to be selected by
voters at an election, and from the mayors of such smaller cities.

One or more additional metrop olitan functions (5) One additional member selected by the
may be called by a resolution for a petition in the city council of each component city containing a
following manner : population of ten thousand or more for each sixty

(1) A resolution calling for such an election thousand population over and above the first ten
may be adopted by: thousand , such members to be selected from such

(a) The city council of the central city ; or city council until all councilmen are members and
(b) The city councils of two or more corn- thereafter to be selected from other selected offices

ponent cities other than a central city; or of the city.
(c) The board of oommijsioner s of the To carry out the purposes of the metrop olitan

central county , munici pal corp oration and to perform authorized
(2) A petition calling for such an election by functions , a metropolitan municipal corp oration may

at least four percent of the registe red voters residing contract with the United States or any agency
within the metropolitan area , thereof , any state or agency thereof , any other

Any resolution or petition names the additional metropolitan municipal corp oration , any county ,
functions which the metropolitan municipal corp ora- city, special distr ict , or governmental agency and any
tion is author ized to perform. private person , firm or corporation for the purpose of

An election on the authorization of the addi- receiving gifts or grants or securing loans or advances
tional metropolitan functions is required. for preliminary planning and feasibility studies, or for

A metrop olitan municipal corporation is auth - the design , construct ion or operation of metropolitan
orized to perform one or more functions in additior facilities. A metrop olitan municipal corporation may
to those which it previously has , without an election , contract with any governmental agency or with any
by resolution of the metropolitan council, private person, firm or corporatlor for the use by

A copy of such re solution is transmitted to the either contract ing party of all or any part of the
• legislative bod~, of each component city and council . facilities , structwes, lands, interests in lands , air rights

If a concurring resolution is returned from at least over lands and rights of way of all kinds which are
two-thirds of each component city and council , the owned , leased or held by the other party and for the
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purpose of planning, constructing or operating any tion is by the same act of annexation to the
facility or performing any service, corporation .

The metropolitan council of a metropolitan Annexation to a city which is not within such
municipal corporation upon the affirmative vote of metropolitan municipal corp oration is by either (I)
two-th irds of the members of such council may make such city may be annexed to the metrop olitan
plan ning , engineering, legal , financial and feasibility municipal corp oration by ordinance of the legislative
studie s preliminary to or incident to the preparation body of the city concurred in by resolution of the
of a recommended comprehensive plan for any metrop olitan council , or (2) if such city shall not be
metro politan function , and may prepare such a so annexed such annexation shall remain within the
recommended comprehensive plan before the metro- metrop olitan municipal corp oration unless the city
politan municipal corporation has been authorized to shall by resolution request the withdrawal of such
perform such function . The studies and plan may annexation subject to any outstanding indebtedness
cover territory within and without the metrop olitan of the metrop olitan corporation and the metrop olitan
mun icipal corporation. Arecommended comprehen ’ council will by resolution , consent to such with-
save plan prepared pursuant to this section for any drawa l.
metro politan function may not be adopted by the Any other area adjacent to a metrop olitan
metropolitan council unless the metropolitan munici- municipal corp oration may be annexed thereto by
pal corporation has been authorized to perform such vote of the qualified electors.
function. If a metrop olitan municipal corp oration is

Whenever a recommended comprehensive plan authorized to perform the function of metropoli tan
for the performance of any additional metropolita n sewage disposal, it has the power to:
function has been prepared and the metropolitan (1) Prepare a comprehensive sewage disposal
council has found the plan to be feasible the council and storm water drainage plan for the metropolitan
may by resolution call a special election to authoriz e area.
the performance of such additional function without (2) Acquire by purchase , condemnation , gift ,
the filing of the petitions or re solutions , or grant and to lease, construct , add to , improve,

If the metrop olitan council determines that the replace , repair , maintain , operate an d regulate the use
performance of such function req uires enlargement of of metrop olitan facilities for sewage disposal and
the metrop olitan area , a resolution containing a storm water drainage within or without the metro -
descri pt ion of the boundaries of the proposed metro - politan area , including trunk , interceptor and outfall
politan area may be adopted only after a public sewers , whether used to carry sanita ry waste , storm
hearing before the council , water , or combined storm and sanit ary sewage , lift

If the metropolitan municipal corporation is and pump ing stations , sewage treatment plants , to-
author ized to perform the function of metrop olitan gather with all lands , properti es, equipment and
sewage disposal the council prov ides in a resolution accessories necessary for such facilities. Sewer facili-
that local governmental agencies collecting sewage ties which are owned by a city or special district may
from areas outside the metropolitan area will not be acquired or used by the metrop olitan municipal
thereafter be requ ired to discharge such sewage into corp oration only with the consent of the legislative
the metropolitan sewer system or to secure approval body of the city or special districts owning such
of local construction plan s from the metropol itan facilities. Cities and special districts are authorized to
municip al corporation unless such local agency first convey or lease such facilities to metrop olitan munic i-
enters into a contract with the metrop olitan munici- pal corporations or to contract for their jo int use on
pal corp oration for the disposal of such sewage. The such terms as may be fixed by agreement betwee n the
metropolitan council may also provide in such resolu- legislative body of such city or special district and the
tion that the authorization to perform such addi - metropolitan council , without submitti ng the matter
tional function be effective only if the voters at an to the vote rs of such city or district.
election also authorize the issuance of any general (3) Require counties , cities, special districts

• obligation bonds required to carry out the recom- and other political subdivisions to discharge sewage
mended comprehensive plan. collected by such entities from any portion of the

Annexations to a component city after the metropolitan area into such metropolitan facilities as
establishment of a metropolitan municipal corpora - may be provided to serve such areas when the
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metropolitan council declares by resolution that the water in portions of the metropolitan area not
health , safety, or welfare of the people within the contained within any city or sewer district and , with
metropolitan area requires such action . the consent of the legislative body of any city or

(4) Fix rate s and charg es for the use of sewer district , to exercise such powers with in such
metrop olitan sewage disposal and storm water drain- city or sewer district and for such purpose to have all
age facilities , the powers conferred by law upon such city or sewer

(5) Establish minimum standards for the con- district with resp ect to such local collection facilities.
struction of local sewer facilities and approve plans All costs of such local collection facilities are paid for

• for construction of such facilities by component by the area served thereby.
counties or cities or by special districts wholly or If a metrop olitan municipal corp oration is
partl y within the metrop olitan area . No county, city, authorized to perform the function of metrop olitan
or special district shall construct iuch f acilities sewage disposal, the metropolitan council forms a
without first securing such approval , metrop olitan sewer advisory committee from each

(6) Acquire by purchase , condemnation , gift , component city which operates a sewer system. The
or grant , to lease , construct , add to , improve , replace , function of such advisory committee is to advise the
repair , maintain , operate and regulate the use of metrop olitan council in matters re lating to the
facilities for the local collection of sewage or storm performance of the sewage disposal function -
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GLOSSARY

A1~I separator : Short for American Petroleum Institute separator. Separates oil
from wate r .

Aquifer: A geologic formation that is water-bearing and that transmits
water fro m one poin t to another.

SOD: (Biochemical Oxygen Demand) The quantity of oxygen utilized
in the biochemical oxidation of organi c matter in a specified tune
and at a specified tempera ture . It is not relate d to the oxygen
requirements in chemical combustion , but is determ ined entirel y
by the availability of the material as a bioLogical food and by the
amount of oxygen utilized by the micro-organisms during
oxidation. Usually expressed in ter ms of BOD5, it is the quantity
of oxygen utilized in a five-day period at 20°C -

cfs: (Cubic Foot per Second) A unit of discharge for measurement of
flowing liquid equal to a flow of one cubic foot per second past a
given section . Also called second-foot.

COD : (Chemical Oxygen Demand) The quantity of oxygen utilized in
the chemical oxidation of organic matter , It is a measure of the
amount of such matter pre sent.

Chlorination: The applicat ion of chlorine to water , sewage , or industrial wastes
generally for the purpose of disinfection , but frequently for
accomplishing other biological or chemical results.

Coliform Bacteria: A group of enterobacteri aceae from the tribe Escheric hieae
composed of t hre e genera; namely, Escherich ia , Aero bacter , and
Klebsiella.

DO: (Dissolved Oxygen) The oxygen dissolved in water or other
liquid , usually expressed in milligrams per liter or percent of
sat uration.

Effluent ; Municip al ~ r industrial waste water which is par tia lly or com-
pletely treated or in its natural state , flowing from a process
basin , or treatment plant.

Eutrophication: The process of overfert ilization of a body of water by nutrients
which produce more orga nic matter than the selfpuri flcat ion
process can overcome.

gpd: Gallons per day. •

Hardness: A characteristic of water; chiefly due to the existence therein of
the carbonates and sulfates and occasionally nitrates and chlor-
ides of calcium , iron , and magnesium; which causes “curd ling” of
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the water when soap is used , increased consumption of soap,
deposition of scale in boilers , inj urious effects in some industrial
process, abd sometimes objectionable taste in the water. It is
commonly computed from the amounts of calcium and magne-
sium in the water and expressed as equivalent calcium carbonate .

Hydr ogen ion concentration (pH) : The weight of hydrogen ions in grams per liter of solution.
-Commonly expressed as the pH value tha t represents the
logarithm of the reciprocal of the hydroge n ion concentration.

JTU: (Jackson Turbidity Units) the JTU , as t he name imp lies, is a
measurement of the turbidity, or lack of transparency, of water.
It is measured by lighting a candle under a cylindrical transparent
glass tube and then pourin g a sample of water into the tube until
an observer looking from the top of the tube cannot see the
image of the candle flame. The number of JTU’s varies inversely
with the height of the sample (e.g., a sample which measures 2.3
cm has a turbidity of 1 ,000 .J TU’s whereas a samp le measuri ng
72.9 cm has a turbidity of 25 JTU’s.)

Lagoon: A relatively shallow basin , built by excavation of the ground and
- diking, for the purp ose of treating wastes by storage under

conditions that favor natura l biological treatment and accom-
panying bacterial reduction .

mgd: Millions of gallons per day.

mg/I: Milligrams per liter.

MPN : (most probable number) In the testing of bacterial density by the
dilution method , that nu mber of organisms per uni t volume
which , in accordance with statistical theory, woul d be more likely
than any other possible number to yield the observed test result
or which would yield the observed test result with the greatest
frequency. Expressed as density of organisms per 100 ml.

MWe: Million watt electrical.

Outfall : A sewer , drain , or conduit from which sewage , industrial wastes ,
or drainage is discharged .

Population Equivalent (PE): The average daily amount of SOD5 exerted by the organic waste
from one person. A value of 0.17 pound s of SOD5 is normally
equated to one PE.

pH: See Hydrogen ion concentration. The neutral value of pH is 7.0 .
Higher values indica te an alkaline solution and lower values
indicate an acid solution .

ppm: Parts per million .
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Prima ry Waste Treatment: The removal of settleab le , suspe nded , and floatable solids from
waste water by the app lication of mechanical and /or gravitational
forces. In primary treatment , unit processes such as sediment-
ation , flotation , screening , centrifugal action , vacuum filtration ,
dissolved air flotation , and others designed to remove sett leab le ,
suspended , and floating sokids have been used. Generally, a
reduction in dissolved or colloidal solids has been obtained in
primary treatment , but this effect is incidental and not the
planned purpose of primary treatment.

Oligotrop hic : The condition of a lake which has low nutrient levels and usually
high dissolved oxygen concentration .

Runoff: That par t of rainfall or other precipitation that reaches water-
courses or drainage systems.

SWL: An abbreviation for sulfite waste liquor , a by-product of
sulfite-type pul p and pap er mills.

Salinity: The relative concentration of dissolved salts in seawater and is
determined by various methods when compared to the inter-
national standard of Eau de Mer Normale. Usually expressed in
parts per thousand = 0/00.

Secondary Treatment: The removal of dissolved and colloidal materials that , in their
natural state as found in waste water , are not amenable to
separatio n through the application of pri mary treatment. Second-
ary treatment will generally reduce the ROD5 of sewage by 85
percent.

Sediment: ( I )  Any material carried in suspension by water which will
ultimately settle to the bottom after the water loses velocity. (2)
Fine water-borne matte r deposited or accumulated in beds.

Service Areas: An area described for plan ning purp oses whose boundaries would
include the future population or industrial activities which could
logically and functionally obtain water supply and waste disposal
services from a central or integ rated system or where the
problems are so interrelated that the planning should be done on
an integrated basis.

Sludge: The accumulated settled solids deposited from sewage or indus-
t rial wastes , raw or treated.

TDS : Total dissolved solids.

Tertiary (Advanced) Treatment: Selective appl ication of biological , physical , and chemical separa-
tion process to effect removal or organic and inorg anic sub-
stances , primari ly phosphorous and nitrogen, that resist conven-
tional treatment practices.
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Turbidity: (1) A condition of a liqui d due to fine visible material in
suspension which may not be of sufficient size to be seen as
individual particles by the naked eye , but which prevents the
passage of light through the liquid. (2) A measure of fine
suspended matter (usually colloidal) in liquids.
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