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FOREWORD

APPENDIX Ill, I-IYDROLOGY AND NATU. resources are included in the organized planning
RAL ENVIRONMENT, contains a detailed report of effort.
one component of the Comprehensive Water The published report is contained in the follow-
Resource Study of Puget Sound and Adjacent Waters ing volumes.
which provides supporting data for the overall water SUMMARY REPORTresource study.

The Summary Report is supplemented by 15
aopendices. Appendix I contains a Digest of Public APPENDICES
Hearings. Appendices II through IV contain environ- I. Digest of Public Hearings
mental studies. Appendices V through XIV each 11. Political and Legislative Environment
contain an inventory of present status , present and ill. Hydrology and Natural Environment
future needs, and the means to satisfy the needs, IV. Economic Environment
based upon a single use or control of water. Appendix V. Water-Related Land Resources
XV contains the formulation of basin plans. a. Agriculture

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

The Puget Sound Task Force consists of ten XII. Flood Control
members, each representing a major State or Federal XIII. Water Quality Control
agency . AU State and Federal agencies having some XIV . Watershed Management
authority over or interest in the use of water xv . Plan Formulation

In
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INTRODUCTION

ugged mountains and ~la~icr s . drift plains and over t he Puget Sound re~non during I .1 .tU- I 960 is
fertile valleys , tumbling streams arid large rricaiideiinc dr . ussed in the (‘Iimatiilogv c hapter. Preci pii.rtion.
rivers discharging into an inland sea . are a few of the tem perature . humidity, wind intensi ty and direction
many features t hat make up the comp lex arid and are ti re rirajor parameters used to define the climate.
water resources of the Puget Sound Ar ea A desc r ip- Surface and ground-water resources are des-
Lion of this natura l environment as characterized crihed in detail in the Hydro logy ch apters. Stream-
through physical geograp hy. climatology, arid hvdro . floW characteristics ot ti re major rivers iii the II
logy is presented in this , the Hydrology and Natura l sub-basins of the Puget Sound Area are discussed in
Environment A ppendix. In this volume are summar- terms of quantity and quality. Most hydro logic data
ized most of the hydrologic and c limatohnzic data in the region consists of streamf iow records which arc
available for the Puget Sound Area at the time of the analyzed in this presentation to describe the quanti-
study (1966). tative characteristics of surface water. In analyzing

A broad, e ral portrayal of the land resou rces the surface-water data a standard 30 year period .
is given in the Physica l Geograp hy chapter. This 1931-1960 . is used in t his report. Ground-water
portrait begins with a description of the arid forms occurrence , yields, and quality arc also described for
as t hey now exist , follows with discussions of the each basin to the extent permitted by the data
type and characteristics of soils , and conc ludes with a available.
statement about the natural cover that has developed The appendix concludes i~ith a discussion of
in t he climate of the region. The major river-basins needed hydrologic investigations. These investigations
are listed in this chapter. Soils and cove r are are required to meet long-range hydrologic needs
developed in much more detail in A ppendix V revealed in the course of developing the comprehen- -

Water- Related Land Resources. sive plans.
The collective state of the earth’ s atmosp here
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PHYSICAL GEOGRAPHY
The physical setting of the Puget Sound Area is by a range of low hills. A location map of the study

described in this chapter. This description includes area together with its sub-basins is shown in Figure 1.
sections on topography, geology, soils and cover, and Almost in the center of the region is Puget Sound, an
a listing of the major river basins. This part of the inland sea with 10 major ports having access to the
appendix provides a general background with which Pacific Ocean. The region has wild areas in the
to appreciate better the significance of the climato- Cascade Mountains and on the Olympic Peninsula,
logic and hydrologic relationships. salt-water beaches, and sheltered inlets along interior

The Puget Sound Area occupies the northwest waterways. The Area provides productive agricultural
corner of Washington State. It is bounded on the land, adequate sites for industry, abundant water
north by Canada , on the east by the Cascade Range. supplies, and extensive forests.
on the west by the Olympic Range , and on the south

TOPOGRAPHY

Within the 15,900 square-mile Puget Sound transition from these broad, hilly lowlands to moun-
Area, striking contrasts in the type of terrain result in tains is rather abrupt.
wide variations in the region’s water resources. The In the Cascade Range the principal rivers head
lowlands contrast markedly with the mountains of at altitudes where precipitation is abundant and large
the Olymp ic and Cascade Ranges, which form the amounts of snow accumulate each winter. The higher
region ’s western and eastern borders respectively. The ridges generally reach an altitude of about 8,000 feet
southern border is a low divide that separates the in the north and 5,000 feet in the south. Rising
Puget Sound drainages from the Chehalis River basin, prominently above the rather uniform summit levels

Puget Sound itself is an inland sea providing a of the Cascades are the inactive volcanoes of Mount
marine setting for a large part of the region. The Baker (10,778 ft.), Glacier Peak (10,541 ft), and
salt-water area of about 2,500 square miles is char- Mount Rainier (14,410 ft.). The 27 named glaciers on
acterized by numerous channels, bays, and inlets. Mount Rainier constitute the most extensive glacier
South of Admiralty Inlet, the principal entrance from system of any peak in the conterminous United
the Straits of Juan de Fuca, the Sound has two main States. However, farther north in the Cascades,
branches. The western branch, Hood Canal, is a long, numerous smaller glaciers have a total area consider-
narrow arm extending southward about 50 miles near ably greater than that of the glaciers on Mount
the base of the Olympic Mountains. The eastern Rainier.
branch of the Sound is considerably larger, and The Olympic Mountains on the west side of the
contains the deep-water harbors of the region’r region , though generally at a lower altitude than the
principal cities. Between the two branches is the Cascades, are similarly rugged and scenic. Within
Kitsap Peninsula , an area of 582 square miles that lies Olympic National Park is a complex system of deep
mostly below an altitude of 500 feet. valleys and canyons, separated by sharp ridges and

Alluv iated river valleys, their broad floors boy- peaks that commonly attain altitudes of 6,000 feet.
dered by bluffs and steep hills, constitute an impor - In contrast to the Cascade Range, there are no
tant physiographic fea ture of the Puget Sound low- volcanic peaks in the Olympic Mountains. Streams
lands. The lowland valleys, with their mountain valley abound; the headwaters of the largest rivers originate
extensions, contain most of the population, industry, at glaciers and snowfields on the major peaks. To the
and agriculture in the study area. The valleys we north, relatively narrow hilly lowlands lie between
separated by uplands whose gently rolling surfaces are the Olympic Mountains and the Strait of Juan de
altered segments of a formerly continuous pL’dn. Fuca.
Terraces, lakes, and marshy depressions diversify the Topography has a marked influence on climate
terrain on ttit uplands. In much of the are-i . the in the region. The Cascade Range and Rocky Moun-
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tains shield western Washington from cold air masses below 1,500 feet , as rain or snow between 1,500 and
that travel southward across Canada in the winter. 2,500 feet , and as snow at the higher elevations.
The Olympic Mountains and the Coast Range on Altitude also governs the seasonal distribution
Vancouver Island effectively protect the area from of runoff: lowland streams generally carry t heir
the more intense winter storms that reach the coast greatest runoff in response to rainfall during the
from the west. The Strait of Juan de Fuca, Strait of winter , whereas high mountain streams are fed
Georgia, and the Chehalis River valley provide pass- primarily by melting snow and ice during the spring
ages for maritime air which has a moderating influ- and summer. Consequently, there are two patterns of
ence on the climate in both summer and winter. seasonal runoff , one being similar to the seasonal

An area often referred to as the “rain shadow” pattern of precipitation, and the other corresponding
of the Olympic Mountains extends eastward from to seasonal variations in temperature. Modifications
Port Angeles almost to Everett and northward into of the two basic patterns are evident in drainage
the San Juan Islands. This is the driest section of the basins that contain large amounts of storage . Storage ,
region—it receives an average of 15 to 30 inches of whether in glaciers, lakes and reservoirs, or in the
precipitation annually. Most of the winter precipita- ground, tends to moderate the cyclic patterns of
tion in the Puget Sound Area falls as rain at altitudes stream runoff.

GEOLOGY

Fundamental to the understanding of hydro- to melt and retreat. Streams fed by glacial melt water
logic processes is a basic knowledge of the geologic deposited stratified sand and gravel, termed reces-
framework, which influences virtually all elements of sional outwash. Remnants of the glacier and marginal
the hydrologic environment. In particular, runoff , deposits of the recessional outwash dammed the nv -
infiltration, water quality, and ground-water occur- ers, forming lakes and disrupting the drainage system
rence are influenced by the character of geologic considerably, as streams were diverted to form new
materials, channels. The melting of blocks of ice that had

The study area. occupies a broad north-trending become buried in the outwash formed small depres-
structural trough which attained its present form sions on outwash plains and terraces. Many of the
toward the close of the Tertiary Period, more than a depressions became lakes or swamps in which organic
million years ago. The east and west flanks of the materials accumulated and later were transformed
trough are composed of consolidated rocks that were into peat. After the glacier had retreated from the
arched and developed into the Cascade Range and region, the sedimentary processes of preghacial times
Olympic Mountains. The mountains were eroded to resumed, and the trough again received material
their present relief, and the resulting sediments eroded from the surrounding highlands.
accumulated in the trough during the Quaternary The return to a warmer climate was by no
Period, means permanent; temperatures gradually bacame

With the advent of the Quaternary Period, the lower and the region was again subjected to glacia-
climate became colder , and a lobe of a continental tion. Continental glaciers are believed to have advan-
glacier moved into the lowland area from the north. cad into and withdrawn from the study area at least
The p.Iacier was several thousand feet thick, and had four times in the Quaternary Period. During the
the power to erode, transport , and deposit large glaciations, intermittent volcanic activity formed the
volumes of rock material. Preglacial river valleys were prominent cones of the Cascade Range-Mount Baker.
scoured considerably, both in width and in depth. Glacier Peak, and Mount Rainier.
Much of the rock material abraded by the glacier was During each glacial event, the preglacial erosion-
finely pulverized, and was incorporated into the ice al and depositional features were at least partly
mass together with various-sized rock fragments, destroyed or altered. Only the effects of the most
some of which had been transported from areas north recent (Fraser) glaciation, which ended in the Puget
of the Puget Sound. These materials were subse - Sound Area about 10 ,000 years ago, are today
quently laid down as unstratified till deposits, relatively intact. Charactertstic of the present post-

Return to a warmer climate caused the glacier glacial terrain are numerous lakes and swahes, deran-
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ged drainage patterns , and broad , deep ly incised im pedes infiltr~mtion , and is not adequate for support-
valleys that imp ly a previous occupancy by more ing large-yielding wells. Recessional outwash generally
powerful streams than now exist in the area . occurs in Iow-l~ ing areas adjacent to the till-covered

Figure 2, a generalized geologic map of t he uplands . it also blankets till deposits in many places.
Puget Sound Area. shows the arcal distribution of Recessional outwash is composed mostly of sand and
unconsolidated sedimentary units, of Quaternary age, gravel, and areas covered with this material character -
which contain most of the ground water in the istically have rather high rates of infiltration. Large
region. These sediments seem to be thickest in the amounts of Water may be store d in recessional
shoreline area - at least 2,800 feet thick near outwash to form aquifers of high yield in areas where
Sequim - and they thin to a featheredge where they appreciable thickness of sand and grave l occur. Many
lap onto outcrops of older consolidated rocks, of the streams that drain outwash areas are ‘ natural-

On valley floors the sediments are postglacial ly” regulated , and have significantly less seasonal and
alluvial deposits associated with flood plains and year-to-year variation in discharge than streams that
deltas of the modern drainage system. Composition drain lands underlain by finer grained materia ls.
and texture of the alluvium are not uniform and are Quaternary units older than the most recent till
influenced by factors such as stream gradient and the comprise an incredibly complicated assortment of
presence of silt in melt water from alpine glaciers. marine, lake, stream , and glacial-drift deposits. In
Therefore, the suitability of alluvium as a water- general, these deposits contain the most dependable
yielding material (aquifer) varies not only from one aquifers in the study area. Outcrops of these older
valley to the next , but also with depth and location units are small in areal extent, and occur piincipally
within a particular valley, along the bluffs that border the larger valleys and

Many of the uplands are covered by till which, inlets.
because of its compact character , favors runoff ,

SOILS AND COVER
The soil mantle and its vegetative cover is of categories. These include glacial, lacustrine , and or-

special hydrologic significance in the Puget Sound ganic deposits, as well as detritus weathered from
Area because of the climatic and topographic features intrusive , extrusive , and sedimentary rocks.
that exist , Dense vegetative cover of forest or grass The characteristics of a soil at any particular
tends to regulate runoff and streamflow and the root place are determined by (a) physical and mineral
systems of the vegetation tend to maintain the composition of the parent material, (b) climate under
maximum infiltration rate and storage capacity of the which the soil developed and accumulated , (c) relief,
soils. Undisturbed soils under such conditions have a which influences drainage, moisture content , aera-
large pore space and heavy surface protection of tion . susceptibility to erosion, and exposure to sun
litter, and the elements, (d) biological forces acting upon

Changed soil cover directly affects the flow soil material , such as plants and animals living in and
pattern of the streams , the erosion hazard, and the on the soil , and (e) the length of time that the
amount and form of flood protection measures physical, chemical, and biological forces have been
required. The permeability and water retention of the acting upon the soil-forming materials.
soil cover are of hydrologic importance , as is its The parent rocks that have contributed to soil
stability, since soil erosion is the source of most formation in the study area include a wide variety of
fluvial sediment. bedrock and unconsolidated sediments. Glacial sedi-

ments consist either of compacted or cemented
THE SOIL RESOURCE materials , or of loose outwash sand and gravel.

Flood-plain and alluvial soils were formed from debris
Soil is the product of many centuries of eroded and carried from upland areas to the valley

physical , chemica l, and biological action on rock and floors by flood waters. Organic soils have their source
organic materials. Materials from which soils of the in lakes , shallow slackwater stream channels, and
area are derived may be classified in four broad bays. Such soils tn the Pacific Northwest have
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accumulated at the rate of about 1 inch in 40 years alder , and willow occur frequently in the less dense
(Hansen, 1947). conifer stands throughout the lower elevations. Black

More than 1,200 soil units have been identified cottonwood is found on bottom land which is subject
and classified in the Puget Sound area. Each unit is to periodic flooding.
characterized by properties that help to determine The lesser vegetative ground cover varies with
the suitability of land for different uses. The various soil moisture and available light, Generally, a large
land uses include agriculture, forestry, water manage- variety of small trees , shrubs, forbs and grasses form a
ment , urban and industrial development, wildlife, and dense ground cover except under the most dense
recreation. Many of these interpretations are discus- conifer stands. Usually this cover reestablishes quick-
sed in other appendices or elsewhere in connection ly following any temporary ground disturbance .
with land use and agriculture. Ferns, mosses and shrubs are a common component ,

particularly on north slopes and within red alder and
older conifer stands.

LAND COVER Vegetative cover of the prairie-like areas con-
sists primarily of grasses. However , these areas are

The undisturbed land cover of the Puget Sound interspersed with scattered stands of Douglas-fir and
area is dominated by dense conifer forests. Some Oregon white oak . Scotch broom and other shrubs
grass covered prairie-like areas are found in lowland have invaded parts of these areas. The park-like areas
parts of the Puget Sound Basin where precipitation, below timberline consist of alpine meadows of forbs,
soil moisture and temperature create an environ- grasses and shrubs, and above timberline the ground
ment less favorable to forest growth. Also, park-like cover blends into a mixture of heather , sedges, shrubs
areas occur at high elevations near the timberline, and low-flowering plants.

The forest regeneration and growth is related to Tidal marshes have a seashore salt-grass cover,
the soil type . Douglas-fir is the primary tree species. and fresh water marshes commonly have cover
It grows extensively on well-drained soils and also on consisting of cattails, rushes and sedges.
somewhat excessively drained soils. Areas opened by Native vegetation has been removed from the
clear-cutting and fire promote the restocking of fertile soils of many valley bottoms, and these areas
Douglas fir . Similarly, western white pine, Doug las-fir are now used for intensive production of grass for
and lodgepole pine restocking occurs in the dry soils dairy cattle , or other crops, such as vegetables and
of the Hood Canal area. The imperfectly and poorly berries. Some land has also been cleared for the
drained soils have a soil moisture environment suited production of livestock forage on adjacent valley
to western hemlock , western red cedar and several terraces and moderately rolling uplands.
species of hardwood. At the lower elevations, dense The type of agriculture practiced usually con-
red alder stands frequently invade logged areas and forms with the natural hydrologic balance wherein
remain until their short-term cycle is completed or much of the cropland is devoted to forage produc-
the stands are overtopped by the conifers from the tion. About 75% of the approximately 591,000 acres
understory. Lodgepole pine grows in poorly drained developed for crops in the study area is in rotation
soils at both low and high elevations, but rarely grass, and the remainder is in vegetables, cane fruits,
occurs as stands at intermediate elevations. Restock- and specialty crops. Advantageous utilization of
ing of logged or burned areas at higher altitudes is climate and soil produces high yields of forage and
primarily by hemlocks or true firs. Big-leaf maple, red minimizes the soil erosion hazard.

RIVER BASINS
Many rivers, large and small, flow into Puget Snohomish River Skokomish River

Sound and other marine waters in the study area. The Cedar River Elwha River
Principal streams are shown in Figure 1 - The 10 river The importance of these 10 rivers is shown by
basins with the largest average runoff are as follows: the fact that they discharge, on the average, 84% of

Nooksack River Green River the total runoff in the Puget Sound Area. Other rivers
Skagit River Puyallup River are also important , however , in meeting many of the
Stillaguamish River Nisqually River water needs in the other parts of the region.
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Depth and water content of snow samples taken in late winter aid in forecasting of stream flows for spring and
early summer. U.S.G.S. Photo.
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Weather Observing Station includes rain gage, evaporation pan, anemometer
and instrument shelter for exposing thermometers.
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CLIMATOLOGY

REGIONAL ENVIRONMENT

Because most of the air masses that reach the Western Washington from cold winter air masses
Puget Sound Area originate over the Pacific Ocean, trave ling southward across Canada, To the west , the
the climate of the Area is predominately a mid-l ati- Olympic Mountains and the Coast Range on Van-
tude , west-coast , marine type . The maritime air has a couver Island effectively protect this area from the
moderating influence in both winter and summer; it more intense winter storms reaching the coast. The
produces a we ll-defined rainy season in winter and a Strait of Juan de Fuca, Strait of Georgia , and the
dry season in summer. Only occasionally does dry Chehalis River Valley provide low level passages for
continental air from the north or east reach Puget maritime air moving inland.
Sound. Elements of climate that are described in the

Terrain , position and intensity of t he high and following paragraphs are precipitation, temperature
low pressure systems over the North Pacific. and and humidity, cloud cover and solar radiation, winds,
wester ly winds, as well as distance and direction from and evaporation. Most of these elements are observed
the ocean, have an influence on climate in the region. at the weather stations listed in Table I and shown in
To the east , the Cascade and Rocky Mountains shield Figure 3.

TABL E 1.—Average monthly and annual precipitation, in inches, at weather stations
Elevo. Perio d

Area- Station t ie,~ of Jan Feb Mar Apr May Jun e Jul y Aug 5ep Oct Nov Dec Annual
(f t ) R.cord

PUGET SOUND
L OWLAND S
Cl.orbrook 64 1931-60 5.73 4.52 4.47 3.18 2,63 2.58 1.46 1.58 2.92 5.27 572 6.74 46.82
Coup.vilI. 15 50 193140 2.01 1.59 1 .62 1.12 1.25 1.31 .67 .69 1.19 1 ,73 2.25 2.30 17.73

99 1931-60 4.45 3.39 3.33 2.39 2.26 2.23 .93 1.12 1.98 3.54 4 .55 4.86 33.24
Gro pev i.w 20 1931-6.0 8.33 636 5.51 3.24 1 .96 1 .62 .75 .94 2.04 5.16 7.61 9.29 53.01
Monroe 2WSW 120 1931.60 6.03 5.01 4.59 3.21 3.01 2.53 1.04 1 .34 2.49 4.65 6.32 6.54 46.76
Olga 258 80 1931.60 4.04 2.94 2.31 1 .65 1.35 1.51 .88 .95 1.61 3.04 3.91 4.39 28.78
Olyn ,pio AP 195 1931-60 785 6.62 5.40 2.96 2 .01 1 .79 .76 , 89 2.09 5.28 7.67 9.05 32.37
Port Ange l., 99 1931-60 3.87 3.06 1.99 1.08 .89 .96 .48 .58 1.10 2.48 3.77 4. S 24.61
Puyol lup Eep. Sto. 1931-60 5.63 4.66 4.14 2.64 2.02 1.81 .81 .96 2.03 3.95 5.45 6.40 40.50
Qui lc.n. 25W 123 1931-60 809 6.51 4.40 3.07 2.52 2.40 .98 1 01 1 .49 3.84 7.26 9.41 50.98
Seatt le-Tacoma 386

AP 1945-60 573 4.24 3.79 2.40 1 ,73 1.58 .81 .95 2.05 4.02 3.35 6.29 38.94
S.dro WooIl .y 56 1931-60 5.57 4.33 4.65 3.30 2.56 2.78 1.33 1.38 3.01 4.91 5.87 6.38 46.07
Sequin. 180 1931.60 2.18 1.73 1.30 .93 .97 1.15 .47 .59 .95 1.57 2.31 2.66 16.81
Shelton 22 193140 10.37 806 6.83 3.89 2.21 1 .73 .80 1 .06 2.32 6.09 9.26 11 ,67 64.29

CASCAD E & OLYMPIC FOOTHILLS
Ruckley iNS 685 1931-60 559 4.71 4.94 3.86 3. 13 3.36 1.25 1.41 2.77 5.15 6.23 6.91 49.31
Cushmon Dan, 760 1931-60 16.65 12.31 10.41 6.07 3.33 2.44 1 .28 1 38 3.74 9.73 14.73 18.18 100.25
barrington O S .  550 1931-60 11.79 9.37 8.13 5.30 3.43 3.20 1.36 1.50 3.92 8.33 11.14 13.14 80.51
3l,yko.nieh 1.5. 933 1935.43 880 9.56 8.04 5.51 5.01 3.49 1.21 1.32 2.77 737 11.66 15.27 80.01
Snoqua lmi. FaIls 440 1931-60 7.85 635 6.14 4.00 3.20 3.21 1.29 1.43 3.18 6.15 838 9.12 60.30

WEST SLOPE CASCADES
Cedar b k .  1,560 1931.60 13. 11 10.52 11.17 7.69 6.00 5.53 2.17 2.57 5.54 10.52 13.80 13.61 104.23
Dlablo Dam 891 1931-60 10.29 8.55 6.78 4.44 2.49 2.07 I 24 1.33 3.49 8.03 10.54 12.32 71 ,56
Electron Hdwr ks 1,730 1944-60 8.93 773 6.62 5.33 4.12 4.12 1.45 1.68 3.51 7.66 9.80 10.79 71.74
Greenwot .r 1.708 193943 733 6.45 5.39 4.46 3.36 3.06 1.12 1.56 3.57 6.09 8.72 9.16 6029
tongmir. 1.5. 2.762 1931-60 10.92 8.98 8.32 5.11 4. 12 3.63 1.35 1 .73 3.92 8.63 11.91 13.79 82.43
PoIn..r 358 895 1931-60 11 .23 9.38 10.33 7.54 Sit 5.35 220 2.49 5.21 9.30 11.95 13.75 94,54

SUMMIT CASCA DES
Mount lake r 4,150 1927.51 1186 10.61 12. 12 8.52 6.39 4.73 3.32 3. 19 7.64 11.34 13.14 16.99 109 .85
Porod i,. 8.5, 5.350 192060 14 .89 11 22 1064 6.45 4.71 4.54 1. 70 2.72 6.12 10.93 14.44 16.61 104 97
SnoquaIm~. Pass 3.020 1930.59 14.77 12.74 11.72 6.39 4.68 4.86 1.67 2.03 4.81 1046 13.41 18.06 107.60
Stamped. P0,, 3.958 1944 60 12.03 10.15 10.60 5.60 4.25 4.09 1 .46 2.04 4.39 8.81 1238  16. 19 92. 19
Steve n, Pa,, 4,085 1939.64 11.26 857 7.94 4.65 3.59 2.89 1.35 1.70 4.06 7.32 11.25 12.17 76.75
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PRECIPITATION
Maritime air reaching the Was h ington coast in annua l total.

late fall and winter is moist, and u s  tem perature is lhe driest sect Ion in the reg ion. of ten referred
near t hat of the ocean ’s surface . Orographic lifting to as the “lain shadow ” of the Olympic Mountains ,
and coo ling as air masses move inland result in receives 15 to 30 inches of precipitation. This dry
persistent cloudiness and widespread precipitation belt extends eastward from Port Angeles almost to
patterns in the Puget Sound r\rc,L Precip itation is Everett , and northward into the San Juan Islands.
light in summer, increasing in fa ll. reaching a peak in Frequently, a drizzle or light rain falls on this area
winter , then decreasing in spring (Fig. 4). Normally, a while other localities are receiving moderate rainfall.
slight increase in precipitation in May and June is Annual precipitation ranges from 35 to 50 inches
followed by a sharp drop near the first of July. Fifty over most of the lowlands , increasing to 75 inches in
percent of t he annual preci pitation fa lls in the the foothills and from 100 to more than 200 inches
4-month period October through January. and 75’;~ on the wettest slopes of the Cascade and Olympic
occurs in the 6 months October through March. Mountains (Fig. 5).
Rainfall for July and August is less than 5” of t he

/~7/
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FI GURE 4. Average monthly precipitation at selected Stations.
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TABLE 2.—Monthly precipitation, in inches, that is exceeded 10 percent and 90 percent of the time at selected
weather stations

Area Station Jon Feb Mar Apr May June Jul y Aug Sep Oct Nov Dec Annual

PUGET SOUND LOWLAND S
Cleo rbro ok

Low 90 pe rc e nt ’ 1 .6 2 7  2 4  1 5 1. 1  .7 Yr .3 1 3 2.4 2.0 3 9  359
High ¶1 0 percent 9. 1 7.4 7.9 4.9 4 .1 5 . 4 2.9 4 2  5.9 8.1 8.9 10.2 57.6

Coopecilt e IS
Low 90 percent) 1.1 .8 1.0 .4 .3 .2 Yr . 1 .4 .7 9 1 1 137

High (10 percent) 3.0 2.6 2.4 1 7 2.6 2 6  1 4 1 .6 2 8  3 .0 3 7  3 4  2? 7
Monroe 2WSW

Low 90 percent) 3, 1 1 . 8 2.5 1. 2 1 .3 .5 .1 .7 .4 2.3 2.8 3.5 355
Hi gh 10 percen t) 8.6 8.3 7.5 4.9 5.1 5.1 2.4 2.3 5 4  8.6 9.9 8.6 567

Olga 2SE
Low 90 perc ent) 1 5 1.3 1 1 .5 .3 . 1 Tr .2 .5 1.2 1 .4 1 8 20 I

Hi gh 10 percent) 5.9 4.8 3.8 2.6 2.7 3.3 1 .5 2 .2 3 4  5.2 6.5 6.6 3 5 5
Ol ympia AP

Low 90 percent) 3.0 3.9 2.3 .5 .3 . 1 Yr Yr 3 2. 8 2 3  3.8 33 5
High 10 percent) 12.0 11.3 8.3 4.7 3 3  3.4 2 0  1.7 3.9 9.5 12.4 12 .1 6 5 3

Puyallo p Exp. Sta .
Low (90 percent) 1.8 2.4 2. 1 .6 .6 .2 Tr .1 .5 1 .9 1 . 9 3, 2 269

Hi gh t O percent) 9.2 7 . 7 6.7 4.4 4.2 4.3 1.5 1.9 3.7 6 8  9.9 8.5 52.0
Quilcen. 25W

Low (90 percen t ) 2.6 2 2  1.2 1.0 .7 .8 .1 .2 .2 1 .1 2.3 3.4 34 I
Hi gh ( tO percent) 15.0 11 .7 8.2 5.4 5.3 4.7 2.2 2.6 3 I 8.5 138  18.6 638

CASCADE & OLYMPIC FOOTHILLS
luc kley INE

Low (90 percent) 2 6  2.2 2.4 1.1 1. 3 .7 .1 .3 1 .0 2. 3 2.1 36  36.9
High ¶1 0 percent) 8.2 7.4 7. 1 6 4 5.2 7 .1 2.8 3.1 5.2 8.9 11 .5 10.0 63 . 3

Cus hmon Dam
Low 90 percent) 6.6 6.9 3.3 .8 .8 .3 .1 .2 .6 4 .6 4.0 108 736

Hi gh (10 percent) 30.2 19.6 18.1 10.7 6.8 6.6 2.9 3.2 8.5 184  25.3 29.0 126.7
Darrington ES .

Low (90 percent) 3 4  4.9 4 8  1.3 1.0 .7 . 1 .4 1. 0 2 .8 3.7 6.9 598
High (10 percent) 19.4 15.3 12. 7 8. 8 6.5 6.7 3.0 2.9 8 6  14 .6 18.0 18. 7 102.9

Snoqool n.ie Pal),
Low 90 percent) 3.1 2.9 3.5 1 . 1 1.0 .8 .1 .6 .6 2.5 3 .1 4 7 45. 1

High 10 percent) 12.1 9.4 9.7 6 8  5.3 6 8  2.9 2.9 7 .2 9.9 13.9 11 .6 75.3

WEST SLOPS CASCADE S
Cedar Lake

Low 90 pe rcent ) 5.8 4.8 6. 3 2.3 2.3 1 .5 . 1 1.2 1. 7 4 .6 5.8 9.0 800
High .1 0  per cen t 18.9 16.4 17.4 12.2 10.8 9.7 4.4 5.6 12.7 167 22.2 20.0 133 0

Diablo Dam
Low 90 percent) 3 1 2.9 3 1 1.4 .7 .7 .2 .2 .7 3.4 3.3 6.6 52.3

Hig h 10 percent) 18. 1 18.3 11.0 7. 4 4.3 3.8 2.3 2.7 7 2  12.8 16.9 17.3 90.6
Longn .ire 8.5

Low 90 percent) 4.5 3.3 4.2 1 .8 1.8 .7 Yr .5 1 .0 2 .6 3.9 7 4  57 .5
High 10 percent) 16.9 12.8 13. 1 7.8 7.4 6.9 3 4  4.5 7.9 14 .4 19.4 18.6 103.9

Palmer 355
low 90 percent) 4 .2 3.6 4.9 3.0 2.3 1.1 .2 1.2 2. 1 4 .6 3.7 8.3 71 6

Hig h (10 percent) 15 .5 14. 7 16.0 11.6 9.4 10.5 4 9  4.7 10.6 156 19.0 19 .1 123.2

SUMMIT CASCADES
Paradis e O S .

Low 90 percent) 6.7 2 8  3.7 3.2 1 .6 .7 Yr .1 1 .4 3 .7 2.8 9.9 70.7
High (10 pe rcent l 24.3 16.9 18.2 10.7 9.1 10.4 5.0 6.2 192 23 .5 26.3 24. 7 137 .8

Snoq uatmie Pass
Low 90 percent) 7 1 5.0 4.8 2.2 1.8 1 .0 . 1 .8 1 .0 3 .7 6.7 8 3  83.5

Hi gh (1 0 percent ) 26.4 18.9 18.3 10.5 9.8 8.8 3.5 4.3 10.7 17 .3 27. 1 24.0 14 1.2
Stampede Pa,,

Low (90 percent) 4.5 5.9 5.3 1 .9 1 .7 2.0 .3 7 1.4 2.8 6.3 7.2 63
Hi gh 10 perc.nt) 22.3 16.6 15.0 9.7 7.8 7 . 0 3.7 4 4  10.3 154  20.6 27.5 118.6

TABLE 3.—Predicted rainfall intensities, in inches, for various durations and recurrence intervals in lowland
and upland areas

Recurrence interval

Puget Sound Lowland , WISt slope Caico de~ SE slop. Olympic,

Duration 2 yr s 5 yrs 10 yr s 25 yr s 30 yrs 2 yr , S yrs 10 yr .. 25 yr .. 30 yr s

30 minute s 04  0.4 06 0.6 0.7 0.5 0.6 0.8 0.9 1.0
1 hour .5 .6 .7 .8 .9 .6 .8 1.0 1 .2 1.4
2 hour, 7 8 1 .0 1.2 1.5 1.0 1.2 1 5 1.8 2.0
3 hours .9 1. 2 I 5 1.7 2.0 1 .5 1 .8 2.0 2.5 3.0
6 hour , 1 .5 1 .8 2 0  2.5 2.8 2.5 3.0 4.0 4 5  5.0

12 hour, 2.0 2.3 3.0 3.2 3 5  3.5 4.3 5.5 6.0 7 .0
24 hour , 2.5 3.0 3.5 4.0 4.2 4.0 6.0 7 0 8.0 10.0
48 hour, 3.0 4.0 4 5  5.0 5 5  6.0 7.3 8.0 9.5 10.5
96 hour , 4.0 4.5 5.5 6.0 7 0  8.0 9 0  10.0 10.5 -15.0

tnfe n,itie. •,timat,d t ram Weather Bureau Technic al Paper, No,. 28 . 40. ond 49.
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In Figures 6.9, the variability of annual precipi- and return periods for durations ranging from 30
tat ion is shown for representative locations. minutes to 96 hours are given in Table 3.

Table I shows average amounts of monthly Thunderstorms occur on 5 to 15 days each
precipitation and Table 2 shows amounts that are year. The greater number are reported over the
likely to occur 10 and 90% of the time on the mountains in summer; however , they have been
average . Table 2 shows for example, at Puyallup, the recorded in all localities throughout the year. Hail of
tota l precipitation for July is on the average only a sufficient size of intensity to cause damage is rarely ,
trace in one summer out of 10; also, it exceeds 1.5 if ever , reported.
inches in one summer out of 10. Annual precipitation Most of the winter precipitation falls as rain at
is less than 27 inches in 1 year out of 10; also, it slevations below 1,500 feet , as ra in or snow between
exceeds 52 inches in 1 year out of 10. 1 ,500 and 2,500 feet , and as snow at the higher

The probability of receiving specific amounts of elevations.
precipitation in any 7.day period, based on weekly In the mountains, snow can be expected in
tota ls from 1931-60 , is given in Figures 10.13. As an October , and it generally remains on the ground from
example , dunng the first week of March, the probabi. November until June or July. At altitudes above
lity of receiving 0.40 inch of precipitation is 28% at 8,000 feet, light snowfall in midsummer is not
Sequim, 6491 at Puyallup, 81% at Sedro Woolley, and unusual. Total winter snowfall ranges from 10 to 30
93% at Cedar Lake. inches over the lowlands near the Sound, 75 to 100

Rainfall is usually of light to moderate intensity inches in the foothills, and 300 to 500 inches in the
and is continuous over a period of time rather than mountains. Average monthly and annual amounts are
heavy for brief intervals. Predicted rainfall intensities given in Table 4.

TABLE 4.—Average monthly and annual snowfall, in inches
At (A~ STATION Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Tota l

PUGE T SOuND LOW LAND S
Cleorbrook T 1.1 3.7 6.8 4.0 2. 1 T 17.7
Coopenille 1S 1 .5 .5 3.1 1.3 .6 1 6.0
Everett T .7 1.7 5.0 2.3 1. 1 .2 11 .0
Grapeview .4 .3 3 5  .6 1 4 .8
Monroe 2W SW 1 .8 1.1 6.0 1.4 .8 1 10. 1
Olga 2S5 T .5 .8 3.0 2.3 1 .0 .1 7.7
Olympia AP T 1.5 1.3 7.1 3.1 2.2 T 15.2
Puyallup ts p. Ste. T .3 .5 3,2 I .? .3 ‘n
Quilcene 2SW .9 1.1 3.7 1.9 .7 . 1 T 8.4
Seattle-Tacoma AP T 1 4 2.2 6.2 2.4 2.2 1 14.4
Sed,o Woolley .7 1.6 4.1 2.1 1.6 T 1 10.1
S.q,,im .7 .5 33 1.3 .1 1 5.9
Shelton T T 1.0 5.9 1.4 T T 8.3

CASCADE & OLYMP I C FOOTHILLS
luckley 1NE 1 1.0 1.5 5.1 3.0 2.4 .4 13.4
Cvshnton Don.. T 1.3 7.0 24.0 10.0 6.2 .4 489
Darringto n 8.5. 2.0 9.7 180 10.6 6.5 .6 47.4
Skykomlsh 8.5. .3 1.4 12.7 67  20.8 5.0 .2 47.1
Snaq,colmis Fulls T 1.4 2.6 7.8 3.6 1.4 .1 16.9

WEST SLOPE CASCADES
Cedar Lobe 1 1.0 4.3 13.8 24.7 20.0 13.2 2.9 .3 92.2
Diablo Dam .1 5.1 16.8 234 16.5 9,5 .5 719
Il.ctran Headworks 2.2 3.4 15.0 10.7 12.3 2.4 .1 49.1
Gr.enwateq .1 6.1 14.3 24.7 14.7 14.8 2.2 .1 77.0
Langmlr. 8.5. T 1 .4 14.4 34.0 484 37.6 32.2 9.0 .7 T 177J
PoIm.v 355 .3 2.5 7.7 20.0 10.7 6.6 1.0 48.8

SUMMIT CASCADES
Mt. laker T 2.6 14.7 67.6 106 7 89.0 74,0 92.3 50.2 17.5 2.3 515.9
Paradise 8.5. .3 1 3.2 22.0 64,9 105.1 117.6 98.7 98.6 54.1 21.3 4.3 582.1
Smoqualmle Pass .1 .2 7.4 40.8 $4.0 96.7 98.8 74.1 22.5 5.5 .1 420.2
Stampede Peu .1 4 14.8 59.7 $4.7 88.8 80.8 76.3 40.3 94  1.7 457.6
Stevens Pos* T .5 18.6 62.1 91.2 100.4 78.4 74.4 30.8 9.9 .6 466.9
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FIGURE 8.—Departure of annual precipitation from normal, in inches, at Port Townsend, 1876-1965.

FIGURE 0.—Departure of annual precipitation from normal, in inch98, at S.dro WoolIsy, 1897-1965 .
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The terrain and exposure of an area have a 300 inches above 4,500 feet. Average, max imum , and
decided influence on the accumulation of snow on minimum depths at selected locations are given in
the ground. Maximum depths of accumulated snow Table 5. In the mountains, the density of the
are I S to 30 inches over the lowlands, 30 to 50 inches snowpack increases from about 25% water in early
in the valleys near the mountains and over the winter to 45% water in April.
foothills. 150 to 200 inches at 3,000 feet , and 200 to

TABLE 5.—Snow depths, in inches, at mountain weather stations

s ‘ D. ,~ 
Nov D.c Jan Feb Mar Apr May Jun Jullotion ~ 1 15 1 13 1 15 1 15 1 13 1 13 1 15 1 13 I 15

Mt Baker Av erage 6 26 40 59 96 109 124 140 133 164 174 168 143 116 82 45 16 4
4150 feet Maxim um 24 55 140 168 190 167 234 223 276 281 298 283 264 237 216 174 120 65

Mini mgm 3 1 20 28 40 43 65 60 85 72 56 20 6 T

Greenwaier Average 1 1 4 7 10 12 12 10 10 4 2
1708 fee t Maximum 5 6 29 52 38 49 64 41 44 22 13

Lon omir . ES.  Average 1 3 3 B 18 23 28 33 33 32 27 14 6 1
2760 feet Maximum 11 14 26 53 74 85 66 108 78 89 66 56 52 24

Paradise ES.  Average 9 25 44 63 89 109 133 146 158 172 176 170 139 135 109 74 40 11
5350 feet Maximum 34 72 100 170 140 201 204 215 274 357 327 293 259 243 192 166 132 78

Minimum 1 16 24 30 36 70 72 II 66 68 49 22 T

Snogualmie Average 2 9 19 30 54 68 82 93 97 98 93 80 61 34 9 2 1
Pass Maximum 24 23 84 116 136 122 154 168 198 195 170 153 123 95 64 29 3
3020 feet Minimum 3 6 13 35 33 27 10 11 1

Stampede Average 4 14 31 43 60 75 95 107 113 121 119 108 89 59 26 8
Pass Maximum 20 53 93 119 132 129 228 202 190 216 183 186 176 149 125 84 6
3938 feet Minimum 1’ 10 14 II 25 53 48 45 47 37 II

Stevens Pass Ave rage 6 16 31 42 63 74 87 101 102 113 106 97 71 50 22 5
4093 feet Maximum 35 47 67 64 117 140 152 166 196 200 192 170 141 126 92 59 15

Minimum 7 14 28 27 32 57 54 47 24 17

TEMPERATURE AND HUMIDITY

During the warmest summer months, afternoon elevations above 5,000 feet , temperatures below
temperatures over the San Juan Islands and along the freezing are not unusual in midsummer .
Sound are in the lower 70’s, increasing to the upper In winter, afternoon temperatures over the
70’s near the foothills, then decreasing into the 60’s lowlands range from upper 30’s to mid.40’s, and
in the mountains. Temperatures reach 85° F to 90°F minimums from upper 20’s to mid-30’s. Below
on 5 to 15 days per year. and extremes of 95°F to freezing temperatures are recor ded on 30 to 90 nights
100°F have been recorded in most of the lower per year, depending on air drainage, distance from the
valleys. The highest temperatures and lowest relative Sound, and altitude. Almost every winter, tempera-
humidity accompany dry easterly winds, which tures ranging from 10°F to 20°F are observed on a
seldom persist longer than 3 to 5 days. Minimum few nights, and below-zero readings have been re-
temperatures during the summer are in the 50’s over corded at many stations (Table 6).
the lowlands and in the 40’s in the mountains. At

TAI~!.E 6.—Temperature averages and extremes, (°F). by months , at selected weather stations
AEEA/STATION Jan Feb Mar Apr May Jun Jul Aug Sets Oct Nov Dec Annual

PUGET SOUND LOWLAN DS
Clearbroc& Av.Max. 41 46 52 59 66 71 76 76 71 61 49 44 59

Av . Mln. 30 31 35 39 42 46 48 47 44 40 35 33 39
Highest 61 63 74 86 91 96 102 98 94 $4 69 62 102
Lowes t -3 -l 9 21 28 31 34 33 28 20 8 7 -3

Everett Av .Max. 45 4$ 53 59 64 68 72 72 67 60 51 47 59
Av. Min. 33 34 37 40 45 50 52 52 4$ 44 3$ 36 42
HIghest 72 69 76 $0 $8 9$ 93 92 1$ 93 73 65 9$
Lowest 1 7 10 26 29 37 41 40 33 25 8 10 1

17



r

TABLE 6.—Cont inued

A IEA/STAIION Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Monroe Au . Max . 44 48 33 61 67 71 77 76 70 61 51 46 61
2WSW Au. Mm . 32 34 36 40 45 49 52 52 48 43 37 35 42

Highest 72 73 77 $5 92 96 99 101 94 84 72 66 101
Lowest 3 -2 13 24 29 34 33 39 31 23 5 10 -3

Olga 2SE Au. Mos . 44 47 31 57 63 67 70 70 66 58 30 46 51
Av . Mm . 34 35 37 40 44 47 49 49 48 44 39 36 42
Highest 63 65 68 76 83 86 92 89 87 76 64 60 92
Lowest -5 s 14 28 31 37 40 42 31 26 10 14 -8

Olymp ia Au. Max. 45 30 54 62 69 73 80 79 73 62 52 48 62
AP Au . Mm . 31 32 34 38 42 46 4$ 4$ s~ 41 3.5 34 39

Highest 63 67 75 85 92 101 103 99 93 85 74 64 103
Lowe st 0 .1 13 24 25 34 37 37 29 22 -1 12 -1

Puyollup Au Max. 46 50 34 62 69 72 78 78 72 62 32 48 62
8 xp. Sb . Au. Mm . 31 33 35 33 43 47 49 49 46 42 36 34 40

Highest 66 69 75 87 90 101 99 99 92 82 72 66 lOt
Lowest -3 I 12 23 25 34 38 33 30 22 0 7 .3

5.dro Au. Max. 44 49 53 61 6/ 70 75 75 69 61 51 46 60
Woolley Au. Mm . 32 33 36 40 44 49 50 30 47 43 37 34 41

Highest 67 69 75 82 90 96 94 90 91 83 71 74 96
Lowest •2 -l $ 25 29 34 37 36 31 20 3 4 -2

Sequins Au. Max. 45 4$ 31 58 64 67 72 72 68 60 51 47 59
Au. Mi.,. 31 32 34 38 43 47 49 49 47 41 36 33 40
Highest 60 66 69 80 84 91 99 94 87 76 67 63 99
Lowest -3 7 13 20 27 30 37 38 31 21 9 10 -3

Shelton Au . Max. 45 49 53 61 68 72 78 77 72 62 51 47 61
Au. Mm.,. 32 33 35 38 43 48 51 51 47 42 36 33 41
Highest 6$ 71 76 89 95 102 104 98 99 85 69 64 104
Lowest -2 0 17 22 23 32 36 34 32 22 3 6 -2

CASCADE & OLYMPIC FOOTHILLS
Buckley 1N8 Au. Max. 44 48 32 59 66 70 76 75 70 39 50 46 60

Au . Mi,, . 32 33 35 39 43 47 50 50 47 42 37 35 41
Hi ghest 70 69 76 84 88 96 102 98 95 87 68 63 102
Lowest -3 1 30 26 30 37 37 38 33 24 2 8 -3

Coshmar, Au. Mox . 44 47 52 60 67 72 78 78 72 62 51 46 41
Dam Av. Min . 31 32 34 38 44 48 51 51 49 43 37 34 41

HIghest 65 71 76 90 93 100 104 99 96 89 73 60 104
Lowest -2 4 13 24 29 36 40 41 34 27 8 13 -2

Darrlngton Au . Max. 41 46 33 61 6$ 71 78 77 71 61 49 43 60
P.S. Au. Min. 29 30 32 31 42 47 49 49 46 40 33 31 39

Highest 74 70 78 91 100 102 104 105 102 90 77 63 103
Lowest -14 -Il 0 20 25 31 34 33 29 19 .4 0 .14

WEST SLOPE CASCADES
Cedar Lake Au. Mgx. 39 43 47 55 61 63 72 71 66 51 47 42 55

Av.Min. 30 31 33 37 42 46 50 50 47 42 36 33 40
HIghest 61 64 74 86 91 95 91 91 94 $6 73 60 91
Low .st -11 0 8 23 28 35 37 35 31 20 2 10 -Il

Dtablo Dam Av. Mex. 37 42 4$ 37 66 70 78 77 71 58 45 40 57
Au. Mips . 27 29 32 37 43 4$ 32 52 48 41 34 31 40
HIghest 62 60 13 85 94 99 106 100 100 83 65 57 106
Lowest -$ -10 3 24 29 35 3$ 37 35 21 3 B .10

Oreenwafer Au. Max. 35 40 45 53 63 65 73 72 67 55 42 37 54
Av . Mln. 26 29 31 33 40 45 4$ 4$ 43 3S 32 29 31
Hlgh.,t 59 64 73 54 91 92 102 97 91 s3 63 64 102

4 .5 3 26 25 30 32 33 29 24 3 1 4
Luagasir. S lA v .  Max. 36 40 44 58 62 66 75 74 69 59 45 39 53

Av . Mln. 24 26 2$ 32 37 43 47 47 44 38 33 28 35
HIghest 80 64 73 83 95 93 105 100 91 88 72 60 103
Lowest -9 .3 -1 12 21 28 33 33 28 17 .3 -1 -9

SUMMIT CASCADES
Mt. lak.r Av. M.x. 33 36 39 43 31 36 64 66 57 50 40 33 47

Av. Mln. 21 24 26 2$ 36 39 44 47 41 36 29 23 33
Highest 70 61 69 72 70 80 91 86 54 77 70 59 91
Lowest .12 -II 6 6 1$ 24 34 36 27 12 5 .6 -3 2

Pa..di.etS. Av. M,x. 33 34 36 4 30 54 63 62 58 4$ 40 34 46
Av. Nfst. 19 21 21 24 32 31 43 44 40 33 26 22 30
Highest 62 62 70 70 8$ 16 $1 92 $9 79 78 68 92
Lowest -34 .12 -2 2 34 13 20 27 1$ 2 -11 -20 ~20

$swuuImI. Av. Mux 32 36 43 51 58 62 70 69 64 33 40 33 51
Puma Av.Mln. 20 22 26 31 33 40 46 46 42 35 2$ 24 33

Highest 51 76 69 51 54 92 103 93 101 5$ 60 53 101
lowest .17 -IS 0 7 36 21 31 34 26 33 -6 -6 -17

$ieuans Pes. Av.M,x. 39 33 37 45 51 58 6$ 66 62 49 36 31 47
Au. Ml.,. iS 21 33 29 34 40 45 43 41 35 26 21 31HIgh.I$ 53 33 70 69 80 91 93 91 87 71 56 50 93
Lowe.t -32 -10 0 11 37 2$ 33 30 2$ 22 -2 -ii -1$

18



_
_ __ __ -

~~

_
_ _

9 0-

80 

~~~~~~~
10 -

z

~~~~6 0 -

z

~~~~4 0 -
0

400 1
10 -

C Jan. Feb Mar Apr . May June July Aug. Sept . Oct . Nov. Dec .

FIGURE 10.—ProbabIlity of various amounts of precipitation (inches) in 7 days at Cedar Lake (bused on 1931-60 data) .

toG

10
90-

7( —

I-

\_-)

~~~~~~~ J /~ ~
C Jan. Fib. I4sr, Apr. May Jurse Jul y Aug S.pt. Oct. Nov. D.c.

FIGUR E 11.—ProbabIlity of various amounts of precipitatIon (inch..) In 7 days at PuyaIIup Expsrlmsnt station
(buasd on 193140 duts).

19



100

90 -

1 0 -

z
U

6 0 -
5.
z

\—
0 4 0 —
0

30-

10 — -

C-
Jan. Feb Mar Apr May June July Aug Sept Oct Nov. Dec

FIGURE 12. —Probubllity of various amounts of precipitation (inches) in 7 days at S.&o Wooil.y (bused on 1931-60 data).

100,

r
10 —

w

~~~6o-
10Pd

z

\
0 

N0

30

tO 

~~~~~~ J 100- 
— 

~~~~~

- _
_ _ _

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec .

FIGURE 13.-ProbabilIty of various amounts of precipItation (indies) In 7 days it Saquim (bused on 1931-60 data).

20



In the mountains, below-freezing temperatures Heating degree.days are units used by engineers
are recorded on most nights between October and in estimating heating requirements of dwellings,
April. The coldest weather occurs when the Pacific factories, and office buildings. A degree-day is a
Northwest is under the influence of continental , one-degree departure of the daily mean temperature
rather than maritime , air masses. Outbreaks of cold per day, below a base of 65°F. Thus , a mean
air through the Fraser River Canyon are observed temperature of 55°F for 2 days represents 20
each winter. Frequently, t he cold air travels across degree-days. The heating degree-days for an average
the lowland in northern counties, then westward year total about 5 ,000 in the lowlands, and increase
through the Strait of Juan de Fuca : however , during to 8,000 or more at the summit of the Cascades
the more intense surges, it may spread over the entire (Table 7).
Puget Sound Area.

TABLE 7 —Average monthly and annual heating degree àays, (base 65°F, at selected weather stations)
Area/Station Jan Feb Mc, Apr May Jun Jul Avg Sep Oct Nov Dec Annual

PUGET SOUND LOWLAN DS
Port Angeles 818 692 694 534 403 279 195 195 267 462 639 744 5922
Olga 258 818 680 660 492 363 240 114 364 249 437 624 738 5639
S.~ro Wool ley 837 672 629 447 298 174 105 96 198 409 630 763 5258
SeaNl..Tocoma AP 828 678 657 474 310 173 74 81 186 406 633 750 5253
Shelton 825 678 651 459 288 156 62 62 165 406 633 756 5141

CA SCADE & OLYMPIC FOOTHILL S
luckley 1NE 843 689 657 480 322 189 87 90 204 440 654 766 3423
Darrington 8.5. 964 762 698 474 310 180 84 78 173 431 711 877 3740
Sbyko.ni,h 5.5. 1925 850 750 475 330 180 80 80 180 435 755 800 5860

WEST SLOP E CASCADES
Dioblo Dam 3025 825 780 535 325 175 50 50 170 475 765 925 6100
Greenwoter 1055 545 840 635 445 295 150 185 305 575 835 985 7150
Langmir. 5.5. 1076 902 905 687 481 312 130 152 273 539 836 980 7253

SUMMIT CASCADES
Mt . Baker 1180 990 1020 880 670 520 340 260 470 700 910 1121) 9060
Paradi se P.S. 1180 3030 1100 890 730 560 350 370 510 760 940 1140 9560
Snoquolmie Pasi 1200 1010 950 730 580 410 220 240 370 650 940 1120 8420

The longest frost free period, 180 to 220 days, temperature in the spring is mid-April near the Sound
is on the San Juan Islands and elsewhere near the and mid-May or later in the colder valleys. The
Sound. The shortest , 145 to 175 days, is in valleys awrage date of the first freezing temperature in the
separated from the Sound by ridges, and in the fall occurs late in October near the Sound and the last
foothills. The average date of the last freezing of September in colder valleys (Table 8).

TABLE 8.—Dates in the spring and foil when freezing tem peratures have a 10-percent and a 90-percent chance
of occurrence

- ________ - 
Spring Fall Mean length of

Station 11).p.rc.nI 90.perc.nt 10.perc.nt 90-percent grewrng irsan
chance Chance chance chance

PUGET SOUND LOWLANDS
Ciearbroolp May 31 Apr . 30 Sept. 7 Oct. 23 148
Olga 25E Apr . 34 Feb. 23 Oct. 20 Dec. 5 237
Olympia AP May 29 Apr. 14 Sept. 20 Nov . 3 160
Puyallup Exp. Spa . May 25 Apr. 3 Sept. 18 Nov 3 165
S.asb le-Tocon ,a AP May 4 Mc, . 15 Oct . 10 Nov. 25 207
Sedro Woolley May 9 Mar IS Sept . 30 Nov . IS 193
Sequins May 39 Mar. 2$ Oct. 4 Nov. 19 1S7
Buckley 1NE May 12 Mar 23 Oct . 2 Nov. 17 192
Dorrington P.S. May 29 Apr. 17 Sept. 17 Nov. 2 131
Snoqualrnle FoIls Jun I Apr. ii Sept. 16 Nov . 1 156
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Growing degree-days, sometimes referred to as temperature . The most frequently used bases are
heat units above a certain base temperature , are 40°F and 50°F. The average number of growing
measures used to estimate the development of plants. degree-days for each month from March through
Growing degree-days are defined as the difference October , given in Table 9, were computed from
between the daily mean temperature and the base average monthly temperatures at selected stations.

TABLE 9. — Average number of growing degree days above bases of 40° and 50°F, at selected weather
stat ions

Mar -
~ Apr May iv,, Jul Aug Sep Oct Annu alArea Stat,on 40’ 50’ 41)• ~~ 40~ 3()~ ~~ 51)• 40’ 50’ 40• 50’ 40’ 30’ 40’ 50’ 40’ 50’

PUGET SOUND LOWLANDS
Seqv im 127 243 39 406 123 5)6 216 632 322 645 334 522 222 329 56 3420 3310
Olga 2SE 152 12 261 57 412 124 510 210 608 297 611 301 501 201 338 59 3393 1261
Sedro Wool ley 177 9 303 78 477 183 579 279 698 288 691 381 552 252 366 87 3843 1557
Monroe 2WSW 177 15 309 75 493 393 606 306 747 437 732 422 576 276 378 90 4018 1936
Puyallu p Es p. Spa. 174 15 300 84 48 1 189 394 294 735 425 716 406 564 264 369 93 3933 1770
Shelton 155 9 300 72 487 186 597 297 753 443 741 431 588 288 369 90 3990 1816

CASCADE & OLYMPIC POOTHILLS
Buckley 1NE 155 19 276 60 453 171 561 261 716 406 701 391 549 249 335 87 3746 1644
Darringt on P.S. 118 273 63 462 183 573 273 729 418 713 403 555 255 329 81 3752 1676
Snoqo olmi. Falls 148 25 276 72 450 164 558 238 713 403 694 384 531 231 332 76 3702 1613

WE ST SLOPE CASCADES
Cedar Loke 74 198 33 363 1fl~1 468 3 71 642 332 626 316 501 201 307 59 3179 1221
Greenwater 59 162 21 332 93 433 153 626 316 605 29S 447 159 211 25 2895 1062
Palmer 3SE 112 243 54 433 146 337 237 736 406 70) 393 558 258 347 77 3645 3369

SUMMIT CA SCAD ES
Snaqualmi. Pass 22 90 205 28 336 66 552 242 533 223 381 105 149 6 fl68 670
Stampede Pots 3 45 143 9 267 33 502 192 484 378 337 87 109 1910 497
Paradise P.S. • 84 153 403 109 403 109 279 69 78 3 400 287

In winter , the relative humidity generally ranges to winter , and is influenced by vegetation, soil type,
from 90% at night to 75% in the afternoon; in spring snow cover , and temperature . In average winter , frost
and fall it ranges from 85 to 60%; and in summer , reaches depths of 5 to 10 inches in lowland areas near
from 85 to 50%. Dur ing the months of June through the Sound. In northern counties, frost may pene trate
September, the wet-bulb temperature in the Seattle 15 to 24 inches if the ground is bare during extended
area exceeds 66°F only 1% of the time , 63°F 5% of cold periods. However, the ground rarely freezes in
the time and 610 F 10% of the tune. areas of dense forest or under a mountain snowpack.

The depth of frost in the soil varies from winter
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CLOUD COVER AND SOLA R RADIATION

The number of clear or only part ly cloudy days Olymp ic Mountains receives slightly more sunshine
each month is from 4 to 7 in winter . 10 to 15 in and less cloudiness than other localities near the
spring and fall, and 20 or more in summer. Sunshine Sound: however, the difference is not proportional to
occurs during approximate ly 20% of the daylight the decrease in precipitation.
hours in winter . 40 to 50% in spring and fall, and 60 Average daily solar radiation , both direct and
to 70% in summer. diffused, ranges from less than 75 langleys in winter

The “rain shadow” area northeast of t he to more than 500 in summer as shown in Figure 14.

90G 
I

Maiiumum Langley us the unit
800 — 

~~._J ‘N.~ used to denote one —

gram calorie per
sq uare centimeter

700 - -

600 Mean —

/
~~~~50 0-  “

~~~~~
‘
.‘ 

~...J
’ -

~~~~40O - -

300 — —

/ Minimum
200 - -

100 
~~~~~~~~~~~~ J -

C
Jan Feb Mar Apr . May June July Aug. Sept. Oc t Nov Dec

FIGURE 14. Average daily solar radiation and extremes, in langleys, by weekly periods at Seattle.Tacoma
Airport . 1950-59. 

-

WINDS
Ranges of mountains to the east and west ,and felt over the entire Puget Sound Area. It is not

low level passages between Puget Sound and the unusual to have strong southeasterly winds over
ocean, result in a unique wind pattern in the study southern Puget Sound while strong northeasterly
area. In general . the prevailing direction of the wind is winds are reported over the northern Sound and
from the south or southwest in winter and from the through the Strait of Juan de Fuca. In summer , winds
west or northwest in summer (Fig. 15). are light. On most afternoons, a northerly or westerly

During the winter , the combined influence of breeze develops over the water and lowlands.
low pressure systems off the coast and outbreaks of Extreme wind velocities 30 feet above the
cold air through the Fraser River Valley produce ground can be expected to exceed 55 mph once in
strong northeaster ly winds over northern counties, about 2 years . 90 mph once in SO years , and 100 mph
the San Juan Islands, and through the Strait of Juan once in 100 years.
de Fuca . Occasionally, the northeasterly winds are
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EVAPORATION AND EVAPOTRANSPIRATION

Water transferred to the atmosphere is the sum monthl y amounts increase from 3 inches in April to
of water lost by evaporation from water surfaces and 6.5 inches in July, then decrease to 3.5 in che s in

hs evapotranspiration from land areas. September (Fig. 16). Annual evaporation of water
Annua l gross evaporation from a Class-A pan is from lakes and reservoirs is estimated to be 20 to 25

estimated at 25 to 35 inches. In an average season , inches.

S

Altitude of station 422 feet
8 — ~taiiimum 

—

‘ 1~ - -

/ ‘~ iean —

U

:~ -

2 -  
/ /  

-

Jan Feb Mar Apr . May June July Aug Sept . Oct Nov Dec

FIGURE 16.—Monthly class A pan evaporation, in inches, at Seattle Maple Leaf Reservoir . 1941.60.

The term evapotranspiration refers to the total average temperature . The term “actua l evapotranspi-
loss of water from soil as a result of evaporation from ration” is defined as the computed amount of water
the soil and transpiration from growing plants. The lost under existing conditions of temperature and
amount of water transpired by plants depends on precipitation. A comparision of the actual and
such factors as type of plant , moisture supply, and potential evapotranspiration provides an estimate of
temperature . In areas not under irrigation, the the additional moisture that plants could use if a
amount of moisture available to plants depends upon moisture deficit did not exist at any time. Techniques
the distribution of rainfall and the water-storage developed by Palmer and Havens for the application
capacity of soils within the root zone. of Thornthwaite ’s method (1948) were used to

Potential evapotransp iration is defined as the compute evapotranspiration at the Palmer 3SE .
maximum amount of water which , if available , could Puyallup Experiment Station . Sequim. and Sno-
be removed from the soil by the combined processes qualmie Falls stations. (Fig. 17-20).
of evaporation and transpiration under conditions of
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HYDROLOGY OF THE AREA

GENERAL DESCRIPTION
A measure of the water resource s of the Puget result in periods of flooding and extreme low flow;

Sound Area is provided by average runoff of all the thus water problems occur in spite of the abundant
rivers. Figure 21 shows the relative magnitude of the overall water supply. Studies of the frequency of
average discharge of the larger streams in the Puget floods and low flows are essential , therefore , in water
Sound Area. Although some subsurface flow leaves management planning to lessen the impact of such
the basins and is not measured as runoff , such flow is variations in flow.
relatively insignificant for large watersheds. Surfacr
runoff, therefore, is a fairly accurate measure of the FLOODS
total water supply, including water that is released
from natural storage within the basin. It represents,in The river basins in the Puget Sound Area are
the hydrologic cycle , the total basin-wide precipita- characterized by narrow moun tain valleys with steep
tion minus losses by evapotranspiration and gradients and broad river valleys in the lowlands.
consumptive use . Most of the agricultural and urban development has

In the Puget Sound Area , the total runoff occurred in the lowlands, where flood plains are
during 1931.60, averaged about 39 million acre-feet subject to frequent and damaging floods.
per year. This is an impressively large volume of Major floods in the region occur , almost with-
water : if all the land area of the region were suddenly out exception, as a result of warm rainstorms during
inundated with such a volume at a uniform depth, the the months of October through March. Though the
resulting lake would be 55 inches deep. There are few floodwaters are primarily from rain, they are often
places in the United States where the average annual augmented by melted snow , especially if the snow
runoff is so great: the average runoff for the mantle prior to the rainfall extended to low altitudes.
conterminous states is less than 10 inches. in the Snowmelt floods in the spring and summer usually
State of Washington , surface-water runoff average~ are not severe and do litt le damage . In contrast .
about 26 inches per year , representing a volume of 95 rain-runoff peaks in the region are characterized by
million acre~feet. Thus. 41% of the State’s total high magnitudes for periods ranging from a few hours
runoff is produced in the Puget Sound Area, on small streams to several days on the larger rivers.

In spite of the large total supply in the Area , The frequency and magnitude of floods in the basins
water may not be available where and when it is are described in more detail in later sections.
needed to meet existing and future needs. Average
annual runoff ranges from less than 15 inches in some
of the northern lowlands to as much as 140 inches in TABLE ~0.—Estimated overage runoff in the Puget
a few mountain areas. In Table 10, the estimated Sound Area
average runotf is listed for each of Ii basins in the , Drainage Average annual runoff , 1931.40

Puget sound Area. For most basins these estimates 8os in~ (~q rni) Inches (Acreft) —are based on observed discharges plus synthesized ~~~ $, ,øck.Suma 1,262 55 3.700,000

runoff from small ungaged areas. ‘~~~ °“~~~ ‘ 3.025 •11:500:000

Table 10 shows the rather large difference in Snolsomish 1,900 70 7,090.000

average depth and volume of runoff in the basins.
Nearly half of the total runoff in the region is Nliqually .Deichutes 1.016 36 1,950.000

contributed by the Skagit and Snohomish Basins. 
~~~~~~~~~~~~~~~~ 

2.~~~

In addition to the large areal variations in W6IdI,.y .Comono 209 ‘10 ‘111,000
runoff , even larger variations occur with time. These ~~n Juan 176 ‘10 ‘94.000

Iota1 or average 13, 355 55 31.565.000
will be discussed in more detail by basins in later -- ______ _______________________________

Does not Include Inf low from Canada.
sections of this report. The seasonal fluctuations ~ insi~sIy ,aWnsated.
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The method of flood-frequency analysis in the The low.flow indexes have been classified as shown in
Puget Sound Study is in accor dance with procedures the following table :
developed by the US. Corps of Engineers (Beard,
1962). Analyzed streamfiow data include not only
the annual peak discharges at a gaging station, but Low Flow Range in low-flow

also the highest average discharge for periods of 1 Class Index (cfs per

day, 3 days, and other time intervals in each water square mile)

year. The result is a series of curves that show the
- . . . Poor l..ess than 0.50probability of a particular maximum discharge being F ‘ 0 51 — 1 00exceeded. Good 1 .01—

LOW FLOWS Excellent More than 1 .50

One of the most critical factors concerning Using these classifications, areal variations in
water resources planning and development in the the low-flow indexes are shown in Figure 22. The
Puget Sound Area is the occurrence of minimum figure indicates that yields generally are greatest in
streamllows. The frequency of low flows affects the the mountainous areas where average runoff is high
use of surface water for nearly every conceivable and storage is provided by snow and ice . Poor
purpose. It is essential, therefore , that a low flow low-flow yields in contrast , are characteristic of lower
frequency analysis be considered as part of the altitude streams that receive only small amounts of
planning for any proposed water u~~. 

ground.water inflow.
Minimum streamflows in most of the region A second value computed for each of the

occur between July and November. The magnitude stream-gaging stations in this study was the slope of
and duration of low flows are influenced considerably the minimum 7-day frequency curve , which is a

by surface and ground water storage. In high altitude measure of the year-to-year variability of low flows.
watersheds, melt water from glaciers and snowfields The slope index is the ratio of the minimum 7-day
sustains summer flows, and the minimum discharge of average discharges at two-year and twenty-year recur-
many mountain streams occurs during the winter. In rence intervals. Variations in the slope of frequency
low-lying stream basins, however, storage ~~~ be curves at different sites are due to differences in basin
nearly depleted during dry summer months, and characteristics. A low value çf the slope index means
streamliows then become critically low at a time that year-to-year differences in low flow normally are
when water is most needed for many uses. small. A high index indicates a steep slope, and large

A measure of low flow often used in hydrologic variat ions in low flow. The slope indexes in the study
studies is the minimum average discharge for periods area range from 1.16 to 8.33 , most are less than 2.0.
of various length in the climatic year. (The climatic The third value derived from the low-flow
year is from April 1 to March 31.) The variability of frequency curves is the spacing index. The spacing, or

t hese annual minimum discharges, and their spread, between the minimum 7-day and 183-day
probability of occurrence , are shown by lowflow frequency curves is indexed by the ratio of the
frequency curves. Such curves have been prepared for discharges at the two-year recurrence interval on both
many gaging sites in the Puget Sound Area , an d are curves. The spacing between the curves for different
used in a later section of this report to describe the durations of low-flow is influenced by the same basin
frequency of low flows in each of the basins, characteristics that affect the slope. If the basin is

A measure of the low-flow yield of a stream is relatively impermeable, the frequency curves are
the minimum 7-day average discharge, at two year widely spaced. In contrast , curves for a stream
recurrence intervals, in cubic feet per second per draining permeable materials are more closely spaced .
square mile of drainage area. This value, called the The spacing ratios computed for gaging stations in the
‘low flow index” in this report , has been determined study area range from a minimum of 1.30 for Huge
for the base period 1946 - 64 at many stream-gaging Creek , on the Kitsap Peninsula, to a maximum of
sites in the study area. The low-flow index makes 22.2 for Pilchuck Creek , a tr ibutary to Stillaguamish
possible a quick appraisal of the normal low-flow River. In general. the spacing indexes are less than
yield of streams having different size drainage areas. 5 .00.
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DISPERSION AND In the Puget Sound A rea . t h e water area
TIME OF TRAVEL occup ied by reservoirs, inc luding lakes with control-

led outlets , is about 70 square miles. In all . 24
Where streams carry wastes , studies are often reservoirs are listed in this appendix. Of these . Ross

needed to provide quantitative data on trave l time Reservoir . in the Skagit Basin is the largest ; its total
and longitudinal dispersion of the pollutants. Such capacity is about I .4 million acre-feet.
information often is obtained by introducing trace r Many of the lakes in the Puget Sound Area
material into a stream, and measuring the concentra- were formed during Pleistocene time, by glacial scour
tion of the tracer at . and its time of trave l to . various that deepened and widened pre-existing troughs.
downstream points. These measurements permit the Some are “kett1es ’~ that represent casts of remnantcomputation of dispersion coe f t ic ients (Fischer . in ice blocks around which deposition of outwash
press). occurred. Over 2,800 lakes and reservoirs are located

in t he Puget Sound Area (Table II) and they occupy.
STORAGE AND REGULATION in the aggregate . about 175 square miles (Walcott .

196 5). The Snohomish Basin has 771 lakes and
Variations in streamflow are intluenced con- rese rvoirs; t he largest number in the Area.

siderably by the amount of storage provided artifi-
cially by reservoirs, and naturally by lakes arid Over half of the lakes and reservoirs have
glaciers. On a long-term basis , natural storage (in surface areas less than five acres and only 116 have
addition to ground water) tends to maintain more areas greater than a hundred acres . The Cedar-Green
uniform flow and to shorten periods of low flow . Basins have the greatest lake area 52.7 square miles.
Artificial storage can maintain uniform flow, and The largest lake with uncontrolled outlet is Lake
reduce flood peaks and times of minimum flow, Sammamish with an area of 7.7 square miles. Lake
depending on the use of the reservoir. Storage in the Washington is much larger - 34.5 square miles- but its
form of snow , of course , is important , but only on a outlet is artificially controlled, a feature that places it
seasonal or short.term basis. outside the category of a “na tural lake ”.

TABI.E 11.—Lakes and reservoirs in the Puget Sound Area’
Surface area, in acre,

Number o4
Basin Lets Grouter lake, &

than 5-15 15.30 30.50 50~100 than reservoir ,
5 100

Noo&sock’Sumos 89 33 9 8 1 3 145
S&ogif.Somish 289 108 48 15 22 18 450
Still aguaminh 11 1 33 10 9 3 3 169
Snahomish 417 196 74 33 24 27 771
Cedar’Greer, 124 43 21 8 11 15 fl2
Puyollup 153 41 21 6 3 4 228
Nisquolly’Detchutes 101 56 19 11 10 20 217
W.,t Sound 221 119 51 ii Il 19 438
Elwha.Dungene,s 48 14 4 0 0 2 68
San iuan 26 10 3 1 4 2 46
Whldbey 28 14 6 1 4 1 54
?otaI 1,537 667 266 103 99 116 2.808

DGtO from WaIcotu , 1965
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Glaciers are an integral part of the water from a stream for power generation , the water is
resources of the study area. About 116 square miles returned to the stream a hundred feet downstream
of the Puget Sound Area - representing about from the point of diversion. The extent to which
two-t hirds of the glacier area in the State of Washing- water is diverted from streams in each of the basins
ton is covered by glaciers. The Skagit Basin has the will be discussed later in this appendix.
most glaciers and the largest total area of glacial ice.
Table 12 shows the number and area of glac iers by SURFACE-WATER QUALITY
basins. AND FLUVIAL SEDIMENT

TABLE 12—Distribution and area of g lac iers as of Surface water in the study area is a cal-

- 1965 by basins 
___________-

~~~~~~ 

cium-bicarbonate type , of low dissolved solid
Area of Non,ber of content , and of excellent quality for most uses.glac,..’ ce
(sq mi) Dissolved solids content in most streams usually is

Nook,ock-Suaos 166 63 less than 75 ppm (parts per million), and in some
S&ag it- Saai,h 63.3 233
Shlloguon, ish 6 6 streams it may be less than 20 ppm at times. Hardness
Snoherni,h 2.2 16 of water also is very low , generally less than 60 ppm.

24.7 25 The low degree of mineralization and the
Nisqs,aIly-D,,chuues 6.4 8 chemical composition of water in the streams is

O DUO000ISI 2.0 attributed to the nature of the soils and rocks in the
Whidb.y.Co.nono 0 0 watersheds: abundant precipitation and runoff in

Tota l 116.4 3~~ 
much of the region have extracted a large part of the

- - — soluble material.
The sanitary quality of water in streams , as

Almost all the glaciers occur at altitudes where indicated by a test that determines the most probable
precipitation exceeds 100 inches, and they produc number (MPN) of coliform bacterial in a lOO-niil-
each year an average of about 9,000 acre -feet of hiliter sample, is good in many reaches. MPN values
streamilow per square mile of glacier. The total usually are less than 100, except in populated areas
amount of water stored in the study area as glacier ice where the MPN is much higher , often more than
is estimated to be about 13 million acre-feet. 1,000, and in some streams it has been known to

These frozen reservoirs have several unique exceed 24,000.
characteristics that are pertinent to the water re- The temperature of a stream can be as impor-
sources development of the region: (I) precipitation tant as other aspects of its quality and its rate of
is stored in the winter and released during the flow . Stream temperatures are affected by many
summer , usually in July or August ; (2) runoff from influences of the stream ’s environment. Some of
glaciers approximately equals precipitation when these influences are proper ties of the natural setting.
averaged over a long period of time , but in hot , dry whereas others are associated with man-made alter•
years runoff can greatly exceed total precipitation ations in the drainage basin.
and in cool. wet years an appreciable amount of In 1944. the U.S. Geological Survey began
precipitation is stored; (3) evaporation, transpiration , recording water temperature at the time of visits to
and other losses from glaciers is small; and (4) glacier most stream-gaging stations. These periodic readings.
rivers may transport large sediment loads, designated as spot observations , are spaced several

weeks apar t and are taken mostly du ring day light
DIVERSIONS hours. In 1951 , that agency began to install thermo-

graphs on streams so that short-term fluctuations in
With few exceptions , the largest diversions in temperature could be detected, chiefly for fisheries

the Puget Sound Area are for municipal supplies and use. The thermograph record, because it is con-
major industrial plants. In some area diversions for tinuous, can supply information on random changes
agriculture are important. Water is diverted for in temperature that may be hydrologically significant.
hydroelectric power generation and to operate fish Both types of record, the spot measurement
hatcheries and forest-products mills , and plants in and the continuous measurement are useful in
many places. In most places where water is diverted detecting changes in stream regimen . For a long
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period of record , spot observations will approximate to congregate in ever-expanding ur ban complexes.
average daytime temperatures. Since a stream’s Although the urbanized area in most large watersheds
maximum temperature usually occurs during daylight is generally a small percentage of total basin area, the
hours, the long-term spot observations also approxi- disruption in natural drainage patterns can be of
mate the stream ’s maximum temperature. Continuous major significance. Among the major effects of
thermograph records can also be used to extend the urbanization are sealing off ground-water recharge
adequacy of spot observations, areas and accelerating storm-water runoff. In

Temperatures of streams in the study area are addition, as an area converts from field and forest to
ra ther low throughout most of the year although home and factory, wa ter must be diverted from its
values exceed ing 750 F have been measured in many natural channels to supply the needs of people and
streams in the east side of Puget Sound du ring July industry, and these waters are returned to the water
and August. On the Olympic Peninsula, streams course through artificial drainage conduits, carry ing
warme r than 70°F are rare . the waste products of industrial production and

in both urban and undevelo ped areas , know- human living. Additional effects are associated with
ledge of the processes of erosion and sedimentation soil-disturbing construction activities, which give rise
are important in optimizing the beneficial uses of to both erosion and sedimentation problems. Some
water and land resources. In a region such as the evidence eve n supports the contention that changes
Puget Sound Study Area, where heavy rainfall occurs, attendant to urbanization can significantly alter the
large volumes of rock and soil are eroded from higher local climatic regimen. In the following discussion an
altitudes and are transported to lower areas by large, a ttempt will be made to place some of these problems
swift streams. in perspective.

The largest stream in the Study Area, the Skagit In 1962, about 90 sewage-collection systems in
River , trans ports about 10 million tons of suspended the Puget Sound Area served a totsl of about 1.1
sediment during an average year. which is at least five million people, or 75% of the regional population.
times the sediment load of any other stream in the The area encompassed by the sewered communities
Area. Most of the sediment is transported during totaled some 305 square miles, or 3.6% of the land
periods of high runoff. During low flows many area of the Puget Sound Area. Although most of the
streams are clear, and have suspended sediment region is moun ta inous woodland , and therefore,
concentrations of 20 ppm or less. Streams fed by unsuitable for large metropolitan growth, the urban
glacial melt wa ter , however , are often turbid and buildup proportionately exceeds that of the country
sediment~1aden , particularly in warm weather. Thc as a whole (U.S. Public Health Service, 1963 ; U.S.
Nooksack, Skagit Puyallup, and Nisqually Rivers are Bureau of Census, 1963).
streams of this type. The amount of land given over to urban

In upper watershed areas, where the terrain is development varies appreciably from basin to basin.
mountainous and precipitation is abundant, the soils To show the amount of land that has been urbanized
are shallow and stony. Heavy vegetative cover in these in comparison to that used for other purposes. Table
areas normally prevents excessive erosion. In lower 13 lists all the known land uses for the several basins.
drainage areas, where the terrain is formed largel y on On the basis of data listed, urban buildup constitu tes
glacial dr ift, soils have varying depths and drainage about 4.2% of the regional land area, ranging from
characteristics . Stoughing of st ream banks and sig- less than 0.5% in the Stillaguamish Basin to nearly
nificant movement of bed material occur in these 25% in the Cedar-Green Basins.
areas during per iods of high runoff. Where construc-
tion, logging operations or cultivation cause the land Studies to quantitate the tota l impact of this

to be bare of vegetation in the winter months, sheet urbanization in the Puget Sound Area have not as yet

or nIl erosion is commonplace during periods of been undertaken; however, some work in other parts

prolonged rain. Erosion is discussed in greater detail of the nation treats some of these effects. A

in the Water Related Land Resources and Watershed long-term study was carried out on a 5.1 2-square.mile

Management Appendices. area of the Permanente Creek basin in Santa Clara
County, California. As a result of the increase in

EFFECTS OF URBANIZATION impervious surface in the project area from about 4%
One of the significant factors affecting stir- of the total area in 1945 to 19% in 1958 to the ratio

face-water runoff relates to man’s increasing tendency of outflow to total inflow increased from 1.18 to
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TABLE 13.—Estimated distribution of land use, in acres in the Puget Sound A rea
- - - 

Tntal land and B P I U bo I I ndBasins inland wate r Cropland ~~~~~~ Woo dlond nonf m ’ bu,lt. pZ wat er ’Sq. M. .) (ac ,es~
Nool.sack 5unsos 12 56 

- 
804,000 137,000 12,000 609,000 1 3,000 21,000 12,000

5&ogit Sornish 3,044 1.948.000 100 ,000 20,000 1.754.000 20,000 19.000 35.000
Stillaguo ,nish 684 438,000 35,000 1,000 384,000 6,000 7,000 5,000
5nohorrs~sh 1,903 1 .218.000 72.000 2,000 1 ,055,000 29,000 36,000 24,000
Cedar-Green 1 . 161 743,000 53.000 3,000 447,000 34,000 167,000 39,000
Pxyo l lup 1 ,203 770,000 37.000 6,000 593,000 26,000 97,000 11,000
Nisqually.Deschutes 1,008 645.000 45,000 43 000 508,000 20,000 19,000 10,000
Son Juan 177 113,000 19,000 9.000 72.000 9,000 3,000 1.000
Whidbey.Camono 209 134.000 23,000 2,000 85,000 12,000 11,000 1,000
West 5ound 2,022 1,294,000 46.000 5,000 1,124 ,000 64,000 42,000 13 ,000
Elwt ,o Dss nge ness 700 4.48,000 24,000 2,000 409,000 5.000 6,000 2,000
TOTALS 13,367 8,535 000 591,000 105,000 7 040.000’ 238,000 428,000 153,000

I Rural non fa ,m; rural living. f armst.o ds , grove l p its.
2 Urban bui lt ’up; dens ities in excess of 3 hous es p.r 10 acres; roads , rai lroa ds , airports , etc.

Inland water; lakes and reservoirs of measurable size ond s izeo bl , r ivers.
721,000 oc reu open land ass ociated with forest areas includ.d it’ Woodland figure.

1.70 (Harris and Rantz, 1964, p. 16). sewage normally contains about 100 million coliform
A similar study conducted in the Washington, bacteria per 100 ml in the summer.

D.C . area showed that the net effect of decrease d Al though, as stated earlier , no comprehensive
infiltration and runoff concentration time caused by studies have as yet been undertaken to evaluate
urbanization in drainage areas larger than four square quantitatively the many effects that urbanization has
miles can increase the flood peaks of any recurrence had upon the surface-water hydrology in all the Puget
interva l by 180% (Carter. 1961, p. 9--Ill . Sound Area , a number of limited investigations have

One of the most significant and potentiall) been made. Most of the major metropolitan areas
most damag ing effec ts of storm-water runoff is have sponsored studies by consulting engineers for
sedimentation. The quantities of sediment from a the purpose of designing storm-sewer systems. Such
large watershed can vary widely, depending upon studies were completed during the latter 1950’s for
precipitation. type of soil, slope, and land use . the two largest cities of the Area , Seattle and Tacoma
Studies conducted in the Potomac Basin have shown (Brown and Caldwell, 1957 , 1958). In both of these
that the highest contributions , as much as 50,000 studies , significant problems such as street and
tons per square mile , originate in areas undergoing basement flooding, property damage, and nuisances
urban development, whereas the estimated average were noted. Damage was reported to water uses such
annual sediment discharge from the entire basin is as swimming and bathing, and fish and wildlife . Both
only 170 tons per square mile (Wark and Keller cities are now in the process of correcting the severest
1963, p. 19- 20). of these problems.

in one of the most complete studies of urban- One of the primary reasons for the creation, in
ization. runoff from a 27-acre residential and 1959, of the Municipality of Metropolitan Seattle
light.comnierciai section of Cincinnati was measured (METRO) was to implement proposals for termi-
and analyzed over a 2-year period. This area, which nating the discharge into Lake Washington of waste
was served by separate storm sewers , had a popula- discharges that were partly responsible for stimulating
tion density of 9 persons per acre, was 37% paved, excessive algal growt hs and reducing the lake ’s va lue
had an average slope of 2 3%. and a concentration as a recreational resource. The diversion proposal
time in the sewer of about 15 minutes. In terms of involved complete separation of sanitary and storm
several constituents, the annual waste load in storm sewers along the east shore, and installation of
runoff, expressed as a percent of the total annual holding tanks to temporarily store excess storm-water
sewage loads were: suspended solids, 60%; chemical flows in the combined west shore systems. Additional
oxygen demand , 33%; biochemical oxygen demand, details on this program are given in the Water Quality
7%; total phosphate , 5%; and total n itrogen , 14%. In Control A ppendix.
terms of bacterial pollu tion , 10% of the coliform A study of Green Lake in northern Seattle was
analyses exceeded 460,000 MPN and 90% exceeded instituted in 1957 by the University of Washington to
2,900 MPN. By way of comparison fresh domestic assess the effects of urbanization on this intensively
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used recreat ional water body (Sy lvester and Quaternary sedimentary deposits are grouped into
Anderson . 1964, p. 11 12). Use of the 256 acre lake four categories:
was being hindered by algal blooms, bacteria l pollu- I . alluvium , associated wit h postglacial
tion, aquatic plantgrowths . mud deposits . and streams :
outbrea ks of swimmers ’ itch. Following a two year 2. recessional outwash. associated with the
intensive investigation of the environmental factors most recent (Fraser) glaciation;
contributing to the accelerated eutrophication of the 3. till, associated wit h the Fraser Glaciation;
lake, a program to retard the aging process was and
undertaken: (1) dredging and shoreline improvement 4. sediments deposited prior to the till.
to increase water circu lation, (2) exclusion of storm The fourth group includes not only advance
water to deter shoaling and decrease nutrient con- outwash of the Fraser Glaciation, but also deposits
tributions, (3)  addition of 10 million gallons per day associated with earlier glacial and interglacial periods.
of low nutrient city water to hasten flushing, and Formal stratigraphic names that have been applied to
removal of littoral vegetation. Subsequent obser- many sedimentary units in localized areas are not
vations show that use of city water for flushing has used in this study because regional correlations are as
resulted in significant decrease in algal population, yet uncertain. Moreover , in stream valleys , recessional
and a consequent improvement in the lake’s aest hetic outwash and recent alluvium are difficult to dis-
quality (Oglesby, 1966). cniminate in some places because of the gradual

The Soil Conservation Service of the U.S. transition from glacial to postglacial conditions.
Department of Agriculture has investigated and pro- Aquifers having the most favorable water-bear-
jected the effects of urbanization on a 26 square mile ing properties occur in recessional outwash , alluvium,
area near Kent . in the Cedar-Green Basins (written and gravel and sand of deposits older than the till.
commu., 1967). This area, with a 1960 population of These aquifers usually contain fresh water at depths
14 ,100, is expected to experience rapid growth to as much as a few hundred feet below sea leve l, except
over 80,000 people by 2020. The watershed in 1960 in near- shore areas , where aquifers less than 200 feet
was primarily rural, consisting of cutover forests , deep may contain sea water. In some localized areas
orchards and farmsteads. Under ultimate urbanization near shorelines (for example, near Tacoma , Shelton,
an estimated 50% of the ground surface will be paved Bremerton , and S.equim), fresh water may occur at
and much of the remainder will have been compacted great depths—as mud ’s as 1 ,500 feet below sea level.
to the point of greatly reducing the water intake The aquifers that contain fresh water receive
capacity of the soil. most of their recharge from infiltration of precipita-

Based on studies of a 2.4 square mile subwater- tion, principally during winter months. Areas most
shed , the time of concentration of storm runoff is conducive to recharge are those of gent le slope
expected to be great ly reduced, peak flows will be formed on recessional outwash and alluvium. Smaller
near ly doubled, and duration of runoff and minimum but nevertheless significant amounts of water
flows will be greatly reduced. Expanding these data infiltrate the till deposits to recharge underlying
to the 26-square-mile study area , momentary maxi- aquifers.
mum flood flow increases in 2020 are expected to Much of the ground water discharge is through
range from 135 to 165% of present values, for floods springs and seepage areas along streams. However ,
wit h recurrence intervals of 100 years and two years, considerable quantities of discharge are through
respectively. springs along shorelines and below the level of

tidewater. Although large amounts of water are
GROUND WATER disehaged through wells, the mangitude is quite small

in comparison to the natural discharge .
Most of the ground water supplies in the study The recharge-discharge relationship described

area are contained in unconsolidated sedimentary above applies mainly to the shallow water table
deposits of Quaternary age. As shown in Figure 2. the aquifers. The response of these aquifers to recharge
deposits occupy most of the lowlands and the associated with seasonal precipitation is reflected by
m ountain-valley extensions of many principal corresponding seasonal changes of 5 feet or more in
streams. water level. The deeper auuifers , which generaUy are

For the purposes of this regional study, the confined under artesian pressure , receive recharge in
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their uncunt’ined . upgradient parts . trom the over- Seattle , ground water is used for municipa l, irrigation ,
lying shallower aquifers by seepage through inter- and industrial purposes to a greater degree than in
vening sediments of ratheT low permeability. Seasonal northern areas.
water level fluctuations in the deeper aquifers are Figure 23 shows generalized well yields that
genera lly less than two feet which suggests less may be ex pected in the Puget Sound Study Area . The
response to variitions in precipitation that occurs ~n areas of different well yield are based largely on
the shallower aquifers. yields of existing wells. Howeve r , t he complex dis-

Water levels in shallow and deep aquifers tribution and variable properties of Quatcrrsary
generally are less than 100 feet below land surface, deposits in the Puget Sound Area preclude accurate
and in many places are less than 50 feet below. In prediction of favorable aquifers. hence , well yields
aquifers beneath high till-capped uplands . however , could be obtained locally that are either much greater
water levels are commonly deeper in some places as or much less than is shown by the map. Moreover , the
much as 450 feet or more. Where deeper aquifers amount of ground water that can be produced
continue beneath low-altitude areas adjacent to the beneficially at a particular locality depends on ad-
uplands . artesian pressures in these aquifers are often ditional factors such as well spacing, thoroughness of
sufficient to provide flowing-well conditions in the well construction and completion, and potential
lower areas. deterioration of water quality. On a regional and

Water- level declines owing to pumping generally long-term basis , however , the total ground-water
are not significant under present conditions of discharge , both natural and artificial , cannot exceed
ground-water development. Slight declines have the total recharge .
occurred in Tacoma’s we ll field. Large water-level Additional water could be introduced into the
dec lines have occurred in a localized area northeast of aquifers in some areas where the ground-water body
Renton, but only in aquifers of pre-Quaternary age. is made up of coarse materia ls to land surface. The

A desirable feature of much of the ground water introduced either through wells or by means of
water in the study area is its satisfactory chemical settling basins is called artificia’ recharge. Such
quality and uniformly low temperature Dissolved recharge is desirable - or is hydraulically pos-
solids content is generally less than 200 ppm and sible - - only when the water table in the aquifer has
values of hardness are normally less than 120 ppm. been drawn down significant ly by pumping. In some
Ground-water temperatures are characteristically valleys, declines in level caused by pumping would
close to 50 F. Iron content is objectionable in a few automatically induce added recharge from streams , a
areas , particularly in water from shallow aquifers. feature that would minimize the need for artificial
High iron content (above 0.3 ppm) has been reported recharge but would decrease streamfiow , perhaps to
for well waters from deeper aquifers in some places. the detriment of downstream users,
However , this high iron content may not everyw here In this study, availability of ground water in the
be representative of the deeper zones , but may lowlands of each basin except San Juan is based on
instead be the resu lt of well construction that allows estimates of natural recharge to aquifers by infiltra-
iron-bearing water to enter the well from shallow tion of precipitation. The estimates are based on
zones. In some areas near shorelines , ground water is precipitation and streamflow data for small undevel-
highly mineralized owmg to the encroachment of sea oped watersheds containing various geologic units.
water into fresh water zones as a consequence of Assuming that long-term recharge is equivalent to the
pumping. An Indication of potentia l sea-water en- long-term discharge of ground water , a reasonable
croachment into fresh-water zones may be provided measure of recharge is provided by areal factors
by high concentrations of chloride, in general , developed from records of those streams whose low
chloride concentrations are less than 10 ppm. hut are flows are derived, largely from ground-water dis-
somew hat greater in areas underlain by Tertiary rocks charge . In addition, the assumption is made that
containing saline waters. evapotranspiration losses are satisfied mainly from

Opportunities for obtaining ground water are water in the soil and to a minor extent from water in
more favorab le south of Seattle . w here zones of water the ground-water body. On this basis the average
bearing coarse sand and gravel in both recessional annual recharge to aquifers in the lowlands of the
outwash and subtill strata are relatively abundant in study area is conservative ly estimate d as 800,000
comparison to northern areas. In the areas south of acre-feet.

37



C A N A D A  _______

~~~~~bII j ID S T A T E S

- . - - 
. - :,

)c. ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ . ,
‘

~

- I 
~~~~~ 

f. ~~ ‘ 
, 

--

saw 4v~N 
~~~~ ~~~~~~~~~ 

.
~~~~~~ .~~~~~~~ . 

‘

A . .~ uS. I —~J S.-. — ~ , 
- . . 

- -

, n~~I~~~e DI  “ I ‘ - - S~~~G’~ - SAMISI4 j  (

\ , , - ‘ 4 ns...s ~(,5a.1e
s
~~

?
~) - 

‘
~~~. 

, . “. ._J

- 

~~ A
W HIDIES (A4AN0~~~~~I~J . - - 

. :  
- 

../ 
- .

‘ ‘,, . , . .~ 51It L~~’O)AMIS~1 .~s -

~~~~~~~~~~~~~~~~~~~~~~ ‘y t~-~’ 
- I

- 

~
“\- 

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

~‘, 
5

ç) 
-:. .- ‘H~ ç5

~
—) . \ ~\ ‘ 

~~ni.u) 

-
- - ~~~

“ t 
%~~‘ “ - - 

.
~ 

E~~~~~

fl~~I4A OUNOENISS 1 . ~~ ~, 
‘ . ~~~~~. 

t
- ~~~~~~~ ~‘~~J 

-

- ) 
~~~~~~~~~~~~ 

- -

• .-d SIII*~~I ~~~~~~ 
-

/ ~~~~~~~~~~~~ . ~d~~r-’~
s_._ . I.. . 

I

/ 
, 

l,,j,. ~~ “ 
,

~. ~~~ 
,~. ~~~I.i , 

- 

, - 

- I EXPLANATION

“— - J win s OUND ‘ t ~~~~~~~~~~~ ~ - ‘L R A N G E  IN W E L L  Y I E L D S

- “ - • • ~-: ‘ —. ,‘ -.. 1 GALLO NS PER MINUTt ~

i ‘/ .
~-r 

, . •
~~~

‘( .. - 
~~ 

.-:‘ ... .r
- ~~~~~~~~ 

~~~~~~~ 
rn

L

“%~ 
NI S QUA LLY OR S r H ~~ ~ 

s.. . 51— 500

S , . .. ~ 
z~I.. 

—~‘-P. . ~~~~~ ~r~- 

-

_ _ _

1* 10 - 
, 
‘
~~~~~

- - -~~~ /
P ; . ,  - (

I Over 500

F e J

Bosi n boundary

FIGURE 23. G.n.ratized y ields of w ells in Pssq.t Sound Study Ar ea.

38



Computations of volumes of ground water in limits many industrial and domestic uses of ground
storage are necessary to evaluate total water avail- water. Salt-water encroachment , now detected only
.IhIJII ’I’ in an area , guide the development of t his locally, could occur as a result of excessive pumping
resource and govern its use . even in areas of abundant in shoreline areas. Bacterial contamination of shallow
recharge : however , because of an unfortunate lack of aquifers could become a problem in the more dense ly
data the computation of a value for ground-water populated areas where individual household water
st orage was not possible. supp lies are from shallow wel ls and sewage disposal is

Altho ugh a large volume of water is available through septic tanks. The improper location or
fo r development in the Puget Sound Area as a whole , operation of refuse-disposal facilities could also cause
certain problems may become critical as development serious ground-water contamination.
of large ground-water supplies keeps pace with the Inadequate drainage is presentl y a hindrance to
expected increase in demand. For examp le , high iron development of some areas. In areas where the water
content and excessive hardness of water n localized table is near the surface , improper irrigation and land
areas and highly mineralized water in some areas use could result in further drainage problems.

-

About 740 glaciers in the North Cascade Range help to naturally regulate streamf low by storing water at
times of high precipitation, releasing large amounts of water during the warm and dry summer months, and
compensating by changes in natural storage for the effects of unusually warm and dry or cool and wet
years. Typical of these glaciers is McAllister Creek Glacier , as shown above, with Eldorado Peak in the
background. This photograph was taken in September 1958 at the end of an unusually hot and dry
summer. Photograph by Austin Post .
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HYDROLOGY OF THE BASINS

NOOKSACK—SUMAS BASINS
SURFACE WATER

The Nooksack-Suma s Basins comprise I .628 vicinity of the higher peaks. In contrast , runoff
square miles. including 1 .256 square miles of land and averages less than IS inch es in some of the lowland
inland wate r (Fig. 33). The largest and most impor- areas near the coast. For the entire area , the average
tant st rea m ~r’ the basins . the Nooksack River , drains annual runoff is about 55 inches, equivalent to a
8 2 i  square miles, of which 49 square miles are in volume of 3,700,000 acre-feet.
Canada. The river ’s major tributaries head in the Three major forks drain the mountainous part
Mounl Baker-Shuksan area of the North Cascades and of the Nooksack River basin. The North Fork , as it is
converge near the town of Vetoing. From Deming the known locally, is actually the main stem of the
river meanders through 37 miles of braided channel in Nooksack River. It is joined by the Middle and South
the lowlands to its out let in Bellingliam Bay where, Forks near the town of Vetoing. Streamfiow data
from 1931 to 1960, it discharged an average of about from the North and South Forks indicate that unit
2,750.000 acre-feet annua lly. runoff from both these watersheds averages about 7 .2

Between the Nooksack Basin and the Canadian cfs per square mile. Fragmentary records of the
border lie the headwaters of the Sumas and Chil- Middle Fork suggest that unit runoff in that water-
hiwack Rivers , which flow northward to the Frase r shed is about the same or slight ly greater. in general .
River in Brici ’ ,h Columbia. The Chilliwack River heads the total average contribution of the three forks is
on the north slopes of the Pickett Range, and drains about 2,400,000 acre-feet per year. Nearly one-half
174 square miles in Washington. The average annual of this total is from the North Fork watershed , about
runoff in th is area is estimated to be about 70 inches, one-third is from the South Fork , and about
which means that the average volume of runoff in the one-sixth from the Middle Fork . Tributary contribu-
upper Chilliwack Basin is about 650,000 acre-feet per tions in the lowlands increase the average annual
year. The Suinas River drains some of the lowlands in runoff of the Nooksack River by about 300,000
the western part of the basins , where t he average acre-feet ,
annual runoff is only about 20 inches. The average The annual runoff record for the Nooksack
volume of runoff in the Sumas River basin in River at Deming for the period 1936 -63 is shown in
Washington is estimated at about 74 ,000 acre-feet per Figure 24, The highest discharge (131% of 30 year
year. average. 1931 -60) occurred in 1954 and the lowest

Practically all the surface-water storage in the (67%) in 1944.
basins is contained in natural lakes, Lake Whatcom The seasonal pattern of runoff from high-alt-
being the largest , and in snowfields and glaciers on itude areas in the Nooksack-Sumas Basins is
Mount Baker and Mount Shuksan. ihe Nooksack represented in Figure 25. Reasonably high flows
River contains water of excellent quality except for result from the direct runoff of autumn rains, but
the occurrence of fine-grained suspended sediments with the advent of colder winter temperatures . the
derived from melting glaciers. runoff normally declines as increasing amounts of

winter precipitation are stored as snow on the
STREAMFLOW mountain slopes. The gradual decline continues

during the winter months until streamfiow reaches a
Runoff Characteristics minimum level in about March. Thereafter , snowmelt

The eastern uplands of the Nooksack-Sumas begins with rising temperatures , and runoff rapidly
Basins , including the high alpine areas of Mount increases , reaching a maximum usually in June. A
Baker and Mount Shuksan , present a sizab le oro- snowrnelt~runoff recession follows during July and
graphic barrier to the flow of moisture-laden mari~ August . but summer flows are maintained at fairl y
time air and annua l runoff exceeds 140 inches in the high levels by the release of glacial melt water.
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FIGURE 24,—Annual diecnsrges, Nooks.ck River E Deming.

The seasonal pattern of runoff for the South
0 2500 Iz
0 Nooksack River at Deming is represented in Figures

- 26 and 27. In the South Fork watershed, winter~ 2000 -

I I f~~ Fork Nooksack River near Wickersham and on the

- 

temperatures are milder than in the North Fork basin,
so tha t direct runoff from winter rain is greater and

- snowpack accumulation is less. Long-term average

~ generally have an extended high-flow period resulting

L monthly discharges of the South Fork are about the

~ 
1000 

more nriable. Because no glaclal melt water supports
~1 same in winter and in spring, but the winter flows are

summer streamfiows, discharges often become quite

Minimum Small streams that drain the Nooksack lowlands
low during August.

~ from rains during the fall , winter , and spring. The
~ ~ ‘~ ~ ‘~ ~ higher flows recede in late spring, and lowest dis-

FIGURE 25,—Maximum, ms.n w~d mInimum charges usually occur in August or September. The
monthly dlsch.’gss, Nocks.ck River bl4ow summer low (hews of the se streams are supported
C - ’ ~~~ CrSili 151W GlacIer. ~~~~~~~~ entirely by ground-water contributions.
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FIGURE 26.— Maximum , mean and minimum monthly dis- ~ 4000

charges, South Fork Nooks ack River near Wickers ham. ‘a
1931-60. I
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The stream gage on the Nooksack River at 2000
Deming measures runoff from over 70% of the
Nooksack River basin. Streamflow at this site follows
the seasonal pattern described for the North and
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South Forks, The base flow is about I .800 cfs in the
summer; it increases during the fall and winter as the o

— U ~ c e U ~ U -~~level of the ground-water reservoir recovers. The ~- o ~ ao z 0 - ’  ~. a a -.winter flow is characterize d by a series of sharp rises ,
wit h the highest peak usually occurring in December. F I G U R E  27. — Maximum , mean and minimum

Runoff genera lly decreases from December through monthly discharges, Nookeack River at
Deming, 1931-60.March , then increases again as a result of snowmelt

and reaches a daily flow of about 5 ,700 cfs by the
middle of June. correlation with the much longer record, for South

The variability of daily stream flow in the Fork Skykomish River near Index.
Nooksack-Sumas Basins is presented as flow-duration The ability of a stream to transport water at
data for selected gaging stations in Table 14. high discharge rates without causing damage depends

on its channel characteristics. An understanding of
Flood Characteristics these features is provided by a graphical representa.

Floods caused by rain with accompany ing t ion of the stream’s water~surface profile for various
snowme lt produce characteristically sharp rises , fol- rates of discharge . Water-surface profiles of the
lowed by recession that are almost as rapid. Two or Nooksack River from mile 0 to mile 37 are shown on
more flood peaks often occur within two weeks. Figure 29, Profiles for the lower 14-mile reach of the
Flood damage results when the discharge at Deming is South Fork are shown on Figure 30. Discharge rates
20,000 cfs or more , and flows of this magnitude and average velocities are designated at various points
seldom last longer than 72 hours. The maximum on the profiles.
discharge recorded at the Deming site , 43,200 cfs ,
occurred on February 10, 1951. Low-Flow Characteristics

Flood-frequency curves for the Nooksack River Low-flow characteristics of streams in the
at Deming are presented in Figure 28. The record at Nooksack~Sumas Basins are compared using indexes
the Deming gage started in 1935 , but frequency from low-flow frequency curves at six gaging stations
statistics were extended to the period 1927-64 by (Table 15). The low-flow indexes are exce llent in the
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upper Nooksack and Middle Fork basins and good in Low-flow frequency data for the six gaging
the South Fork basin (Fig. 22). Those of the stations are listed in Table 16. Frequency curves for
low-lying streams and adjacent to Puget Sound are one of the gaging stations are shown in Figure 31.
poor. The slope and spacing indexes which show the Low-flow indexes in the basins range from 0.22
low flows for stream in this area are fairly uniform , cfs per square mile for Fishtrap Creek to 1.90 cfs per
and are slightly less than the average for the study square mile for the Nooksack River below Cascade
area . Creek. The main-stem tributaries in the upper basin

TABLE 14.—Flow-duration data for gaging stations in the Nooksack-Sumas Basins
— 

p,,~~ ~~ 
r io.. in cubic f..$ p., s.con d. whid. w,s .qualed or .xceed.d for indicated psrcsnt of tin ..

Gaging station
~~~~~~ 99 95 90 80 70 50 30 20 10 5 1 0.1

Nookiock liv., b.Iow Cascade Creek 1938-65 155 210 258 333 410 590 880 1,120 1,500 1.880 2,750 4,400
near Glacl.r

South Fatli Noakiad. River near 1935-65 82 708 140 240 335 540 840 7 ,060 1,450 1,900 3,300 7,400
Wick.rd.orn

5ko~kum Crmb near WIdisr iliam 1949-65 21 29 38 53 63 704 755 795 263 340 560 1,030
Nook,o di live, at Darning 1936-57 700 1,010 1.220 1,540 1,830 2,650 3,730 4,550 6,000 7,400 11,500 23,000
Noakeock liver near Lyvidsn 1946-63 920 1,250 1,470 1,840 2,200 3,080 4,200 L100 6,600 8.200 14,200 29,000

~itk,trap Creak at Lynden 1949.65 2,8 4.6 3.9 B.2 11.3 25 42 37 85 118 218 400

-~~ TABLE 15.—Low-flow characteristics for selected gaging stations in the Nooksack-Sumas Basins

oa~in~ station Lo~~~~~w ~~~~

Nooksock liver below Cascade Ct..k near Glacier tOS 7 .90 1.69 2.83
South Park Noobsack live, near WIck.rsham 103 1.16 1.67 4.34
Skookum Creak n.ar Wlck.rshcm 23.1 1,19 1.89 3.50
Nooksock liver at DarnIng 384 1.81 1,39 2.33
Macknack live, near Lyndon 643 1 ,79 1.73 2.30
Fishtrap Creek at Lyndon 22.3 .22 1.82 2.40

TABLE 16—Low-flow frequency data for selected gaging stations in the Noo&sack-Sumas Basins
(Discharge adlusted to base period Apri l 1, 1946, to March 31. 1964,],

Number Stream fi... in cf.. f u r
Gaging station 

~~~~~ 
Indicated recurrence Intsc.als, in yws

days 1.05 7 ,30 2.0 5 10 20 30

N.cka~di live, below Cascade 7 330 253 200 14$ 130 11$ 170
Creek near Glacier 30 440 310 235 773 730 730 120

90 660 480 370 270 238 210 200
183 860 690 570 450 390 350 330

Says7, Pod. Nooksodc liver niar 7 190 150 179 97 79 71 66
Widi.rsbam 10 280 200 752 7)0 92 89 74

90 400 275 770 13$ 120 112
181 830 680 540 380 370 230 225

Skaokum Creek near wkkermbrn 7 45 35 27.5 20 ~4.5 i~,s
$0 93 72 56 3~ 32 27 25

783 144 119 97 72 60 50 45

P4ock.ack liver at DentIng 7 1,420 1,220 7,060 860 760 670 620
30 2.000 1.600 1,340 i.ero 930 830 1
90 3,050 2.400 2.000 1,600 1.400 7.260 7,200

783 3.830 3.200 2700 2,750 7,850 7.400 7,300

Nooksadi live, near Lynd.n 7 1,530 1,280 1,760 900 740 660 610
30 2,690 1600 1,400 1,110 1,000 880 $30
90 3,200 2.330 2,100 1,400 7 ,400 7.200 1,700

783 4,200 3,450 2900 2230 1,900 1,700 7.400

FI.Mr.p Creek of Lyisdsø 7 7.8 6.2 5.0 3.7 3.7 2.6 2.4
30 9.6 7.2 5,7 4.7 3.4 2.9 23
90 12.3 8.9 6,9 3.0 4.0 3.3 2.9

783 27 16 72 84 6.7 3.4 4,8
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FIGURE 30,—Water-surface profile of South Fork Nooksack R Iver, m ile 0-14.
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FIGURE 31.-Low-flow frequency, NOOkI.CIC River at D.mlng, 1946-63.
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yield more than 1 cfs per square mile. The large spacing for the South Fork stations. 1 hese difference s
low~flow index of 1 .90 for Nooksack River below probably reflect the influence of glacial melt , rather
Cascade Creek is the result of glacial melt water , than the effect of ground-water storage . Tile low
which supports dry-weather flows. The South Fork index for Fishtrap Creek probably reflects the
Nooksack River has a lower index, because it is not favorable infiltration capabilities of the soils in that
fed by glacial melt. The index of 1.8 1 at Deming watershed , and the resultant effects of ground-water
indicates that the Middle Fork Nooksack River has an storage. In general , the spacing indexes for the
excellent yield. The low-index value of Fishtrap Nooksack River stations are lower than the re-
Creek is probably representative of lowland streams gion.wide average.
in the Nooksack-S umas Basins. Low yields in these
areas may be significantly affected by the small Dispersion and Time of Travel
amount of precip itation , and by diversion of water Dispersion and time-of-trave l studies for the
for irripation. Nooksack River were made by the US. Geological

The slope index in the basins ranges from 1 .59 Survey in the reach between Deming and Ferndale on
on the Nooksack River at Deming to 1 .92 on Fishtrap October 26 , 1965 using the fluorescent dye, rhoda-
Creek. The high slope index for FishtTap Creek , mine B. Profiles of discharge and of travel time of
which indicates variable flow, is due in part to maximum dye concentration are illustrated on Figure
diversions for irrigation. Slope indexes for the 32.
main-stem stations imply a uniformity of flow that • -- Discharge of the Nooksack River during t he
probably reflects influence of glacial melt. • .—~~~ 

‘study was about I .800 cfs . but there was an apparent
Spacing index in the basins ranges from—~.4O on net loss of about 70 cfs in the reach studied. The loss

Fishtrap Creek to 4.54 on the S~etfli ~ork Nooksack in flow could have occurred in the vicinity of
River. The spacing between frequency curves for the Everson, where some water may infiltrate alluvium
Nooksack River stations is much narrower than the and move into the Sumas Valley.

k20

~~~~~
1600

L 

-

I I
35. 30 25 20 15 10

R IV ER M I L E S

FIGURE 32.- W ater discharge and time of travel of dye. Nooksaclc River , October 26-27, 1965.
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The measured trave l speed of the peak concen- sack-Sumas Basins provide aft aggregate total storage
tration decrease d in the downstream direction. Near of about 3.t .000 acre-feet ( I able 17) .
Deming. the trave l time was about 26 minutes per Potential Storage Sites 1 able I ~ presents data
mile, while near Ferndale it was about 43 minutes per on the major potential reservoir sites III the N ok-
mile . The average time of travel for the entire studied sack-Sumas Basros. 0 the sites listed , ti te t~~llowing
reac h was about 33 m inutes per mile , are discusse d in detail by the Wasi i~rigton Divisiiiii of

Dispersion coeff icients varied considerably, Water Resources II %t) . p. 101 I 0~)) Denting.
from I ,000 square feet per second in tile Shuksan . North Fork . Wells (‘ r:ck . Skuokum ( ree k .
Detning-Lynden reach to 400 square feet per second and Ldfro (‘reek .
in the Everson-Ferndale reach . The values are
anomalous to those for other streams investigated in DIVERSIONS
the study area in that they are higher and decrease in
the downstream direction. 1 he city of Bellmgham diverts maximum of

102 cIs from tile Middle Fork of the Nooksack River
STORAGE AND REGULATION for municipa l supply. Alt hough the water

appropriation permit for this project allows the city
Natural Surface Storage to develop facilities to divert up to 250 cfs , constant

The total volume of storage in lakes and glaciers diversion at this latter rate is improbable because low
in the basins is not known , but surface areas can be flows of about 150 cfs normally can be expected at
used to provide at least a comparative indication of this location. In addition , t he Department of Fish-
t he amount of water that is stored. The total surface eries and Game have required that a minimum of 10
area of lakes in the basins is about II .1 square miles , to 15 cfs shall bypass the diversion at all t imes. None
most of which is contributed by Lake Whatcom. of the water diverted is returned to the Middle Fork.
Some of the storage in this lake has been created by a Flow in the lower reaches of the Nooksack
dam constructed at its out let near Bellingham. The River is reduced slightly by a 5 cfs diversion for the
tota l surface area of glaciers in the basins is about 14 city of Lynden’s municipal supply. A part of t he
square miles, most of which is on Mount Baker and water is returned to the Nooksack a short distance
Mount Shuksan. downstream from the diversion in the form of

sewage-treatment plant effluent. A total of 25 cts is

Reservoirs diverted in two pipe lines at Ferndale by tile
The following discussions and tabulations of Whatcom County Public Utility District No. I and

existing and potential reservoirs in the Nook- the Mobil Oil Company. The Pu’liC Utility District
sack -Sumas Basins are based mainly on water bodies diversion of 20 cfs is used by t u. Italco Aluminum
containing more than 5.000 acre~feet. Existing reser~ Corporation. Both diversions are discharged to tide-
voir s of smaller size are included only because of their water.
local urban importance. Further discussion of small The largest diversion in the Nooksack-Sumas
lakes is contained in Appendix Xl , Fish and Wildlife. Basins is maintained by Puget Sound Power & Light
Existing reservoirs and potential storage sites in the Company for its Excelsior plant on the North Fork of
basins are shown in Figure 33. the Nooksack River.The generating capacity of the

Existing Reservoirs No major reservoir exists installation indicates that the present diversion is
on the Nooksack River or its tributaries , so the flow about 125 cfs. The water is returned to the river a
of the river remains virtually unregulated. The Nook- few hundred feet downstream.
sack Falls power plant at Excelsior imposes a slight The Washington Department of Fisheries Nook-
regulation at low flows, but the effect is negligible , sack River Salmon Hatchery on Kendall Creek diverts
The city of Bellingham has over 27 ,000 acre- feet of 3+ cfs from Kendall Creek . which is returned below
municipal and industrial storage in l.akes Padden and the hatchery ponds.
Whatcom. Storage tota ling approxitnatefy 5 ,600 In 1965 diversions for irrigation in the basins,
acre-feet lot wildlife enhancement is found in Lake principally in the lower reaches of the Nooksack
Terrell. Reservoirs on three lakes in the Nook- River , was estimated to be 5,900 acre-feet.
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TABL E 17.— Existing reservoirs in the Nooksack-Sumas Basins
Us. 8, recreation; WS, munici pal and industrial water supp ly

Storage-lAces-f I )  Darn
Locat ion Drainage dim.nsio n. R.s.rvoi r Applicant

Name area inact ive — area us. Or Remarks
Str.am. T-I-S (sq ml) Activ e and/or Total Ht Width (acres) owner

dad If,) If?)
T.rr.ii 1k T.rr .ii Cr, 39-1-16 6.0 -- -- 5.600 10 ie 100 1 Stats of Wash. Fish and

Dept. of Game w ild life

tic Padd.r, -- 37-3-8 -- _ _  -- 780 5 73 152 WS CIty of -—
B.il ingham

Lk Whatcarn Whatcan. Cr. 33.3-28 55.9 -- -- 26,400 5 100 5,003 ws City of Ta be aug.
8.liingham menI.d from

S. F. Nocksack

TABI.E 18.—Potentiol storage sites in the Nooksock-Sumas Basins
Total DrainageMap Project name T.R-S River and mil , storage area

(1000 acr.-ft( (sq ml)

Dewing 38-5.6 Noaksock 36.8 500 584
2 Welcome 38-5-33 Naoksock 40 104 395
3 Rocky Ridge 39-5 10 Nooksack .43.2 322 -
4 Map le Falls 40-6-31 P.4ooksock 49.4 6 180
5 Warnick 39-6.2 Nooksack 33,3 230 193
6 GlacIer 39- 7-2 Nooksock 61.6 32 95
7 Wells Cr . 39-8-4 Wells Cr 2.2 12 21

39_B.,
B Sktukson 40-8.34 Nookiock 69 220 66
9 North Fork 40-8.32 Nooksack 66.4 194 70

10 Map le Cr. 40-6-30 Maple Cc . 18 -
11 H.iti .r Rondr 38-6-18 M. F. Nooksack - ,  - -
12 Falls Cr. 38-6-20 M. F. Nooksack - -  - -
13 Wanl ick 36-6.22 5. F. Naoksack 25 .- 37
14 Idfra Cr. 37-5-35 5. F. Nooksac k 15.2 300 102
15 Skookum Cr . 37-5-27 S F. Noo&sac k 14 500 i03
16 Whatcom Cr. #1 38-3-28 Whatcon s Cr - - 56

QUALITY OF SURFACE WATER coliform bacteria occur during the summer , princi-
pally in reaches below the more populated areas.

Chemical and Sanitary Quality MPN values for coliform bacteria in samples from the
Chemical quality of surface water in the Nook- Nooksack River at Ferndale reached a maximum of

sack-Sumas Basins is excellent; the water generally is 24,000, with a mean of 2,100 during the S years of
acceptable for most uses. record for this site. A MPN value of 24,000 has also

The dissolved-solids content of surface waters been recorded for a sample collected from the
in the basins rarely exc,~~~~ .00 ppm. Samples Nooksack River near Deming.
collected monthly from the Nooksack River at
Ferndale during a 5-year period had a maximum Stream Temperatures
dissolved-solids content of 77 ppm (Table 58). Maximum and minimum monthly stream
Shorter periods of record and spot sampling on the temperature s obtained from spot observations at four
tributaries above Ferndaie indicate that the upstream sites in the Nooksack-Sumas Basins are listed in Table
waters are even more dilute. The water in all streams 59. The data show that streams in these basins
is generally soft (hardness of 60 ppm or less), and generally are cooler , both in summer and winter , t han
hardness of more than 100 ppm is unusual. those elsewhere in the Puget Sound Study Area ,

Because the flow of the Nooksack River is possibly because these basins are the farthest north.
supported substantially by glacial melt water , turbid- The streams are virtually unTeguLated, and their
ity in the main stem is predictably high. Turbidity of temperatures reflect natural conditions. Freezing
the river at Ferndale has averaged 69 with a maxi- temperatures have occurred during winter months at
mum of 700 JTU (Jackson Turbidity Units), all sites investigated. The North Fork Nooksack River

Sanitary quality of the waters is variable in is much cooler in the summer -by about 10°F—than
both time and place. The higher Concentrations of the South Fork because of relatively large volumes of
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cold w.ite i cor ri r ihute d by’ ~olt li 1—ork glacier irid pr o bab le  rn axir iiu in ~if 2 ,001) ppm.
snowt’ields . In addition , the coniparal velv low suit s- Below Dcming. flood plains along the Nooksaek
nier flows in t he South Fork permit a considerable’ and Srins as Rivers cirnt :iitr alluvial deposits of clay .
w a r riling ot t he wak’r during I ran si I - Icrrn pei - :nt ures on si lt , and sand tira I an’ spread over recessio n al outwash
t he South Fork about 700 F duiing tin e -nnnime i aic materials. I he terra ce and upland areas have a va rie ly
the hti~inest observed in the basins. 1 etn ipera tu r es  n it )  of soi ls nchidiiig t ight clay, till , sandy glacial ou t—
t he main stem ot ~sooksack River at Derniiig ire wash , and grave lly drift, These soils have variable
about the same :n those n ear lv nide r i . Both essen ti- drainage cll ;rracte ’ r l s t r c s .  Where lands are recently
a lly reflect composile ci tee ’ N of t i re niounta lir Ir~hu- cleared and cultivated, sheet and n i l  erosion occurs.
tari cs u rban and toad construction probably cause only a

small part of tire sedimentation in this area - Along the
Sediment Transport main river c han n els , al luvium beco m es saturated to

F eatures of crosi orn aiid sedime ntation in the abo ut river level and is subject to rapid erosion during
Nooksack-Sun mas Basins arc discussed h~ upper and periods ol high discharge . Gravel and cobble bars are
lower drainages misoved considerably (luring floods .

The upper part of tine basins include, tire area Fishirap (‘ ree k is  an exam p le of a small
upstream Irons Deming. where ni i in c f i of the land is tributary st rea m in the Lower Nooksack Valley.
rough and mountainous In the three major val les of ‘I hough it transports only small quantities of sedi-
the Nooksack River above Demning. so ils on tire fl Hd  nient during normal flow , the presence of the
plains cons ist of highly permeable sand , si lt, arid denuded banks , and bars of sand and gravel, indicates
gravel. Erodahility of soils in much of t h is area. w h ere th at a large quantity of’ sediment is moved during
heavy precipitation occurs , is diminished by profuse higher flows .
vegetation. Where logging arid road construction Ana lyses of samp les obtained from the Nook-
expose the soil, erosion can remove fine sediment sack River near Lynde’n during 1965 and 1 966 show
during periods of intense rain. Because the strea m - that large sediment loads are transported during
banks contain large amounts if  grave l and cobble and high-water periods. An annual load of about a miltion
only small quantities of tine materials, sedimentation toils ~‘t suspended sediment can be expected during a
owing to bank erosion is minor. During hi gh stream- year of normal runoff. The daily load is probably
flows, however , some bank sloughn iri g and bed move- about 300,000 torts when the daily river discharge
ment is evident in the three major tr ibuta i es (if the averages about 30,000 e’fs . During the winter . sédi-
Nooksack. Most of the headwater streanis are alniost rncnt concentration i i i  the Nooksack River near
sediment free~ t he y  seldom contain more than 20 Lynden range frons 50 to 3 .000 ppm. During t he
ppm. In contrast , glacier-fed streams t hat originate on low-flow period (July through October) sediment
t he slopes of Mount Baker and Mount Shuksan have a concentration is low , ranging from about 20 to 50
m~lks appearance and are particularl y turbid and ppm.
sediment’laden during periods of high runo f’f . usually Un der present conditions in the basins ,
during warm ~ e’at hme r.  Sedime n t co ilcerit rations iii sediment problems are minor except . where erosion is
the se ’ sl rearns probabl y ran ge from I to (,0.000 ppm. caused by logging, construction , or farming. Where
In lire’ t hree toi ks of the Nooks.ie’k River , sediment banks are unpro tected , productive land adjacent to
c ( t t iee ’ni ir i t to ) i I \  range 111>1)1 about 10 ppm to a river channels is orccasionahlv lost hs hank sloughing.

GROUND WATER
(,nrr utrd w ate r  supp lies are’ p lentiful in niuch of altitudes ot ~00 tee ” t and are getseral ly west of SUII1aS

tire \ io ksae ’k Sumas Bas ins . Owing to contrasting Mount ain.
geo logic env in itments . tro w~ se’ r . signif ic;rnit ly dif- LOWLANDSferent gr rund’water condit ion s ex i st in the lowlands
and mtiunrtains . For thi s reas ri . ground-water re- Geology and Ground-Water Occurrence
%OUre’e’ ’ it i  the’ basins are di.’c i isse’d separate ly, by The’ important aquifers in the lowlands arc
lowland j rid mt unta inl are as. ‘1 he lowlands are below contained in Quaternary sediments which are rather
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c(nmlt liiilr nn ’ over .thout 3 S ( n squ are m u l e s  ‘line sedi- al t i tudes wh ere upper lone’s of s e d mm m mi ’ nn t s uh li r Ihaim
merits iiiickemi to n t ue  wes t amid nnrrtii . am id they pinch till are’. j i m genem a l. a bove time wal e r table .
Out ,n~’amnnst t i ler c’o nn’ ii hmd Zl t ed ri c ks to t ime east amid Practically all rec h arge t i  time aquifers is by
so uth. Inn t ire nio n rt hi , si mile ort ’ t he deposit s loe ’ahI ~ ma~’ i nm fi l t ra t io rmi of ’ precipi t at i nrn m . A qui fers  nm time low lat ids
be’ ove n a t h mo usand f ee l t i nm e ’k - In most places inn t ine ’ are co i ns ervatmve l~ est i mn mate d t n  re’ e’ e n s e about ~) r .0(X)
lo ’w hmnnds . ground w an e-I e arn  he’ obtained f ro n mmr de p t h s  acre f e et od rechaige’ iii aim average ’ ear Iii addit ion .
less t l n a t n 100 tce ’l below hand su rface and p rac mne ’ally sigr mit ’icant a m mm o u ni ts iii grounid water enl rer the basin
all f ne si n -c ~.n te r a qtimfers are at dept ins less I nan 30C bs underflenw acro iss t tm ie ln ite rnatio rn nj l Boumidary v~ k’s)

be I. iw sea levei if t ime Su nuns Valley (Was imim igi on Dmvms momn i it Wr te n
Qin .nt er narv sedmnic ’ mi t s  ex posed at the surf ace Resources . I 960 . p. 3) .

ate ’ nun , n m mm lv till. ree’essi nmial or t mt w , ns i n . and a lluvit immi . ‘I ill Induced recharge may he feasible along tine
c~np’- ti ne’ up lands w h ich ar e  located principally e’;ns n of ’ f lood plain of the Nooksac k River ups mnean i m ini
itI . n inie . s~ esm ‘I I (151Cr and Fernidale . ami d m o n  ii of Fenirdahe. line troug h occupied li~ tine ’ Sumas River
hse ’ llning in a uui h ill als o to r nns  tim e surface of ’ Ponmi t sec’ms prom ising for nn r tmf i e ’ ial ree ’imarge. hut s ine of
Roberts  .nm n d l ine ’ no rt h i e’rri part ‘i’ Lummi Is la nd . lill the water might he hoist ton (‘ atm a d:n because’ the
o c c u r s  at depth amid is o ve rlamii h~ &n t imer de po isnt s giou nid— water flow is to ward tine r u i n rh inn t ime ’ Sunmas
t innoo ig in mii most of the S. nhi c ’\ areas A ithuoug ir till River valley.
iroi mnn. i lR is  less t lna mi 31) fee t t h ick, it exceeds ~u leer The natural disc haree o n )  gomund Water is mor st lv
Iocali~ - ‘hill is c’ innmm porsed largely of fin e mater ia ls: it into tine Nooksack River and its tributaries , arid into
doe.s 1101 con tain iml) portant aquifers hut onver large ’ hays through submarin e springs.
are a s  It tr,insn’ ms appiec iable quantities of water to
u n derly ing aqui f e rs . Quality of Ground Water

Recessional outwash occ urs extensively Water in most lowland aquifers is reasnr inabl~th roughout m ost of tine valleys , arid (Inn t ine hig iner low in dissolved solids and acceptable for  nnamry uses
terraces t hat are till-capped. Where recess ional out’ Dissolved solids content generally is less than 200
wash occurs in  time uplands it is in tire form of ppm except in areas near hays.. where saline water
ms nl ;nied de’po s mt s that co n nn tain little water. Time reces- occurs in some aquifers. Significa nt encroac h ment of
sn rn .n l nmtwa sim deposits almost everywhere are less sea water has not as yet been detected. Hardiness cr1
than 100 feet t h ick. Where they occur in time valle ss the ground water is com monly in tine (nO to I 20-ppm
ti nes co n tai n ahundan i t hut discontinuous beds of range . and silica generall y rai nges from 20 to 40 ppm.
wat c r . i e , nr rig sand am id gm aveh. whic h are thickest and Objectio nable con cer rtrat mo nms oil irom i are connmnomm ,
coars est inn I ne viciiiily of I ynden and Sumas. particularly in shallow aquifers.

Rece nt allu vium cc’urs mostl y on t he flood
pla nnn s arid deltas of t ine Noorksaek River and its Utilization and Development
tributarie s. () im flood plains aho ive Ferndale . niluviuni Ground water pumped inn the lowlands is used
ms mi nt ea sm l y distunguished from tine under hyiiig reces- mostly for irrigation. This is par ticu larh~ true inn
sio nmia l miutwas h. T he upper nmos r 100 feet  o rf sedimen ts cen tral and northeastern areas , w here the water  is
are fm nie sand, clay, si lt and occasional giave l beds t h a t  obtained niosthy from aquifers in recess iomial onutwas h
hee tnne mm i i ire ple nr t i f t i l t i n  t ine ea s t Al luvial sediments The municipal aimd in dustrial use of ’ grounid water is
.m e’ In mien gi a in ned on (lie ~ in ksj ck delta . w m e r e ’  they principa lly in the western part of tine h~ sin s, whereth icken t o n  300 fee’ ) nm mi re’. Alluvium is sat urated the water is pumped fror nn subtill aquifers.
a honut t~ river he’vci Figure 23 shows approximate estimates oil

Quate’ i n a r y  se’d mmin ent s older than ti ll are rar e l y expected well yields iii the study area. the largest
expo rsed. 1 1mev are exte n sive at depth . howe ver , ari d yieldiing wells proiduce water frennn recession al out-
thm e’~ contain saud arid gra vel niquit ens at most places . wash : they are usually no deeper tham n 50 feet .  Sonic
‘line’ aqum f ers become th icken and coii t umin coarser o nt these wells produce more tha n I .000 gpm. Deeper
materia ls Or tine east , hut t h e m aggregate thickness ms wells cirnipleted in aquifers olden thai m till are
mm o r n 0 0 0 r e ’  t hra ir ‘I)) teet - ‘Iii the w est t ime ’  aquifers generall y im ort capable’ of ’ pro ducm ng more th an 500
ge’nen.i lly contain saline water at depths greaten t itan gpm.
ah imo i t  21)1) c c l  below sea level. 1 hie aquifers are Adequate ground-water supp lies are dif ’ficult to
coim t itm ed un der art t ’ s na mi pres nire . except  at h i gher obtain in the southern part n it the basi n s winere
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Quaterruary deposits are thin. Other areas of m ade- River, where wells completed in alluvial aquifers there
quate production are Lummi Island, Point Roberts , yield as much as 500 gpm. Alluvial deposits of this
and the Lutnmi Penin sula. In areas within about 2 type are notably extensive in the valley of the South
miles erf the shorelin e , aquifers that contain water of Fork. Large amounts of precipitation and runoff
suitable quality are rare. from adjacent valley slopes suggest that the alluvial

Where subtill aquifers are tapped in the lower aquifers receive relatively large amounts of recharge.
Nooksac,k Valley and in the valley of Anderson In areas where Quaternary sediments are
(‘reek , we lls may flow as much as 500 gpm. absent , ground water is obtainable only from con-

MOUNTAINS sohidated rocks , in which well yields of only 10 gpm
or less can be expected.

In the mountains , ground water is abundant
only in valleys of major tributaries to the Nooksack

SKAGIT—SAMISH BASINS
SURFACE WATER

The Skagit-Samish Basins comprise an area of Bay near Edison. Drainage area of the Samish River is
3.184 square m iles, includ ing 3,044 square miles of about 106 square miles, and its average annual runoff
land and inland water. A map of the basins is shown is about 193,000 acre-feet ,
in Figure 45. The largest stream in the area , the Most surface-water storage in the Skagit.Samish
Skagit River , drains 3,105 square miles, of which Basins is in Ross and Diablo Lakes and in the two
about 400 are in Canada (the drainage area in Canada reservoirs on the Baker River. Extensive snowfields
is outside the study region). The major tributaries of provide large amounts of seasonal storage . A signifi.
the Skagit River are the Baker , Cascade , and Sauk cant perennial storage is also provided by glaciers on
Rivers. The Suiattle River is a large and important the higher peaks of the North Cascade Range.
tributary of the Sauk River. The Skagit River and its
major tributaries have their headwaters in the STREAMFLOW
mountainous areas of the North Cascade Range,
where the flow of many streams is in part derived Runoff Characteristics
from melting glaciers. The Skagit River is joined by The Skagit River produces more runoff than
t he Cascade River near Marblemount. Below Marble- any other river basin in the Puget Sound Area.
mount , it flows through broad, mountain-bordered Although about 13% of the watershed is in Canada,
flood plains to the large glacial outwash plain in the all but about 6% of the average annual runoff
vicinity of Sedro Woolley. In the lowland areas , the originates within the State of Washington. In the
river meanders for several miles until, at a point about mountain areas, average annual runoff exceeds 140
8 miles from Puget Sound it branches into two major inches at the headwaters of the Baker , Cascade, and
distributaries which flow into Skagit Bay. The average Suiattle Rivers. Because of the shielding effect of
annual discharge of the Skagit River into the Bay was Mount Baker , Mount Shuksan, and the Pickett Range.
about II ,800,000 acre- feet during the period the runoff in upper reaches of the Skagit River main
1931-60 (includes basin drainage from Canada, out- stem is only about 38 inches annually. Similar
side the study area). conditions prevail in the lower reaches of the Sauk

The Samish River , north of the Skagit River River drainage, where the average annual runoff is
basin, has its headwaters in rough upland terrain about 60 inches.
south of Bellingham. Friday Creek , the outlet of The least runoff in the basins occurs in the
Samish Lake , is the main Samish tributary . From lowlands west of Mount Vernon and on outlying
Fri day Creek , the Samish River descends in a short islands, where the average annual runoff is probably
distance to a broad glacial outwash and alluvial plain , less than 15 inches. Average runoff for the entire
flows in a southerly direction for about 8 miles, and Skagit’Samish Basins is about 71 inches annually or
then courses west and north to its outlet at Samish 11,500,000 acre-feet.
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Most of the (‘anadiann contribution has been per square mile. The average runoff contribution for
gaged at a site onn the Skagit River about 4 miles this area is about 3,180 ,000 acre-feet per year.
northn of tine Interniational Boundary. The mean TIme southwester ly exposed Baker River water-
annua l discharge at this site , adjusted to the 1931-60 shed is rimmed by several major peaks. and presents
base period, is 1.000 cfs . or 724,000 acre-feet per an excellent catchment for preci pitation , thereby
year. The unit discharge in the (‘anadian part of t he producing large quantities of runoff . The 30-year
basiin is only about 2)) cfs per square mile. Down- average discharge of the Baker River is 2 ,590 cfs . n r r

stream , unit-area contributions of tributary streams 8.7 cfs per square mile. In terms of runoff produc-
gradua lly increase . For examp le , the average annual tion , the disc harge is equivalent to 1 .870 ,000
unit discharge of Thunder Creek is about 5.9 cfs per acre-feet per year.
square mile, and farther downstream the Cascade The discharge of Skagit River below the mouth
River watershed produces 6.2 cfs per square mile. The of Baker River is not increased appreciably by
overall average for the Skagit Basin increases down- tributary co1atributiuns. In the 30-mile reach between
stream , as indicated by streamflow records for the Concrete and Mount Vernon , the average discharge of
Skagit River at Newhalem (3.8 cfs per square mile), the Skagit River increases from 15 ,100 to only
and near Marblemount (4.2 cfs per square mile). The 16,200 cfs . The discharge records at Mount Vernon
average annual runoff at Marblemount for the period essentially represent the total flow of the Skagit
1931-60 is about 3.860,000 acre-feet. River. Adjusted to the period 1931-60 . t he average

Although the Sauk and Suiattle River catch- annual runoff at Mount Vernon is 11 ,800,000
ments are not favorably oriented relative to prevailing acre-feet. The average unit discharge for the entire
storm winds, the comparatively high mountain basin is 5.2 cfs per square mile.
barriers along watershed divides, and the high slopes The annual runoff record for the Skagit River
of Glacier Peak , serve to capture large quantities of near Concrete is presented in Figure 34. The highest
precipitation. Runoff per square mile in this area is recorded annual discharge of the Skagit River , as
generally greater than in the upper Skagit watershed shown by the record for the Concrete site , occurre d
to the north. Above the White Chuck River, the in the 1934 water year and s~’as 131% of the 30-year
30-year average discharge of the Sauk River is 1 ,140 average . The lowest recorded runoff was about 64%
cf s . or 7.5 cfs per square mile of drainage area. For of the average and occurred in the 1944 water year.
practica lly all of the Sauk-Suiattle River system, the Characteristics of average monthly streamflow
mean annual discharge is 4,390 cfs, or about 6,1 cfs for the river and some of its tributaries are shown in

I I I E l  t t t I I I I I  I I I I I I I I l I t  t I I I I I

8~~ 1 . . 1 1 l h h I 1 l h l 1 h I l 1 l h l h I I 1 l I I I I l 1 I I I I l I I I _

FIGUR E 34. - Annu al discharges, Skegit River , near Concrete.
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Figures 35 , 36 . and 37. These streams display the approximately 9,000 cfs. From October to March ,
winter annd spring peak-flow periods that are char- the streamflow is characterized by a series of sharp
acteristic of mainy streams drainning the western slopes rises superimposed on a base flow which is highest in
of the Cascade Range. However , the spring snowme lt December. Because of regulation by power-pro-
peaks are more pronounced in the Skagit Basin than duction reservoirs on the upper Skagit and on Baker
elsewhere . In tine Canadian part of the Skagit water- River, higher-than-natural base flows occur during
shed, most winter precipitation is receive d in the October-March , and lower-than-natural base flows
form of snow , and is stored until spring. Other occur during the spring months , when tine reservoirs
high-elevation tributary waters heds have similar char- are being filled. Runoff generally decreases during the
acteristics , in fact , on Thunder Creek , a winter peak period December-March as a result of colder weather.
run off  is rare. The highest monthly discharges at the As temperatures begin to rise in April, snownielt
selected stream-gaging sites in the Skagit Basin norm- causes increased streamf low , which usually reaches an
ally occur during the month of June. average discharge of about 25,000 cfs near Concrete

Numerous glaciers in the basins regulate stream by the middle of June. Following the snowmelt peak ,
discharge by practical ly eliminating extreme low streamfiow recedes to minimum base flows, usually
flows during dry summer mont hs. Ground-water by the end of August , as the snowpack is dep leted. At
in-flow along lower reaches of the Skagit and its thi s time , discharge is sustained by contributions
major tributaries increases the low-flow discharge . as from ground-water storage and melting glaciers.
do releases from storage in the major reservoirs on The variability of the daily flow of streams in
the upper Skagit and Baker Rivers. In the watersheds the Skagit-Samish Basins is presented as flow-duration
at higher altitudes, the minimum monthly runoff data for selected gaging stations in Table 19
occurs about February of March, but at lower alti-
tudes the minimum flow in tributary streams nor- Flood Characteristics
mally occurs in September. Floods caused by excessive rainfall and acconi-

Streamflow characteristics of the Skagit River panying snowmelt are shown by characteristic sharp
at the stream-gaging site near Concrete are representa- rises on a hydrograph, followed by recessions almost
tive of the main stem and some of its major as rapid. Two or more flood peaks often occur within
tributaries. Runoff at the Concrete gage is from an a period of two weeks. However , flood-control
area of 2,737 square miles. which is 88% of the Skagit storage in Ross Reservoir has reduced the magnitude
Basin. Streamfiow usually begins to increase in of floods on the Skagit River since 1941. Discharge is
September or October from the summer base flow of seldom above the zero-damage level (60,000 cfs near

TABLE 19.—Flow-duraffon data for selected gaging stations in the Skagit-Somish Basins
p ~~ ~~ Plow, in cubic feet p.r necond. wiilth wa, .qual.d or .xcued.d for indicatod p.rcent of time

Gaging liation I I 
——  _______________________________________________________________

~~~~~~~ 99 93 90 80 70 50 30 20 10 5 1 0. 1

S64git liver near Hap.. B.C. 1933-55 no 152 113 2’~ 315 310 920 1,420 2,300 3.500 5,330 8,500
s,~ ~~~~~ cr.ek flea, ptewhal.m 1941.4$ 80 97 110 ‘40 171 265 430 560 790 1,010 1.580 2,400
5&ogit liver n•or N.whol.m 193 1-39 400 323 “40 840 1,060 1,700 3,050 4,350 6,300 8,000 11 ,000 16,000
Ruby reek below Panther Creak near 1949-36 69 93 125 176 220 340 700 1,300 2 ,100 2,700 4.000 3,300

N.wt,aI.m
Ruby Creek near N.wkal.m 1931.41 75 99 118 150 185 290 390 1,000 1,700 2.300 3,500 3,800
Skag it liv., below Ruby Creak near 1920.30 300 650 790 1,03t.. 1,230 1,900 3,200 4.600 7,200 9,800 16,000 23,000

N.wf,ois m
Thunder Creak near P4 w$,aI.m 1931.64 76 103 129 173 232 440 810 1.050 1,350 1.650 2 ,350 3,700
Thunder Creek near Marbi.moun$ 1920-30 61 102 135 185 240 450 850 i , i20 1,470 1 .750 2,300 4,000
St.,at’ti. Creak near N.wf,ai.ni 1934.64 22 33 43 60 78 125 2i0 282 400 510 780 1,300
Skog it liver above Alma Creek near 1951-64 1,800 2,800 3,350 4,000 4,430 5,200 6,100 6.900 8,500 10,500 16,000 23,000

Ma,bI.mount
Ca.rod. liver as Mnrbl.moun t 1929-65 178 270 335 435 530 770 1,170 1 , 320 2,080 2 ,600 3,750 6,300
Sauli liver above Whliect,ud, liver near 1929-65 163 225 282 390 510 820 1,340 1,740 2,360 2 980 4 .500 8,700
Darringtaø

Soak liv., near Sauk 192943 820 1,250 1 ,500 1,900 2,350 3,400 5,000 6,250 8,300 10 ,200 15,500 30 000
Aider Creek near HamIlton 1944-63 6.6 8,3 9.7 12.5 13.3 26.3 42 53 72 92 164 320
Day Creak near L yman 194410 11.5 II 26 30 83 170 290 390 600 860 1,630 3,000
5l,ogit liver near Sedre wooli.y 1909-19 4, )0O 5,200 6,000 7,200 8,500 12 ,000 18,200 23,000 31,500 40,000 62 ,000 115,000

1922-23
last Park Noa&ad,amp. Creak near 194430. 1.3 3.0 5.0 10.3 21 50 90 122 192 300 670 1 ,500

Clear Lak. 1963
Son,isk liv., near Burlington i944-65 20 26 30 44 71 165 285 375 540 740 i ,330 2.900
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Concrete) for longer than 72 hours. The maximum of the lower basin, and poor in the low.Iying streams
discharge near Concrete , 154 ,000 cfs, was recorde d in the area adjacent to Puget Sound. Fairly large
on November 27, 1949. differences occur in the slope and spacing indexes in

Flood-frequency curves for the SkagIt River the basin. In general, the low-lying streams have much
near Concrete and Mount Vernon are presented in larger indexes than those for the tributaries in the
Figures 38 annd 39. The periods of record at the upper part of the basin. These values showing the
Concrete and Mount Vernon gages are l924~64 and variability of low flows are greater than the study
1940-64 , respectivel y. Streamfiow has been regulated region average for the low-lying streams , and less than
for power and flood control since 1925 by reservoirs average for the upper tributaries.
on the Baker River and since 1924 by reservoirs on Low-flow frequency data at the 25 sites are
the Skagit River. The effects of regulation by these listed in Table 21 . Frequency curves for 3 of the 25
reservoirs are included in the frequency data. stations are shown in Figures 42, 43 and 44.

The ability of a stream to transport large The low-flow indexes in the basins range from
quantities of water without causing damage depends 0.06 cfs . per square mile for Friday Creek , a tributary
on channel characteristics. These features can be to the Samish River , to 2.75 cfs. per square mile for
characterized in part by a graphical representation of the Baker River. The low-flow index for the Baker
the stream ’s water-sur face profile for various rates of River watershed is higher than any other in the Puget
discharge . Sound region , this is attributed to the effects of

Profiles for the Skagit River shown in Figure 40 glacier melt water and large amounts of storage in
were plotted from observed or computed data. The snowpacks. Small indexes (less than 0.50) are char-
velocities were obtained from backwater computa- acteristic of the streams that drain the lowlands areas.
tions. The profile for 310 ,000 cfs near Concrete was The indexes shown by these streams may be the
drawn with data from stage-discharge rating curves, result of low precipitation and small contributions
This profile coincides with the observed high-water from ground-water discharges or losses to
profile for 1951 at about mile 18.5 , indicating that a ground-water storage.
levee failure in the Burlington area probably would On the main stem of the Skagit River . the
allow floodwater to flow into the Samish Basin and low-flow index in the Canadian watershed areas is
Swinomish Channel. The profile for 56,000 cfs at small, and becomes progressive ly greater downstream.
Concrete was drawn from observed data , and repre- Low-flow indexes for discharge-measurement sites
sents a condition slightly higher than bank full. The below Newhalem are greater than 2.00 cfs. per square
Skagit River has no abrupt changes in gradient mile. These large values are the result of regulation
between the mouth and rive r mile 66. and large contributions by the Cascade , Sauk, and

The Samish River profiles shown in Figure 41 Baker Rivers.
were drawn from observed or computed data (values Slope index in the basins ranges widely, and
of velocity are not readily available). The upper shows the effects of varying basin chacteristics. On
profile for 52 ,900 cfs downstream from river mile the main stem of the Skagit River , the slope indexes
7.17 . was constructed from rating curves and repre- are low , indicating litt le variability of low-flow from
sents overflow from the Skagit River near Burlington. year to year; this is principally a result of regulation
The Samish River has no abrupt changes in gradient by reservoirs. indexes greater than 2.0 for Finney,
between the mouth and rive r milr’ 12. Day, Friday, and East Fork Nookachamps Creeks

indicate the small contributions from ground-water
Low-F kw Characteristics storage in lowland basins.

Low-flow characteristics of streams in the Spacing index ranges from 1 .89 in the Alder
Skagit-Samish Basins are compared using indexes Creek watershed to 13.5 in East Fork Nookachamps
from low-flow frequency curves at 25 gag ing stations Creek basin. The low value for Alder Creek is
(Table 20). Low-flow indexes are excellent for the attributed to the effect of storage in porous alluvial
tributar ies located in the middle part of the basin deposits. A low-spacing index is also characteristic of
such as Baker , Sauk, and Cascade Rivers (Fig. 22). basins that contain glaciers. The small values on the
They are good in Beaver , Thunder , and Suiattle Creek main stem of the Skagit River reflect regulation by
Basins, fair in the upper Skagit River Basin and part reservoirs.
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TABLE 20.—Low-flow characteristics for selected gaging stations in the Skogit-Samish Basins

oa~~nq station Low Flow Slois

Stioqif Slyer near Ho~,e, I. C. 351 .57 1.33 2.43
LI ghtning Creek near Newtsale,n 329 .60 1.53 2.1$
lie leaver Creek near NewIsalein 63.2 342 1.64 2.94
Skogtt liver near P4ewhalem 710 .96 364 2.11
Ruby Creek above Panther Creak near N.whalein 206 .46 1.39 3.33
Thunder Creek near P4.WISOISon 103 1 .02 3.64 2.99
Sqefarrli Creek near Nets4,aien 22.0 3.32 1.34 4.36
Sk.9 1t Ri ver at NewI,aI.m 1173 3 .66 1.77 2.10
36egit liver above Alma Creek near Marblen,cvn$ 1274 1.96 1.92 1.96
Cacao Creek near Mavbl.mounf 309 1.90 1.39 4,02
Skeg it liver at Wsarblemaunt 1311 2.06 1.56 1.97
Casouds Ri ver at Metblennount 161 1.67 2.04 23$
Soak liver obo’rs White Chuck liver near Parrln.ton 152 1.52 1.41 3.52
Suiat$Ie RIv,r near Mainfard 333 1.13 3.39 2.26
Sauk liver near Sauk 714 1.12 1.77 233
laker liner above Andc,,on Creek near Concrete 211 2 .73 3 .67 2 .93
laker RIver at Concrete 297 2.57 1.73 2.16
Skagit Slyer n.ar Cana-.$e 2737 2.37 133 2.00

Pinney Crack near Concrete 51.6 .47 2.22 6.73
Alder Creek near Hamilton 10.7 .54 1.67 1.59
Doy Creek near Lyman 34.2 .37 2.44 6.92
last Perk Nockochamps Creek near Clear Lake 20.3 .11 2.16 33.5
Sk ogit liver near MOunt Vernon 3093 2.33 1.36 1.97
Prlday Creek near lurlIngton 37.3 .06 2.00 7.01
Samlsh liver near Iurllnglon $7.1 .30 1.47 3.19
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TABLE 21.—Low-f low frequency data for selected gaging stations in the Slcagit-Samish Basins
(Discharge adjusted to base period April 1, 1946, to March 31, 19641 

______—~~~~~~ 
Number Stre arn f 1ow in ci. , for

Gaging station Ind i cated recurrence . interval . , in years

— - - 
days 1.95 1.30 2.0 5 10 20 30

Skag i Riv er , near Hope , I C. 7 340 245 200 163 152 145 140
30 440 300 230 190 175 165 160
90 610 420 320 240 2 18 200 190

183 980 660 490 350 290 250 230

Lig htn ing Creak near N.whol.m 7 110 92 78 60 50 42 38
30 142 110 88 65 55 48 44
90 190 142 l i i  80 66 55 52

183 310 223 310 125 108 96 90

Bi g leaver Creek near Newhalen, 7 350 3 3 2  90 70 61 55 52
30 210 150 116 85 72 63 58
90 315 225 175 128 108 91 84

183 400 320 265 205 176 152 140

Skag it R iver near N.whalem 7 1.200 930 750 590 520 460 430
30 1,400 1.040 860 690 620 560 530
90 2 ,050 1,410 1,200 930 820 730 680

183 2,850 2,050 1.580 1 . 170 1,000 880 820

luby Cr.ek below Panther Creek 7 200 126 94 72 64 59 57
near N,whalem 30 235 160 116 87 78 72 68

90 333 250 195 138 110 8’ 80
103 490 390 315 220 180 ISG 132

Thunder Creek n.or Newhal.n, 7 175 130 107 54 73 65 62
30 260 163 122 94 85 80 76
90 385 250 180 130 113 104 100

183 485 390 320 245 210 190 380

Stetott la Creek near N.wha lem 7 48 36 29 23 21 19 18
30 93 51 40 30 26 24 23
90 165 110 77 50 42 39 38

183 210 160 132 102 90 79 74

Sliogif lire, at H.whalem 7 3.900 2,700 1.930 1,400 1,200 1,100 1 ,020
30 4,400 3,300 2.800 2,000 1,600 1,300 1 , 130
90 5,300 4,200 3,500 2,550 2 , 100 1 ,750 1,600

183 5,700 4,800 4,100 3.200 2.700 2.300 2 , 100

Skag it liver above Alma Cre ek 7 4,000 3,300 2 ,500 1,850 1,550 1,300 1 , 170
nea r Mo rb lennou nt 30 4,600 3.800 3,200 2,400 2,000 1 ,700 1 ,500

90 5,200 4.600 4,100 3,400 3.000 2.700 2 ,500
183 6.400 5,600 4,900 4.000 3.500 3,100 2 ,900

loran Creek near Mar blsmount 7 160 120 97 76 67 61 58
30 270 170 122 91 80 74 72
90 460 325 240 152 130 116 110

383 580 470 390 290 255 235 225

Skag lt liver at Mar blemount 7 4,800 3,530 2.850 2.200 2 ,000 1.800 1.700
30 5,800 4.500 3,100 2.850 2,400 2,100 1,900
90 6.800 5,600 4.700 3,600 3,000 2,500 2, 150

183 8,000 6.700 5,600 4,250 3,550 3,000 2,700

Cascade River at Marb lemaunt 1 430 350 280 200 165 137 122
30 620 460 350 240 390 155 138
90 880 670 520 370 300 240 2 15

183 1, 300 920 780 620 530 460 420

Souk River above White Chuck River 7 390 280 230 190 375 163 158
30 520 370 300 245 220 200 190
90 990 680 520 405 360 320 300

183 1 . 370 1,300 890 670 570 490 440
Suiattl, liver near Man siord 7 800 700 620 510 450 390 360

30 1,020 880 750 600 530 440 400
90 3 ,430 1, 160 990 820 730 670 630

183 1 ,900 1.620 1,400 1 , 120 1,000 900 850

Sash liver near Sash 7 1.100 1,550 1 ,300 1 ,010 860 730 660
30 2.300 1 ,900 1,600 1 ,220 3 ,050 900 820
90 3.450 2, 050 2.450 1 ,960 1,700 1,500 1,400

183 5,200 4,300 3,550 2,700 2.370 1,940 1,800

lak er liver below Ander son Creek 7 1.000 730 580 4.40 390 350 330
near Concrete 30 3 ,400 920 690 500 440 390 360

90 2,000 1.450 1 , 100 780 670 600 580
113 2.500 2 ,100 1.700 1,300 1,100 990 920

lake r River at Concrete 7 1,300 970 770 580 300 4.40 405
30 1,700 3.400 1, 150 950 840 750 700
90 2.500 2,050 1,100 1 ,370 1 ,200 1,050 980

183 3.050 2.600 2.200 1 ,840 1,650 1 ,490 1,400

Skagit liver near Concrete 7 9,300 7,600 6,500 5,300 4,700 4.200 3,900
30 30.100 9.000 7,800 6,300 3,500 4,900 4,600
90 14,500 11 ,100 9.900 8,000 7.200 6,600 6 300

113 1C,800 15.300 13.000 10,500 9,400 8,500 8.000
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TABLE 21.—Continued
Number Str eamflow in cis , far

Gaging station 
~~ c - 

indicated recurrence , int erval s in years 
—

days 1.05 1 .30 2.0 5 10 20 30

Finn ey Cre ek near Concrete 1 46 32 24.5 3 7 33 . 5  i t  tO
30 66 45 33 21 16,2 33 i i
90 152 98 65 37 26 18.5  15

183 350 225 165 1 1 5  96 81 75

Alder Creek near Hamilton 7 12.8 10.5 9.0 7.0 6 1 5.4 5.0
30 34 .2 11 . 7 9.7 7.6 6.6 5 8 5.4
90 16 13.5 11 .4 9 0  77  67  6.2

183 26.5 2 1 17 32 .8 10.7 9.0 8.2

Day Creek near Lyman 7 35 26 19.5 13 10.2 8.0 7.0
30 52 36 26 16 12 9. 1 1.8
90 130 84 55 30 20.5 14 1 1 6

183 260 185 135 88 74 65 62

East Fork Nookacha nip , Creek 7 4.8 3.3 2 3  1.4 1 ,0 8 .6
near Clear Lake 30 9 1 .5.7 3.7 2.0 1.4 1 .0 .8

90 45 24 13 5.3 3.0 1.7 1 .3
183 1 3 5  66 42 23.5 18.5 16 14.8

Skag it River near Mount Vernon 7 10, 100 8,400 1,200 5,800 5,100 4,600 4,300
30 13 .700 9,700 8.300 6,700 5,800 5,200 4,900
90 15,000 12,200 10.500 8,500 7,700 7,000 6,600

183 20,000 16.800 14,200 11 ,600 10, 300 9,000 8,300

Friday Creek near lur lingt on 7 4.2 3.1 2.4 1 .7 1 .4 1. 2 1 .1
30 6.2 4.1 2.9 2.0 1 6 1 3 1 .2
90 16.5 7.5 4.4 2.6 2.0 1.6 1 .4

183 44 28 17 9.4 6.2 4.2 3.3
San,i,h liver near Burlingto n 7 37 30 26 21.5 19.5 17.8 16.8

30 41 35 29 24 23 19 18
90 77 51 37 27 23 20 19

183 137 106 83 51 46 37 33
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STORAGE AND REGULATION and at Lake Shannon so ice l~~ 5 ‘l i e  ,ic t i ve  storage
ca pacity ot these reservoi rs totals approximatel y

Natural Surface Storage I .1 20.000 ac re- feet on t h e  Skag it River and 3~ 3 .000
acre- f eet  ii the Baker River.

‘1 lie to ta l amount of stora ge in lakes and Russ Reservoir. WI th  iiiore than I .4 34 .00(J
glacIers in the basin s is not known , but the surface acre - feet of total storage , has the most significant
area covered by these water bodies provides at least a influence on the Skagit River. The dam probably
comparative indication of the amount of water that is controls one-third of the annua l runoff to the upper
stored. [he total lake surface in the basins is about Skagit River. The remaining two-thirds in uncon-
40.5 sqUare miles . on ly 9.1 square miles of which is trolled . except for power regulation at the va i l i us
natura l, t he remaining area represents reservoirs , power plants and for minor flood regulation at the

The total surface area oh glaciers in the basins is Baker River projects. Ross Reservoir is drawn d iw ii
about 63 square miles. The most extensive glacier to about one-half full capac ity fro m January through
sys t e m 131 the basins is in the upper drainage of April , and is filled during the flood season in May and
Thunder (‘ :cc k. June. Flood storage is approximatel y 1 20 ,000

acre- feet.
Reservoirs The primary phase of ’ the Judy Project (Skagit

The following discussion of existing and poten- (‘ounty Public Utility District) diverts water  from the
t ial reservoirs in the Skagit.Samish Basins is restricted watersheds of Turner , Mundt . East Fork . ~ in ka-
mainly to those ove r 5 .000 acre-feet in size. Smaller champs and Gilligan Creeks to provide domestic oid
reservorr s are included because of their importance to industrial supplies to an area near Sedro Woollcy and
a project. or because oh plans for t h eir later enlarge- Mount Vernon. At present , storage is approximately
ment. The existing reservoirs and potential storage 3 ,000 acre-feet . which is negligible compared to t h e
silt ’s in t he basin are shown in Figure 45. total flow of the majo r rivers in the area. An increase

Existing reservoirs Information on existing re~ to over 6.000 acre-feet of storage is planned.
serv i ’ns in the basins is presented in Table 22. The Potential storage sites Because oh’ its size and
flow of tile upper Skagit River has been regulated by location in the North Cascades , the Skag it River
Ross Darn since 1940 , by Diablo Darn since 1929 , dra inage provides a glea t potentia l to r storage reset
and by Gorge Dam since 1924. Baker River flow has voirs. Information on potential storage sites , is
been regulated for power at Baker Lake since 1959 presented in Table 23

TABLE 22.—Existing reservoirs in the Skagit-Samish Basins
Use; F, f lood control;  P . Hy dra -e lectr i c develop men t ; WS , munici pa l and industr i al  waler suppl y.

Storage (Acre-it) Dam
Drainage - — — — - - - - . - - - -— ——--— -- dimension, Reservoir Applicant

Na me oca ion area Inactive — - area Use or Remarksream . . - ( sq m l) Active and, or Total Hr Width  (acre,) owner
dead t i  It .

Ro Lok Skog t C and 444 1 052 000 382 000 1 434 000 510 I 300 i i  678 F P C ty 0+ 5 olile I I des 120 000
Ruby Cr 38.33-35 ocre ft of flood .

contro l storage.

Diablo Lake Skog it 8 37 - 33 5 1 , 125 61 ,000 28 ,000 89,000 389 1 , 180 910 P C i t y of Seat t le

Gorge tr , Skagit SR 37 12 3 4 1, 360 7 ,000 1 , 500 8 , 500 285 670 24 1 P C it y of Sea ttle

laker Lake Bokrv 8 37 9-31 2 15 221 , 000 77 ,000 298 , 000 1 3 5  3 , 200 4 985 F , P Puge t Sound
Pawn, & L i g ht

Lake Shonn onlaker C 35.8.2 291 142 , 000 unknown 59 , 000 285 530 2 , 218 P P~ g~ t Sound
17 ,000 lest no Power & L i ght

Judy Re, Ottstreonr 3 3 5 3 3  3.000 tOO 3 100 51 3 .200 108 WS P 1) 0 ~~l Sto rn , diner .
Ska qit Co. d Ons f rom

t u r ner , Mun d t ,
F Ph Nooka-
chomp,, an d
Gil l i gon Cr .
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TA& I E 23. - ~‘utent ial storage ~itcs in the Skag it.Saniish Basins
T ot a l Dr ai nag eMap p . , , , , ,  

~~~~~~ I R S  p , , , , , . j  mile storage urea Remarks0 
— —  

1 , 000 0cm I, sq ml; 
— —

1 i l labot  Cr. 34 - 1 0-1 i~~ ,l,o, Cr 5 32
2 Thunder  C. i 36 13 - 1 2 lhu n dc ’r  Cr 9 134 92
3 R oci odd 38 1335 ~k . , t  104 2 .045 999
4 Diob lo (odd.) 37.13 5 .0 , ,, ‘61 1, 125
5 Gor gc ’ iodd 37 12 1.4 ,l , j t  ‘7 1 , 160
6 Sloo,, Cr. 30 2 29 “I cc ’  Cr. 075  28 52

‘ ,cuk 8 7
7 N. F. Sock 30- I 1-16 N P. Sock 2. 3 34 17
S Upper Sock 31.10-9 SouL R . 32 133 238

Don Cr. i
9 Lower Soak 34-10-19 Sock 8. 6 695 7 1 4

10 ~~i’, W hite 3 1 - 1 2 - 2 9  Whir , - ’ Chock 8. 11 - - 50
C hcc k

11 U pper W h,re 31 123 6 Wh , i c  Cloc k R . 13 30
Chu ck

2 Sul phi d e Cr. 38 - 10-1 7  E c k . ’  8. 28 1 1 . 5  60
Upper 32 l 3 -3 ~ Sub tI le 8. 32 . 98

Sub t Il e
11 Dowv ey Cr. 3 2 - 1 2  14 i icc .nr , C~ 6 . 49

1A Sul phur Cr. 3
5 Downe y Cr . 32 . 12 - 1 7 Suiot t le  8. 33 106

36 Buck C . ~~ lA  33 . 12.3 2  3 , , ;~. Cr . $ . 21
7 Bock Cr . ~~l 3 2 - 1 1 - 1 4  Su b t I le  28.5 182

18 Lo w er 33 I I 31 Sc io t t l e  21 5 - 256
Sui ott ln

‘9 Nord - K u d  35 - 12 - 34 Coo,ode 8. 15 3  99.2 92
20 Cascade 3 5 - 1 2 7  Coscco dr . 8. 8 96.7 144 Skog it  Co. P1) 0 l proposa l
2’ Copper Cr . 36 .11- 15 Skoy , 8 86 15.0 1,270 City of Seottle proposal
27 Lower Faber 35-9 20 Skog it R 62 1 ,500 2, 400
23 Dou r, 35.8- 16 Sk ’ .ç i t  R. 54 2 , 737

54 rio
24 W I r  74.81 36 . 1 1 .32  Skog it 8. 8 3  - - 1 ,350
25 M,l~ 78 36- 1 1 . 2 1  Skoq it 8 . 78 - 1 .350
26 J oe ,cki  Cr . 34-5-4 Off ,Irnon 4 5  Proposed addition to Jud y

Project P 1)0 $1 Skag it Co.
27 Judy 3 5 5-33 Off,I.co rr. 6 Enlargement  of ev ic t ing

reservo,r

Add it iorio l sto ra ge

DIVERSIONS ‘I hie upper Baker River dam imm ediate ly north
of the What com-Skag it (‘ounty line is operated by the

f rom the c i t y  of Seattle ’s Ross i);alii about Puget Sound P wer and Light Co. A total i i  4 .800
9.500 ci s is d iver ted to a powerhouse bind returned cfs. is diverted from Baker Lake for the operation ot
I t h e  river ~ mew h undred ted downstrea m. From this plant. The powerhouse is an integral part of the
t h e  Diablo Dam. also operated by the ~ ul~ of’ Seatt l e, dam , and t he water is returned to Baker River at the
and about 4 miles di~~ iist ieam from I( iss 9-ani. about danisite . Lower Baker Riven dam, also operated by
7 ’ ( j i j  is , is diverted r i o  the reservoir t i  the Diablo the Puget Sound Power and Light Co . for pow .’r
p wcr hou’ ,c 011 k r usua l i p e l a l l i l g  conditions and generat Ion , is a bout 1 mile above the mouth of Baker
( h,e~ì returne d to the river about I mile downstre am River near (‘oncrete. Froni the reservoir (known as

tn the I;irii 1-roni the (~~ree l)ain .~~ j ,  ut 3 m iles l ake Shannon) about 6 .000 ct s.  was diverted to the
hel ,’W Diahho pt iw t ’u hi use . t he c Ity 1 Se t t le  diverts pc)werhouse and returned to Baker River a short
7,~00 is, to generate power 0 the ( ~~~~ po s e r  - distan ce downstream until May 1965 when the
house near New hale m. The w a f t r  used f ’iii plover powerhouse was destroyed. The powerhouse is under
ee r le ra i ii l i  us returned I ( l i e  river 2 miles ,j , 

~ i~
. csli istruction and is scheduled to go Oil the line

‘ I rea m from (~i n g e Dam. September I . 1968.
Sea tt le ais i diverts ‘7~ ci I row Nessfialeitr 1 wo smaller hydroelectric plants have beeti

( ru ’;k fur ~~osci generati on .11 i t s  Newhalcni power- pet , i l t ’d i l i  th ie Baker River bas in stt ~ce 1 900 I~ the
h ouse . Froni a sr i iahi  cr il ; dalll ~h ‘;;l I mile ut i’ i~eani Superior Portlatid ( ‘ement ( i i  arid more recentl y by
t~~ iu1i the mouth i t  Ne’v. ’ Iiahe m tr ek - wa )d r  o t ile I.onc Star (‘einemt (‘ ii . The plants arc a bout 5
d iv e r t ed  t i  tile puwer F i i usc and the ii discb ia igcd to tniles n i r t  Ii of ’ Concrete in tile Bear Creek drainage.
Skaglt River.  Wjleu is diverted for il~droel ect rrc power generation



use tro m n Sulphur and Rocky (‘ree ks. Tire et it ire f low distribution system . Noise o~ the diversions are
of Sul phur (‘reek is ofteii diverted to Rock y Creek ret ui tied to their respective stream syste rri s.
ari d the combined flow of both creeks is . in turn , The city of Anacortes diverts 3.5 ci s. Irons t u e
divei ted to reservoir in t h e  North Fork ot Bear lower Skag it River for municipal supp ly about I mile
(‘ reek. I he pipeline heading Imomm i this reservo ir to northwest of Mount Vernon. Ni ne oh the ssa ter is
Phant No, I is capable (If delivering flows up to 65 ci’s. returnei ’ to the r iver.
The discharge from this plant passes into a resc rv i li i  In 19(15 , about 3,000 acre-feet of water w,is
on the mau i stein of B’ .ir (‘ree k about halt a itiile diverted for irrigation in tile Skag it River basin -
above I .Ike Shannon . From this reservoir , flows of as primici pally in t he lower part (If the basin.
mnuc lr as ~.3 c fs .  are diverted to Plant Nii . 2 near the
shore iii I ,ikc’ Shannoii, The diversions from both the
\(irt hi Fink ,itld the misain stein of Bear Creek are QUALITY OF SURFACE WATER
discharged into I ,ike Shannon.

.-\s of 1967 , Valuniines . Inc. is developing a Chemical and Sanitary Quality
small plant which will involve a diversion of 7.33 cfs . Chemical  quality of surface water in the
Irons Midas (‘ ree k, a t r tbutary of Boston (‘ree k in the Skagit-Sarnish Basins is excellent , and t h e  water is
Casca de River watershed. The water diverted will be acceptable f’or practically all uses.
returne d to the stream a few hundred feet down- Chemical quality data are available for two sites
Strca i i i .  on t ire Skag it River and b r  one site Ots the Sansish

‘1 hie Washington Department of Fisheries maln~ River. Monthly samples were collected f i r  5 years at
ta ins m ’ s si,ahle diversions in the Skag it River basin each site (Table 58) . At the Marblemount site on the
fo r fish propagation purposes. The Skagit Sa lmtr oni Skagit River. dissolved’solidS content ranged from 23
hatchery at Marblemount obtains up to 10 cb s.  from to 44 ppm. and values of hardness ranged Irons 14 to
( hark (‘reek amid 15 cls. from Jordan Creek. Both 30 ppm. Mineralization of the Skagit River water
diversions are ultimately returned to Skagmt River. increases only slightly downstream. Near Mount

The Washing ort Deparinient of Fisheries Vernon , the disso lved-so lids content ranged J’roni 22
Sansi sh River Salmon Hatchery, located on Friday to 52 ppm, arid hardness values ranged fro m IS to 32
(‘ reek , diverts 20 cis I ruin the creek which is returned ppm. The Samish River is only slight ly inure mineral-
bcht~ the biatchery ponds. ized than the Skagit River. Maximum nseasured

The Three Rivers Ph ywood arid Timber Co. and dissolved’solids content and hardness for this river are
Summit Timber (‘u. j iiti tI~ divert 5 cfs. from the 71 amid 44 ppm, respectively.
Sauk River near the town i f  I)at rimigton to operate a Turbidity of the Skagit River increases from
millpond. The diversion h~ passes a few hundred feet Marblemouni to Mount Vernon because of changes in
of the i uver.  the Maniina Mill (‘o. has a siniilar land use . ‘furbidii~ in the lower Samish River is
operat ioti a loiig the S.ruk River about 2 miles north comparable to that of the lower Skagit (Table 55).
of Darrit igton. This potid utilizes diversiom is of 5 cfs . In general. the sanitary quality of surf ’ace water
from the Sauk River and up to 5 is, from a small resources in the Skagit’Samish Basimis is satisfactory
unnamed tr i butary in the Sauk River loud plaiti . except in areas near population centers in t h e
Overflow iroi m i the pon d is retur ned to the river by lowlatids . The MPN value of colilorni organisms in
w ily of t h e  unriansed stream c i iant se h. the Skagit River at Marblemount is getserall y less t han

I he Skag it County Public t.~tihity District No. 1 50. This very low MPN is typ ica l of a strea r m m drai numig
diverts water from the upper reaches o f ten small re m ote mountain areas. Higher MPN values occur its
streams t hat drain Cultus Mountain and operates an reaches downstream Irons Marhlemount . as a resu lt of
e laborate collection sysiell i  f rom these sources to domestic amid livestock wastes associated with greater
provide m unicipal arId con)nium)ity water supp lies fo r  population density. In the Skag it River near \toumit
‘si Jun t V er non . B u rlingtiin, Sedro Woolley, Vernoit , the colil’orm bacteria count has ranged I ruin
La(’ onnor , and adjacent ire.is t he PU!) holds rights 0 to 24 ,000 MPN.
to 4 cis . from two it t hese streams and maintain s Water samples collected from the Sansish River
claIms to vested rig bits fruits nearly all of the streams near Burlington generall y showed coliform MPN
f i r  a tot al  of about 10.4 cb s [he diverted waters are values ranging from 23 to 930b however . Olid sample
co llected in Judy reservo ir , a sto rage faci l i ty  fu r t h e  had ars MPN value of II .000.
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Stream Temperatures poorly drained to well drained. The well drained soils
Of the four stations from which temperature are underlain by coarse-textured materials. The flood

data were obtained in the Skagit-Samish Basins , plain soils, similar to those in the upper drainages , are
thermographs have been operated at three (Table 59). easily eroded during periods of intense precipitation ,
The summer temperatures recorded in the Samish except in areas of heavy vegetation . Remova l of
River near Burlington are the highest us the basins. vegetation for construction or farming results in sheet
This stream heads in the coastal hills near Wicker- and nIl erosion of fine sediments. Many of the
sham, and hence , is not subject to the cooling tiibutary streams in the lower basin drain foothills
influence of snowme lt. and low mountains. rhese tributaries have sediment

Water flowing past the sampling point on the transport characteristics similar to those of nonglacial
Cascade River at Marblemount is nsear freezing in the mountain streams ; they generally contain little sedi-
winter , while that flowing past the two sampling ment except during periods of high runoff,
points on the main stem Skagit River is not. This Analysis of data obtained in 1965 and 1966
difference , amounting to as much as 6° , may be an indicates t hat the Skagit River can be expected to
effect of reservoir regulation. The consistentl y lower transport a sediment load of about 10-million tons
summer temperatures of the flow in the Skagit during a year of normal streamfiow. When the river
River 3 to 6° lower than those in the Samish discharge is about 70,000 cfs, a daily suspended
River - probably are a result of the same effect. sediment load of about 640,000 tons can be ex-

pected. Observed concentrations of suspended sedi-
ments in the Skagit River near Mount Vernon ranged

Sediment Transport from 19 to 654 ppm during 1965-66.
In the upper drainage of the Skagit River basin , The Samish River is a small stream that heads in

upst ream from Concrete , t he terrain is mountainous low mountains south of Belhingham and flows ove r an
and much of the land is rough , broken, and rocky. alluvial and glacial plain into Samish Bay. The terrain
Fairly smoot h hills and low mountain spurs at the in the iseadwaters is rough, and rock outcrops ,
lower elevations are mant led with glacia l debris that is boulders , and cobbles are prominent. At lower
not easily eroded when undisturbed by man. The elevations , the terrain consists of fairly smoot h hills
flood plains contain well drained alluvial soils under- mantled with g!acial debris. A lluvial soils on the flood
lain by coarse-textured materials. A lthough precipita- plain are easily eroded during intense precipitation ,
tion is abundant , excessive erosion on the flood plains especially where the vegetative cover has been re-
is prevented by heavy vegetative cover. When the area moved. Channel erosion is evident along much of the
is subjected to logging and accompanying construc- Samish River.
tion, fine sediments are commonly remove d by Analysis of samples obtained during 1965 and
erosion during periods of intense precipitation. 1966 indicates that a total sediment load of about
Channel erosion is quite variable; it is restricted 10,000 tons may be transported in the Samis is River
mostl y to wide sec’ions of the stream valleys and as during a year of normal streamfiow . When the flow
evidenced by many gravel and Cobble bars. near Burlington is 5 ,000 cfs (this discharge has a

Much of the fluvial sediment in the upper 1 2-year recurrence interval), a daily suspended sedi-
Skagit basin is deriveL from glaciers. Glacial streams ment load of about 4 ,000 tons can be expected.
that transport largc quantities of sediment include the Observed concentrations of suspended sediment
Cascade , White Chuck , and Suiattle Rivers. The ranged from 6 to 60 ppni during 1 965 ansd 1966.
highest sediment concentrations in these rivers occur The most serious sediment problems in the
during warm periods. whem, large volumes of glacial Skagit-Samish basins can be attributed to natural
melt water are flowing, glacier erosion from the vicinity of Glacier Peak.

Reservoirs tend to reduce sediment concentra- Because of sediment deposition in the lower
tions; much of the sed.ment i’s the Baker Rive r, for Skagit River , navigation is limited to small boats with
instance , is deposited in Lake Shannon. Much of the shallow draft . River improvements consist primarily
eroded sediments in the tipper Skag~t River basin are of training dikes , removal of snags . atid s m a ll ars iounts
trapped in Ross Lake. of dredging. If a deep.water channel were to be

In the lower Skagit basin , downstream from m aintained , deposition of sedinsent its t he lower rivet
Concrete , al luvial soils on h ood piains vary from would be a greater problem tiuan now.
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GROUND WATER

Signif icamit differences in ground water cotidi- I lie natural discharge ot ground-water is mostly
tions exist betwee ms lowlands and misountains in the into the Skagit and Samish Rivers and their trihu-
Skagit -Samn isi s Basin s . owing to eo mstrast ing geologic taries. However , cons iderable amounts are lost to t he
environment. The lowlands are generall y west and atnssusphcre through evaporation and transpiration on
north of (‘ultus Moumstai mi , amid t he nsou mstains are to Use low-l ying deltas where the water table i s at or
the east. very near the lamid surface . Increased pump ing of

ground water in flood-plain areas could slavage much
LOWLANDS of’ the natural discharge, and might provide some

land-drainage benefits.
Geology and Ground Water Occurrence

Quality of Ground Water‘I tie iuripu rtat it aqu rters in the lowlands arc
Ground water in the lowlands is suitable forconta ined its e iarse Quaterns aiy deposits which are -

rat hier eor it imi uous over a 25U square mile area . irr igat ion and many dom estic purpose s , but t he

Thick isesses ob tIre Quatertia r~ sediments exceed 500 objectionable amounts of iron and excessive hardness
feet mi localized areas. l’he sedin iemits become thrin ner com monly reported by well owners indicate that

industria l uses may he limited. Ground water is-toward iii them amid southern boundaries of the
basins , amid toward the m oun tains where they lap creases in salinity toward tise hay areas . hut sig-
on to older com isolidated rocks . On outlyi isg islam ids , nuficant encroachment of ’ saline water has not as yet

beets detected.Quate rurar y sediments are generally thin or absent.
Quaterni. ir’, deposits exposed at the surface are Utilization and Development

principall y alluvium, ti ll, and recessional outwas li. Groundwater punsped in the lowlamsds is used
Alluvial deposit’ occur on ti re ’ broad deltas and blood mostl y for dom estic purpose’s . Most of the public-
plaumis iii tire Sbsa g it and Sansish Rivers. Near the supply system s depend on g round-wa te r sources.
shoreline t h e alluvium is gemserallv fine graim ied atsd Irrigation usimi g grou nd water  occurs primic ipal ls in a
ci ims ta u mi s sa line water. Inland and irt c t i mstra s t , alluvial sniall area west u t  ‘sIiiun V er n i uu i  Most i t  the water
san d amid grave l containing fres is water become more punsped fur all po rpiuses is Irons alluvial aquifers in
abundan t and im icre ase in thickness. Nearly every- the flood plain amid de lta area s i t  t u e  Skag it River.
wi le- re  it occurs. alluvium is is saturated to within a few Figure’ 23 shows ‘i rder ’ uit-tnagnitude estimates
feet ot t he lan d surface. of cxpe e’ted well iclds mi the sloth .itea 1)ue ti u the

A primnsinent ti ll-capped up land occupies much comp lexity it subsurface ’ deposit . bi i iw e ’ver . y ields
III t ire area between Burhingto is and Padulla Bay. Till locall y can he niruc hi greater or much less than shown
ari d outwasli cover the land areas east of Mount on thse map. I’u ur ex .iisi ple. water ~we ll imilim tnation at
Ve rnom i . rsorti r of Sedrir Woolley , and south of the Bur l iiigtomi indicates t h at 600 gpm ri can he uuhtaiised
Skagit River tidetlats . The presence of’ outwas h from 12 feet ol water-hearing samsd and gravel.
beneath t h e  alluviu m , and the occurrence and water- Flowumrg artesian wells tnay he produced by tapping
hearing propert ies (if subtill deposits . have riot beers deeper aquifers iii the delt .is m d  some of the
estab lished low- lyitig areas adjae e t r t  to sh orelines .

[.irnitc c h u,if ’ornnat iuin in dicates that the more Sat rst l ictor v grou nd—water supp lies ,ire d if f i c ul t
pi m i duct ive lowland aquifers are contained in the to irhtaim i at some places on the offs h ore islands. amsd
coarser a lluvial deposits henteath the Skag it arid near shoreline marg ins of ’ t he deltas Where Quater-
Sans uis hm flood plain s. h owever , iiutwas hi deposits also nary sarsd amsd gravel outwash i occurs on islaiids , yields
m msay cui rta mn higit -vic ld umi g aquit e rs locally . of hO to 50 gpnii can ofte n be obtain ed at depths (If

Virtuall y a h l rec h a r g e ’ to t u e  howlarsd aquifers is IOU beet or le’ss . hut wiiere thses e Quaternary depos its
by r m mf iltrati on i of precipita In i i i  Due t(s f im ie i ie ’ss i t t  a re  ahsemst , wells produce less thra n hO gpns f rom
riven- bed sed intet its , sm gm u i t ie ’a iit rec harge Irons tire aquifers in consolidated rock. Near the delta sh ore-
Sk~i e - u t  arid Sam n rs ii Rivers is doubtf ul - A quifers in time lines , t ire’ predo mn imiami ce of i’irre-gra ined nsat em abs iii

lowla nds are es ti m ated conservativ ely Iii receive air many’ places ir iak es adequate ground-water su pplies
ave’rage it a bout S0 .(XX.) ac re - feet rib recharge annua l. dif f ic ult to obtain , and art y water that is produced

- t itay he hti g irls nu inuer ,tl itcd
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MOUNTAINS Chemical qualiiy of ground water is generally
excellent and the water is suitable for practically all

In the mountains, east of Cultus Mountain , uses, a lthough objectionable concentrations of iron
gravel and sand aquifers occur in Quaternary outwash are reported in a few wells less than 30 feet deep.
and al luvium. These deposits locally are at least 200 Most wells in the mountains are used princi’
feet thick , and occupy about 300 square miles in pally for domestic purposes and are 50 feet deep or
broad valleys of the Skagmt Rive r and its nsajor less. A few wells , mainly those used for irrigation .
tributaries. The abundance of’ precipitation suggests yeild more than 500 gpm.
that these aquifers could receive a relatively large In areas where Quaternary sediments are
rec harge . Depths to water in shallow aquifers are absent , ground water is obtainable only from con-
usually less than 20 feet. Some deeper aquifers are solidated rocks in which well yields of only 10 gpm
confined umider artesian pressure below till or clay, or less can be expected.
and wel ls that tap these aquifers may flow.

STILLAGUAM ISH BASIN
SURFACE WATER

The Stillaguamish Basin has an area of 690 broad, fertile flood plain to PugetSound. Most of the
square miles. including 6 square miles of salt water. A river’s flow enters the Sound through Hat Slough, the
map of t he basin is shown in Figure 55. The main outlet. During high stages , some flow also
Stillaguamish River , the only major stream in the discharges through a small channel that divides into
study area . rises in the Cascade Mountains at eleva- two distributaries known as South Pass and West Pass.
tions of 4,000 to 6,000 feet and drains an area of 684
square miles. The upper drainages are steep mountain-
ous valleys containing turbulent streams and forested STREAMFLOW
lands. The lower , or western , portion consists of an
extensive delta plain, alluvial flats . low glacial out- Runoff Characteristics
wash plains, and a few latera l or frontal moraines. Although the headwater tributaries of the

The main tributaries are the North and South Stillaguamish stream system do not extend to the
Forks. which join near Arlington. From the con- crest of the Cascade Range, t he upper reaches of the
fluence. the main stem flows for approximately 23 south Fork lie adjacent to the highl y productive
miles to Puget Sound. The North Fork heads above Sultan River basin , and, therefore. experience a
Darnmngton , w here it emerges from its narrow valley similarly high runoff. Discharge from high altitude
at an altitude of 500 feet. It then meanders westerly areas within the South Fork watershed probably
approximate ly 30 miles in a wide valley to its averages about 140 inches annually and about 120
confluence with the South Fork. inches in the North Foik watershed. The Olympic

The South Fork heads above Silvertons and falls Mountains orographic barrier exerts some influence
more than 2 ,000 feet in 3 miles as it flows north from on precipitation in the lowland area of the Stii~’
its source ho the main valley at elevation 1 ,800 feet. aguamish Basin, so that mean annual runoff is
Thence, it flows 26 miles thiough a grad1aally reduced to less than 15 inches near the mouth. The
widening valley flanked by high mountains and unit runoff is about 7.1 cfs per square mile from the
r idges, in this reach , the river falls I ,000 feet to t he North Fork and 8.0 cfs per square mile for the South
head of Robe Canyon , and another 600 feet in 8 Fork. The average annual yield of the entire basin is
nmiiles to t he mouth of Canyoms Creek , its principal estimated to be about 80 inches. or 2 .900,000
tributary. Below Canyons Cree k , tire Sout h Fork flows acre-feet.
northwesterl y through a canyon cut into glacial Fluctuations in annual runoff at one gaging site
deposits , and emuters a broader flood plain 4 miles are shown on Figure 46. With few exceptions . trends
above its confluence with the North Fork. are similar , but several differences are evidenst com-

Below Arlington the river nseanders through a pared to tire records of streams in adjacent basins.
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FtGURE 46.—Annua l discharges. North Fork Stitlaguamish River near Arlington.

During the period of record, the grea test runoff in streamfiow which reach a maximum following the
em the North Fork Stiiiaguamish River occurred in snowmelt peak , usually by the end of May, Stream-
the 1959 water year when the discharge at the flow recedes to minimum base flow as snowpacks are
Ar lington gage amounted to 141% of the 30 year depleted , usually by the end of August . At this time,
mean. Minimum year ly flows were recorded in the discharge is sustained largely by ground water. Only
1930 water year when the yield of the North Fork six small glaciers exist in the basin, and these
was only 61% of the 30 year mean. The records contribute little to summer low flows.
display a 10 year period of below normal runoff from The variability of daily flow of streams in the
about 1936 to 1945; similar trends are shown by Stillaguamish Basin is presented as flow duration data
near by streams for selected gaging stations in Table 24.

Seasonal runof f patterns for both forks of the
Stmllaguamish are quite similar. Both streams display
winter arid spring peak flows that are typical of rain Flood Characteristics
and snow fed streams in western Washington. Because Floods caused by high rainfall with accompany-
of a high percentage of low altitude area , the ing snowmelt are shown by characteristically sharp
watersheds of both forks receive much of their rises on a hydrograph, followed by recessions almost
prec ipitation as rain. This is reflected in Figures 47 as rapid. Two or more peaks often occur within 2
m d  4?~ by the higher winter peaks resulting from weeks , The maximum recorded discharges , which
direct runoff. Snow storage at higher altitudes is occurred on February 9, 195 1 , were 30,600 cfs on
sufficient to produce a moderate spring runoff peak the North Fork and 27 ,000 cfs on the South Fork.
in eac h fork . This factor is more significant in the The corresponding peak flow in the main stem of the
South Fork drainage , however , w here a greater Stillaguamish River near Arlington was estimated to
percentage of the catchment area lies at high altitude. be about 64.000 cfs.

Stream gaging stations on the lower reaches (If Flood frequency curves of discharges of North
t he North arid South Forks measure runoff from and South Forks of the Stillaguamish River are
approximately 75 % of the Stillaguamish Basin. Aver- presented in Figures 49 and 50. The periods of record
age annual discharge below the confluence of the are 19 19-64 for the North Fork gage , and 1937.57 for
forks is approximatel y 3,500 cfs . the South Fork. Frequency statistics were extended

Streamflow usually begins to increase in to an equivalent record of 44 years for the North
September or October from the summer base flow . Fork and to 35 years for the South Fork by
Run off genera lly decreases from December through corre lation with data from the South Fork
March as a result of colder weather. As temperatures Skykomish River near Index. which has a ret.ord
begin rising in April, snownie lt causes small increases period of 54 years.
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‘5~~~Mi nm mum s- monthly discharges, South Fork Still aguamish
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~~~~~~ River near Granite FaIls . 1931-60.

FIGURE 47. Maximum , mean and minimum
month ly discharges, North Fork Stillaguamish
River near Artin gto n , 1931- 60.

TABI.E 24,—Flow-duration data for selected gag ing stations in the Stihioguamish Basin
- 

~ 
. Ftow , in cubic fe et per second , which wos equated or .cce.d.d for ind icat ed percent of time

C,agina stotion , 

°“° s” 99 95 90 80 70 50 30 20 10 5 1 0.1

South Fork Sti iiagoon ,ish Cm i, near 1929.65 85 t27 180 300 .430 730 1,150 1,500 2,150 3.050 6,200 13 ,300
Gro n ,t . Faii~

5outh Fork Stittaguan,ish Civ., above 1937-57 130 180 250 470 700 1,150 t ,780 2,300 3,250 4.500 8,800 17,600
Jim Cr..k near Ar l ing ton

Ji ,r, Criels nia.’ Ar li ngton 1938.56 0.4 13 19 40 77 t46 234 308 460 640 1,100 2,000
Squir. Cr.,k near Dar,,ngto n 1951.64 15.5 28 40 65 89 137 200 250 330 490 1,150 2,600
North For ts Sbttogssami ~h liver near 1951.57 38 62 92 160 250 430 660 840 1,200 1,680 3,350 8,000

Domngtort
Nort h For k Stiilagsro miih RI- .., near 1929-65 185 260 330 530 Ot O 1 ,350 2 ,070 2.650 3,650 5,000 9,900 19 ,000

Arlington
Piichc ck C,iá niar 8rya nt 1930.31 , i .4 4 ,5 9.0 30 73 173 3 t0  435 670 970 1,850 3,000

19 5365
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FIGURE 51.—Water-surface profile of Stillaguamish River , mile 0.23.

The ability of a stream to transport large the profile for bankfull condition. The Stillaguamish
quantities of water wit hout causing damage depends River has no abrupt changes in gradient between the
on channel characteristics. These features can be mouth and river mile 23.
shown in part by a grap hical representation of the
stream’s water surface profile for various rates of Low-flow Characteristics
discharge . Low-flow characteristics of streams in the

Profiles for the Stillaguamish River , shown in Stillaguamish Basin are compared using indexes from
Figure 51 , were plotted from observed or computed low-flow frequency curves at nine gaging stations
data. Values of velocity are not available. The (Table 25). The indexes indicate that the low-flow
observed profi le for January 16 , l9( l , approximates yields are good in the South Fork basin and are only

TADI.E 25.—Low-f low characteristics for selected gaging stations in Stihlagoamish Basin
Drainog.

Gaging St ation Low .f low Stop. Spoc. ng

— - . — 
(sq ml) ind.u index ind.x

South Fork Sti llagu amith River near Gran ite Fails 119 1.22 1.75 5.24
South Fork Stiiloguan.ish River above Jim Creek near Atllngten 199 1.08 1.89 5.30
Jim Creek near Arlington 46.2 .32 1 .75 6.27
Sqsrir. Creek near Darr ingto n . Wash 20.0 1. 30 2.38 5.49
North Fork Stlllaguornish Slyer near Dorrington 82.2 .78 1 89 555
North Fork St iIlags,o mi ,h liver near Arl Ingto n 262 1 .11 1 .61 4.38
Aroutrong Cruel, near ArlI ngt on 7.33 .16 1 .69 2. 12
Pilohurk Creek near Sr~rant 52.0 .10 5.00 22 .2
Ptoh Creek near A,’lingtan 7.3.2 1! 1.96 2. 41
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fair in the North Fork basin (Fig. 22). The low-lying critical summer months. The largest low-flow indexes
streams in the areas adjacent to Puget Sound have are in the upper South Fork basin and in southern
poor yie lds. The slope and spacing indexes whic h tributary basins to t he North Fork Smaller indexes
show the variability of low flows of streams in the are obtained from upper and northern tributaries of
basin are fair ly uniform and are close to the average the North Fork basin. Lowland basins along Puget
for streams throughout the study region . The only sound have the smallest values. The very small
exceptIon is Pilchuck Creek . where variation in low indexes for Armstrong and Pilchuck Creeks are
flow is large as much as twice that of other streams attributed to the minor amount of contributions
in the Puget Sound region. from ground water storage .

Low-flow frequency data for the nine sites are The slope index of the 7-day frequency curve
listed in Table 26. In addition , frequency curves for which shows the variability of low-flows from year to
two of the nine stations are shown in Figures 52 and year , ranges from 1.61 for the North Stillaguamish
53. Streamf low in the Stillaguamish Basin is River basin to 5 .00 for the Pilchuck Creek watershed.
unaffected by regulation and diversion and represents All but two of the nine indexes are between 1 .6 and
natura l flow conditions. 1.9 , and all are greater than the regional average .

Low-flow indexes in the basin range from 0.10 Spacing index ranges from 2.12 in Armstrong
cfs per square mile, in Pilchuck Creek basin to 1.30 Creek basin to 22.2 in Pilchuck Creek basin: the latter
cfs per square mile, in Squire Creek basin. The rather is the highest computed in the entire Puget Sound
small indexes in the basin , in comparison to those in Area. The low values for Armstrong Creek and for
the adjacent Skagit Basin. are probably due to the nearby Fish Creek probably reflect the high porosity
absence of appreciable glacial melt water during of the alluvial sediments in watersheds.

TABLE 26.-Low-flow frequency data for selected gaging stations in the Stiilaguomish Basin
[Discharge adjusted to base period April 1, 1946, to March 31, 19641

— 
Number Streomflow , in CFS, for
of con’ indicated r.currenc. intervals, in yearsGaging ,t ahon se cut ine —-———‘ - . __________________________________________________________________

days 1.05 1.30 2.0 5 10 20 30

South Fork Stiiloguon,ish Riv .r ,,.or 7 240 ISO 145 110 94 82 75
Gran ifu Falls 30 380 270 200 140 112 94 84

90 800 540 390 260 205 165 147
iS3 1,250 96(1 760 550 440 360 325

South Fork St i lIaç.iia n,ish River obey. 7 400 280 215 i54 130 113 iOS
J , ’ ,, Creek niar Arlington 30 620 420 300 204 163 135 i20

90 1.300 820 350 350 290 260 250
183 1.800 1,400 1,140 830 680 560 500

Jim Crx. k near Arling ton 7 33 21 15 11 9.5 8.6 8.2
30 53 30 20 13.2 11 9.6 9.0
90 115 60 38 25 21 18 17

183 170 120 94 67 54 46 4 1

Squ~re Cr.ek near Darrington 7 44 34 26 17.5 13.7 10.8 9.4
30 70 53 40 26 20 16 14
90 iBO ~20 79 45 34.5 28 25
i83 220 170 140 99 80 65 58

North Pork StiIIag~amish liv ., near 7 * 50 91 64 45 38 33 30
Der,ing tan 30 180 116 82 56 46 38 35

90 300 220 162 108 83 65 56
183 600 460 355 240 185 148 iSO

North For k St il iaguom is h River near 7 580 390 290 225 200 150 173
Arlin gt o n 30 700 490 375 280 240 213 200

90 1,300 590 630 410 350 310 300
183 2,100 1,600 1 . 270 890 700 570 510

Ar ms t rong Creek near Arlington 7 5.1 4. 1 3.4 2.6 2.3 2.0 1 .9
30 5.9 4.6 3.8 3 0  2.7 2.5 2.4
90 8.0 5.7 4.5 3.6 3 4 3.2 3.1

i€3 13.4 9.3 7 .2 5.8 5, 3 4.9 4.7

Pi ichoxk Creek near Bryant 7 23 Ii 5.4 2.4 1.6 1 .1 .9
30 38 19 9.8 3.8 2. 1 1. 3 1.0
90 125 67 36 13.5 7.1 3.9 27

183 240 170 120 74 58 48 44

Fish Creek near Arlington 7 11.5 9 5  7 .9 5.9 4 °  4.0 3.6
30 13 II 9 .i 7.0 5,8 4.9 4 , 4
90 15.3 14 Il 8.6 7 4  6.6 6.1

183 33 25 i9 14 i2 10.8 10
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F IG URE 52 Low fl ow frequency, South Fork Sti I I~~ uamish River near Granite FaIls , 1931 60

Dispersion and Time of Travel nd South Slough. Discharges in these channels s~ere

~2() and 390 oh , respectivel y.
a f luorescent dye. rhodamine Ii . dtsper- The river also divides near f lorence hut 

~~~~~ 
i

s um and I ll~c - ( t  t ra vel  stt idi t. ’s for t h e  Stillaguan*isl i call y all of t he flow is through t h e  i iver ’s s+ iit ii

River were made t i i r the reach between Arlingto n and distributary. Hat Slough. Discharge t’luctuat ic~iIs ot
1- lorerlee on August .~4 .~~~ - 1 966 by the Geological unknown magnitude occurred ilear Floience owiro~ Ii
Survey Prot i l e s of discharge and of liii.’ travel time of the tidal influence.
maximum the c l ) i l c e I l t T a t i l InS with respect to river The measured lravel speed of the po.ik ‘~ ii~

,i’ ri
mIles ,irt - il lustrated in 1’ igure 54. tration decreased wi t h distance do~ ils t it ’.liii lii the

Discharge of the Stil laguamish River during this upper Il 4 nsile reach the time ci t  lravel w i s  (~
stu ds was about (

~ fl) oh However , t he flow de- minutes pet mile, and in the II~Wc’~ ~ i1ii l~ icac hi it
cicast - ci somewhat downst ream. N~~ii Silvana . about a w .is ~~‘)  niiriutes per mile W he ic the r ive i 115 . 1 - ~ near
4 mile reach ut the river divides into North Channel Silvana. movement itt the dye cloud was  more ra ptd
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FIGURE 53.—Low-flow frequency, North Fork Stillaguamish River near Arlington . 1946.63.
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throug h South Slough than throug h North Channel. Mounta in Springs. Nearly all the water is returned to
The average time of travel for the I S  mile reach via the stream about I .000 feet below the point of
South Slough was 79 minutes per mile, diversion. The State Department of Fisheries holds

The dispersion coefficients obtained were rath - rig hts to 25 cfs to operate a fishway at Granite Falls
er uniform , and averaged about 200 square feet per on the South Fork of the Stillagu aniis h River. The
secon& dispersion apparently was least in the reach fishwa y lies adjacent to the stream channel for several
through North Channel near Sylvana. hundred feet.

An estimated 4.000 acre-feet of water was
STORAGE AND REGULATION diverted for irri gation in the Stillaguamish watershed

in l965~ most of the irrigation was in the lower part
Natural Surface Storage of the basin.

The total amount of storage in lakes and 
QUALITY OFglaciers in the basin is not known , but the surfa ce 

SURFACE WATERarea covered by these water bodies provide at least a
comparative indication of the amount of water that is
stored. Chemical and Sanitary Quality

The total lake surface area in the basin is about Chemical quality of surface water in the Stilla-
2.8 square miles, most of which is accounted for by guamish Basin is excellent and the water is acceptable
Lake Cavanaugh. The total surface area of glaciers in for practically all uses. Analyses of water samples
the basin is only about one-half of a square mile. collected monthl y from the Stilaguamish River near

Silvana show that dissolved solids content ranged
Reservoirs from I l  to 58 ppm , and that the maxim um hardness

The Stilaguamish River is as yet unregulated. was 39 ppm during the period of record (Table 58).
Potential storage sites in the basin are primarily on The North and South Forks and very similar chemi-
the South Fork Stillaguamish River. The North Fork call y, and this quality changes only slightly from their
has only one site , at Oso. Information on major confluence to the mouth of the Stillaguamish I er.
potential storage sites in the basin is presented iii This dilute , soft water is typical of basins in western
Table 27 , and locations of the sites are shown in Washington where the water resources are largely
Figure 55. undeveloped.

The sanitary quality of the surface waters of
DIVERSIONS the Stillaguamish Basin is generally good . Undesirable

coliform values occasionall y occur below points of
Of the many diversions in the Stillaguamish waste disposa l . but the maximum MPN value obser-

Basin, most are small~ only two are 5 cfs or more. ved , near Silvana , was only I .500. The average MPN
Near the headwaters of the North Fork of the there was only 205 (Table 58). The coliform count
Stillaguamish River , the State Department of Game for sampling points on the North Fork near Arlington
diverts 5 cfs from a small tributary, called Whitehorse averaged less than 200 MPN and the MPN value for

TABLE 27.—Potential storage sites in the Stillaguomish Basin
Propos.d Oroinog.Map Proj .ct noun. T-l-S liv.r and miii storogs moo U,,flOW )I .000 acr.-ft) tsq ml)

1 Oso 32-5-25 N. F. Stillogu- 150 213
omish 2.1

2 FolIsy Mt. 33.7-7 Dn.r Cr. sod 100 U Divsnio., Ivan, 0s.r Cr. and
(D..r Cr.) 33-6-21 I Cavonauqls L. (75 so- storeg. in Caranouigk lob.

iol)
3 Jo,d.n 31420 5. F. SlilIoqu. SI Ill

amlsi, 7.0
4 OranIt. 30-7-7 S. P. Stiliag u. -- 1)5

Falls amish 15.5
5 lob. 30.7-2 S. P. Stillo gu . 191 147

30-7- 12 amish 24
6 Tyvu. 30-1-14 S. P. StIliagu. 100 90

amis h 31
7 Siiv. ,ton 30-9-22 5. F. Stillagu. 150 43

smith 45
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the South Fork near Granite Falls rarely exceeds 100. Halterman , and the other on the South Fork at Gold
These data reflect a sanitary quality as good as that of Basin. Leaching deposits from these two slides are
any major stream on the east side of the Puge t Sound causing heavy siltation and compaction of the river
study area. bed gravel downstream.

The upper drainage receives much precipitation ,
Stream Temperatures but heavy vegetative cover normally retards erosion.

In areas subjected to logging and accompanying roadRecords of stream temperature are available for construction , however , fine sediments are removed by
four stations in the Stillaguainish Basin (Table 59). sheet and ni l erosion during intense rain . The
Thermographs have been in operation at two of the movement of bed materials in the stream channels
four sites. Summer water temperatures in Pilchuck during high runoff is evidenced by large deposits of
Creek are the highest in the basin . The summer flow gravel and cobbles. During low flow , most streams in
in this stream is very small providing ample opportun- the upper drainage are nearly sediment free.
ity for heating by solar radiation. The observed In the lower drainage , downstream from Ailing-
winter minimum temperatures in the North Fork ton , the flood plains contain soils derive d from
Stillaguamish River are unusual in that they remain at alluvial deposits. Most soils in uplands of this area are
least 3 to 4°F above freezing. The reason may be that underlain by loose glacial till and outwash and arethe watershed does not extend to the crest of the well drained. Although precipitation is moderate ,Cascade Range , and therefore , occupies a lower and heavy vegetation normally prevents excessive erosionwarmer terrain than most other major drainages in on steep slopes. Construction and farming in somethe area. parts of the lower drainage areas have nonetheless

caused some increased sediment tra nsport in streams.Sediment Transport
Some of the eroded sediments are deposited in

In the upper drainage , the forks of the Stilla- numerous lakes and marshes, and therefore , do not
guamish River flow through mountainous terrain in enter the streams.
narrow valleys tha t contain alluvial and glacial depos- The streambed of the Stillaguamish River con-
its. Much of the land is rough , broken , and rocky. tains large amounts of sand and gravel that probably
Only shallow soils have been formed , and in much of move as bedload during high runoff. Analysis of
the area these soils are mixed or mantled with glacial sediment samples obtained from the Stillaguamish
material. The well-drained glacial till and outwash River near Silvana in 1965 and 1966 indicates that
materials are not easily eroded, however , two major the suspended sediment concentration is generally
clay slides contribute to the sediment load of the about 50 ppm. Erosion of streambanks is the most
Stillaguamish River , one on the North Fork near widespread significant problem.

GROUND WATER

Significant differences in ground water condi- but aquifers capable of furnishing large quantities of
tions exist between lowlands and mountains in the water to wells generally do not occur at depths
Stillaguamish Basin due to contrasting geologic en- greater than about 100 feet below sea level. Ground
vironments. The lowlands are generally west of the water can be obtained from depths less than 100 feet
foothills near Arlington , and the mountains are to the below land surface.
east . Quaternary sediments exposed at the surface

are most ly till , r~cessional outwash , and alluvium.
LOWLANDS Plateaus in the lowlands , except in the Pilchuck Creek

watershed and east of Arlington , are covered with till.
Geology and Ground Water Occurrence Till is absent below most valley floors , except perhaps

The impor tant aquifers in the lowlands are in in an area near Arlington. Till is up to 100 feet thick
coarse Quaternary deposits , which are rather continu- on the higher uplands , and is truncated along some
ous over about 150 square miles. The Quaternary upland margIns. Because it is composed largely of
sediments may exceed 2,000 feet in thickness locally, compacted fine materials , the till is not an important
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aquifer , even though it is somewhat permeable. ground water has been reporte d in some wells in
The till-capped uplands west of Arlington cor flood-plain and delta areas downs tream from Silvana.

ta m isolated remnants of recessional outwash tha However , significant salt-water encroachment has not
hold little wat er. The outwash is extensive on terrace been observed.
north and east of Arlington and on the broad relic
flood plain southwest of Arlington. Its preseno Utilization and Development
benea th the Stillaguamish flood plain has not beei Ground water pumped in the lowlands is used
established. Recessional outwash is composed pre- mostly for municipal and industrial supply. Irrigation
dominantly of sand and gravel. Its maximum thick- use of ground water is relativel y small . In the
ness is slightly greater that 150 feet on terraces north Arlington area , water is produced from outwash and
and west of Arlington , and is perhaps as much as 200 alluvium. Aquifers older than till supply water to
feet on the relict flood plain southwest of Arlington. municipal and industrial wells in the Stanwood area ,
In general , recessional outwash in the valleys is and to wells owned by Marysville (though the town
saturated to within about 10 feet of the land surface . itself is in the adjacent Snohomish Basin). Water used

Deposits of recent alluvium, saturated to about for irrigation is produced mostly from shallow aqui-
river level , occur on the flood plain and delta of the fers in alluvium or recessional outwash .
Stillaguamish River. The alluvium consists mostly of Pumping capacities of most municipal and
sand, silt , clay, and peat , with minor amounts of industrial wells are less than 500 gpm. Figure 23
gravel in localized areas. At the river mouth , the shows order-of-magnitude estimate s of expected well
alluvium is probably more than 100 feet thick. yields in the study area. Owing to the complexity of
Upstream , it becomes thinner and contains coarser subsurface deposits , however , yields might be ob-
materials, tam ed locally that are either much greater or much

Consolidated rocks that are older than Pleisto- less than the quantity indicated on the map. The
cene and contain little water comprise much of the largest yields are from wells completed in alluvium
rugged upland areas north of the Stillaguamish River , along the Stilht~uamish River and in recessional
principally in the Pilchuck Creek watershed. outwash on the relict flood plain southwest of

Practically all recharge to the lowland aquifers Arlington. Only small yields are obtainable in the
is by infiltration of precipitation . These aquifers are upland area west of Pilchuck Creek , on the uplands
estimated conservatively to receive about an average southeast of Arlington , and in areas where older
annual recharge of 40,000 acre-feet -—but not all of consolidated rock s are exposed at land surface . Wells
the recharge can be captured by wells. Opportunities that tap deeper aquifers beneath valleys and low-lying
for induced artificial recharge may be favorable along areas near Puget Sound may flow .
the Stillaguamish flood plain upstream from Silvana.
Artificial recharge may be feasible in the relict flood
plain southwest of Ar lington , although further MOUNTAINS
investigations may show that the surficial materials
are too fine. In the mountains , gravel and sand aquifers

The natural discharge of ground water is mostly occur in Quaternary outwash and alluvial sediments
into the Stillaguamish River and its tributaries , and that occupy about 150 square miles, principally in
into Puget Sound through submarine springs, the valleys of the North and South Forks of the

Stillaguamish River. Locally, th e Quaternary deposits
Guality of Ground Water are 250 feet thick or more. Abunda nce of precipita-

Water in most aquifers in the lowlands is tion in the mountains suggests that the aquifers
generally low in dissolved solids and acceptable for receive large quantities of recharge. In flood-plain
practically all uses. Dissolved-solids concentration is areas , confined aquifers occur below clay lenses or till
usually less than 200 ppm and rarely exceeds 30 ppm. and wells drilled into the se aquifers may flow.
Hardness of water is generally in the 60-120 ppm Chemical quality of ground water is excellent
range, and silica usually is between 20 and 40 ppm. except for locally undesirable iron content. The few
Objectionable amounts of iron occur locally in the wells in the mountains are generally less than 30 feet
shallow aquifers , particularly beneath poorly drained deep and are used mostly for domestic purposes.
areas where peaty or boggy soils are present. Brackish Yields as high as 250 gpm have been obtained from
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wells penetrating water-bearmg intervals of about 10 sent , ground water is available only from consolidated
feet. rocks, in which well yields of only 10 gpm or less can

In areas where Quaternary
1 
sediments are ab- be expected.

SNOHOMISH BA SIN
SURFACE WATER

The Snohomish Basin comprises an area of STREAMFLOW
1,978 square miles, including 1,903 square miles of
land and inland water. A map of the basin is shown Runoff Characteristics
on Figure 72. The Snohomish River , the largest Of the eleven basins in the Puget Sound area ,
strea m in the basin , drains 1 ,780 square miles and the Snohomish rank s second in average annual ru noff ,
flows into Possession Sound , an arm of Puget Sound , with 7,100,000 acre-feet, Runoff from the higher
at the city of Everett. The Snohomish River is 22 altitudes between the Snoqualmie and Skykomish
miles long and extends upstream to the confluence of Rivers probably exceeds an average of 120 inches
the Skykomish River which drains 844 square miles annually, and in the headwater areas of the Sultan
and the Snoqualmie River which drains 693 square River and the North Fork of the Skykomish, the
miles. The upper half of the Snohomish drainage is a runoff exceeds 140 inches annually. The lowest
mountainous area that is pact of the Cascade Range . runoff-producing areas of this basin are in the vicinity
Mountain valleys are narrow , and contain swift of Everett. These lowland areas are influenced to
flowing streams maintained by generous rainfall and some degree by the Olympic Mountains rain shadow,
heavy snowpacks. Downstream, the valleys of the with the result that runoff averages less than 15
Skykomish and Snoqualmie Rivers widen , and the inches annually. For the entire basin runoff averages
surrounding hills decrease in altitude. Below the about 70 inches annually.
junction of these two streams, the Snohomish Valley Tributary contributions from the high moun-
is 1 to 3 miles wide and the river has an average fall of tainous parts of the Skykomish River basin are
1.68 feet per mile. Marshes and tidal lowlands represented by records obtained at gaging stations on
characterize the lower reaches of the river , and the the Beckler River , and the South and North Forks
stream is tidal for about its last 18 miles. Skykomish River.

The Skykomish River begins at the junction of The highest unit runoff is produced in the
its North and South Forks near the town of Index , North Fork basin , while the Beckler River drainage in
and flows westerly about 28 miles to its confluence the South Fork basin , is the lowest producer.
with the Snoqualmie River. The rivei has an average Adjusted to the standard 30 year period , 1931-60 ,
fall of 8 feet per mile from Gold Bar to its mouth , a the record for the North Fork indicates a mean
distance of 18 miles. Slopes in this reach range from 5 annual contribution of 1,230 cfs or 891,000 acre-
to 30 feet per mile. feet, For this 146 square mile drainage area , these

The Snoqualnrie River is formed by the june- quantities are equivalent to 8.4 cfs per square mile.
tion of its North , Middle and South Forks near the Judging by the adjusted record for its gage , the
town of North Bend, about 4 miles upstream from Beckler River produced a mean annual runoff of 608
Snoqualmie Falls. Below the falls, the river flows cfs or 440,000 acre-feet per year . Unit runoff
northwesterly about 36 miles to its confluence with production in this basin averages about 2 cfs per
the Skykomish. The Snoqualmie River has a gradient square mile less than that of the North Fork area.
of about 2 feet per mile from North Bend to Excluding the Beckler River contribution , runoff in
Snoqualmie Falls at which point it drops 268 feet. the South Fork drainage averaged 1,870 cfs or
From the base of the falls to Fall City the Sno- 1,360,000 acre-feet per year . The unit runoff for this
qualmie drops about 10 feet per mile; from Fall City area is intermediate between that of the other two
to its junction with the Skykomish, a distance of tributaries , amounting to 7.2 cfs per square mile.
about 35 miles, it meanders through a broad valley The higher production of the North Fork
where the average gradient is less than 2 feet per mile, drainage is the result of a more favorable orientation
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of its catchment area with the direction of prevailing mountainous part of the Skykomish River basin
air-mass movements. Although the Beckler River above the confluence of the main forks.
system has a similar orientation, its mean basin Runoff along the western face of the Cascade
altitude is slightly lower and the watershed is some- Mountains , between the major Skyko mish River and
what shielded from prevailing southwesterly storms Snoqualmie Rive r drainage s, has been measured on
by a major segment of the Cascade Range . the b i t  River , a tributary to the Snoqualmie , at a

Runoff from the entire high-mountain part of gaging station near Carnation. Above this site , the
the Skykomish River basin has been recorded at the b I t  drains about 81 square miles of foothills and
gaging station near Gold Bar. Data collected at this mountain. The topography of the drainage area is
site throughout 1931-60 show a mean annual dis- ideal for the generation of copious amounts of
charge of 3,980 cfs (2 ,880,000 acre-feet per year). precipitation. As a result , the drainage ranks third in
The mean unit runoff , 7.4 cfs per square mile, unit runoff among the major tributary basins in this
represents a composite for the two major upstream study area , being exceeded only by the Sultan R iver
forks, and North Fork Skykomish . Adjusted to the period

Although the drainage area of the Sultan River 1931-60 , the b I t  Rive r yielded 636 cfs (461,000
basin is relatively small (74 square miles) the pro- acre-feet per year), which amounts to 7.8 cfs per
duction per unit area is higher than that recorded at square mile.
any other major gaging site in the Puget Sound area. Contributions from the major upstream tribu-
The adjusted 30-year mean , 589,000 acre-feet (813 taries of the Snoqualmie River have been measured at
cfs), is relatively small compared to that of large a gaging station near Carnation. The excellent record
streams in the region , but the unit production is 11.0 at this site indicates an average annual runoff of
cfs per square mile. Based on major gaging-station 3,850 cfs (2,790,000 acre-feet per year) for the
records , the nearest rivals to this watershed are the 30-year base period . The Puget Sound lowlands
South Fork of the Skokomish River on the Olympic occupy a sizable portion of the drainage area above
Peninsula , and the adjacent drainage of the South this gage, resulting in a reduction in the average unit
Fork of the Stillaguamish . Production from both of discharge to 6.4 cfs per square mile.
these watersheds, however , averages nearl y 2 cfs per Accurate continuous records of streamfiow
square mile less than the runoff generated in the have not been possible in the Snohomish River proper
Sultan basin , because river stages are affected by tidal fluctuation.

A comparison of contributions from the three Projection of upstream records , however , suggests
major forks of the Snoqualm ie River shows the that the mean annual discharge of the entire Sno-
annual runoff of the Middle Fork (928 ,000 acre-feet , homish River system is probably about 9,500 cfs.
1,280 cfs) to be about equal to the combined output Long-term runoff trends for the Skykomish
of the other two. The average annual yield of the River near Gold Bar and Snoqualmie Rivet near
North Fork (538 ,000 acre-feet , 743 cfs) is about 20% Carnation are displayed in Figures 56 and 57. With
more than tha t of the South Fork (443,000 acre -feet , only an occasional exception , the runoff patterns are
612 cfs). On a unit runoff basis, the production of similar , implying a high degree of uniformity ‘in storm
the Middle and North Forks are comparable; 7.6 and coverage over the entire basin. During water year
7.8 cfs per square mile, respectively . In contrast , the 1959 the discharge of both streams was 140% of
unit runoff of the South Fork is considerably average for the 30-year base period. During water
lower about 5,4 cfs per square mile—and is more year 1941 the discharge of the Skykomish River was
comparable to the output of the adjacent and only 56% of the mean for 1931-60 .
similarly oriented Cedar River basin. The higher Mea n monthly flows at five selected gaging sites
values for the North and Middle Forks are the result in the Snohomish Basin are shown in Figures 58-62.
of generally higher elevations and better exposure and Much of the runoff recorded at these stations is
catchment orientation to prevailing storms. The total high-mountain snowmelt. Consequently , the nor mal
average annual contribution of these three tributaries , high-flow period due to winter rains is followed by
as measured on the main stem near Snoquahnie , is snowmelt peak flow in the spring . In general , the
about 2,640 cfs or 1,910,000 acre-feet per year. In spring peak is more pronounced at the higher
terms of unit runoff , il ls 7.0 cfs per square mile . This altitudes whereas the winte r peaks becomes more
unit runoff is slightly less than that of the similarly dominant at lowland stations.
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On the average , min imum monthly flows are
recorded duri ng August. I n many years , however , 0 
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summer recessions continue into the fall , causing the 8 ~ ~ ~ ‘~ ~mean September flow to be about as low as that of FIGURE 61.—Maximum , mean and minimum
August . Melt water from a few small permanent ice monthly discharges, Sultan River near Startup.
fields in this basin enha nces the summer flows of 1931.60
several high-altitude tributaries; this source of supply
is most evident in the drainages of the North and
South Forks of the Skykomish River , Beckler R iver ,
and the Middle Fork Snoqualmie River. Ground- Without exception , the greatest year-to-year
water contributions to summer flow are not apprecia- variability in monthly flows is displayed during
ble along the upper reaches of streams in this basin , December , and the least variation occurs in August.
but this type of contribution does become increas- The variability of the daily flow of streams in
ingly significant in the broad valleys of the Puget the Snohomish Basin is presented as flo w-duration
Sound lowland, data for selected gaging stations in Table 28.
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TABLE 28 —Flow duration data for selected gaging stations in the Snohom,sh Bairn

P.,iad ~~ 
Flew, in cu bic feet per second . which was iqualsd or exceed.d for Indicat.d pertent of tim.

Gaging stat, .,, i~~~~~~ 99 95 90 80 70 50 30 20 10 5 1 0.1

Scull, Fork Skykomish liver near 1912, 320 405 500 740 1,020 1,710 2.800 3,600 5,050 6,600 11 ,700 25,000
nd. . 1914.21

1923.64
Troubl.,om. Cr..k n.ar Index 1930.41 13 1L5 25 35 46 75 130 170 247 337 580 1,080
North Fork Skykomisi, Riv.r ot Index 1911.12 , 123 174 220 330 455 810 1,400 1,880 2.400 3.400 6.200 14.000

1914.22 .
1930-38 ,
1947.48

Sltykomwh River near Gold Bar 1929-65 500 660 830 1,260 1,720 2,850 4,550 5,900 8,100 10,400 17.800 40.000
Wallace liver at Gold S~ , 1930-33. 12 20 30 51 12 120 185 235 330 450 890 1.900

1947-64
Sulta n River niar Startup 1935-65 62 100 140 225 320 550 870 1.120 1.600 2,200 4.600 11 .000
Woods Creek near Monro. 1941-65 14 18 22 30 44 103 185 248 360 490 830 1,400
Middle Fork Snoqualmle Civ., near 1909-26 155 215 270 380 505 820 1,300 1,700 2,400 3,200 6,000 13,000

North Bend 1930.32
North Fork Snoqualmie River n.ar 1930.49. 43 66 91 145 205 348 560 720 1,040 1,400 2,550 4,900

Snoq ualmie Fails 1962-65
North Fork Snoquainii. Riv.r near 1909-38(F) 67 96 130 215 305 510 800 1,040 1,440 1,900 3,400 7.400

North lend 1961.65
South Fork Snoquolmie Civ., n.ar 1911.15 30 40 48 64 84 160 290 405 620 860 1,660 5,200

Garcia
Scull, Fork Snoquolmie Riv.r at 1909.38(F) 84 104 127 187 262 450 660 810 1,050 1,350 2.370 5 000

North B.nd 1946.49,
1961.65

Tokul Cr .ek near Snoqualml. 1909-14, 15.5 20 25 34 47 80 125 160 210 260 420 810
1930-31

Rag ing River near Foil CIty 1946.50 10.5 14 17 26 44 102 173 240 380 550 1 000 1,400
Patt erson Creek near Fall City 1948-64 7.2 8.2 9.0 10.5 13 22 37 49 71 95 135 260
Griffin Creek near Carnation 194645 2.1 3.2 4.0 6.2 10.5 27 49 68 101 138 230 450
North Fork b it  liver near Carnation 1953-63 46 68 91 145 200 300 430 530 720 980 1,800 3,400
South Fork Toll liver near Carnation 1953-61 16.5 26 36 60 85 142 222 288 410 570 1,200 2,600
Tell River near Carnation 1929.31, 72 98 125 210 304 480 695 870 1,190 1,550 3.000 6.000

1938.65
Snaqualmie River near CarnatIon 1930-64 475 620 780 1.300 1,920 3.080 4,450 5,450 7.300 9.400 18,000 33,000
Pilcisuck Rir.r near Gromte Foils 1944.57 34 45 58 100 150 250 375 480 710 990 1.820 3.650
Litt le Pilchuck Creek near Lake Steven , 1947-31 , 1.2 1.5 1.8 2J 4.4 17 38 54 81 112 198 325

1953-65
Quilc.da Creek near Marys ville 194745 3.5 4.3 4.9 6.1 7.9 16 30 41 59 71 125 190

TABLE 29.—Low-flow characteristics for selected gaging stations in the Snohomish Basin

Gaging itotior Drainage Low-f low Slope Spacing

South Fork S&ykomlsh River near Skykan,ish 135 1 .63 1.47 2.86
Cackler River near Skyko.nish 96.5 .89 1 .47 4.42
S. Fork Skykomiih Rive r neor Index 355 1.24 1.37 4.09
N . Fork Skykoinish Rive r at Index 146 1.30 1.59 4.90
Skykomieh River near Gold Car 533 1.38 1.72 4. 19
Wallace River at Gold Car 19.0 .84 1.92 7.25
Olney Cr eek near Gold So, 8.3 1 .84 2.00 7.71
Sultan River near Startup 74.3 1.45 1 .96 5.55
McCoy Creek near Sultan 5.87 .41 2.38 4.11
Woods Creek near Monroe 56.4 .32 1.56 2.78
Middle Fork Snoqualini. liver near North lend 169 1.43 1.89 4. 17
N. Fork Snoqualmie Rive r near Snoqualmi. Falls 64.0 1.00 2.44 5.78
N. Fork Snoquolmie River near North Bend 95.7 1.01 2.22 5. 11
S. Pork Snaquolmie liver at North l.nd Bl .7 146 1.36 3.36
Raging liver near Foil CI ty 30.6 .33 1.59 4 80
Patterson Creek near Foil City 15.5 .54 1.30 1.68
Griffin Creek near Carnation 17 .1 . 1 9 1 .78 3.75
N. Par k Tall liver near Carnation 59.2 1.69 1.89 3.94
S. Fark Toit River near Carnation 19.7 1 .22 2. 18 5.42
bolt liver near Carnat Ion 81.4 1.27 1 .85 4.17
Stoseel Creek near Carnation 3.58 .25 1.85 3.93
Snaquoimie River near Carnation 603 1.06 1.52 4.30
Plichuck liver near Granite Falls 54.5 84 1.75 3.83
Little Pilaltack Cre.k near Lake Stevens 17.0 .08 2.86 4.50
Dubuque Creek near take Steven, 7. 19 .03 8.33 14.5
Quilceda Cre ek near Marys v llle 15.4 27 1.47 2.15
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- r period of record and extended period for each station
is as follows:

Period of Equivalent
Station Record Record

2000
Snohomish Rive r 1942-64 , 40 years

at Snohomish 23 years
Sky kornish Rive r 1929.64 , 62 years

Cl) near Gold Bar 36 years
Snoqualmie Rive r 1930-64 , 47 years

near Carnation 35 years

The abilityof a stream to transport large quanti-
ties of water without causing damage depends on

0 channel characteristics. An understanding of these
1000 — r’, 

Maximum - -  features can be characterized in part by a graphical
1._._J L representation of the stream ’s water-surface profile
I for various rates of discharge.

Water-surface profiles for the Snohomish , Sno-
qualmie , and Skykomish Rivers , shown in Figures

500 . .~~ :. M.SS — 66-68, were plotted from observed or computed data.
The 64,000 cfs profile for the Snohomish River is for
an intermediate discharge, and does not represent a
bank-full condition. The Snohomish River is 23 miles

M i n im u r r 
. long and has no abrupt changes in gradient. Velocities

shown on the 177,000 cfs profile are derived from

~ backwater computations.
0 Z 0 — ~‘ < c~i The 24,800 and 20,000 cfs profile for the
FIGURE 62.—Ma x imum , mean and minimum Snoqua lmie River approximate the bank-full con-
monthly discharget. Tolt River near Carnation, dition. The Snoqualmie River has rather abrupt
1931-60. changes in gradient near river mile 23 and river mile

25 , and has a waterfall near river mile 40. There is
also a sharp change in gradient at river mile’0.42 on
the Middle Fork Snoqualmie River. The velocities

Flood Characteristics shown for the Snoqualmie River were obtained from
Floods caused by high rainfall with accompany- backwater computations.

ing snowmelt are shown by characteristic sharp rises The 45 ,300 cfs prof ile for the Sky komish River
followed by recessions almost as rapid. Two or more represents a condition higher than bank full. On the
peaks often occur within a period of two weeks. In basis of current data the Skykomish Rive r has no
general, the flow at the Skykomish gage peaks a few abrupt changes in gradient between the mouth and
hou rs earlier than at the Snoqualm ie gage, resulting in river mile 22 except in the reach between river miles
a broader flood peak for the Snohomish River. The 15 and 19. The velocities shown for the Skykomish
maximum discharge of record on the Snohomish was River were obtained from backwater computations.
136 ,000 cfs, on February 10, 1951.

Flood-frequency curves for the Snohomish Low-Flow Characteristics
Rive r at Snohomish , Skykomish River near Gold Bar , Low.flow characteristics of streams in the
and Snoqualniie River near Carnation are presented in Snohomish Basin are compared using indexes from
Figures 63-65. Frequency statistics were extended for low-flow frequency curves at 27 gaging stations
these stations to longer periods by correlation with (Table 29). The low-flow indexes are excellent in the
records for the station on the South Fork Skykomish upper South Fork Skykomish River and North Fork
River near Index , which has a 54-year record. The b i t  Rive r basins (Fig. 22). In the basin above the
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FIGURE 69.—Low flow frequency, Snoquaiml River nser Carnation. 1946-63.

three forks of the Snoqualmie River, North Fork at Snoqualmie Falls. Seattle divertS water for mum-
Skykomish River, and South Fork b i t  River, the cipal supp ly from South Fork b i t  River. The records
low-flow indexes are good and in the streams draining analyzed were collected prior to the diversion . Diver-
the north slope of the Skykomish River basin they sion for domestic use occurs in some of the smaller
are fair . Low-flow indexes are poor in the low-lying tributaries , but the amount is not significant , and the
streams close to Puget Sound. The slope and spacing records represent virtually natural flow conditions.
indexes which show the variability of low flows Low-flow indexes in the Snohomish Basin range
within this study area have a lar ge range . In the upper from 0.03 cfs per square mile for Dubuque Creek to
Skykomish River basin, the streams have very small 1 .69 cfs per square mile for North Fork Tolt River.
variations from year to year , whereas streams in the The high index of 1 .63 for South Fork Skykomish
upp er Snoqualmie River basin have almost twice as River probably results from protracted runoff of melt
much variation . Large variations are also shown by water from snow and glaciers. Geology probably is
the low-lying streams; Dubuque Creek for example the major factor for the low-index values of
has about six times as much variation at low flow as Dubuque . Little Pilchuck , and Griffin Creeks. The
Patter son Creek. small index of 0.27 for the Quilceda Creek basin may

Low-flow frequency data for the 27 gaging be attributed to poor infiltration characteristics of
stations are listed in Table 30. F requency curves for 2 soils and underlying sedimentary deposits.
of the 27 sites are shown in Figures 69 and 70. The year .to-year variability of the low flows is

The flow in the Snoqualmie River near Can s- indicated by the slope index. The indexes range
ton is affected by regulation for power development from 1 .30 for Patterson Creek to 833 for Dubu que
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TABI.E 30.—l.ow -flow frequency data for selected gaging stations in the Snohomish Basin
[Discharge , adjusted to base period April 1, 1946, to March 31, 19641

Numbsq Str.omflow in di , for
of con. Indicatid r.curr.ncs Interval,. in y,araGo~ lng station ,.cuti ve

daya 1 .05 1 .30 2.0 3 30 20 30

South Forts Sisykomish Civ.’ near 7 310 260 220 182 163 130 140
Skykomlsh 30 390 320 260 210 182 163 153

90 650 480 380 250 235 200 185
183 980 710 630 480 420 360 330

SockI.’ River near Slcykomish 7 140 705 86 70 64 59 51
30 190 137 101 82 72 63 62
90 400 250 171 720 100 83 78

183 670 490 380 270 220 180 160

Soul1’ Fork Slcyk o.nish liver near 7 690 520 440 360 340 320 310
m d.,, 30 900 670 540 430 390 360 340

90 1,850 1,220 890 620 520 440 400
183 3,150 2,300 1,800 1,300 7 ,700 940 860

North Fork Skykon..sh liv.’ ot 7 310 240 190 150 132 119 71 2
I ndia 30 480 340 260 190 161 140 130

90 900 590 430 290 235 200 180
183 1,600 3.200 930 630 500 390 340

Skykomidi liv. , near Gold Sat 7 1,200 900 740 510 490 430 390
30 1,580 1.200 950 700 580 500 450
90 3,050 2.730 7 ,340 1,010 780 620 550

183 5.000 3.900 3,100 2,150 1,700 1,380 1,220

Wollora liv, , at Gold 5cr 7 45 25 16 11 9.4 8.2 7.5
30 73 37 23.5 15 72 10.4 9.6
90 120 74 46 25 24 21.3 20.5

183 177 142 116 86 70 59 33

OIn.y Cr ook near Gold Sir 7 18 10.3 7.0 4.8 4.7 3.3 3.2
30 29.5 16.8 10.8 6.5 5.3 4.3 4.2
90 69 38 24 13.8 10.3 8.3 7.5

183 88 68 54 39 32 26.5 24

Sultun River near Startup 7 773 137 108 17 64 55 52
30 265 190 143 100 80 66 60
90 600 420 300 190 150 120 106

183 1 ,010 710 600 420 340 280 230

McCoy Crook n.~~ Sultan 7 6.5 3.7 2.4 1.5 1.2 1.0 .9
30 8.6 4.9 3.) 3.8 3.4 1.2 1. 1
90 12 6.7 4.2 2.6 2.0 I ?  3.5
183 20 14 70 6.4 4.8 3.7 3.1

Woods Crook near Monro . 7 35 24 78 74 72.3 17 .5 17
30 43 21.3 20.5 15.4 13,7 12.6 12
90 54 34 23 II 76 74.4 13.8

183 100 68 50 34 27 27 19.5

Middi. Fork Snaqualnti. River near 7 490 335 240 163 140 128 120
North 5e,4 30 750 470 315 213 180 160 150

90 1,200 730 480 320 270 240 225
183 1,720 1,300 1,000 700 560 450 400

N.rth Fork Snoquolmi. River noor 7 160 94 64 40 32 26 24
Snoquolmi. Folli 30 200 725 86 34 42 33 29

90 390 250 163 95 68 50 43
783 620 470 370 210 225 190 170

No.11, Pork Snoqualmi. liver noor 7 230 744 96 67 50 13 39
pda,th I.nd 30 300 181 128 80 62 30 44

90 320 350 233 738 102 87 74
183 800 620 490 360 290 245 220

7 185 146 119 94 83 76 73Scuff, Fork Snoquolmi. Rivet ~ 30 235 170 132 703 92 84 SINorth Sand
90 400 260 185 136 120 110 103

383 640 500 400 285 230 185 765

Raging Rivar near Poll CIty 7 20 13 10 7.7 6.9 6.3 6.0
30 25 16 12 9.7 8.6 8.0 7.7
90 43 25.5 18 13 11.3 10.2 9.7

783 97 64 48 34 29 25 24

Sta.i .I Creek n.or Carnation 7 3.5 2.1 7.4 7.0 0.9 0.5 OJ
30 4.3 2.6 1.8 1.2 1.0 .9 .8
90 7.4 3.5 2.3 7.6 7.3 1.2 1. 1

183 14 8,3 5.5 3.3 2.6 2.2 2.0

Snoquofml. llv~~ near Carnotton 7 1,200 830 640 500 450 423 410
30 1,650 1,100 820 600 370 450 430
90 2,950 1,900 1,310 900 710 570 510

383 4.600 3,500 2,750 1,900 7,530 7.250 7, 700

Pikfsuck River n.ar Granite P.11, 7 82 39 46 35 30 26 24
30 710 74 54 39 33 29 21
90 210 130 81 56 46 40 37

783 300 225 177 126 704 Si 79
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TABLE 30.—Continued
Number $fr.amf low in di. for
of can. indicated r.curr .nc. inte rval s, in yearsOaging station s.cu$lv.

days 1.05 1.30 2.0 5 10 20 30

Lint. Pildwck Crook noor Lak. 1 2.3 1.8 14 .9 .7 .5 .4
5.1.,..,. 30 3.4 2.2 1.6 1.2 1 .0 .9 .8

90 4.8 2.9 2.2 1.6 1.4 1.3 1.2
153 17.5 9.9 6.3 3.3 2.5 1.8 1.6

Dubuquo Crook near ok. Stevens 7 .5 .4 .2 .1 0 0 0
30 1.3 .6 .3 .2 .1 .04 0
90 2.7 1.1 .5 .3 .2 .1 .7

183 8.5 5.0 2.9 1.3 .1 .5 .4

Patterson Creek n.ar Full CIty 7 12 9.6 8.3 7. 1 6.6 64 6.2
30 13 10.5 9.0 7.6 7.0 6.7 64
90 14 17 .6 9.9 8.3 7.6 7.0 6.8
$3 79.8 76.3 73.9 10.7 9.0 7* 7.2

Griffin Creek nor CarnatIon 7 7.5 4.3 3.2 24 2,1 7 $  77
30 9.1 3.7 3.6 2.7 2.3 20 1.9
90 16.5 7,3 4,9 3.5 3.0 2.6 2.4

183 31 17.8 12 7.6 6.0 3.0 4.5

North Fork Toll liver near CarnatIon 7 137 89 66 47 40 35 33
30 164 115 $6 60 49 40 37
90 280 795 738 85 66 34 II

183 430 330 260 190 133 12$ 115

South Fails Taft Ilvor near Carnation 7 49 33 24 16 13 13 10
30 63 44 33 22.5 1$ 14.8 13
90 136 93 66 39 21.3 22 19

183 243 170 130 94 78 65 42

Taft River n.ar CarnatIon 7 203 140 103 75 64 56 52
30 250 775 130 97 73 63 51
90 440 310 220 138 102 50 70

1S3 740 360 430 303 243 200 150

Oulkods Creek near MoryvellI. 7 5.6 4.7 4.1 3.4 3.1 2.5 2.7
30 6.6 5.3 4.5 3J 3.3 3.0 2.9
90 8.6 64 3.3 4.3 4.1 3.8 34

183 14.5 11 8.8 6.7 5.8 5.0 43
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FIGURE 70.— Low -flow frequency , Skyko mlih R iver mer Gold B~~, 1946.63.

Creek. Those for the upper Skykomish River sta- Dispersion and Time of Trav&
tions and for a few of the streams in lower areas Dispersion and time of-travel studies for the
are fairly low. In the upper Skykomish, glacial Snoqualmie River were made by the US. Geological
melt water may account for the small variation. In Survey in the reach between the gaging station below
the low-lying areas ground-water discharge from the Snoqualmie Falls and the community of Hiaj i Rock
extensive alluvial and outwash sediments may be the on August 2-3, 1966 using fluorescent dye rhodomine
reason. Slope indexes for most of the remaining B. Profiles of discharge and of travel time of
streams are greater than the regional average, possibly maximum dye concentration are illustrated on Figure
because flow-sustaining contributions from 71.
ground-water storage are Small. Discharge of the Snoqualmie River during this

The spacing index of low-flow frequency curves study ranged from 1,000 cfs at the Snoqualmie Falls
in the basin range from 1.68 for Patterson Creek gaging ctation to about 1,500 cfs at High Rock. The
to 14.5 for Dubuque Creek. Much of the basin most significant gain in streamfiow, about 250 cfs,
is underlain by rather impermeable rocks that favor occurred at the Tolt River confluence.
immediate surface runoff, which may account for In the reach between Snoqualmie Falls and
the large indexes computed for many of the streams. Carnation, dispersion and time-of-travel data were
Otney Creek and Wallace River have spacing indexes obtained only at Fall City, which is 4 miles down-
of 7.71 and 7.25, which are among the highest in stream from the falls. Attempts to obtain data farther
the Puget Sound Study Area. downstream at Carnation were abandoned because no
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FIGURE 71.—Water discharge and time of travel of dye, Snoqualmie River , A ugust 2-3 , 7 966.

dye was detected there during the 17 hours after face in the basin is about 21.5 square miles, of which
introduction at Snoqualmie Falls. about 4.4 square miles consists of regulated reset-

The measured time of travel of the peak voirs. The total surface area of glaciers in the basin
concentration was least. about 46 minutes per mile in is about 1.8 square miles. The most extensive glacier
the 8.3-mile reach between Carnation and Novelty system is in the upper watershed of the South Fork
Hill. It apparently was greatest --more than 76 m m -  Skykomish River.
utes per mile in the II .1 mile reach below Fall City.
The average time of travel of the peak concentration Reservoirs
for the 20.2-mile reach between Carnation and High The following discussions of existing and poten-
Rock was about 64 minutes per mile . t ial reservoirs in the Snohomis h Basin is restricted

The dispersion coefficient computed from the mainly to those with capacities of more than 5,000
data, about 300 square feet per second in the acre-feet. Two potential reservoirs of smaller size are
Carnation-Hig h Rock reach, is typical of included because of their importance to projects
broad-channel meandering streams; it compares favor- having larger storage. Existing reservoirs and potential
abily with similar values computed in adjacent low- storage sites in the basin are shown in Figure 72.
land rivers—the Green and the Stillaguamish. The Existing Reservoirs The Snohomish County
dispersion coefficient for the Snoqualmie Falls-Carna- Public Utility District and the city of Everett have
tion reach could not be determined, jointly undertaken a dam and reservoir project on the

Sultan River which presently provides 34,500
STORAGE AND REGULATION acre-feet of water-supply storage for Everett . Pro-

visions have been made for an additional storage and
Natural Surface Storag, hydroelectric facilities in the future . Chaplain Lake

The total amount of storage in lakes and the provides intermediate storage for 14 ,000 acre-feet of
glaciers in the Snohomish Basin is not known, but municipal water from the Sultan River. The con-
the surface area covered by these bodies can be used struction of additional storage facilities may have an
to provide at least a comparative indication of the important effect on the flow regimen of the Sultan
amount of water that ii stored. The total lake sur- River. Flows presently drop to less than 100 cfs
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during the summer , yet t h e  diveo ,ion capability ot the building. Discharge from the ta ilra~c of Plant No. I is
Everett sy stem is already 180 c t s . ar id iitu rc diver- return ed direct ly to the riser at I he base of the falls.
sion capab ility is planned to he approximatel y 4~0 The intake for Plant ~o. 2 is in t he right bank
c i s .  ininiediatel y aboVe t he crest it Siioqualmie Falls.

.“~ rUi i -ot-r isei  power p laiit is opera t ed b~ the From t h is point as m u c h as 1 .900 c t s is diverted to
Puget ~s )un d Pi~~er ~ t.ieht Co. on th e Siioqu almic Plant No. 2 about 1 400 feet diiwi istream from the
Risci at Snoqualmie 1- i lk I l w  lows of th e river are base of the falls and then returned to the stream.
.iITe ~ted sligliiI~ In 19 3. die c i ty  of Seattle corn- The city of Snohonsish diverts wate t front two
pleted a dam oi l the South Fork I nit River to sto re places a long the Pilchuck River. Though the city
bO.000 .icle t e ct  oh wa ter tot  mui~icipal .upply is a holds rights for 4(~ cfs , only 5 efs is diverted , about 3
sup~’k’rncn( to i t s  (

~cdar River ~v st c m. Deta iled c is is used for municipal supply and 2 cfs for power
ti ll irniat ro ri  on princ ipa l c x i ~tI:iii reservoirs in the generation. Of the municipal diversion, a part is

basin is pre sented in Fable 31 . returned to the Snohoniish River as sewage effluent.
Potential Storage Sites ..\ coinpara l ively large The Weyerhaeuser Co. r~laint ins two large

tiumber uf potential les~rvoir sues occur in th e diversions from the lower reac h es of the Snohomish
~sii~’hoiiiish River 13.is i i i . I wentv -e ight ol these sites River. About a utile above the mouth, 47 cfs is
are shown on Figure 72 and additional data are given pumped from the liver tot cooling and log-washing
iii Table 32 operations and is returned to the rive r within 300 feet

of the point of diversion. The other diversion , 56 cfs .
DIVERSIONS is made from Ebes Slough, a distributary of Snoho-

niish River. for use at a kraft pulprnill in Everett near
Wit hin the Snohomish Basin. a c m p le~ system tile r.ioutli of t h e  Snohornish River. The waste water

of dams and diversions has evolved in the Sultan is discharged to tidewater.
River watershed through the combined cfl orts of the The Snoqualmie Falls Timber Co . diverts 15 cfs
city of Everett and the Snohonsish County Public from Tukul Creek for boiler supply and other
Utility District No. 1. This system supplies the manufacturing operations and to provide the corn-
Everett metropolitan area with wate r for municipal munity of Snoqualmie Falls with domestic water.
and industria l use and may provide storage for power That part of the water used in the mill is discharged
deve lopment and flood cont rol. into the Snoqualmie River.

The city i if Everett in collaboration with t h e  The Washington Department of Fisheries
Snohonsish County Public Utility District No . I Sky komish River Salmon Hatchery on May Creek .
operates a dam on t ile upper Sultan River primaril y tributary of the Wallace River , diverts 10 cfs from
for municipal supply. Wa ler is released from th is May Creek which :~ returned to the creek below the
reservoir , and at a small diversion dam about two hatchery ponds. i ne Department of Fisheries fishway
miles east of ( hap lain Lake . the city diverts about and trapping facilities at Sunset Falls diverts 180 cfs
180 cfs from the rive r into its municipal supply through the fishway that is returned at the base of
system. t he falls.

The city of Seattle diverts 140 cfs from its About 6,800 acre-feet of water was diverted for
South Fork Toll Rivei Storage Reservoir for mum- irrigation in the Snohomish Basin in 1965; most of
cipal supply. The ultimate plan for t his deveh pment the irrigation was in the lower parts of the Sky-
provides for diverting the North Fork Tolt River in to komish , Snoqualmie . and Snohomish River basins.
the existing regulating reservoir with the combined
rate of diversions to be limited to 280 cfs . An
agreement with the city of Seattle establishes iflifli- QUALITY OF SURFACE WATER
mum re lease below tile South Fork Dam for fisheries
use . Chemical and Sanitary Quality

The Puget Sound Power & Light (‘o . operates The surface waters of the Snohomish Basin are
two hydroelectric generating plants on the Sno- of exce llent chemical quality. The flows of the
qualmie River at Snoqualnsie Falls. About 620 cfs is Snohomish. Sky komish, and Snoqualmie Rivers are
diverted to Plant No. I whic h is about 2o0 f~et very soft , dilute water. Dissolved-solids and hardness
direct ly below the intake structure and surface values for these waters rarely exceed 40 ppm.
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TABLE 31.-- Existing reservoirs in the Snohomish Basin
P, Hydro-.l .c$ric dsvelo pm.nt ; WS. Munici pal and indu,triai wat., supply.

Storage (A~~.-ft) Dam
L ~

, Drainage - - - — ——- dim ensions Reservoi r App lscan t
Name °‘° area Inact ive — area Use or Remarks

(~q ml) Aris.,s and/a, total Nt Widt h (acres; 0.—n.,
dead (frI (fit

Lab. Spada Sultan S 29.9.9 34.000 310 320 1,321 P, W5 PUD #1 Sno- Phas. 2 would
(Sultan lee. tpl.as• I homish Co. hay. 98 000
#1 Culmback of coils- and City of oc re.f S act iv .
Dqn.) truc$ian) Ev.,.tt storag e .

Chaplain (haploin Cr. 28 8-6 13.400 600 34.000 22 600 444 WS City of Ev.r.ft Stores water
Lake from Sultan

River.

Tel, I.. . S.F.. Toll I. 76.9-32 32,000 7,000 60,000 170 1.000 850 W5 City of Seattl.

TABlE 32 --Potential storage sites in the Snoho rnish Basin
— 

Total DroinagsMep Proj er$ sans. T IS  liner nd nil. slorog. area l.marks
‘so . 0,000 acreft ) teg ml)

1 Upper NP 239-16 p 4 ;  Sn.qvelnsi. 700 32

2 Low.r NP. 239 20 N P  5.soqenslmi. 765 58
11. 7

3 Mit. 3.9 24-8 13 NP.  Snaquelmi. - -  85 Pandag. ,.gulatin g reservoir
3.9 far Lower N. P.

4 Colli man LeE. 23.9-32 Colhgon 15 Water Diet. 97, King Ce.
3 Hancock Lake 249$ Ilock C,.
6 Twi’s Polls 23 9.29 S. P . Sisaquglnsi. -- 56
7 M P. Snoquni.ssl. 23-910 M. P. Snoquolmi. 129 160 U. S. Corps of Eng in..r.s

IMaunt Si) 23-9-15 70
S Co,no$l.n 23-7-21 Tolt 5. 2 -- -- Water Diet. 97. K ing Co.
~ Par ks 26-8-31 Toit 8. ii Si

7 0 Dry Cr 26-9-8 N. P loft 1 10 69 22 CitY of S.altl. proposal
II M. i.r Pork , 23-114 Miller 1. 4 -— 40
II C P~ MUles- 23-13-22 9. F.. Miller - 74
3 Lab. Dorothy 24134 9. Pb. Mill., 32 6

74 lange 26 12-32 Pas. 8. 1.5 9 46
15 Allures Lake 23-72-21 9. Pb . Pose 9 2t
16 l.dt Ier 26-11-24 S.ckl., 8. 2 11 96
77 Wallace Polls 21-9-21 9. P. Wallace 1. 31 iS
1$ Lake isabel 28-9-36 May Cr. 3.2 S 3
19 Sunset Polls 21-10-29 5. P. Skyko.nish 353
20 Trout Cr. 28-10-35 N. P. Skykoml.h 250 345

21-70-2 6
21 Sliver Cr . 28-i 1-19 N P. Skakamusi. -- 95

28-11-20 10
22 Troublesome Cr, 28-11-26 N. P. Sliakomish - - --

14
?3 Troublesome #2 28-I 1-23 Troublesoms Cr. - - 10

24 7,oublenosnme 28-11.14 Troubluam. Cr. 15 3
(Sianco Lb.) 4.2

25 Winter Cr. 28-8-11 Sultan 8. 33  95 Snohomish Co. PUD #1
(PPC Permit #2157)

26 Lower Sultan 29-8-32 Sultan 8. 10.3 5 50 Snoh omish Co. PuD ~~i(PPC Permit #2157)
21 Middle Sultan 29-8-26 Sultan 8. 13.4 4 72 S..ohomizh Co. PUD #1

IPPC Permit #2157)
2$ Upper $~ltan 29-9-29 Sultan 1. 100 69 Snohomish Co. PUD ~~7

(Culmback ) 1212 (PPC PermIt #2)57)
City of Everett
IPPC Permit #21571 at .x-
Isting Culmbock Dam (Lake
Spade)
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Table 58 summarizes data for the Snohomish providing opportunity for absorption of solar radia-
River at Snohomish. These data are typical to those tion even though the rive r’s flow is comparatively
for the Sky komish near Gold Bar. Sultan River at large .
Sultan , Snoqualniie River at Snoqualmie, and Tolt
River near Carnation. Sediment Transport

The turbidity of the Snohomish is rather low Sediment transport is discusscd for two physio.
compared to the other streams on the east side of the graphica lly differen t parts of the basin the upper and
Puget Sound Area. The mean turbidity of the lower drainages. The upper consists of areas above the
Snohomish River at Snohomish was 16 JTU for 7 confluences of the North and South Forks Skyko-
years of daily and monthly samp ling. The maximum mish River and those above the conf luence of the
turbidity at this po int, occurring during storm runoff , three forks of the Snoqualmie River. The lower
was only 160 JTU (Table 58). The turbidity of t h e  drainage comprises the reniaiiiing areas downstream.
Skykomish River is appreciably less than that of the The upper drainage is formed on mountainous
Snohomish and the Snoqualmie turbidity values are terrain and is characterized by narrow river va lleys.
slightly greater than those of the Snohomish. Turbid- Soils in the mountainous parts are variable in depth
ity is low because the glaciers in this basin are small and texture where they overlie glacial till , and they
and contribute little to streamfiow. are shallow and stony where they overlie consolidated

Sanitary quality deteriorates somewhat from rock or glacial outwash. Soils in the narrow river
the headwaters to the mouth in the Snohomish River valleys are derive d from alluvial materials on flood
drainage system. The Skykomish River is generally of plains , and are imperfect ly drained. Excessive erosion
very exce llent sanitary quality with MPN values of soils in the upper drainage is limited to a profuse
usually not more than SO. However, concentrations cover of vegetation , except in areas tha~ have been
of coliform bacteria increase somewhat in the lower subjected to logging and accompanying road con-
Skykomish before it joins the Snoqualmie to form struction . Some erosion of stream channels occurs
the Snohomish River. MPN values of Snoqualmie during periods of high runoff. Sedim ent transport in
River at Snoqualmie are highly variab le. During the the upper drainage areas is small except during
summer and fall coliform bacteria have reached 4.600 periods of high runoff.
MPN or more. Sampling of the Snohomish River at Suspended sediment data in the Snoqualmie
Snohomish reveals the composite effect of the upper River system indicate that the South Fork transports
two rivers , toget her with some increase in sanitary more sediment than any of the other forks of the
wastes below their confluence . The data at the lower river. On the South Fork Snoqualmie River at North
station indicated a mean MPN of slightly less than Bend , a representative analysis showed that
2,000. with an observed maximum of 24,000. suspended sediments consisted of 35% clay, 48% silt ,

and 17% sand. A similar analysis for the Middle Fork
Stream Temperatures Snoqualmie River near Tanner shows 8% clay, 36%

Temperature records are available for six silt , and 569~ sand.
streams in the Snohomish Basin (Table 59). A The lower drainage consists of broad river
thermograph is in operation on only one , the Wallace valleys with adjacent uplands . some of which are
River at Gold Bar. The January minimum tempera- formed on mountainous terrain similar to that of the
ture of all streams ranges from 32° F to 340 F. The upper drain age . Soils of the uplands are derived from
perio d of near-freezing minimum temperature is glacial drift and are well drained. In the broad valleys .
shortest (January) for the bi t  River near Carnation soils are formed on alluviated flood plains and are
and longest (November.March) for the Wa llace River. generally quite permeab le , but some loca lized valley
Fluctuations in temperature shown by most streams areas contain poor ly drained organic soils. As in the
seem small in comparison to those in the Wallace upper drainage , erosion of soils on the steep slopes is
Rive r , largely due to a more precise identification of small because of dense vegetation , but soils on the
tem perature ranges based on continuous thermograp h flood plains in many areas , w here the vegetation has
records on t he Wallace . The maximum temperature of been remove d , are subjected to s heet and ni l  erosion.
74° F for the Srtoqua lmie River near Carnat ion in Most of the suspended sediment in the lower
August is the highest in the basin. The high tempera- drainage is transported by t he trunk str eams, the
lures ref lect the lengthy travel time through lowlands, Snoqualmie and Sky komish Rivers , and then only
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during periods of high runoff, a fe atur e ch aracteristic on t h e  average . considL-rahlv less t han the Sno-
~ t most streams that discharge to Puget Sound. On quatmie. Measured suspended-sediment concentra-
the basis of data obtained in 1965 and I Y(~t . the tions on the Sky kontis hi River in 1965 and 1 966
Snoqualmie River transports an estimated 230 ,000 ranged from I to 28 ppm. Significant transport of
tons of suspended sediment annually in an average bed materia ls in streams in the lower drainage is

year. Measured concentrations of suspended~sedimen evidenced by the occurrence of large bars of grave l
here ranged from 4 to 108 ppm. and t h e  maxiinun and cobbles.
concentration probably is less than 1 .000 ppm. The deposition of sediments in rese rvoirs in
Measured sediment concentrations to m the North headwater areas will probab ly be small except during
Fork of the bolt near Carnation have ranged from I large floods. Changes in sediment transport resulting
to 32 ppm. The Skykomish River ma~ transport from man’s activities in t he upper watershed areas are
about 130.000 tons of suspended sediment annually believed to be only temporary.

GROUND WATER

Ground-water resources in the Snohomish Basin terraces in both the Skykomish Valley and in the
are discussed separately by lowland and mountain Pilchuck River Valley near Granite Falls. recessional
areas , because of contrasting geologic environments. outwas h is composed mainly of fine sediments 100
The lowlands lie generally west of Sultan. Duvall, feet or less in thickness and is usually saturated to

Carnation , and Fall City, and the mountains are to within about 10 feet of the land surface.
the east. Recent alluvium underlies flood plains of the

present drainage system and a re lict flood plain
LOWLANDS between Snohomish and Monroe. Alluvium is rather

extensive on the Snohomish and Snoqualmie flood
Geology and Ground Water Occurrence plains. It is at least 100 feet thick at the mouth of the

The important aquifers in the lowlands are Snohomish River and is more than 200 feet thick in
contained in coarse Quaternary sedimentary deposits many places beneath the Snoqualmie Valley . The
that are rat her continuous over about a alluvium is composed of sand, si lt , clay, peat. and
450-square-mile area. The Quaternary deposits are minor lenses of gravel. The sediments hecome.coarser
thicker than 2,000 feet locally. However , aquifers in upstream reac hes , and thick grave l beds are
capable of furnishing large quantities of fresh water common at t he confluences of trunk streams and
to wells generally do not occur at depths greater than mountain tributaries. Alluvium is generally saturated
100 feet below sea level, except where they underlie to about river level.
the Snoqualmie flood plain; there , artesian aquifers Quaternary sediments older than till are corn-
are 500 feet or more below sea level. nionly exposed on bluffs that border the Snoqualniie

Quaternary sediments exposed at the surface Valley in King county. These older sediments contain
are mainly till in upland areas and alluvium in river sand and gravel aquifers at most places . but the more
valleys, although till occurs at depth beneath some of productive aquifers . commonly more than 100 feet
the valleys. It is probably absent under most of the thick , are beneat h the terrace d area about 5 miles
fkx)d plain downstream from Snohomish. The till north and east of Monroe and beneath plateaus
may be as much as 150 feet thick on some higher nort hwest of Marysville and southwest of’ t he Snoho-
plateaus, but it is truncated along some plateau mish River. The aquifers are characteristicall y eon-
margins , and thins to a featheredge ove r consolidated fined under artesian pressure except where they occur
rocks. Because it is composed largely of compacted beneath higher up lands under water-table conditions.
fine materials , till is not an important aquifer , even Practically all recharge to the aquifers in the
though it is somewhat permeable . lowlands is by infiltration of precipitation. Aquifers

On uplands. the till is overlain by isolated in the lowlands are estimated conservatively to
deposits of recessional outwash , which in many places receive an average of about 80.000 acre-feet of
are thin and contain little if any water. In the trough recharge annually. Opportunities for induced recharge
that extends northward from Marysvi lle . as we ll as on may exist in sonic areas along (he Pilchuck and
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Skykomish Rivers, along the Snohornish River up- for municipal and industrial supply, generally pump
stream from Snohornish, and at confluences of the less than 500 gpm; most of them are more thoroughly
Snoqualmic River with the Tolt River and Raging completed and developed than those used for other
River. Artificial recharge may be feasi ble on the relict purposes. Figure 23 shows order-of-magnitude esti-
flood plains between Snohonsish and Monroe and mates of expected well yields in the basin. The largest
north of Marysville , although the vertical permea- yields are obtainable from wells completed in the
bility of the surficial materials there is not now aquifers older than till. Only small well y ields are
known. obtainable in about a 5-square-mile area north of

The natural discharge of ground water is most ly Lake Stevens and in areas where older consolidated
into the Snohomish and Snoqualmie Rivers and their rocks are exposed at the surface . Wells that tap the
tributaries and into Puget Sound through springs that deeper aquifers beneath valleys may flow.
occur above and below the level of tidewater.

Quality of Ground Water MOUNTAINS
Water in most aquifers is generally low in

dissolved solids, and is acceptable for practically all In the mountainous areas , sand and grave l
uses. Dissolved-solids content is generally less than aquifers are contained in Quaternary glacial drift and
200 ppm and water hardness rarely exceeds 120 ppm. alluvial deposits, which, in the aggregate, occupy
Silica concentrations commonly are in the 20-40 ppm about 350 square miles. The alluvial deposits occur
range. Undesirable iron concentrations occur mair.~y on flood plains of the Skykomish and Snoqualmie
in shallow aquifers beneath poorly drained areas Rivers and their tributaries. Glacial drift occurs both
w here peaty or boggy soils are present. Saline ground along and beneath the flood plains and throughout a
water often occurs in the flood-pl um and delta areas rather extensive area east of the main stem of the
downstream from Snohomisn, and at some places Snoqualmie . In areas where Quaternary sediments are
along the shoreline. Significant salt-water enroach- absent , ground water is obtainable only from con-
ment has not been observed. solidated rocks in which well yields of 10 gpm or less

can be expected.
Utilization and Development Ground water is used in the mountains princi-

Ground water pumped in the lowlands is used pally for domestic supplies. Well yields of as high as
principally for domestic purposes. Most of the corn- 500 gpm have been obtained from water-bearing
munities in the basin have public-supply systems that intervals about 10 feet thick within the alluvium.
use ground water. Irrigation use of ground water is The aquifers are recharged by infiltration of
mostly in the Snohomish-Monroe area and in the precipitation and by infiltration of runoff from the
trough that extends northward from Marysville. valley slopes upstream from North Bend. The abund-
Ground water is used for industrial purposes mainly ance of precipitation suggests relatively large poten-
in the Everett area. tial recharge.

Water in alluvium or recessional outwash Moreover, in an area upstream from North
supplies mostly irrigation wells, of which, most are Bend. considerable underflow enters the basin from
less than 50 feet deep. Wells in uplands and on the adjacent Cedar River basin, partly because of
intermediate terraces are as deep as 200 feet. Most seepage from Seattle’s reservoirs.
public-supply systems pump water from deeper aqui- The chemical quality of ground water in the
fers below till or clay, but Carnation and Fall City mountain areas is excellent except for localized
obtain water from springs that emerge from reces- undesirable iron content in both shallow and deep
sional outwash. The largest yielding wells, those used aquifers.
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CEDAR—GREEN BASINS
SURFAC E WATER

The Cedar-Green Basins comprise I .220 square and flows about 20 miles to the Duwamish River
miles. including 1 .161 square miles of land and inland through a fertile valley 2 to 3 miles wide.
water. A map of the basins is shown in Figure MS. The upper basin of the Green River has been
This study area consists of two important watersheds , the main waters hed for Tacoma’s municipal water
the Lake Washington and the Green-Dawamish supply since 1913. Within the watershed , Howard A.
basins. Hanson Dam was completed at Eagle Gorge in 1962,

The drainage basin of Lake Washington corn- providing storage to control floods and to augment
prises 607 square miles above the Hiram Chittenden the summer low flows downstream.
L..ocks Within this basin, the two principal tributaries Downstream from the dam the Green River
to Lake Washington are the Cedar and Sammamish flows through a I 5-mile gorge before emerging into
Rivers. Several minor streams also drain into the lake the broad alluvial Green-Duwamish Valley near
which. in turn , drains into Puget Sound through the Auburn. In the gorge , the river receives the flow of
Lake Washington Ship Canal. numerous springs. Downstream from the gorge the

The Cedar River has a drainage area of 188 only tributary streams of any size are Newaukum
square miles. and heads in a mountainous area where Creek and Big Soos Creek.
precipitation is abundant. The river is 50 miles long. The Duwamish River flows through a somewhat
and flows northwesterly from its source in the narrower valley. A reach of about 5 miles of the
Cascade Mountains into Lake Washington at the city lower Duwamish River has been improved for naviga-
of kenton. Chester Morse Lake (formerly called tion.
Cedar Lake). 33 miles above the river mouth, Prior to 1906, the Duwamish River received the
provides 52 ,000 acre-feet of active storage for dom- waters of the Green , White. and Black Rivers, in that
estic water supply to the city of Seattle and for year, flow in the White River was permanently
power development. Below the power plant the river diverted into the adjacent Puyallup basin , leaving
gradient is 200 feet per mile to the Seattle diversion only the Green River to flow northward from Auburn
dam at Landsburg. From Landsburg to Maple Valley, to its confluence with the Black River. In 1916 , the
a distance of 18 miles, the river falls at the rate of 37 3lack River lost its identity as the outlet of Lake
feet per mile , and from Maple Valley to its mouth the Washington when the Lake Washington Ship Canal
gradient averages 23 feet per mile . was completed and the level of the lake was lowered

The other main tributary of Lake Washington is about 9 feet. Thus, the major changes of 1906 and
Sammamish River , the outlet of Sammamish Lake. 1916 reduced the Duwamish River basin to a fourth
The river drains 240 square miles and is 14 miles long, of its former size.
Streams that flow into Sammamish Lake are small ,
draining foot hills below an altitude of 3,000 feet. For STREAMFLOW
that reason, t he average discharge of Sammamish
River is less than that of Cedar River, even though its Runoff Characteristics
drainage basin is larger. Data obtained in the Cedar-Green Basins in-

The Green River drains a 483-square-mile area dicate a range in mean annual runoff contribution
on the west slope of the Cascade Range , and flows from about 100 inches near the Cascade crest in the
westwa rd and northward about 60 miles to Tukwila, Cedar River basin to less than 20 inches near Seattle.
where it becomes known as the Duwamish River, The As an annual average for the 1 ,16 1 square miles o1
Duwaniish flows northward an additional 12 miles land and inland water in this basin, estimated runoff
and enters Elliott Bay through two outlets , the East for the 30-year standard period (1931-60) was about
and West Waterways. 36 inches, or 2,200,000 acre- feet.

The upper drainages of the Green River are One of the longest periods of streamfiow
steep mountainous valleys that contain turbulent history in the Puget Sound area is provided by the
streams in forested lands. The river spills forth from record obtained at the Cedar River gaging station near
the hills onto the outwash plain just above Auburn, Landsburg. In the period during which this station
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has been operating, the actual gage location has been Occasionally, groups of several consecutive yearly
changed several times. However, with the exception discharges tend to be either greatly above or below
of a little more than 2 years near the turn of the the normal, but there is no consistent pattern to these
centruy and a few months in 1913 and 1914, tendencies; instead they seem to occur at random
continuous measurements have been made at this site intervals.
since 1895. These data represent the runoff con tribu- Natural runoff from the upper part of the
tion from approximately the upper half of the Cedar Green River watershed has been measured since 1932
River basin with the exception of a few upstream at a station near the community of Palmer. This site
diversions and some regulation by Chester Morse is above the City of Tacoma diversion dam and
Lake. During 1931-60, flow measurements at these water-supply intake, so the records do not reflect any
sites indicated an average annual discharge of 680 cfs significant diversions. Although Howard Hanson
or a yield of 493,000 acre-feet per year. This equates flood-control dam is now situated above the station,
to a unit discharge and yield of 5.8 cfs per square the records collected during 1931-60 were not affect-
mile, which is slightly more than that for the upper ed by this project. Adjusted for 1 year of missing
half of the adjacent Green River watershed. data, the standard 30-year mean streamflow of the

Because the Cedar River drainage is more or less Green River basin above the Palmer gage is 1,080 cfs,
centrally located within the Puget Sound Study Area, or 784,000 acre-feet per year. For each square mile of
its annual runoff variations are quite representative of the drainage area, the mean annual yeild is 4.7 cfs.
trends throughout the Study Area. Figure 73, there- As shown in Figure 74, the maximum annual
fore, provides an excellent picture of general long- runoff of record at this site occurred during water
term runoff conditions for the region since 1896. year 1959. In this peak year, the flow averaged 139%

l I l l l l l l l l l l l l l l l l l l i l ! l l t i l l l l l l l l l l T l l l l l l I l ! l l I l l l l l l l l l l l t l c I I l
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FIGURE 73,—Annual discharges, Cedsr River near Landiburg.
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FIGURE 74.—Annual discharges, Green River near Palmer.

of the 30-year mean discharge. The minimum yearly River basin.
flow of record, which occurred in I 941, amounted to After snowpacks have dissipated, flows in the
47% of the 30-year mean. Green River recede rapidly, and normally reach a

The bar chart of mean monthly flows for the minimum during August. The unusually small m m -
Cedar River near Landsburg (Figure 75) is typical of imum flows of this stream reflect the absence of
the seasonal runoff pattern displayed by other prim- storage in glacial ice and the meager contribution
arily rain and snow-fed streams in western Washing- from ground-water above the Palmer gage. Because of
ton . The highest flows normally occur from direct the major diversion of the City of Tacoma, base-flow
runoff during -

. .~cember and January. These winter conditions do not improve appreciably in the low-
flows recede slightly as spring approaches, and then lands below this location.
merge into the less pronounced snowmelt runoff peak Seasonal runoff patterns in the Sammamish
during April, May, and June. Snowmelt contributes a River drainage are comparable to those other rain-fed
slightly lower percentage to runoff in the Cedar River streams of the Puget Sound lowlands. The Sammam-
Basin than in adjacent stream systems. ish River stream-gaging site at Bothell measures

The base flows during the dry summer season runoff from 88% of the basin. Streamfiow at this site
are relatively high, in part because of the storage is primarily dependent on the amount of outflow
influence of Chester Morse Lake and the sizable from Lake Sammamish, which receives 40% of the
ground-water contributions from storage in the low- basin runoff. The Sammamish streamflow usually
lands above the Landsburg gage. begins to increase in September from the summer

Monthly flow characteristics of the Green base flow of about 200 cfs. Streamilow during
River, based on records obtained at the gaging station October-March is characterized by a series of sharp
near Palmer, are depicted in Figure 76. Generally two rises superimposed on a base flow. Runoff decreases
periods of high flow occur each year. The greater from March to September as a result of reduced
discharges usually result from winter rains, whereas precipitation. The variability of the daily flow of
somewhat lower peaks occur in April and May from streams in the Cedar-Green Basin is presented as
snowmelt and spring rains. Snow storage seems more flow-duration data for selected gaging Stat ions in
influential in the Green River watershed than in the Table 33.
Cedar drainage, but less influential than in the White
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TABLE 33.—Flow-durat ion data for selected gaging stations in the Cedar-Green Basins

~~ 
Flaw , In cubIc feet p.r s.cond, w hidi was equaled or .itcs,dsd for Indicated p.rcent of tim e

Gaging station AIIaI yII S 
~~~ 95 90 80 70 50 30 20 10 5 1 • 0.1

Snow Creek near Lester 1946.64 4.5 6.4 8.2 13.5 21 42 78 109 160 215 390 700
Friday Creek near Lester 1946.64 2.1 3.0 4.0 6.4 9.8 18 32 44 64 84 141 265
Green liver near Lester 1946-64 30 40 31 85 139 273 473 640 940 1,300 2,400 3,000
Smay Creek near Lester 1947.64 5.8 8.0 10 15 22.5 39 61 78 110 140 240 510
Chan cy Creek near Eagle Gorge 1947-35 9.0 12 15 22 31 53 85 108 146 193 360 730
North Fork Green liver near Palmer 1951-64 2.8 7.8 11.5 21 35 67 105 135 190 260 470 930
lear Creek near Eagle Gorge 1947-55 .93 1.8 2.9 5.4 8.4 16.5 29.5 40 58 78 160 410
Green liver near Palms, 1932.5$ 104 130 160 235 380 760 1,280 1,650 2,280 2,900 5.500 13,000
Green liver near Block Diamond 1940-48 81 110 140 225 380 750 1,210 1,540 2,150 2,800 4,650 10,500
P’laweukum Creek near Black Diamond 1945-61 11 16 19 23 28 41 75 94 131 182 360 730
Cowingtan Creek near Clack Diamond 1954-39 0 0 0 .2 3.) 18 31 49 66 83 123 190
Big Soos Creek near Auburn 1945-53 22.5 27 30 36 44 84 143 185 250 315 480 700
Green liver near Auburn 1931-61 120 161 200 300 520 1,080 1,690 2.070 2,720 3.460 6,100 13,000
North fork Cedar liver near Lester 1945.63 7.3 10 13 18 24 42 79 113 170 225 375 710
South Fork Cedar liver near Lester 194344 2.8 4.0 5.4 8.3 12.3 24 44 62 94 130 232 450
Cedar liver below lear Creek near 1946-63 17.5 22.5 32 47 67 119 209 282 410 340 810 1,300

Cedar Falls
Cedar liver near Cedar Falls 1946.64 27 38 49 77 115 205 323 425 595 770 1,300 2,800
lex lirsr n.ar Cedar Poll, 1946-65 6.6 10 14 25 38 73 122 160 225 300 570 1.300
Taylor Creek near Selleck 1957-64 18.5 23.3 29 40 56 93 130 154 190 233 380 820
Cedar liver near Landeburg 189141 175 240 278 345 420 600 800 930 1,140 1,370 2,400 5,000
lock Cr.ek at Hig hway SA near lavenedale 1957-62 3.7 5.0 5.8 7.0 8.3 12 21 27 34 41 70 120
lock Creek near Maple Val ley 1946-61 3.9 5.2 6.1 7.5 9.2 16 21 35 47 59 92 145
May Creek near lenten 1946-50 2.0 2.4 2.8 3.4 4.3 11 24 35 54 74 130 250

Merner Creek near lellevue 1936.61 3.2 4.1 4.8 6.0 7.7 15 24 32 47 64 110 210
lsiaquah Creek near lssaquah 1946-64 12.5 IS 17 21 27 17 80 105 150 200 340 640
Bear Creek near ledmond 1946-49 4.8 5.8 67 8.4 10.5 20.3 35 47 66 85 125 170
Cottage Lake Creek near ledmond 1956-6 1 4.2 4.9 5.4 6.3 7.4 11 16 20 28 38 64 130
Evans Creek above mouth near ledmond 1956-64 6.2 7.0 77 8.9 10.5 16 26 33 45 56 87 150
Sammom ish liver near ledmond 1940-36 53 63 72 92 120 215 380 475 610 720 1,000 1,400
North Creek near Bothe ll 1946-60 5.6 6.4 7.2 8.8 11 21.5 41 56 83 113 200 330
Sammamish live r at Bothell 1940-63 74 88 100 125 160 270 470 580 760 920 1,280 1,700

Flood Characteristics 28,100 cfs on November 23, 1959. Howard A.
Floods on the Sammamish River are character- Hansen Dam, a Corps of Engineers flood control

ized by sharp rises, followed by recessions almost as project , 32 miles above the Auburn gage, has effect-
rapid; this pattern is superimposed on the high base ively reduced the magnitude of large floods since
flow that is maintained by outflow from Lake March 1962. Storage at the dam results in a lower-
Sammamish. Flood characteristics at the Bothell than-natural base flow during the period April-May,
gaging site have changed since 1964 as a result of an while the reservoir is fill ing, and a higher-than-natural
improved channel capacity in the Sammamish River base flow during June to October or November as the
and a new outlet at the Lake. The improvements pool is drained.
provide a higher winter base flow in the river and Flood-frequency curves for Sammamish River
reduction of high stages on Lake Sammamish. at Bothell, Cedar River at Renton, and Green River

Floods in the Cedar and Green River basins are near Auburn are presented in Figures 77-79. The
caused by high rainfall with accompanying snowmelt - period of record at these Sites is as follows: Sammam-
Two or more flood peaks often occur within 2 weeks. ish River at Bothell, 1940-63; Cedar River at Rentori ,
In the Cedar River basin, Chester Morse Lake reduces 1946-64; Green River near Auburn, 1937-64. Fre-
the peak discharge per square mile of drainage area. quency statistics were extended to a longer period by
The maximum peak discharge during the period o~ correlation with records on the South Fork Sky-
record on the Cedar River at Renton occurred on komish River near Index , which has a 54-year record.
February 11, 1951. Though no record of discharge The extended periods of record for the sites in the
was obtained, the discharge on this date is estimated Cedar-Green Basins are as follows: Sammamish River
to have been about 7,000 cfs. The maximum dis- at Bothell, 30 years; Cedar River at Renton, 27 years;
charge recorded on the Green River near Auburn was Green River near Auburn, 40 years.
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Water-surface profiles in the basin are available (Table 34). The low -flow indexes are excellent in
only for the Green River (Fig.8O). short reach of the Cedar River between Cedar Falls

Velocities shown for the 1,100 cfs profile were and Landsburg and are good in the North Fork Cedar
obtained from backwater computations. The profile River, Taylor , and Chan cy Creek basins (Figure 22).
for high-water conditions in January 1965 approxi- In the remainder of the upper part of the study area
mates bankfull stages. The Green River has no abrupt the low-flow indexes are fair . As in other stud y areas ,
changes in gradient between the mouth and river mile the low-lying streams in the areas adjacent to Puget
31. Sound have poor values. In general, the slope and

spacing indexes, which show the variability of low
Low-Flow Charsctsdstlcs flows is greater in streams draining the higher

Low-flow characteristics of streams in the altitudes in the basins. The streams that are tributary
Cedar-Green Basins are compared using indexes from to Lake Washington and Sammamish Lake have less
low-flow frequency curves at 35 gaging stations variability from year to year during low-flow periods.
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TABLE 34.—Low-f low characteristics for selected gag ing stations in the Cedar-Green Basins
- - 

Gaging ~~~~~~~~ 
Drarnoge Law -f low slope sracinu

NOv11, Park Cedar Riear veor teiler 9.30 1.11 1.64 4.06
Sooll, Fork C.dar Rice r near Le,ter 6.00 .68 1.96 5.50
Cedar Riv er b.Iow Bear Cr,ek near C dar FaIl, 25.4 .95 1 .69 4.46
C.dor River n.or Cedar F0II; 40,7 .88 1 .61 4.67
Rev River near C.dar FoIl , 13.4 .69 1.75 6.73
Cedar Riv er at Cedar FoIl, 84.2 .52 3.78 4.09
Middl e Fork Tay lor Creek near S.lI.ck 5.17 1.41 1 82 2.81
North Fork Tay lor Creek near Selleck 3.77 56 370 6.19
Iaylor Creek near Selleck 17.2 1.37 1.47 2.81
Cedar Rive r near Lando bur g 1 1 7 222  1 .32 1.8 1
Rack Creek near Maple Valley 12.6 .44 1.85 1. 72
Cedar River at Rentan 186 .54 3,45 3f 4
May Cr.ek near Renton 12.5 . 19 1.41 1.96
M.rrer Creek near B.ll.vue 12.0 .32 1.35 2 .11
Iwaqoak Creak near luoqua k 27.0 .56 1.35 1 .93
Bear Creek near Redmond 13.9 .36 1.39 1.96
Cottage Lake Creek near Redmond 10.7 .45 1.22 1.50
Evano Creek above mouth near Redmond 13.0 .51 1 22 1.52
Bear Creek at Redmond 482 .39 1,16 1.83
San,mami,h River near Redmond 150 .47 1.52 1.79
North Creek near Bothell 24.6 25 1.27 2.03
Sammon’i,kr River at Bathel l 212 .45 1.45 1 .69
Snow Creek near Le,t .r 11.5 .54 1. 72 5.65
Friday Creek near L.,$.r 4.67 .62 2.13 5. 18
Gre.n River near Lette r 96.2 .40 1.54 5.27
Green Canyon Creak near Lett er 8.56 .96 1.64 3 7 2
Charley Creek near Eag le Gorge 11.3 1 .06 1 5~ 3,33
Bear Creak ,‘vo r Eo9l. Gorge 4. 10 .43 1.79 6.59
Green River near Palm., - - 230 .65 1.49 3.87
Green River near Black Diamond - 285 .39 2.22 5.00
N.wouk um Creek near Bladi Diamond 274 - 69 

- 
1,6 1 1. 82

Bi g Soo, Creek near Amburn 592 .51 ).49 - - - 1.57
Green River near Auburn 399 .44 1 ,96 3.81
Green River at Tukwi la 440 .50 1.82 3 .50

Low-flow frequency data for the 35 gaging In the Cedar River basin, the low-flow indexes
stations in the basins are listed in Table 35. Fre- range from 0.44 cfs per square mile for Rock Creek
quency curves for 3 of 35 stations are shown in to 2.22 cfs per square mile for Cedar River near
Figures 81-83. Landsburg. The large low-flow index at Landsburg is

Flows of the Cedar River at Cedar Falls and due partly to upstream regulation and partly to
Landsburg are affected by regulation for power seepage from Chester Morse Lake and Masonry Pool.
development at Chester Morse Lake and Masonry Taylor Creek has an index of 1.37 cfs per square mile,
Pool. Upstream regulation and diversion for munici- which results from large ground-water contributions
pal use by Seattle affect the records of Cedar River at in the unconsolidated alluvial and outwas h sediments
Renton. Recent channel improvements may change underlying the basin. The low-flow indexes of other
the low-flow characteristics of the Sammamish River. streams tributary to Lake Washington are uniform,
The Green River below Palmer is affected by divers- and range from 0.19 cfs per square mile for Mary
ion to Tacoma and , since 1962, by operation of Creek to 0.56 cfs per square mile for lssaquah Creek.
Howard A. Hanson Dam for flood control. Therefore , Rather small contributions from ground-water storage
the low-flow characteristics determined for the Green may account for these small indexes.
River below Palmer are not representative of present In the Green River basin , low-flow indexes
day and future flows. There are small diversions for range from 0.39 cfs per square mile for Green River
domestic use , but discharge records for the remaining near Black Diamond to 1.06 cfs per square mile for
streams are none theless considere d to represent essen- Chartey Creek . The low-f low index for the Green
t iall y natura l flow conditions. River main stem increases from 0.40 cfs per square
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FIGURE 81.—Low.flow frequency. Cedar River at Renton, 1946-63.

mile near Lester to 0.65 cfs per square mile near Slope indexes in the Cedar River basin range
Palmer and then decreases to 039 cfs per square mile from 1.16 for Bear Creek at Redmond to 3.78 for
near Black Diamond. Below Black Diamond , the Cedar River at Cedar Falls. The value for Bear Creek
index increases to 0.44 near Auburn and 0.50 at is the lowest determined in the entire Puget Sound
Tukwila. The increase betwee n Lester and Palmer is Area. All streams drain ing the low-ly ing area adjacent
due to contri bution from ground-water stora ge in the to Lake Washin gton have extremely low values
alluvium and recessional outwash of the North Fork possibl y because of the extensive aquifers in the area.
Green River basin. The decrease in index between The high slop e index for the Cedar Falls station
Palmer and Black Diamond is a result of Tacoma’s shows the influence of regulation and underfiow past
diversion. Downstream from Black Diamond , aquifers the station
containe d in the sediments of the broad floo d plain Slope increases in the Green River basin do not

ntribute an appreciab le amount of groun d-wate r . range as w idely as those in the Cedar basin . The
Inik xes of tributarie s to the Green River are fairly values range from 1.49 for Big Soos Creek and Green
uniform , ranging from 0.40 to 0.62 cfs per square River near Palmer to 2.22 for Green River near Black
mile, except for Smay and Chan cy Creeks , which Diamond. On the main stem , values decrease from
have values of 0.96 and 1 .06 cfs per square mile , 1 .54 near Lester to 1 .49 near Palmer and then
respect ively , increase to 2.22 near Black Diamond. Below Black
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FIGURE 82. - Low-flow frequency, Semmamish River at Bothell , 1946-63.

Diamond, the slope index decreases to 1.96 and 1.82 The wide spacing between the frequency curves for
at Auburn and Tukwila, respectively. The low slope the Rex River indicates the impervious nature of the
index for Big Soos Creek reflects well-sustained flows geologic materials in the basin.
from ground-water contributions In the Green River basin, spacing indexes range

Spacing indexes in the Cedar River basin range from 1.57 for Big Soos Creek to 6.57 for Bear Creek.
from 1.50 for Cottage Lake Creek to 6.73 for Rex As in the Cedar River basin, the dominant influencing
River. The value for Cottage Lake Creek is low factor is the nature of surface materials in the
because the local deposits of unconsolidated sedi- watershed.
ments are conducive to infiltration of precipitation.

120



- - ‘‘

~~T~~ T’ T T ~~~~T T  T F T T

— 
- 

30. c, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

10 I t !  I 1 1 1 1 1  _ _ _ _ _ _  _ _ _

1.01 1.1 1.2 1.3 14 1 .5  2 3 4 5 6 7 8 9 1 0  20 30
RECURRENCE INTERVAL . IN YEARS

FIGURE 83. - Low’f low frequency, Green River near Auburn . 1946-63.

I 21



TABLE 35.—Low-flow frequency data for selected gaging stations in the Cedar-Green Basins
(Discharge adjusted to base period April 1, 1946, to March 31, 1964J

Number St ream ilaws in cfs. for
Gaging station of con- indIcated recurrence intervals, in year.

day, 1.0$ 1.30 2.0 5 10 20 30

North Fork Cedar liver near 7 14$ 72 70.3 8.2 7.2 6.3 5.8
Lester 30 18 14.3 11.8 9.0 7.8 6.8 6.3

90 37 23 16.4 11 .4 9.6 8.5 7.9
183 83 56 42 29 24 20 18.5

South Park Cedar RIver near 7 7.5 5.4 4.1 2.9 2.4 2.1 1.9
Lester 30 9.8 6.5 43 3.3 2J 2.3 2.1

90 22 11.8 7.4 4.4 3.4 2.7 2.4
783 46 31.5 22.5 14 10.6 8.1 6.9

Cedar liver below Soar Creek near 7 42 30 24 18 16 14.2 13.5
Cedar Falls 30 54 36 27 20 17.5 158 15

90 104 61 42 28 23 19.5 15
153 195 140 101 71 55 44 3$

Cedar River near Cedar Falls 7 66 47 36 28 24.5 22 21
30 $2 55 41 31 27 25 24
90 170 95 63 42 35 31 29

783 370 220 168 110 88 70 62

Ceo River near Cedar Falls 7 19.5 12.5 9.2 63 3.8 5.2 5.0
30 29 16.5 11.3 7.8 6.7 5.9 5.6
90 59 32 21 12.7 9.7 7.8 7.0

153 140 86 62 43 37 32 30

Cedar River at Cedar Fall , 7 96 65 43.5 24 16.5 17.5 9.3
30 148 92 61 34 23.3 16.5 13.5
90 242 142 88 49 38.5 31.5 29

183 455 280 178 101 80 68 63

Mlddi. Fork Taylor Creel, near 7 15.5 10.7 7.3 5.1 4.4 4.0 3.8
SeIleck 30 23.5 13. 5.6 5.8 4.8 4.3 4.0

90 29 16 10.6 6.8 5.4 4.4 4.2
183 45 29 20.5 13.8 II 9.2 8.4

North Fork Tay lor Creek near 7 5.8 3.3 2.1 1.) .8 .4 .5
SeII.ck 30 7j 4 .4 23 1 .5 1.0 .8 .6

90 13 7.8 4.8 2.4 7.6 1.2 1.0
183 27 18.5 13 7.6 5.3 3.8 3.2

Taylor Creek n.or 5.ll.ck 7 37 28 .5 23.5 19 17 15.8 15
30 44 33 26.5 27 .5 79.3 78 77
90 68 47 36 26.5 22 19.2 18

183 110 85 66 46 36 29 26

Cedar River near Landsburg 7 410 370 260 210 784 170 160
30 460 360 295 235 210 190 180
90 550 420 335 265 230 210 200

183 830 600 410 360 320 285 270

Rod, Creek near Maple Voll ey 7 8.2 6.6 5.4 4 .1 3.4 2.9 2.6
30 9.0 7.3 6.0 4.6 3.9 3.4 3 1
90 10 8.1 6.8 5.3 4.6 4.0 3.7

783 IS 7 7 . 7  9.3 7.0 5.8 4.9 4 5

Cedar River at lenten 7 265 158 101 56 40 29 24
30 330 270 138 75 32 36 30
90 425 280 187 700 66 44 35

183 760 530 370 210 148 103 55

May Creek near lenton 7 3.1 2.7 2.4 2.1 1.8 1.7 1.6
30 4.) 3.2 2.8 2.4 2.1 1 .9 7 .8
90 5.2 3.9 3.2 2 6  2.2 2.0 1.9

183 8.5 6.0 4.7 3.3 2.5 2.4 2.2

Mercer Creek near Sellevu. 7 54 4.5 3.8 3.2 3.0 2.1 2.7
30 7.4 5.6 4.7 4.0 3.6 34  3.3
90 8.8 6.6 5.4 4.4 4.0 3.7 3.6

183 12.7 9.5 8.0 6.4 5.5 5.0 4 6

is.oquah Creek near lssaquoh 7 21 5 17.3 15 12.6 11.7 17 70.7
30 23 19 16.5 74 12.7 11 .7 11 .2
90 29 23 19 15.5 14 12.7 12

183 46 36 29 21 18 7 5 13.5

Sear Creek near Redmond 7 7.4 5.9 5.0 4 2 3.5 3.6 3.4
30 5.3 6.5 5.5 4.6 4. 1 39  3 7
90 10.3 5.0 6.6 5.2 4.6 4 .2 3.9

153 18.5 13 9.8 7 .0 5,9 5, 7 4.7

College Lake Creek near Redmond 7 6.7 5 . 5 4.8 4.2 4.0 3.9 3.8
30 7.4 6.7 5.4 4.7 4.4 4.3 4 1
90 8.3 67  5.8 3.0 4.7 4.5 4.3

183 9.7 8.2 7.2 6.0 5.4 4.9 4.7

Eve w Creek akev. mouth .,eer 7 5.0 7.1 6.6 6.0 5.7 5.4 5.3
Redmo nd 30 5.9 7.8 1.0 64  6.2 6.0 3.8

90 10.3 8.5 8.0 7.1 6.8 6.6 64
183 13.2 11.3 70 8.6 7.9 7.4 7.)
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TABLE 35.—Continued
Number Streomf lows in of,. for 

—

Gaging stat ion indicated recurrence Interva ls , in years

day, 1.05 1 30 2.0 5 10 20 30

Sear Creek at Redmond 7 2’ 27 ~8.6 17 16.5 76 15.7
30 31 23 20.2 18.5 17.8 17 16.6
90 35 28 24 27 .5 20.3 19.5 19

183 48 39 34 28 26 24 23

Samn.an.ish liver near Redmond 7 120 58 70 55 49 46 44
30 130 94 74 59 53 48 46
90 160 110 55 67 60 55 53

183 195 153 125 97 83 73 67

North Creek near lothe lI 7 8.7 7 2  6.2 5.4 5.2 4.9 4 8
30 10 8.0 7.0 60  5.6 5.3 5.2
90 11 .7 9.6 8.3 7,2 6.7 6.4 6.2

153 19.2 15 12.6 10.2 9.0 8.3 7.9

Sammamish Riv er at Sothell 7 150 115 96 78 72 66 63
30 162 123 102 83 75 70 67
90 172 135 113 93 84 77 74

183 240 194 162 130 118 107 100

Snow Creel, n.ar Lester 7 10 7.6 6.2 4.7 4. 1 36  3.3
30 11.5 8.8 7.2 5.4 4.7 4 .0 3.7
90 30 18 11 .9 7.4 6,0 4.9 4.4

183 68 49 35 21 15.5 7 1 .3 9.6

Friday Creek near Lester 7 5. 7 4.0 2.9 1.9 1.6 1 .4 1.3
30 6.8 4.7 3 5  2.5 2. 1 1 .8 1 .7
90 12 7.6 3.4 3.4 2.7 2 2 2.0

183 31 21 15 9.4 7.1 5.6 4.8

Green River near Lester 7 64 47 38 30 27 24 .7 23.5
30 74 56 44 34 30 26.5 25
90 155 93 65 45 38 33 3 7

183 430 290 200 120 86 63 53

Green Canyon Creek near Lester 7 3.2 2.4 2.0 1.6 1. 4 1 .2 1 .2
30 3.6 2.7 2.2 1.8 1.5 1 .4 1.3
90 6.0 4.1 3.1 2 2  1 .8 1 .5 1 .4

183 11 .4 8.4 6.4 4.4 3.4 2.8 2.4

Sinay Creek near Lester 7 13 4 10.2 8.2 6.4 5.6 5.0 4.7
30 16 11.7 9.1 7.0 6.2 5.6 5.3
90 27 .5 17.2 12.5 8.9 7.6 6.6 6.2

183 59 41 30.5 20 15.8 125 11

Chorley Creek near Eagle Gorge 7 17 14 12 9.9 8.5 7,9 7,4
30 24 16.8 14 7 1 . 1 9.9 8.9 8.3
90 36 24 18 13 11.1 9.9 9.3

183 73 33 40 27 21.5 17.5 15.5

Sear Creek near Eagle Gorge 7 3.7 2.4 1.8 1.3 1.1 1 . 0 .9
30 4.8 3. 1 2.2 1 .6 1.3 1 .1 1.0
90 9.3 59 4.1 2.6 2.0 1 .6 1.4

183 22 15.5 11.2 7.3 5.5 4.2 3.6

Green River n.ar Palmer 7 260 190 150 120 107 100 95
30 310 220 175 135 120 110 103
90 500 320 233 170 150 135 129

183 1,200 790 580 400 330 280 250

Green River near Slack Diamond 7 200 147 170 76 60 49 44
30 270 185 135 89 70 57 51
90 500 305 200 130 101 82 72

783 1,400 820 550 335 255 200 175

Newoukum Creek near Slack DIamond 7 24 19.3 16.3 13 11.3 10 9.2
30 27 27 .5 18.2 14.5 12.7 11 .1 10.5
90 32 25.5 21 16.1 14 12 11

183 52 38 296 22 18.7 16.2 15

Sig Soot Creek near Auburn 7 39 34 30 25 22 20 15.7
30 44 37 32 26.5 23.5 21 20
90 51 42 36 29 25.5 22.5 21

153 50 59 47 37 32.5 29 27.5

Green liver near Auburn 7 290 220 176 130 107 90 82
30 360 270 206 147 118 96 56
90 550 400 295 198 156 123 110

183 7 .450 950 670 430 335 270 240

Green liver at Tukwlla 7 335 270 220 168 140 120 110
30 405 315 250 785 155 130 130
90 640 445 335 235 795 166 150

1S3 1,600 1,010 770 490 380 295 260
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Dispersion and Time of Travel
Because the Green-Duwamish River carries large August 1 965 (William’s, in press). Profiles of dis.

quantities of waste , studies have been needed to charge and of the travel time of maximum dye
provide quantitative data on travel time and longitud- concentrations with respect to river miles are illus-
inal dispersion of pollutants. These data have been trated in Figure 84. Discharge of the Green River
obtained by introducing a tracer material into the during thi s study ranged from about 3,500 cfs at
r iver and measuring the concentration and time of Palmer to about 4,500 cfs at Tukwila . Most of the
travel of the tracer at various downstream points, increase in discharge was in the Palmer-Auburn reach ,
From these measurements, dispersion coefficients are and about half that increase is attributed to inflow
computed (Fischer , in press). from Newaukum and Big Soos Creeks.

Using the fluorescent dye , rhodamine B, disper- The measured time of travel of the peak
sion and time-of-travel studies for the Green- concentrations increased with distance downstream.
Duwamj sh River were made in the reach between Near Palmer the time of travel was about 19 minutes
Palmer and Tukwila in April 1965 by the Geological per mile, and from Kent to Tukwila it was about 28
Survey. The tidal reach downstream from Tukwila minutes per mile. The average time of travel from
was studied in October 1964 (Fischer , in press) and Palmer to Tukwila was 23 minutes per mile.
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FIGURE 84.-Wstsr dl.ch wg, end tint , of trivel of dye, Green Rivir, April 20. 1965.

124



D spcrslon coe lt icients ranged f rom 1 25 square provide increased stora ge for pOwel generation and
feet per second in the Palmer-Auburn reach to 300 municipa’ supp ly. Shortl y after construction of the
square feet per second in t he Auhurn-Tukwila reach. masoory dam an intnie;ise was hout occurred in the
1 he coefficients reflect the increase in dispersion that im raine that forms the right abutment of the dam.
occurs w hen a river passe s from slL’ep gradi;’llt and Since this failure , the level of Masonry Pool has been
narrow channel to a low gradient and broad meander. maintained at an altitude of about I ,547 feet. which
ing channel. is the crest altitude of the existing crib dam. At

higher levels , seepage from the reservoir is excessive .
STORAGE AND REGULATION and creates conditions that could result in another

fa ilure. The crib dam is capable of storing approxi-
Natural Surface Storage mate ly 56 ,000 acre-feet in Chester Morse Lake

No glaciers are in the basins , and a study of the (including active storage of 23 ,000 acre -feet) at the
total amount of storage in natural lakes has not been cres t elevation. The capacity of Masonry Pool is
made . Lake-surface areas , however , provide at least a approximatel y 4.000 acre-feet at the same altitude .
comparative indication of the amount ot ’ w ater  that ~ 

At present 119(17), t he flow regimen of the Cedar
stored. The total lake surface in the study area is River is not greatly affected by the existing storage.
about 52.7 square miles, of which about 7 .7 square The city of Seattle diverts municipal water
miles consists of reservoirs , from the Cedar River near Landsburg into off-stream

storage in Lake Youngs. The capacity of Lake Youngs
Resetvoirs is approximately 11 ,000 acre-feet.

The following discussions and tabulations ci i  Howard A. Hanson Dam on the upper Green
principal existing reservoirs and potential storage sites River provides 105 .650 acre-feet of active storage.
in the Cedar~Green Basin apply to t hose that have a Major overbank flooding in the lower valley has been
capacity of at least 5 ,000 acre-feet. Locations of eliminated by the dam but some flooding occurs at
existing reservoirs and potential storage sites in the the mouths of tributaries during periods of high
basins are shown on a map (Figure 85). discharge . Maximum storage is not retained in How-

Existing Reservoirs - Some regulation of the ard A. Hanson Reservoir . but is dissipated as soon
Cedar River is effected by Seatt le ’s storage reservoirs, as possible after a flood to provide for the possibility
Masonry Pool and Chester Morse Lake. In 1900, the o a second flood. During low-flow periods, the
storage in Chester Morse Lake was increased by t he discharge below the dam is augmented so that
construction of a crib dam. Later , in 19 18. a masonry approximate ly 100 cfs remains in the lower reaches
dam was completed about 2 miles downstream from for fishery enhancement.
the crib dam. The m asonry dam impoundment was Detailed information on existing reservo irs in
intended to inundate the crib dam and thereby the basin is presented in Table 36.

TABLE 36.—Exist ing reservoirs in the Cedar-Green Basins
Us.: F, flood control; I , irr got)c.n; N. nav i gation; P. Hy dra-elec t ric deve lop ment; R. rec reation; WS , Munici pal and ind ustrial water supply.

Sto rage ac re It) Dam
Drainage — ‘ - -— . -- di me nsi o nc Rese rvoir App licant

Name Str I.R.S area lnoc t ~ve —‘-‘- - - - - area Use or Remør ksearn, (sq mi) Active ond. ’ or l’a1ai Ht Width (acres) owner
dea d (It) It ,

Chester Morse Cedor 8. 22-8-12 78 ‘23 ,000 133 ,000 ‘56,000 15 - - 1,682 P. WS City c i  Seattle Storag. con-
Lk trailed by •.-

sting crib dam .
Masonry Pool Cedar R. 22 .8- I l  4 . 000 0 ‘ .4000 120 - 280 P. WS City of Seattle Storage to cliv.
Re. . of crest of crib

dam .
Vou ngs Lake Fro m Cedar R i v e r ;  -- 11,000 25 ~~. 700 WS City of Seattle Offstream star -

2 2 5 1 1  age.
Howar d A. Green R 21-8.28 220 1J6.000 0 106,000 235 450 2.240 F WS Corps of Flood cont rol
Hanso n Dam Engrs. and storage to

augment sum-
mer flaws.

I Storage at clo y 1346 .56 which is elenation of sp~l lway of crib dam. Abov, th is elevat ion th, storage is combined behind the Masonry
Don, and crib dam is fto~d.d, Can,bined storoge to elevati on iSdQ.S8 spiliwoy of Masonry Don,) it 85,000 acre-h it total and 52,000 acre.
tiet active. This st orage is in rIIo~t ;.e becaus, of high rote of seepage from the Masonry Pool.
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TABLE 37 —Potentiol storage sites in the Cedar-Green Basins

Ma Total Droinog. 
—

~ Project name T-R-S River and mile storag e area Remarks
(1.000 acre’ft( (sq ml) 

—
1 Sellick 22-8-18 Cedar R. 272 -- 54
2 Chester Morse 22-8-12 Cedar 8. 61 75 Storeg. in ecl sti rsg lak, by

Lab, construction of new dam up-
stream from crib dam.

3 Weston (*ite3( 20-11-28 Green 8. 6.4 30
4 Sundoy Cr. 20-11-8 Sunday Cr . 1.3 -- 23
S Smay Cr. 20-9.12 Smay Cr. 1 .2 51.5 21 

—~~~ -—__________________

Potential Storage Sites Detailed information calcium-bicarbonate type that is low in dissolved-
on poten tial storage sites in the ba sins is pre sented in solids content and hardness . Data obtained from
Table 37. monthly sampling of the Green River near Auburn

and the Cedar River at Renton indicate that the
DIVERSIONS waters of both streams are soft and usually contain

less than 60 ppm of dissolved solids. Headwaters of
The City of Seattle diverts water from the these streams serve as generally excellent sources of

Cedar River above Lansburg as its primary source of public supply for the cities of Seattle and Tacoma.
municipal supply. Between 200 and 300 cfs is During the winter and early spring, however , turbid-
diverted but the city’s facilities are capable of ity occasionally poses a problem in the use of these
diverting about 317 cfs. waters for public-supply purposes. The problem is not

The City of Seattle also diverts water from serious, though, because the turbidity remains above
Chester Morse lake and Masonry Pool to operate its acceptable levels only during short periods of high
Cedar Falls hydroelectric plant about 3 miles down- storm runoff.
stream. A maximum of 700 cfs can be diverted for The water of the Sammamish River is slightly
operating the Cedar Falls plant. The water is dis- more mineralized than that of the Cedar and Green
charged to Cedar River at Cedar Falls where the Rivers. Monthly sampling of the Sammamish River at
powerplant is located. Sothell showed a range in dissolved-solids content of

Since 1912 Green River has served as the main 59 to 100 ppm. The slightly higher concentrations
source of municipal and industrial water for the City may be due to a larger percentage of ground water
of Tacoma. The facility has a capacity of 113 cfs compared to increments in the Cedar and Green
which is diverted about 2Yz miles southeast of Palmer. Rivers.

The Washington Department of Fisheries Green Sanitary quality of the lower reaches of major
River Salmon Hatchery on Soos Creek diverts 30 cfs streams in the basins has been a problem for ~iany
from Soos Creek which is returned to the creek years as a result of increasing population and accom-
immediately below the hatchery ponds. Also, the panying waste disposal to the surface-water system.
lssaquah Salmon Hatchery , located at the town of Brown and CaIdwell (1958, p.1.) stated that in 1958,
Issaquab, diverts 10 cfs from Issaquah Creek and raw sewage from about 53% of the total population
returns it to the creek below the pond. of metropolitan Seattle was being discharged through

An est imated 1 ,000 acre-feet of water is divert- about 60 outfalls along the shorelines of the Duwam-
ed from the streams in this basin for irrigation. ish River and Puget Sound and that Lake Washington

was receiving treated sewage from an estimated
QUALITY OF 80,000 persons and indirect discharge from at least

SURFACE WATER 4,000 private septic tanks. According to Peterson
(1955) Lake Washington was in 1955 in the early

Chemical and San it.ry Quality stages of nu tr ien t enrighment as a result of increasing
inflow of raw and treated sewage . The enrichment in

Chemical quality of surface water in the Cedar- turn promoted the growth of algae. Monthly samples
Green Basins is excellent, an~d the water is acceptable of the Duwamish River at Tukwila from October
for practically all uses with very little treatment. 1962 to April 1966 showed MPN values ranging
Water in the streams in this area is generally of a between 230 and 240,000. One year of monthly
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sampling beginning in October 1964 at the Chitten - Sediment Transport
den Locks , t he outlet of Lake Washington , showed Sediment transport is discussed separately for
MPN values ranging from 36 to 4 ,600. the upper and lower drainages of the basins. The

A program was started by the Municipality of upper drainage consists of watersheds above Selleck
Metropolitan Seattle (METRO) in 1961 to establish a on the Cedar Rive r and above Palmer on the Green
sewage system that would great ly reduce the contam- Rive r , and t he lower drainage includes the remaining
ination of surface waters in the Seattle area. In 1965, areas downstream.
the $ 121 million construction program was two. The upper drainage of the Cedar River basin is
thirds completed , and the deterioration of Lake largely in mountainous terrain , where the soils are
Washington reportedly had been stemmed (Municipal- shallow and vary considerably in origin and texture.
ity of Metropo litan Seattle , 1965). Completion of the Above altitudes of about 3,000 feet , the shallow
METRO program should see t he elim ination of most ston y soil cover is derived from underlying bedrock .
raw waste discharges into the Duwamish River, with At lower altitudes, the soils are derived principally
an accompanying improvement in the sanitary quality from glacial drift . A den se cove r of vegetation on the
of this stream. steep slopes in the upper drainage of the Cedar River

largely precludes excessive soil erosion; removal of
Stresm Tsmp.ratures vegetation results in sheet and nI l erosion of the fine

Temperature records are listed in Table 59 for sediments during periods of intense rain. Some of the
eroded sediments are deposited in lakes and swampsthree streams in the Cedar.Green Basins. Of these ,

two were measured at two di fferent places; the Cedar and , therefore , do not reach the streams. Stream-
channel conditions in the upper drainage favorRiver at Landsb urg and Renton , and the Green River

near Palmer and Auburn . Thermo graphs have been in occasiona l sloug hing of the bank materials , particu-
operation at two of the five stations. larly during periods of high runoff. Generally, streams

in the Cedar-Green Basins transport only small
Minimum temperatures attained by the flow of amounts of sediments and have susp ended-sediment

Sammamis h River at Bothell during the colder part of concentrations less than 20 ppm.
the year average about 40°F, and are t he highest In the mountainous upper-drainage terrain of
minimums in the basin. This may be a result of the the Green River, soils on the steep slopes are shallow
stabilizing effect of Lake Sammamish , the source of and vary considerably in origin and in texture ; gravel,
the Sarnmamish River. The Green River at Palmer is cobbles, and boulders are prominent. Excessive
the coldest major stream in this area, but it is not as erosion of soils in the upper drainage of the Green
cold as the streams of glacial origin. The Cedar River River is largely precluded by a cover of vegetation.
at Landsburg is slightly warmer than the Green. This Because the upper drainage is a limited access
difference may result from the influence of seepage watershed, activities of man that would contribute to
from Chester Morse Lake and Masonry Pool. erosion are limited. Bars of gravel in the Green River

Green River is warmed appreciably in the reach indicate that there is considerable movement of bed
from Palmer to Auburn. Within this reach ,especially materials during periods of high runoff.
in the Green River gorge, the stream receives a fairly Sediment data collected daily on the Green
large contribution of ground water. Additional River near Palmer during the period 1951-5 7 showed
ground water is added by Big Soos Creek , a stream yearly loads that varied from 6,370 tons in l952 to
that is fed largely be springs. Doubtless, the contrihu- 125 ,500 tons in 1956 and averaged 59,800 tons.
tion of ground water has a stabilizing effect in all but Suspended-sediment concentrations during the period
the coldest and warmest months. Because of the of collection range d from I to  3,140 ppm.
reduction in discharge between Palmer and Auburn, A representative analysis showed that the sedi-
extremes in temperature can exert a more significant ments consisted of 23% clay, 48% silt , and 29% sand.
heating or cooling effect. The July high of 75°F at The tributaries of the Green River in the upper
Auburn, 10°F higher than at Palmer, and the drain age generally have suspended-sediment concen-
December low of 33°F, 2° lower , demonstrate the trations of less than 10 ppm except during periods of
magnitude of this effect . The average summer temper- high runoff.
ature of the Green at Auburn is among the highest of The lower drainage of the Cedar River is
streams studied in the Puget Sound Area. formed on terrain that is typical of lowlands in the
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Pucet Sound Area. Soils on flood plains are derived alluvium, and organic materials. Excessive erosion of
from alluvium, and are permeable , while soils on the soils on the steeper slopes is largely precluded by a
uplands are derived from glacial outwash and are profuse vegetation. Numerous lakes and marshy areas
moderate ly well drained. Swampy or marshy areas in the lower reaches of the Green River contribute
containing peat or muck are numerous along the little sediment to the river and provide catchment
lower reaches of the Sammam ish River and lssaduah areas for sediment eroded from higher areas. In its
Creek. These areas receive much of the sediment lower reaches , the Green River channel cuts through
ero ded from adlacent uplands. Vegetal cover prevents glacial and alluvial deposits , w hich are eroded during
excessive erosion on stee per slop es except in areas of periods of high runoff .
urban development and road construction. Bank Susp ended-sediment data have been collected
sloughing and movement of bed materials have from the Green River at Tukwila during the period
occurred along lower reaches of the Cedar River but 1964-66. The sediment load was 125,000 tons in
have been reduced by channel improvement and 1964 and 375 ,000 tons in 1965. The maximum
stream fiow regulation. Suspended-sediment data col- concentration was 1 ,590 ppm and the maximum
lected from the Cedar River during the period daily load was 31,000 tons. The representative
1962-65 indicate that the river transports about composition is 18% clay, 35% silt, and 47% sand. The
60,000 tons of sediment annually on the average. A bedload of the Green River at the Tukwila site
representative analysis shows 17% clay, 50% silt, and comprises abou t 10 to 40% of the total sediment
33% sand. load. The recent development of an industrial area

The lower drainage areas of the Green River near Tukwila apparently has caused significantly
contain soils that vary from well drained to poorly increased sediment contribution to the Green River.
drained. The well to moderate ly drained soils are Tributaries of the Green River generall y have suspen-
derived from till and outwash , w hereas the poorl y ded-sediinent cc ncentra t ion of less than 10 ppm.
drained soils are derived largely from lake deposits,

GROUND WATER
Ground Water supplies are plentiful in many are mainly till, recessional outwash, alluvium, and

places in the Cedar-Green Basins. Ground-water re- mudflow deposits. The uplands are covered princip-
sources are discussed separately, by lowland and ally by till. The till is as much as 150 feet thick on
mountain areas : the lowlands are generally west of a the higher upland to the north; it is breached and
line through Hobart and Enumclaw , and the moun- truncated along some plateau margins, and it thins to
tains are to t he east . a featheredge over consolidated rocks in the area east

of Renton. Because the till is composed largely of
LOWLANDS compacted fine materials, it is not an important

aquifer , even though it is somewhat permeable.
Geology and Ground Water Occurrence Locally, till is mantled with recessional out-

Most of the important aquifers in the lowlands wash, which is composed mostly of gravel and sand.
are contained in coarse Quaternary deposits which are On the uplands, the outwash occurs as thin isolated
rather continuous oveT about 670 squa re miles. Older deposits , and is not a dependable aquifer. Along
consolidated rocks crop out in an area east of principal streams in the north and along the northern
Renton . Locally near Puget Sound the thickness of part of Lake Washington , the outwash deposits are
Quaternary sediments may exceed 2,000 feet. In more extensive and of greater thickness, locally
most inland areas, aquifers capable of continuously exceeding 100 feet. To the southeast , large areas are
furnishing large quantities of fresh water to wells blanketed with recessional outwash that is locally as
usually exist as deep as 400 feet below sea level , but much as 50 feet thick, saturated thicknesses are most
towar d Puget Sound the base of fresh water becomes commonly 20 feet or less, however. Water-y ielding
shallower. Water levels are generally within 100 feet properties of the recessional outwash aquifers seem
of land surface. most favorable in areas north of Lake Sawyer and

Quaterna ry sediments exp osed at the surface along the Green Rive r east of Auburn. Recessional
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outwash is overlain by alluvium in many places, probably discharged into Puget Sound through
particularly on the Sammamish flood plain. springs that occur both above and below tidewater

Alluvium occurs mainly on h ood plain of the level.
Sammamish, Cedar and Green Rivers. It is composed
principally of sand and gravel, except in the Green Quality of Ground Water
River valley north of Auburn, where fine sand, silt , Water in most aquifers is generally low in
and clay predominate. The deposits are notably dissolved solids and acceptable for practically all uses.
coarse in the Renton area. In the Green River valley Dissolved-solids concentration is characteristically less
north of Auburn. the alluvium seems to be thickest , than 200 ppm in the shallower aquifers , and some-
which locally is 300 feet or more. Alluvium is what greater—up to 500 ppm- in deeper aquifers.
saturated to about river level; deeper alluvial aquifers Highly mineralized water occurs in some aquifers
in the lower Green River valley are confined under adjacent to Puget Sound. Brackish water occurs in the
artesian pressure . deeper aquifers locally, and deep aquifers in the

On the upland east of Auburn and south of the southern part of the basins commonly yield water
Green River, mudflow deposits overlie both till and containing more than 50 ppm of sodium. Shallow
recessional outwash at the land surface . The mud- aquifers near Puget Sound usually contain traces of
flows are apparently less permeable than tIll,and serve sea water , but only incipient encroachment has been
as confining layers for underlying artesian aquifers, detected. Hardness of the ground water is generally
principally in recessional outwash. Thickness of the less than 120 ppm. In waters containing less than 200
mudflows varies considerably, but is not known to ppm of dissolved solids, silica content ranges from 9
exceed 75 feet. to 65 ppm, averaging about 30 ppm. Well owners

Quaternary sedimentary deposits older than till commonly report objectionable concentrations of
are exposed mostly along the margins of some of the iron, particularly in water from shallow wells.
uplands, particularly along Puget Sound and the
lower Green River valley. These older sediments Utilization and Development
include sand and gravel aquifers that contain fresh Ground water in the lowlands is used mostly
water at most places in the basin. The thickness of for public supply and irrigation, although substantial
the pre-tiII aquifers varies considerably, but generally amounts are pumped from many small-capacity wells
totals less than 150 feet. Water in these aquifers for individual household and livestock uses. Ground
characteristically is confined under artesian pressure water is used by Kent , Renton, and Auburn; part of
except beneath upland areas, where water-table con- each city’s supply is obtained from springs and part
ditions exist generally. from wells. The wells used by many communities

Consolidated rocks of pre Quaternary age usual- near Seattle produce water from Quaternary subtill
ly do not contain significant aquifers; however, aquifers and a few from pre-Quaternary consolidated
moderate well yields are obtainable from conglomer- rocks. The Renton wells tap aquifers in an alluvial fan
ate and sandstone of Tertiary age in the interlake area of the Cedar River. Irrigation with ground-water
near Eastgate . occurs mostly in the lower Green River valley, and on

Practically all recharge to the lowland aquifers the plateau east of Auburn and south of the Green
is by infiltration of precipitation. The aquifers are River.
estimated conservatively to receive about 120,000 Most large-capacity wells in the lowlands are
acre-feet of recharge in an average year , but not all of completed in aquifers below till and mudflow de-
the rec harge can be intercepted by wells. Opportuni- posits. Most of these wells yield less than 1,000 gpm.
ties for recharge may exist along Lake Washington The largest-yielding wells produce from alluvial aqui-
and Lake Saminamish, along Big Soos Creek , and on fers; Renton city wells located near the mouth of the
flood plains of Bear Creek , t he Sammamis h River , the Cedar River pump as much as 3,000 gpm. These and
lower Green River near Renton , and lower Issaquah other wells used for municipal and industrial suppl y
Creek. are genera lly more thoroughly completed and devel-

The natural discharge of ground water is mostly oped than wells that are used for other purposes.
into the lower drain ages of the Green , Cedar , and Figure 23 shows order-of-magnitude estimates of
Sammamish Rivers and the two large lakes east of expected well yields in the basins. Subtill aquifers
Seatt le. Considerable quantities of ground water are beneath the valley of lssaquah Creek near lssaquah
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may also support large sustained well yields. High thick; nonetheless they contain coarse gravels that
yields may not be possible on the plateau in can be easily recharge d by infiltration of precipitation
Snohomish County owing to low permeability of the and by induced flow from the Green River. Similarly,
subtill aquifers. In the general area between lssaquah outwash deposits are not thick , but are conducive to
and Renton, water wells pump as much as 450 gpm recharge .
from aquifers in consolidated rocks, but inadequacy Most ground-water discharge in the mountain
of recharge to these aquifers may preclude sustained areas is into the streams that dissect the aquifers , but
major development. Wells that tap deep aquifers significant amounts of ground water in the vicinity of
below the flood plains and low-lying areas marginal to Cedar Falls are lost by underflow through outwash
plateaus may flow, into the Snoqualmie basin , principally because of

seepage from reservoirs.
MOUNTAINS Water wells in the mountains, which are used

mostly for individual household purposes, are corn-
In the mountains, sand and gravel aquifers pleted in aquifers in outwash . The wells are generally

occur in some of the Quaternary deposits, which less than 100 feet deep, many yield at least 20 gpm ,
occupy about 100 square miles. Till is exposed at the and depths to water are mostly less than 30 feet.
surface principally in the area north of the Cedar Except for high iron content , which reportedly is
River in T. 7N., R. 22 E. objectionable to many users, the mineral content of

Most of the deposits are alluvium and outwash. the water is low. In areas where Quaternary materials
Alluvium occurs mainly on a narrow flood plain are absent , ground water is obtainable only from
several miles upstream from Palmer. Geologic infor- consolidated rocks , which yield 10 gpm or less to
mation suggests tha the alluvial deposits are not wells.

PUYALLUP BASIN
SURFACE WATER

The Puyallup Basin comprises 1 ,254 square through a rather wide valley with a high, but
miles, including 1,203 square miles of land and inland comparatively uniform, gradient. Before 1906. the
water. A map of the basin is shown in Figure 93. The White River discharged partly into the Duwamish
largest and most important stream in the basin, the River to the north and partly into the Puyallup to the
Puyallup River , drains 972 square miles, the upper south. Since then, the entire flow has been diverted
part of which is rugged and mountainous and the into the Puyallup. Greenwater River , the main tribu-
lower part flat or rolling. The Puyallup River proper tary of tt~ White drains an area of 76 square miles.
begins at t he Puyallup and Tacoma glaciers on Mount The Carbon River, about 30 miles in length and
Rainier, and flows northwestward about 46 miles to the second largest tributary to the Puyallup,joins the
Commencement Bay at Tacoma , wit h a fall of more river about 2½ miles below the town of Orting. The
thin 3.000 feet. For the first 20 miles the flow is very Carbon River has its source at Carbon Glacier on the
rapid as it passes through a rugged country with no north slope of Mount Rainier at an altitude of about
lowlands; the lower 8 miles of this section is a deep 3,600 feet. The Mowich River , the third largest
canyon. At the foot of the canyon the river flows out tributary, originates at the North and South Mowich
onto the flat valley, and has a comparatively flat Glaciers on the west side of Mount Rainier at
gradient from there to its mouth. altitudes of about 5,500 and 4,800 feet, respectively.

The principal tributary of the Puyallup is the Flowing in a wester ly direction, the Mowich enters
White River , which rises at Mount Rainier’s Emmons the Puyallup River from the east about 22 miles
Glacier and enters the Puyallup at mile 10.5. From its above the mouth of the Carbon River, or 41 miles
sources at the northeastern glaciers of Mount Rainier above the mouth of Puyallup. Stream slopes range
and on the western slope of the Cascade Range to its from 75 feet per mile in the upper reaches to about
emergence from the foothills onto the lowlands, the 30 feet per mile in the lower valley, wit h generally
river flows for 57 miles in a northwesterly direction steeper slopes on the principal tributaries.
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STREAMFLOW Runoff from the upper reaches of the Carbon
River drainage is comparable to that of the Puyallup

Runoff Characteristics River above Electron. At the gaging station near
The Puyallup River and most of its tributaries . Fairfax, mean annual discharge from the Carbon

including the White and Carbon Rivers, drain approxi- River was 426 cf’s. or 309,000 acre- feet during the
mately 60’/ of the slopes of Mt. Rainier. Direct period 1931-60. In terms of unit runoff, this is equal
runoff measurements from these high alpine areas are to 5.4 cfs per square mile.
not available ; however, other data indicate that the Runoff from nearly one-half of this basin is
average annual contribution exceeds 120 inches. measured at a gaging station on the White River near
Runoff production near the mouth of this stream Buckley. During the reference 30-year period, mean
system is estimated to be abou t 20 inches ann ually - annual discharge averaged I ,490 cfs or 1,080,000
The mean runoff from the entire 1.203 square miles acre-feet. Because production from both low and high
of this basin is estimated to be 41 inches, or 27  altitude areas is sampled at this station , the runoff per
million acre-feet. square mile amoun ts to only 3.7 cfs.

On the main stem of the Puyallup River , Contributions from virtually the entire basin
records obtained at a gage near Electron indicate that are measured at the gaging station on the Puyallup
the mean annual discharge from the western foothills River at Puyallup. An excellent long-term record is
and slopes of Mount Rainier is about 539 cfs, or available for this site , and it shows that the mean
about 390,000 acre-feet per year. Although this area annual discharge during 1931-60 averaged 3,440 cfs
has excellent exposure to prevailing storms, unit-run- which is equivalent to a mean annual yield of
off production is considerably less than that of the 2,490,000 acre-feet. The average unit discharge and
southern Olympic slopes in the West Sound Basin. yield for the basin is 3.6 cfs per square mile.
Approximately 5.8 cfs per square mile is produced on Long-term annual runoff trends in this basin are
these slopes of Mount Rainier compared to about 9.3 presented in Figure 86. This chart shows that several
cfs per square mile from the South Fork of the consecutive years of below average or above average
Skokomish River drainage in the Olympic Mountains, runoff occurred occasionally, but that in general , no

Unit runoff decreases rapidly below the Elec- definite pattern of cyclic fluctuation is apparent and
tron gage, and in the drainage area between this gage the variations appear to be basically random. During
and the station near Orting. the mean annual unit the period of streamfiow record for the Puyallup
discharge is only 2.1 cfs per square mile. In total, the River, the maximum yearly mean discharge of 5,180
mean annual runoff of the Puyallup River above the cfs occurred in the 1960 water year, and minimum
gage near Orting for the period, 1931 -60, is 703 cfs, yearly mean discharge of 2,090 cfs occurred during
or 509,000 acre-feet per year; this is equivalent to 4.1 the 1941 water year . These flows represent 151% and
cfs per square mile. 61%, respectively, of the mean discharge of 1931-60.
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Bar charts of mean monthly flow at selected
4000 _______ 

__________ - gaging stations in the Puyallup Basin (Figures 87-89)
___________ 

delineate two basic peak flow periods, one in winter
f• and another in late spring. The period of lowest flows

_______ 

generally occurs during the late summer.
_______ At the higher altitudes , monthly peaks are

- 
— greater during the spring than winter. This results

______ from the greater influence of snow accumulation and
melt in these streams. Lower altitude streams exhibit

- . 

Minimum nearly equal average mon thly peaks dur ing both
periods. The range in peak flow variations is deci-
dedly greater during the winter months, and is

— g greatest in December.
Z ~~ -‘ ~~ .~ ~ The relatively high level of summer flows in this

basin bears out the significance of glacial storage inFIGURE 87.—Maximum , mean and minimum . - .
monthly discharges, Puyallup River at Puyallup, miuntaming streamflow during summer periods of
1931.60. deficient precipitation. The average low monthly
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6500

flow normally occurs in September ; however , glacial
melt water from the alpine areas of Mount Rainier

6000 - — offers a greater percentage contribution to summer
runoff in t he high elevation drainages , with t he result
that lowest mean monthly flows at the higher altitude
gaging stations are often recorded during March. In

5500 - — contrast to t he usual trend in the Study Area of
generally high flows in November . t he lowest
monthly flows in the Puyallup Basin usually occurred
during that month.

5000 — Streamfiow characteristics are analyzed from
records obtained at the stream gage on the Puyallup
River at Puyallup, which measures runoff from 98%
of the Puyallup Basin. Streamflow usually begins

4500 -- — .increasing in September from the summer I~. ~ flow
of about 1 .600 cfs. Runoff generally decreases from
December through March as a result of reduced

4000 — 

melt causes an increase in streamfiow and averages
0 — — 

I 

— rainfall. As temperatures begin rising in April, snow-
0
LU about 5,300 cfs by the middle of June. Following the
LU siiowmelt peak , streamfiow recedes to minimum basea, 

flow as snow packs are depleted , usually before the3500 - -

LU end of September. Discharge is then sustained by
C.) ground-water and glacial melting.

The variability of the daily flow of streams in
0

3~~~ 
- - the Puyallup Basin is presented as flow duration data

for selected gaging stations in Table 38.LU
0

x 
- 

Flood Characteristics
C-)
~ 2500 — - Floods caused by high rainfall and accompany-
0

Ma*imum

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

ing snowmelt are shown by charac ter istically sha rp
rises followed by recessions almost as rapid. Two or

— 
more flood peaks often occur within 2 weeks. The

2000 - - maximum discharge recorded at the Puyallup gage,
- 

57 ,000 cfs, occurred on December 10, 1933. Mud
Mountain Dam, a US. Corps of Engineers flood

________ 
______ - 

control project on the White River, has effectively1500 - _______ reduced the magnitudes of large floods since 1942.
______ - Flood frequency curves for the Puyallup River

in Figure 90.
at Puyallup during the period 1915-64 are presented

Low-Flow Characteristics
C ‘

~~ 

M,nimumJ

Low-flow characteristics of streams in the

~~~~~~~~ low-flow frequency curves at 12 gaging stations
Puyallup Basin are compared using indexes from

(Table 39). The low-flow indexes are excellent in the
upper Puyallup, White, and Carbon River basin (Fig.

- . ,, • , ~ 22). The indexes are fair for streams in the middle
o *  u ~ ~ c ~ ao z “ — ~~ .~ -‘ 31 part of the hasin and are poor for those that head in

FIGURE 89 —Maximum, mean and minimum monthly lowlands adjacent to Puget Sound. In general, the
discharges. White R ivac near Buckley. 1931-60.
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TABLE 38.—Flow-duration data for selected gaging stations in the Puyollup Rosin

~ 
-
~~ 

Flow . in cubic f..t p.r second, which w os equal.d or •nce.di,d for indicated p.rcsnt of ~n.
0o~~ng ,tai,00 I°“° “ 99 95 90 80 70 50 30 20 10 5 1 0.1

Cloo.~ Creek near Tillicun, 1950-34 0 0 0.45 4 I 8.8 23 50 80 134 174 270 430
Leach Cree k near Fi ,c rest 1958-6.4 1.55 1. 75 1.9 2 2  2.55 3.2 3.8 4.5 6.4 10 18 33
Cham ber. Creek below Leoch Creek near 1939-40 , 35 41 44 31 39 85 130 165 220 270 430 620

Stel iac oomn 1944-64
Puyallu p River near EI.ctro n 1910- 33 , 144 185 220 275 330 445 600 720 940 1 , 180 1 ,960 3.900

1945-49 ,
1958-64

Kapow s in Creek near Kapow .in 1928 - 32, 1.9 3 3 4.7 7 9  15 35 38 77 113 133 270 465
1942-57

Puyo llu p R~ver near Orting 1932-61 170 252 310 390 450 590 770 920 1.210 1,600 2,950 5.800
Carbon River near Fai rfa n 1930-58 77 120 148 190 235 330 475 380 760 950 1,660 3,600
South Prairie Creek at Sc’,ih Prairie 1950-64 32 41 50 78 11 7 190 280 340 475 650 1,250 2.600
White Rive r at G,eenw atn 1930-64 195 280 336 420 300 690 980 1,200 1,590 1,960 3,000 5,300
Greenwoter River of Greenw at er 1930-64 30 36 43 39 80 14.4 245 330 4.55 380 940 1j00
White River near Buckley 1930.64 300 460 355 700 840 1,150 1,660 2,060 2,750 3,400 5,100 10,000

slope and spacing indexes, which show the variability Slope-indexes for streams in the basin range
of low flows, are less than the regional average except from 1.32 for Chambers Creek to 2.94 for Kapowsin
for Kapowsin Creek. Chambers Creek has the least Creek. The values for the other streams are between
variation and maintains a fairly constant flow. 1.35 and I .61. The large value for Kapowsin Creek is

Low-flow Irequency data for the 12 sites are possibly the result of seepage and evaporation losses
listed in Table 40. Frequency curves for 2 of the 12 in Kapowsin Lake . The high permeability and pot-
sites are shown in Figures 91 and 92. osity of the alluvial and outwash sediments in the

Low-flow indexes range from 0.12 cfs per Chambers Creek basin account for the small slope
square mile for White River near Sumner to 2.10 cfs index there and the sustained low flows from year to
per square mile for Puyallup River near Electron. year. The fairly uniform slope-index values for the
Glacial me lt water in the Puyallup. Carbon , and White other stations are all less than the average in the Puget
Rivers account for the large low-flow indexes for Sound Area.
these rivers. The values decrease along the Puyallup Spacing indexes range from I .52 in the
River from 2.10 near Electron to 1 .24 at Puyallup. Chambers Creek basin to 4.47 in the Kapowsin Creek
The extremely small index for White River near basin. The permeability of the underlying rocks
Sumner does not represent natura l conditions because probably has the greatest influence on the spacing
of diversion of a large part of the flow around the between the frequency curves. In the Chambers Creek
station. Greenw-ater River and South Prairie Creek basin unconsolidated sediments allow rainfall to
drain about the ,ame size areas as Carbon River , but infiltrate readily, and precipitation does not generally
because they do not have glacial sources , their result in surface runoff , which accounts for the
low-flow indexes are much smaller; 0.56 and 0.52 , narrow spac ing between frequency curves. In the
respectively. Kapowsin (‘reek has an index of 0.15. Kapowsin Creek basin , wide spacing between fre-
(In t he Nisqually-Deschutes Basins, Tanwax Creek , quency curves reflects surface conditions that favor
Ohop Creek , ard Mashel River have similar values.) rapid runoff and little infiltration. Glaciers also
The index of only 0.39 cfs per square mile for influence the spacing index as shown by the fairly
Chambers Cree k is much smaller than normally would low values in some basins. For glacier-fed streams the
be expecte d for this basin, because the area is values range between 2,06 for White River basin
under lain by recessional outwash and alluvium con- above Greenwater to 2.80 for Carbon River basin,
tam ing large volumes of ground water. However, Nong lacial streams. Greenwater River and South
much of the ground water discharges into American Prairie Creek have curves with somewhat wider
and Sequallitchew Lakes rather than into Chambers spacing as indicated by indexes of 2.92 and 3.37 ,
Creek. respectively.
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FIGURE 90.—Prob.bility curves of annual maximum flows for specified time periods. Puyallup R iver at
Puy&lup.
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TABLE 39.—Low-flow characteristics for selected gaging stations in the Puyallup Basin
Gaging station Drainage Low- fl:w Slope Spac,ng

Chamber. Creek below Leach Creek near Stei locoom 104 .39 1 .32 1.5 1
Puyollu p River near Electron 92.8 2. 10 1.48 2.56
Kapows in Creek near Kapows in 25.9 15 2.92 447
Poy allo p River near Orting 172 1 .48 1.50 2. 36
Carbon River near Poir f an 18.9 1.70 1.5 1 2.80
South Prairie Creek at South Prair Ie 793 52 1 .45 331
Puyaik,p River at A lderton 438 1. 19 1.45 2.60
White liven at Greenwater 216 1.33 1 .37 2.06
Greenwa ter River at Greenwater 73.3 .56 1.37 2.93
White River near Buckley 401 1.2 0 1.60 2.38
Wh ,t e River near Sumner 470 . 12 1.57 4.83
Puyallu p River of Puyollu p 948 1 .24 1 ~~ 2.29

TABLE 40.—Low-flow frequency data for selected gaging stations in the Puyallup Basin
[Discharge ad1usted to base period April 1, 1946, to March 31, 1964J

— 
Number Strean,flow in cf., for

Gaging .fat.on of con- indicated recurrence interval., in year. 
-
~~~~~~~

day. LOS 1.30 2.0 5 J O 20 30

Chambers Creek below Leach Creek 7 66 50 41 34 32 31 30
near Sfeilacoom 30 72 54 45 38 35 33 32

90 19 39 49 41 38 36 35
183 89 73 62 51 46 42 40

Poya llup River near Electron 7 270 225 195 158 144 132 125
30 365 305 260 200 183 163 135
90 300 440 390 315 290 265 250

183 720 580 500 400 375 350 330
Kapow si n Creek near Kapow.in 7 9.2 5.6 3.8 2.3 1.7 13  1 ,1

30 11 6.8 4 7 2.9 2.2 1 .7 1 .5
90 20 10.3 66 3.9 3.0 2.4 2. 1

183 38 24 77 10.7 8.2 6.4 5.6

Puyal lup River near Orting 7 380 305 255 210 188 17 0 162
30 440 380 335 285 260 240 225
90 580 510 460 410 380 360 350

183 800 680 600 520 490 470 460

Carbon RIver near Fairfac 7 200 160 134 110 98 89 83
30 265 207 170 133 118 103 99
90 350 300 260 220 197 771 767

183 550 445 375 300 265 240 225

South Prairie Creek at South Prairie 7 53 46 41 34 30 28 26
30 68 56 48 39 35 31 30
90 130 90 68 49 41 35 33

183 233 180 138 96 77 62 56

Puyall up River at Alderten 7 730 600 520 440 400 360 335
30 950 820 710 580 510 443 410
90 1,300 1,120 980 820 740 650 610

183 1,800 1.550 1.350 1.100 990 860 800

White River at Greenwateq 7 470 360 330 280 260 240 225
30 520 440 390 330 300 280 263
90 730 380 300 440 410 390 380

183 1,320 890 680 330 480 430 440

Greenwefer line, et Greenwater 7 67 51 41 34 32 30 29
30 74 56 47 38 35 33 32
90 710 77 60 41 42 39 37

183 280 172 120 81 66 56 51

Whit. River near lutkley 7 640 550 480 390 340 300 280
30 810 690 600 .500 440 400 375
90 1,150 870 740 640 580 540 510183 2.000 1.450 1.140 910 820 710 740

White River near Sumner 7 86 70 38 47 41 37 34
30 110 84 70 36 50 46 44
90 165 127 102 76 64 55 50

183 800 460 280 140 700 73 62
PuyaIIup River at Puyallup 7 1,460 1,300 1,180 1 ,010 910 820 770

30 1.780 • 1.600 1,440 1,250 1.150 1.050 1,000
90 2,650 2,200 1,900 1.590 1,440 1,300 7 ,230

183 4,100 3,200 2.700 2.200 2,000 1.800 1,700
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TABLE 41.—Existing reservoirs in the Puyallup Basin
1k.. F, flood vontrol . F , Hy dro- elerrr .c devolopwe nt

Storo ~j e (A, re - f t Dam
Drainage - - .—— —---- —— dimensi ons Reservoir Applicant

Name Ocaf,on Inatlive — — - - -  - - - area Us. or Remark,fr eo n. .1-5 sq mu Ac t ive and or Total Hf Width acre .) owner
dead It )  f l u

MudMo untain Puyo llup 1. 19. 7.17 402 106.000 0 106.000 425 700 7 ,200 F Corps of Engr .. Stor age not
Reservoir r.Ia:ned.

Lake lapps White 8. 20~5.8 (off - ‘44 ,000 2,600 46 ,600 . - -- 2,366 P Pu0eP Sound Re.. not on
White 8, stream) Power & Light main channe l.
proj .) (4 24, 

——_________ _______________________________________________

• lIen 542.

STORAGE AND REGULATION Sound Power & Light Company ’s Dieringer Plant
after which it is returned to the White River.

Natural Surface Storage Approximately 20.000 acre- feet is withdrawn from
The total amount of storage in lakes and Lake rapps storage during January-March for power

glaciers ol the basin is not known, but surface areas generation and is rep laced in April and May. Detailed
can be used to provide at least a comparative information on existing reservoirs in the basin is
indication of the amount of water that is stored. The presented in Table 41.
tota l surface area of lakes is 10.5 square miles, of Potential Storage Sites Information on poten-
which 5.9 square miles consists of rese rvoirs. Glaciers tial storage sites in the basin is presented in Table 42.
in the basin are on Mount Rainier , and their surface
area is abou t 24.7 square miles.

DIVERSIONS
Reservoirs

The following discussions and tabulations of The Puget Sound Power & Light Company
existing and potential reservoirs in the Puyallup Basin diverts as much as 2 ,000 cfs from the White River
pertain to those reservoirs of 5 ,000 acre-feet capacity about I mile east of Buckley for its hydroelectric
or larger. Existing reservoirs and potential stor age plant at Dieringer on the White River. This diversion
damsites are shown in Figure 93. bypasses about 20 miles of the White River. A flow of

Existing Reservoirs Mud Mountain Dam pro- 25 cfs is released below the White River diversion
vides 106,000 acre- feet of storage on the White River. dam for fish attraction , transportation and operation
The reservoir is kept empty most of the year and is of the trapping facilities.
used only for flood control. A large part of the flow The Puget Sound Power & Light Co. operates a
of the White River is diverted into Lake Tapps second hydroelectric power generating plant near
(44,000 acre-feet active storage). Water from Lake Electron. Water is supplied to this plant from the
Tapps is used to generate electric power at the Puget upper Puyallup River. About 400 cfs is diverted and

- 
TABLE 42,—Potentia l storage sites in the Puyaliup Basin

- - - - 
Proposed DrainageA’~ p Proj ecI name T-R-S River and mile stor age area Remarks0~ (1 ,000 acre .ft ) (sq mi)

1 Mowich *1 17.7.32 Muwi~h 6 5 , - 23
2 Mowid~ #IA 16.6-3 Puyallu p 46 - -  30
3 Orting 17-5.4 Puyallu p 27 25 731 At Electron
4 Mile 9.2 19~6-3O Carbon 1. 9 2  - -  87

79.6.31
5 Fairfa s 7 8-6.16 Carbon 8. 15.4 98 87
6 Deodmon Flat 19.9.8 While R 42 292
7 Twin Cv. 19.8-1 White 1. 40 20 . -

• W . Ph. Mouth 19.9.3 3 W . FIt . Whi Ia 1. 3 - -  38
9 Huckleberry 18.10.16 White B. 56 -.  101

70 1. Ph. Rainier 17.10-10 White B. 61 - -  78
17 Lost Cr. 78 - I l -S Gr.enwa$er 8. -- 26
12 Echo Lake 18- 11-16 Gr.enwat.r 8. 13.9 12
13 WlsIt e RInse 20 -58  White 1. - -  424 Increase In storage of 7 ,377

acreft .
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is returne d to the river about II miles downstream solids in all of the samples collected from Flett Creek
f rom the diversion. at Tacoma exceeded 100 ppm and hardness exceeded

Three diversions of 5 cfs or more have been 60 ppm in 20 of 24 samples.
developed primarily for fish propagation in the l’urbidity may cause use problems in some of
Puyallup Basin. The State Department of Game the streams in the Puyallup drainage . The Puyaliup,
operates a trout hatchery about I mile south of Carbon, and White Rivers all receive very turbid
Puyallup through a diversion of 15 cfs from Maple- glacial melt water during the summer months. Turbid-
wood Springs at the source of Clark Creek. The ities as high as 1 ,500 JTU have been recorded for the
diverted water is returned to Clark Creek about I ,000 Puyallup River near Orting. This melt water is diluted
feet downstream from the point of diversion, by tributary inflow as it flows downstream. For
Anot her hatchery about 2 miles southeast of Orting example, the maximum recorded turbidity of the
and operated by the State Department of Fisheries, 

~~yallup River at Puyallup is 85 JTU. During the
diverts about S cfs from Voight Creek at a point winter months the flow ~rorn the headwaters is much
about I mile above the hatchery . The flow is returned less turbid because of the greatly reduced melting of
to Voight Creek a short distance above its confluence the glaciers; this winter flow actually dilutes the
with Carbon River. A privately operated hatchery turbid storm runoff from the lower parts of the basin.
about a mile east of McMillan is entitled to divert Sanitary quality of surface waters in the Puyal-
7.98 cfs from Canyon Falls Creek. This water is lup drainage is typical of that of many western
returned to the stream within a few hundred feet of Washington basins. Coliform values are usually low in
the point of diversion. the upper reaches of the stream, and they increase in

The White River Lumber Company diverts a downstream direction, particularly where the lower
about 5 cfs from Boise Creek near Enumclaw. Most parts of the basin are highly populated. For example,
of the water diverted is returned to the creek at a mill the MPN of coliform bacteria in the Puyallup River
pond abou t half a mile downstream from the point of near Orting is usually less than 100, al though values
diversion, up to 2,400 have been recorded at this site. Down-

Irrigation uses divert an estimated 8,200 stream , at Puyallup, MPN values range from 0 to
acre-feet of water in the lower reaches of the White 24 ,000, wit h a mean of more than 5.000 (Table 58k.
and Puyallup Rivers. Chambers Creek drains parts of south Tacoma

and ~he suburban and agricultural lands to the south.
QUALITY OF Sanitary quality in the stream varies from good to

SURFACE WATER poor. The MPN values of coliform bacteria in Clover
Creek above Parkiand are usually less than 100 but

Chemical and Sanitary Quality occasionally as high as 430. Chambers Creek below
The surface water in the Puyallup Basin is Steilacoom Lake carries water of similar sanitary

generally dilute , soft , and suitable for most uses with quality. However, Leach Creek near Steilacoom has
little or no treatment. Quarterly and monthly samples MPN values usually in excess of 400 and occasionally
collected from the Puyallup River at Puyallup con- more than 4,500. Flett Creek , at Tacoma . has an
tam ed 36 to 74 ppm dissolved solids (Table 58). The average annual MPN value in excess of 7,000. Nitrate
water was soft , maximum observed hardnes s was 40 and phosphate, often associated with sanitary wastes,
ppm. The White River at Sumner is very similar are more concentrated in the Chambers Creek drain-
chemically. The headwater reaches of the White and age than would be expected to occur naturally.
Puyallup Rivers and many of the tributary streams , Monthly samples from Flett Creek at Tacoma con-
contain water that is even softer and more dilute. tam ed 6.8 to 13 ppm nitra te over a I-year period and

Water in the Chambers Creek basin is somewhat one sample contained 0.98 ppm phosphate. Such
more mineralized than streams in the Puyallup Basin, large amounts of nutrient could stimulate algae
probably because a larger percentage of the Chambers blooms in these streams and produce a further
Creek flow is derived from ground water discharge. deterioration in water quality.
Chambers Creek and its tributaries Clover, Leach, and
Flett Creeks were sampled monthly for 2 to 6 years Stream Temperatures
(1962-67). Most of the samples contained less than Spot observation of temperature records from
100 ppm of dissolved solids. However , dissolved stations on the Puyallup River near Orting and
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Puyallup, and from a station on the White River near White River transports mote sediment than the
Sumner , are listed in Table 59. In addition, a Puyallup. Analysis of data obtained for the White
short-term thermograph record is available for the River near Greenwater indicates that suspended sedi-
Puyallup River near Puyallup. ment concentrations range from 10 to 60,000 ppm.

The temperature of the Puyallup River at Discharge of the stream at this site varies consider-
Orting is relatively low (less than 60°F during the ably, and the distribution of sizes of suspended
warmest months) reflecting the glacial origin of the particles change with the discharge. In one day the
stream. The increase in heat content of the stream at distributions of particle sizes were observed to range
Puyallup, most noticeable in the summer, doubt less is from 8 to 18% clay, 34-65% silt, and 16-56% sand.
caused by the contribution of relatively warm water Streams which are not fed by glaciers generally have
from the White River. The summer flow in the White suspended-sediment concentrations less than 10 ppm.
River near Sumner has attained a temperature as high Because of fairly high stream gradients in the upper
as 73 F. drainage, the movement of streambed materials,

The White, like the Puyallup, is a glacier-fed principally cobbles and large boulders, is considerable
stream and its temperature, therefore, should be during high runoff.
about the same. The observed temperature difference In the lower drainage, the streams traverse
can be explained by the relatively small volume of flood plains that are bordered by upland areas of
flow of the White near Sumner. As pointed out steep or broken relief. On the flood plains the soils
earlier , the smaller the flow the more easily will the are derived from recent alluvium and are quite
temperature be influenced by ambient heat condi- permeable. On the bordering uplands the soils are
tions. As a result of this difference, temperatures at derived from loose gravelly drift and are well drained.
Puyallup (below the confluence of the White) should Where the vegetal cover is dense or compact , erosion
be expected to be intermediate to those at Sumner of soil is largely prevented. Some channel erosion has
and Oiling stations , respectively, occurred in the lower drainage, but the magnitude has

been stemmed in a few urban areas as a result of
channel improvements. On the basis of data obtained

S.dim.nt Transport during 1965-66 , instantaneous sediment load in the
The upper drainage in the basin consists of Puyallup River ranges from about 1 to 27,100 tons

watersheds in the White, Carbon, and Puyallup basins per day. When the average daily discharge reaches
that are upstream from Buckley, Carbonado , and 22,000 cfs, a rate reached only during an infrequent
Electron; the lower drainage is in the remaining areas flood, the Puyallup River at this site may transport as
downstream. In the upper drainage, the rivers flow much as 380,000 tons of sediment per day. The river
through mountainous terrain and traverse narrow probably transports more than a million tons of
stream valleys or canyons that are deeply entrenched suspended sediment during a year of normal stream.
in glacial drift . Soils in t h e  upper drainages are flow. A particle-size analysis for the White River near
extremely variable in physical character. On steep Sumner indicates that the suspended sediment is
slopes they are thin and stony, and along the composed of about 8% clay, 22% silt, and 70% sand.
streamchannels they are iden tif ied as loam der ived Sediment problems in the basin occur locally
from gravelly glacial drift. Thick vegetal cover pre- where logging, construction, or farming has resul ted
ven ts soil erosion, except where it has been removed in erosion. Some usable land adjacent to rivers has
by man. been lost owing to sloughing of banks. The deposition

Although much of the suspended sediment of sediment in reservoirs and at the mouth of the
carried by both rivers is derived from glaciers, the Puyallup River has caused some problems.

GROUND WA TER
Ground-water supplies are plentiful in much of Electron and Mud Mountain Reservoir, and the

the lowlands of the Puyallup Basin; supplies can be mountains are considered as the remaining areas to
developed locally in the mountains where Quaternary the east .
deposits occur. The lowlands lie generally west of
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LOWLANDS substantial yields may also obtain water from older
Quaternary units.

Geology and Ground Water Occurrence A recent mudflow from the slopes of Mount
Rainier mantles the plateaus on both sides of the

The important aquifers in the lowlands occur in White River valley between Lake Tapps and Mud
coarse Quaternary sediments; these deposits are Mountain Reservoir. Both recessional outwash and till
nearly continuous over about 420 square miles. are covered by the mudilow in that area. The
Locally, near Puget Sound , Quaternary deposits mudt ’iow deposits are apparently less permeable
exceed 2,000 feet in thickness. Fresh-water aquifers vertically than till, and they confine water in under-
exist at depths as great as 1,500 feet below sea level, lying aquifers of recessional outwash . Thickness of
but water is pumped mainly from aquifers less than the mudilow varies locally, but it is not known to
500 below sea level. Ground-water can be obtained exceed 75 feet.
from depths less than 100 feet below land surface it
most places. Quaternary sediments older than the till are

Quaternary sediments exposed at the surface exposed in only a few places; their outcrops are
are mainly till, recessional outwash, alluvium , and mainly on the steep slopes that border Puget Sound
mudflow deposits. The uplands northeast of a line and the flood plains of the White and Puyallup
through Fircrest and Orting are underlain by till, Rivers. These older sediments at most places contain
which is mantled by isolated deposits of recessional sand and gravel aqu ifers tha t commonl y are more
outwash. The till is normally less than 30 feet thick , than 100 feet in aggregate thickness. Locally, the
but locally its thickness may exceed 60 feet. The till aquifers yield substantial amounts of water to wells.
is breached and truncated along bluffs that border Generally the aquifers are confined under artesian
Puget Sound and the more deeply incised valleys. Till pressure except at higher altitudes, where upper zones
is locally absent beneath recessional outwash bench- are locally above the water table.
lands in the southwestern part of the basin, Because it Practically all recharge to the aquifers in the
cc composed large ly of f ine compacted ma ter ials, the lowlands-- even those overla in by till or mudflows---is

till is not an important aquif’ir even though it is by infiltration of prec ipitation. Aquifers in the

somew hat permeable. lowlands of the Puyallup Basin may receive about
130,000 acre-feet of recharge annually on the aver-Recessional outwash is extensive in the south- age . Opportunities for induced (natural) recharge arewestern part of the basin. It consists predominantly favorable in areas along the flood plain of the Whiteof sand and gravel and is generally less than 50 feet River, but surf icial alluvial deposits along the Puyal-thick , but locally it may be more than 200 feet thick. lup River generally are rather fine and, therefore ,Although recessional outwash is at least partly satur- would not accept much recharge. Some of theated in the southwestern part of the basin , the water-tab le lakes in recessional outwash in the south-

saturated interval in many places is not adequate to western part of the basin, on the other hand, mightsupport large well yields. provide favorable areas of artificial recharge in the
A lluvium occurs mainly on the White River event of significant lowering of the water table .

flood plain from Auburn to Sumner and on the The natural discharge of ground water is most ly
Puyallup River flood plain from Orting to Corn- into the White and Puyallup Rivers and their tribu-
mencement Bay. Upper zones in the alluvial materials taries and into Puget Sound through springs above
contain silt , clay, and fine sand of low permeability, and below the tidewater level.
The alluvial deposits are at least 200 feet thick at
Sumner , but at the mouth of the Puyallup River their Quality of Ground Water
thickness probably exceeds 500 feet. Upstream from
Sumner , the alluvium thins but contains coarser Most of the aquifers now being developed
materia ls. Alluvium is generally saturated to about contain water that is low in dissolved solids and is
river level, but the deeper alluvial aquifers are acceptable for practically all uses. Dissolved-solids

-~~fined under artesian pressure . Alluvium may content in most water is less than 200 ppm. Hardness
everyw here contain zones that yield appreciable of water generally does not exceed 60 ppm. Measured
quantities of water to wells. In the Puyallup Valley silica concentrations range from 7 to 54 ppm, and
below Sumner, however , some of the deep wells with ave rage abou t 30 ppm. Objectional concentrations of
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iron occur locally, principally in aquifers that under- are locally as high as 2 million gallons per day per
lie the Puyallup and White River flood plains. In the foot.
fiood.plain area of the lower Puyallup River, sodium Figure 23 shows order-of-magnitude estimates
concentrations are rat her high, generally exceeding 50 of expected well yields in the Study Area. The largest
ppm in most of the basin, well y ields are apparently obtainable from subtill

aquifers in the South Tacoma area and from deep
Utilization and Development aquifers in the Puyallup River valley. Alluvium in the

Most of the ground-water currently developed White River valley also appears capable of supporting
in the basin is used for public supply, principally in large-yielding water wells. Some wells that tap aqui-
the Tacoma area. Of the public-supply ground-water fers beneath flood plains of the White and Puyallup
systems active in the basin in 1967, only the Tacoma Rivers and lowlying areas adjacent to Puget Sound are
municipal supply depends, in part , on surface water. known to flow.

The largest system, exceeding 40,000 gpm, is
operated by the City of Tacoma and is used to MOUNTAINS
supplement the city’s principal source of water , the
upper Green River. Public-supply systems of Puyal- In the r.iountains, sand and gravel aquifers
lup, Enumclaw , and Sumner, use water from springs, probably occur in Quaternary sediments that cover
Most industrial wells in the basin are within the city about 30 square miles bordering the Puyallup and
limits of Tacoma. A rather large development of Mowich Rivers. Abundance of precipitation suggests
ground water for industry is in the tide-flats area the aquifers may receive relatively large amounts of
along Commencement Bay. Most irrigation wells are recharge . Provided aquifers having adequate saturated
on the flood plains of the Puyallup and White Rivers, thickness and permeability can be located in the

The large-capacity wells pump water from Quaternary deposits, it might be possible to develop
aquifers older than recessional outwash . The largest substantial ground-water supplies on a sustained basis.
well yields have been obtained in the South Tacoma Elsewhere in the mountainous areas ground-water is
area , where individual wells pump more than 3,000 obtainable only from consolidated and semiconsolida-
gpm, and calculated coefficients of transmissibility ted rocks, which yield 10 gpm or less to wells.
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NISQUALLY —DESCHUTES BASINS
SURFAC E WATE R

The Nisqually-Deschutes Basins (Figure 102) discharge of 991 cfs in the Nisqually River near
comprises I ,044 square miles including I ,008 square National occurred during the 1956 water year. This is
miles of land and inland water. approximately 134% of the adjusted 30-year mean

The principal rivers in this area are the Nis- for the 1931-60 period. The minimum yearly dis-
qually with a drainage area of 712 square miles, and charge of record occurred in the water year 1944 and
the Deschutes, which drains 162 square miles. amounted to 67% of the 30-year mean.

The Nisqually River has a length of 81 miles Natural runoff patterns for Nisqually River near
and originates at the glaciers on the southwestern National parallel those found in the adjacent Puyallup
slopes of Mount Rainier. From its origin at the foot River drainage (Figure 95). Two distinct peak periods
of Nisqually Glacier at an altitude of 4,600 feet , to occur each year , one from abundant winter precipita-
the western boundary of Mount Rainier National tion falling mainly in the form of rain at lower
Park . the Nisqually River flows southwesterly and elevations, and the second in May and June primarily
wester ly through steep mountainous valleys with from the melting of accumulated high elevation
timbered slopes. From the park boundary to its snowpacks. The low-flow period occurs in August and
confluence with Little Nisquafly River at the lower September , but large quantities of glacial melt water
end of Alder Reservoir , the river flows northwesterly from the slopes of Mount Rainier make a significant
for 26 miles and falls at the rate of 40 feet per mile. contribution to summer flows during these warm
The river then enters LaGrande Canyon, a deep months.
narrow gorge . through which it flows for 3 miles with With the exception of the headwater area, the
a gradient of 135 feet per mile. Below LaGrande Deschutes River drains a rather narrow , poorly
Canyon. the river flows 41 miles over a benchland of defined basin in the southern Puget Sound lowlands.
glacial moraines to Puget Sound, midway between Annual runoff in the upper reaches of this watershed
Tacoma and Olympia. probably exceeds 80 inches as an average. The

The Deschutes River , having a length of 35 glaciated lowlands, however, yield only about 20 to
miles, heads in the hills southeast of Yetm and flows 30 inches of runoff annually.
across benchlands into Bud inlet , the southernmo st For the period, 1931-60 . the mean annual
arm of Puget Sound, at Olympia. The river parallels discharge from headwater areas in this watershed
the lower part of the Nisqually River , and occupies a above the gaging station near Rainier is 253 cfs or
part of the benchiand common to both streams. 183,000 acre- feet. This amounts to 2.8 cfs per square

mile from the 90.8 square.mile drainage area. At the
STREAMFLOW gag ing station near Olympia the mean annual runoff

was 388 cfs or 281 ,000 acre-feet. The unit runoff is
Runoff Characteristics 2.4 cfs per square mile. In general, the runoff

Runoff from the southwestern slopes of Mount production of lb. Deschutes River basin is compar-
Rainier in the source area of t he Nisqually River basin able to that of the lowlands in the southern parts of
is estimate d to average in excess of 120 inches the West Sound Basins.
annually. The runoff contribution decreases rapidly Variat ions in annual runoff (Figure 96) follow
below these headwaters to a minimum of about 15 trends similar to those found in other southern Puget
inches in the lowlands near the mouth. The estimated Sound drainages. However, a comparison of annual
average runoff per ye’.ir from the 751 square miles in runoff for the Desehutes River and Skagit River
the basins is about 36 inches , or 1,900,000 acre-feet. shows that in some years the trends differ somewhat

Flows for the Nisqually River near National between the northern and southern parts of the Puget
(Figure 94) indicate a mean annual discharge of 741 Sound Area. The periods of record at both stations
cfs or 53 7,000 acre-feet during the 30-year period on the Deschutes River are fairly short , so t he
1931-60. This is equivalent to a unit runoff of 5.6 cfs recorded maximum and minimum average yearly
per square mile . discharges are probably not indicative of maximum

For the period of record , a maximum year ly and minimun cond itions that might be expected from
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2’~flt’ —r r j i  i -j~~~ of the adjusted 30-year mean flow.
Mean monthly discharges for the Deschutes

River display the same pattern as those for other
primarily rain-fed streams of the southern Puget

~~~~~~~~~~

um

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

Sound lowlands (Figure 97). Normally one extended
IbOO - period of high flows occurs during the winter season,

wit h the possibility of monthly peak flows in
December , January. or February.

Minimum flows, derived primarily from
ground-water discharge , are most probable during

a. ~~~~ - ‘ - August and September.
Hydrograph characteristics in the basins were

w
analyzed for the Nisqually River near National and

0 the Deschutes River near Olympia. The Nisqually
o gage measures approximately 70% of the runoff of
z F’~~ I — the Nisqually basin and the Deschutes gage measures— 8O’~ - 

~~i s r,  i about 99% of that basin’s runoff .0 
~~~~~ i i

i t Flow of the Nisqually River near National

base flow of about 400 cfs . Streamflow during the

~ ~Tl 
usually begins to increase in October from summer

period October to March is characterized by a series
40v[~~

______________________________________ of sharp rises superimposed on a base flow, which is

______ 
Minimu 

highest in December. Runoff genera lly decreases from

______ 
m December through March as a result of reduced

rainfall. As temperatures begin rising in April , snow-
melt causes an increase in streamfiow , which charac-

0 teristica lly reaches a daily flow of about I ,300 cfs in— ~ C ~ •- —‘-I ~ ao a a ,~ May. Following the snowmelt peak, streamfiow re-
cedes to minimum base flow by August or September

FIGURE 95. - Maximum , mean and m i n i m u m  as the snowpack is depleted. At this time discharge is
month’ , ~ wnarges, Nisquaily River near sustained by contributions from ground-water storage
National 1931 -60. and glacial melt water.

Streamfiow on the Deschutes River near
Olympia usually beg ins to increase in October from

long-term records. Since 1946, when record collec- the summer base flow of about 100 cfs. During the
tion began at the station near Olympia. the minimum period October to March , t he discharge is character-
annual flow has been 279 cfs. This occurred during ized by a series of sharp rises superimposed on an
t he 1962 water year . and amounts to 72% of the increasing base flow. Runoff in the period March to
estimated 30-year mean flow . Although records were July decreases as a resu lt of reduced precipitation.
not collected at the downstream Olympia gage for the Minimum base flow is usually reac hed by the first
entire 1955-57 water years , the upper gage indicates part of August . Variability of the daily flows of
that the maximum annual discharge since 1946 streams in the basins is presented as flow-duration
occurred during water-year 1956 and was about 153% data for selected gaging stations in Table 43.
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Flood Characteristics
1600 - Floods caused by high rainfall and accompany-

ing snowmelt in the Nisqually basin arc shown by
characteristic sharp r ises on a hydrograp h followed by
recessi ons almost as rapid. Two or more flood peaks
often occur within a period of 2 weeks.

1200 - i The maximum discharge recorded ho t h e  Nis-
qually River near Nat i’ iial was 10 .900 c is on N ovem-
ber 23 ,1959. A maximum discharge recorded for the
Deschutes Rive r near Olymp ia was 6.650 ci s . and

0 Maximum occurre d on January 23 . 1 964.

~ 800 Flood-frequency curve s for Nisquall y River
o n ear National and Deschutes River ncai Olympia are

presented in Figures 98 and 99. The 22-year record
for the Nisqually River near National is I 943-n4 .

M~~n Frequency statistics at this site were extended to an
400 

equivalent period of 36 years by correlation wit h the
South Fork Sky komish River near Index , whic h has a
record period of 54 years. The period of record for

L t he Descliutes River near Olympia is l ’)4l -(~4 . 18
years.

0
— C . .~

z .~ a < a  .~ <

FIGURE 97 Maximum , mean and minimum
monthly discharges . Deschutes River near
Olympia. 1931 60

TABLE 43.—Flow-duration data for streams in the Nisqually-Deschutes Basins

Period ~p Flow , in cubic feet per second , which was equaled or ex ceeded For indicated percent of r i me
Gaging st ation I - — — - _____________________ _________

ann  
~~~~ ~~ 95 90 80 70 50 30 20 10 5 1 0. 1

D,sci.~,t., Rice r  near Raini.r 1950-64 27 32 
— 

37 47 68 154 278 392 630 920 1 .830 3,100
D.s~hctes Riv er nea r Oiynrp.o 1946-54 , 78 91 101 121 147 266 440 600 900 1,230 2,120 3.600

1958.6 3
Woodio nd Cr,.k near Oi yn r pio 195061 9.0 10 123 15 17.5 23 32 39 53 70 96 133
Nisqu all y Ric er near Nationa l 1943 64 195 275 325 405 475 640 880 1 ,060 1.380 1,710 2 .740 4.900
Min.ral Cre.k near Mineral 1943-64 25 34 42 63 110 155 440 580 840 1,150 2 ,250 4,000
East Creek near (lb. 1919 .22 , 2 .2 3.2 3.8 5.8 15 33 60 84 135 220 540 1,1501950
Nisquall y Rive r near Aider 1932 44 203 312 395 500 600 850 1,250 1 .570 2 ,170 2,900 5,800 12 .400
LiNus Niiquolly River near Ai der 1921 26, 4. 8 6.6 8.4 13 23 55 i l l 166 284 440 970 1.750

1930 42
M~ ,heI River near LaGrond e 1941 57 9.5 14 19.5 38 68 145 255 350 520 740 1,450 2,900
Ohop Creek near Eaton v i ll. 1928-32 4 5  6.5 8.7 14 22 45 78 104 150 204 360 6801942.64
Tanwan Creek near Mc Ks nn o 1946-50 1.0 1 ,3 16 2.5 49 19 43 58 86 108 200 320
Mcci. Creek at Roy 195 7.64 0 0 .25 20 5.4 30 79 112 165 215 330 500
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TABLE 4-4.—Low-f low characteristics for selected gaging stations in the Nisqually-Deschutes Basins
Gaging station Ora n ge Low fl:w S I .  Stac n

~
Nisqoalt y River near Nationa l 133 1 .88 1.59 2.40 

——

Mineral Creek near Mineral 75.2 .44 143 4.40
Nisqua lly River near AIder 249 1 41 14 5  2.34
Little Nisqua lly River near Ald er 28.0 .36 1. 72 4.40
Nisquoll y River at LoGrond. 292 1.78 133 2.00
Mosh.l River near LaGran Ge 80.7 .18 1 .92 6.40
Olsop Creek near Eatono il l. 34.5 .19 1 .67 4.15
Nisqua lly River near McK.nna 4.45 1.21 1.45 2.20
Tanwa . Creek n.ar Mckenn a 26.0 .04 1 .75 5.72
Nisquo ll y River at Mcks nno 517 .32 6.67 4 49

Deschut.s River near Rainier 89.8 .36 1,28 2.36
Deichutes Ricer near Oly m pIa 160 60 128 1.67
Woodland Creek near Olympia 24.6 .51 1.56 1.36

TABLE 45.—Low-flow frequency data for selected gaging stations in the Nisqually-Deschutes Basins
[Discharge adjusted to bas, period April 1, 1946, to March 31, 1 964,j

Number Stream f low in cf s , far
Gaging station of c

1~
n- indicated recurrence int.rvols. Ifi YSOrS

days 1.05 1.30 2.0 5 10 20 30

Nisqually River near Nat,onaI 7 360 300 250 202 178 156 147
30 490 385 320 250 213 188 173
90 610 510 445 380 350 330 320

183 1,000 760 600 475 420 380 370

Mineral Creek near MIneral 7 39 41 33 26 24 22 21
30 68 47 38 30 27 25 24
90 113 73 54 38 32 28 27

183 290 (98 145 96 76 62 55
Nisqua lly River near Alder 7 490 405 350 290 263 240 230

30 590 505 445 375 340 310 290
90 850 720 630 540 503 480 465

183 1,200 960 820 680 610 560 530

Little Nlaqually River near Alder 7 22.5 13.8 10 7.3 6.4 5.8 5.5
30 28 17.5 12.7 90  7.7 6.8 6.4
90 42 27.5 20 13.9 11.4 9.7 9.0

183 102 63 44 30.5 25 21 19.5

Nisqually River at LaGrand. 7 890 650 520 430 410 390 380
30 1,050 810 660 520 410 440 420
90 1,200 960 800 6-40 560 500 470

183 1,520 1,220 1,040 980 820 790 730

Ma,hel River near LaGranGe 7 39 21.6 14,7 10 9.6 7.7 7.3
30 56 29 18.5 12 10 8.8 8.3
90 93 50 30.5 17.8 13.8 11.3 10

183 200 135 94 54 38 27.5 22.8

Oftap Creek near Eatanv ills 7 12.7 8.6 6.5 4.9 4.3 3.9 3,7
30 16 11.6 8.9 6.6 5.7 5.0 4.6
90 24 17 13 9.2 7.6 6.4 5.8

183 59 38 27 18 14.4 12 10.8

Niaqoall y liver n.ar McKenna 7 800 640 540 443 405 375 360
30 1.020 820 690 560 500 435 430
90 1,270 1,000 830 660 590 540 510

183 1,740 1,400 1.190 990 900 840 800

Tonwex Creek near Mckenna 7 2.5 1.5 1 .05 .76 66 .60 .59
30 3.6 2. 1 1.4 .95 .80 .70 .66
90 6.7 3.5 2.3 1.5 1 .2 1.0 .92

183 14.1 8.8 6.0 3.6 2.8 2.2 1.9

Nisqually liver at McKenno 7 530 295 167 72 42 25 19
30 750 460 280 132 83 53 42
90 990 610 415 255 195 150 130

183 1.480 1.030 750 340 480 460 450
Deichutes liver n.or RaInier 7 40 33 32 28 26 25 24

30 46 39 35 31 29 27 26
90 60 49 41 35 32 30 29

i93 121 99 82 62 52 44 40

Deiówt., liver near Olymp ia 7 123 107 96 85 80 75 72
30 132 114 101 89 83 79 7
90 149 126 110 96 U 82 7

183 220 187 160 130 115 102 96

Woodland C,..k near Olympia 7 19.7 15.2 12.5 9.9 8.8 1.0 7.6
30 21.2 (6.7 13.5 10.9 9.7 19 1.5
90 22.5 17.7 14.5 11.5 10.2 9.2 8.9

193 27 21 17 13.2 11.7 10.3 9.8
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Low’Flow Characteristics :inomalous value of 6.67 for the Nisqually River at
E.ow-ilrrw c haracterist ics oh streams in the McKeniia is due to regulation and diversion . Regu-

Nisqua llv-Deschutes Basins a re compared using in- lation of low flows at Alder Lake and LaGrande
dext ’s f ront low-flow frequency curves at 13 gagin g Reservoir is responsible for the small index for
stat ions (1 able 44) . The low-flow indexes are excel - Nisqually River at LaGrande. The uniform nature of
lent in the upper Nisqually Basin and are fair in tile low flows along the main stem of the Desehutes is
ltts ~et Desehutes Basin ( Fig. 22 ) .  The remaindei of itidicated by t he slope index of I .2~~ at both the
the studs area has poor indexes. Except for the Rainier and Olympia stations , w hich is lower than
lowest stj t iori on the Nisqually River , wh ich is average for the Puget Sound Area . The slope index of
affected by diversion and regulation , tile slope and 1 .56 for Woodland (‘reek is also lower than average.
spacing indexes, which sitow the variability of how Spacing indexes in the Nisqually B~ts in have the
flows , do not diffe r appreciabl y. The Deschutes River same genera l areal variations as slope index. Spacing
has tile SnlalleSt index and the Mashel River has the indexes of 2.00 and 6.40 were deternllned for
largest. I ow-flow f requency data for the 13 stations Nisqua tly River above LaGrande and for Mashel
are listed in Table 45. Frequency curves for 2 of t h e  River . respectively. The small indexes for the Nis-
13 stations are shown il l Figures lOU and 101. qually River main stem stations , which are smaller

In t he Nisqually Basin all streamflow records than tilose for the tributaries . may be attributed to
used are f ro m stat ions in the upper watershed. the glacia l source of the river and the prolonged
Regulation oh the Nisqually River at Alder Lake and snowmelt from high-altitude areas of the upper
LaGrande Reservoir affects the flow at the three watershed. The impervious nature of surface materials
gaging stat ions downstream. The records 0 the in the Mashel River basin is reflected in the large
Nisquall y River at Mc Kenna are also affected by spacing index for this stream.
diversion to the (‘ entra lia Power (‘anal. A ll other In the Deschutes Basin . spacing indexes are
records ill tile Nisquahlv-Des chutes Basins represent 2.56 at Rainier. 1 .67 at Olympia . and 1 .36 for
natural runoff conditions. Woodland Creek. The larger index at the Rainier site

Low-h ow indexes in the basins range from 0.04 indicates the effects of rather impervious surface
c fs per square niile for Tanwax (‘ree k to l.i4~ for the materials in the watershed whereas the smaller index
Nisquuh!v River near Nationa l. Tile large contribu- at Olympia may be due to the influence of
lions, principally fronl glaciers . from t he upper basin ground-water contributions from alluvial and outwash
resu lt in large indexes for all the Nisqually River materia ls in the lower valley.
main-stem stations except at McKenna (some stream-
flow is diverted around the McKenria statiorl) . Tall’
wax Creek , Ohiop Creek , and Mashel River , which arc STORAGE AND REGULATION
tributaries to t he Nisqually River from the nortil h ave
the sniallest values less tilan 0.20 ci’s per square mile. Natural Surface Storage
lhc southern tributaries , Minera l (‘reek and Little The total amount of storage in lakes and
Nisqua lly River . have slightly higher indexes about glaciers in the basins is not known , but the surface
0.40 cfs per square mile. area covered by these waters provides at least a

In coi ltrast to the areal patte rn of ’ low-flow comparative indication of ’ the amount of water that is
iiidexes in the Nisqually Basin. the Desehi utes Basin stored.
has smaller indexes in the upper part of the basin l’he total lake surface is 12.6 square miles of
than in t he lower part . Tile low-flow index in that which 4.9 square miles consists of reservoirs. Glaciers
basin increases from 0.36 cls per square mile near in the basins are on t he slopes of Mount Rainier. in
Rainier to 0.60 cis per square mile rican Olyntpta the Nisqually waters hed .and total 5.6 square miles in
ref lecting ground.water contributions between the area .
two stations , The index for Woodland ( reek basin is Rese~~oirs
aboul 0.51 ci’s per square mile , which is similar t i r The following discussions of existing and poten-
that of Desehutes River basin. tial reservoirs in Nisqually- Deschutes Basins are

Slope indexes for all hut one station in the restricted mainly to those of 5.000 acre- feet capacity.
Nisqually Basirl range from I .33 for Nisqually River in size. Existing reservoirs and potentia l storage sites
above LaGrande , to 1 .92. for Mashel River. An in the basins are shown in Figure 102 .
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TABLE 46. ‘ Exist i ng reservoirs in the Nisquafly-Deschutes Basins
Uce: P . Hy dra e lec t r i c d evelop ment

Stora g e acre f t
- Dam

Dra inage Inacti v e dim ens ion Reserc o i r  Applic an t
Name 0CC iOfl opt-a Act ive  anti or Tot a l — ‘ area Use or Remarkstrea t, , . 1-R. nril dead Hi  Width ‘ acres)  owne r

It : Ii)

La Grand. Nisqccoll y 1. 16-4~33 289 1 ,600 1.100 2.700 2 12 710 43 p Cit y ‘of Tacoma
Re’
Alder Lake Nis qoo ll y R , 13.4.9 286 180. 000 52 ,000 232 ,000 330 1 ,600 3 065 P C:i y of Tacoma

TABLE 47.—Poten tial storage sites in the Nisquotf y.Deschutes Basins
Total Drainage

“0Ø Pro je c t name I R S  Rice ,  and n’ , ln S t f l , O ’ I c  0,0Cc Rrm o r k,
1 , 000 ac re  it ccf m~i

1 Pork Junct ion 1 5 7 3 3 N rqcca ll y 7 1
2 Ohop 1 6 4 1 9  Oh p Cr ,  0 7 20 38
3 Nicqc c o l ly R. 16-3 20 Noq coll y and 445 Diversion C o Decc hot es onl y

Mile 3 1  Denc ho te,
4 N sqc cel l y 8, 16 -4-3 2 N~nqc colly 4 1 292

Mile 41
5 Shell R0~k 1 5 2 2  Oeschctrc .48 Clear Lake Di ke mccci also

- 
Ridge 

- 
he co nsi r oc t ed 

- -

Existing Reservoirs A lder arid LaGrande rese m- LaGrande dam and the water is used in a powerplant
voirs on the Nisqually River arc operated by the city about 7 miles downstream from McKenna. The
of Tacoma for power generation. The Alder Reservoir diversion bypasses about 13 miles before it is re-
has 232.000 acre-feet of storage and the LaGrande turned to the river.
Reservoir has 2,700 acre-feet. Alder Reservoir is In Mount Rainier National Park , about 33 cfs is
usually drawn down about 40 .000 to 100,000 diverted from Paradise River for the generation of
acre-feet during the period Deceniber through March. power. The water is carried about a mile to a
and is filled during May and June to accommodate powerhouse and then returned to the river channel.
power demands. These reservoirs provide only m ci- The city of Olympia has developed McAllister
dental flood control. Springs. at the source of McAllister Creek in the

No significant regulation or storage is found on lower Nisquahly River valley, for its municipal supply.
the Desehutes River. Some minor storage such as The peak demand is about 12.0 cfs and the normal
Capitol Lake is used for recreational purposes. daily use average about 6 cfs.

Detailed information on existing reservoirs in The Washington Department of Fisheries
the basins is presented on Table 46 . diverts 50 cfs for operation of the fishway facilities at

Potential Storage Sites , Information on poten- Tumwater Falls on (lie Deschutes River. This water is
tial storage sites in t he basins is presented in returned to (lie system at the ladder entrance below
Table 47 , and shown iii Figure 102. the falls.

The Weyerhaeuse r Timber Company diverts a
DIVERSIONS maximum of 10 cfs from Big (‘reek near National.

The water is diverted to an intermittent stream called
Nisqually River Power Plant No . 2 of ’ t he city Bowmans Creek and thence by this stream channel to

of Taco m a is at t he base of Alden Dam alld about a mill pond adjacent to Nisqually River. Sonic of the
2 .~O0 cf ’s i~ diverted to the powerhouse and then diverted water is used for domestic purposes: most is
returned to the river - Plant No . I is below LaGrande applied to mill and log-pond operations The diver’
dam and diverts as much as 2. 100 ci’s for power sion bypasse s the lower OUt) feet of Big Creek and
generation. The diversion is returned to the rive i about a half mile reach of the Nisqually River.
about one mile downstream from the dam. Irrigation demands divert an estimated 5 ,500

‘[he city of ’ lentra lia diverts about 720 ct ’s from acre-feet of water in the lower reaches of the
the Nisqually River about II miles downstream from Nisqually and De.schutes Rivers.
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QUALITY OF is as high as 73° F in the suninier. I er nperatur es
SURFACE WATER appreciabl y above 70° F are characteristic of small

St reams t hat do not receive sign I ica mit go iii rid -wa icr
Chemical and Sanitary Quality contr ibution or glacial melt water , Such stream s may

Surface waters in the Nisqually-Deschutes reach near-freezing temperatures in the winter.
Basins are excellent in chemica l quality. The maxi- Both Deschutes Rive r and Wo(’dlSild (‘ reek are
mum dissolved-solids content reported for the Nis- supported by ground-water contribut loi ls to the
qually River at McKenna was 61 ppm (Table 58). For extent that they maintain w inter temperat ures well
the Deschutes River near Olympia , the maximum was above freezing. The winter avera ges at these stat ions
~ 9 ppm for samples co llected quarterly front October are about 43° F, alt hough at times the temperatures
1962 to  March 1966 . Although the Nisqually River have declined to the middle 30’s. Bot h streams
originat es in glaciers on Mount Rainier and contains a originate in the lowlands and are not subject to the
substantial amount of glacial melt water at times , cooling effect of water from melting glaciers or
turbidity at McKenna is much lower than in other snowfie lds. During much of the year . the I)eschutes
glacial streams in the Puget Sound Area. This is River gains in temperature from 10 F to 5° F while
largely because the reservoir behind Alder Dam tiowing through the lb-mile reach from Rainier to
permits much of t he suspended material to settle . The Olympia.
flow in the Deschutes River is derived mostly from
ground-water sources , and, therefore , is usually very Sediment Transports
low in turbidity. Because of the substantial ground- The upper Nisqually River (above LaGrande) is
water contributions , however , the stream does have a fornied on mountainous terrain and on flood plains
slightly higher mineral content than many major of the Nisqually River. Soil types in the mountainous
rivers in this region. terrain vary considerabl y. on the flood plains t he soils

The sanitary quality of surface waters in the are sandy loam types and are moderately drained.
Nisqually-Deschutes Basins is generally good, due Typical of the mountainous terrain elsewhere in the
mostly to the low population density . Most of the Puget Sound Area , excessive erosion of soils is
samples co llected from the Nisqually River at Mc. prevented by thick vegetation cover. Stream channels
Kenna had MPN coliform values of less than I00~ the in many places are cut into glacial and flood-p lain
maximum MPN was 2 .400 (Table 58). The MPN deposits , which conta in large quantities ot ’ cobbles
va lues reported for samples co llected from the arid boulders. These materials slough along the banks
Deschutes River near Olympia were in the same during periods of high runoff.
general range , but averaged slightly higher than the The headwaters of the Nisqual(~ Rive r and
Nisqually River samples . some of its tributary strean ts are fed by glacial melt

water. During periods of warm weather when the
Stream Temperatures glaciers are melting, runoff is high and streams are

In dow nstream order , t emperature records were turbid and sediment laden. During the winter mon ths .
aria Iyied for the Nisqual ly Rive r at National . flow is less and the amount of sedinient transported is
1.aGrande . and near McKenna. Records were also considerably less. The suspended sediment con-
ana lyzed for Mineral (‘reek , a tributary to t he centrat ion in the Nisqually Rive r above Alder Lake
Nisqually River. for Deschutes Rive r near Rainier and probably ranges from I to 60,000 ppm. Mosl ol t h ese
near Ol ympia.  and for Woodland Cree k . sediments are deposited in A lder Lake. The Nisqually
‘I herniograp hs have been in operation at three River tributari es that are not fed by glaciers generally
stations (Table 59). The 1(1w temperatures of the transport little sediment.
NisqualI~ at National during most of the year are l’he lower Nisquall y drains alluviated flood
comparable to those of ’ the Puyallup at Ortrng. and plains and surrounding benchlarids. Soils in the
retlect t he glacial origin of the Nisqually. The small henchlands are sand and grave l b unts , arid are
variati on in temperature at LaGrande is because of ntoderately drained to well drained. ihe soils on
the stabiliz ing d ied ot Alder l.ake. In con trast , larger tlood plains are l’ormed from coarse-textured alluvial
variations in temper ature itccurred at Nationa l and materia ls , an d are well drained. Because much of the
n ear McKenna. land area in (lie lower drainage is relativel y flat. the

The temperature of the water in Mineral Creek soils are not easily eroded. Small increases in amount
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of sediment released to streams have accompanied drai n ed loani arid sand. Numerous lakes arid swamps
vegetatio n removal in areas subject to urban develop- in the lower Deschutes Basin contain poorl y drained
merit, road construction , and farniing. organic soils. On steeper slopes, excessive erosion is

The stream channel of the Nisqually River is largel y precluded by the vegetation. Where vegetat ion
cut in to glacial and a lluvial deposits , which are eroded has been remove d in areas of urban development.
and nioved during periods of high runoff. Stream- road construction , and farming. erosion probably has
banks are generall y protected front a large amount of not increase d much. Sonic of the sediments eroded in
erosion by a profuse cover of vegetation , but in some (lie lower Deschutes basin are deposited in n umerous
of t he larger channel areas , landslides arid hank lakes and swamps , arid t herefore , do not reach t he
sloughing have occurred. Sediment data obtained streams.
front the Nisquahly River at McKenna during 1965 Stream channels in the upper Deschutes Basin
and 1 966 indicate t hat a suspended.sediment load of are cut into unconsolidated fluvial and glacia l
250 ,000 to 300.000 tons may be transported by the materials , which are eroded and moved during periods
rivem during a year of normal runoff. W hen the mean of high streamf iow. Sediment data from the
daily discharge is about 11 ,500 cfs , sediment move- Deschutes River near East Olympia in 1965 and 1966
ment may total about 100,000 tons per day. The indicate that the rive r may transport an average
smaller streanis in the lower drainage areas generally suspended sediment load of about 30.000 tons
have low suspended-sediment Concentrations except an nually.
during periods of high runoff . The river may transport as much as 14 ,000 tons

The upstream terrain in the Deschutes water- per day when its mean daily discharge exceeds 5 ,000
shed is mountainous and contains a variety of soils cfs . Sediment concentrations in this river vary from 5
wit h variable drainage properties. In lower parts of to 1 ,000 ppm from November th rough April, and are
t he basin the terrain is formed on glacial outwash gen erall y less than 5 ppm from May to October.
plains, and most of the soils are moderatel y to well

GROUND WATE R

Ground-water resources in the basins are discus- obtainable only from older consolidated rocks in
sed separate ly, by low land and mountain areas. The which well yields of 10 gpm or less cart be expected.
lowlands lie generally west and north of LaGrande, Quaternary sediments exposed at the surface
and t he mountains are considered as the remaining are mostly alluviunt , recessional outwas h, and till.
areas to the east. Alluvium occurs mainly on the flood plaint of the

Nisqually River. Toward the niouthi (if the river , the
LOWLANDS alluvium is at least 100 feet thick and is composed

most ly of sand, clay , and beds of gravel. At depths of
Geology and Ground Water Occurrence 50 feet or niore , t he gravel beds serve as intiportant

The important lowland aquifers are coarse artesian aquifers. Alluvium on the Deschutes flood
Quaternary deposits , which are rather continuous plain is much less extensive , in both widt h and depth .
over about 570 square miles. Thicknesses of these than on the Nisqually flood plain, but it is siniilar in
sediments are greatest near Puget Sound, w here they composition. Alluvial deposits are saturated to abonA
locally exceed 1 ,000 feet. The sediments become rive r level.
thinner and coarser to the west , south, and east , Most of the lowland is covered with recession al
w here Quaternary deposits lap onto outcrops of older outwash , particular ly in Thurston (‘oulity arid north
consolidated rocks. of Muck Creek in Pierce County . Recessional outwash

Although fresh-water aquifers may occur at is composed mostly of coarse sand and gravel. with
depths as great as 1 .000 feet . water is pumped from minor amoun ts of clay amid silt . Thickness of the
aquifers no deeper than about 300 feet below sea recessional outwash is commonly less than 50 feet .
level. Ground water is generally obtained front depths and is greatest in areas south of Olympia . where
less than 100 feet below land surface. For areas where thicknesse s locally exceed ISO feet. The saturated
Quaternary sediments are absent , ground water is thickness is comntionly about 30 to 50 t’eet exce pt in
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Pierce (‘ounty where it usually is much smaller and Quaternary deposits are thin , many we lls comp leted
does not support large well yields, in these deposits produce highly minera lized water

‘lill . w hich is not an important aquife r . is derived from underly ing bedrock .
exposed at t h e  surface in most of the area south of
Stuc k Creek. in t he northwestern part of T . 18 N., R Utilization and Developments
I E.. and in t he peninsulas n orth of Olympia . In Ground water pumped from wells in the low-
addition . iso lated outcrops of till are common in lands is used most ly for irrigation , principally near
‘Fhurston (‘ounit~ Till is present in the subsurface at Yelm and in the area about 5 miles southeast of
most places. The till is generally less t han 30 feet Olympia. The city of Olympia pumps an average of
thick , but ni peniinsulas north of Olympia . its 3 .000 gpm (6 cfs) from McA llister Springs, which
thickness may exceed 100 feet. heads McAllister Creek. Industrial and public supply

Quaternary sediments older than till are rarely wells at Dupont and Yelm pump water at rates of
exposed. Their outcrops are main ly on bluffs that about 1 ,200 to I ,400 gpm , and are apparent ly the
border Puget Sound and the Nisqually flood plain, largest yielding wells in the basin. Several large-
These older sediments contain gravel and sand yielding wells supply water to a brewery at Tum-
aquifers at most places in the basins , and the aquifers water.
are generally 50 to 150 feet in aggregate thic kness. We lls of greatest yield in the basin pump water
Most of the aquifers in t hese sediments are confined mostly from aquifers older than till, but substantial
under artesian pressure. but local ly at higher altitudes yields are also obtained from aquifers in rather thick
subtill deposits are partly above the water tab le. and coarse post-till outwash in the irrigated area

Practically all recharge to aquifers iii the low- southeast of Olympia. Few wells are more than 200
lands is by infiltration of precipitation. Lowland feet deep, and the water-bearing zones from which
aquifers may receive about 200.000 acre-feet of they produce are commonly less than 30 feet thick.
recharge in an average year. Opportunities for in- Figure 23 shows order-of-magnitude estimates of
duced rec harge from rivers do not seem favorable , expected we ll yield in the basins. North of East
owing to fineness of riverbed sediments. In those Olympia , large well yields are often obtainable from
areas w here permeable material underlies the surface , aquifers in deposits older than till and from reces-
recharge might be feasible in the event that heavy sional outwash aquifers. Large yields are possible
demand should lower the water table to the extent from the deeper aquifers beneath the Nisqually flood
that Storage space becomes available , plain, particular ly downstream from Nisqually. In

Most of the ground water in the lowlands is much of the southern part of the basins and in an
discharged natural ly into the Nisqually and Deschutes area southwest of Olympia , aquifers in Quaternary
Rivers and their tributaries , and into Puget Sound deposits are usually too thin to support large well
t hrough springs t hat occur both above and below yields , but elsew here , yields of several hundred
tide-water leve l. gallons per minute can be obtained from adequately

deve loped wells. Wells that tap the deep aquifers
Quality of Ground Water beneat h the Nisqually flood plain and the subtill

Water in most aquifers is generall y low in aquifers in low-lying areas near Puget Sound may
disso lved solids content (less than 150 ppm), and is flow.
acceptable for practica lly all uses. More highly miner-
alized ground water is common near Puget Sound, MOUNTAINS
w here some fresh-water aquifers contain traces of sea
water. Hardness of water in the basin is generally less In the Cascade foothills, Quaternary deposits of
than 60 ppm. Silica is usually in the 20 to 40 ppm recessional outwash and alluvium occur over about
range. Objectionable concentrations of iron occur 140 square miles. Recessional outwash. which
loca lly, primarily in shallow aquifers that underlie the blankets the slopes east of Ohop Valley, is dissected
Nisqually f lood plain, and drained and it does not contain extensive

The areas of poorer quality water are mainly aquifers. Coarse alluvium occurs along the Nisqually
along Puget Sound , but significant encroac hment of River and some of its tributaries upstream from Alder
sea water has not as yet been observed. Locally in Lake. Basic data on ground-water conditions in the
western and sout hern parts of the lowlands, where alluvial deposits are lacking, but geologic evidence
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suggests t h e  presence uI aquib’ers wit h sufficient Elsewhere in (lie mountains, ground water is
permeability arid saturated thicknesa to support oblainiable only from consolidated and scmiconsohi-
large-s iclding wells. Considerable recharge to the dated mocks in wInch well yields of 10 gpm or less can
aquifers is ni erred from the abundance ni t  pnecipit .i he expected.
tion.

WEST SOUND BASINS
SURFACE WATER

The West Sound Basins occupies an area ot STR EAM FLOW
2.620 square miles, including 2.t)22 square miles of
land and inland water.  A map ol the Basins is shown Runoff Characteristics
on Figure 1l4 The Basins are bounded on the east by In the exteme headwater areas of certain east
t he main channel of Puge Sound arid on the west by Olympic slope streams . mean annual runiiff exceeds
the Olympic Mountains Hood (‘anal extends (~~~ miles 160 inches. Runoff decreases rapidly to the east arid
along the foothills of the Olympic Mountains with a north , however , as the Olympic Mountains rain
fa irl y uniform width of I ½ to 2 miks and separates shadow intensifies. The lowest production occurs in
the study area into two distinct areas , the Olympic the vicinity of Port Townsend and (lie niort hern
and Kits ,ip Peninsulas. Ini addition , the study area extremity of the Kit sap Peninsula. There , runoff is
con tai n s numerous islands . channels , inlets , passages , estimated to average less t han 10 inches annually.
and hays of bower Puget Sound. T he largest islands Throughout the lowland areas of the Kitsap Penin’
are Vashoni . Hainibridge . Sfaur v, Fox . McNeil . Ander- sula , annual runoff averages about 25 inches. Mean
son arid hiarst en ie . annua l runoff for the entire 2 ,022-square-niile area of

Because of the striking differences in climate land and inland water in t he study area is estimated
and topography between t he Olympic and Kitsa p to he about 46 inches . or 4.9 million acre-feet.
Peninsulas . t he streams on the Olympic Peninsula are Records obtained at four gaging sites were
comparative ly barge and swift whereas t hose draining selected to represen t conditions in major water~the Kitsa p Peninsula and its associated islands are producing streams along the eastern slopes , of the
rather small. Principal rivers draining the east slope of Olympic Mountains. For the Dosewalhips River near
the Olympic Peninsula , the Skokonitishi . Hamma Brinnon. the meant annual runoff , adjusted to the
Hamma . Duckabush , Dosewalhips. Big Quihcenne . and period 1931-60 . was 47 5 cfs. This is equivalent to
Little Quilcene. flow into Hood (‘ana l (actually , Big 344,000 acre-feet per year. On a unit-runoff basis ,
Quilcene and Little Quilcene Rivers flow into Quil- this drainage has averaged 5.1 cfs per square mile .
cene Bay, an arm of Hood Canal). All of these rivers Adjusted to the same period , the mean annual runoff
head m i  the extremely rugged forested areas of the of the Duckabush River near Bninnon is 407 cfs or
Olympic Nat ional Park and Olympic National Forest. 295 ,000 acre-feet. The corresponding unit-runoff
Only (he Skokomish River passes through a broad quantity is 6.1 cl’s per square mile. Similarly , mean
flood plain before emptying into Hood (‘ana l. annual runoff from the Hamma Hamma watershed

Because of its highly irregular configuration , above the stream gage averaged 337 cfs or 244 ,000
t h e  Kitsa p Peninsula is drained by hundreds of sniall acre-feet (6.6 cfs per square mile). Near Union. the
streams. Only 12 streams drain more than 10 square mean annual runoff for the South Fork Skokomish
miles of surface area, and must of the others drain River averaged 708 cfs , or S 13.000 acre-feet . and 9.3
less than I square mile. Due to the smallness of these cfs per square mile . In general . the drainages above
drainages and their location in the rain shadow of the these four gages have similar relief and altitude, but a
Olympic Mountains, streamf iows are small in com- sizable difference in unit-runoff production is evident
parison to those on the Olympic Peninsula. All between the northern and southern basins along these
streams ofl the Kitsap Peninsula originate in the Olympic Mountain slopes. This difference reflects an
bedrock area of Green Mountain or Gold Mountain or intensification of the Olympic rain shadow in a
the glacial outwash plains that are characteristic of ’ northeaster ly direction in this part of the Puget
the Puget Sound lowlands. Sound Area.
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Time contrasting character of runoff from the amoun ts to (lilly 2 ~ cf s , Similar conditions . wit h
lowland parts of the West Sound Basiit ’ is shown by event less production , prevail thiruug hiiut the Kitsa p
t he record for Goldshonough (‘reek near Shelton . The pentini stila area.
adjusted mean an nual discharge for t he period .‘\veia gc aiinual disc h arges of selected streams in
1931-60 j t this gage ~as 109 ct ’s. or 79.00() aene fe e t  the Basin s are dep icted iii Figures 103 arid 1(1.4 The
On a square-mile basis . runoff front t his wat e rs h ed lowest average f low of record on the South Fork

600 i r r T F I I
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Mean i93 1-60
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FIGURE 103.-’Annuai discharges, Duckabush River near Brinnon.
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FIGURE 104 . Annual discharges , South Fork Skokomish River near Union.
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700 j I I I I I I I I I~~ reg iniens. ‘I hios .’ stream s s ing most directl y in Ilic lee
of the Olympic Mount a in s ex h ibit two peak ho w
periods. nine f rom winier preci pitation and t i e  othii.’r
I noiii snownie lt arid spring ra ins ,  A compariso n shows

— t hat  t h e sp ring runof f  peak is nttorc protnoient ri
600 — — t h ose waters h eds that lie nosl d i r i,’cI l~ in (lie

Olympic Mountains r u n  shadow. ‘I i  the south. W hi.’rc
t he rain shadow disappears . t h e  winter peak I.e uties
dom lu au t and t lie tw u i sea s ii iii pea ks ten d to nie rge
inito (inc long period of h i gh flows, With t I e

500 — — exception of the Dosewalhi ps River . t Ire iiiaximunt
i ecorded niluin it lily flows (recurred during the nioniths
of December and January.

M uniimuni molt thly flows generally occur during
August and September. in the nor iuer,i part u i  the

400 — _f”
~~ 

— study area - however. the period of ntininuunli (low

I tends to extend inito the iiionth of October .

I Hydrograp hi c l ia rae ter,s t  cs for the West Sounid
Basins were determined for Dewatto. South Fork
Skokontishi , and Duckahush Rivers.

300 — Maximum j — The str ea ni cage on Dewatto River n ear
— I Dewatto measures runoff from ~4’ of t h e  basin . on

I t h e  western side of the Kitsa p Peninsula , Streamblow

I usually begins to increase in September. f o llowing t h e
6 [_,,,,_ summ er period of base flow . The hvdrograp h fro n t

200 — I — October to April is c hara ct eri t cd h\ a series of sharp
peaks superimposed on a hase liuiw . wInch us highest
in l-ehruary. Runoff ’  decreases f ront M,irel to Ju ls .is

Mean a resu lt of reduced precipitation . and (lie iiiiniiinuni
— base f low us usually reac hed hv the l ist part of Jul~’ ,

— ‘I lie strea m gag.’ on South Fork Skokoiiiish
100 — — River near ~ ii roil nieas u res no iiof I from 73Y of t h a n

— basin. Strea ntfiow usually beg ins to rio case iii

September front I lie su in mer ha se Ii iss if  about 1 2  ~Minimum 
___________ ef s. During Octo ber ’Apr ul t h e  duseli , uige is character ’

n e d  by a 5cr ’ cs i il s hia rp peak so per ni p used ii poi i a
0 ‘ ‘

~~ bas e ‘loss which peaks iii Decennhei , Runoff gen era lly
~ decreases I root Januat~ to Nia j e lu  as a result of

reduced raiiil ’ah l A s temperatures beg in rising. t h e
FIGURE 107. Maximum , mean and minimum disc h arge is nni a un i ta mn i c d by snowiil i.’ I,  and .uv e r .uge s
monthly discharges , Goldsborough Creek near .

Sheiton , 1931 60 a honit ~(J ( 1 ci during Nhui cli arid April . Streanif low
lieu recedes to in in mum values as (lie sniowpac ks a re

dep leted, usually by .\ugust .
Skokottiish i River was ‘421i ci s mt water year 1 1)44 I ins ‘I lie l)uckahush Riveu gage ie,~r 13n uni noni
represented iIr of the 1 1 .11 ‘ill nnean. I ic  lughesl irr ea s roes runof f fr ont ~7 of that ba irn , SIi.’,uittl loss
recor ded average flow. 957 is, occurred i i i  I ‘)~~~(i . duri n g tI me period ( te t her th roug h March is c h ar-
I his th ow is approximat ely 13~ ii t ire bonig’term ,u.’Ii, ri,e d h~ a series if sharp rises suiI)l’i iir I)ii’.ed upoir
nt~’a ni a Iii se flow w hi ic Ii is It ighiest iii I )ece i i i  her . R unof I

Mean nionitbily disch i.irges at se l ec ted g’agnnig genera lly decrease s I’roni Ja nuary or the middle ot
s i , u tu i u n i s  are s l i s s  n u as bar charts m i  l uguuu e s 105-107 , March as a res ult iii reduced pre.’ip Ia l ron r .  As

I he s l rc , u i rus  show two distinctly dii te reuu i  blow tem peratures begin to r is e iii Marc h . sniowniie lt L ouses
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TABLE 48 —Flow-duration data for streams in the West Sound Basins

Period of Flow , In cubic feet per second , which was equaled or exceeded for indicated percent of tune
Gaging s i i i ’ or , ‘ . — - —.  — 

000 ~~~~ 99 95 90 80 70 50 30 20 iO 5 n 0
Snow Creek near Maynard 1953 or 1 . 8 2 3  2 8 3. 9 5.7 ii 5 l9 26 39 54 105 260
Ch,rnacuro Creek near Chir000i nr 953 57 2.6 3.2 3.6 4.3 5 n 8.3 4.5 20 32 50 121 210
Li t t le Quiicene near Quiicene 1927 , 7 5  in ns 5 22 29 42 60 75 104 r38 250 480

952.57
Dosewoi i ips Ruer near Bri ,rn o n 93 49 90 n e  n42 185 230 350 520 640 860 1.roo 1 ,750 3 ,500
Do~kabush River near Br nnon 939 65 56 77 100 isO 200 3r 0 460 580 790 1,050 2,070 3,900
Hon,n,o Harv .vc, Riner neo r Eldon 1952 64 51 69 90 138 iBS 290 420 515 700 930 1,700 3,200
Jeff e r s on Creek near (klan 1958 64 i2 16 20 35 56 94 156 220 340 500 930 n .650
North Fo ,k Skn kon r ,,h Rive r berow 192 5 65  .42 65 89 iSO 220 360 550 700 1,000 1 .350 2,500 5.000

Staircase Rap ids near Hoo ds port
South Fork irokonrish Ri ue r near Pof latch u924 32. 58 79 98 l45 220 395 640 870 1 .300 1,850 3,500 6.800

194764
South Fork Skoko ,rrish Ricer near Union 1932-65 75 90 108 158 250 450 740 L000 1 ,550 2,300 4,600 9.200
Skoknnri5h River near Potuatch 19446 1 150 180 208 280 .410 760 1 ,240 1,700 2.750. 3,950 7 ,400 16.000
Union River neor Bren re rton r946 59 47 .64 .82 1 .3 2 . 2 6.7 11 ,5 i7 30 45 96 225
Union Ri ver near Be ifo i r 1948 59 no 18 r9.5 22 .5 25.5 34 50 69 1 no noo 335 700
Mis si on Creek near Bre nr er ion 1946.53 0 0 0 .06 .38 2.6 69 li ,0 19.5 29 46 100
Missi on Creek near Be lf o i r 1946 52 17 .28 37 .50 .07 3.1 13 20 36 53 94 235
Gold Creek near Br en rerton 194.o .o r .4 i .54 .65 .88 1 2 3.1 6 4  9.2 15 22 46 94
Toi, ya River near Brewv rt on 1946 56 .22 .35 60 1.2 2.2 7.5 r 1 35 63 95 180 350
Panther Creek near Brenrerton r946 53 0 0 0 .05 .10 60 2 .9 5. 1 10 14 23,5 37
Tohuy a Ricer near Beifoir 1946 .56 0 .07 .16 .41 1,5 13 46 78 140 210 41 0 800
Dew o t to  Ricer neon Dewotta 1948 54 , 11 .5 13.5 14.5 ri 2 1 37 67 96 167 250 450 930

1959.64
Huge Creek near Wouvo 1948 64 3.9 4.2 4 5  5 0  5.6 7 .3 10.5 14 24 36 68 150
Goldsbornugh Creek near Shelton 1952 64 18 21 24 29 37 75 130 178 280 380 590 1,000
Skookin, Creek at Konorche 1952.58 1.7 2 . 1 2.4 3 4  6 0  25 60 90 145 205 370 700

in rcrcasrn ig s l rea nnfin )ws t h at reach a peak usually by iuea r Hoodsport - w h ich has a 40-year record. The
Juuic Folkuwir ig the snuuwme lt peak stu eamflow periods of record and equivalent record for each
r e e des to niinimunn base tlow usuall y by Septe m ber. station arc as fo l lows.
The variabil i t y ’ u n  the da il~ l’low of streams in (lie Period of Equivalent
Wes t Suiund Basins us presen ted as flow-duratioui data Station Record Record
(or se lected gag ing s iat i ins m t Table 48.

Dewattui River near 1948-54 . 16 years
Flood Characteristics Dew~itt .i I 959-64

h’ loods caused by ahunidamit rainfal l  anid acconi- S F. Skokoniisbu River I 132.64 37 years
pan uvr n ig sn iow uitelt produce ch aracteristicall y sharp n ear Union
rises out a Iivdrograph . followed by recess i ru ns alntiost Duckahushi River near 1939-64 35 s ear s
us Ta l)id. I w u> u ur more peaks often occtir within a Bruninnin
I -t r2 ’we e k perio d.

‘[lie irm axin tiun ti inus ta nita u ico n is disc h arge of Low-Flow Characteristics
record I n n  ( h ue three streani~gagmng s i tes  investi gated ui l.ow’liow chara cteristics u > t s t i .’aiTt s in t h e  West
t hu West S iunud Basinis are :us follows I)ewatt ul River Sounud Basints were compared using unrde x e s from
r ica n E)ewat tui . 2 .160 c fs  u uni January 15 , I 961 Soutlr low—flow I req ue nncy curves at 22 gagin g Stat i ( l f l S

}‘(ir k SkOkt niiisli River near Llrt i run i . 21 MOO cls (in) ( I  able 49) The hiiw-I lirw indexes are good nut streams
Jan uary 22 . I n)35~ ari d I)uckahushi Rive r near drainiii ig the east slope oh tIne Olynttpic Niounitanmis and
ll ri umnu u in i . 8 ,16(1 c f s  omi ~‘s ivcn in her 2(r , 1949 , are l ,u i r in 11 51 ui the remainder oh’ ( lie study area

I hood-f rL ’( l(iency curves f u r  stream s in the West ( l u g  22~. Sr ’nahh are as (It poor indexes are in the
Soumid Bas ruis include Ihmn u se lug Dewatt ui River ri ca n soti th ierni part of the Kitsap Peninisula and itt the
l)ew .mn to , Soot lu I’ irk Skok muni r i sh u River niean I nirni ni - e xt u elite southwester mi Part nil t h e  basins T h e  streams
and 1)uck,rhushi River niear ltnni rnuin . 1 lie I’ne l ue nu c y  in (Ire ir~u smnn s h ave fa in  ly wide di f ferences in the slope
cur ves are pm .-scn ned in h’ igun es 108.1 0 . Freque umcs amid spacing index es wInch show tire variabi l ity of low
s l , I is l ics  were .‘x lennded f i r  t h ese  st.Itn ,fls Iii longer llnrw I n ge iner a l (lie hniw I lows of ’ (lie Olympic
eqt iivalenn pe unu ids by c i rn re l : i t i u iu i  wit h d,ita fur t Ire I’i.’ n u i r is um la str . ’ a nn rs vary inure hronii year t n  year t h a n
North Fork Skoko ninis i River below Staircase Rapids hr t ise inn t h e  other areas. .  Inn (lie sout hiernt Kitsap

I 1n4
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TABLE 49.—Low-f low characteristics for selected gag ing stations in the West Sound Basins
Gaging stat ion Drainage Low- f law Slope Spacing

area index ind.g index
5now Creek near Maynard mi .2 0.17 1.38 3.47
l.itti. Qoilcen. River near QuiI~.ne 23.7 .46 1.67 2.27
Donewalli ps Civ. , near Brinnon 93 5 1 ,41 1 32 2 65
Ds,ckobanh River near Br innon 66.5 1 . 17 1.47 3.85
Han,n,a Honsma Rinse near Eldon 51.3 1. 15 1.47 3.733sf lem on Creek near Eklo n 21 .6 .60 1.46 4.62
North For k Skoko,ni,h River b.iow Staircan. Rapid, near Ploodi por t 57 .2 1,31 1.39 4 .46
South Fork Stuokemitl, River near Pat latch 63 . 4 1.40 1.33 3 ) 5
Sooth Fork Skakan,ish River near union 76.3 1,23 1 .30 3.28
Shokom ish Riven near Poti otch 227 .78 1 24 2.70
Union River near Ivensert on 3.16 .19 1. 71 300
union River near B,ifo ir 19 .8 .87 1 .29 1.42
Mission Creek near Belfa i n 4.43 .05 2 56 4 26
Gold Creek near Re.n’er non 1 51 34 1.59 2.53
Tahuya River near Iren rerfon 5.99 .06 3.67 8.18
D,watta Riv.r near Dew ofl o 18.4 .65 1 2 i  1 .83
Dogfish Creek near Po~i,bo 5,01 .56 1.22 1.61
Rurisy Creek of Bu rley 10.7 .27 1 ,3 1 1 .34
Hug. Creek riser Woan a 647  .66 1 . 19 1 .30
Geldiboroagh Creel, near Shelton 39.3 .51 1. 32 2.00

Peninsula, low-flow variations for Tahuya River are Slope indexes range from 1.19 in the Huge
about three times as great as those of Huge Creek. Creek Basin to 3.7 1 in the Tahuya Basin. These

Low’flow frequency data for the 22 gaging adjacent basins are on the Kitsa p Peninsula. Their
stations are tabu lated in this report (Table 50). large differences in slope index are due to variations
Frequency data for 3 of t he 22 sites are shown in in infiltration an~ ground-water storage : the Tahuya
Figures 111- 113. River Basin is formed on rather innpervious rocks .

Low-flow indexes range from 0.05 cfs per whereas the Huge Creek Basin drains extensive
square mile for the Mission Creek Basin to 1 .41 cfs alluvial and outwash deposits. Indexes for the basins
per square mile for the Dosewallips River Basin. The on the east slope of the Olynipic Mountains are rather
low-flow indexes in the Olympic Mountain basins uniform, rang ing on ly from 1 .30 to 1.1)7.
may reflect the large amount of precipitation in the Spacing inde xes range from I .30 in the Huge
high-altitude areas. The streams with extremel y small Creek Basin to 8.18 mi  the Tahuya River Basin. For
indexes drain rat her impermeable material that the Olympic Mountain basins , t he values range from
rece ives less precipitation. The basins having fair 2.27 to 4.62. The large differences in spaci ng index
indexes genera lly are underlain by permeab le alluvial for the adjacent Tahuya River and Huge Creek Basins
and outwas h sediments , hut receive litt le precipita- probably reflect differences in surface materials.
tion.

TABLE 50.—Low-f low frequency data for selected gaging stations in the West Sound Basins
__________ 

[Discharge adjusted to base period April 1, 1946, to March 31, 1964] 
_____ —

Nan,b., St rean ,fl ow in ci, . fo r
Gaging Italion of cony 

— —‘  - . 
, ind)cat.d r.co rr.ncs inter val s , in years

_____________________ — 
dayi 1 .05 1.30 2 0  5 10 20 30

Snow C,e.k net,, Maynard 
- 

7 4.0 2.6 1 .9 1 .5 1. 3 1.2 1 .2
30 3.0 3.2 2.4 1 ,8 1 .6 1 .5 1.4
90 7.7 4.9 3.5 2.5 2 1 1.8 1 7

1 83 16.4 9.4 6.6 4 .8 4. 1 3.6 3 3

Li rt l. Qui lc.n. Leer neon Quilcan. 7 22 15 ii 8.4 7.3 6.6 6 3
30 23 11 13 9,6 8 . 4 7.3 7 .0
90 28 I8 14 1 1 9 9  9.3 9.0

183 50 33 25 19 18 17 16

Dot~walI ips Bin., near Ininnon 7 178 ISO 132 114 106 100 96
30 213 178 154 132 123 118 114
90 360 270 222 184 170 150 156

183 490 405 350 300 280 268 260
Duckabunh liver nsa, Brinnon 7 111 93 78 64 58 53 51

30 146 11 7 97 79 70 64 61
90 325 212 160 120 108 100 96

180 300 365 300 245 234 212 209
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TABLE 50.—Continued
— — 

Numb., Sfreamf iow in ci, , for 
—

~~~~~~~~ 

- —

Gaging station of con ; 
— 

indicated recurrence interval,. In years

day , 1 .05 1.30 2 0  5 10 20 30

Hom mo Hamma River near Eldon 7 101 74 59 47 43 40 39
30 121 87 69 55 50 46 45
90 245 153 113 85 76 70 68

183 308 260 220 188 177 170 168

Jefferson Creek near Eldon 7 22 16 13 10 .6 9.6 8.9 8 6
30 28 20 16 12.7 11 .5 10.8 10.3
90 59 38 28 2 05  18 16 15

183 102 75 60 50 46 44 43

North Fork Skokon,ish River below 7 134 92 75 62 56 54 52
Staircase Rap ids near Hoodsport 30 164 11 8 94 74 67 62 60

90 340 215 160 120 107 98 95
183 580 420 335 270 252 240 235

Sooth Pork Skokomish River near 7 129 103 89 76 70 66 64
Potiatcf, 30 145 116 99 83 77 73 71

90 230 172 140 110 98 90 86
183 480 352 280 230 210 200 190

South Pork Skokomi sh River near 7 142 111 94 80 75 72 70
Union 30 1S7 124 105 88 82 77 74

90 260 192 153 121 108 99 94
183 520 380 308 250 226 210 204

Skokemmnh River near Potl atc h 7 220 197 178 160 15) 144 140
30 260 220 200 176 168 160 158
90 350 290 250 218 205 197 190

183 81 0 590 480 380 350 325 315

Union River near Bremerion 7 0.9 0. 7 0.6 0.46 0 40 0.35 0.32
30 1 I 8 .65 .50 .43 .38 .35
90 1.5 1.0 .8 .7 .55 50 .48

183 3 . 1 2.3 1.8 1 4 1.2 1. 1 1 0

Union River near Bei fair 7 22.8 19.5 ~7 .2 15 14 13.3 13
30 25 21.2 18.8 16 15 14 13.7
90 26 22.2 20 17 ,6 16.3 15,8 15.5

183 31 27 24.4 21.2 20 19 18

Mission Creek fleer Belfair 7 .43 .32 23 15 . 11 .09 .08
30 53 .39 .28 . 18 . 14 . 11 . 10
90 .63 .46 .36 .25 .20 16 .15

183 2.2 1.4 .9 8 .66 .5~ .43 .39
Gold Creek near Bre nr erton 7 .80 .62 .51 .40 .36 .32 30

30 .92 .70 .57 .45 .40 .36 .34
90 1. 1 .86 71 .56 49 .43 .40

183 2. 1 1.6 1 .3 1.0 .88 . 18 .73

Tahu yo River near B,erner ton 7 1 0 .55 .33 . 17 .12 .09 .08
30 1.4 .73 .42 22 .16 .12 . 10
90 2. 1 1 .2 .73 .40 .29 .22 . 18

183 70  4. ) 2.7 1.7 1 .3 10  .90

Dswotto River near Dewetto 7 16 13.5 12 10.9 10.2 9.9 9 7
30 18 1 5 2  13 .7 12.2 1 1 .8 11.4 1 1 ,2
90 19.5 17 15.2 13.9 13.2 13 12.7

183 28 24 22 19 18 168 16

Dogf i,h liver near Fou lsba 7 3.7 3.1 2.8 2.6 2.4 2.3 2 2
30 4. 1 3.4 3 1 2 8 2.6 2.5 2.4
90 4.5 3.9 3.4 3.1 2 9 28 2.7

183 5.4 4.8 4.5 4.0 3.8 3.6 3 5

Burley Creek at Burley 7 16.7 15 13.6 12 11 .1  10.4 10
30 18.2 16 14 .7 13 12.3 11.9 11 .6
90 20.2 174  15. 7 14 13.4 13 126

183 25 21 18.2 16 15 1 4 4  14

Huge Creek near Woo na 7 5.2 4.6 4.3 3.9 3.7 3.6 3 5
30 5 6  4. 9 4.6 4. 1 4,0 3 9  3 8
90 6.1 5.3 4.8 4.4 4.2 4 ,1 4 0

183 7.2 6.2 5.6 4.9 4.7 4 5 4 4
Goidsbonoogls Creek near Shelton 7 25 22.5 20 17.3 16 15.2 i4 9

30 27.5 24.5 22 19 17 8 16.8 16
90 31 27.5 25 21 2 19.5 18 17 2

183 52 45 40 33 29 21 19 .5
Skookom Cre.k near komiich . 7 3.2 2 5  2 I I 7 I 6 I 5 1 .5

30 3.9 3. 0 2.5 2.2 2 I 2.0 2.0
90 3.3 3.7 3.0 2.4 2 2  2 1 2, 1

183 1 5 5  11 .3 8.6 5.7 4 4  3. 4 2 9
Kennedy Creek neon Komilch . 7 3.6 3.1 2.8 2.3 2 . 1  1. 9 1 .8

30 4.2 3.6 3. 1 2 6  2.3 2. ) 2 0
90 5.6 4.4 3. 7 3.0 2.8 2.6 2 5

-— 

183 16 12 9 1 6.4 5.1 4,2 3 7
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STOR AG E AND R EGULA T I ON ap p r o x iIn a tcI ~ I 0 Lt ~ iFolil I h i s  ~li e,II11 :iiid akr t i~ c~
W ater Ituiii (lii l I l’,I IW I1, ,\ IldcnsuII alid (iol~~l ( ‘ ree ks

Natural Surface Storage aiid Ltkc \ Iexalldc r l’lie Ulliuli I(isei aiid Aiider~nii
The tuij l alfl(IIJII1 of ’ ,~l k r 1 ~ir~ ’ in ~ kt ’.s ij iid

. 
( reck developments present l y serve ~~ t h e  primary

i I.t
~

’ i e I s  III the basins is ilot k Iu() ’s% ’ Ii , h ut  t h e  su r l .fe t ’ ac t ive 5() 1Ii~~,~. ol ‘riil) I) IS . W IllIe (sul ~1 t ‘reek is retall i e d
area e~veresI h’, these wate r bodies i ruv i&Ii’~ at lea ’.i a

I l l  the ~v’.Ieiii l1I~IIiII\ for use on j slandhv basis 311d
I_

_
i llnpara I Pc i III.] i~’a t ion ol t he a liloli I) I 0$ 55.1 I e r t ha I i~ ~t h e  Chai leston (‘ree k Iaciht ie~ h ave esseii l iaII ~ heeii

s lol ed . l’hc total lake sill I ace ~rca is I ~ .~~ square .
~ h~~l1d~~I1cd .

miles . Of w hIch 6.7 square n3iles c() lis i~ls of rese rvi irs I l l  coTlJuncti (II1 ss itli the industria l iipcrations
flie on I~ glacIers in the basins. luca ted ill t he upper Sliiipsoii I igg ilig ( ‘olnpiirie . Rainier Pulp ~iid Paper
waters hed  I I  the Dosewallips Rivei - total 1 ) 7  square (‘ iiIIl l a I v  . and Raviinier. I itc in Sh elton - about 2.~mile it less in area, and havc little ef fect  itii ci Is diverted from Gtildsborough (‘ reek. About 4 ci ’s
st rea ni fiow ,

is also i’j ve rtc d f rom (‘ of I ce  ( reck at a point n ear i ts

Reservoirs mout h .  \l l the diversion is d iseiiar ~ed ti ) t idewater.
The following discussion ol existing and pi)len. laCiIllla is PCI milled I i i  divert I .000 ci s at

tia l reservoirs m l  th e Wes i Sound Basins is restricted ushintan N~ I Dam on t h e  No r th  Fork Skokomish

mainl~’ to t hose with a eapac il~ of 5 .000 acre- fe i ’i Or River for puss er !enei :itiun . The flow is returned

more. Smaller reservo irs are ta bulated oiilv because nt d i iec t I~ to  the Nort h Foi k channel after pass iiig

their importance as sonices of water i irr local thriiughi the powe rp lant . From a second dam, about

communities. Existing reservoirs and potential storage 2 5  mIles dowiistre :irn . t h e  iI~ is a lso permitted ti)

s ites in the hasiiis a le shown in Figure 114 divert I .000 c is . I lie w a t e r  is t rans ported 2 .~~ miles to
Existing Reservoirs Flow hi , is heerl regulated (‘Lis hnIan Power Plant No 2 on Hood (‘anal and

for lhe genenation of power on t h e  North Fi rk discharg ed dire ct k to i idesvatcr , 111 normal operation ,
Sk,Ikomi ’sli River by I ak’s’ (‘ushnian sll ice I ~)2~ The water is  seldom spilled to the Nort h l urk channel

entire runo ff of tile Norlh Fork basin is nonmal ls h)C105 ’. liii lower I ake (‘ uslirnari Dam.
st ir re d in (‘ushnian No . I reservoir ,i’. d is (live lid A small pi vale Ii~ d i r i c h e c t i  Ic powerp lant uses

t r ~~n (‘ushman No 2 res ervoir  nIt , h ood ( ‘ ana l a bout S s l s  diverted fron t Lilliwaiip (‘ i c ek .  All tile

throug h the c il\ ot ‘1 aco m a s  pt sse i pla nt  near water  is returned to the Clii ’). lis t h~’I iss E.;lh iss .iup
Pot latch. T h e (‘ushntan Projeel preseiit l~ hias ovi I [‘all’s.
4 (s t ) ,000 ac re~ice t ot tota l sto la ge and 11.111)0 l’lie cIl~ of Port Tosv nsend diverts water {rom

.icr e ’f eet of act ive storage . The p wi-i diversinits I ittle Quileene and Big Qui leelle Rivers. T h e  cit~
generally preclude an appreciable disc h arge in t h e  req ues ted  diversions of 30 ci from each slream biil
North Fork Skokons isli River be low ( i shntai i No, 2 t he diversions front l i t t le Quilceiie River has been

Dam. lImited t o  ‘ I S O  ,,ls The Ivi’I;ii1e deniand h~
’ the Cil~

Table 51 prescnl s detailed II)tllirll,it IiJn (Ill the and Is indus t ries is about 2 1 c is . lhii~ co m bin ed

ex ist i l ig reserv o ir s lorage. Severa l small lil u ll icip al ‘s ’ s ste in . however. hm , i ’ s ‘s I it I I i le l It  s’a Pa1’iI~ to  deliver
sli r age res e rv o i r s  t t ~ Brenierton and Poil T irwn iscmi d water al t h e  ia te  ol dh,IIII .~ I s i ’ s  dill nig ps I h u t s  ot

ill’ also localed ri liii’ ‘~iut b~ a r ia Tl ie ie ~ n~ 
peak delnalld.

regulat itiri or s l i m a c e  on ( t t l d ’ sh r , ii~hi (‘ ice k. 5 ,1 11th ihe Bureau iii Spoi l I isheri i’s and \~ lidilk’

I * t rk  Skokitm ish i River. llamnta hl a imima R i s c t  , 1) uck— u p d a te s  .i salnuini and t ro ut h . , tsh i e is  2 miles sou th iii
ahushi Riven , Quilii’r ie R r ’ s e r  or Dos~ s~ alhps River Quiluene ar id is pe rn l uir te d to dIvert a total  of 4(1 i f s

Potential Storage Sites ln t or in i a t i i ’ r i  oil p~ teI)— lii in t h e  BIg Quilct.’ile Rivs ’i m i d ot is ’ of Is t r i bulat es .

h a l ‘sloi .ige S i te s is hisled ni I .iHi’ S2  ,ind site l l i’ i l i i lo’s 
h u l l  ( reek t his ’ d iverted w a t e r ’ is  returiied to the

.Ire ‘sho wn in I’ gore 11 4 Plltel i l i ,mI S i ls ’s ~~ ~ Kit’s. i 1 I iSdI  a bout 551 ) feet  doss mis tmc , i i l l  f r o n t  the Big
Peii iiisula are diss iisse d ii deta i l  it~ (.ar ling and Quils-ene River P11 11t of dis ers i l Im i

\io tet i. i .im ( I ?i~~ pe 14 ’, )  ‘Flue Vi .isl uillgton I)cp .iitine rit uti F ishier es Sko .
ktmn iishi River S. ih n ntium I Ialeh is ’i~ , locates! on Puirdv

DIVERSIONS 
( r ’ ,’k . ~l ‘ s u I t  It ) ci 1111111 J’urd~’ (‘rs’s’k sv hiich i is
ie t urnied below t h e  hr. it s ’ lier’s ptii id ’s . I lie hitnId ( ‘ anal

The (‘ im i tn i  River . 1)1W of liii’ larg e st s m I u ’ ,Iins in Sa lnmoti I I ; i l e h icmv al hloods pot t sh i ve i l s  17 .4 el ’s t ionlr
the Kitsa p Peni nsula, is u sed as t Ile s i t S  of ltIi’ i l is ’ i I itch ( reek w h i i~ hi is returne d below the hat ch er ’s
to r u s 1113111 soUrce ot munts ’ iIr .I l w ,lt~’r I lie s itS ’  divert s pirlitlit
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Figure 114. Ex isfing Reservoir s and Potential Storoge Sites in the Wes t Sound Basins
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T A B L E  51 —Exist ing reservoirs in the West Sound Basins
Use P Hy d~o elec t r ,c  development; 8 , recreation

Storoqe acre It ’
— — -—— Oar,,

Drain ag e Inactive dimensions Reservoir App licant
0(0 0 area Ac t te e  and or Total area Use or Remarkst,eom s ,r ml dead Mt W idth (acres) owner

‘It II ’

C .‘ “ . ‘ N F ‘s ‘“ .~ ‘ 94 360 000 93.000 453 000 275 1 . 1 1 1 4 , 200 P . 8 C it y of Tacoma
8.’, u

N P sI,,~ . ’,r’~cI~ 100 2, 000 6.tOO 8.000 235 460 70 P City of Toco mo
O. ’~~~.’ ~. 4V i 6

TABLE 52,—Potential storage sites in the West Sound Basins

M 
- Total Drainage

°° Pr v u e c t  name r e - s  River and mile St oro qe area Remar ks
1,000 ac re - lu (s q m u)

Sever, St reo rvs  24 5W - 18 N. P . Skokomish . 26
29

1 Stairrase 23 5W 4 N F. Sliolcomis), 50
23

3 Brown Cr . 22-SW . S F. Skolcomish 365 52 1,600 ac - It w o t er sa rface
1$. 2 1. 22 20 (City at Tacoma )

4 U5GS s it e 9 24 - 3W - 2l Mamm a Hnmrno 8. S. 19 76
Mamma Mamma)

5 Daclcobash 1 5A 25 3W 2 Dackabos h 4 8 73 66
6 USGS s ite 146 25 - 3 W - 5 Dvck obu,c,h 8.9 230-270 54

, Bic~ Hccm p
7 USGS ~ te 13 26 4W 1 Ducr kabcut h 10.5 47
8 USGS site 12 26 - 2W 28 Dosewoiu ips 3.3 120 109
9 USGS ,,te II 26 3W -19 Dosew ol i i ps 12.6 76

10 USG S c i t e 10 26.4W .23 Dosew oli i ps 15. 1 70
USGS site 18 27 .2W-22 Big Qu ikev e 8. 23 250 67

12 Tovn e l Cr . 27 - 2W - 31 Bi g O,~ikene R. 9.1 49 Diversion Dam at Tcc nne l Cr .
13 USGS site no 37.7W .30 Big Qali cene S . . 23.3 Diversion at Townsend Cr .

11 .1
14 C,arnble Cr .  21 18 29 t5arvble Cr . 20 62
15 To hoy a L 22- ’3W .12 T o h iy o  8 11 1 42.2
16 M,ccuo n Cr 23 2W .25 Mission Cr 9.5 12
17 Goid Cr 24 IW .2J Gold Cr 9. 7 1 4 Kitta p Co. PIJD proposa i

QUALITY OF SURFAC E WATE R soltds . The water of miua n v ol the smaller streams in
the W est Sound Basins , especially on t he Kitsap

Chemical and Sanitary Quality Penin sula is highly colored at times. This yellow to

Slit I l i t  ‘ci 11Cr iulniinat ilig im time Olympic Pent’ anuher color IS a t t r I b u t e d  l a r g e ly to organmc so lutes
insula In the ~~i’ste rn pant umi this - Wes t Sound Basins l’s deT ived from SW3m~ S alid poorly drained marshy
genera lly exce l le lrl lii ch lentica l and salutary s h ua l l t v  a r ea ’ s .

This . l Iu ’ .I us esss ’ r i t ia l lv  undeveloped. aiid the rivers a n ’  I bi~ slu d\ area ’s str eants are generally clear .
irs ’s ’ t i l 1111151 Ilianl-nnadc influences Water -qu ah ils except durIng high runoff. 1 1k’ maximum recorded
sanip les ws’ r s ’ collected intermittentl y Ino Ill 1,1 .5. tur bidity. ~0 iTO , was b r  the Dosewallips River.
I iig hiw .i ’s I t ) I bridges spa n nin g tI re Big Qullcene - Although small ghaeiers exist  in that stream ’s wat c r~
I) ss’ss .ihl ips . Duckabusl i - hlai rtinra hlanlrna - and .Skul. sired , their melt water does rIot appreciably at t e s ’l
ktlnllisil Rivel s t i m  7 s e a r s  heg irinl i nlg in l~)5~~. ‘[‘lie turbidity oh’ lime stream ill its mouth.
results ii this’ s’hie nnli s ’a h anal ’ ‘cs’s ot samp les fronlu Sa ni lam quality of streams in this regIon Is

I i’h) i 1 5 ( 1 1  t ,u I ‘ci’ sIrealil ’s ui’ sumnmani,s’d i i i  Table 5~ . gcnuera hl y excellent except below tire cities and towns .
Sill i,ii C ‘ c ’ s . i t& ’ I  III) t ire Kitsa p Peiiiiisula is g(’ nle r . h ull example. salnples t’ronr t he Dosewallips River at

a l l ’s s iil t a iid i t  l l i t a i m i s  he ’s ’ s t h a n  100 ~~~ll1 ol dissolved Brlnnon had a maximum observed MPN cohil’orm
solids ( 11(11 (‘ ieek (Table SM) is an examp le. h ow- content ot 230. T he average MPN b r  Goldshorough
ever . a ew st~ ea r r ts  ‘such ii’. Goldsburough (‘ ree k (‘ reek at Shelton was 900. and 1or ( his-u (‘ reek ircar

c u t n u t a l n i  slig ht ly g re~It e m  s lIlcs’iI Ir)It l I l i ls of dissolved Brelire rton , 1 .4 15 .

I 75



Stream Temperatures poorl y drained soils exist along Puget Sound and in a
Records oi water tenuperature have been few low-lying inland areas Vegetative cover usually

collected from 19 stations on lb streams in the West precludes excs ’ss uve erosion. Where vegebatiun has
Sound BasIns. Temperatures are measured at two been removed for urban developmen t and road
slal io ns eachu on the ~ ort br and South Forks Skoko- construction , additional erosion probabls bras been
mish Riven. Of the lb streams . 9 drain the east flank slight an rd of a temporary nature. Streani channels ,
oI the Olympic Mountains , and 7 drain parts oh mainly in their lower reac h es . are cut into deposits of
Krt sa p (‘ulunt y . Thermographs have been in operation unconsolidated san d and gravel ; this material is
.it el gh it of the stations (Table 59). eroded and moved during periods of high runoff.

Strea nrr temperatures in the basins are signi f ’i~ Sbougluing of banks occurs along most channels ,
cant l’s low. Wate rsheds of the mountain st reams have particularly on the Skokomish River.
a rat her large percentage of high altitude area in Suspended.sediment concentration in most
com parison to basins east of Puget Sound and . streams of the study area is usually less than 20 ppm.
t herefore , remain esuoler in summer. The flow in Sediment data collected from the Skokontish River
~‘N11T lb i  Fork Skoksrniish River. howeven . is appreciably near Pot latch in 1 965-66 indicate that the river
dep leted b~ power diversions at Cushnran Rese rvoir , transports about 100.000 tons of suspended sediment
and dIminished flows downstream are easily warmed during an average year . It transports as much as
h~ solar radiation. Because streams that head in 40,000 tons per day when the mean daily discharge
lowland parts of the study area are largely supported exceeds 10 ,000 cfs . Sediment data on ot her principal
h~ ground-water during warm dry weather , their rivers , the Dosewa hlips . Duckabush , and Hamma
ts’illpi’ratures do not rise significantly in summer Harnma, indicate t hat each m a y  transport about
mont h s  4 .000 tons of suspended sedinient on the average.

Appreciable movement of bed materials occurs
Sediment Transport on the Skokomish Rive r during periods of high

NiuchI of the terrain in tire basins is mount- rullulit - but in the other principal rivers, the m ove-
tainous and has extremel y variab le soil characteristics. ment ut bedboad is less pronounced. and ms-cur s
In the mountaInous areas , soils are normally shallow mustly in lower reaches. Smaller streams are geruerall s
and stuur iS  , and extensive outcrops of bare rock arc unable tu transport large quantities of bed materials ,
common SIti l s in the lowlands are generally sandy Some of t h e  eroded ‘su ’ d int e mr ts arc deposited in hake ’s
and grave lly and a n ’  well drained , although some and reservoirs.

GROUND WATER
(,round-waten resources in t he basins are dis- thickness and extend niore than 1 .000 feet below sea

cussed separately by the following geograp hic areas: level. The aquifers presently used, however are no
northern lowlands, southern lowlands; and the moun- deeper than about 600 feet below sea level. Most
ta m ’s which inc lude parts oh Olympic National P, rk wells obtain ground water from within 100 feet of
and Fui rest . The northern lowlands include areas on land surf ’ace.
the Olympic Peninsula north of Maso n County and Where Quaternary deposits are absent , ground.
north and east of the Olymp ic National Forest. The water is obtainable on ly from older consolidated
southern lowlands include the Kitsa p Peninsula. its rocks , iii which well yields of ho gpnr or less can be
adjacent islands and the area on the Olymp ic Penin- expected.
sula southeast of the national forest. / Available geologic niaps dl) not differentiate thre

various type s oh’ Quaternary sediments exposed at the
NORTHERN LOWLANDS suitace , Tire subsurfac e m aterials , as iirt ’er red fru i r i

dril lers ’ logs , are predominantly outw)isil ss’d imt’nrt s
t he most productive aquifers in the northern that consist of coarse sand , grave l, and boulder’s The

lowlands are in coarse Quatemary deposits . which saturated thickness of these coarse mate rials It
os-cur discontinuously over about 200 square miles. exceeds 70 feet. More than one la’c ’ er i~ ‘ 1

Near Sequim the deposIts exceed 2,000 feet in rea)rded in some logs . hut the individur.i t ‘ i i )
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J
are usually less than 40 feet thick. Many logs do not 200 feet below sea level. Water levels in wells are
indicate the prese nce of till , generally Less than 100 feet below land surface .

Most aquifers below till are confined under Quaternary deposits exposed at the surface
artesian pressure. At a land-surface altitude of less consist mainly of till , recessional outwash , and
than about 200 feet , wells tapping them may flow , alluvium. Outcrops of older Quaternary sediments
depending on whether the pressure surface is above or occur locally .
below land surface at the well site. Till is generally present as a capping on the

Recharge to aquifers in the northern lowlands is lowlands. It also occurs at depth except below the
by infiltration of precipitation on the land surface deeper valleys and in a small area west of Shelton. At
and to a smaller degree , from the runoff of mountain most places, til l is less than 40 feet thick , and is
strea ms. The amount of recharge is estimated to be seldom thicker than 80 feet. Because of its generall y
about 5,000 acre-feet per year. On a long-term basis, impervious character , the till does not contain any
however , probabl y less than one-half of that quantity aquifers of importance.
can be intercepted by wells without causing salt-water Recessional outwash covers many of the valley
encroachment problems. Opportunities for artificial floors , and is notably extensive in much of the area
or for induced recharge in the northern lowlands are north and west of Oakland Bay. The outwash is
not apparent from present data. At present , most of composed of sand, gravel, silt , and clay. Recessional
the ground water is probably discharged thro ugh outwash may be as thick as 150 feet in the
submarine springs. Skokomish Valley. In upland areas it generally is thin

Limited water-quality data suggest that ground and contains little water.
water in the northern lowlands is acceptable for Recent alluvium occurs principally in the Sko-
almost all purposes. Dissolved-solids concentrations komish River flood plain , and consists mainly of fine
are generally 200-500 ppm , and water hardness is sand and silt with minor amounts of clay and peat.
usually in the range from 120 to 180 ppm. Concen- Although the thickness of the alluvium may be as
trations of silica are about 30 ppm. Objectionable much as 100 feet , the thickness is difficult to
concentrations of iron are seldom reported. Chloride determine at some places because the distinction of
is normally Less than 10 ppm , except in shoreline alluvium and underlying recessional outwash is some-
areas where fresh-water aquifers may contain traces what arbitrary . Alluvium in the Skokonush Valley is
of sea water. saturated about to river level.

Most of the ground water pumped is for Quaternary sediments, older than the till, crop
domestic and livestock use, but a few wells are used out on some of the slopes adjacent to the more
for irrigation and for dairy operations. Port Town- deeply incised streams , and in most places along
send has drilled large-capacity water wells, but its Puget Sound. Aquifers in the older Quaternary
principal supp ly is still fro m surface water sources. sediments are generally more productive than those in
Well yields as high as 720 gpm are reported in the the post-till sequence; where these sedimens are
northe rn lowlands , and pumping rates of 200 gpm or coarse, zones of saturated sand and gravel 100 feet or
more are common. more in thickness are common. In the northern part

of the Kitsap Peninsula , however , the older aquifers
SOUTHERN LOWLANDS are composed mainly of fine sand , and they yield

only small amounts of water. Deep aquifers in the
The most productive aquifers of the southern older Quaternary sediments are confined under layers

lowlands are coarse Quaternary deposits which are of clay or till , and wells completed in these aquifers
rather continuous over about 900 square miles. in low-altitude areas may flow.
Locally, the sediments are more than a thousand feet Practically all recharge to the aquifers is by
thick . At other places they pinch out against outcrops infiltration of precipitation . Aquifers in the southern
of older consolidated rocks, such as along the lowlands may receive an average annual recharge of
Olympic Mountains foothills , in the vicinity of about 120 ,000 acre-feet. Of this amount , about
Bremerton and in southern Mason County . Quater- 50,000 acre-feet may recharge the aquifers beneath
nary aquifers containing fresh water may occur as the Olympic Peninsula . Of the remaining 70,000
much as a thousand f eet below sea level, but the most acre-feet , which recharges aquifers beneath the Kitsa p
productive water-bearing zones are generally Less than Peninsula , probably less than 40,000 acre-feet could

177



be intercepted by wells without causing salt-water irrigation in the Skokomish Valley, about the onl y
encroachment pToblems. Owing to limited availability place in the lowlands where irrigation is significant.
of surface-water supplies, either induced or art ificial In this study area , most wells are less than 300
recharge to ground-water reservoirs would seem to feet deep; several municipal and industrial-supply
have only marginal value on the Kitsap Penmsula and wells in the vicinity of Bremerton and Shelton are
adjacent islands. On the Olympic Peninsula , the 500 to 1 ,000 feet deep.
amount of annua l rainfall available for recharge 01~Y Most wells in the southern lowlands produce
be great enough—a nd the foreseeable demand small less tha n 1,500 gpm. The largest recorded yield is
enough—that artificial recharge probably need not be from an industrial well in Shelton which was tested at
considered . 4,160 gpm with a water-level drawdown of 63 feet.

Most natural ground-wa ter discharge is into the Figure 23 shows order-of-magnitude estimates of
larger streams, particularl y in their lower reaches , and expected well yields in the Study Area. In areas where
into Puget Sound through springs above and below Quaternary sediments are very thin , such as near
the level of tidewater. outcrops of consolidated rocks, well yields of only 10

Water in most aquifers in the southern lowlands gpm or less can be obtained. On the northern end of
is generally low in dissolved solids, and is acceptable the Kitsap Peninsula , fineness of aquifer materials
for practically al l uses. Dissolved-solids contents in mostly precludes development of adequate supplies;
most places are less than 100 ppm , but they exceed moreover these aquifers often eontain water of
200 ppm in some of the shoreline areas where the undesirable quality.
aquifers contain traces of sea water. Hardness of At present the main problem of ground-water
water is generally less than 60 ppm, and generally development is the contamination of fresh-water
does not exceed 120 ppm. Silica concentration is aquifers in areas near Puget Sound as a result of salt
generally in the 10 to 20-ppm range on the Olympic water intrusion. In the vicinities of Shelton and
Peninsula and in the 20 to 40-ppm range on the Bremerton the rather large amount of ground-water
Kitsap Peninsula and adjacent islands. Iron exceeding pumping in the past may have caused some inland
0.1 ppm is common in eastern parts of the Kitsap movement of the salt water.
Peninsula and in the southern parts of Vashon and
Maury I slands. However, reports from well owners MOUNTAINS
indicate tha t concentrations of iron are rarely high
enough to be objectionable. The mountainous area in the Olympic National

Aquifers that underlie glacial till supply water Park and Forest consists principally of consolidated
for industrial use at Bremerton and Shelton. These rocks. In this area well yields of 10 gpm or less can be
aquifers also supply most of the municipal demand expected. Such low yields do not , however, con-
except at Shelton whose supply is largely from a stitute a problem. The mountains are devoted to
spring issuing from recessional outwash. Aquifers in recreational activities , for which only a small amount
recessional outwash and alluvium supply water for of potable water is needed.
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4 ELWHA—DUNGENESS BASINS
SURFACE WATER

The Elwha-Dungeness Basins comprise 797 lower unit-runoff for the Dungeness River reflects
square miles , including 700 square miles of land and basically a lower elevation and a generally more
inland water. A map of the Basins is shown in Figure intense lee-side or rain-shadow effect.
123. The Elwha River Basin . the largest in the study Variations in annual runoff are depicted in
area, occupies 321 square miles. Some tributaries of Figures 115 and 116 in terms of yearly discharges for
the Elwha originate in glaciers on the h igher peaks of the Elwha River at McDonald Brid ge and the Dunge-
the Olympic Mountains. The Dungeness River drains ness River near Sequim. The lowest yearly discharge
198 square miles. Most of the drainage area of these for Elwha River of 859 cfs , which occurre d during
streams is in the heavily forested and extremely the 1944 water year , amounts to 57% of the standard
rugged Olympic National Park and Olympic National long-term mean (1931-60). By comparison , the high-
Forest. The rivers leave their mountainous catchment est average flow of 2,050 cfs , which occurred during
areas at the boundaries of the National Forest and the 19 54 water year , represents 137% of the long-
descend through lowlands to their outlets at the Strait term mean.
of Juan de Fuca . Between these two rive r basins are Bar charts of mean monthly discharges for the
several small creeks draining a 1 70 square-mile foot~ Elwha and Dungeness Rivers are provided in Figures
hill arid coastal plain. 117 and 118. Although widely different flows were

measured at these gaging sites , similar seasonal trends
STREAMFLOW are evident. Flows in both streams peak during the

winter period of high precipitation , and again during
Runoff Characteristics late spring and early summer when a combination of

The greatest quantities of runoff from lands in snowmelt and spring rains is the major contributor.
the Elwha-Dungeness Basins originate in the vicinity As an average , the greatest monthl y flows occur in
of the high central core of the Olympic Mountains May and June; however , the highest monthly flow
complex. Although records of streamflow in the ever recorded on the Elwha River occurred in
mountains are nonexiste nt , average annual runoff is December. In general , winter fl ows in this region
estimated to exceed 160 inches in the upper reaches exhibit the most variability .
of the Elwha and Dungeness Rivers. Runoff decreases As is characteristic for Western Washington ,
rapidl y to the north and east where the rai n shadow both the Elwha and Dungeness exhibit minimum
effect of the Olympic Mountains becomes pro- flows during the summer , when precipitation is least
nounced. The shielding by these mountains is so and snowpacks are depleted. A few small permanent
effective that r unoff in the Sequim area averages less ice fields dot the high mountainous parts of this
tha n 15 inches a year . Mean annual runoff for the study area , and they provide a modest contribution
entire Elwha-Dungeness study area amounts to about to streamfiow during the summer low-flow period.
45 inches , or 1 ,700,000 acre-feet from an area of Annual runoff characteristics of the Elwha and
approximately 690 square miles. Dungeness Rivers are similar in general. Streamfiow

During the period 1931-60 , ru noff from the usually begins to increase i i  October from the
Elwha River drainage above McDonald Bridge near summer base flow . Streaniflow during the October-
Port Angeles averaged I ,498 cfs or 1,090,000 acre - March period is characterized by a series of sharp rises
feet per year. This is equivalent to an average superimposed on base flow , which is highest in
unit-runoff prod uction of 5.6 cfs per square mile of December. Runoff general ly decreases from January
drainage area. through the middle of March as a result of decreased

Records obtained on the Dungeness River near precipitation. As temperatures begin rising in the
Sequim during the period 1937-63 and adjusted for latter part of March , snowmelt causes an increase in
the standard period 1931-60 , indicate that an nual streamflow , which reaches a maximum normally in
runoff in this area averages about 382 cfs o~ about early June. Following the snowmelt peak , streamfiow
277,000 acre-feet. On a unit-runoff basis this recedes to minimum base flow usually be the end of
amounts to 2.4 cfs per square mile . The noticeably September. A reservoir on the Elwha River used
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I I

primaril y for power production causes a slightl y
higher-than-natural base flow during the summer.

I Variability of the dail y flow of streams in the basins
4500 I —

I is presented as flow-duration data for selected gaging

I stations in Table 53.

I — 
Flood Characteristics

- 
L.. Floods caused by excessive rainfall and accom-

4000 panying snowmelt are shown by sharp rises followed
by recessions almost as rapid. Two or more peaks
often occur within a period of two weeks. The
maximum discharge recorded on the Dungeness Rive r

3500 — 
— 

- near Sequim was 8,400 cfs , on January 15 , l96 1. The
maximum discharge recorded at the McDonald Brid ge

— gage on the Elwha River was 41 ,600 cfs , on
— November 18, 1897.

o Probability curves of annual maximum flows
— - for specified ti me periods for the Dungeness River

— near Sequim and the Elwha Rive r near Port Angeles
are presented in Figures 119 and 120. The periods of

p. record for the Dungeness River near Sequim are
1925-30 and 1938-64. For the Elwha site , the record

Y 2500 - periods are 1898-1900, 1901 , and 1919.64.

Maximum Low-Flow Characteristics
Low-flow characteristics of streams in the

Elwha-Dungeness Basins were compared using indexes
~ooo •. - from low-flow frequency curves from three gaging

stations (Table 54). The low-flow indexes are excel-
0 — lent in the Elwha River basin , fair in the Dungeness

River Basin and poor in the low-lying streams
tributary to the Strait of Juan de Fuca (Fig.22). The

- - slope and spacing indexes which show the variability
of low flows are about the same for all streams;

I slightly less than the regional average .
I Low-flow frequency data for the three gaging

- MSSI% L stations are listed in Table 55 and frequency curves
1000 - — for the two of the three stations are shown in Figures

121 and 122.
The large low-flow index of 1.56 cfs per square

mile for the Elwha River is due to reservoir regulation
and retarded runoff from large amounts of precipita-
tion , much of which is stored as snow. In contrast ,

m Siebert Creek has an index of only 0.16 cfs per square
mile , which is attributed to the small amount of
precipitation in the basin , little of which is stored as
snow. All of the low-lying tributaries to the Strait of

o . Juan de Fuca may have similarly small indexes• 
A !

~ 2 ~ ~~ 
.
~~ ~ because their basin characteristics are like those of

FIGURE 111.- Maximum , mean end minimum Siebert Creek watershed. The Dungeness River basin
monthly discharges, EIwI~. R iver near Port is in the rain shadow of Mount Olympus, and receives
Angeles, 1931 .60.
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TAKE 53.—Flow-durailon data for streams In hi Elwho-.Dungsnus Basins
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TABLE 54.—Low-f l ow characteristics for selected gaging stations in the Elwha-Dung.ness Basins

Oughig Station 
— 

Dr&sio~. LOWMOW Slap. 5a~~ ng

Eiwho Si,,., at McDonald I,1d5. war Port Anaplas 269 1.56 162 2.01
Slubert Crash n.or Port An~eI.. 15.5 .16 1.39 223
Dung.n,~ u se, nsa, Sequim 156 .79 140 2.33

TABLE 55.—Low-flow frequency data for sel.ct.d gaging stations in the Elwha-Dungsn.ss Basins
(Discharge odlusled to base penod April 1, 1946, to March 31, 19641

Stre.mf low in cli, 1sr
o.,~,, .I.sI~~ 

of con- indlceted recurrence intervels. In ysan
days 1.05 1.30 2.0 5 10 20 30

Uwl,. Lvsr at McDonald I,Idp. seer 7 620 580 420 340 300 260 243
Port Aneslss 99 720 550 580 415 375 340 330

50 1,330 370 740 1~T 490 440 420
153 1,300 1,460 1,150 400 540 740 720

Slubert Creek ,ieor Pert Augslss 7 3.9 3.0 2.5 20 1.9 13 1J
30 4.4 34 2.5 2.3 2.2 2.1 2.0
30 63 4.7 3.7 2.9 23 24 2.3

113 11.3 74 3.7 4.5 4.1 4.0 3.9
Duugsnss. Bye, nest Isqu,Im 7 138 141 123 104 95 50 54

30 140 163 141 120 180 10) 37
90 307 245 203 140 14) 126 119

495 360 217 232 2)0 200 193
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FIGUR E 121.-Low-flow frequency, Liwli. River 46 McDonald Iridge new Port Angeles, 1946-63.

185



: ~ I I ! !  I I 1 1 1 1

100 _ _ _ __ __

—

a; - —

-

10 I I J I I  I I I I I ! !  _ _ _ _ _ _  ___

1.01 1. 1 1.2 1.3 1. 4 1.5 2 3 4 5 6 7 8 9 10 20 30
RECURRENCE INTERVAL . IN YEARS

FIGURE 122.—Low-flow frequency, Dungeneis River near Sequim. 1946-63.

relatively small amounts of precipitation. Its low-flow that is stored. The total lake surface is 2.2 square
index—O .85 cfs per square mile—is rather small in miles, of which 1.6 square miles consist of regulated
comparison to those of other basins in the Olympic water bodies. Small glaciers in the high-altitude areas
Mountains, of the Elwha watershed are inactive , and have little

Both slope and spacing indexes for the three effect on streamfiow.
sites investigated are fairly uniform. Slope indexes
range from 1.39 for the Siebert Creek basin to 1.62 ReservoIrs
for the Elwha River basin . Spacing indexes range The following discussions and tabulations of
from 2.16 for the Dungeness River to 2.81 for the principal existing and potential reservoirs in the
Elwha River. The slope indexes in these basins are less Elwha-Dungeness Basins appiy to structures that can
than the regional average, store more than 5,000 acre-feet. Existing reservoirs

and potential storage sites in the Basins are shown in
STORAG E AND REGULATION Figure 123.

Existing R eservoirs—No major reservoir exists
Natural Surface Storage on the Dungeness River. The Elwha River has been

The total amount of storage in lakes and partly regulated at Glines Canyon Dam (Lake Mills)
glaciers in the study area is not known , but the since 1927 and Lake Aldwell since 1911 for the
surface area covered by these water bodies provide at generation of hydroelectric power. The combined
least a comparative indication of the amount of water total storage of these private power developments is
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TABLE 56.—Existing reservoirs in the Elwha~Dungeness Basins
P. Hy dr a-elect r ic d.v.b op ment

Storage ac r e f t )
--- — Dam

Drai nage I nactive dbm.nsions Reservoir App licant
Name OCOtiOfl area Active and/or Total —— —--— area Use or Remarkst ream. ‘ (sq mi) dead Hi Width (acres) owner

itt) (f t )

Mills Lake Elwha R . 29 7.17 245 26.000 13,000 39,000 200 555 435 P Crown. 
—

~~~~~~~~~Ze ll er bact ,
AIdw•ll Lab. Elwha R. 30-7.15 314 3,000 27,000 30,000 110 497 580 P Crown-

Ze lle rbach

TABLE 57.—Potential storage sites in the Elwha-Dungeness Basins

Total DrainageMap Project name T.R.S River and mile storage area Remarks
(1 ,000 ocre .ft ) (sq mi)

I D.bebar,. Cr. 26-7W-13 Elwh o R. 40 -- 16 
—

2 Godkin Cr . 26.6W-9 E lwho R. 3$ -- 41 Diversion below Goodman Cr.
3 Press VaIlsy 27-6W-9 E lwh a 8. 27 .8 72 106 235-I t dam below Goldie R .
4 Grand Canyon 28-7W -12 Elwh a R . 18.6 -- 163 430.ft darn below Lil l ian I.
5 Geyser Ros in 29-7W-34 (lwhr, R. 15 .8 87 196 330-ft dam above Fitzhenry

6 Lb. Sutherland 30-BW.22 Indian Cr. 5.1 30 133
7 Upper 28-4W-35 Dungeness 24 -- 38

Dungeness
8 Grey Wo lf 29-3W.30 Dsnge ness 15.3 116 148
9 Carl sbor g 29.4W-i Dungeness 11 156

10 Co raco Cr . 29..4W-13 Oungeness 25 150
11  Finn Halt 30-4W.23 Dungene ss S -- 179

69,000 acre-feet. Thetr combined active storage of Creek for its mun icipal supply. This system consists
29,000 acre-feet is used primarily to meet power of a diversion dam located near the center of sec. 5 ,
demands , but some storage is used to augment low T. 29 N., R . 5 W. In 1967 the city had a peak demand
flows for fisheries enhancement. Detailed information of about 20 cfs and an average consumption rate of
on these reservoirs is presented in Table 56. about 6 cfs.

Potential storage sites—Table 57 lists data on The Dungeness River has served as a major
potential storage sites in the Dungeness and Elwha source of irrigation water since the earl y years of this
drainages. century. Four ditch diversion s are in sec. 26 , 1. 30

N., R 4 W., two near the W14 corner of sec. 35 , T. 30
DIVERSIONS N., R. 4 W. near the mouth of the Dungeness Canyon

in sec. 12, 1. 29 N., R. 4W., and one in the SE¼ sec.

The Crown Zellerbach Company diverts 2 ,000 30, T. 29 N., R. 3 W. These diversions can dry up the
cfs from Lake Aidwell on the Elwha River. The water lower reaches of the Dungeness River durin g the
is returned about 200 feet downstream. The company low-flow periods. Some return flow occurs along the
also has water rights to divert 800 cfs from the Elwha lower reaches of the main stem and several lowland
at a site in Glines Canyon. The water is used to tributaries.
generate power; upon release from the plant , the Herd Creek, a small tributary , has been used as
water is returned directly to the stream channel about a source of irri gation water in the Dungeness Irri ga.
600 feet below the point of diversion. tion District since about 1933. A maximum of 10 cfs

The city of Port Angeles diverts water from the is diverted from the creek in NWYe sec. 12,1.30 N.,
Elwha River about 3 miles above its mouth , and R. 4 W. A small amount of the water returns to lower
delivers as much as 115 cfs , primarily for use in Herd Creek and the Dungeness River.
several industrial plants. After use , the water is A fish hatchery adjacent to the Dungeness
discharged to tidewater. River is NWV4 sec. 12 , 1. 29 N.. R. 4 W. diverts as

Port Angeles also obtains water from Morse much as 25 cfs from two alternate points in
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NE¼SW% of sec. 12 , T. 29 N., R. 4 W. The water Dungeness Basins: the Elwha near Port Angeles, and
bypasses about 0.75 mile of the river , the city of the Dungeness near Sequim (Table 59). Of the two ,
Sequim diverts up to 1.4 cfs from the Dungeness the Elwha is generally 1° F to 4°F warmer during
River in the NE ¼ of the NV/14 of sec. 12 , T. 29 N., R. most months. The highest temperature attaine d for
4W.  for municipal supply. the period of record was 63 F in August. The warmer

temperature of the Elwha Rive r may in part attri-
QUALITY OF buted to stabilizing effects of Lake Mills, a power

SURFACE WATER reservoir located above the Port Angeles station.
Temperatures of both streams are generally low

Chemical and Sanitary Quality in comparison to other streams investi gated. This is
Surface water in the Elwha-Dungeness Basins is partly because of the predominantly high altitude and

of excellent chemica l quality in virtually all respects . norther n latitude of the two watersheds. Also , the
Owing to ground-water contributions , streams in streams are among the few in the Puget Sound Area
lowland areas of the basins geneTally have mineral that are north-south oriented , and afford less ex-
contents that are sligh tly higher than average for the posure to solar radiation than east-west oriented
Puget Sound Study Area. streams.

As listed in Table 58, samples collected from
the Elwha and Dungeness Rivers on a quarterl y basis Sediment Transport
from 1959 to 1966 show that maximum dissolved Most of the land area in this study area is
solids concentrations were 54 ppm for the Elwha comprised of mountainous terrain with extremely
River and 94 ppm for the Dungeness River. These variable soils. In the higher altitudes , the soils are
r ivers con tain soft water (less than 60 ppm) most of generally stony and shallow. At lower altitudes , they
the time ; values of hardness are somewhat greater for consist of silt , sand and gravel formed from fluvial
the Elwha River than for the Dungeness. Except reworking of glacial outwash. The higher altitudes
during periods of high runoff the streams are clear receive large amounts of precipitation bu t excessive
and have an average turbidity of 10-12 JTU . The erosion of soils is largely precluded by a profuse cover
maximum turbidity observed was 65 JTU , for the of vegetation. In the lower altitudes where urban
Dungeness River. Apparentl y the small glaciers in the development , road construction . logging, and farming
Elwha Basin have little effect on turbidity. have resulted in the removal of vegetation , sheet or

Because the Elwha-Dungeness Basins are princi- n Il erosion of fine sediments occurs during periods of
pally in undeveloped areas , the sanitary quality of intense rain. Some channel erosion by bank sloug hing
these streams is generally excellent. Data collected on and bed movement also occurs , principally in areas
a quarterl y basis from 1959 to 1966 for both rivets where streams cut into glacial drift deposits near the
indicate that the streams have low MPN values of Strait of Jua n de Fuca .
coliform bacteria—generally less than 100. The The two largest rivers in the basin , the
maximum MPN of coliform bacteria for the Elwha Dungeness and the Elwha . transport most of the
River during the sampling period was 430; for the eroded sed’ment. The Elwh a Rive r transports about
Dungeness it was 230. The sampling site on the Elwha 25 .000 tons of suspended sediment during a year ot
Rive r is near its mouth , whereas the Dungeness River normal streamfiow . In contrast , the Dungeness River
site is near the Olympic Mountains. Therefore, the probably transports less than I .000 tons of sediment
sanitary’quality data for these major streams provide in an average year. Suspended-sediment concenlra-
a comparative indication of the present effects of tions in most streams is generall y less than 20 ppm.
urban and agricultural development in the lowland Sediment problems generally are local in nature
area between the Olympic Mountains and the Strait and result from remova l of vegetation in logging or
of Juan de Fuca . construction operations. Future sediment transport

characteristics of streams will probably not change
Stream Temperatures appreciably from present conditions because much of

Records of water temperatures have been the study area is within the Olympic National Park
analyzed for only two streams in The Elwha- and should, therefore , remain undisturbed.
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GROUND WATER

Ground-water supplies are plentiful in a few probably greatest in the western part of the stud y
places in both the mountains and the lowlands of the area , where the annual rainfall is high . However,
Elwha-Dungeness Basins. The lowlands are those areas ground-water availability in the western areas appears
that lie generall y below an altitude of I ,000 feet and limited by the rather small areal extent of Quaternary
are marginal to the Strait of Juan de Fuca ; the aquifers. Locally, some of the water app lied to
Olympic Mountains are considered as the remaining irrigated crops percolates to the water table. In the
higher areas to the south. Dungeness water shed , seepage from irrigation water

has caused a rise in the water table of as much as 3
LOWLANDS feet during the summer months. Opp ortunities to

improve ground-water availability in the basin by
Geology and Ground Water Occurrence artificial recharge seem negligible.

The most productive lowland aquifers are Ground.water movement is generally to the
coarse Quaternary deposits that are continuous over north where natural discharge occurs below sea level
about 90 square miles. Thicknesses of Quaternary into the Strait of Juan de Fuca. No springs have been
sediments are greater near the Strait of Juan de Fuca , inventoried in this study area.
where loca lly some deposits are at least 2 ,800 feet
thick . The deposits decrease in thickness to the south , Quality of Ground Water

Limited data on the chemical quality of groundand thin to a feather-ed ge at outcrops of older
consolidated rocks that form the Olympic Mountains, water provides information principally on chloride

concentration and hardness . On the basis of 23The Quaternary sediments contain fresh water
aquifers as much as 500 feet below sea level. incomplete chemical analyses, chloride concentration
Generally, ground water can be obtained less than ranges from 2 to 30 ppm , but is generally less than 10

100 feet below land surface . ppm. Hardness ranges from 26 to 169 ppm, and
commonly is between 60 and 120 ppm.Quaternary material exposed at the land surface Sea-water intrusion has occurred at an aban-

is mostly recessional outwash that in some places has doned 430-foot industrial well on the shoreline near
been reworked by streams. The resulting accumula - Port-Angeles. The well was pumped at a rate of 320
tions of fine sediments range in thickness from less gpm , and initially produced water with a chloridethan 20 feet to as much as 80 feet. concentration of only 5 ppm ; but after 7 years ofIn the subsurface , the Quaternary sequence is
so complicated that the occurrence of particular pumping, chloride has increased to 550 ppm.

sedimentary units is difficult to predict. The presence Objectionable concentrations of iron in water
are occasionally reported by owners of shallow wells.of till deposits has not been established , although

till-like clay has been recorded for intervals of more Utilization and Development
than 100 feet in some wells. Artesian aquifers of Use of ground water for irrigation in the study
gravel and sand commonly underlie the clay, but area is mainly in the areas of moderate relief east of
places where flowing wells could be completed in Port Angeles. The only development of ground water
the se aquifers are not predictable. The shallowest for municipal use is an infiltration gallery in alluvial
aquifers exhibit water-table conditions , and in many deposits along the Dungeness River. Water from this
places perched on beds of clay or silt. source is diverted to the city of Sequim. Relatively

Recharge to the aquifers is mainly by direct little water is pumped from small-capacity wells for
precipitation on the fairly permeable soils. Runoff individual household use . Irrigation wells generally
from the Olympic Mountains may also contribute have the greatest pumping rates , which are usually
substantial amounts of recharge , particularly in areas 200 gpm or less. Figure 23 shows order-of-magnitude
near the mountains. The amount of natural recharge estimates of expected well yields in the study area;
to aquifers in the lowlands may be about 10,000 owing to the complexity of subsurface deposits,
acre-feet per year. Probably no more than one-half of however , yields locally can be either much greater or
this recharge could be intercepted by wells , owing to much less than those indicated on the map.
the steep hydraulic gradients which exceed 100 feet Most wells in the basin are less than 50 feet
per mile in most places. The potential recharge is deep, and few are deeper than 100 feet.
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MOUNTAINS tributary to the Elwha River. Adequate supp lies of
ground water for domestic purposes are probabl y

In the Olympic Mountains . Quaternary deposits obtainable from these deposits in most places. Else-
occur in small areas totaling 10 square miles or less. whe re , ground water is available only from con-
The deposits occur mainly in the Siehert Creek solidated rocks , in which well yields of lO gpm or less
watershed and in the general area of Indian Creek, a can he expected.

WHIDBEY—CAMANO I SLAND S
SURFACE WATE R

The Whidbey-Camano Islands study area con- surface-water resources will necessarily be limited to
sists of Island County (Figure 124), and includes two small scale local projects. and possibly will depend on
major islands , Whidbey and Camano . which comprise the importat ion of water from outside the islands.
about 165 and 45 square miles . respectively Both Quality of the surface water is probably satis-
islands are long and narrow ,and no point on either is factory except in a f’ew p laces .Water in most of the
more than 2½ miles from the sea. Most of the land lakes appears to be excellent in chemical quality :
surface is rolling uplands that generally range in however, a seeming ly high degree of mineralization in
altitude from 100 to 300 feet , but may exceed 500 Cranberry Lake prompted a chemical analysis that
feet in some places. The islands have a poorl y showed a chloride concentration of 37 ppm. Hi gh
developed stream network and rather small runoff. chloride in the lake may have resulted f rom ground .
Den se evergreen vegetation , which covers much of ’ the water inflow , because well waters in the vicinity
area retards surface drainage. Another indication of contain 2o to ~3 ppm of chloride. Sanitary -quality
poor surface drainage is the large number of swamps data are not available. hut sewage disposal is princi-
and marshes found not only in lowland areas hut also pally through septic tanks, and some of the domestic
across scattered up land areas. wastes discharged to them undoubtedl y move into

Because the islands lie in the rain shadow of the the surface-water system.
Olympic Mountains , generally less than 20 inches of Sediment problems in the islands occur in only
precipitation falls annual ly ,  and there is virtually no a few locali,ed areas where construction or farming
accumulation of snowpack. Because of small amounts have resulted in erosion owing to the removal of
of precipitation and small size of stream basins vegetation. Soils are generall y well drained , and
(usually less than a few square miles). surface runoff consist of materials largely derived from glacial and
is scanty. and many streams flow onl y intermit tent l y. nonglacial sand, gravel , and some clay. A profuse

Little information is available on the surface- cover of vegetation generally precludes excessive
water resources of the Whidbey-Camano Islands. and erosion during periods of intense rain.
ground water constitutes the principal supp ly. Low
flows of streams are supported by contr ibut ions from DIVERSIONS
ground-water storage . Rapid runoff that mig ht cause
damag ing floods is precluded b y a dense cove r of Water ri ght records for the Whidbey-Camano
evergreen vegetation on the islands. Lakes in the Islands do not indicate any diversions of 5 cfs or
study area comprise I .4 square miles . and there are more and most developments in this area involve
no major storage projects. Future development of diversions of less than I cfs .

GROUND WATER

Geology and Ground Water Occurrence Quaternary sediments in the Whidbey-Camano Islands
Coarse Quaternary deposits. which cove r almost are generall y finer than those in most other parts of

the entire land area of about 2 10 square miles. the Study Area. Their total thickness may be 2 ,000
contain most of the aquifers in the islands. However. feet or greater , but fresh water aquifers are not
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kn own tu ~cu ’ dep t hs g te . i re i  t h a n  401 1 I c e t  below 1 00-300 ppm and a hardness generall y less than 120
se.I les el. and tl i t ~ .iie u a r el~ m ind .it depths greater ppm is obtainab l e on southern Whidbev Island and in
th a n  .ibout 2(K) te d clu~ st’a level the up land areas of Camano Island. In other p laces .

Q u j i e r i m a r s  deposits exposed j i  the suit : i c c are however , water hardn ess is considerabl y more than
p r t n c i pall ~ t i l l  an d reces~iorial  oUt ~~.isli .  Mu st  of the I ~0 ppm : and dissolved solids contents usuall y
up la nd ,iicas a te  under la in  h~ ti l l .  ~ h icli is g encr a l l y exceed 300 ppm. Most of the very hard water occurs
more than 21) feet thick and locally rn ,is he more nor th  of Greenbank on Whidhey Island , and on
than 200 feet th~ k Because t h e  t i l l  is composed Brown Point lowland of (‘amano Island. Abnormall y
largel s of compacted f i n e  mater ia ls , it is not an hig h concentrat ions of chloride occur locally near
important a qu i f e r .  and it limits recharge to under- Puget Sound. and may be the result of sea water
king aqu i fers l i l l  is overlain by isolated bodies of encroachment. Scant data indicate that most of the
recessional outwash . which are usually less than 50 ground water of the islands contains 30 to 40 ppm of
feet thick and are generall y composed of fine sand silica. Objectionable amounts of iron are common
and clay. Recessional outwash in the stud y area locall y in water pumped from both shallow and deep
seldom contains si gnificant amounts of water .  wells south and west of Clinton.  in and near Freeland .

Aquifers are encountered at many intervals south of Coupeville. and north and west of Penn
below till bodies , but the aquifers hi gher than sea Cove .
level are generally perched with respect to those
below them. The aquifers above sea level locall y may Utilization and Development
exhibit either water-table or artesian conditions , but Ground water is used mostl y for domestic
those below sea leve l are with rare exceptions needs which are served by small public-supp ly
artesian. These deeper aquifers are the ones most used systems and by numerous small-capac ity wells drilled
because of their better yield characteristics , for individual household and livestock use . All

Recharge to aquifers in the islands is by public-supp ly systems use ground water except the
infiltration of precipitation on the land surface , and Whidbey Nava l Air Station. which obtains its water
the estimated amount of recharge is about 10,000 from the Skag it River , Most irrigation use of ground
acre-feet per year. Less than one-half , and perhaps as water occurs in the lowland areas that are conducive
little as one-fourth of this amount penetrates till to farming. Industrial use of ground water is mostly
layers to reach the aquifers below sea leve l alt itude. for food processing and for sand and gravel washing.

The natural discharge of water in aquifers above The larger-capacity wells are completed in
sea leve l is mostly throug h seeps and springs along sea aquifers deeper than sea leve l , and flowing-well
cliffs , and , to a smaller degree , along surface drain- conditions occur in these aquifers in low-altitude
ages. The natural discharge from aquifers below sea areas near Puget Sound. The largest well yield
leve l is throug h submarine springs. Opportunities for recorded in the islands is 600 gpm.
artificial or induced recharge are not apparent. Owing to their more favorable water-bearing

properties , the aquifers below sea leve l offer better
Quality of Grou nd Water opportunities for development than those above.

Much of the ground water in the Whidbey- However , apparent restriction of recharge to the
Camano Islands is considerably more mineralized lower aquifers would seem to limit their usefulness on
than in most other places in the Study Area. Ground a long.term basis. More significant is the vulnerability
water having a dissolved solids content of about of these aquifers to salt-water encroachment.
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SAN JUAN ISLANDS

SURFACE WATER

The study area comprises San Juan County ’s water is probably similar in quality to ground water
islands and reefs. (Fig. 125), 175 of which are of though perhaps less mineralized overall. Sanitary
sufficient importance to bear individual names. The quality of lakes and streams may be locally impaired
surfaces of the islands are , in general , underlain by somewhat in populated areas as a result of sewage
glacial drift thro ugh which numerous rocky knobs disposal.
protrude. Shorelines are irregular , elevated , and Sediment problems are minor , and occur in
rocky. Orcas Island , with an area of nearly 57 square localized areas of construction or farming. In some
miles , is the largest of the group and has the greatest places , soils are eroded by rapid runoff from higher
relief. Mount Constitution, with a summit altitude of rocky areas.
2 ,409 feet , is on the northeaster n part of Orcas Island
and is the highest point in the islands.

Because of their location in the rain shadow of DIVERSIONS
the Olympic Mountains and Vancouver Island up-
lands , the San Juan Islands receive little precipitation. Because the San Juan Islands are incapable of
Although there are no corroborating streamfiow supporting any large surface-water drainage systems,
records , precipitation data indicate that average an- existing diversions are small with the exception of a
nual runoff ranges from about 5 inches in the diversion from Cascade Creek on the eastern end of
southern areas to 15 inches in the northern areas. Orcas I sland.
Only a few of the larger islands in the San Juan Cascade Creek , one of the larger streams in the
Islands are of sufficient size to support well-defined island group, serves as the outle t stream for both
perennial stream systems; most of the drainages are Mountain Lake and Cascade Lake . Part of the flow of
characterized instead by ephemeral , or at best inter- Cascade Creek is diverted for domestic and irrigation
mittent flows. The ephemeral streams exist in the use and hydroelectric power generation at Rosario
predominately bedrock areas where there is little or Resort. This diversion , located about 1 mile below
no soil mantle to absord and retain water. These the Mountai n Lake outlet , transfers waters from the
drainages carry direct r unoff from precipitation , Mountain I..ake drainage to Cascade Lake , where it is
which occurs primarily during the winter season; they stored and then released from the western end of the
are generally dry at other times. In areas with lake for use at the resort . In 192 1 Moran deeded
sufficient soil mantle on unconsolidated glacial de- much of his lands to the state for development as
posits, ground-water contributions become a signifi - Moran State Park but retained rights to the use of
cant factor , and some streams in these areas are waters located on these lands for successors in
perennial. Their monthl y ru noff patterns are typ ical interest to the Rosario Resort and remaining Moran
of other streams in the Puget Sound lowland whose estate. The new owners of Rosario have expanded the
summer base flows depend on ground -water contribu- development , and in conjunction with the State Parks
tions. Department , have constructed a new diversion dam

The small lakes and reservoirs on the islands and a 16-inch diameter diversion pipeline.
cover 1.4 square miles; reservoirs that are used for The community of Olga maintains a claim to
municipal and irrigation purposes contain about divert 2.2 cfs of water from this stream for domestic
1,600 acre-feet of storage . The small size of water- use. The water is diverted at the same reservoir dam
shed areas and the small runoff volumes preclude the as tha t used by Rosario Resort - The stream is dry
liklihood of future significant storage projects. How- most of the time below the Rosario diversion dam.
ever about 285 ponds have been constructed on the The community of Doe Bay diverts as much as 0.5 cfs
San Juan Islands which have made a significant directly from the outlet of Mountain Lake for
contribution to surface water supplies. domestic needs. There is a pending application to

Because low flows of streams are supported by divert an additional 1 .5 cfs at this point for domestic
contributions from ground-water storage , surface use in the Deer Point area .
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GROUND WATER

Ground-water supplies in the San Jua n Islands rocks generall y are not capable of furnishing more
seem barely adequate for individual household re- than 10 gpm , althoug h a well drilled in consolidated
quirements even on a rural basis. rock north of Friday Harbor is reported to have

The better aquifers are in coarse Quaternary produced as much as 20 gpm.
sediments, which cover about 60 square miles. Thick- The hardness of ground water is high; the
ness of the Quaternary materials varies considerably, highest measured water hardness is 274 ppm , in a
the maximum recorded being about 400 feet. How- very shallow well. Although a single sample , from a
ever , in many places wells have been drilled through 168-foot well on Orcas Island , probably suggests that
the entire Quaternary sequence without encountering deeper aquifers contain softer water , none of the
aquifers adequate for domestic water supplies. Some ground water can be used satisfactorily as a house-
wells are drilled as deep as 500 feet into the older hold supply without at least minimal treatment.
consolidated rocks to obtain sufficient water. Polluted water from shallow wells, possibly caused by

Yields of wells completed in Quaternary aqui- sewage disposal in septic tanks , has been reported
fers rarely exceed 20 gpm; the largest yield recorded locally, but such incidents could be eliminated by
in the islands is 50 gpm. Aquifers in consolidated proper sanitary measures.
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TABL E 58.—Ch.mical and sanitary quality of surface water in the Puget Sound Study Area
(Results in parts p.r million, except as indicated]

0 t~p.)I
2£ a - E

~~~~
i
~~~~~~~~~~~~J i

Dot.
a
2 ~ 

3~3’ ~w -~

Stilloguamich Ircif PP.0, Silvono

July 1959 Mo. 22.2 10 3 3  3.3 1.1 4$ 4.4 2.5 2.0 0.10 55 39 96 7.5 100 14.3 1.300
Mm I.S 3.0 .3 .2 0 13 .9 0 0 0 Il I i  26 3.9 0 54 0
Muon 9.5 6.0 1.6 1.7 .5 26 3.0 1.3 .6 .02 37 2 1 53 7.1 50 11.1 205May %6 
~~~~ 79 79 79 79 79 79 79 72 72 7~ 79 79 79 44 so so

Snohoinish Si’.s~ at

Aug 1959 Mo. 19.0 7.2 1.6 3.1 .9 27 4,0 2.2 2.6 .12 40 22 37 7.3 140 140 24.000
Mi.~ 4.0 2.0 .2 .5 0 10 .S .2 0 0 14 I 20 6.4 0 S.3 0
Muon 9$ 4.5 .9 1.5 .3 1$ 2 $  1.2 .5 .02 30 13 41 6.9 16 1 1 .1  1,991Apf . 966 

~~ 53 53 55 33 55 53 55 35 47 45 35 35 53 53 42 53 33

Puyollu p Ircer at Puyollup

Mo. 12.3 11 3.1 3.4 1.$ 16 12 3.0 2.0 . 13 74 40 112 ‘ .‘ 15 124 24.000
Mm 2.9 4.S .S 2.2 .3 20 4.0 1.0 . 1 .01 36 16 46 57  0 9.3 0
Muon 5.3 7.0 1.7 3.6 .9 29 6.9 1.6 .6 .05 53 24 69 7 0  23 10.9 3.224

No. 31 33 33 33 35 33 35 35 2$ 2$ 35 33 35 35 12 31 31

Ni,quolly liv., of McK.nna

Jul y 1959 Ma. 20.0 7.3 2.4 4.2 1.3 41 3.2 2.2 .9 .19 61 25 79 7 . 5 23 125 2.100
Mm 4.5 3.3 .5 2.3 .3 1S 1.4 0 0 0 37 12 37 6.2 0 5.6 0

Mo, 1966 Muon 94 3.7 1.4 3.1 .6 27 2.6 1.7 .3 .04 47 20 35 7. 1 12 11 .2 200
No. 34 35 33 33 33 33 33 33 33 33 33 35 33 35 16 33 34

Dons ollips liv., at li’innon

July 1959 Ma. 13.3 15 2.0 3.3 .6 56 2.4 1.3 4 .10 72 52 114 7.9 00 13.6 230
Mm 3.9 5.3 .2 .9 0 21 4.2 .2 0 0 35 24 57 6.9 0 10.0 0
Muon 2.6 14 1.1 1J .2 13 6.2 .5 .2 .02 53 30 SO 7.5 12 II  2 30

No. 27 25 2* 20 2* 20 21 21 27 21 20 2$ 2$ 25 10 26 20

hg Quilc,ns liv., nsa, Qvilcun.

July 1939 Mo. 15.6 15 2.9 7.5 0.4 32 3.4 21 1 .0 0.32 94 57 15$ 7.5 5 13.5 430
Miii 3.6 9.0 1.1 14 0 36 1.6 2.0 0 0 43 30 72 6.S 0 9S 0
Mson 5.7 13 2.0 3.6 .2 45 2.4 6.2 .2 .01 43 40 99 7.4 2 11.4 44Pub 1966 No. 27 2$ 2$ 2$ 2$ 2$ 2$ 22 27 27 2$ 2$ 2$ 25 10 26 20

Goldubocough Cro.k at Sholton

Nov. 1964 Mu. 17.0 27 11 44 .6 12$ 9.2 6.2 1.1 .13 151 113 227 2.2 29 12.5 4,600
Mm 4.3 4.5 1.0 2.0 .1 21 2.4 1.5 .3 0 40 20 49 6.0 0 0.3 32
Muon 9.6 I S 6.1 3.5 .4 72 5.3 3.1 .5 .05 00 63 135 7.4 9 10.7 900May 1906 No. 19 20 20 20 20 20 20 20 12 12 20 20 20 20 12 19 19

Chico Crcâ nuac I,.n,.cton

Nov. 1964 Ma. 12.1 9.2 3.4 34 .6 43 3.6 2.3 2.7 .01 59 36 56 7.7 10 10.6 2,400
Miii 11.5 3.2 1.7 2.0 .2 24 .4 .5 .5 .01 36 20 49 6.9 0 lOi 130
Muon 12.0 7.3 2.6 2.9 .3 33 2.7 1.1 1.2 .04 49 29 70 7 2  4 10.4 1.415

No. 2 14 14 14 13 14 14 14 13 S 14 14 14 14 I 2 2
Elwho 11.0, us McDonald OvId5. now Pact Ang.luo

July 1959 Mo. 15.5 16 1.7 2.3 .6 51 9.2 1.0 .3 .11 67 46 106 5.0 60 14.1 130
Mm 3.2 10 .1 1.2 0 32 4.9 0 0 0 42 29 63 6.4 0 10.0 0
M.on 9.0 13 1,0 1.2 .2 41 7.5 .7 .1 .02 34 35 56 7.3 12 114 24P.b. 1966 No. 21 2$ 2$ 20 25 2$ 2$ 2$ 26 27 25 2$ 2$ II 14 26 21

Dungonou liv., noac Soquim

July 1959 Ms. 16. 1 23 3.9 4.1 .6 79 10 2.2 .6 .06 94 69 132 7.9 63 13.4 230
Mm 24 12 1.2 1.6 0 14 4.4 .2 0 0 30 37 00 7.2 0 s_S o
Muon 9.0 17 2.3 2.7 .3 60 7.2 1.1 .2 .01 70 32 116 73 10 11.2 43Pub. 1946 No. 21 2$ 2$ 25 2$ 2$ 25 2$ 21 21 2$ 2$ 25 20 10 26 20

Noo&iock liv. , at Pocndol.

Oct. 1961 Mo. 11.3 13 4.9 4.2 1.0 53 IS 4.2 2.3 005 77 53 12$ 7.7 700 13324000
Miii 2.0 5.0 1.4 1.2 .2 22 5.4 .2 .1 0 32 22 SI 6.0 5 5 I 36

May 966 Moon SI 9.6 3.0 2.5 .6 36 9.2 1.9 .2 .02 57 36 $6 7.2 69 I I I  2,126
No. 33 34 54 54 54 54 34 54 43 16 34 54 54 34 45 53 53

Sumiuh liv., nosy Iuvlhng$on

July 1959 Mo. 19.0 12 4.3 4.2 1.4 52 7.1 4.0 4.7 .09 71 44 106 7.7 90 13.0 11.000
Mlii 3.S 4.1 1.1 1.7 .2 IS 3.0 .2 .1 0 34 17 32 63 0 7.0 0
Moon 9.7 1.4 2.2 2.2 .7 30 4.1 2.2 2.2 .03 49 27 71 7.1 21 10.1 1,002

No. 35 35 35 35 35 35 35 35 33 33 35 35 33 35 16 35 35

I
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TABLE 58.—Continued
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Shogit liv., at Ma,bI.niount

Ma. 15.2 10 1.4 1.2 .9 33 5.2 .5 1.1 .08 44 30 70 2.0 5 13. 1 230July 1959 Miii 3.1 4.5 .1 .6 .2 16 2.8 0 0 0 23 14 32 6S  0 9.7 0
Muon 5.0 7.6 .1 .2 .5 26 4.0 .1 .3 .01 33 22 51 7.3 2 11 .7 43May. 1966 No. 35 35 35 35 35 35 35 35 33 33 33 35 35 35 15 35 35

Sliagit liv., now Ma~,nt Vu,non

Mo. 17.$ 10 2.2 2.0 1,0 35 5.6 1.5 1.5 .07 52 32 76 5. 1 350 13.7 24.000July 1959 Mm 4.0 4.5 .3 .7 .2 18 2.0 0 0 0 22 I S 36 6.3 0 9.3 0
Muon 9.1 7.0 1.2 1.2 .6 26 4.2 .4 .4 .02 35 22 53 7.2 23 11.2 1,909May 1966 No. 50 51 SI SI $1 $1 81 81 73 73 $1 81 81 81 44 81 80

Nayli, Fork Stillaguommsh liv., now Atllngfon

Not. 1961 Mo. 17.6 10 2.8 2.9 .9 44 3.6 2.5 1.0 .04 53 34 50 7.6 135 13.4 930
Mm 2.3 3.0 .9 1.0 2 14 1.5 .5 .1 0 22 12 29 6.7 0 9.3 0

Mac WOO Muon 1.5 6.0 1.6 1.7 .5 26 2.9 1.2 .6 .02 36 22 52 7.2 42 11.5 178
Na. 17 17 17 17 17 17 17 17 13 15 17 17 17 17 14 17 17

I Mod probobi. numb., of cofiform ovgonisms p.r 100 ml.

TABLE 59.—Temperatures of streams in the Puget Sound Study Area
l.co,ds analyz.d Cb,orv.d tomporotuvo rang.. ( F)1

Sit. Spot obsu vation. viogropli ~ Jon Fob Mar Apr May Juno July Aug Sop Oct Nov D.c

N o n

Nooltiadi liv., now DomIng Oct 1944-July 1965 Non. Mo. 40 42 46 1$ 52 54 62 65 55 50 46 43
Mlii 32 33 33 3$ 43 13 47 4$ 45 12 35 36

N 14 I 15 12 13 13 10 13 14 11 15 11

South Pock Nookiock liv., Oct 1944-July 1965 Nong Ma. 40 13 44 49 50 61 70 65 61 52 45 41
n.av Wldcordiom Mlii 32 33 34 39 42 42 43 53 50 41 34 32

N 17 11 II 16 14 16 12 15 16 15 14 15

N..k.odi liv., bslow Oct 1944 jun. 1965 Non. Ma. 3$ 42 43 45 43 52 52 59 53 46 42 40
Costode Cr.ok n.ar GJuclo, Mlii 32 34 33 31 39 39 41 45 44 39 34 34

N 16 9 17 12 17 15 12 16 11 14 16 13

N.oku.tk liv., nosy Lyndon Jon 1945-Aug 1966 Non. Ma. 43 14 44 49 54 55 62 66 60 51 49 12
Mlii 32 34 32 39 43 44 47 45 49 44 36 33

N IS 6 19 12 15 14 13 16 18 13 13 14
~~~~~t-Somluh latin.

$ko0lt liv., obov. Ainpo D.c 1950-Jan 1953 Jon 1953-Sup 1965 Ma. 43• 13’ 44’ 46’ 13’ 33’ 36’ 35 33’ 53’ 50’ 47
Crso5 nosy M.rblo.,.~~ nt Mm 36’ 36’ 33’ 35’ 40’ 44’ 46’ 15’ 47’ 45’ 39• 39’

N 2 1 2 I 2 I 1 1 1 2 I 3

Ca.eodu liv., at D.c 1944-Mar 1952 May 1932-Aug 1605 Mo. 41’ 44’ 51’ 49’ 31’ 59’ 55’ 55• 56 53• 47’ 42’
Mm 32 32’ 3 3 W 3 9’ 40 43’ 43’ 42’ 10 32’ 34

N 6 $ 3 S 7 4 5 5 3 7 4 5

S&991t 11.01 noo, Mount Sop 1944-Jun. 1962 July 1962-Sop 1965 Mo. 44 44 53 50’ 530 36’ 64 62’ 61’ 55 31’ 45’
V.,non Mm 33 31 34 39 43 44 46 52 30 46 31’ 36’

14 12 9 9 10 15 13 11 11 12 14 $ 11

lomlak liv., now Sucflu.g$on Aug 1913-July 1963 Mono Mo. 44 46 57 55 61 64 61 61 60 34 49 15
Mlii 3$ 32 37 35 14 32 SI 54 49 43 33 36

N 13 14 17 IS 1$ 14 IS 20 20 19 II 15

b u m

Ms. 42 43 43 49 50 61 62 69 63 57 47 43South 7mb hulloguouuihh D.c 1944-Aug 1963 Non. 
M40 32 33 34 10 II 42 49 52 47 45 33 36liver us, O,onIt. Polo

N 14 14 17 17 14 12 12 14 16 17 12 11

ii.. C,osk no.r Aithighou, Non. Oct 1~ 51.Agr 1957 Mo. 42’ 44’ 40’ 33’ 62’ 46’ 73’ 69’ 64’ 59• 50’ 16’
Mm 33’ U’ 330 39 430 46 30’ 53’ 3’ 44’ 330 33’

N.mlu Path ShIP.’~p.-..r’uJi Jun. 1900.Pub 1902 Mor l932.$sp 1957 Mo. 41 41’ 45’ 47 31 35’ 61 63~ 79’ 54• 47• 43’
liver no Domloghous Mlii 36’ 36’ 37’ 330 41’ 4’ 43’ 49’ 9’ 43’ 35’ 35’

N 2 1 1 1 1 1 I 2 3 0 2 1
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TABLE 59.—Continued
Picord; onolyzed Ob.urv.d t.mporaturo rang., (‘F)’

Spot ob,o,vatian, Th.rmogcophi ° Jon Fob Mar Apr May Jun. July Aug Sop Oct Nov D.c

Pllchuck Crook noar Iryont Ju ng 1930-Jon 1932 Mar 1952-Sop 1965 Mo. 44’ 44’ 46’ 53’ 70’ 75’ 530 76 70 59’ 51’ 46’
Miii 33’ 33• 330 3?’ 11’ 45’ 43’ 53• 1$’ 430 36’ 36’

N 2 1 1 1 1 2 2 2 2 0 2 1
Snohomish Satin

Skvkaniltli liv., noar Nov 1944-Aug 1965 Nan. Mo. 10 41 45 49 1$ 34 59 67 61 34 47 49
Gold lo. Mm 3 2 3 3 36 40 41 41 43 5 0 5 0 43 3 5 3 5

N 16 13 17 16 16 14 14 12 14 13 17 12

Woflac. 11v0, non, Gold So, July 1946-Jun. 1935 July 1955-Sop 1963 Ma . 44’ 43’ 41’ 52’ 3$’ 64’ 68’ 70’ 66’ 60’ 30’ 46’
Mm 32 330 34’ 37’ 40’ 43’ 47’ 49’ 16’ 42’ 34’ 32’

N 7 6 9 7 1 S 9 9 5 7 9 6

Wards Crook now Manro. J uly 1946-Aug 7963 Non. Mo. 45 43 17 51 55 59 66 69 62 54 49 47
Mlii 33 36 40 41 45 4? 55 53 50 45 35 33

N 13 13 14 16 1$ 17 11 1$ 15 14 17 15

Tolt liv,, nsa, CarnatIon Nov 1944-Jul y 1965 Non. Mg. 44 4$ 44 49 51 54 61 46 60 54 46 47
Mlii 32 39 39 10 42 43 43 32 49 42 35 39

N 16 14 13 15 13 17 13 13 14 14 14 II

Snoquolnul. liv., nior Nov 1945-Aug 1965 Non. Ma. 44 44 45 51 54 58 68 74 62 60 51 43
Connation Miii 34 32 39 40 44 43 31 57 49 42 37 39

N II 12 17 15 12 13 IS 14 12 12 16 12

Quilc.do Crook now July 1946-July 1965 Non. Mg. 43 II 45 55 62 6$ 60 62 64 57 45 47
M.rysvill. Mm 34 32 3$ 43 49 51 32 54 52 43 40 34

N 14 14 16 15 14 9 15 14 16 21 13 7
C.d.r-Or..n b u n s

Gv.cn liv., nsa, Pohnior Nov 1944-Jun. 1963 Non. Mg. 40 41 44 33 50 34 65 62 62 56 46 44
Miii 34 32 3 6 * 4 1 42 47 5 2 4 6 4 5 34 33

P4 15 14 11 12 16 14 14 17 17 14 16 I I

Gn..n liver noor Auburn Nov 1944-Fob 1952 Mar 1952-Pub 1965 Mo. 47’ 4$’ 50’ 55’ 65’ 730 75’ 71’ 67’ 62’ 51’ 45 ’
Miii 35’ 33’ 31’ 41’ 44’ 4$ 52’ 31 46 44’ 35’ 33’

P4 3 5 7 1 5 4 7 2 7 5 5 6

Sanunoniluit liv., of IOIII.It Oct 1944-Aug 7963 Non. Mo. 44 45 49 61 62 64 74 67 61 60 50 46
Mm 37 35 40 39 51 49 53 55 55 47 40 36

P4 17 15 11 15 11 11 1S 11 15 10 13 13

Coda, liv., now Landubuvg Nov 1944-July 1953 Aug 1933-Sop 1965 M0. 45’ 46’ 47’ 51’ 55’ 61’ 67’ 64’ 60’ 54 50’ 46’
Mlii 33 33 37’ 42 44’ 16’ 49’ 30’ 48 43’ 30’ 38•

N 6 1 7 5 1 6 4 $ 3 6 6 7
Coda, liv., at lonton Aug 1945-Oct 1965 Aug 1963-Oct 1965 Mo. 45 45 47 50 37 62 66 6.6W 63’ SS 31 47

Mm 33 35 40 41 46 51 52 33’ 49 44 41 39
N 17 16 17 12 14 17 15 19 15 17 19 12

Puyollup Satin

PuyoHup liv., ii.., Orthnq Oct 1944-Avg 7965 Non. Mait 43 45 44 II 35 5$ 59 59 59 57 47 44
Mm 32 34 37 40 44 45 4$ 43 41 41 33 32

N 22 24 21 27 22 1$ 17 17 16 23 21 19

Whit. liv.r now Suunnor Mar 1~45-Aug 1965 Nons Ma. 47 47 49 63 64 64 72 73 66 7 31 49
Mm 34 35 37 4? 43 47 52 56 34 46 40 36

P4 1~ 14 21 14 16 23 15 15 19 17 15 1S

Puyollvp liv., non, Puyollup Nov 1944-Oct 1964 Aug 1965-Sop 1965 Ma. 44 46 45 56 39 61 63 64’ 64’ 57 49 44
Oct 1907-Nov 1967 Mm 32 32 39 46 4S 50 52 50’ 47’ 43’ 35 36

N 15 11 21 14 70 18 10 12 14 15 16 12
Pllsquohly-Ds.clwt., Satin,

Do,diuto. liver nosy bohnI., July 1949-Nov 1964 Non. Ma. 46 15 17 54 39 61 70 66 5$ 34 43 47
Mm 35 35 40 42 43 50 53 36 30 46 39 40

N 10 11 16 9 16 10 15 14 12 14 14 12
Doodiuto, liv., noo, Olymplo Juno 1943-Aug 1964 Nan. Mo. 41 49 50 36 5$ 66 6$ 65 63 36 49 47

Mlii 36 36 39 44 46 53 54 54 54 46 42 37
N 12 13 13 12 13 12 13 15 12 11 IS 10

W..dlond Crook no., July 1949-Aug 1963 Non. Mo. 46 15 49 53 61 59 5$ 62 57 53 30 15
Ohymplo MM 39 40 4 1 1 7 3 0  52 52 49 45 41 44 40

N 13 10 15 12 12 12 12 13 12 14 1S I
Nln.usUv liv., now Oct 1944-Sop 1931 Oct 1952-Sop 1963 Mo. 46’ 43’ 4’ U’ 35 60’ 630 61’ 60’ 35’ 49’ 44
N.Houuot Mm 330 32’ 32’ 37’ 35’ 10’ 41’ 14’ 41’ 36 33’ 35’

N 5 2 4 6 4 4 5 2 6 5 I 4
Mhnorol Crook no., Mln.,oI Jon 1945-July 1931 Aug 1951-Sop 1937 Mo. 44 43’ 42 53’ 67’ 64’ 73’ 70’ 66’ 60’ 50’ 44’

Oct 1957-July INS Mm 32 33’ 34 39’ 41’ 46 50’ 51’ 430 42 35’ 35’
N 12 10 12 9 13 II 70 7 12 15 4 11

Nl.quuslly liv., of L.Ocondu Oct 1939-Pub INS M•r 1965-lop INS Atm. 42 12 51 44 55 4 49 55 62 54 45 41
Mlii 35 37 39 40’ 39’ 42’ 42’ 43’ 46’ 49 43 41
H 5 3 3 4 4 4 I 5 4 3 4 2

Nivgu.ol$y liv., now MdI.nuio Jun 1945-July 1943 Maui. Mo. 43 43 46 1$ 49 57 60 67 64 50 49 43
Mlii 33 35 10 41 44 15 SI .52 52 49 41 3$

N 12 14 14 11 74 13 14 10 15 14 I l 14
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TABI. E 59.—Continued
locords anolyzod Obs.rv.d tomporatun. rang., (‘F) ’

Sit. Spot ~b,.,~.-otlow Th.rmognoph • Jon Fob Mo, Apr May Jun. Jul y Aug Sop Oct Nov D.c

Wat t Sound Sau na

Snow Cr ook near Maynard Jun. 1932-Aug 1965 Non. Mo. 44 47 44 48 57 56 68 66 60 53 50 46
Miii 32 33 35 43 10 4 9 5 0 3 3 5 0 4 4 1 0 3 4

N 11 10 5 12 i i  12 14 73 10 10 10 10

Littlo Qulken. liver noon July 1951-D.c 1957 Non. Ma. 42 44 44 48 53 51 63 36 53 49 30 16
Quikon. Kiln SI 3$ 37 44 45 45 52 52 13 46 41 39

N 4 5 4 4 5 3 5 7 6 5 5 6

DU€kObUI)I liver neat khnnon Oct 1944-Nov 1965 Non. Ma . 42 41 43 48 15 53 55 56 34 50 47 45
Mlii 35 32 3 8 3 9 1 0 4 2 4 34 947 43 39 37

N 13 12 20 16 17 13 16 16 76 IS 10 17

Nommio Hamnia liv., noon Aug 7951-D.c 1963 Non. Ma. 42 42 43 44 51 49 53 56 52 49 45 46
Eidon Miii 38 33 37 35 41 44 46 43 47 42 36 38

N II 7 73 77 9 5 12 14 14 9 11 9

North Pork S&okomlsh liv., Oct 1944-Nay 1963 Apr l965-S.p 1965 Mo. 47 41 40 43 48 51 55 57’ 54 39 45 42
b.Iow Staircos. lopldu now Mm 33 32 36 39 40 41 44 48 46 41 38 38
Hoadspart N 14 13 17 73 13 15 16 14 15 16 14 16

North Pork S&a&anuish liv., Oct 1944-Jon 1963 Mar 1963-Sep 1965 Ma. 45 41 49 35’ 60’ 65 68 64 65 59 49 49
noor Poflotdi Miii 40 32 39 430 45’ 50 32’ 51’ 49’ 42 41 39

N 5 I l  11 6 7 $ 9 7 5 1 1 7 7

South Park Skokainiti, lIve, Sop 1963-Aug 1964 Oct 1964-Sop 1965 Ma. 39’ 40’ 43’ 45’ 48’ 55’ 37’ 56• 53’ 48’ 45’ 43
floor Hoodtpart Mm 34 37’ 39’ 39’ 40’ 43’ 46 49 41’ 44’ 39 35’

N 1 0 1 I 0 1 1 I 1 I 1 1

Sou* Pout Skokouiiisli livor Sop 1943-Apr 1955 May 1955-Sop 7964 Ma. 44’ 45’ 46 51’ 56’ 63’ 66’ 66’ 61’ 57’ 49’ 45
n.or Poflatch Mlii 33’ 34 32’ 35’ 4P 42’ 16• 45’ 47’ 42’ 36’ 33’

N 6 6 5 8 5 6 10 6 8 6 4 4

Von.. Crook noar Poilotch Nan. July 1935-Sop 1957 Ma. 42’ 42’ 42’ 31’ 67’ 630 64’ 67’ 40’ 53’ 45• 43’
Miii 35’ 34’ 33’ 42’ 42’ 44’ 51’ 50’ 47’ 41’ 34 33’

Skgkanuiih Ii’.., n.a, Oct 1944-Apr 1935 May 1953-5op 1965 Ma. 45 46 49 52’ 58’ 64’ 69’ 61’ 59’ 54 53’ 47’
Potlatdi Mlii 33’ 35’ 34’ 39’ 40’ 43’ 47’ 50’ 48’ 44’ 40’ 38’

N 7 9 9 7 1 0  7 6 7 9 1 1  8 6

W.av., Crook nosy Poflatuit Nan. Apr 1955-Sop 7959 Ma. 49’ 49’ 50’ 53• 54’ 54’ 34’ 54’ 54’ 52’ 5P 50’
Miii 40’ 41’ 40’ 42’ 43’ 45’ 45’ 45’ 44’ 44’ 40’ 41’

Purdy Crook nsa, Union Sop 1954-Apr 1955 May 1955-July 1960 Ma. 46’ 43’ 51 53’ 34’ 55’ 54’ 34’ 53’ 51’ 49’ 41’
Mn 38’ 40’ 38’ 45’ 47’ 49’ 50’ 30’ 47 45’ 39’ 38’

N 1 0 I I 0 0 0 1) I 2 2 2

Union liv., noon lolfoIn July 1947-July 7959 Non. Max 45 46 49 52 39 57 58 39 34 54 45 47
Mm 37 38 41 43 45 48 52 51 48 40 44 38

N 10 9 9 70 10 70 12 72 9 10 8 10

Gold Cro ak n.ar Sr.unorton D.c 1945-Aug 7965 Non. Ma. 44 46 45 52 62 65 66 62 40 54 47 45
Mm 33 36 35 44 50 33 53 50 50 40 39 38

N 18 13 18 16 16 14 16 17 17 13 18 10

Tahuyo Crook noon braun.,ton May 1943-Oct 1956 Nan* Ma. 45 43 49 49 56 62 60 59 57 33 49 45
Mm 35 34 35 43 47 43 52 52 50 40 41 40

N 9 9 9 6 1 2  9 8 1 0 12 8 9 8
Dowatto Cr.ok near Dewatto July 1941-May 1952. Noni Ma. 45 50 46 54 54 55 55 58 55 34 49 45

Oct 1939-Aug 1965 Mm 32 34 38 42 47 49 50 53 31 44 41 32
N 7 8 1 7 10 7 5 9 10 6 12 9 4

Dagfiuh Cr.ok noor Poulubo J v1y 1947-Ju1y 1965 Non. Ma. 43 46 47 51 58 56 59 61 54 34 48 46
Mlii 37 35 38 44 49 50 52 51 50 46 41 33

N I S 13 14 72 14 12 16 1$ 17 12 19 12

Hug. C,.ak noon Wouno July 1947-Jun. 1965 Non. Ma. 46 47 45 49 37 37 61 67 54 55 47 47
Mn 37 39 39 44 49 45 44 51 45 42 41 36

N 16 13 17 14 13 12 14 1S 12 15 74 13

Goldubaraugh, Cr0.1, now Jun. 1~ S1-Sop 1961, Non. Ma. 44 47 45 51 53 55 62 59 37 52 48 46
Sholton Nv 1939.Juty l9öS Miii * 4 1 43 47 32 52 57 37 49 31 10 39

N 3 6 3 4 4 7 7 3 3 4 6 6

Elwtia-Dung.nou basins

lIwho liver near Pars Oct 1944-Oct. 1964 Plan. Ma. 42 45 44 17 50 56 37 63 59 55 46 44
Angelo. Mlii 35 35 36 40 40 43 45 47 51 44 39 37

N 14 14 12 14 14 14 14 16 9 II 10 16

Oungono.. live, now Soqitlm Oct 7944-Osc 7964 Non. Ma. 4S 15 44 46 46 35 56 56 35 51 45 41
Miii 32 36 37 3$ 40 43 45 45 46 40 35 35

P4 16 15 12 14 12 14 15 15 12 16 11 19

abtoinod from Ihormogrophu records a,. Indicated by
• ~~~~~~~~~~~~ minimum .ku..d temporotur... and numb., of spat obowvotion, that war. us.d in analysis.
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NEED FOR ADDITIONAL
HYDROLOGIC INFORMATION

The foundation of a water resources program To establish an adequate network of stations , equip-
includes the collection of essential basic data , and ment must he developed and installed that will
scientific analysis and interpretation of these data to operate unattended for extended periods and that can
determine hydrologic characteristics of the surface be interrogated by radio or te lephone.
and ground-water reservoirs , and an eva luation of the All stations (1967) recording wind data , except
best methods for development and management of the one at Stampede Pass . are in the lowlands near
the water to meet anticipated uses. Therefore , infor- Puget Sound. Additional information is needed re-
mation submitted in this appendix has been obtained garding winds in the mountain valleys and on
from numerous sources and represents several dif- mountain ridges.
ferent types of hydrologic, climatic, and geologic The only two evaporation stations in the Puget
data , to provide a general picture of the region’s Sound Study Area are in the lowlands near the
water resources. Because the present information is Sound. Evaporation measurements are needed in
incomplete , however, and does not include data that timbered areas along the slopes of the mountains as
will be required for any future regional planning well. Also, data are needed on evaporation losses
program, the following summary defines those areas from lakes and reservoirs in the mountains and at
of surface and ground-water hydrology where other places distant from the Sound.
additional studies and analyses are recommended. Solar radiation measurements have been made

In addition to the potential storage sites listed, only in the Seattle area. Information on radiation in
there are probably numerous additiona’ sites for the “rain shadow” of the Olympic Mountains and in
storage of 5,000 or more acre-feet . and a large other areas at higher altitude in the Cascades and
number of sites less than 5 ,000 acre-f’ ~t in capacity Olympics is desirable.
which in the aggregate could contribute greatly to Climatological data collected since 1948 have
water storage or stream regulation. The need for been filed on punch cards for computer summariza-
storage to meet requirements for municipal industrial tion. Data collected prior to 1948 also should be
water irrigation, reducing flood damage or maintain- processed. By using advanced statis tical techniques
ing minimum flows should be a consideration in the and modern computers , frequency distributions of
study of these sites. specific events and expected return periods , based on

long-term records , can be prepared.CLIMATOLOGY
SURFACE-WATER RESOURCES

Additional climatological data are needed to
define the climate of the entire Puget Sound area in The existing stream-gaging network should be
more detai l. In 1967, about 35% of the temperature expanded to provide a better foundation for any
and precipitation stations are less than 100 feet above future water-development and management programs.
sea level, 60% are less than 500 feet , 80% are less than The majority of gaging stations are on the larger
1,000 feet , and 90% are less than 2,000 feet. This rivers, and very few are located where they measure
distribution provides a fair coverage in most lowland runoff from smaller watersheds. In addition . no
areas but is inadequate in the foothills and moun- continuous records of runoff are available for streams
tains. As a rule, stations have been limited to that drain any of the numerous islands in the Puget
locations where people are available to serve as Sound Area.
cooperative weather observers. This limitation, by Because of the need to determine the yields of
necessity, has placed most of the reporting points smaller streams , both for local use and for their
along highways crossing the Cascades or in areas individual contributions to larger streams, there is an
where power companies, Forest Service, timber corn- increasing need for streamf low data from small
panies, and others maintain year-around operations. watersheds. Such data on tile smaller streams would
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also a llow evaluation of flood discharge and routing, A better understanding of the principles of tidal
and design of local water-control and highway struc- flow is vitally important in this region of many tidal
tures in t hese areas. Upstream watersheds will also estuaries. Rates of fresh-water discharge , flushing,
increase in importance as sources of potential water salinity intrusion , and many other tidal-flow char-
supply as water use increases in lower areas. Because acteristics must be determined to resolve problems
not every upstream watershed can be effectively that arise with the increased use and development of
gaged, however , re liable procedures should be insti- tidal estuaries.
tuted for estimating water yields by indirect methods. Most aspects of surface-water quality will

Analytical and interpretive studies should be become less and less desirable with the increasing
made of climatic , physiographic, and geologic char- development and use of water. Many consumptive
acteristics that deter~nine basin yield. t.and use, and nonconsumptive uses cause deterioration in water
cultural practice , and methods used for watershed quality because they involve discharge of a great
protection programs should be critically evaluated variety of wastes. Better definition of the existing
relative to their effects on the natural basin runoff. water quality is needed as well as expansion of water
Studies of the smaller river basins should be under- quality monitoring networks. This expansion should
taken to define in detail both the local hydrologic include collection of data for many of the smaller
systems and their relation to the larger watershed. streams.

Deficiencies in streamfiow data are part icularly Dispersion and time-of-travel studies have been
- ~

. .- great for small areas at higher altitudes; above 4,000 made on the Duwamish River because of local
fee t , for example, data are being collected at only pollution problems. These and s~~ilar investigations
three sites, as part of a glaciological research program. on four other major stieams for the current planning
Because of the large quantities of water stored in study illustrate the need and usefulness of such
glaciers following winter snowfall , and subsequent information as streams receive ever-increasing vol-
release of a part of this water as summer snowmelt , umes of domestic and industrial wastes. Future
additional knowledge is needed of the hydrologic time-of-travel and dispersion investigations should be
bud get of the ice masses and of the physics of expanded to include other principal streams in the
snowmelt. Procedures should be developed for evalua- region and should consist of shorter reaches than
ting the snow-water resources and for predicting were examined for the present study. in addition , the
amounts and regimen of flows to be expected. investigations should be repeated periodically to
Glaciological data can supplement existing snow- evaluate the effects of various discharge rates and
survey computations to assist in evaluating summer channel modifications on dispersion and time of
streamflow that would be available for downstream travel.
municipal and irrigation supplies and for operation of A systematic program is also needed for obtain-
hydroelectric powerplants. ing water temperatures on a continuous basis, gener-

Flood-frequency studies for some streams ally on streams that are important for fish propaga-
should be updated to include 10 years of data that tion, but particularly on streams where a high degree
have not been analyzed as of 1967. In addition, the of development and use has occurred or is antici-
flood data obtained at the many crest-stage gages pated . Analyses and evaluation of water-termpcratu re
should be used to define flood characteristics in small data tha t have been collected in the past will great ly
watershe th, definition of these characteristics has not increase the value of these data. One of the results of
been possible from previous flood-frequency studies. the current planning study was to emphasize deficien-

In the past . emphasis..has . been.placed nn..the- cies. in the available temperature da~aand-tite need- to
study of floods. With increasing competit ion for estab lish an effective network for continuous record-
water , however , studies of low flows will become ing of water temperatures.
more and more important. An increase in low-flow Probably the least studied of hydrologic factors
frequency studies would provide a basis for the design in the Study Area is that which deilnes the amount ,
of water-supp ly and waste-disposal systems , for the c haracter , and rates of sediment yield from the
maintenance of restricted channel discharges , and for drainage basins A collection 01 data on sedimenta-
a definition of the amount of water available for fish Lion has been recent !> initiated by a reconnaissance
propagation and supplemental irrigation, project that defines sediment characteristics in the
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Snohornish River Basin. Sediment-samp ling stations tion of hydraulic constants and an evaluation of the
have been operated for very short pertods , however , potentia l yield of the ground-water reservoir.
and long-term continuous records throughout the As the ground-water reservoir in a given basin
Study Area are needed to reflect trends in sediment undergoes development , periodic measurements of
transport. A lso, the nature of fluvial sediments of all water levels and chemical analyse s of water samp les
streams in the region needs to be interpreted , re lative are advisable for early detection of problems that
to the geologic origin of the sediment and to the might occur during the course of development. To
mode and areas of their deposition in the watershed. collect such data effectively, a network of observa-
Flow and sedimentation adjust to natural stream tion wells that are accessible for periodic sampling
channels. but alteration of these characteristics by and water- level measurements should be established
control works may have beneficial or detrimental and maintained. Wells included in the observation
effects, depending upon local channel conditions, program should be selected so as to reflect representa-

tive changes in water levels and chemical quality that
might result from ground-water development of

GROUND-WATER RESOURCES various aquifers and local areas. In areas near the
coast an observation-wel l system is currentl y being

For proper development and management of established for identifying water-quality changes that
the region’s ground-water resources, more informa- would detect inland movement of the interface
tion is needed than is presently available , particularly between fresh and salt water. Also, because of the
in the Skagit and Elwha-Dungeness Basins, and in the possibility that domestic sewage and industrial waste
area between Port Townsend and Quilcene in the may contaminate shallow aquifers which, in turn,
West Sound Basins, Detailed ground-water investiga- may pollute nearby streams , water-qua lity changes in
tions that include geologic mapping should be made these aquifers should be evaluated periodically .
in these areas to identify geologic units and the In addition to the data obtained from the
water-bearing characteristics of the aquifers contained observation well network , newly drilled production
within them, Although ground-water withdrawal in wells can supply a large quantity of additional
the study area probably can be increased considerably information , such as pump-test data , we ll-completion
beyond that of the present , development of local data , drillers’ logs, and chemical analyses. A ll this
ground-water supplies should be planned only on the information should be collected and filed system-
basis of quantitative field investigations that would atically at a central location, so that it can he used
incorporate exploratory drilling and aquifer testing. interpretively by water-management and development
Such drilling and testing would permit a determina- agencies. and by the interested public.
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