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FOREWORD

APPENDIX III, HYDROLOGY AND NATU-
RAL ENVIRONMENT, contains a detailed report of
one component of the Comprehensive Water
Resource Study of Puget Sound and Adjacent Waters
which provides supporting data for the overall water
resource study.

The Summary Report is supplemented by 15
appendices. Appendix I contains a Digest of Public
Hearings. Appendices Il through IV contain environ-
mental studies. Appendices V through XIV each
contain an inventory of present status, present and
future needs, and the means to satisfy the needs,
based upon a single use or control of water. Appendix
XV contains the formulation of basin plans.

River-basin planning in the Pacific Northwest
was started under the guidance of the Columbia Basin
Inter-Agency Committee (CBIAC) and completed
under the aegis of the Pacific Northwest River Basins
Commission. A Task Force for Puget Sound and
Adjacent Waters was established in 1964 by the
CBIAC for the purpose of making a water resource
study of the Puget Sound based upon guidelines set
forth in Senate Document 97, 87th Congress, Second
Session.

The Puget Sound Task Force consists of ten
members, each representing a major State or Federal
agency. Al State and Federal agencies having some
authority over or interest in the use of water

resources are included in the organized planning
effort.

The published report is contained in the follow-
ing volumes.

SUMMARY REPORT

APPENDICES

I.  Digest of Public Hearings
II.  Political and Legislative Environment

III. Hydrology and Natural Environment
IV. Economic Environment
V. Water-Related Land Resources
a. Agriculture
b. Forests
c. Minerals
d. Intensive Land Use
e. Future Land Use
VI. Municipal and Industrial Water Supply
VII. Irrigation
VIIl. Navigation
IX. Power
X. Recreation
XI. Fish and Wildlife
XII. Flood Control
XIII. Water Quality Control
XIV. Watershed Management
XV. Plan Formulation
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INTRODUCTION

ugged mountains and glaciers, drift plains and
fertile valleys, tumbling streams and large meandering
rivers discharging into an inland sea, are a few of the
many features that make up the complex land and
water resources of the Puget Sound Area. A descrip-
tion of this natural environment as characterized
through physical geography, climatology, and hydro-
logy is presented in this, the Hydrology and Natural
Environment Appendix. In this volume are summar-
ized most of the hydrologic and climatologic data
available for the Puget Sound Area at the time of the
study (1966).

A broad,genral portrayal of the land resources
is given in the Physical Geography chapter. This
portrait begins with a description of the land forms
as they now exist, follows with discussions of the
type and characteristics of soils, and concludes with a
statement about the natural cover that has developed
in the climate of the region. The major river-basins
are listed in this chapter. Soils and cover are
developed in much more detail in Appendix V
Water-Related Land Resources.

The collective state of the carth’s atmosphere

over the Puget Sound region during 1930-1960 is
discussed 1n the Climatology chapter. Precipitation,
temperature. humidity, wind intensity and direction
are the major parameters used to define the climate.

Surface and ground-water resources are des-
cribed in detail in the Hydrology chapters. Stream-
flow characteristics of the major rivers in the 11
sub-basins of the Puget Sound Area are discussed in
terms of quantity and quality. Most hydrologic data
in the region consists of streamflow records which are
analyzed in this presentation to describe the quanti-
tative characteristics of surface water. In analyzing
the surface-water data a standard 30 year period,
1931-1960, is used in this report. Ground-water
occurrence, yields, and quality are also described for
each basin to the extent permitted by the data
available.

The appendix concludes with a discussion of
needed hydrologic investigations. These investigations
are required to meet long-range hydrologic needs
revealed in the course of developing the comprehen-.
sive plans.
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PHYSICAL GEOGRAPHY

The physical setting of the Puget Sound Area is
described in this chapter. This description includes
sections on topography, geology, soils and cover, and
a listing of the major river basins. This part of the
appendix provides a general background with which
to appreciate better the significance of the climato-
logic and hydrologic relationships.

The Puget Sound Area occupies the northwest
corner of Washington State. It is bounded on the
north by Canada, on the east by the Cascade Range,
on the west by the Olympic Range, and on the south

by a range of low hills. A location map of the study
area together with its sub-basins is shown in Figure 1.
Almost in the center of the region is Puget Sound, an
inland sea with 10 major ports having access to the
Pacific Ocean. The region has wild areas in the
Cascade Mountains and on the Olympic Peninsula,
salt-water beaches, and sheltered inlets along interior
waterways. The Area provides productive agricultural
land, adequate sites for industry, abundant water
supplies, and extensive forests.

TOPOGRAPHY

Within the 15900 square-mile Puget Sound
Area, striking contrasts in the type of terrain result in
wide variations in the region’s water resources. The
lowlands contrast markedly with the mountains of
the Olympic and Cascade Ranges, which form the
region’s western and eastern borders respectively. The
southern border is a low divide that separates the
Puget Sound drainages from the Chehalis River basin.

Puget Sound itself is an inland sea providing a
marine setting for a large part of the region. The
salt-water area of about 2,500 square miles is char-
acterized by numerous channels, bays, and inlets.
South of Admiralty Inlet, the principal entrance from
the Straits of Juan de Fuca, the Sound has two main
branches. The western branch, Hood Canal, is a long,
narrow arm extending southward about 50 miles near
the base of the Olympic Mountains. The eastern
branch of the Sound is considerably larger, and
contains the deep-water harbors of the region’s
principal cities. Between the two branches is the
Kitsap Peninsula, an area of 582 square miles that lies
mostly below an altitude of 500 feet.

Alluviated river valleys, their broad floors bor-
dered by bluffs and steep hills, constitute an impor-
tant physiographic feature of the Puget Sound low-
lands. The lowland valleys, with their mountain valley
extensions, contain most of the population, industry,
and agriculture in the study area. The valleys arve
separated by uplands whose gently rolling surfaces are
altered segments of a formerly continuous plain.
Terraces, lakes, and marshy depressions diversify the
terrain on th¢ uplands. In much of the arez, the

transition from these broad, hilly lowlands to moun-
tains is rather abrupt.

In the Cascade Range the principal rivers head
at altitudes where precipitation is abundant and large
amounts of snow accumulate each winter. The higher
ridges generally reach an altitude of about 8,000 feet
in the north and 5,000 feet in the south. Rising
prominently above the rather uniform summit levels
of the Cascades are the inactive volcanoes of Mount
Baker (10,778 ft.), Glacier Peak (10,541 ft.), and
Mount Rainier (14,410 ft.). The 27 named glaciers on
Mount Rainier constitute the most extensive glacier
system of any peak in the conterminous United
States. However, farther north in the Cascades,
numerous smaller glaciers have a total area consider-
ably greater than that of the glaciers on Mount
Rainier.

The Olympic Mountains on the west side of the
region, though generally at a lower altitude than the
Cascades, are similarly rugged and scenic. Within
Olympic National Park is a complex system of deep
valleys and canyons, separated by sharp ridges and
peaks that commonly attain altitudes of 6,000 feet.
In contrast to the Cascade Range, there are no
volcanic peaks in the Olympic Mountains. Streams
abound; the headwaters of the largest rivers originate
at glaciers and snowfields on the major peaks. To the
north, relatively narrow hilly lowlands lie between
the Olympic Mountains and the Strait of Juan de
Fuca.

Topography has a marked influence on climate
in the region. The Cascade Range and Rocky Moun-
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tains shield western Washington from cold air masses
that travel southward across Canada in the winter.
The Olympic Mountains and the Coast Range on
Vancouver Island effectively protect the area from
the more intense winter storms that reach the coast
from the west. The Strait of Juan de Fuca, Strait of
Georgia, and the Chehalis River valley provide pass-
ages for maritime air which has a moderating influ-
ence on the climate in both summer and winter.

An area often referred to as the “rain shadow”
of the Olympic Mountains extends eastward from
Port Angeles almost to Everett and northward into
the San Juan Islands. This is the driest section of the
region—it receives an average of 15 to 30 inches of
precipitation annually. Most of the winter precipita-
tion in the Puget Sound Area falls as rain at altitudes

below 1,500 feet, as rain or snow between 1,500 and
2,500 feet, and as snow at the higher elevations.

Altitude also governs the seasonal distribution
of runoff: lowland streams generally carry their
greatest runoff in response to rainfall during the
winter, whereas high mountain streams are fed
primarily by melting snow and ice during the spring
and summer. Consequently, there are two patterns of
seasonal runoff, one being similar to the seasonal
pattern of precipitation, and the other corresponding
to seasonal variations in temperature. Modifications
of the two basic patterns are evident in drainage
basins that contain large amounts of storage. Storage,
whether in glaciers, lakes and reservoirs, or in the
ground, tends to moderate the cyclic patterns of
stream runoff.

GEOLOGY

Fundamental to the understanding of hydro-
logic processes is a basic knowledge of the geologic
framework, which influences virtually all elements of
the hydrologic environment. In particular, runoff,
infiltration, water quality, and ground-water occur-
rence are influenced by the character of geologic
materials.

The study area. occupies a broad north-trending
structural trough which attained its present form
toward the close of the Tertiary Period, more than a
million years ago. The east and west flanks of the
trough are composed of consolidated rocks that were
arched and developed into the Cascade Range and
Olympic Mountains. The mountains were eroded to
their present relief, and the resulting sediments
accumulated in the trough during the Quaternary
Period.

With the advent of the Quaternary Period, the
climate became colder, and a lobe of a continental
glacier moved into the lowland area from the north.
The glacier was several thousand feet thick, and had
the power to erode, transport, and deposit large
volumes of rock material. Preglacial river valleys were
scoured considerably, both in width and in depth.
Much of the rock material abraded by the glacier was
finely pulverized, and was incorporated into the ice
mass together with various-sized rock fragments,
some of which had been transported from areas north
of the Puget Sound. These materials were subse-
quently laid down as unstratified till deposits.

Return to a warmer climate caused the glacier

to melt and retreat. Streams fed by glacial melt water
deposited stratified sand and gravel, termed reces-
sional outwash. Remnants of the glacier and marginal
deposits of the recessional outwash dammed the riv-
ers, forming lakes and disrupting the drainage system
considerably, as streams were diverted to form new
channels. The melting of blocks of ice that had
become buried in the outwash formed small depres-
sions on outwash plains and terraces. Many of the
depressions became lakes or swamps in which organic
materials accumulated and later were transformed
into peat. After the glacier had retreated from the
region, the sedimentary processes of preglacial times
resumed, and the trough again received material
eroded from the surrounding highlands.

The return to a warmer climate was by no
means permanent; temperatures gradually bacame
lower and the region was again subjected to glacia-
tion. Continental glaciers are believed to have advan-
ced into and withdrawn from the study area at least
four times in the Quaternary Period. During the
glaciations, intermittent volcanic activity formed the
prominent cones of the Cascade Range-Mount Baker,
Glacier Peak, and Mount Rainier.

During each glacial event, the preglacial erosion-
al and depositional features were at least partly
destroyed or altered. Only the effects of the most
recent (Fraser) glaciation, which ended in the Puget
Sound Area about 10,000 years ago, are today
relatively intact. Characteristic of the present post-
glacial terrain are numerous lakes and swales, deran-




ged drainage patterns, and broad, deeply incised
valleys that imply a previous occupancy by more
powerful streams than now exist in the area.

Figure 2, a generalized geologic map of the
Puget Sound Area, shows the areal distribution of
unconsolidated sedimentary units, of Quaternary age,
which contain most of the ground water in the
region. These sediments seem to be thickest in the
shoreline area-at least 2,800 feet thick near
Sequim-and they thin to a featheredge where they
lap onto outcrops of older consolidated rocks.

On valley floors the sediments are postglacial
alluvial deposits associated with flood plains and
deltas of the modern drainage system. Composition
and texture of the alluvium are not uniform and are
influenced by factors such as stream gradient and the
presence of silt in melt water from alpine glaciers.
Therefore, the suitability of alluvium as a water-
yielding material (aquifer) varies not only from one
valley to the next, but also with depth and location
within a particular valley.

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

impedes infiltration, and is not adequate for support-
ing large-yiclding wells. Recessional outwash generally
occurs in low-lying areas adjacent to the till-covered
uplands. it also blankets till deposits in many places.
Recessional outwash is composed mostly of sand and
gravel, and areas covered with this material character-
istically have rather high rates of infiltration. Large
amounts of water may be stored in recessional
outwash to form aquifers of high yield in areas where
appreciable thickness of sand and gravel occur. Many
of the streams that drain outwash areas are “‘natural-
ly” regulated, and have significantly less seasonal and
year-to-year variation in discharge than streams that
drain lands underlain by finer grained materials.
Quaternary units older than the most recent till
comprise an incredibly complicated assortment of
marine, lake, stream, and glacial-drift deposits. In
general, these deposits contain the most dependable
aquifers in the study area. Outcrops of these older
units are small in areal extent, and occur piincipally
along the bluffs that border the larger valleys and
inlets.

SOILS AND COVER

The soil mantle and its vegetative cover is of
special hydrologic significance in the Puget Sound
Area because of the climatic and topographic features
that exist. Dense vegetative cover of forest or grass
tends to regulate runoff and streamflow and the root
systems of the vegetation tend to maintain the
maximum infiltration rate and storage capacity of the
soils. Undisturbed soils under such conditions have a
large pore space and heavy surface protection of
litter.

Changed soil cover directly affects the flow
pattern of the streams, the erosion hazard, and the
amount and form of flood protection measures
required. The permeability and water retention of the
soil cover are of hydrologic importance, as is its
stability, since soil erosion is the source of most
fluvial sediment.

THE SOIL RESOURCE

Soil is the product of many centuries of
physical, chemical, and biological action on rock and
organic materials. Materials from which soils of the
area are derived may be classified in four broad

categories. These include glacial, lacustrine, and or-
ganic deposits, as well as detritus weathered from
intrusive, extrusive, and sedimentary rocks.

The characteristics of a soil at any particular
place are determined by (a) physical and mineral
composition of the parent material, (b) climate under
which the soil developed and accumulated, (c) relief,
which influences drainage, moisture content, aera-
tion, susceptibility to erosion, and exposure to sun
and the elements, (d) biological forces acting upon
soil material, such as plants and animals living in and
on the soil, and (e) the length of time that the
physical, chemical, and biological forces have been
acting upon the soil-forming materials.

The parent rocks that have contributed to soil
formation in the study area include a wide variety of
bedrock and unconsolidated sediments. Glacial sedi-
ments consist either of compacted or cemented
materials, or of loose outwash sand and gravel.
Flood-plain and alluvial soils were formed from debris
eroded and carried from upland areas to the valley
floors by flood waters. Organic soils have their source
in lakes, shallow slackwater stream channels, and
bays. Such soils in the Pacific Northwest have
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accumulated at the rate of about 1 inch in 40 years
(Hansen, 1947).

More than 1,200 soil units have been identified
and classified in the Puget Sound area. Each unit is
characterized by properties that help to determine
the suitability of land for different uses. The various
land uses include agriculture, forestry, water manage-
ment, urban and industrial development, wildlife, and
recreation. Many of these interpretations are discus-
sed in other appendices or elsewhere in connection
with Jand use and agriculture.

LAND COVER

The undisturbed land cover of the Puget Sound
area is dominated by dense conifer forests. Some
grass covered prairie-like areas are found in lowland
parts of the Puget Sound Basin where precipitation,
soil moisture and temperature create an environ-
ment less favorable to forest growth. Also, park-like
areas occur at high elevations near the timberline.

The forest regeneration and growth is related to
the soil type. Douglas-fir is the primary tree species.
It grows extensively on well-drained soils and also on
somewhat excessively drained soils. Areas opened by
clearcutting and fire promote the restocking of
Douglas fir. Similarly, western white pine, Douglas-fir
and lodgepole pine restocking occurs in the dry soils
of the Hood Canal area. The imperfectly and poorly
drained soils have a soil moisture environment suited
to western hemlock, western red cedar and several
species of hardwood. At the lower elevations, dense
red alder stands frequently invade logged areas and
remain until their short-term cycle is completed or
the stands are overtopped by the conifers from the
understory. Lodgepole pine grows in poorly drained
soils at both low and high elevations, but rarely
occurs as stands at intermediate elevations. Restock-
ing of logged or burned areas at higher altitudes is
primarily by hemlocks or true firs. Big-leaf maple, red

alder, and willow occur frequently in the less dense
conifer stands throughout the lower elevations. Black
cottonwood is found on bottom land which is subject
to periodic flooding.

The lesser vegetative ground cover varies with
soil moisture and available light. Generally, a large
variety of small trees, shrubs, forbs and grasses form a
dense ground cover except under the most dense
conifer stands. Usually this cover reestablishes quick-
ly following any temporary ground disturbance.
Ferns, mosses and shrubs are a common component,
particularly on north slopes and within red alder and
older conifer stands.

Vegetative cover of the prairie-like areas con-
sists primarily of grasses. However, these areas are
interspersed with scattered stands of Douglas-fir and
Oregon white oak. Scotch broom and other shrubs
have invaded parts of these areas. The park-like areas
below timberline consist of alpine meadows of forbs,
grasses and shrubs, and above timberline the ground
cover blends into a mixture of heather, sedges, shrubs
and low-flowering plants.

Tidal marshes have a seashore sait-grass cover,
and fresh water marshes commonly have cover
consisting of cattails, rushes and sedges.

Native vegetation has been removed from the
fertile soils of many valley bottoms, and these areas
are now used for intensive production of grass for
dairy cattle, or other crops, such as vegetables and
berries. Some land has also been cleared for the
production of livestock forage on adjacent valley
terraces and moderately rolling uplands.

The type of agriculture practiced usually con-
forms with the natural hydrologic balance wherein
much of the cropland is devoted to forage produc-
tion. About 75% of the approximately 591,000 acres
developed for crops in the study area is in rotation
grass, and the remainder is in vegetables, cane fruits,
and specialty crops. Advantageous utilization of
climate and soil produces high yields of forage and
minimizes the soil erosion hazard.

RIVER BASINS

Many rivers, large and small, flow into Puget
Sound and other marine waters in the study area. The
Principal streams are shown in Figure 1. The 10 river
basins with the largest average runoff are as follows:

Nooksack River Green River
Skagit River Puyallup River
Stillaguamish River Nisqually River

Snohomish River Skokomish River

Cedar River Elwha River

The importance of these 10 rivers is shown by
the fact that they discharge, on the average, 84% of
the total runoff in the Puget Sound Area. Other rivers
are also important, however, in meeting many of the
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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CLIMATOLOGY

REGIONAL ENVIRONMENT

Because most of the air masses that reach the
Puget Sound Area originate over the Pacific Ocean,
the climate of the Area is predominately a mid-lati-
tude, west-coast, marine type. The maritime air has a
moderating influence in both winter and summer; it
produces a well-defined rainy season in winter and a
dry season in summer. Only occasionally does dry
continental air from the north or east reach Puget
Sound.

Terrain, position and intensity of the high and
low pressure systems over the North Pacific, and
westerly winds, as well as distance and direction from
the ocean, have an influence on climate in the region.
To the east, the Cascade and Rocky Mountains shield

Western Washington from cold winter air masses
traveling southward across Canada. To the west, the
Olympic Mountains and the Coast Range on Van-
couver Island effectively protect this area from the
more intense winter storms reaching the coast. The
Strait of Juan de Fuca, Strait of Georgia, and the
Chehalis River Valley provide low level passages for
maritime air moving inland.

Elements of climate that are described in the
following paragraphs are precipitation, temperature
and humidity, cloud cover and solar radiation, winds,
and evaporation. Most of these elements are observed
at the weather stations listed in Table 1 and shown in
Figure 3.

TABLE 1.—Average monthly and annual precipitation, in inches, at weather stations

Eleva- Period
Area-Station tion of Jan Feb Mar Apr  May June July Aug Sep Oct Nov Dec Annual
(ft) Record

PUGET SOUND
LOWLANDS
Clearbrook 64 193160 575 452 447 318 263 258 146 158 292 527 572 674 46.82
Coupeville 1§ 50 193160 2.01 1.59 1.62 1.12 128 1.31 67 69 1.19 173 225 230 17.73
Everett 99 193160 445 358 333 239 226 225 93 112 198 354 455 486 35.24
Grapeview 20 193160 833 656 551 324 196 1.62 75 94 204 516 761 929 53.0
Monroe 2WSW 120 193160 6.03 501 459 321 3.00 2.53 1.04 134 249 465 632 654 46.76
Olga 2SE 80 193160 404 294 251 165 135 1.5 .88 95 161 304 391 439 28.78
Olympia AP 195 193160 785 662 540 296 201 1.79 J6 .89 209 528 767 9.05 52.37
Port Angeles 99 193160 387 306 199 1.08 .89 96 .48 58 1.10 248 377 4.5 24.61
Puyallup Exp. Sta. 193160 5463 4466 414 264 202 181 .81 96 203 395 545 640 40.50
Quilcene 2SW 123 193160 809 6.51 440 307 252 240 98 1.01 149 384 726 94 50.98
Seattle-Tacoma 386

AP 194560 573 424 379 240 173 1.58 81 P5 205 402 535 629 38.94
Sedro Woolley 56 1931.60 557 433 465 330 25 278 1.33 1.38 3.0 4.9 587 6.38 46.07
Sequim 180 193160 2.18 1.73 1.30 93 97 1.15 A7 59 95 157 23 2.66 16.81
Shelton 22 193160 1037 806 683 389 221 1.73 .80 106 232 609 926 11.67 64.29
CASCADE & OLYMPIC FOOTHILLS
Buckley INE 685 1931.60 559 471 494 386 313 336 125 14 277 515 623 69 49.31
Cushman Dam 760 1931.60 1665 1231 10.41 607 333 2.4 1.28 138 374 973 1473 18.18 100.25
Darrington R.S. 550 193160 1179 937 813 530 343 320 1.36 1.50 392 833 1114 134 80.51
Skykomish R.S. 933 193543 880 956 804 551 501 349 121 132 277 737 1166 1527 80.01
Snoqualmie Falls 440 1931-60 785 635 6.14 400 320 3.21 129 143 318 6.5 838 9.2 60.30
WEST SLOPE CASCADES
Cedar Lake 1,560 1931.60 13.11 1052 1117 769 600 553 217 2,57 554 10.52 1380 1561 104.23
Diablo Dam 891 193160 1029 855 678 444 248 207 124 133 349 803 1054 1232 71.56
Electron Hdwrks 1,730 194460 893 773 662 533 4.2 4.2 1.45 168 3.51 766 980 1079 71.74
Greenwater 1,708 193965 733 645 539 446 336 306 112 158 35 609 872 9.6 60.29
Longmire R.S. 2,762 193160 1092 898 832 511 412 363 1.35 175 392 8463 1191 1379 82.43
Palmer 3SE 895 1931.60 1123 938 1033 754 581 535 220 249 521 930 1195 1375 94.54
SUMMIT CASCADES
Mount Baker 4,150 1927-51 1186 1061 1212 852 639 473 332 319 764 1134 1314 1699 109.85
Paradise R.S. 5,550 192060 1489 1122 1064 645 47 4.54 170 272 612 1093 1444 166 104.97
Snoqualmie Pass 3,020 1930-59 1477 1274 1172 639 4468 486 167 203 481 1046 1541 18.06 107.60
Stampede Pass 3,958 194460 1203 10.15 1060 560 425 409 146 204 439 881 1258 1619 92.19

4,085 1939-64 857 794 465 359 289 1.35 170 406 732 .25 1207 76.75

Stevens Pass 11.26
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PRECIPITATION

Maritime air reaching the Washington coast in
late fall and winter is moist, and its temperature is
near that of the ocean’s surface. Orographic lifting
and cooling as air masses move inland result in
persistent cloudiness and widespread precipitation
patterns in the Puget Sound Area. Precipitation is
light in summer, increasing in fall. reaching a peak in
winter, then decreasing in spring (Fig. 4). Normally, a
slight increase in precipitation in May and June is
followed by a sharp drop near the first of July. Fifty
percent of the annual precipitation falls in the
4-month period October through January, and 75%
occurs in the 6 months October through March.
Rainfall for July and August is less than 5% of the

annual total.

The driest section in the region, often referred
to as the “rain shadow” of the Olympic Mountains,
receives 15 to 30 inches of precipitation. This dry
belt extends eastward from Port Angeles almost to
Everett, and northward into the San Juan Islands.
Frequently, a drizzle or light rain falls on this area
while other localities are receiving moderate rainfall.
Annual precipitation ranges from 35 to 50 inches
over most of the lowlands, increasing to 75 inches in
the foothills and from 100 to more than 200 inches
on the wettest slopes of the Cascade and Olympic
Mountains (Fig. S).
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FIGURE 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 Jan Feb Mar Apr May Ju‘m! S July Aug Sep Od Nov Dec Annual
PUGET SOUND LOWLANDS
Clearbrook
Low (90 percent) 1.6 27 2.4 15 11 7 Tr 3 13 2.4 2.0 39 359
High (10 percent) 9.1 7.4 79 4.9 4. 54 2.9 42 59 8.1 8.9 10.2 57.6
Coupeville 1S
Low (90 percent) 1.1 8 1.0 3 2 Tr A 4 7 33 137
High (10 percent) 3.0 26 24 17 26 26 14 1.6 28 3.0 37 34 217
Monroe 2WSW
Low (90 percent) 3.1 18 25 1.2 13 .5 Al d 4 23 28 35 355
High (10 percent) 8.6 83 75 49 51 5.1 2.4 25 54 8.6 99 86 567
Olga 2SE
Low (90 percent) 15 1.5 11 .5 3 N Tr 2 ] 1.2 1.4 18 20.1
High (10 percent) 5.9 48 38 26 27 33 1.5 22 34 52 65 6.6 355
Olympia AP
Low (90 percent) 3.0 39 23 .5 3 A Tr Tr 3 28 23 38 335
High (10 percent) 12.0 ns3 8.3 4.7 35 34 20 1.7 39 95 12.4 121 653
Puyallup Exp. Sta.
Low (90 percent) 1.8 2.4 2.1 6 6 2 Tr il .5 19 19 32 269
High (10 percent) 9.2 77 6.7 44 4.2 43 1.5 1.9 37 68 9.9 8.5 52.0
Quilcene 25W
Low (90 percent) 2.6 22 1.2 1.0 7 8 A £ 2 1.1 23 34 341
High (10 percent) 15.0 17 8.2 54 53 47 2.2 26 31 8.5 138 18.6 638
CASCADE & OLYMPIC FOOTHILLS
Buckley INE
Low (90 percent) 2.6 22 2.4 1.1 13 7 1 3 1.0 23 2.1 36 369
High (10 percent) 8.2 7.4 71 64 5.2 71 28 3.1 5.2 8.9 1.5 10.0 633
Cushman Dam
Low (90 percent) 6.6 69 53 8 8 3 1 6 46 4.0 108 736
High (10 percent) 30.2 19.6 18.1 10.7 6.8 6.6 29 3.2 8.5 184 253 29.0 1267
Darrington R.S.
Low (90 percent) 34 49 48 1.3 1.0 7 <l 4 1.0 28 37 69 598
High (10 percent) 19.4 153 127 8.8 6.5 67 3.0 29 86 146 18.0 18.7 1029
Snoqualmie Falls
Low (90 percent) 3.1 29 35 1.1 1.0 8 ol 6 6 2.5 3.1 47 45.1
High (10 percent) 12.1 94 9.7 68 53 68 29 29 72 9.9 13.9 ns 753
WEST SLOPE CASCADES
Cedar Lake
Low (90 percent) 58 48 63 2.5 2.3 1.5 ) 1.2 1.7 4.6 58 9.0 800
High (10 percent) 18.9 16.4 17.4 12.2 10.8 9.7 4.4 56 12.7 167 222 20.0 133.0
Diable Dam
Low (90 percent) 3.1 29 31 1.4 7 o 2 2 ) 34 35 6.6 523
High (10 percent) 18.1 183 11.0 74 43 38 23 27 7.2 12.8 16.9 17.5 90.6
Longmire R.S
Low (90 percent) 4.5 35 4.2 1.8 1.8 7 Tr 5 1.0 2.6 3.9 74 57.5
High (10 percent) 16.9 12.8 13.1 78 7.4 6.9 34 4.5 7.9 144 19.4 18.6 103.9
Palmer 3SE
Low (90 percent) 4.2 3.6 4.9 3.0 23 1.1 2 1.2 21 4.6 37 8.3 716
High (10 percent) 14.5 14.7 16.0 1.6 9.4 10.5 49 47 10.6 156 19.0 19.1 123.2
SUMMIT CASCADES
Paradise R.S.
Low (90 percent) 6.7 28 37 3.2 1.6 7 Tr A 1.4 37 28 9.9 707
High (10 percent) 24.3 16.9 18.2 10.7 91 104 5.0 6.2 19.2 235 26.3 247 137.8
Snoqualmie Pass
Low (90 percent) 7.1 5.0 4.8 2.2 1.8 1.0 A 8 1.0 37 6.7 83 835
High (10 percent) 26.4 18.9 18.5 10.5 9.8 88 35 43 107 17.3 271 240 141.2
Stampede Pass
Low (90 percent) 4.5 59 53 1.9 1.7 2.0 3 7 1.4 28 6.3 7.2 631
High (10 percent) 22.3 16.6 15.0 9.7 7.8 70 37 4.4 10.5 154 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 Lowlands West slope C"u‘:':‘d:;-o'?‘fu:hpﬂ Olympics

Duration 2 yrs 5 yrs 10 yrs 25 yrs 50 yrs 2 yrs 5 yrs 10 yrs 25 yrs 50 yrs
30 minutes 0.4 04 06 0.6 0.7 0.5 06 0.8 09 1.0

1 hour 5 6 7 8 9 6 8 1.0 1.2 1.4
2 hours 7 8 1.0 1.2 1.5 1.0 1.2 1.5 18 20
3 hours 9 12 1.5 17 20 VS 18 20 25 3.0
6 hours 1.5 18 20 2.5 2.8 2.5 3.0 4.0 45 5.0
12 hours 20 25 3.0 3.2 35 35 4.5 55 6.0 70
24 hours 25 3.0 35 4.0 42 4.0 6.0 70 8.0 10.0
48 hours 30 4.0 45 5.0 55 6.0 75 8.0 9.5 10.5
96 hours 4.0 4.5 55 6.0 7.0 8.0 90 10.0 10.5 <15.0

Intensities nl-imar'di f;am W;;!h:r ic»oau Technical Papers Nos. 28, 40, and 49.




In Figures 6-9, the variability of annual precipi-
tation is shown for representative locations.

Table 1 shows average amounts of monthly
precipitation and Table 2 shows amounts that are
likely to occur 10 and 90% of the time on the
average. Table 2 shows for example, at Puyallup, the
total precipitation for July is on the average only a
trace in one summer out of 10; also, it exceeds 1.5
inches in one summer out of 10. Annual precipitation
is less than 27 inches in 1 year out of 10; also, it
exceeds 52 inches in 1 year out of 10.

The probability of receiving specific amounts of
precipitation in any 7-day period, based on weekly
totals from 1931-60, is given in Figures 10-13. As an
example, during the first week of March, the probabi-
lity of receiving 0.40 inch of precipitation is 28% at
Sequim, 64% at Puyallup, 81% at Sedro Woolley, and
93% at Cedar Lake.

Rainfall is usually of light to moderate intensity
and is continuous over a period of time rather than
heavy for brief intervals. Predicted rainfall intensities

and return periods for durations ranging from 30
minutes to 96 hours are given in Table 3.

Thunderstorms occur on 5 to 15 days each
year. The greater number are reported over the
mountains in summer; however, they have been
recorded in all localities throughout the year. Hail of
sufficient size of intensity to cause damage is rarely,
if ever, reported.

Most of the winter precipitation falls as rain at
slevations below 1,500 feet, as rain or snow between
1,500 and 2,500 feet, and as snow at the higher
elevations.

In the mountains, snow can be expected in
October, and it generally remains on the ground from
November until June or July. At altitudes above
8,000 feet, light snowfall in midsummer is not
unusual. Total winter snowfall ranges from 10 to 30
inches over the lowlands near the Sound, 75 to 100
inches in the foothills, and 300 to 500 inches in the
mountains. Average monthly and annual amounts are
given in Table 4.

TABLE 4.—Average monthly and annual snowfall, in inches

/STATION Jul Avg Sep Oct Nov

Dec

Jan Feb Mar Apr Total

PUGET SOUND LOWLANDS

Clearbrook
Coupeville 1S
Evereft

Grapeview

Monroe 2WSW
Olga 2SE
Olympia AP
Puyallup Exp. Sta.
Quilcene 2SW
Seattle-Tacoma AP
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FIGURE 6.- Departure of annual precipitation from normal, in inches, at Cedar Lake, 1903-65.
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FIGURE 7.—Departure of annual precipitation from normal, in inches, at Olympia, 1878-1965.
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FIGURE 8.—Departure of annual precipitation from normal, in inches, at Port Townsend, 1876-1965.
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The terrain and exposure of an area have a
decided influence on the accumulation of snow on
the ground. Maximum depths of accumulated snow
are 15 to 30 inches over the lowlands, 30 to 50 inches
in the valleys near the mountains and over the
foothills, 150 to 200 inches at 3,000 feet, and 200 to

300 inches above 4,500 feet. Average, maximum, and
minimum depths at selected locations are given in
Table 5. In the mountains, the density of the
snowpack increases from about 25% water in early
winter to 45% water in April.

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

e Nov Dec Jan Feb Mar Apr Ma Jun l
Station Depth Yo s T g Ui N s a5 A s 1 Tasl s 1 s
Mt Baker Average 6 26 40 59 96 109 124 140 153 164 174 168 143 116 82 45 16 4
4150 feet Maximum 24 55 140 168 190 167 234 223 276 281 298 285 264 237 216 174 120 65
Minimym 3 T 20 28 40 43 65 60 85 72 56 20 6 T

Greenwater Average 1 1 4 7 10 12 12 10 10 4 2

1708 feet Maximum 5 6 29 52 38 49 64 41 44 22 13

Longmire R.S. Average 1 3 5 8 18 23 28 33 3 32 27 14 6 1

2760 feet Maximum 11 14 26 55 74 85 66 108 78 89 66 56 52 24

Paradise R.S. Average 9 25 44 63 89 109 133 146 158 172 176 170 159 135 109 74 1

50 feet Maximum 54 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 81 66 68 49 22 T

Snoqualmie Average 2 9 19 30 54 68 82 93 97 98 95 80 61 34 9 2 T

Pass Maximum 24 23 B4 116 136 122 154 168 198 195 170 153 123 98 64 29 3

3020 feet Minimum 5 [ 15 35 a3 27 10 n T

Stampede Average 4 14 3 43 60 75 95 107 113 121 119 108 89 59 26 8

Pass Maximum 20 55 93 119 132 128 228 202 190 216 183 186 176 149 125 84 6

3958 feet Minimum T 10 14 1 25 53 48 45 47 37 n

Stevens Pass Average 6 16 3 42 63 74 87
4085 feet Moximum 35 47 67 64 117 140 152
Minimum 7 14 28 7 32

1001 102 113 106 97 71 50 22 5
166 196 200 192 170 141 126 92 59 15
57 54 47 24 17

TEMPERATURE AND HUMIDITY

During the warmest summer months, afternoon
temperatures over the San Juan Islands and along the
Sound are in the lower 70’s, increasing to the upper
70’s near the foothills, then decreasing into the 60’s
in the mountains. Temperatures reach 85°F to 90°F
on S to 15 days per year, and extremes of 95°F to
100°F have beeu recorded in most of the lower
valleys. The highest temperatures and lowest relative
humidity accompany dry easterly winds, which
seldom persist longer than 3 to § days. Minimum
temperatures during the summer are in the 50’s over
the lowlands and in the 40’s in the mountains. At

elevations above 5,000 feet, temperatures below
freezing are not unusual in midsummer.

In winter, afternoon temperatures over the
lowlands range from upper 30’s to mid40’s, and
minimums from upper 20’s to mid-30’s. Below
freezing temperatures are recorded on 30 to 90 nights
per year, depending on air drainage, distance from the
Sound, and altitude. Almost every winter, tempera-
tures ranging from 10°F to 20°F are observed on a
few nights, and below-zero readings have been re-
corded at many stations (Table 6).

TABLE 6.—Temperature averages and extremes, (°F), by months, at selected weather stations

AREA/STATION Jan Feb Mar Apr May Jun Jul Avg Sep Oct Nov Dec Annval

PUGET SOUND LOWLANDS

Clearbrook Av. Max. 41 46 52 59 66 n 76 76 n 61 49 44 59
Av. Min, 30 3 35 38 42 46 48 47 44 40 335 3 39
Highest 61 5 74 86 9 96 102 ” 94 84 69 62 102
Lowest -3 -1 9 1] 28 31 34 33 28 20 7 -3

Everett Av. Mox. 45 48 53 59 64 68 72 72 &7 60 51 47 59
Av. Min, 33 34 ¥ 40 45 50 52 52 48 44 38 3 42
Highest 72 69 76 80 88 98 93 92 88 83 73 &5 98
Lowest 1 7 10 26 29 k24 4 40 3 25 10 1




TABLE 6.—Continued

AREA/STATION Jan Feb Mar Apr May Jun Jul Avg Sep Oct Nov Dec Annval
Monroe Av. Max. 44 48 53 61 67 7 76 70 61 51 46 61
2WSW Av. Min, 32 34 36 40 45 49 52 52 48 43 37 35 42
Highest 72 73 77 85 92 96 101 94 84 72 66 101
Lowest -3 -2 13 24 29 34 33 39 3 23 5 1 -3
Olga 2SE Av. Max. 44 47 51 57 63 67 70 70 66 58 50 46 57
Av. Min. 34 35 37 40 44 47 49 49 48 44 39 36 42
Highest 65 65 68 76 83 92 89 87 76 60
Lowest -8 5 14 28 3N 37 40 42 37 26 10 14 -8
Olympia Av. Max. 45 50 54 62 69 73 80 79 73 62 52 48 62
AP Av. Min, 31 32 34 38 42 48 44 41 35 34 39
Highest 63 67 75 85 92 101 103 99 95 85 74 64 103
Lowest 0 -1 13 24 25 34 37 7 29 22 1 12 -1
Puyallup Av. Max. 46 50 54 62 69 72 78 78 72 62 52 48 62
Exp. Sta. Av. Min. 31 3 as 38 43 47 49 49 46 42 36 34
Highest 66 69 75 87 90 101 99 99 92 82 72 66 101
Lowest 3 1 12 22 25 38 33 30 22 0 7
Sedro Av. Max. 44 49 53 61 (.74 70 75 75 69 61 51 46 60
Woolley Av. Min. 32 33 36 40 44 49 50 50 47 43 37 34 41
Highest 67 69 75 82 96 94 91 83 n 74 96
Lowest 2 1 8 25 29 34 37 36 3 20 3 4
Sequim Av. Max. 45 48 51 58 64 67 72 72 68 60 51 47 59
Av. Min, 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 15 20 27 30 37 38 31 21 10 -3
Shelton Av. Mox. 45 49 53 61 68 72 78 77 72 62 51 47 61
Av. Min. 32 3 as 38 43 48 51 51 47 42 36 35 41
Highest 68 n 76 89 95 102 104 98 99 85 69 104
Lowest -2 o 17 22 25 32 36 34 32 22 5 [ -2
CASCADE & OLYMPIC FOOTHILLS
Buckley INE Av. Max. 44 48 52 59 66 70 76 75 70 59 46 60
Av. Min, 32 33 35 39 43 47 50 47 42 37 35 41
Highest 70 69 76 84 88 96 102 98 95 87 68 65 102
Lowest -3 1 10 26 30 37 7 38 Kk 24 2 8 -3
Cushman Av. Max. 44 47 52 60 67 72 78 78 72 62 51 46 61
Dam Av. Min. 31 32 34 38 44 48 51 51 49 43 37 34 41
Highest a5 71 76 90 93 100 104 144 96 8y 75 60 104
Lowest -2 4 15 24 29 36 41 34 27 8 13 -2
Darrington  Av. Max. 4! 46 51 61 68 71 78 77 7 61 49 43 60
RS. Av. Min. 29 30 32 37 42 47 49 49 46 40 33 31 39
Highest 74 70 78 L4l 100 102 104 105 102 90 77 63 105
Lowest -14 -1 o 20 25 3N 34 Rk 19 -4 ] -14
WEST SLOPE CASCADES
Cedar Lake Av. Max. 39 43 47 55 61 65 72 71 66 57 47 42 55
Av. Min. 30 3N ] 37 42 46 50 47 42 k] 40
Highest 61 64 74 86 (4l 95 98 94 86 73 60 98
Lowest -11 ] 8 25 28 35 7 35 N 20 10 -n
Diablo Dam Av. Max. 37 42 48 57 66 70 78 77 7 45 40 57
Av. Min. 27 29 32 37 4 48 52 52 48 41 34 N 40
Highest 62 60 73 85 94 99 106 100 100 65 57 106
Lowest -8 -10 3 24 29 35 7 35 21 5 8 -10
Greenwoter Av. Max. 35 40 45 3 81 &5 73 72 24 55 42 k4 54
Av. Min, 26 29 N 35 40 45 48 48 43 k1 32 29 37
Highest 359 64 n 84 14 92 102 97 91 83 65 64 102
Lowest -8 -5 3 26 25 30 32 33 29 24 3 1 -8
Longmire R.S. Av. Max. 36 40 4“4 53 62 ] 75 74 69 59 45 39 55
Av. Min. 24 26 28 32 7 42 47 47 44 38 3 28 35
Highest 60<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>