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WATER RESOURCES OF INDUSTRIAL AREAS

WATER RESOURCES OF THE TACOMA AREA,
WASHINGTON

By W. C. Grrrrin, J. E. Sceva, H. A. Swensoxn, and M. J. MUNDORFF

ABSTRACT

The Green, Puyallup, and NisqualIy Rivers in the Tacoma area assnure an
ample supply of water, greatly in excess of that used at present. On the
average, about 4,100 mgd (million gallons per day) flows into Puget Sound
from surface streams draining the area. The potential ground-water recharge
from precipitation is estimated at not less than 550 mgd, of which p-~rhaps
as much as one-half to two-thirds feasibly could be recovered if the effects on
water levels and streamflow could be tolerated. In 1955 the total water with-
drawn, both surface and ground water, was about 140 mgd, or less than 3
percent of the total supply.

Flows of most of the streams in the area are sustained by summer snowmelt
at the headwaters or by ground-water inflow, and even during low-flow periods
the quantity of surface water available is adequate for many uses. Low flows
could be augmented by additional storage. After construction of the Eagle
Gorge Dam on the Green River, operation of its reservoir will more than double
the dependable low-flow supply at the Tacoma municipal system's head-vorks.

Ground water in the Tacoma area is largely controlled by the geology and
topography of the area. The unconsolidated glacial drift and alluviur that
underlie the area contain acquifers of high porosity and permeability and yield
extremely large amounts of water, as much as 14 mgd from a single well.

The sand and gravel acquifers are discontinuous and occur as lenses, and
therefore the quantity of water available differs greatly from place to place.
The outwash sand and gravel deposits of the Vashon glaciation incluie the
best aquifers in the area. These deposits generally extend not more than 200
to 300 feet below the land surface. Older sand and gravel aquifers lie at
depths as great as 2,000 feet. Their permeability generally is much lesy than
the permeability of the outwash sand and gravel of the Vashon glaciation:
but, because of the large drawdown potentially available, greater amounts of
water can be obtained from these older aquifers than would otherwise be
expected. *

The total quantity of ground water available is limited only by the recharge,
which under current conditions comes almost entirely from precipitatio~, and
by practical considerations of drilling and pumping. Opportunity for re~harge
on the gravel plains is excellent, and a rough estimate of average anunal re-
charge from the 35 to 45 inches of precipitation is 1 mgd per square mile, or

B-1



B-2 WATER RESOURCES OF INDUSTRIAL AREAS

a total of 550 mgd for the 550 square miles included in tle area. Though
probably not more than one-half to two-thirds of this amouvnt -could ever be
recovered economically, the amount available is several timex the present use
of ground water, which is approximately 50 mgd. Also, induced infiltration
from streams to nearby wells could increase the recharge greatly, though sur-
face-water rights would have to be considered.

Streams heading in the Cascade Range yield soft waters of low dissolved-
solid content. The maximum concentration of dissolved solids in 39 samples
from 12 streams was only 99 ppm (parts per million). The hardness of surface
supplies on the basis of these 39 samples did not exceed 51 ppm. Streams of
glacial origin are turbid and at times transport large loads of suspended sedi-
ment. Use of these streams would require extended treatment for clarifying
the water. Nonglacial streams transport small to moderate sediment loads
during periods of storm runoff but are practically clear most of the year.
Most ground-water supplies have low concentrations of dissolved solids and
generally meet quality-of-water standards for domestic, industrial, and irriga-
tion uses. Some wells, however, notably in the Puyallup River valley, yield
water in which the concentration of iron is objectionabile.

Public-supply systems served more than 290,000 people in 1955, and the use
of water averaged 70.1 mgd. Wells and springs supplied about 30 percent of
this output and almost 50 percent of the total population. The Green River
gravity system, the primary source of water for the city of Tacoma, provides
about 52 mgd. This system can deliver a continuous flow of 73 mgd to McMillin
Reservoir. A peak capacity equivalent to a rate of 105 mgd 1 as been recorded
for short intervals for the flow between the reservoir and the city. Tacoma’s
auxiliary well supply has a eapacity of 62.2 mgd. About 10 percent of the
city’s annual supply is derived from wells. The municip?l water system
supplies water of excellent quality. About one-third of Tacoma's daily water
output is delivered to domestic consumers and two-thirds to industry, com-
merical establishments, water districts, municipal parks and buildings, and
similar users.

INTRODUCTION

The demand for water has increased rapidly during the last few
decades and is certain to continue to increase in the future, especially
in areas of industrial expansion and centers of growing population.
A knowledge of the occurrence, quantity, and quality of the water
resources that can be utilized is essential if these demands are to be
met. This investigation answers such questions as: What are the
sources of water; what quantities of water are available, especially
during a drought; what is their chemical and physicel quality ; how
much is already being used; what is the effect of use on the quantity
and quality; and what are the magnitudes and frequencies of floods?

In addition to answering these questions, this report summarizes
and interprets information on the availability and quality of the
water resources in suitable form for use in the early stages of plan-
ning utilizationi. However, additional information, usually requir-
ing additional investigations, may be necessary for the design of
specific water-supply facilities.
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Information on the water resources of the Tacoma area has been
collected in cooperation with local and State agencies since 1909.

The area of investigation covers approximately 550 square miles
that includes the city of Tacoma, northwestern Pierce County, and a
small part of southwestern King County (pl. 1). The Green River
now serves as a source of municipal water supply. Other s‘reams
outside the Tacoma area are also possible sources of water. Therefore,
some information on flow, sediment, and chemical quality of the
Green, White, Carbon, Puyallup, and Nisqually Rivers, which drain
nearly 2,000 square miles east and south of Tacoma, has been included
in this report.

The availability and quantity of water vary widely throughout the
Tacoma area. To increase the utility of the report and to simplify
description of the water supply, the 550-square-mile Tacoma area
has been divided into subareas: the Tacoma Upland, the Puyallup
River Valley, the Buckley Upland, the Northeast Tacoma Upland,
and the Nisqually River Valley (pl. 2).

Many abbreviations and hydrologic terms used throughout sre de-
fined at the end of the report.

PHYSICAL ENVIRONMENT

The water resources of any area must be considered in relation to
the physical environment. Not only do the geology, topography, and
climate directly affect the amount, distribution, and quality of sur-
face and ground water available, but these same factors also affect the
utilization of the water for industrial, agricultural, and dowestic

supplies.
TOPOGRAPHY

The Tacoma area and the surface drainage basins to the east and
south discussed in this report lie across two physiographic provinces.
The eastern part is within the Northern Cascade Mountains section of
the Sierra-Cascade Mountains province, and the western part is within
the Puget Trough section of the Pacific Border province. The Cas-
cades form a north-south-trending glaciated mountain range that
contains many peaks rising to heights of 5,000 to 7,000 feet. Ifount
Rainier, 14,410 feet in altitude, in the extreme southeastern part of
the total area described herein, rises majestically above the surround-
ing peaks.

The Puget Trough section, which includes the Tacoma metropolitan
area, is, in general, a broad plain that extends from the Cascade I Toun-
tains on the east to the Olympic Mountains on the west. This plain,
known locally as the Puget Lowland, is only 200 to 700 feet in altitude.

1603761 0—62——2
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The plain is transected by many steep-walled alluviated and marine
embayments which divide it into isolated remnants or uplands. The
uplands range in size from a few square miles to s»veral hundred
square miles. Part of the city of Tacoma occupies the northern end of
one of the larger uplands in the Puget Trough.

DRAINAGE

The five major streams described in this report head in the Cascade
Mountains and drain into Puget Sound (pl. 1). From north to
south they are the Green, White, Carbon, Puyallup, and Nisqually
Rivers. The Green River heads in the mountains rorth of Mount
Rainier, and the other four rivers have as their source glaciers on the
slopes of Mount Rainier. The White River formerly separated into
two channels about 3 miles southeast of Auburn to form (a) the
Stuck River which flowed south to its confluence with the Puyallup
River at Sumner, and (b) the White River which flowed north to its
junction with the Green River at Auburn and continued north to join
the Black River near Renton and form the Duwamish River. Many
years ago the White River was diked at the Stuck River distributary,
so that all flow remained in the Stuck River; thus, tl> White River
became the Stuck River at that point. The old White River channel
between the Stuck and Green Rivers was abandoned and that between
the Green and Duwamish Rivers became the Green River. After
entering the Puget Lowland, the Green River now flows north through
the broad alluviated valley and becomes the Duwamish River, which
terminates at Elliott Bay in Seattle. In 1960 the Stuck River was
renamed White River (U.S. Board on Geographic “"ames, August
1960) ; so the White River now terininates at the Fayallup River,
which flows down the broad valley that ends at Commencement Bay
in Tacoma. The Carbon River also empties into the Puyallup River.
Throughout this report the name Stuck River is used to designate the
lower reaches of the White River because this is the name most
familiar to residents of the Tacoma area. The Nisqually River,
which forms the southern boundary of Pierce County, discharges into
Puget Sound at Nisqually Reach. Many small streams that have
partially dissected the isolated uplands of the Puget Trough flow off
the uplands and join the major trunk streams or discharge directly
into Puget Sound.

SUMMARY OF GEOLOGY

The overall area of this report encompasses two distinetly different.
geologic terranes. The eastern part, which lies within the Northern
Cascade Mountains section of the Sierra-Cascade Mountains province,
is underlain by volcanic, metamorphic, and consolidated sedimentary
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rocks. These rocks have been folded, faulted, uplifted, and ercded to
form the rugged Cascade Mountains. Mount Rainier, in the south-
eastern part, is a large volcanic cone that formed on top of this moun-
tainous terrane.

The western part, in the Puget Lowland, is underlain by a great
thickness of semiconsolidated and unconsolidated materials that partly
fill the large north-south structural basin known as the Puget. T~ough.
These materials include clay, silt, sand, gravel, glacial till (boulder
clay), and thin strata of peat, and they extend in some places to
depths exceeding 2,000 feet. They were deposited in lakes, or by
streams, during Recent, Pleistocene, and late Tertiary time. The
Pleistocene deposits consist largely of glacial drift laid down from
the Vashon Glacier that occupied the area late in the ice age. Indi-
vidual strata generally show marked changes in lithology; a clay
stratum may grade laterally into a sand stratum, and a sand stratum
may grade into gravel. These changes in lithology make strati-
graphic correlation difficult and uncertain.

The water-bearing characteristics of the rock materials in the two
geologic terranes are entirely different. The rocks that form the
Cascade Mountains, with the possible exception of some of the lavas
of Mount Rainier, have low porosity and permeability and sbsorb
little precipitation. However, the thin layer of weathered rock, slope-
wash, and talus that mantles the mountains is both porous and perme-
able. This mantle absorbs part of the precipitation and disclarges
it by evaporation, transpiration, and spring flow.

The rock materials underlying the western part of the aree vary
rather widely in degree of permeability—from high in the strata of
coarse sand, or sand and gravel, to low in the strata of clay, silt, fine

sand, and till.
CLIMATE

The climate around the city of Tacoma is moderated by the nearby
Pacific Ocean to the extent that winter tempertures in the Puget
Sound lowland are usually above freezing and summer temperatures
usually remain below 80°F. Precipitation is heavy during the winter
and light in the summer. According to Thornthwaite (1931), the
climate of most of the Puget Lowland would be classed as humid and
the mountainous region would be classed as wet. However, precipi-
tation in the summer is often so light that the climate of both regions
for this season may be comparable to that of a subhumid or semiarid
region.

The city of Tacoma and its immediate surroundings receive on an
average less than 40 inches of precipitation per year, according to the
records of the U.S. Weather Bureau. The average for the period of
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record, 1878-1955, is 38.65 inches and the normal, 1921-50, is 35.20
inches per year. An inspection of figure 1, an isohyetal map of an-
nual average precipitation, indicates that appreciably more precipita-
tion falls on the mountainous area to the east and that locally it may
total more than 100 inches per year.
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FicUurRe 1.—Isohyetal map of average annual precipitation, in incher (data from U.S.
Weather Bureau).

Figures 2 and 3 show the monthly precipitation at Tacoma and
Longmire. The average July and August precipitation in the low-
lands, as represented by Tacoma, corresponds closely with that in the
mountains, as represented by Longmire. However, the average
winter precipitation in the mountains greatly exceeds that in the low-
lands. The monthly maximums and minimums were plotted to in-
dicate the recorded ranges in precipitation at these two stations.

A large part of the winter precipitation in the mountains is snow,
but most of that in the lowlands is rain. Consequently, much of the
runoff from the mountains is delayed until the snowpack melts
during spring months, whereas periods of maximum runoff in the
lowlands correspond closely to periods of maximum precipitation.

The amount of precipitation at any location within the area varies
greatly from year to year. The annual precipitation at Tacoma for
the period of record beginning in 1878 is shown in figure 4. This
figure shows that below-average precipation was recorded for as long
as 9 consecutive years (1922-30), and above-average precipitation was
recorded for 6 consecutive years (1899-1904). Such long periods of
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FIGURE 2.—Average, maximum, and minimum monthly precipitation recorded at Tacoma
(data from U.S. Weather Bureau).

above- or below-average precipitation result in large changes in the
supply of surface and ground water.

Temperatures are an important factor in the hydrologic regimen,
for they determine whether precipitation will occur as snow or rain
and therefore affect the outflow characteristics of a drainage basin.
Temperatures are also an important factor in evaporation and trans-
piration; consequently, the water loss from a drainage area is a func-
tion of temperature.

The city of Tacoma has a typical marine climate with mild winters
and warm, but not hot, ssmmers. The highest temperatures occur
during July and August and the lowest during December and Janu-
ary, as indicated in figure 5.

The amount of evaporation is largely dep>ndent upon the tempera-
ture. In the Tacoma area the period of maximum evaporation po-
tential coincides with the period of minimum precipitation. This
relation (fig. 6) results in a much smaller water loss by evaporation
than would result if the period of maximum evaporation potential
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FIGURE 6.—Average precipitation at Tacoma compared to average evaporation at Seattle
(evaporation measured in standard Weather Bureau pan; data from U.S. Weather
Bureau).

coincided with the period of highest precipitation, or if precipitation
were distributed more evenly throughout the year.

The out-of-phase relation of maximum precipitation to evaporation
results in a greater runoff and a much greater recharge to aquifers
than would otherwise occur. However, because the precipitation
during the period of maximum evaporation potential (which is also
the growing season) is small, there is need for supplemental irriga-
tion—a need which is unusual in most areas receiving 38 to 50 inches
of precipitation a year. Furthermore, the need for ‘irrigation of
lawns and gardens during the period of low precipitation results in
additional loads on municipal water systems.

CULTURAL ENVIRONMENT

Utilization of water in the Tacoma area is closely related to the
size and growth trends of communities, the size and kinds of in-
dustries, and to the types of agricultural enterprises. A brief review
of these factors will aid in understanding present water use and in
evaluating potential future water use.

POPULATION

The first permanent settlement in the Tacoma area, other than
Indian villages was Nisqually House, established more than 100
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years ago by the Hudson's Bay Co. on the bluff overlooking Nis-
qually Bay. Since that time, the Tacoma area has had a continuous
increase in population. '

By 1860 the population of what is now Pierce County had grown
to 1,115. In 1869 the first townsite plat was filed for the arsa now
known as the Oldtown section of Tacoma. When the Northern
Pacific Railway was completed across the Cascade Mountains at
Stampede Pass in 1884, a tremendous influx of settlers increased the
population from 3,319 in 1880 to 50,940 in 1890. The building of
other transcontinental railroads in the early 1900’s caused further
large increases in population. By 1940 the population of Pierce
County had grown to 182,081. With the industrial expansion during
World War II the County had another large increase in population,
which reached 275,876 by 1950. The estimated population at the
end of 1955 was about 300,000.

INDUSTRY

The Tacoma area supports a wide variety of industries, though the
processing of forest products predominates in the industrial economy.
Table 1 shows the number of manufacturing plants of various types
in Pierce County; most of these industries are in the Tacoma metro-
politan area.

TABLE 1.—Manufacturing plants in Pierce County, 1955

[Data from Washington Employment Security Department. Statistics are for the
second quarter of the year]

Type Estab- | Persons
lishments|employed
Apparel and other fabricated produets.________________________ 11 544
Chemicals and allied products__________________.__. 26 921

Electrical machinery, equipment, and supplies_._--
Fabricated metal produets_ ... _________________. 26 457

Food and kindred products. 60 2, 609
Furniture and fixtures_.._.____________ 32 1,240
Logging, lumber, and wood produets.. 174 5,862
Machinery (except electrical) ._________ 21 387
Other durable goods manufacturing. . .__ 29 345
Other nondurable goods manufacturing. . 5 27
Printing, publishing, and allied industries. 38 734
Professional and scientific instruments._ 4 16
Pulp, paper, and allied products 8 1,359
Smelting, refining, casting.___ 11 1,961
Stone, clay, and glass produ 13 151
Transportation equipment. ___ 22 644

B 7 ) S 487 17,354

Many of these industries, especially the paper, chemical, ard pri-
mary metals industries, require large quantities of water. The St.
Regis Paper Co. alone used an average of 20.1 mgd (million gallons
per day) in 1955.

603761 0—62——3,
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AGRICULTURE

Agriculture, consisting principally of dairying and the cultivation
of berries, vegetables, and bulbs, ranks high in the economy of the
Tacoma area. The Puyallup River valley produces more raspberries,
blackberries, and daffodil bulbs than any other section of the State.

In 1950 the total farm land in Pierce County, according to the
U.S. Census of Agriculture, was 165,932 acres. Census data show that
small farms are becoming fewer and that the average size of a farm
is increasing. The larger size of farms and the increased intensity
of cultivation practiced in recent years have resulted in a greater
use of irrigation within the area.

NATURAL RESOURCES

Other than water, the most valuable resource of the Tacoma area
is its forests. The harvest of fir, hemlock, and cedar furnishes a
wide variety of forest-product manufacturing and sales, including
lumber, plywood, poles, shingles, pulp, paper, and Christmas trees.
An abundant supply of alder supports a large furniture-manufactur-
ing industry In 1952, 233 million board feet of timber was har-
vested in Pierce C'ounty.

The production of sand and gravel is the most important mining
industry in the area, and the deposits are very extensive. Some coal
of Eocene age is produced from mines along the foothills of the
Cascades, but production has dropped appreciably in the last few
decades.

Salmon and other fish in Puget Sound sustain a fairly large sport
and commercial fishery.

OCCURRENCE OF WATER

Precipitation is the source of all fresh water supplies. Of the
precipitation that reaches the ground, part evaporates, part infiltrates
the soil and rocks, and part runs off directly to the streams. The
infiltration and runoff are delayed if the water is held at the surface
as snow or glacial ice. A small amount of the water that infiltrates
the ground is evaporated directly from the soil; a larger amount
is held by capillary forces until it is returned to the atmosphere by
plant transpiration, and the remainder percolates dovnward to the
water table. The water that reaches the ground-water bodies moves
slowly under the influence of gravity toward points o areas of dis-
charge. Ground-water discharge occurs naturally by evapotranspira-
tion or by flow through seeps and springs, which may be either at
the land surface or below the surfaces of streams and lakes or of
Puget Sound. The circulation of water from atmosphere to earth
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and back to the atmosphere is called the hydrologic cycle. The cycle
usually is complex and is controlled by such factors as climate,
topography, and geology.

Locally, the hydrologic cycle is greatly influenced by the presence
of Mount Rainier. This mountain intercepts moisture-laden pre-
vailing winds with the result that precipitation amounting to more
than 100 inches annually falls at higher altitudes along the western
face of the mountain. Much of this precipitation is in the form of
snow, which may be held for several months (or where in the form of
glaciers, for many years) before melting to augment the streamflow
or the ground-water supply. Thus, the hydrologic cycle is further
complicated in this area by the fact that the glacier-melt runoff rep-
resents the release of precipitation stored in prior years, whersas the
growth of glaciers represents the impoundment of current precipita-
tion. !

Streamflow is highly variable; it varies greatly not only from day
to day, but from year to year, as shown in figure 7. The magmtude
and frequency of floods and low flows, the storage required to main-
tain a given flow, and the maximum time that the discharge will be
less than a given flow are characteristics of a stream that must be
evaluated before the resource can be developecP efficiently. These
characteristics are illustrated in this report by duration curves, low-
flow frequency curves, curves showing maximum period of deficient
discharge, draft-storage curves, hydrographs of daily or annuzl flow,
and flood-frequency curves. !

Flow characteristics for different areas may appear to be disrimilar
because records for different years were used in comparison. Other
records may be dissimilar because of different hydrologic conditions
in the drainage basins. In order that flow characteristics for different
areas may be compared, the curves should represient the same period
of time, so that the meteorological trends influencing one record may
be reflected in the other record also. Where records do not represent
the same length of time, those for the shorter period can be adju-ted to
those for the longer period. Such adjustments were made in this
report in the construction of duration curves for selected gaging
stations; a 25-year period (water was used.

By means of a regional study, adjustments to a| base period
(April 1, 1930 to March 31, 1954) were made in \the tabulations and
curves showmg the magnltude and frequency of annual low flows
(see p. 33). Tables giving storage requirements are for the entire
period for which records were collected.

Gaging-station records for the major rivers and their tributaries
and for other smaller streams in the study area were collected at the
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places shown on plate 1. A few gaging-station records were started
early in the present century. All the larger streams have been gaged
at one or more sites for a period of at least sufficient length to include
periods of major floods and droughts.

Of the water that infiltrates the soil, part is retained by cepillary
forces, and the rest continues to move downward by the force of
gravity until it reaches the water table, the upper surface of the zone
in which the rocks are saturated with water. At places a stratum
of hardpan or clay may impede the downward percolation of water
and cause it to collect in a zone of saturation above the regional water
table. This zone of saturation may be a perched or semiperched
water body, depending upon local conditions. The rate at which
water will infiltrate the ground and recharge the aquifers is governed
by the character of both the surface and the subsurface meterials.
The lateral flow of water through the aquifers—from areas of higher
hydrostatic head to areas of lower hydrostatic head—is largely deter-
mined by the amount of this difference in head and by the thickness,
permeability, and areal extent of the aquifers. These characteristics
also largely determine the yield that can be obtained from wells.

Where the aquifer is confined beneath some relatively impermeable
stratum, the elevation of the piezometric surface (the height to which
water will rise in a cased well) may be considerably different from
that of the water table. Wells tapping confined aquifers are called
artesian wells, and if the piezometric surface happens to be above the
land surface such wells will flow.

In this report the discussion of aquifers is restricted to those in
that part of the Tacoma area lymg within the Puget Lowland. Here
the aquifers are permeable strata in unconsohdated and semiconsoli-
dated glacial and alluvial deposits. The permeability of the bedrock
underlying these deposits is probably low. As this bedrock lies at
great depth under most of the lowland, it will not be considered
further. In the Tacoma area there are five rock units which contain
aquifers or serve as aquifers. These are (a) Recent alluvium, (b) till
of the Vashon glaciation, (c¢) outwash of the Vashon glaciation, both
above and below the till, (d) pre-Vashon unconsolidated deposits of
Pleistocene age, and (e) older semiconsolidated sedimentary deposits.
The character and water-bearing properties of these units are described
in outline form in table 12 (p. 82). Their areal extent is shown on
plate 2 except for (b), which is not shown because the water-lwaring
units in it are small and scattered.

Natural waters contain dissolved salts and gases and may retain
significant amounts of sediment in suspension. The kinds of rocks
in contact with the water and the rate of flow determine to a large
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extent the quality of the water. The ranges in the concentration of
dissolved materials will usually be much wider for surface waters
than for ground waters; however, the concentrations in ground waters
will generally average higher than those in streams. The sedimenta-
tion and turbidity problem in this area is most noticeable in the glacial
streams, which at times transport large quantities of sediment.
Streams of nonglacial origin are almost sediment free except during
periods of high discharge. The quality of the water is a factor that
must be taken into consideration in the economic evaluation of both
surface- and ground-water supplies.

TACOMA UPLAND

The broad Tacoma Upland is bordered by the Puyallup River
Valley on the north and northeast, Puget Sound on the west, the
Nisqually River Valley on the southwest, and the Ohop Valley on the
southeast. The part of the upland within the Tacoma area is shown
on plate 2. Tt is, in general, a flat-topped upland that slopes gently
northwestward.

Most of the city of Tacoma, several small towns, and many rural
residential districts are located in the northern half of the upland.
The Fort Lewis Military Reservation occupies most of the western
part. The southeastern part is largely unsettled, although it does
support some agriculture.

Water supplies for most of the Tacoma Upland are obtained lo-
cally from wells and springs tapping outwash sand and gravel de-
posits and the underlying pre-Vashon unconsolidated deposits, and
from the small streams draining the area. However, sbstantial ad-
ditional quantities are imported from the Green River by the city
of Tacoma. Although there are no large streams in the Tacoma Up-
land, the Nisqually and Puyallup Rivers as well as the waters of
Puget Sound are available as sources of water for the srea.

The principal uses of water withdrawn in the upland are for public
water-supply systems and institutional supplies; however, the amount
used for irrigation is increasing. As most industries are in the val-
leys, the quantity of water used by industry in the upland is small
compared with that used for other purposes.

There is considerable interchange bet ween surface and ground water
on the Tacoma Upland. Many of the small lakes and ponds are fed
by ground-water discharge from semiperched or perched aquifers.
Downward percolation from the ponds and from semiperched and
perched aquifers recharges the underlying zone of scturation. In
the western part of the upland, water-table aquifers in the upper part
of the main zone of saturation discharge into American, Gravelly, and
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Ficure 13.—Hydrographs of wells typical of perched, water-table, and confined acuifers in
the Tacoma Upland.

Water from 3 wells ranging in depth from 125 to 151 feet (fig. 10)
is typical in chemical quality of that obtained from outwash deposits
of Vashon age. A chemical analysis of typical water from one of
these wells (&, pl. 3) is given in the following tabulation (date of
sampling, April 21, 1952) :

Parts per Parts per

million million
Silica (SiQ2) o __ 31 Chloride (Cl) oo 5.3
Iron (Fe) oo ___ .11 Fluoride (F) oo .1
Caleium (Ca) o 8.8 Nitrate (NOs) oo 4.3
Magnesium (Mg)_———________ 8.0 Dissolved solids_ . _______ 100
Sodium (Na) oo __ 5.5 Hardness as CaCOs - _______ 55
Potassium (K) . _______ 1.2 pH value___ . ________ 7.3
Bicarbonate (HCOs) —_——_.__ 54 Color units___.——_ - 3
Sulfate (SOs) oo 11

Many wells in the pre-Vashon unconsolidated deposits of the
Tacoma Upland yield water of remarkably constant chemical com-
position. Well .Y (pl. 3), 1,008 feet deep, yielded water in which the
concentration of dissolved solids in samples taken in 1947, 1951, and
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1954, ranged from 101 to 108 ppm. Analyses of water from this well
are listed in table 3. .

TABLE 3.—Caemposition of water from well (X, pl. 3) 1,008 feet
deep, tapping the pre-Vashon unconsolidated deposits in the
Tacoma Upland

[Analytical results in parts per million except as indicated)

Year sample collected
Composition of water
1947 1951 1954

Siliea (S102) - oo 53 48 48
Iron (Fe)__.__ .06 .07 .10
Calcium (Ca) 7.8 7.8 9.0
Magnesium (M 5.2 5.0 5.3
Sodium (Na). 9.1 7.2 6.3
Potassium (K. 9.1 5.3 2.7
Bicarbonate (HCOs3) 66 68 66
Carbonate (CO3)___ 0 0 0
Sulfate (804 . ____ 2.6 3.1 4.0
Chloride (CD ... 2.3 2.4 2.4
Fluoride (F).__ .2 .1 .2
Nitrate (NO3)__ .0 2 .0
Dissolved solids:

Residue on evaporation at 180°C _._____.__________ 108 104 101

Sumeo oo . - 113 113 110
Hardness, as CaCOs. 41 40 44

Noncarbonate_ - 0 0 0
Specific conductan 112 113 117
pH 7.7 7.7 7.3

CHAMBERS CREEK

Chambers Creek, one of the small streams draining the Tacoma
Upland, carries the outflow from Steilacoom Lake to Puget Sound,
a distance of about 4 miles. The flow of the Creek is measured about
114 miles dowhstream from Steilacéom Lake outlet and a quarter of a
mile downstream from Leach Creek (station 17, pl. 1); it is partly
regulated by gates at the outlet of Steilacoom Lake. There are some
diversions above the gage. Additional descriptive information for
the gaging station is given in table 13.

The average flow of the creek during the period of record, water
years 19380 and 194454, was 72 mgd (112 cfs). Tle lowest daily
flow during the same period was 20 mgd (31 cfs). Flow-duration
data for the period of record are given in figure 16. (See also table 1.)
The relatively flat slope of the curve indicates less variability in the
partly regulated daily flow of Chambers Creek than in most streams.
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The water of Chambers Creek is soft, low in dissolved solids, and
of excellent chemical quality. Two samples collected from the creek
at high and low stages show that the water contains a slightly higher
concentration of mineral substance in the summer when the flow is
low, although the difference is negligible. About 20 percent of the
residue on evaporation is silica, a principal constituent of waters in
the region. Water in Chambers Creek is practically sediment free.
In nine samples for which data are reported in table 18, concentra-
tions of suspended sediment ranged from 4 to 10 ppm. On some
days the stream transported less than 1 ton of suspended sediment.
The quality of water in Chambers Creek is similar to that in Steila-
coom Lake, modified only by inflow from Leach Creek. Chambers
Creek apparently presents no major pollution problem.

KAPOWSIN CREEK

Kapowsin Creek rises in Kapowsin Lake and flows northward about
3 miles to enter the Puyallup River. The city of Tacoma has plans
under consideration for the use of Kapowsin Lake to increase the
city water supply. A dam would be built at the lake outlet to in-
crease the storage capacity, and water would be diverted into the
lake from the Puyallup River from a point below the tailrace of the
Puget Sound Power and Light Co.’s Electron powerplant.

The flow of Kapowsin Creek is measured half a mile downstream
from the lake (station 20, pl. 1). Descriptive information for the
gaging stations is given in table 13. The average flow during the
period of record, water years 1928-32 and 1942-54, was 31.3 mgd (48.5
cfs). The lowest daily flow in each year of record is given in table 14.

The flow of Kapowsin Creek shows a rather large variation for a
stream draining a lake, not only from year to year as shown in figure
12, but also from day to day as shown in plate . Two flow-duration
curves for Kapowsin Creek are shown in figure 11. One is for water
years 1942-54, and the other is adjusted to water years 1930-51 by
correlation with the flow of Greenwater River at Greenwater (see also
table 4).

The recurrence intervals of low flows given in table 5 may be useful
in many problems concerned with the design of water-use projects.
Assuming that the flow during the period April 1, 1939, to March 31,
1954, was typical, the same recurrent intervals may be expected. For
example, suppose that a flow of 0.9 mgd (1.4 cfs) is required for a
water supply. Table 6 shows that the mean flow for 7 days may be
expected to be as low as 0.9 mgd at average intervals cf 3 years. Be-
cause 3 years is the average frequency of occurrence, the chances are
11in 3 that the flow will be lower in a particular year.
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TABLE 5.—-Magnitude and frequency of annual low flow at selected gaging
stations

[Result of a regional analysis of streamflow for the period April 1,1930, to March 31,194]

(Con- |Lowest flow, in million gallons per day, for the irdicated re-
secu- currence intervals, in years
Station Stream and location tive
(pl. 1 days
2 3 5 10 15 25 50
20 | Kapowsin Creek near Ka- 1 1.10 0.81 0.61 0.44 0.36 0.29 0.21
powsin. 7 1.22 90 .68 .48 .40 32 24
30 1.92 1.39 1.00 .69 .57 45 34
60 2.60 1.90 1. 40 .96 80 €2 46
90 3.60 2. 60 1. 90 1.27 1.03 &1 60
21 | Puyallup River near Ort- 1127 108 89 70 60 48 36
ing. 7 | 144 124 105 81 69 57 41
30 | 175 153 131 107 93 69 68
60 | 212 189 163 134 119 100 79
90 | 243 220 193 162 144 126 103
22 | Carbon River near Fairfax . 1] 68 58 50 40 36 31 25
7 75 64 54 43 39 33 27
30 9 80 68 55 49 49 35
60 | 117 83 69 61 52 43
90 | 136 116 100 82 73 63 53
24 | South Prairie Creek at 1| 20 18 17 16 15 14 13
South Prairie. 710 20 19 18 16 16 15 13
30 24 22 20 18 17 16 15
60 28 24 22 20 19 17 16
90 | 34 28 24 21 20 19 17
31 | White River near Buckley - | P R IS I PR S FS,
7 | 230 190 160 130 120 100 83
30 | 290 250 200 170 150 130 103
60 | 380 320 270 210 190 160 130
90 | 460 390 320 260 230 200 170
37 | Puyallup River at Puyal- | S P SRS RSN RN S R P,
lup. 7 | 690 600 530 450 410 360 310
30 | 820 730 640 540 490 440 370
60 | 980 880 780 660 590 520 440
90 |1090 990 880 740 680 600 520
47 | Green River near Palmer.__ 1] 76 70 66 60 57 54 50
7 78 72 68 62 59 56 52
30 89 80 74 68 65 62 57
60 | 101 91 82 74 71 67 63
90 | 129 105 92 82 76 71 66

Storage quantities that would have been required to meintain
specific rates of outflow during the period of record by supplementing
critical low-flow rates are given in table 6. Values of storage given
in the table are net requirements exclusive of evaporation, dead stor-
age, and seepage losses. The 1954 water-year hydrograph of daily
flows and the wide variation between maximum and minimum daily
discharge that has been recorded for each day of the year are given
in plate 4. The hydrographs of maximum and minimum daily dis-
charge do not depict the sequence of flow rates.

Lake Kapowsin water is a pale brownish-yellow, and Kapowsin
Creek, fed by the lake, is the same color. The creek water is low in
dissolved solids, very soft, slightly acidic (as indicated by its pH),
and except for color is satisfactory for domestic and industrial use.
The creek carries negligible amounts of sediment; the maximum ob-
served rate of sediment transport on February 8, 1955 was 10 tcns per
day, which corresponds to a concentration of 13 ppm (table 18). No
information is available on the pollution of Kapowsin Creek.
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TABLE 6.—Storage required to assure regulated flow

[Stations located on pl. 1]

Kapowsin Creek |[Puyallup River near|| Carbon River near (|South Prairie Cre~k|| Green River near
near Kapowsin Orting (station 21; || Fairfax (station 22; at South Prairie || Palmer (station 47;
(station 20; 1928-32, 1932-54) 1930-54) (station 24; 1950-54) 1932-54)
1942-54)
Regulated | Storage ||[Regulated | Storage ||Regulated | Storage ||Regulated [Storaze||Regulated | Storage
flow (million flow (million flow (million flow (millimn flow (million
(mgd) | gallons) (mgd) | gallons) (mgd) | gallons) (mgd) |gallors)|| (mgd) |gallons)
2 60 60 200 40 200 20 (oo -- 70 200
4 280 80 600 60 800 30 8Cn 80 650
6 560 100 1,200 80 1, 950 40 | 2,200 90 1,350
8 910 120 2,300 100 3, 600 50 3, 8C0 100 2,200
10 1,290 140 3,700 120 5,800 60 5,500 120 4,300
12 1,690 160 5,200 140 8, 300 70 7,300 14¢ 6, 700
14 2,110 180 7,000 160 11,000 80 9,200 160 9, 500
16 2,550 200 9,000 178 | 13,500 90 | 11,007 180 12, 600
220 11,200 200 16, 600
240 13, 500 230 | 17,500
260 16, 200
280 19, 200
300 | 22,000

PUGET SOUND

Puget Sound is an economical source of water and supplies some
industries that are able to use saline water. The salinity of Puget
Sound water is less than that of the ocean. Measurements by the
U.S. Coast and Geodetic Survey (1954) show that the salinity of
Puget Sound water at Tacoma ranges from 21,000 ppm to slightly
more than 26,000 ppm (fig. 17). Average salinity of ocean water is
about 35,000 ppm. The recorded temperature of Puget Sound water
at Tacoma ranges from about 45° to 57°F (U.S. Coast and Geodetic
Survey, 1956).

The range of tidal fluctuation at Tacoma, from information
furnished by the U.S. Coast and Geodetic Survey, is about 20 feet,
although daily fluctuations are generally about 12 feet. These tidal
movements cause noticeable daily fluctuations of water levels in many
of the deeper wells adjacent to Puget Sound.

PUYALLUP RIVER VALLEY

The flood plains of the Puyallup River and its chief tributaries
are called the Puyallup River Valley in this report. (See inset map,
pl. 2.) “The Tideflats,” the flood plain adjacent to the mouth of the
Puyallup River, is the heart of the Tacoma industrial area. The
chief industries are lumber and wood products, paper, chemicals,
metal reductions and fabrication, shipbuilding, and food processing.
In the upper valley, industry gives way to agriculture; the broad
flood plains of the Puyallup River and its main tributaries are the
most productive agricultural area in Pierce County.
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F1cURE 17.— Salinity and temperature of Puget Sound water at Tacoma (U.S. Ccast and
Geodetic Survey, 1954, 1956)

Most industries in the Tideflats obtain their water from the Ta-
coma municipal system. The largest water user is the St. Regis
Paper Co., which used an average of 20.1 mgd during 1955. Some
industries use water from streams and wells in addition to water
obtained from the municipal supply. (See table 10.) In the upper
valley, irrigation water is obtained from wells and streams. The
water of Puget Sound is available in the Tideflats area (see p. 34).

PUYALLUP RIVER

The Puyallup River and its tributaries are the major potential
sources of water in the Tacoma area. This river rises in the Mowich,

603761 0—62——86
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Puyallup, and Tahoma Glaciers on the western slopes of Mt. Rainier,
flows 46 miles generally northwestward, and discharges into Com-
mencement Bay at Tacoma. For nearly half its length, the river
flows through mountainous terrain and its channel has the gradient
typical of mountain streams. In its lower reaches the river flows
through rolling lowlands, the valley widens, and the gradient de-
creases. The flow of the Puyallup River is measured at three loca-
tions: near Orting (station 21), at Alderton (station 27), and at
Puyallup (station 37). Seven gaging stations are currently operated
on tributaries (pl. 1).

PUYALLUP RIVER NEAR ORTING

The average flow of the Puyallup River at the gaging station
about 4 miles south of Orting was 450 mgd (697 cfs) during water
years 1932-5+. The lowest daily flow during the same period was
38 mgd (59 cfs). Flow-duration data given in table 4 and figure 18
have been adjusted to the period 1930-54 by using records of Carbon
River near Fairfax and of Puyallup River at Puyallup. The curve
derived from these data is typical of streams of glacial origin.
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Fi1GURE 18.—Duration curve of daily flow, Puyallup River near Orting.
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Glacial melting sustains the flow during the summer and reduces
the variability in flow. The average daily flow of the Puyallup
River near Orting exceeds 0.5 mgd per square mile, or 86 mgd (133
cfs), for 99 percent of the time. The low-flow frequency curves
(fig. 19) and the table of annual low flow (table 5) also illustrate
the sustained high flow for this stream. The minimum flow shown
for the 1-day period is the flow that is available without storage.
If this flow is insuflicient, it is necessary to provide storage. The
amount of storage required for Puyallup River near Orting can
be obtained from the draft-storage curve given in figure 20 (see
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PER DAY PER SQUARE MILE
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FIGURE 20.—Storage requirements, Puyallup River near Orting.

also table 6). The storage indicated in the figure does not include
dead storage and water lost by seepage and evaporation. The hy-
drographs of maximum and minimum daily flows and of daily flow
during 1954 are given in plate +.

The water of Puyallup River near Orting is low in dissolved
solids and very soft; at low flow it is slightly more mineralized
than at flood flow. On February 8, 1955, when the river was dis-
charging 2,090 mgd, the color of a sample of water was 40 units
on the standard platinum-cobalt scale (table 15). As in other gla-
cial streams, the dissolved solids load is of secondary importance to
the sediment load. The river is turbid most of the time from head-



WATER RESOURCES OF THE TACOMA AREA, WASHINGTON  B-39

waters to mouth. The maximum rate of sediment discharge in 9
samples collected during 1954-55 was 4,310 tons per day on Feb-
ruary 8, 1955 (table 18). Figure 21 shows the relation of suspended-
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FicURE 21.—Suspended-sediment load and streamflow for typical glacier-fed and non-
glacier-fed streams. A, Puyallup River near Orting, a glacier-fed stream. B, Green-
water River at Greenwater, a non-glacier-fed stream.

sediment load to streamflow for Puyallup River near Orting, a
typical glacier-fed stream, and for Greenwater River at Greenwater,
a typical non-glacier-fed stream. On the basis of a sediment meas-
urement made July 19, 1955, the material in suspension at the Orting
station consists mainly of silt or fine sand. Seventy-two percent of
the suspended sediment was less than 0.062 mm, the upper limit for
classification as silt.

Pollution in the upper reaches of the Puyallup River has no* been
studied thoroughly, but pollution abatement is no doubt a less critical
problem in the Orting avea than in more populous districts down-
stream.
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PUYALLUP RIVER AT ALDERTON

The average flow of the Puyallup River at Alderton for the water
years 1915-26 and 1944-54 was 1,027 mgd (1,589 cfs). The lowest
daily flow during the same period was 97 mgd; flow-duration data
are given in table +. The gaging station (station 27, pl. 1) is located
half way between Alderton and Sunner.

The chemical quality of the river water at Alderton is similar
to that upstream near Orting. Except for turbidity and color dur-
ing peak flows, Puyallup River water would meet domestic and
most industrial requirements. More than 3,000 tons of sediment
moved past the Alderton station on February 9, 1955 (table 18).
River pollution abatement requirements in the Alderton and Sumner
areas are being met in some places by construction of new waste-
treatment plants.

PUYALLUP RIVER AT PUYALLUP

The average flow of the Puyallup River at Puyallup during water
vears 1915-54 was 2,109 mgd (3,263 cfs), or 2,632,000 acre-feet per
year. The lowest daily flow during the same period was 259 mgd.
Flow-duration data are given in table 4, and other information on
low flow and storage requirements is given in tables 5 and 6. Hydro-
graphs of daily flow are given in plate 6.

The flow is measured downstream from all important tributaries
and is affected by regulation, diversion, and stmage A large part
of the flow of the White River, a tributary, is diverted into Lake
Tapps (usable capacltv, 50,400 acre-feet) and reaches the Puyallup
River above the station via Stuck River. Some weter is diverted
for irrigation. Flood flows are reduced by Mud Mountain Reservoir
on the White River. Water is also stored in smaller ponds and
reservoirs on tributaries and on the upper Puyallup Piver. Diurnal
fluctuations are caused by the operation of hydroelectric plants and
by glacial melt.

Mud Mountain Dam was constructed on the White River to con-
trol floods in the lower Puyallup River basin (see p. 55). The flood-
stage frequency curves (fig. 22), which were developed from data
furnished by the Corps of Engineers, U.S. Army, show the effect
of the reservoir on floods at the gaging station on Puyallup River
at Puyallup. The upper curve shows the frequency of floods of
various stages that might be expected without the reservoir. It
is based on floods that occurred during the period 1915-51; floods
for the period 1943-51 were adjusted for reservoir storage. The
lower curve shows the frequency of floods of various stages that
might be expected on the basis of the 1915-51 records had Mud
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FIGURE 22.—Flood-stage frequency curve, Puyallup River at Puyallup

Mountain Reservoir been in use during the entire period. As an
example of the effect of the reservoir, a flood reaching an elevation
of 26 feet above mean sea level would have an expected average
recurrence interval of 9 years without reservoir storage and of 35
years with storage. Profiles of the December 12, 1955, flood (26,000
cfs) and a “design flood” of 50,000 cfs on the lower Puyallup River
are given in figure 23.

The chemical quality of the water of Puyallup River at Puyallup
does not. differ materially from that at upstream stations. Samples
collected during high and low stages show very similar quality and
concentrations. Sediment loads at Puyallup are greater than at
Alderton because of inflow from the Stuck River. A sediment dis-
charge rate of almost 7,000 tons per day occurred with a stream
discharge of 5,570 mgd (8,620 cfs) on February 9, 1955. On several
days the river carried more than 1,000 tons of sediment (table 18).
The earlier findings of the Corps of Engineers are a further example
of sedimentation rates in the lower Puyallup River. From a series
of soundings in the Puyallup waterway at Tacoma after several
strong freshets in November 1909, the Corps of Engineers reported
sediment in excess of a million cubic yards. Most of the sadiment
had been transported and deposited during the month.

The turbidity of Puyallup River makes the water undersirable
for some uses. Samples of water examined in the laboratory have
not cleared after standing for several months.

The extent of industrial pollution in the lower reaches of the
Puyallup has not been determined completely. Some plants have
definite plans for new or more adequate waste-disposal units
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station at Puyallup.

STUCK RIVER

Stuck River is the name applied to the lower reaches of the White
River. Prior to 1906 the White River was divided, the greater part
of the flow going into the present Green-Duwamish basin and the
remainder into the Puyallup River through the Stuck River channel.
The flood of 1906 changed the course of the White Piver from the
Green to the Stuck River, and in 1914 the change was made permanent
by a dike constructed by King and Pierce Counties. The average
flow of the river at a site 3 miles north of Sumner during water years
1946-54 was 398 mgd (616 cfs). The Puget Sound Power and Light
Co. diverts 388 to 582 mgd (600 to 900 cfs) above the gaging station
into Lake Tapps for use at the Dieringer powerplant and then returns
it to the river below the gaging station. The flow of the river is partly
regulated by Mud Mountain Reservoir (see p. 55). Flow-duration
data and other data on low flows are not given because of the large
diversion around the gaging station.

The Stuck River is a glacier-fed stream and, except for turbidity
and occasional color, the chemical quality of the water is satisfactory
for most uses
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Regulation by Mud Mountain Reservoir materially affects tl = sedi-
ment loads, which in 9 measurements ranged from less than 1 ton per
day to 27,100 tons per day (table 18). On June 9, 1955, the particle-
size distribution in one sample indicated a composition of 70 percent
sand, 22 percent silt, and 8 percent clay.

GROUND WATER IN THE PUYALLUP RIVER VALLEY

Precipitation on the valley floor and runoff from the adjacent valley
slopes recharge the shallow alluvial aquifers in the valley. During
periods of high river stage some water moves from the river into the
alluvial materials, but during lower river stages ground water dis-
charges into the river. Some recharge occurs also by upward leakage
from underlying artesian aquifers. The water table remains at
shallow depths beneath the flood plains throughout the year; it thus
affords only limited storage for additional ground water and causes
the rejection of much potential recharge from precipitation or from
the river.

The deeper aquifers beneath the valley floor are probably recharged
almost entirely by ground water moving out from beneath the adjacent
uplands. This conclusion is based chiefly upon observation of the
difference in heads in the aquifers, for the deeper aquifers generally
have slightly higher heads than the shallow alluvial aquifers; further-
more, there is a marked difference in quality between water in the
shallow aquifers and water in the deeper aquifers.

The shallow aquifers discharge chiefly into the Puyallup River.
However, a considerable amount of water is discharged dir»ctly to
the atmosphere by evaporation and transpiration. The amount
pumped from shallow wells is small; most wells obtain water from
deeper aquifers.

The deeper artesian aquifers discharge into Puget Sound at the
mouth of the Puyallup Valley. They also discharge by upward leak-
age into aquifers having lower heads. In addition, withdrawsls from
the deeper artesian aquifers by wells is responsible for a fair'y large
part of the discharge.

AQUIFERS

The broad valleys of the Puyallup River and the tributar: Stuck
River are partly filled with glacial till and outwash deposits over-
lain by Recent alluvial and marine deposits (pl. 2). Recent alluvium
together with recessional outwash of Vashon age form the shallow
unconfined aquifers mentioned above; the advance outwash of Vashon
age and pre-Vashon unconsolidated deposits mainly form the deeper
aquifers. The outwash deposits, consisting of sand or sand and
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gravel, are generally quite permeable and are tapped by most of the
domestic and irrigation wells in the valleys. The outwzsh materials
range from a few feet to a few tens of feet in thickness Upstream
from the city of Puyallup, wells generally penetrate the outwash
aquifers within the uppermost few hundred feet: wells range from
about 300 feet at Puyallup to less than 150 feet near Orting. Most
ground-water development along this reach of the river has been from
the outwash rather than from the shallow alluvial aquifers. At
most places downstream from Puyallup, the Vashon drift is com-
posed of sand and till; the till is not an aquifer, but the sand strata
usually are capable of yielding small to moderate supplies. These
aquifers are at progressively greater depths downstream from Puyal-
lup; they are at a depth of 600 feet or more under the central part
of the Tideflats. )

Wells in the center of the valley floor generally tap a greater thick-
ness of the Recent alluvial and marine deposits, as well as the out-
wash, than wells along the margins of the valley. At places along
these margins, little or no outwash was observed above the pre-Vashon
unconsolidated or the older semiconsolidated deposits. Most of the
industrial wells on the Tideflats obtain water from sand or sand and
gravel strata of pre-Vashon age. As the slopes of the pre-Vashon
Puyallup Valley are steep and somewhat irregular, wells only short
distances apart may tap the pre-Vashon deposits at greatly different
depths. Where the younger deposits extend to depths of 500 to 600
feet below sea level, the pre-Vashon materials are chiefly fine-grained
silt and sand, although they do contain some gravel lenses.

Wells in the Tideflats area that fail to obtain sufficient water
from the alluvium or the Vashon drift generally are drilled 300 to
500 feet, and occasionally more, into deposits underlying the Vashon
materials so as to penetrate a sufficient number of aquifers to develop
an adequate supply. Where the pre-Vashon deposits are penetrated
at shallower depths, they generally contain more aquifers, chiefly
sand or sand and gravel strata, so that more water is obtained ; there-
fore less penetration into the pre-Vashon deposits is required. The
average depth of 12 industrial wells and 1 public-supply well on the
Tideflats is 750 feet, and the average reported yield is about 700 gpm.
A well owned by the St. Paul & Tacoma Lumber Co. (vell K, pl. 3),
the deepest well on the Tideflats, was drilled to a deoth of 1,501
feet, and the well casing was perforated at many horizons from 655 to
1,486 feet. This well was reported to have a yield of akout 775 gpm.

WATER LEVELS AND WATER-LEVEL FLUCTUATIONS

Water levels in the shallow aquifers in the valley are near or at the
land surface. Deeper wells, whose water levels reflect the piezometric
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surfaces of the artesian aquifers, commonly have slightly higher water
levels than the shallow wells. Many wells in the lower valley flow
at the surface, and some on the Tideflats have heads as much as 20
feet above the land surface. Flowing wells occur in the Puyallup
River Valley and northward in the valleys of the Stuck and Duwamish
Rivers, beyond the area of this investigation.

Hydrographs of two wells in the Puyallup River Valley and the
monthly mean stage of the Puyallup River are given in figure 24
which shows that water-level fluctuations in these wells corvespond
closely in time and range to the monthly mean river stage.
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Fieure 24.—Hydrographs of water levels in two shallow wells in the Puyallup River
Valley, monthly mean stage of the Puyallup River at Puyallup, and precipitation at
Tacoma.

QUALITY OF GROUND WATER

Wells in the Puyallup River Valley yield water of moderate dis-
solved-solids content and hardness. Silica is a conspicuous consti-
tuent. Except for objectionable amounts of iron in some supplies,
ground water is suitable for general use. Of 6 wells that range in
depth from 450 feet to 856 feet, 4 yield water in which iron exceeds

1 ppm.
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BUCKLEY UPLAND

The Buckley Upland is the broad plain lying east of the Stuck
and Puyallup River valleys and extending from the Green River
valley on the north to South Prairie Creek valley on the south. Tt is
not completely shown on plate 2. This subarea has low relief; it
generally ranges in altitude from 600 to 700 feet. The Buckley
Upland is only partly developed as an agricultural and residential
area.

The Carbon, White, and Green Rivers and South Prairie Creek
either border or cross the Buckley Upland and are sources of water
for that area. Ground water can be obtained from alluviom of
Recent age, from outwash sand and gravel of Vashon age, and from
aquifers of pre-Vashon age. Water is used in the Buckley Upland
for domestic purposes and irvigation. The upper Green River has
been developed as a public water supply for the city of Tacoma.

GREEN RIVER

The Green River rises in the (fascade Range and flows northwest-
ward for about 60 miles to enter Puget Sound through the Duwamish
River at Seattle. Originally the White River merged with the Green
River near Auburn, but since November 1906, when a lov dam sepa-
rating the channels was constructed, the White River has flowed
through the channels of the Stuck and Puyallup Rivers into Tacoma
Harbor (see p. 42). The Green River formerly overflowed into Lake
Washington at Renton through a flood channel called Flack River.
This chanuel is now dammed to prevent recurrence of such overflow.

The flow of the Green River is measured near Palmer and near
Auburn. Other gaging stations that have been operated at other
points in the Green River basin ave shown on plate 1. The gaging
station near Palmer (station 47, pl. 1), in operation since October
1931, is 114 miles upstream from the diversion dam and intake of
Tacoma’s water-supply system. The drainage area at this point is
230 square miles. There is no regulation or diversion above the
station.

The gaging station near Auburn (station 58, pl. 1) has been in
operation since August 1936 at a site 115 miles east of Auburn. The
drainage area above the station is 382 square miles (excluding 4 square
miles in the vicinity of Youngs Lake). The city of Tacoma diverts
as much as 73 mgd (113 cfs) from tne Green River near Palmer,
several miles upstream, for municipal use, and there is minor regula-
tion on Little Soos Creek, a tributary.

The lowest daily flow near Palmer in water years 1932-54 was 52
mgd, and that near Auburn in water years 1937-54 was also 52 mgd.
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Flow-duration data for the gaging station near Palmer zre given
in table 4. Hydrographs of daily flow for the station near Palmer
are shown on plate 4, and other information on low flow and storage
requirements is shown in tables 6 and 7.

Extensive flood damage occurs in the lower part of the basin where
the river meanders through a fertile valley. The city of Kent lies
in this flood plain and has been subjected to frequent floodling. A
flood-stage frequency curve for Green River near Palmer (fig. 25)
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FIGURE 25.— Flood-stage frequency curve, Green River near Palmer.

gives the recurrence intervals for the period of record for floods
reaching various elevations above mean sea level; a similar curve for
Green River near Auburn is given in figure 26. The Corps of Engi-
neers is constructing a dam on the upper part of the Green River
near Eagle Gorge as a part of a water conservation and flood-control
project. Plans call for conserving water from April to the beginning
of the flood season, in late October or early November. Drring the
season April to October enough water will be stored and released to
provide a minimum flow of 136 mgd (210 efs) at the Palmer gaging
station. Flood flows at Auburn will be reduced to a mavimum of
12,000 cfs, which would be equivalent to an elevation of approximately
64 feet above mean sea level.

The chemical quality of Green River waters near Palmer and near
Auburn is nearly the same. Low flows produce a slight ircrease in
mineral concentration, although the water remains very soft and
retains its low content of dissolved minerals. The range in dissolved
solids in 5 samples collected near Palmer between 1938 and 1955 was
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FI1GURE 26.—Flood-stage frequéncy eurve, Green River near Auburn.

32 to 46 ppm; the range in hardness of the samples was 10 to 20 ppm.
These values are lower than those for most streams of the area. In
1910, during a study of quality of surface waters of Washington, the
U.S. Geological Survey analyzed samples of water from the Green
River at Hot Springs, a few miles upstream from the Falmer gaging
station.

At high stages the river carries large quantities of suspended sedi-
ment. During average or below average flows the sediment load may
be small; a discharge of suspended sediment of only 6 tons per day
has been observed near Auburn (table 18).

Since 1950 the U.S. Geological Survey and the city of Tacoma have
cooperated in a study of sedimentation of Green River water near
Palmer. Samples are collected daily or oftener by the city for de-
terminations of turbidity, suspended sediment, and water temperature.
At high stages, samples are also collected for measurement of particle-
size distribution. Sediment yield in Green River near Palmer is
summarized in table 7.
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TABLE T—Summary of annual suspended-sediment discharge,
Green River near Palmer, 1951-55

Suspended sediment

Total
Water year runoff Concentration
(acre-feet) Tot{iﬂ] loa)d (parts per million)
ns

Maximum | Minimum

915, 690 57,190 80 1
639, 080 6, 370 207 3
670, 600 37,631 430 3
936, 730 82,394 1,350 1
794, 030 43,649 607 1

Mean monthly flow and sediment loads for water years 1951-55
are plotted in figure 27. In the 1951 water year, 75 percent of the
total sediment for the year was transported past the gaging station
in February; in 1952, 58 percent was transported in February; in
1953, 78 percent in January; in 1954, 90 percent in December; and
in 1955, 68 percent in February. Particle-size distribution showed
some variation with streamflow. When river discharge was 975 mgd
(1,400 cfs), the median diameter was 0.0095 mm; at a discharge of
10,700 mgd (16,550 cfs), the median diameter was 0.03 mm (fig. 28).
At low flow much of the coarse material has settled out of the water,
and the sediment in suspension contains proportionally more fine-
grained material. At high stages the increased stream velocities and
turbulence keep the coarse particles in suspension; the sediment sam-
ple may then consist of 40 to 50 percent sand. The low-flow sediment
sample plotted in figure 24 consisted of 14 percent sand, 48 percent
silt, and 38 percent clay. The high-flow sample was composed of
35 percent sand, 45 percent silt, and 20 percent clay. In the low-
flow sample, 86 percent by weight of the sediment had diameters less
than 0.0625 mm, the upper limit for silt. In the high-flow sample,
65 percent by weight was smaller than 0.0625 mm in diameter. Par-
ticle-size analyses of suspended sediment for water years 1951-55 are
given in table 8.
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The temperature of Green River water exceeded 42° F about 50 per-
cent of the period 1950-55 (fig. 29). The maximum daily water
temperature recorded by city employees at the purification plant on
the Green River was 60°F.
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F16URE 29.—Cumulative frequeney curve of water temperature, Green River near Palmer,
1950-55.

The city of Tacoma, in cooperation with Forest Service personnel
and private landowners, keeps constant check to prevent pollution.
In winter, the weather prohibits extensive patrolling in the area.

CARBON RIVER

The Carbon River rises in the Carbon and Russell Glaciers on the
northwestern slopes of Mount Rainier and flows northwestward
through rugged mountainous country for the greater part of its length
to enter the Puyallup River 214 miles below Orting.

The average flow at a site 114 miles northwest of Fairfax during
water years 1930-54 was 266 mgd (412 cfs) (station 22, pl. 1; talle 12).
The lowest daily flow during the periods April 1, 1910, to March 3,
1913, and April 1, 1929, to March 31, 1954, was 26 mgd. Low-flow
frequency data are given in table 5, draft-storage data are g'ven in
table 6, and flow-duration data are given in table 4. The 1954 water-
year hydrograph of daily flow and the maximum and minimur daily
flows that have been recorded on each day of the year are given on
plate 4.
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Good dam sites are located 9 miles and 1514 miles upstream from
the mouth. The site farthest upstream is at Fairfax Rridge, a little
more than a mile downstream from the gaging station. Plan and
profile maps showing these sites have been published by the Geological
Survey (1953).

The chemical quality of Carbon River water is almost constant,
even though the discharge may vary sixfold. The river water is
softer and lower in dissolved solids than water in the Piyallup River
to which the Carbon River is tributary. The sedinent discharge
for 9 measurements made during the water year 1955 ranged from
less than 1 ton per day to 1,150 tons per day (table 18). Examination
of a sample collected July 20, 1955, revealed that the snuspended ma-
terial was silty sand and was coaser grained than sediment transported
by the Puyallup River.

SOUTH PRAIRIE CREEK

South Prairie Creek is tributary to the Carbon River, about 2 miles
east of Orting. The upper part of the Creek basin is rugged and
mountainous but the lower part is relatively flat. A small part of the
flow is diverted for domestic use and is the primary source of water
for the town of Buckley.

The average flow of South Prairie Creek at South Prairie during
the water years 1950-5+ was 160 mgd (247 cfs), and the lowest daily
flow during the same period was 16 mgd (25 cfs). The 1954 water-
year hydrograph of daily flow and the maximum and minimum daily
flows that have been recorded on each day of the year are given on
plate 4. Flow-duration data (table +) and low-flow frequency data
(table 5) have been computed by correlation with longer records for
nearby gaging stations by a regional analysis of low flow; records for
the standard period April 1, 1930, to March 31, 1954, were used. The
draft-storage data (table 6) are based on flow during the period of
record. Ordinarily a 5-year period is too short to be reliable for use
in working out the details of a water-supply project ; however, storage
requirements based on records for water years 1950-54 are considered
to be more reliable than those based on most 5-year records because
of the drought of 1952. According to local streamfloy’ records, this
drought was one of the most severe since the early part of the present
century.

South Prairie Creek is similar to other headwater streams in the
Cascade Range in that its water is low in dissolved sclids, soft, and
of the bicarbonate type. A low-flow sample collected Sept. 1, 1955,
contained 70 ppm dissolved solids, whereas a peak-flow sample on
Feb. 9, 1955, contained 43 ppm; this difference is more pronounced
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than that noted in water from other streams. The sediment dis-
charge for 9 measurements made during the water year 1955 ranged
from less than 1 ton per day to 256 tons per day; the greater seliment
discharge coincided with the maximum flow for the water year (table
18). During much of the year the creek water is practically clear.

WHITE RIVER

The White River is the largest tributary of the Puyallup River and
drains an area larger than the remainder of the Puyallup River basin.
The White River rises in the glaciers on the northern slope of Mount
Rainier, and the Greenwater River, a major tributary, rises on the
western slope of the Cascade Range. The White River flows westward
and enters the Puyallup River a mile east of the city of Pryallup
(pL. 1).

In 1942 the Corps of Engineers completed Mud Mountain Dam, a

rock-filled structure across the White River about 5 miles southeast
of Buckley. The drainage area above this dam is 400 square miles.
Mud Mountain Reservoir has a capacity of 106,000 acre-feet botween
elevation 895 feet (invert of lower outlet tunnel) and elevation 1,215
feet (spillway crest). This reservoir is used for flood control ; storage
is dissipated as soon after a flood as possible without creating damag-
ing flows downstream, so that its maximum capacity will be available
for any later flood. Low flows are not affected appreciably by the
reservoir because during most years it is empty at times.
. The average flow of the White River at the gaging station three-
fourths of a mile upstream from the Greenwater River is 523 mgd
(825 cfs), and the average flow near Buckley is 895 mgd (1,384 cfs).
The Greenwater River has an average flow of 131 mgd (203 cfs) 1 mile
upstream from its mouth. The flows of the White River above Green-
water and of the Greenwater River are not affected by regulation or
diversions. Information on the flows of the White and the Green-
water Rivers are given in tables 4, 13, and 14.

Flow-duration data for White River near Buckley (table 4) were
compiled for the period since completion of Mud Mountain Reservoir
and for the 25-year standard period, water years 1930-54. Data for
the standard period were computed by using records for White River
at Greenwater and for Carbon River near Fairfax; the exister ce and
operation of Mud Mountain Reservoir during the standard period in
the same manner as for the period 1944-54 was assumed hypntheti-
cally. The low-flow frequency data (table 5) are based on this same
assumption. The minimum 1-day flow near Buckley is not shown in
table 5 because of regulation by Mud Mountain Reservoir.
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Water from the White River has practically the stme chemical
quality as that from the Greenwater River. Both waters are soft, low
in dissolved minerals, and of the bicarbonate type; they have nearly
identical concentrations of mineral constituents throughout a wide
range in discharge.

White River is a glacial stream, heavily laden with sand and silt.
Nine measurements of suspended-sediment discharge were made at
Greenwater during the 1955 water year. The largest discharge ob-
served at Greenwater was 13,600 tons per day. On 3 cther days the
discharge exceeded 2,500 tons per day (table 18). The sediment of the
sample collected June 8, 1955, for determination of particle size con-
tained 58 percent sand, 33 percent silt, and 9 percent clay. Sediment
is deposited in Mud Mountain Reservoir; therefore, sediment. loads
near Buckley are much smaller than the sum of loads in the White
River at Greenwater and in the Greenwater River. The sediment
discharge measured near Buckley was 3,360 tons per day on June 10,
1955, whereas on June 8 at the upper station it was 17,600 tons per
day. Furthermore, at the Buckley station the June 10 sample con-
tained 16 percent sand, 37 percent silt, and 47 percent clay—much finer
sediment than that measured upstream.

The Greenwater River is not of glacial erigin and is practically
sediment free much of the time. The sediment discharge for 3 of the
9 measurements made in the water year 1955 was less than 1 ton per
day. The maximum sediment discharge, 277 tons per day, was meas-
ured February 8, 1955. Information on the pollution o* need of pol-
lution control in the White River basin is not available.

GROUND WATER IN THE BUCKLEY UPLATD

The principal aquifers in the Buckley Upland are co~rse alluvium
of Recent age, outwash sand and gravel of Vashon age, and sand and
gravel of pre-Vashon age (pl. 2); the outwash includes the best
aquifers. Alluvial deposits along the White and Green Rivers are
coarse and permeable and, where saturated, they are generally
capable of yielding large supplies of water. Alluvial deposits along
the Carbon River and South Prairie Creek at most places are coarse
and yield moderately large quantities of water.

Recharge to aquifers beneath the Buckley Upland comes from
precipitation on the surface of the upland. However, on that part
of the upland lying between the White River and South Priarie Creek
valleys, considerable recharge apparently occurs along the flume that
brings White River water across the upland for storage in Lake Tapps.
Ground water south of the flume moves southward and discharges
into South Prairie Creek, and ground water north of the flume moves
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northward and discharges into the White River. As the flume
generally lies within a mile of the White River valley, the ground-
water divide extending across the upland is close to the White River
valley.

Meager information on two springs and a well 250 feet deep sug-
gests that ground water in the upland is soft and low in dissolved-
solids content. Information on the prevalence of iron in subsurface
supplies is not available.

NORTHEAST TACOMA UPLAND

The Northeast Tacoma Upland is a rapidly growing rural residen-
tial area bounded by Puget Sound on the west, the Stuck River valley
on the east, and the Puyallup River valley on the south. The upland
extends northward beyond the border of the Tacoma area (ses pl. 2).
The Northeast Tacoma Upland is similar to other uplands in the area,
being till mantled and rising to elevations of about 300 to 500 feet
above sea level. Many small lakes and ponds and small bodies of
recessional outwash rest upon the till mantle, especially along the
eastern edge of the upland. The chief use of water in the Northeast
Tacoma Upland is for rural supplies. Ground water is available in
the area, and some water may be obtained from small streams. Water
from the Puyallup, Stuck, and Green Rivers is available to the upland
although the streams lie outside the area. The water supply available
from these streams is described on pages 34,42, and 46.

SURFACE WATER

Hylebos Creek is the largest and only gaged stream (station 40,
pl. 1) draining that part of the Northeast Tacoma Upland within the
Tacoma area. The creek heads in sec. 19, T. 21 N, R. 4 E,, and
enters Puget Sound through Hylebos Waterway, a dredged channel
about 2 miles long that skirts the northeast edge of the Tideflats.

Fragmentary records of flow during 1950 and 1951 indicate that the
flow of Hylebos Creek has been as low as 4.4 mgd (6.8 cfs). Analyt-
ical data show that, at least in 1926, the water was of very good
chemical quality although concentrations of dissolved solids were
higher than in any other surface water for which quality data are
available.

GROUND WATER

The most productive aquifers on the upland are the outwash deposits
of sand and gravel (pl. 2). The underlying unconsolidated de-
posits yield small to moderate supplies; the older semiconsolidated
sediments have yielded only small supplies.
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Around the margins of the upland the outwash deposits are gen-
erally drained and do not serve as aquifers. In these merginal areas,
aquifers are chiefly sand or sand and gravel strata in the pre-Vashon
unconsolidated deposits. Near the center of the upland, the out-
wash deposits generally are saturated, at least in their lower part,
and serve as aquifers. Well 7 (pl. 3), which was drilled to a depth
of 500 feet, taps water from outwash between 64 and 74 feet and has
a drawndown of about 25 feet while being pumped at 300 gpm. A few
other wells on the upland also obtain water from outwash at relatively
shallow depths.

Most aquifers in the pre-Vashon unconsolidated deposits consist
of sand or gravel strata interbedded with sand and clay. They are
generally only a few tens of feet thick and usually lie at depths of 200
to 400 feet. As the upland is surrounded by deep valleys, permeable
strata in the upper part of the pre-Vashon unconsolidated deposits are
partially drained near the edges of the upland. At places this results
in low heads in the confined aquifers that underlie the outwash de-
posits. For example, in well ¢ some water was reported in outwash
deposits from 44 to 47 feet below land surface, but after the well was
completed at 463 feet, the water level was 258 feet below the surface,
far below the outwash deposits.

A few of the deep wells on the upland have been drilled into the
older semiconsolidated deposits. These wells have generally yielded
only small supplies. Well F penetrated clay from 13¢ to 500 feet;
well @ penetrated chiefly sand, silt, and clay from 85 to 720 feet;
well H along the southern margin of the upland, penetrated only fine-
grained material from 72 to 540 feet. All three wells probably tapped
pre-Vashon semiconsolidated materials below 400-450 feet. These
deep wells show that the semiconsolidated deposits beneath the North-
east Tacoma Upland do not everywhere contain aquifers.

About 48 square miles of the Northeast Tacoma Upland is within
the Tacoma area. Assuming the normal rainfall on the area to be
38 inches, the total amount falling on the upland wcnld be about
97,000 acre-feet.

In view of the smaller overall area and the proportionally greater
extent. of the till mantle in the Northeast Tacoma Upland in com-
parison with that of the Tacoma Upland, it is estimated that the
amount of recharge here is 30 to 50 percent of the precipitation on the
area. This gives a possible recharge of 30,000 to 45.000 acre-feet
annually.

Ground water moves outward from the center of the upland and dis-
charges in springs along its edge. Ground water is also discharged
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through wells on the upland, but this discharge is proportionally
very small.

Well £ (pl. 8), 125 feet deep, taps outwash of the Vashon glacia-
tion and produces water of satisfactory quality. Data on quality of
ground water in the Northeast Tacoma Upland are few, but water
from wells £ and F suggest that ground-water supplies in this region
meet quality requirements for domestic and industrial use.

NISQUALLY RIVER VALLEY

The Nisqually River Valley borders the Tacoma Upland along the
southwest corner (pl. 2). The lower valley, which terminates in a
delta somewhat similar to the Tideflats at Tacoma, has not teen de-
veloped industrially but is a potential industrial area having good
rail, highway, and sea communication. The valley is also a possible
source of water for the Tacoma Upland. The river and the alluvium
along the river are sources of water of good quality.

NISQUALLY RIVER

The Nisqually River rises in a glacier on Mount Rainier ard flows
about 80 miles westward to enter Puget Sound between Tacoma and
Olympia. The flow in the lower reaches of the river is regul~ted by
Alder Reservoir and by the city of Tacoma dam at La Grand>. The
Yelm Irrigation District canal has diverted as much as 45 mgd (70
cfs) during irrigation seasons. This canal was abandoned some-
time after 1950 and is no longer in use. The Centralia power canal
diverts as much as 407 mgd (630 cfs) for generation of power.

The average flow of the Nisqually River at a site 7.4 miles south-
east of McKenna (station 11, pl. 1) was 1,117 mgd (1,728 cfs) during
water years 1942-54, and the lowest daily flow was 114 mgd. Water
diverted around the gage in the Yelm Irrigation District canal is
not included in these amounts. The hydrograph for 1954 and hydro-
graphs showing the maximum and minimum flows for each day in
the year are shown on plate 4. Duration data and low-flow fre-
quency data are not given for this station because the flow is affected
by regulation and diversion.

The average flow of the Nisqually River at McKenna (station 13,
pl. 1) for water years 1948-54 was 1,040 mgd (1,610 cfs) and the .
lowest daily flow was 37 mgd. The flow at McKenna was also
affected by diversion past the gage in the Yelm Irrigation District
canal. Because the Centralia power canal diverts water past the
gage at McKenna, the flow there is less than the flow at the station
7.4 miles upstream.
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Nisqually River water contains small concentratiors of soluble
salts throughout a wide range in flow. Samples of the river water
near McKenna collected at times when the Nisqually River was either
above or below average discharge show almost identical chemical
quality. The chemical quality of the water was about the same on
February 9, 1955, at a flow of 2,190 mgd (3,390 cfs) as it was on
September 1 when the flow was 626 mgd. At high stages the Nis-
qually River has moderate color. The river water is Icw in content
of dissolved solids, which consist principally of caleium bicarbonate.
These characteristics are common to fresh water in regions where
rainfall is heavy. Except for turbidity and occasional color, the
water is suitable for most uses.

The turbidity of the Nisqually River which exists throughout the
year, creates problems in operation of powerplants above McKenna.
The turbidity, characteristic glacial streams, is due to debris from
the Nisqually Glacier. Large quantities of clay, silt, sand, and gravel
are deposited in impounding areas behind diversion dams as well as
in canals and forebays. Sediment-laden water, furthermore, scours
and corrodes turbine blades and linings. Random water samples
from the Nisqually River near McKenna from November 1954 to
September 1955 show that more than 1,000 tons of suspended sediment
may be transported by the river in 1 day (see table 18). Near Mc-
Kenna, sediment in suspension is finely divided; a sample collected
July 25, 1955, was chiefly clay, for 75 percent of the material was
finer than 0.004 mm in diameter.

Apparently no serious pollution exists in the Niscually River.
Food-processing industries in the Yelm area produce some organic
wastes which are treated before disposal.

GROUND WATER IN THE NISQUALLY RIVER FLOYD PLAIN

The flood plain along the lower reaches of the Nisqually River is
underlain by silt, sand, and gravel deposits, including both Recent
alluvium and outwash of Vashon age. At most places the coarse-
grained strata in these deposits are capable of yielding moderately
large supplies of ground water.

Only a few wells have been developed on the lower Nisqually River
flood plain. Wells @& and HH (pl. 3) are probably representative
of the ground-water conditions in the area. These wells tap water
from a sand and gravel aquifer at approximately 100 feet. One well
was tested upon completion and had a drawdown of only 6.8 feet
after 45 minutes pumping at a rate of 810 gpm; the other was re-
ported to have a flow of 250 gpm when completed in February 1953.

Whether or not permeable aquifers occur beneath the shallow
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alluvial and outwash aquifers is not known for certain because there
are no deep wells on the flood plain. However, at places the alluvial
and outwash deposits may extend to depths of 150 to 200 feet. The
underlying material is probably composed chiefly of clay, silt, and
sand, containing some permeable sand or gravel aquifers The
permeability of these deeper aquifers is most likely lower than that of
‘the overlying alluvial and outwash aquifers; yet the water in the
deeper aquifers may be of better quality, at least so far as dissolved
iron is concerned.

Water levels in wells obtaining water from the shallow aquifers
are near the land surface. As there are no deep wells, the hoad of
the water in deeper aquifers is not known, but it would be expected
that it would be above the water table and that many of the deeper
wells would flow at the surface.

A sample collected November 16, 1955, from a well (HH, pl. 3)
120 feet deep, is probably representative of ground water in the lower
Nisqually River valley. Water from this well is soft and of mcderate
dissolved-solids content; it meets the irrigation-supply requirements
of electrical conductivity, sodium-adsorption ratio, and concentration
of boron.

PUBLIC WATER-SUPPLY SYSTEMS

Residents of the Tacoma area are served soft water of very low
dissolved-solids content. Most systems in the area supply water of
better quality than is required to meet the standards of the U.S.
Public Health Service for potable water that may be used by common
carriers in interstate commerce.

More than 90 percent of all systems in the Tacoma area and almost
50 percent of the population depend on ground water as a source of
supply. All communities using surface water have standby connec-
tions to wells which augment stream supply during peak demands
and emergencies. Ground water may be substituted entirely during
short periods when rivers are at flood stage and turbidity of the
stream water is objectionable.

TACOMA

The Green River is the principal source of water Supply for the
city of Tacoma, and wells are an auxiliary source. Water is diverted
from the Green River about 25 miles east of Tacoma. Intake gates at
the north end of the diversion dam admit water from the Green
River through a short tunnel into a small settling basin. From the
settling basin the water flows into McMillin Reservoir, about 8 miles
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southeast of Tacoma. This transmission line, which is 26.6 miles
long, can deliver a continuous flow of 73 mgd.

McMillin Reservoir, capacity 110 million gallons, provides trans-
mission storage. To meet peak demands at times when lawns are
being sprinkled, water can be drawn from this reservoir at a rate in
excess of 105 mgd. Two additional reservoirs with a total storage
capacity of 150 million gallons were placed in operatior during 1957.
The distribution system originally was designed to meke maximum
use of direct gravity supply in place of large static storage. Ap-
proximately 90 percent of the annual supply is derived from the
Green River gravity system and 10 percent from the South Tacoma
well system. The auxiliary well system has a capacity of 62.2 mgd.
The average use of water during 1955 was 52.3 mgd, and the peak
demand for 24 hours has reached 92.8 mgd. For short periods when
many lawns are being sprinkled the peak rate has exceeded 119 mgd.

The average per capita use of water in Tacoma in 1955 was 317
gallons per day. About one-third of the water is used by domestic
consumers, one-third by a pulp mill, and the remaining one-third by
commercial and industrial consumers.

The auxiliary well system of Tacoma consists of 13 wells with a
total capacity of 43,200 gpm; well locations and capacities are listed
as follows:

City well Designa- Location Capacity
tion on pl. 3, (gpm)

1A .. Q0 S.63dand Cedar_._______.____ 3, 080
2A . M S. 35th and Windom___________ 1, 150
2B ... JJ S. 35th and Windom___________ 3, 400
3A_ . 0 S. 78th and Warner____________ 3, 650
4A .. KK S. 39th and Adams____________ 1, 450
A ___ PP S. 54th and Clement___________ 4, 500
6A__ T LL S. 43d and S. Tacoma Way_ . ___ 3, 770
TA . MM S. 74th and Clement___________ 920
8A . RR 8. 67th and Clement___________ 3, 890
9A . .. N S. 36th and Lawrence__________ 6, 000
10A . _____ SS 8. 76th and Clement___________ 1, 000
1A __ S S. 43d and 8. Tacoma Way_____ 9, 340
Tideflats_ _______________ NN Seattle-Intertie-Taylor Way_ ___ 1, 050

Total capacity __ __ |- ___ | . ____ 43, 200

Water is distributed through five service levels : Low, Ifiddle, North
End, High, and Northeast Tacoma. The McMillin Feservoir now
serves as the static storage for High service. Facilities for storage of
312.6 million gallons of finished water are available and consist of
9 reservoirs and 5 standpipes as follows:



WATER RESOURCES OF THE TACOMA AREA, WASHINGTON B-63

Type of storage Location Capaci*y (gallons)
Reservoirs:
MeMillin._______________ 8 miles SE. of Tacoma________ 110, 000, 000
MeMillin No. 2. ________ 8 miles SE. of Tacoma________ 100, 000, 000
Portland Avenue__________ E. 38th and Portland Ave_____ 50, 000, 000
North End_______________ N. 31st and Shirley______.____ 25, 000, 000
Alaska Street North_______ S. 20th and Wilkeson_____._._._. 7, 500, 000
Alaska Street South_______ S. 20th and Wilkeson__________ 3, 500, 000
Hood Street______________ S. 30th and I Street___________ 13, 000, 000
South Tacoma____________ S. 62d and Clement_____._____ 500, 000
Indian Hill_______________ Circle Dr. and Bow Rd___._____ 500, 000
Standpipes:
JStreet__________________ S.20thand J Sts_____________ 295, 000
North End_______________ N. 31st and Shirley 1, 200, 000
Fletcher Heights__________ 8. 10th and Tyvler_____________ 612, 000
Bismark_________________ E. 64th and McKinley_________ 371, 000
Northeast Tacoma________ 33d St. and 49th Ave. NE_____ 96, 000
AN facilities_ . - o o eo- 312, 600, 000

A substantial part of the water from the city’s purification plant is
used in pulp manufacture. Specifications for the manufacture of
white paper state that turbidity of the process water must not exceed
5 ppm, and for the manufacture of brown paper, 10 ppm. Bectuse of
this requirement, water from the gravity line is bypassed to the
Puyallup River when turbidities exceed 5 ppm. A spillway is neces-
sary because the upper transmission line operates continuously, and
no facilities other than natural settlement in McMillin Rerervoir
exist for clarification of the water for domestic and industrial u-e.

The chemical quality of selected sources of Tacoma’s public water
supply is given in figure 30. Water in McMillin Reservoir reaches a
maximum temperature of 59° F in July and August. A minimum
temperature of 36° F has been recorded in January, as shown in the
following table.

Temperature extremes of water in McMillin Reservotr, in degrees Fahrenheit

[Furnished by City of Tacoma)

Minimum
Mazimum temperature irmperature

36. 0
38.5
39.5
41. 0

September__ _ . ... _______ 56.0_ - 53. 5
October_ _ __ __ o ____.__ 51,5 e 50.0
November__ ____ . ____ 43,5 e 42.0
December. _ _ .. 40.0. . e 39.0
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system.

OTHER SYSTEMS

Data on 29 smaller public water-supply systems in the Tacoma area
are compiled and summarized in table 9. Of these 29 systems, 10
serve communities of 5,000 or more people. Most of the smaller
communities in the Tacoma area deliver 90 percent or more of their
water output to domestic and commercial consumers

The city of Auburn uses five hydraulic rams to pump water into
the municipal reservoir. By taking advantage of the kinetic energy
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that produces water hammer, these rams, in operation since 1925,
pump water at a cost estimated as one-tenth that of equivalent electric
power. The five rams are connected to a 3-mile, 24-inch wondstave
pipeline discharging 6 mgd and are operated three at a time with two
rams in standby. According to B. C. Gosney, Auburn water super-
intendent, the hydraulic rams use about 75 percent. of the water sup-
plied to them to pump the remaining 25 percent into the city mains.
Each ram can pump 200 gpm or 0.288 mgd against a pressure of 75
pounds per square inch with a uniform power head of 41 fest. On
this basis, five rams at full capacity can pump about 1.4 mgd, or ap-
proximately one-fourth of the available supply.

USE OF WATER

Public water-supply systems in the Tacoma area serve more than
290,000 people. In 1955 the use of water averaged 70.1 mgd, of which
50.1 mgd came from streams. Wells and springs supplied 20 mgd—
almost 30 percent of the average daily use. In addition to those in-
dustries in the Tacoma area which are supplied with water from
public systems, chiefly the city of Tacoma system, many industries
have their own private supplies.

Self-supplied water from surface sources within the Tacoma area
amounts to about 20 mgd. About one-third of this amount is ob-
tained from Hylebos Waterway, the dredged channel connecting Hyle-
bos Creek with Commencement Bay. This water is saline and is
used for cooling purposes. The remaining two-thirds is used princi-
pally for washing gravel, virtually a nonconsumptive use.

Within the Tacoma area about 50 industrial plants obtain water
from some 75 wells, which range in depth from 60 to 1,590 feet.
Ground-water appropriations in 1955 for industrial use, as listed by
the State from wells only, total 25,672 acre-feet per year (22.8 mgd).
Although some of the industries may not use the total quantity ap-
propriated, a few probably use more; in addition, the small to mod-
erate amounts of water used by some industries are not covered by
water rights. Total industrial use from wells is probably about
30,000 acre-feet per year (about 27 mgd). Most of the larger users
of ground water are listed in table 10. Industrial use of water from
springs is probably not more than a few thousand acre-feet por year,
much Iess than that from wells.

The Tacoma area includes a large share of the populated parts of
Pierce County, and a small rural area of King County. On the basis
of the 1950 census, it is estimated that the rural population within
the Tacoma area is about 75,000. Many of the rural homes ere sup-
plied with water from public supply systems; the remainder, repre-
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senting probably not more than 12,000 to 15,000 families, obtain
domestic water from individual wells or springs, or by diversion from
small streams. A partial well inventory in the Tacoma area indicated
that about 75 percent of these domestic supplies are from wells, about
20 percent are from springs, and only about 5 pere-nt are from
streams. Each rural family probably uses 180 to 225 gpd, or 0.2-0.25
acre-foot annually, for domestic purposes. As an additional 100 to
150 acre-feet per year is used for the livestock populaticn of the area,
the total rural demand is about 2,500 to 4,000 acre-feet per year
(2.2-3.6 mgd).

Irrigation in Pierce County increased greatly in the period 1944—49.
According to U.S. Census Bureau reports, there were 87 irrigated
farms in the county in 1944 and 246 by 1949, an increase of 280 per-
cent. In 1954 there were 247 irrigated farms.

TABLE 10.—Industrial use of ground water in the Tacoma area

Approximate
Wells quantity of water
pumped
Industry

Depth Acre- Million

Number (feet) feet per | gallons

year per day
Cammerano Bros_________ .. ... 1 146 320 0.29
Carstens Packing Co__. ... . 2 452-705 300 .27
City Ice Co., Puyallup.... . ... 1 252 100 .09
Columbia Power Co__.. - 1 80 320 29
Container Corp__.___._______________._____._ - 2 175-220 480 .43
Farmers Union Berry Cooperative, - 1 285 330 .29
Fibreboard Produets, Ine_ .. ___ ... 2 462-575 2,200 2.00
Flett Dairy. .. e 2 60-90 410 .36

Heidelberg Brewing Co._._ ... - 2 247-677 2,800 2.5

Hooker Electrochemical Co_ ... ) U P 1, 500 1.3

1. E. duPont deNemours & Co__ 4 265-331 2, 700 2.4
Kaiser Aluminum & Chemical C 3 824-950 2,800 2.50
Medosweet Dairies, Tne___________ 1 275 2 .22
National Soap Co______ _ 1 435 13 .0
Northern Pacific Ry. - 1 196 230 .21
Northwest Door___.__________ . 1 600 400 .35

Pioneer Sand and Gravel Co___.._ ... ... _______.__.._.__ 1 1,020 2,400 2.2
St. Paul & Tacoma Lumber Co_________.__.___________.___.__ 1 1, 501 920 82
Silver 8prings Brewing Co J 1 618 94 08

Standard Brands, Ine._.__.. [ 3 168-572 2,100 1.8
United Concrete Pipe Co_...___ - 1 107 480 42
Valley Packing Co., Puyallup. ... . ... 1 315 400 35

West Tacoma Newsprint Co__. ... o oo ... 2| 548-1,172 4,700 4.2

Total . e e 26, 200 23.4

At the end of 1955, permits and certificates for the appropriation
of surface water for irrigation totaled approximately 50 mgd for
use on about 7,700 acres in Pierce County and the part of King County
shown on plate 1. The average anmual use probably does not exceed
20 mgd (31 cfs).

Use of ground water for irrigation increased more rapidly after
1945 than use of surface water. The great increase in use of ground

water has been due to the development of portable irrig-tion systems,
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the wide availability of cheap electrical power, and the increased
value of the agricultural products which made intensive cultivation
practices economically feasible.

The rapid increase in use of ground water is shown by certificates
of appropriation issued by the State Department of Conservation,
Division of Water Resources. The State ground-water code, which
was enacted in 1945, provided for certificates to be issued upon decla-
ration of use for wells already constructed and in use. O~ly 21
certificates were issued on declaration of irrigation use in Pierce
County as of 1945, whereas 89 certificates were issued upon applica-
tions made during the period 1945-56. In addition, several dozen
applications were pending or were in the permit stage at the end of
1956. The approximate magnitude of appropriated ground water for
irrigation in the Tacoma area is shown in figure 31. By 1955, the
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FIGURE 31.-—Approximate magnitude of ground water appropriated for irrigation in the
Tacoma, Wash., area, in acre-feet per acre per year (data from State Department of
Conservation).
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total quantity of ground water appropriated for irrigation in Pierce
County was more than 3,000 acre-feet per year (average 2.7 mgd).
Probably not all farmers use the total amount of water appropriated ;
on the other hand, there is some use that is not covered by water
rights. The 1950 census report shows that 82 enterprises irrigated
992 acres from wells in 1949, and 22 enterprises irrigated 466 acres
from springs. Thirteen enterprises irrigating 252 acres used both
surface and ground water. Acreage in Pierce County irrigated by
ground water in 1955 probably was 2,500 acres, and total quantity of
ground water used for irrigation probably was between 3,000 and
4,000 acre-feet (2.7-3.6 mgd).

POTENTIAL ADDITIONAL WATER SUPPLIES

The overall national water use is expected to almost double between
the years 1950 and 1975. As the population growth rate in the Pacific
Northwest is greater than the national average, the water needs could
more than double in the Tacoma area in that time. Some of the
expected increase in use is anticipated from a rising standard of
living, which calls for household appliances, such as automatic
washers, garbage disposers, and water-cooled air conditioners, that
require more water.

The greatest percentage expansion in water use throughout the
Nation is expected to be in industry. Metal production and fabrica-
tion, oil refining, and pulp and paper manufacture are a few of the
industries that use large quantities of water. Some plants at tide-
water use saline water for cooling.

The runoff into Puget Sound from the streams in the Tacoma area
averages 4,100 mgd. However, much of this runoff is unsuited for
some uses because heavy loads of sediment of glacizl origin are
carried at times by certain streams in the area. Some of this sedi-
ment is extremely small in diameter and requires very long periods of
settling for clarification to take place. In fact, samples of water con-
taining suspended materials of glacial origin have remained turbid
even after standing for several months. Hence, the detention time
required for a unit volume of water containing glacially-derived sedi-
ment to flow through a sedimentation basin could be excessive for all
except the most noneritical uses.

The heaviest water demand in the Tacoma area takes place during
the period June-August, when temperatures are highest. Fortu-
nately, the period of maximum demand does not quite coincide with
the period of lowest streamflows. An examination of plate 4 indicates
that the most critical periods of low flow of the Green River near



WATER RESOURCES OF THE TACOMA AREA, WASHINGTON B-71

Palmer (above the city of Tacoma water-supply intake) may be
expected in late August and September.

The dependable municipal supply from the Green River will be in-
creased by the Eagle Gorge project now under construction. The
project is expected to assure a flow of at least 136 mgd past the gaging
station on Green River near Palmer, whereas the minimum of record
is 52 mgd. The city of Tacoma has on file water rights on the Green
River for 258 mgd (400 cfs) and has made application for an addi-
tional water right of 97 mgd (150 cfs).

The potential additional exploitation of surface waters in the
Tacoma area is limited for some streams by the amount of water
already appropriated. Table 11 gives the average discharpge for
selected gaging stations, shown on plate 1, and the approximate sur-
face-water appropriations in the drainage basins above those st~tions.
Appropriations are listed only for the area shown on plate 1 end do
not include rights such as those for power and other uses in the
Nisqually River basin south of Pierce County.

TABLE 11.—Discharge at selected gaging stations and approxi-
mate surface-water rights, in million gallons per day
[Data on surface-water appropriations from State Department of Conservation.

Appropriations for parts of drainage areas lying outside bounds of map on plate
1 are not included. Some appropriations are nonconsumptive.]

Discharge
Surface
Gaging station Average | Mini- water ap-
: through | mum | propriated
1954 daily,
October
1952
Nisqually River near National.. 488 115 0.6
Nisqually River at LaGrande. 870 356 1.9
Ohop Creek near Eatonville._. 42.1 4.6 1.3
Nisqually River near McKenn: 1,117 297 5.2
Nisqually River at McKenna. 1,041 118 7.1
Kapowsin Creek near Kapowsin. 31.3 1.2 52
Puyallup River near Orting___ e 450 80 452
Carbon River near Fairfax__.________ 266 58 .01
South Prairie Creek at South Prairie. 160 19 1.9
Puyallup River at Alderton_________ 1,027 194 498
Greenwater River at Greenwater 20 .01
‘White River near Buckley._. 895 195 3.9
Stuck River near Sumner. 398 31 21
Puyallup River at Puyall 2,109 341 517
Green River near Lester_.__ 6 16 .13
- Green River near Palmer_____.___________________ 690 65 258

Following is a list (based on information furnished by the State
Departments of Conservation, of Fisheries, and of Game) of streams
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in the Tacoma area that are closed to further appropriation or are
restricted in use during low-flow periods:

Big Soos Creek Mashel River

Boise Creek* Mill Creek

Burns Creek Milwaukee Ditch*
Chambers Creek Muck Creek

Clover Creek Newaukum Creek
Fennel Creek Ohop Creek (trib. to Nisqually
Green River® River)*

Hylebos Creek Sequalichew Creek
Jenkins Creek Voights Creek*
Lacamas Creek Wapato Creek
Leach Creek White-Stuck Pivers®

Little Soos Creek

1 Restricted during low-flow periods only.

The average annual rate of ground-water recharge from precipita-
tion on the Tacoma Upland is estimated at 360,000 to 440,000 acre-feet,
or 0.9 to 1.1 mgd per square mile. Some of this recharge goes into
shallow perched or semiperched aquifers and could no* be recovered
economically in large quantities. A considerable part of the area
is included in the Fort Lewis Military Reservation and is closed to
general ground-water development. However, large ground-water
withdrawals close to the boundaries of the reservation might effec-
tively utilize at least some of the recharge that occurs within the
reservation: Thus, the potential economically feasible withdrawal
from the Tacoma upland may be 200,000 to 300,000 acre-feet annually;
this is roughly 0.5 to 0.75 mgd per square mile. Becaus~ of the lentic-
ularity of the aquifers and the lateral changes in permeability, the
withdrawal from a single pumping center would be onl a small part
of the total quantity available. Nevertheless, there probably are
several places on the Tacoma upland where supplies of 20 to 25 mgd
could be withdrawn continuously.

The rates of recharge from precipitation per square mile are
believed to be considerably less for the other subareas than for the
Tacoma Upland, primarily because much of the potential recharge
from that source is rejected in those smaller subaress. However,
the total potential ground-water supply of the apprcximately 550-
square-mile area probably exceeds 550 mgd (about 600,000 acre-feet
per year), though probably not more than one-half to two-thirds of
this quantity could be recovered economically. Although the installed
capacity of all wells and developed springs in the area totals approx-
imately 170 mgd (260 cfs), ground-water use at preseit is not more
than 52 mgd. Therefore, a great deal of ground water is available
for future development and use.
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An important. potential source of ground-water supply in addition
to recharge by precipitation is induced infiltration, which occurs when
ground water is pumped from aquifers that are adjacent to and freely
connected with a surface-water supply such as a stream or a lake.
Highly permeable aquifers may thus yield many times the amount of
water that would be available through recharge from precipitation
alone. Generally, the chief advantages of induced infiltration as a
source of supply are that a filter plant is not needed and that the
water supplied by the pumps has a more uniform temperature than
does the surface water itself, though it may be expected to fluctuate
more than normal ground water, which usually varies only a few
degrees during the year. A further advantage at some locations is
the storage afforded by the aquifer, which may be sufficient tc carry
through a period of low streamflow. However, one disadvantage of
induced infiltration is that the streamflow ultimately is reduced by the
amount of water withdrawn that does not return to the aquifer or
the stream, and surface-water rights have to be considered. Some of
the requisites for successful induced infiltration are: (a) a source of
surface water of sufficient quantity to supply the wells, (b) permeable
aquifers adjacent to and in hydraulic contact with the surface-water
body, and (e) sufficient aquifer depth to permit establishmert of a
hydraulic gradient from the stream to the wells.

Induced infiltration seems to be the most feasible means of dcmestic
utilization of water from glacial rivers in the Tacoma area. Water
taken directly from a stream carrying suspended glacial flour ¢ sedi-
- ment, can be treated for this use, but the cost of such treatment prob-
ably would be considerably higher than that of pumping from wells
located near a river, where natural filtration would occur.

The flood plain of the Puyallup River appears to offer th= best
possibility for utilization of water supplies through induced infiltra-
tion. The streamflow is ample, and the velocity is sufficient to keep
the channel free of silt. Available well records indicate that sand-
and-gravel aquifers underlie the flood plain at shallow to mcderate
depths. These records further indicate that favorable locaticns for
wells might be found adjacent to the river from a few miles above
Orting to a few miles downstream from Puyallup. Test wells and
aquifer tests would be required to locate the best sites and to determine
the quantities of water that could be pumped. However, the general
character and permeability of aquifers in the Tacoma area, indicate
that individual sites which would yield tens of millions of gallons a
day could be found. The 15-mile reach of flood plain along the
Puyallup River might yield several hundred million gallons of water
a day.



B-74 WATER RESOURCES OF INDUSTRIAL AREAS

In considering a large-scale program of ground-water development
in the lower part of the Puyallup River valley, and particularly in
the Tideflats area at the mouth of the valley, some attention should
be given to the ever-present threat of salt-water encroachment into
the aquifers. Heavy withdrawals, allowed to proceed without a con-
stant check on static and pumping water levels and on water salinity,
could result in the partial recharge of these aquifers from Puget
Sound. Once encroachment has started, complete flvshing of saline
water may be accomplished only by virtually complete cessation of
pumping from the contaminated aquifers. For a heavily industrial-
ized area, dependent on ground water, this might be an impossibility.
Therefore, measures should be taken to detect and then to prevent
Sa]t~water encroachment.

WATER LAWS

Water laws of the State of Washington are based on the doctrine of
appropriation for beneficial use, provided that there is no infringe-
ment of any riparian rights existing as of June 7, 1917, the date of
establishment of the State water code for surface waters. The Super-
visor of Water Resources acting under the Director of the Department
of Conservation allocates surface and ground water in Washington.
His responsibilities include review of applications end issuance of
permits for use of surface and ground water. Applications for sur-
face water are also submitted to the Departments of Fisheries and of
Game for review and recommendation. The law of 1939 requires
that a flow of water sufficient to support game- and food-fish popula-
tions be maintained at all times in the streams of the State. The
Supervisor of Water Resources may refuse to issue a permit for use
which, in the opinion of the directors of the fisheries and game de-
partments, might lower the flow of water in any stream below that
necessary to support adequately the food- and game-fish populations
in the stream.

Laws applicable to the withdrawal and use of underground water
are generally the same as those pertaining to surface vvater. However,
as stated in State of Washington Surface and Ground Water Codes,
Division of Water Resources, 1952, “* * * to the extent that any
underground water is part. of or tributary to the source of any surface
stream or lake, or that the withdrawal of ground water may affect
the flow of any surface water, the right of an appropriator and owner
of surface water shall be superior to any subsequert right hereby
authorized to be acquired in ground water.” All natural ground water
and all artificial ground water that has been abandoned or forfeited
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are declared to be public ground water and to belong to the public and
to be subject to appropriation for beneficial use.

Permits are also required for appropriation of public ground water
by withdrawal except “* * * for stock watering purposes, cv for
watering of a lawn or of a noncommercial garden not exceeding one-
half acre in area, or for single or group domestic uses, or for an in-
dustrial purpose, in an amount not exceeding 5,000 gallons a day
¥ * *» Withdrawal of ground water, whether or not under written
permit, shall be made for economical beneficial use. Ground-water
rights may be declared to be abandoned if withdrawals have been dis-
continued for a period of 5 years.

Upon the request of 10 or more owners of real property abutting
on a meandered lake, through a petition to the superior court of the
county in which the lake is located, the Supervisor of Water Resources
may be directed to regulate the outflow therefrom for the purpose of
fixing the water level in the interest of flood control. This section
of the water laws does not apply to any meandered lake or reservoir
used for the storage of water for irrigation or other beneficial purpose
or to lakes navigable from the sea.

Other State agencies that exercise control over waters of the State
are the Pollution Control Commission and the Departments of Fealth
and of Agriculture. The Pollution Control Commission has jurisdic-
tion over control and prevention of pollution of streams, lakes, ponds,
inland waters, salt waters, water courses, and other surface and under-
ground waters of the State.

The Federal Government, through the Corps of Engineers, Scattle
District, operates flood-control projects in the Puyallup-White River
basins and is constructing a dam at Eagle Gorge on the Green River.
The Corps of Engineers also has jurisdiction over the navigable tidal
waterways of the Puyallup and the Duwamish Rivers.

DEFINITIONS OF TERMS AND ABBREVIATIONS

An acre-foot is the quantity of water required to cover ar acre
toa depth of 1 foot and is equivalent to 43,560 cubic feet.

An agquifer is a rock formation or stratum that will yield water
in sufficient quantity to be useful as a source of supply. An arfesian
aquifer is an aquifer confined between relatively impermeable rocks
and containing water under sufficient pressure to rise above the bottom
of the upper confining bed. The piezometric surface is an imaginary
surface defined by the levels to which water will rise in cased wells.
It may be not only above the water table but above the land surface,
and at such places, wells obtaining water from the confined aauifer
will flow at the surface.
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The coefficient of transmissibility is a measure of the ability of
an aquifer to transmit water. It is defined as the number of gallons
of water, at the prevailing water temperature, that will move in
1 day through a section of the aquifer 1 mile wide which has a height
equal to the saturated thickness of the aquifer, under a hydraulic gra-
dient of 1 foot per mile. Methods for determining th< coefficient of
transmissibility have been described by Theis (1935), Wenzel (1942),
Cooper and Jacob (1946), Ferris (1948), Brown (1953), and many
others.

One cubic foot per second is the rate of dischargs of a stream
whose channel is 1 square foot in cross-sectional area and whose
average velocity is 1 foot per second. It is equal to 448.8 gpm
or 723.97 acre-feet per year.

COubic feet per second per square mile is the aversge number of
cubic feet of water flowing per second from each square mile of
area drained, assuming that the runoff is distributed uniformly in
time and area.

A draft storage curve shows the amount of storage required to
maintain a specific rate of regulated outflow. The storage quantities
shown in this report do not include the amount required to replace
evaporation, transpiration, and seepage losses from the reservoir.

Drawdown is the lowering of the water level in an aquifer, as
measured in a well, caused by pumping or natural flow.

Equivalents per million is a measure of the concentration of dis-
solved solids in water, expressed in terms of their reacting value.
It is the number of unit equivalent weights of an ion contained in
1 million unit weights of the water. An equivalent weight is ex-
actly equal in reacting value to one-half the atomic weight of oxygen
(8.000 grams).

A flood-stage frequency curve shows the average interval of time
between flood stages reaching various elevations above mean sea level.
The curves in this report represent the frequency of all floods rising
above a base level.

A flood-duration curve is a curve showing the cumuletive frequency
of daily discharges, prepared by summing all daily discharges in
order of magnitude and plotting against the percentage of time
that the daily discharge equaled or exceeded a given amount.

Glacial outwash is the material deposited by melt-water streams
discharging from the front of a glacier. The materials deposited
during the advance of the glacier are “advance outvash” and ma-
terials deposited during the recession are “recessional outwash.” At
many places the recessional outwash is separated from the underlying
advance outwash by a layer of till.
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A low-flow frequency curve shows the expected average recurrence
interval of annual low flow for periods of 1 day, 7 days, 30 d~ys, or
for some other consecutive period. Annual low flow is the lowest flow
occurring in any year. Low-flow frequency curves in this report are
computed using a regional analysis and a climatic year beginning
April 1 and ending March 81. The stations used in the regional
analysis for the 24-year period April 1, 1930, to March 31, 1954, were
Greenwater River at Greénwater, White River at Greenwater, Carbor
River near Fairfax, Puyallup River at Puyallup, and Skykomish
River near Gold Bar. '

Mgd is an abbreviation for million gallons per day. 1 cfs=0.646
mgd.

Outflow is the combined surface and subsurface flow out of a
drainage area:

Parts per million is the number of unit weights of a substance in a
million weights of solution (chemical), or it is one million times the
ratio of the weight of sediment to the weight of water-sedimert mix-
ture (stream discharge).

Perched ground water is water collected in a zone of saturation
above the regional water table and separated from it by a zone of
aeration. The downward percolation of perched water is impeded
by a stratum of hardpan or clay. The surface of the perched ground
water is a perched water table.

Runoff is the discharge of water in surface streams. Current usage
associates runoff with natural sources and effects, excluding tl'ose of
artificial storage, diversions, and the like.

Semiperched ground water is water in or above materials cf rela-
tively low permeability, having a substantially higher head than
ground water in adjacent, more permeable material from which it
is not separated, however, by any unsaturated material. Semiperched
water belongs to the same zone of saturation as the water in the
adjacent, more permeable material and, therefore, where it occurs
there is only one water table.

Specific capacity is the yield of a well per unit of drawdown, gen-
erally expressed as gallons per minute per foot of drawdown. It is
dependent not only on the hydraulic properties of the aquifer, but
on the size, construction, and development of the well, and on the
length of time and rate of pumping.

Water year is a period of 1 year ending on September 30.



B-78 WATER RESOURCES OF INDUSTRIAL AREAS

SELECTED REFERENCES

American Water Works Association, 1954, Watershed and reservoir control in
the Pacific Northwest—panel discussion: Am. Water Works Assoc, Jour.,
v. 46. no. 8, p. 723750, 12 figs.

1955, Mixing and sedimentation basins—revision of chapter 8, Water
quality and treatment: Am. Water Works Assoc. Jour., v. 47, no. 8, p. 768
790, 10 figs. ’

Anderson, 1. E., 1948, Floods of the Puyallup and Chehalis River basins, Wash-
ington: U.S. Geol. Survey Water-Supply Paper 968-B, p. 61-124, 1 pL

Benedict, P. C., 1946, A study of the errors resulting from the use of turbidity
in computing the suspended sediment discharge of Iowa streams: Iowa
Acad. Sci. Proc., 1945, v. 52, p. 205-210, 2 figs.

Bretz, J. H., 1913, Glaciation of the Puget Sound region: Washington Geol.
Survey Bull. 8, 244 p., 24 pls., 27 figs.

Brown, R. H., 1953, Selected procedures for analyzing aquifer test data: Am.
Water Works Assoc. Jour., v. 45, no. 8, p. 844866, 19 figs.

Cooper, H. H,, Jr., and Jacob, C. E.,, 1946, A generalized grarhical method for
evaluating formation constants and summarizing well-field history: Am.
Geophys. Union Trans., v. 27, no. 4, p. 526-534, 5 figs.

Crandell, D. R., and Waldron, H. H., 1954, Recent mudfiow of exceptional di-
mensions from Mount Rainier, Washington [abs.]: Ge»ol. Soc. America
Bull,, v. 65, pt. 2 of no. 12, p. 1337.

Ferris, J. G., 1948, Ground-water hydiaulics as a geophysical aid: Michigan
Geol. Survey Div. Tech. Rept. 1, 12 p., 11 figs.

Giovine, P. R., 1955, Employment and payrolls in Washingtonr State by county
and by industry. Washington Employment Security Dept. Rept. 35, 66 p.

Gottschalk, L. C., 1942, Notes on reservoir silting and suspenced-load measure-
ments in Washington: U.S. Soil Conserv, Service Spec. Rept. 2, 15 p.

Henshaw, F. F., and Parker, G. L., 1913, Cowlitz, Nisqually, Puyallup, White,
Green, and Cedar drainage basins, pt. 2 of Water powers of the Cascade
Range: U.S. Geol. Survey Water-Supply Paper 313, 170 p., 16 pls.

Kunigk, W. A,, 1945, Relation of runoff and water quality to land and forest
use in the Green River watershed: Am. Water Works Assoc. Jour., v. 37,
no. 1, p. 21-31, 8 figs.

LaRocque, G. A., Jr.,, and Piper, A. M., 1938, Ground water in the Tacoma area,
‘Washington, progress report No. 2: U.S. Geol. Survey oper-file report, 70 p.,
7 figs.

Moore, B. W., 1940, Progress report of the committee on quality tolerances of
water for industrial uses: New England Water Works Assoc. Jour., v. 54,
p. 271.

Mundorff, M. J., Weigle, J. M., and Holmberg, G. D., 1955, Grcnnd water in the
Yelm area, Thurston and Pierce Counties, Washington: U.8. Geol. Survey
Cire. 356, 58 p., 2 pls.. 17 figs.

Mussey, O. D., 1955, Water requirements of the pulp and paper industry: U.S.
Geol. Survey Water-Supply Paper 1830-A, p. 1-71, 1 pl, 12 figs.

Neale, A. T, 1953, Watershed problems and their relation to water quality:
‘Washington Pollution Control Comm. Tech. Bull. 15, 16 p.




WATER RESOURCES OF THE TACOMA AREA, WASHINGTON B-79

Pacific Builder and Engineer, 1944, Hydraulic rams cut pumping cos*s for
Auburn : September 1944, p. 52-54, 1 pl.

1950, How Tacoma is increasing its water supply: May 1950, p. 75-77,
5 pls.

Piper, A. M., and LaRocque, G. A., Jr., 1938, Ground water in the Tacoms area,
‘Washington, progress report No. 1: U.S8, Geol. Survey open-file report, 105
p., 2 pls,, 10 figs.

Robinson, J. W., Piper, A. M., and others, 1943, Water levels in observation
wells and stages in certain lakes of the Tacoma area, Washington: U.S.
Geol. Survey open-file report, 227 p., 1 pL.

Sceva, J. E., Wegner, D. E., and others, 1955, Records of wells and springs,
water levels, and quality of ground water in central Pierce County, Wash-
ington : U. 8. Geol. Survey open-file report, 261 p., 8pls., 7 figs.

Tacoma, Washington, Department of Public Utilities, 1952, Annual report of
the Water Division: 56 p.

Theis, C. V., 1935, The relation between the lowering of the piezometric sur-
face and the rate and duration of discharge of a well using ground-water
storage: Am. Geophys. Union Trans., v. 16, no. 2, p. 519-524.

Thornthwaite, C. W., 1931, The climate of North America according to a new
classification : Geol. Rev., v. 21, p. 631-655.

U.S. Bureau of the Census, 1950, United States census of agriculture: p. 45.

U.S. Coast and Geodetic Survey, 1954, Density of sea water at tide stations,
Pacific Coast, North and South America, and Pacific Ocean Islands: Spec.
Pub. 281, p. 24.

1956, Surface water temperatures at tide stations, Pacific Coast, North
and South America, and Pacific Ocean Islands: Spec. Pub. 280, p. 32.

U.S. Geological Survey, 1906-1953, Pacific slope basins in Washington and upper
Columbia River basin, pt. 12 of Surface-water supply of the United S‘ates:
U.8. Geol. Water-Supply Papers, issued annually.

1953, Plan and profile, Carbon River, Washington ; South Prairie Creek
to Mount Rainier National Park Dam Sites: Plan and Profile Maps, 3
sheets.

U.S. Public Health Service, 1944, National inventory of needs for sanitation
facilities: U.S. Public Health Service Repts., v. 59, no. 1, p. 1-20; repr.
no. 2535.

1946, Drinking water standards: U.S.‘Public Health Service Repts., v.

61, no. 11, p. 371-384, 1 fig ; reprint 2697.

1951, Report on water pollution control Puget Sound basin: Water

Pollution Ser. 31, 73 p., 8 pls.

1954, Inventory municipal water facilities for larger communities in
‘Washington: 7 p. .

Van Winkle, Walton, 1914, Quality of the surface waters of Washirgton:
U.8. Geol. Survey Water-Supply Paper 339, 107 p., 2 pls.

Wenzel, L. K., 1942, Methods for determining permeability of water-bearing
materials, with special reference to discharging-well methods: U.S. Geol.
Survey Water-Supply Paper 887, 192 p., 6 pls.

Willis, Bailey, 1897 (1898), Drift phenomena of Puget Sound: Geol. Soc.
America Bull.,, v. 9, 162 p., 7 pls.

Willis, Bailey, and Smith, G. 0., 1899, Description of the Tacoma quadrangle
[Washington] : U.S. Geol. Survey Geol. Atlas, Folio 54.







BASIC DATA




WATER RESOURCES OF INDUSTRIAL AREAS

B-82

*S3901 POJEPIOSU0D 10 P3JBPI[OSUOIIUISS AQ UIB]
-lepu() ‘a3e judey JI0 noﬁs% Jo syisodap Aq
saoe[d 1sour 1B wesAQ  seyddns ad1ey prorA
s908[d owros 18 Jnq serddns sjvIapour 0} [fBWS
PRIA A[[eiousd ([9ABI3 pu® pues 9IB SIJINbY

*sj1sodap
P9JBPI[0STOdUN UOYSEBA -0IJ

(000 ‘1<

“y8ad ‘A8[d
‘[eABI3 ‘pues ‘IS

*sy1s0d
-3p DPajeprios

-u0oUN UOYSE A -01d

*SJUBUIIPSS PI)RPIOSUOOTUISS
I9p[0 10 s3Is0dep pajeplosuodun UoysB A-a1d Aq
GIEaSpU[y  '193BM BOIA j0U Op A[{BIoUR3 810
-1y} PUB ‘pourelp A[lpesJ 918 shojjea doap 0}
juede(pe A[9)erpeurur spueidn yjeaudq syisodep
yseminQ -I9)eM Jo seiddns adref 0} a)eldpour
PRIA Af[8ioued ![I1) Aq s99e[d AueuI je UIB[IA0
‘038 UOYSBA JO [9ABI3 pUE pUBS USEMINO APSN()

‘Uol)B1IE[3 UOYSBA
9y} JO (JBUOISSadAI puB
aousApe) sisodep yssminQ

001-¢

‘PABId ‘puBg

"SBMIN0 DUBADE
Aq Aqeisusd wepepup seyddns jews %ﬁo_h
A YOIy} ATIUSIYNS aIdyM ‘sedre pusdn Jo
11ed 0318[ © I8A0 JoA®] UIY) B 3UTULIO] SIOP[NOQ
pue ‘[9ABI3 ‘pues ‘JIs ‘AB[D Jo SIN)XIUI POJIOSU()

UOTJB[IRI3 UOYSE A 8Y3 JO [TLL

+09-0

*SI9pINO0Q ‘[9ABIF
‘pues ‘s ‘Ae)

ysemIno
UBADY

18)8M POIA YIIUM JO SUI0S
‘I o poyosed SIIPOQ [[eWIS SOPNMIUL TU[)
*SI9Jnbe jusjiodurl £19A ULIO] A9Y] ‘I1QB) I)BM
oy} MO[9q pusIxad s)isodsp oyAy SUIBAI)S
19)BM-)[OUI AQ POYISOdID 19ABI3 PUB pUBS ISIBOD)

(‘ysem
-Jno dueApe uroly g ‘id
uo AEeredss umoys JON)

+002-0

‘pues ‘[9ABIN)

1P UOUSBA

1L

‘YSemMIno
1BUOISSS00Y

AU300ISIAJ

.@wa:osmw »&E ..o:o:m¢>
Jo sysodep Aq urepepup  sarddns agref A10)e
-19pOuI 0} 8)BISPOUW PIAIA s}Isodap [9ABI3 pus
‘YIS ‘puUBsS pojeIn)Bs JIOUI0 ‘pajeiniss olaym
saT(ddns e31B[ 0] 9)BISPOUI DP[OIA SIFATY USRI{)
pue YA oyl 3uo[8 [9ABI3 puUB puUBS ‘)M
Jo soriddns syeIdpour 0} [[BWS PIA IS pUE pueg

*(21y3 dIoux
10 199) 00g 919ym Afuo g ‘1d
U0 UMOYS) WINIAN[[E JUIIDYH

+009-0

*S[[oYS ‘1eAvId
‘Aed ‘)8 ‘pusg

wmnAny

JLCHER S

Areurnend

$)001 Argjudunpoag

SONISHIS)IBIRYD SULES(-10)EM pUE UoTSodwo))

sureN

(199))
SSOUIIYL,

uonsoduro))

sure N

Jaynby

Jrun Yooy

yoodg

pousg

DIUD DUWLOIDT, dY) UL 842[2NDD [0 $012814210DADYD HUIDIQ-LIIDN PUD dFY—TTL TIAV,



B-83

WATER RESOURCES OF THE TACOMA AREA, WASHINGTON

‘puBiA0] punog jedng ul serddns 9[q13

-T180u JO I9)BM OU PPIA A[BISUAS SHO0I OTUBI[OA ‘SO0 O[UBOTOA 9)1SOPUB dUIXOIL I QU0 -1S0J AIBIIAT,
8201 SNoduUB]
*3jBIom
‘soriddns *S)901 -0[3u00 ‘[eod
[i8ws 0} 9[(I3[[Fou PIOTA 9[BYS pUB JU0ISPUBS | AIBJUSWIIPIS PIBPIOSUO) | 4000 ‘0T ‘orBys ‘suo)spusg ‘dnoid jeing ELcoldn g ArBpIo g,
“SYQ01 JTUBI[OA 10 AIBJUIUIIPIS
PajBpIIOSU0d Aq Ule[Epu ‘sYIdap )eau3 wioy
suiduind Aq serddns o8is] Surdojessp jroased ELch iy Lrenaar,
ABlI TMOPMBIP d[(B[IBAR 8318] ‘doap I8 spuBs ‘s)1sodap Arsjuoumr [9ABI3 PIIUATIO 07 9UD0IS[J 0] AIBuI)end)
YA ‘sal[ddns [[eUs p[aIA A[[BLUS3 sjaed ApuBy | -1pas pa)BPIOSU0OImIIs BP0 [(3)000 ‘T-01 ‘pues ‘s ‘Ae)



WATER RESOURCES OF INDUSTRIAL AREAS

B-84

*9383 pUNOIB UOISIAAL( :
*sdde], oy’ Jo Baxe o3vUILIP SAPNIIXY |

9-11-21 91°'89 000 ‘2% 81 ee8 [T ¥g61 “1des 09 9861 "3nv- 0 A - wInqny Iedu I8AIY usdld) | 8¢
9-11-21 9661 003 ‘€% £ 069 |t $961 “1dag 01 1861 100 | 9316 [+ R Jour[8d JeoUu JSATY UMY | b
£8-01-31 0'1e 000 ‘29 ov (1] S A ¥961 "1deg 03 $161 A 0 896 |7 dojisAng 38 10A1Y dnjednd | g
9131 ¥L°69 00T ‘T 6 86¢ --|:n||||H|-mM~~ “MNM NN MMMM aﬁodﬁw. 0 (177 22 S Joumimg Jeou ISATY Yonjs | 9¢
. *
9% | 9Ll 000°2T | T8 968 % ............. £861 "A0N 03 8261 490 | 0 T B Ao[yong 180U I0ATY NTUM | Te
. o lea | e (oo 7961 305 09 6261 &8
9¥-T1-61 | 09°L 082 % % 18T y|---mmoee ﬁm~ -3nv 03 1161 .Ewm o7L'T | 6gr  ftmmmmmmmmmemmeees 19)8MTA01E) 18 I0ATY IBMURID | 63
. or ter | eee HTTTTTTTTTTTT $961 “1deg 0} 6361 I8N
£6-12G1 | 8876 001°8T | 92 £e9 A ............ 2161 A% omS 61 3deg | 9oLt P A S 12)8A U1 18 JOATY NIUM | 82
. ; o fI77TT #3961 ) 0} %61 "100
91121 | 08799 00975 | € 220°T A ............. 1261 'qod 03 $I6T °100 | 0 L I R UOMIPIY 18 JOATY dnyresng | 12
€96 -Gl 88 0% ‘e < [17¢) SHE I $¢61 "3deg 03 661 eunf ogy [0 772NN JUIBIJ YINog 38 Ja31) dUI8Id YINog | ¥g
a1 Z°01 000 ‘1T a7 99z ﬁ ............ $961 "1deg 03 6261 "T8 A
€6 -gr | g0l 1 000TL | % | 9B fo-----o-oooes 7161 .ME. 0 0161 'AON | 92181 | 8'8L  |~="==="====-=-=-=-==m-omooes XBJI[8] 183U JIATY U0QIB) | 23
88-""QL |TTTTTTTTTyTTTTTTTTTT €T 1t 2N $¢61 "1deg 03 1861 "1deg | ¢-.98 42 S It 3unaQ Iseu 19ATY dnyeing | 13
9 699 209 81 e'1e ﬁ CTTTTTTTTgerdssoywereo (o |
L e L T €61 '100 03 Lg6T ounyp | 19 % mrmmmemeees uismodey] 18ou 30010 Wissodey | 08
O E— 199 el w {TIT wel wegoygser Amg | | |
L DU B L B | i 0761 *deg 03 261 05T | 00 1] S 3991 YOROT MO[eq FIRIQ) SIYWILYO | LT
19-11-% 0811 006 ‘9T ¢ L 0¥ ‘Tg |~ 261 *3dag 03 [F6T 300 9LE /1 A A BUUSNOW 18 I0ATY AfenbsIN | €1
19-11-2 811 00L ‘LT 141 LITT o $e61 1dos 0} TH61 "3ny | 9°'6L8 L'} 4 20 R BUUSNOIN 1vdu 19ATY A[[8nbsIN | 1T
(390]) (19491
98 19319 (s39) SIBAX (p8ur) 8IS UBOWI | (SO[IUL TOIIBO0] PUB WBAIY (1 1d)
adep | ALIuend fLnusnd 9A0q8 | arenbs) ‘ON
PIOIAI JO POLIdS 108)) BaIB
93ed Jo | e3wupeIq
MO WNWIXBN Mo 988I0AY UOT)BAS[H uonjels udep

Fegr ‘08 "1dag w0 w0 v.Ld0 UY SUONDIS LBuIbDO 1D DIDP NOYWDIUYS [0 Aunwmuny—CT TIAV],



WATER RESOURCES OF THE TACOMA AREA, WASHINGTON B-85

‘31481 JO PUD 3B §9)0UL00] 39S

1 [dy 3uruuideq Jeox

uonels urden

...................... YT T T T T T T T 181 | T T T 000y
18 10ATY dnpreAnd | 61
09 [06¢ |LTTg {0BT 60T |ZOT |2OT [T0T¢ |8BLs (PGT¢ |88 |90T¢ (20Te |TOT¢ IZTTe |3Lle (PO |IBe (96¢ [P8e¢ [BLe |[L0Tee|™™"7|\77 777 8°¢6 |TTmToTmmmomme UOIPH
189U JOATY dn[eAng | 81
...................... cempee e e e e T ] sen | teooeielg IBeu
00 OB MO[Oq
3eal) sroquieq) | L1
...................... finintel Aluieied Sl fninkeieied iebtiad (el Inteluiotel ieinteled iloiuiied ettt ilelteted fleieieield inteioted Aftntubed fuieiuteied nfeleinted ibeinieied nteieielatel inbuintel Akt I 5C“ 72NN b+ (1101 €5 TS 00 L0
‘93BT Wo00B[19Y
38 o1y slequuey) | 91
...................... T T T T T T T T T T T T T T T T T T T 0L [T T T IO
180U 901D I9A0ID | o1
...................... [t i R il R R A A A A A I T I S Nt A A T 21 S I 411 L L0 §
180U Y00X) YONI | ¥1
.................... i el ndeieied ittt et ettt ittt nfadieted ittt el Infeluteied nfeiintatd inteieluted nfntutnd idelieded inbuiuiutt ntuduluted Seiuiutuiiel Ittt Infutinied AP (B Rtiintniuinaial 1011 3} ) 70
I8 JOATY A[[BNDSIN | €1
................. ineieied e Rt I SR Rt 11 13 2 ) 114
189U 091D XBMURY, | 31
...................... inteied Elietel Aeintold (nteluieted iniututed iniebiiet el et iedmbated (nteiuteied nfeleiel Abinteted Sliuielei liednied Riuteled inieietelel fedutel iabedd Inbeieiedntel ieduied Ibintetet TR < © 0 Retehubntulatall 1712 )} ) 74
Jeou JoATY ATenbsiN | 11
8¢ 8% |T%e |" | T T VT T T T T T T T Ty g'gg |TTTTTTTTC oMIauoIey
180u yee1) doyo | o1
...................... [ In il S il A A i Iy A Rl R S () I it A At It I 1) § STTTTTTITTUOMIAuOYR
J89U Y301) YOUAT | 6
...................... et el edietelel inteieinted ellietel ibinteled il ifelinled Rl el lelietel Aoieinielel fninieloiel telioind Ilnteied inteieieted iindioted Antetnbiel el et VA -1 --gpuelp ®T
Je0U JOATY [OUS8IN | 8
¥, [80c |018s:|861¢ TlTTTYYTTYTTTITTTTY TN T T T T T T T 9%¢ |L61¢ |"777 7 9%C |L0T ¢ 6% |~ 9puslf) BT
98 JOATY ATeNbSIN | L
........... IONNOREONRON IOR ION IOR KON O bt S ki e R e e e ) B B I st e b ol
-uo)) IoMoJ BB, | 9
ST T T it il It il it ettt It A inieinietel Il Al I Rl it i I i Rt e 68 |-m epuslp ¥ 18
JIOAJOS9Y opumIy) 1 | ¢
...................... T T T T T T T T T T T T T T T T Y] 988 [T eIV
7% JJOAISSOY IOPIV | ¥
................. I R I R it A (At Al At I et i At A Al it i I et et NN <t AN I ) Y1 )
180U IOATY AfenbsIN | €
T Tt T T T T T T T T B [ S [BUOIIBN
I89U JOATY AGNbSIN | &
...................... T T T T T T T T T T T T T T T T TP TTI88 ks 6G e |TTTTTITTTTTTTT TN 9089 [T T TN TTTTDAONYSY
180U JOATY ATenDSIN | T
(11d)
6261 | 86T | LZ6T |9Z6T [9Z6T(¥Z6T| £T6T | ZT6T | 16T | 0G6T | 6161 | BI6T | 2161 | 9161 [ 9161 | ¥I6T | €161 | ST6T | TT6T | 0161 | 6061 | S06T (1061|9061 awwawmv e N _%mz
938
-urel(

fivp 4od su0DB oI U} ‘NOY ANDP WRWIUTIT—FT TIEV,L



WATER RESOURCES OF INDUSTRIAL AREAS

B-86

...................... B i et el et ettt e ettt Teletetel et et Bl e R B [1;: 24 R 110 (1 101N
180U J991) S0QOIAH | 0%
............... R inil Al il Sl Attt innetuiel Al TTUTSTmSooSTUURMIONR,
189U J90ID ojedep | 68
...................... R i et Il I I Soomss-s---dnpeing
. 18 Joo1) Yae[) | gg
€9% z [108¢ |¥S0 ‘T5[¥¥6 ¢ [GL9 1808 |€98 ¢ (2287|096 [$C0‘T|pe8 s {T1L |29S ¢ [FoLz [69L ¢ (228 |-~ IR I i e I 86 |~ "o dnjreAng
Je DALY dnfeAng | 2e
----- iaiaiuil il i Rt Retaiuie etk Sl Rebebeinted duintednd It el Rl Eeied e B B B B B L il et R L] PRPNON PRSI IR STRTTTTTTTTTTIeuwIng
Teou sdde], o8y | g9¢
...................... R U T T oz | mmommms - suming
180U I0ATY Yomg | gg
................ C0C ¢ (1T |1€3 [T¥E |¥9T: (068 ¢ (¥ (65T ¢ |83 & (060 (380 |Gils (666  [GLT s """ TT|SLG o (T o e mmm e e e Lo¥  |TTTTTTTTTTT Aspong
[ P P JES DR ST I P I I [N DRSO (R PR M P 18 DATY UM | 78
il it Ittt It - cTTTe i Il il e R I el Ittt R A intieiel iele) ietelnd A i i 8¢'6 |~ Mepwnug
180U J984)) 9siog | g€
...................... B I O R B B O B B B O O B O B O I T B O e e e ) e B O R G AT
..... R RO (RORUEIN PRI DRI RN S U SR IS [ T L S ouIny IATYH UM | 78
[ S (/7% 2 [l I I el e ettt il Intetieted Rl Inhaid ettt el ittt e Rttt RS I (20 i Aopjong
AN N FRSEV RN NN SRS SN SRS ARt S N N A AU SO SR M JEOU TOATY OIYM | T8
..... T TTTTTYITTYITTTYYTTTYTTTT T TTTITTTTYTTTTY T e 00w “""-Ae[yong J€aU I10A
_ -10Sey UIBIUNOIN PNy | 0g
8Ty |~"7777| 7T Tl T T T [ 2 I il R I 6°¢L |TmTmmeT d9)eM USRI
_ R R 98 JOATY 10JBMUINIY) | 63
06g |- 7|l el et el Kl R B e B R e it Sttt ittt It [t e il I B 918 |~ JojeMTBIY)
38 J0ATYH ONUYM | 8T
Tyt 60€¢ |SLT \LPT |32C |¥€2 |L6C (968 |12g |T#€ (8.3 (282 (358 |28@es |-~~~ ~"|=----|----|---------- I -1 20 U0JIBPIV
SR USSR DRI ORI SRS R PR IR PN AN AU ORI N A Je JeATy dnyedAng | 2z
................... - TTTYlTTYTTTT T TS T T T T T est TTTTTTTTTTTTUIINO N
J8IU Je0d)) [oUUS] | 97
...................... e e e e i et et et Rl etetl el ] REEE BP0 RiahiiiielinieF 755 0111 fg
_ 80U J00d) JYBI0A | o3
............. E e I el Il Il It il il el et R SRSt R EESEE PR “TTTrelIeL Uinog 98
R _ R RSN EROUTY DEVSURI (RSN RSN R S A . e Hoad)) duIIBIg YINog | g
.................. s T TN T T T T e | oz B ¢ (55 {9
78 Jeeld]) ofepn | €2
(127 ) R R I B I TTTTITTTR|TTTTTTTT T BLez (8% |9Geg|"|TTT A Dl I B 72 ettt xejae
nnnnnnnnnnnnnnn [ R P o o N . _ = . . JBoU oAl U0qas) | gz
....... - o - TTTITTY T T T TTTTTTTYTTT T T ) st ..............%ano
a80u JoATy dneAng | 12
€% 91T (g€ |7 TVt YT T T e e Bl It et I el et i el ‘xoxdde |-------- - Sw\sc~ 15’3
. [rd 189U Yoad) ulsmodey | 9F
(119
6T6T | 86T | LZ6T | 976T |SC6T|FT6T| €261 | 2261 | 1361 | 0Z6T | 6T6T | 16T | L16T | 9161 G161 | $16T | €161 | G161 | TTI6T | OT6T | 606T | S06T [2061| 9061 | (rux bs) ome N 109
voIR -mm
o8e N
-urelq

1 [adv Suuurdeq Ieox

uople)s 3uiien

ponunIuoD—Avp Lod su01v6 uoIIUE Uy ‘NOY ApwP wnuuy J—'§1 I8V,



B-87

WATER RESOURCES OF THE TACOMA AREA, WASHINGTON

*3[q8} JO PUS 18 510UI00] 39§

e
$°9%

P81
182
0%¢

Ty
01t
8
F01
44 4
61T

189U JOATY
18DO0) IO YHON

JBOU JOATY UAIID
.............. wnquy
Jedu Y9910 s008 S1g

J991) u0ldutA0D
............. puowrelq
o[y I8ou

J901D U0IUIA0D

129U JA0I)) sulyudL
.............. wnquy
180U ‘YOI Sulyuol

9A0Q® ¥993) 5008 31
...... puourer yoerg

189U J9I) swang
............ puowslq
Joe[g Ieou

Ho01) WINYNBMIN
...... Mepumuy I8etu

HO0I) WNJNBMIN
...... puoursy(I yoelg

189U JOATY UIID

180U ATY UIID
......... 93100 o8y
189U Y0910 T80g
......... 9310p d[Ber
JI8OU J901)) AdeyD
............... T19)S9'T
189U JA31D ABUIS

180U Y0010 MOTUE

6g

L9

¥

es
(44

¢

(14

A4

44

¥

¥



WATER RESOURCES OF INDUSTRIAL AREAS&

B-88

.................... T9Tez (L6¢ (88T ¢ |SOT |BFTe |6TT e | "~ 7| 7" 77777777777 7T ITTIITTTITTTTTTITTTOTTTI8GT e g (BB (98¢ |88 8°¢6 |TTTTUONAAY JvaU
19ATY dnpeAng | 81

sz |02 1€ L& |¥2 v P8 |08 |9T €z 17 2 R s (92 |18 Peles | " [ el e i I FOI  |""UI000%II9)§ 18U

IO OS] MO]
-8q J98I)) sIequreq) | LT

.................................................................... T%e |8 [$7s |77777|TTTTTITTTU|TTTCTTTTTTTTTTTYITTTTTTTTTY| PU8L |7 UHO00B[I9)g 180U

‘Y 8] UI00J8[[3)§
18 Jpal) squiey) | 91

0°1 |0 ¢ |6°¢ 0z T T T T T T T B il TTrlTTITTTYYT T T T g0L T WNOTLL
JI8OU Y0013 J0AO[S | CT

it Il Rt [ 28 O 25 Il i A I A It It il It Il it i I I A A i e 691 |TTTTTTTC puspAoy
183U Y2210 Jongy | B1

1T |28 €9 |01 [0 22 4" ] OF 21 [ I I I i A It It At il I A A ) A R R 1S |77TTTBUUGD O 18
JoAry ABnbsiN | €1

il Rl it 9'z (¢° 9'T 8 [6° (8" [ 3 A2 Reieiuinial irieiieied Indiniad Inettief it inininied tedetelnid At il it ettt et el 9°9Z | TBUUGM O\ 180U
08I0 XBMUBT, | 21

$8¢ |L21 169 (9GC |20C |L1Z: |0C (962 (09T  |PITe [P6T LT |(SLT g |™"" 7|~~~ 77TT|TTTTTT YT TTTITTTTITTTTTYTTT T S |T TBUUIDOW Ivou
BAYY A[BnbsIN | T1

PeieT (9% 8C |2F 199 |6°¢ [8F [T 9T [g€ [§€z(L6g| (T T|TTTTTY|TTT T TTTVTTTlTTTY T 6'¢ [9°C 1 S Arauojey
1sau yoau) doyQ | 01

i il Il 8Ge | TTT|TTTT T T T T T T T T Rt il et il il g9 [T slAuO)By
189t }991) Youdy | 6

gL %Y |¢F |¥8 (29 ST B8 (VI |6'¢ (6'¢C g9 g9 '8 [g¥g |TTTC|TTTTTC|ITTTC i R i i el il ) S opuBIp 8]
80U IBALY [PUSBIN | 8

V8¢ |281 (892 (192 |W0C¢ |OTT¢ (982 (06 (€Ge |€¢ |~ 7|77 °[7777TTTTTITTTTITTTTCT e [ It I R 121z 26% |""TTepumip B 98
I0ALY AJ[BnbSIN | L

et eietieied Inteieted intelieied Innieinl Rt Rkl it Enteielnteied Iniieieledel nteltiel Iluieted Iinteled ileietnled St il el et iiainted Al dieteied il il il i epuBlp)

®7] 180U JMpU0)
19MOJ BWOdRT, | 9

ittt SO B I il il et it el il el I ) e I ! e TTITTTTYITYET T T 68¢ |T7TTTT *-"epuBlp

BT 18 110A
-1950Y epuelp B |

TTIE [ 666 e G T e Tl TR T T 98g ["TTTToTTToo 19pIY
18 JI0AI950Y JODTV | ¥

T T T G8T ¢ (TLT |TITT 8.1 (18T |€9T [&¥T |GAT |L6¢ (COT |8GT |168  [¥8T  [¥81¢ | "~~~ 44/ 2 JOP[Y 180U
JoATY AqBnbsIN | €

€8T |TLe |@PT¢ |SLT [SLT¢ |9€T¢ 86T (00T (96T JOGT (0BT (L8 |~~~ "7 "~ ~"|"~""|~~=~""|"~="77|""°~ A I i S I A €81 |TTTT[RUONBN IBOU
IBATY ATBnDSIN | 2

el Ieteieteied ieteted it Snieiietetel irbiuieied il Inintieied idieintetel e Bteied Aeinieid Eeleieieied ibuieted Attt intetedieted Ibeinl il el el ieeinieiied bl I g'g9 |~ PIOJYSY I8OU
JOALY AqBnbsIN | 1

(1°19)
€96T| 2961 | 1961 | 0961 | 6F61 | 8F6I | L¥6T | 9%61 | SP6T | ¥¥6T | €61 | ZFOT | TH6T | OF6T (BE6T| SE6T | LE6T | 9861 |9L6TPE6T| 86T | ZL6T | 1€6T | 0861 :.M»wmv dweN hwma
o3
-ureaq
. 1 (advy Sutumdeq 18y uope)s 3mdsp

ponuiuo)—Avp 404 suons wovrUL UL ‘Mo RPDY WU J—FT T1AV],



WATER RESOURCES OF THE TACOMA AREA, WASHINGTON B-89

01¢
)

tecd

81 ¢

783 ¢
®

vy
LA

9 ¥
€ce
1Tz

te43
9°C ¢
63
182 ¢

¥

9°€

L89

892

61
9T

69
L8

€38

£01

Vo1

[454

91
141

29
n

*3[q®) JO PUD }B §3)0UJ00] 30§

611

6°8L
912
88¥
A}
6°2%
984

0768
6 8L
[4A¢
xoxddy

=4
181

........... 19)807]
18aU 991D MoUg
..... BUI0DE, ], JeoU
30910 SOUIIAH
..... eUIO)LJ, J8aU
39910 ojedem
........ dn[sAng
18 Y1) HI8[D
........ dnjeAng
18 1Ay dnpeing
.......... Touung
Ieou sdde,[, oxer]
.......... lpumng
Ieau IOATY Monig
........ 1 Ao[zong
J8 dATY 9MUM
....... MepPunuyg
199U 991D esjog
----Aapyony Isvou
owmny ALY 91YM
......... Aoppng
IeoU OATY OIYM
-====--7-Layong
10911 JOAISOY
ULIUNOJA PuN
=" I9)BMUIIY) 18
RATY 19)eMUIAID
..... 1M URIH
18 JOATY 9IYM
......... uo)1epry
Je A1y doeing

uuuuuuuuuu 192010

duIRld YInog
........ UOSIIT M.
1% }a01)) 98D
TToTeor T UXeuley
189U I9ATY U0qI8)
...... SupiQ 1eeu
19ATY dopjeAnd
--ugsmodey] Jesu
Y9210 ursmodey
......... L NUBEC

Je 1941y dufieAnd

™
0¥
68
88
L8
98
i3
ve
43
14
1€

%4
9
4

&

12

61



WATER RESOURCES OF INDUSTRIAL AREAS

B-90

1

18
¥l
gL
Y
13
91

LY
LT
12¢

9
14
81

LA

001
€1
8L
9

(A

VL
13
9

LT

001
g°
V8
8¢
4
LY

18

€ ¢
8¥¢
0V e
(44

i

?8e
i

S Cs

11

8%z

1Lt
€€

1L

69

F

téy

981
L8

971
£91

e
$°9%

el
8%
0%5

23
0
s
yor
98 %

..... winqny iesu
}6910 uojsurao)

Yovly Jeou
0910 U03UIA0)

--Stumany Jesu
39910 SUL{uLL

SUI{UR[ 9A0qQB
H991)) soog 31g
T PUCTLEI(] 198G
dgoU eoID suing
........ puowslq
Joelg I8ou
¥091) WINANBMIN
" MEPUWINUG I80U
921D WINYNEMON
“Tpuourerq Jjoerqg
189U JOATY USIIP)
........ 19qSBUBI]
18 I0ATY USIID)

80U JOATY UIID
..... agIop) o1eq
189U }9dI) Iedg
..... 9310 o[3vH
189U §oo1) ALrey)
........... 1938977
Ieau jool) Aelug

Jgou Je01) Aeplag

9

9¢
¥

(e

1¢

e

2y

4

147

8961

ag961

1961

0961

6761

8¥61

L¥61

9¥61

S¥61

61

£61

P61

w61

0¥61

6£61

8€61

Le61

9861

€61

7261

eeel

Te61

€61

0g61

ureN

(1
1]
-UInN

1 [udy Supuurdaq Jes X

uoyeys Suiden

panunuo)—~Avp .ad suoynb wor e uy ‘moy fAwp wnwvw — T ATEVT,



B-91

WATER RESOURCES OF THE TACOMA AREA, WASHINGTON

“paystignd SpIo0dT JOAIBSOY

*I3QUIdAON 0% JSn3ny poLad 19)em-MOf [RNSN 3Y3J SPISINC PAIINID(Q ¢

1834 9jerdwoon]

‘JUINY IDATY ANTUM JO MO OPIOUY §T61 103)8 SISy pIU LT€ ‘T06T 0§ {3 05F ‘006T 20 03IBYDSIP ATVEp WNUIUIN

ezler [t fov fre lee fe ot fe fees |l 009 f~TTTos 19507
180U JIOATY
, 16pdQ0 Y101 yInog | 09
g lee lee 8 [pL (8L |8 [vv¢ o9 foLe |l LR T ity 19597
189U J9ATY
1ep3) 1I0J YMON | 69
¥ (ge le9 |err |gor |91 201 legt loor v6  |6L (96 [¥6 |eL (¥6 (I8  JOIT |ONTg|TTTTiTTT{TTTTTTITTTTTNlTTt|TtC g8 | wnqny
189U WATY UNI | 89
61 (8T  [s1s (8T (8T |sz |zt |61 1 (b |ooo|eeom|m|mer[f e vep [T wnqgny Ieou
3901 5008 e | 29



WATER RESOURCES OF INDUSTRIAL AREAS

B-92

0 c'L 719 [F° j0g |0 |38 [L°_ |86 0§ (30" |T° 10" |2L|e'e(ee |&° [|eF gL (L9100 | O Lb |TTTTTTTTTC 0g 3ny REILT'S
0z [colotk le- Isg |o (¥t 8T | ®EI e (80" |6° [e° (0T (9T (6L |97 |$T |9 [9°F (€0 | BI| €pL |TTTTT T 8°qod | 6°82 -U9IE) 18 IJATY ISJBMUINID
0 oLlepe [p° 1€ |1 (21 |e- | <eer |89 |20 [¢° (T* |e'Ti8'8 |02 8 |L'€ (8 |G (€0 | 2I| 69§ "7t g ‘8ny
oe |99|zee |e- (L2 |o ot |ox| #¥8e |oF (3T {rrlec |or|8vg (3l (20 6T {9 |z'€ [L0° |gv6 | o6I'GITTTTTTC 9961 '8 "qod
...... z'L|9h |e° |L& |0 gz |01 | 60F [Sb |To" {2’ |1° (3 |1l |98 re or (gL (9ot | 2K 0SI‘Z|TTTTTTU8B6I ‘L ABW
...... ===-lo°19 |60 6% |0 |61 |e° 901 (8% |~TUiet |TTUlsT | BI|92 €8 271 |9°¢[~"7) ¢r| 98F | T T TL¥6I ‘9z *3ny W0 |~"Ao[Yong IBdU ISALY O3YM
0 0°Lie'8¢ (¥ 1e |& |ST |9° 1L (29 (I |e€° [t |21 | OIf8T (8" |6'€ |67 [9°¢ {20 | ®I| Lo |- 0g ‘Sny
oz [69lcar |¢ s [0 ([PT (LT | 198 [¥F (gL (67 (€7 (9T FH(LL (97 €T (8 [PF (007 | €I 096°T|TTTTTTTTC ACEXS 917 | "19)BMUDILE) JB IBATY SIYAM
0 ez | 901 |F- BT |0 |68 |T° oL 0L [g0° (€ |T° (2@ |LL |19 |o° [8'¢ (6| Iioo"| %I 9¢ | ~"TTTTTC I dag ‘ouelg YInog
¢z |Lolosy e |98 (T |91 e | SOr |eb (90" |6°L i€ 2T |9F (8T (L [ST (0T (9F 18 Ye9ID oLmerd YInog
0 69 [P'gc e (ee lo (L |e° 9 [ee (80" b {I° [¢ |PI|EL ST 8T e |FT
of [o9|s6z |z |96 {0 ot |81 | €FT jog 10" |91 [3* [3° [¢T [T |o° IL°T|9 [T°€ T TRBjafby H6OU ISATH UGGy
...... ===|=m=m=lge j9t |0 |18 |06 |Ttttf{rr [love (2F |e9 ey (b9 (86 7T TTTRWIdR ], 38 Yeol) I8s[D
0 €999 |¥° |82 |0 [1& |g° g8z [9¢ |to- [T |1° |02 29|92 [FT|0F |PTL|09 R
0z [99(sTe e [eg T [t JaU| 02T |b [po (ST [e |3 L (LT (02 [6° {8 (3T (8°F duofesng 18 eAry dufeing
“dnireAng j® jo91;
LA L L L e 9 |~-°°19° |777°[8'T | or1f1e ge [T 8L TP 8A0qE UNY dnpeAng
“cclet st je fge |t 09 1= |TTtl9r (908 (s ge |Le|e8 Jsuuing resutoAry dojeAngd
0 z°L{L88 le- |ec |0 |18 |F 181 (29 10" (€ {I° (0T (Tglee |27 |oe (9L [9°¢ €0 | of . -
¢z [89lesd le- lsz |o |or |aT| 08¢ |9p |pr- (9T |2 0T |0oejoz (8 9@ (0T [8F 0| 2r O1LG T TTTTTTTT 6°ged | 88F |[""U0IPIV 1B I0ALY dnfreAng
0 69 |8'¢y |e° |ec (& 91 |[9° 88 |99 (30 a7 [T° |0°T [P°L |91 |97 €3 |1 (3% (30" (L6 | €2 |” ----1g 'dny
oF [ooleee e (95 (0 |eT |(¥e| YIF |LF [1L° (9T (€ (3T (ST L |67 |82 |67 [8e(s0° | €I| 060G TTTTTTTTTTT 8°qed | oL |"SuniQ 1eou ALY dnjeing
['t4 L9loee (¥ (82 [0 (8T [T°7[8° W (10" |2 [ |oziL (83 |6° |[pejpT(8% (g0 | eyi¥® |"-7777 1 "1dog ugsmod
oy (99 (zek |5 [t |0 [er |ex| ¥e |se (80 j9L lec oL |SX (ST [6° |o'e (LT (prg (S0° | 91 69T |TTTTTTTTTTTTT RCTES € | -BY 18U ¥921D n_manoMM
0 Ll v Pt (12 |B (9% j1T (878 ¥ [$0° (8'¢ [t° [0¢ P2 {1g lo'xiz¢|eg| otjoo | 81 9 |TTTTTTTTe og ‘3ny -B[191§ IBAU 991D yIee]
1] 69| 601 8" |tz ¥ |OF [&° 0e |9 Jor- [LF|T° |0oF|6°9 % oI [0 |9€ |66 |10 ] ¢t] 96 [TTTTTTm0oot ST "q8q FOL | Mo[oq  Y93I)  sequuBy)
0 1'Lle2y le- |z (o (o1 &0 [ €T (4 |go- (2 |T- foX |TZ (B2 [9° (87 (0T (8% (30| Orf 989 |TTTTTTTUC 1 '1dag “BUUS oW
98 [2°L|z6F (€0 {Lz [0 |21 (0T | 6€F (8% |S0°0[2°X |2°0./9°T |92 (22 |20 [0°€ |21 |8°F |TE'O| I} 06LGTTTTT7T 9961 ‘6°qdJ | SPP | 18U I9ATY A([enDSIN
Qle nlplg|lz|Ql3 = TlwiZ|lH9|aolr|lw{g|e aly| =
wmﬂmmmmmmmw%mmmmmmwmmm“m
g g = B S|8(8|E = 5|7
g %2 B8 8(8(2| 3 EIE12|2|5|2|E|5|5 Elsq
o = <] 1 & & |~ g <% o | @
2B Sglelglelslal a2 1218122 AR AR R ~ =13
g BlEIE|Ele|8] & |& Z2la)|a|8|5|2|2|E|a]| |€
eE 2|3 K 2IEl < |E < AR PS IR AR (psm) (sofru
3 8% m = g o~ 2 23180 3108[[00 218TIbS)
“ Blg 2| g B Q 8 -SIp ordures 2B BoIe WO[}BI0] PUE WILAIS
g 32 m £, IS TBON 288
~12 @ = ~wiBI(q
2 E|&
[>d
=3 g £008D
= B S8 SS9U | SPI0S PIATOSSI(
B g -preg
w

[pajeorput se jdeoxd uoriu Jod syred uf s}[NsSsI [BIIA[BUY]

842)M WwnILEs fo figyonb DANNWIYH)—GT AIAV],



WATER RESOURCES OF THE TACOMA AREA, WASHINGTON B-93

‘$98£T8UB (g JO WBIN 1

K[2JIRI

ciededw
—HO oM~ N

— - Y

WR—ICD i 00D D

D PO N

M NM

~©
o
-

o~

OO NI MDD N

5]

Q@
T A R LT )

-

o <
e

SHARE HeSMmEH

eyt Oyl ot
SO S

]
VOOHDS SoNSSOD
o

ISOFN NBBoBH N
NHMNOO ~HoREo—

|mMmMmMm
(= I=R=gr )

~H

........ “IecAny

10161
‘g1 ‘Bny-1 ‘qog
....... 9761 ‘0Z ‘190
........... 62 3ny
s 9661 ‘6 "4
....... 9Z61 ‘02 120

S-S uIngNy 183U JIATY UNIH

----19WIBJ 189U JAA[Y TIILD

--s3ut1dg 10H 18 JSATY URIH
“RUIONR,J, 18dU }0AI)) SOqILAH

- - IJUTING 189U IIATY Yonig



WATER RESOURCES OF INDUSTRIAL AREAS

B-94

0 89 1696 [0 |96 |28 (¥ |0 [0'E [P (WP 0T |0°G 1673 [1'6 1O |OT |92 (TTTTTTTTTmoo SC61 ‘01 *920 |~Supidg |~ "oTTTTmeo H3'Y N6 L 61 oomxnmmkkm
g FL| IHIf0 [2F [18 [T |T° 162 (97T |89 {1 (8% (9 (976 (08 1€ (¥ |[T--7- 77~~~ ¥961 €1 '9ddg |~""""6gg |~ TTTTTTTT HE 9 “N6I L 61 oom\ﬂmm\gm
0 (12| SIT|T e¢ (88 [3° 1" [ee|ee(99 (LT |[L¥ |59 a1j09° [L&& |66 |\~~~ ~-=== - $961°81 3dog |-~ """ A A T NI BT 008 M NHS
g 'L |018 [0 [ve (38 - |1 [z (ee ek |L° |cH |WH (PO [6T |8F (69 | TTTTTTTTTTTT ¥261'€1 "9dog |-~"000°T |~TTTTmmmC A N6 L 6T 29 HASHMN
[ Z'L| 81| [9¢ [86 [2° [1° 18T | €Ip9 (€T |6 |69 | TIBI o€ |89 | TTTTTTTTTT 96161 "1dog |~T""agg |TTTTTTm T HE H N6IL6I9sY mZ\@sz
3 82| o1 |0 |op (86 [2° [ (91|05 (99 [2T[820goLi8o" [op |-=|-ToTTToomos £961 ‘61 "AON |~~7"70gg |~ 7="""7"""mC q4%Yq o:: 2. ooﬁ%m
0 gL | T 0 [FF 00T 0" [TTI8'9 1F 80 (ORI (1) B e +9961°8% 09T |~""T7¥gg |TTTTT T H 3T “NBIL ‘9T "0as as kmm
0 AN 9 [bs |18 j0° |CleL|rseg | 99 [Tve| et jie |t ¥ 9961 8% 3 |77 L I
...... FoLivfe oy 188 IT oo e T g8 | L9 B [TTTT|TTTUfeg | TTTTiTTITTITTTTTT IGBIMIE BN |TTTTIORE (TTTTTTTTTTTTTH Y INI6I L ~8m\§2k>>z
g 0°L| 281 (8 |28 [90T €% (1° 0% (18 (09 (9T _; 6°C | 810" 96 |¢¢ |~TTTTTTTTTTTTC ¥261'G "AON |"7"""86g |"~T"TTT"TT"T AE U N 6T L (8T 098 HANAMS
g 'L | 221{0 |0¢ [90T [T [1* [ee[o9 (29 |21)s9|eg| tIjoo-lee |gg |- Tooe $E6T ‘G "AON |"~77" (A F2°'9 “NBI'L" €1 008 HIANZ M
...... S I <2 ot et TR L o o T2 T 2 2 () S e A & Lo L 2 I 1.4 O AN K0 - B0 € LIV P Ao 7 (B SR
0 L2 0 Wb @6 (07 |89 (95 |LL FI 18°C |6°L (907 9% |7|TTTTTTTooe ¥ 996163 02T |~ 889 |~"TTTTTTo g A TN 61T 01998 HMSHEN
...... TeelttTTole 18 (TPT (8° jgc (87T [P0 (10T 8@ | 9T(p°9 | OT| 8IS (g8 [TTTTTTTTTTTTTTURESIRCAON {TTTTTISK TTTTTTTTTTTTTH Y “N 6L ‘8 uom\ﬁszwaz
0 gL |7 0 les 86 [0° |TTT89 [FE (9L 1 (69| T8I |28 || T ¥ 9961 '€ 90T 77777 {38 O
...... VAV e R 2 O e e X R R £'6 86 [e%6 | I |1 |T7TT|TTTTTTTT 0GB IS AL |TTTTURAT T O 2 “NBT L ‘T o@mkma\mmz
...... 0°8 {==7"TT1TTTIRL [BRT ITTTTITIII| 0Bl BR|TTTT|TIIIITIINIBIS | SU{ROC(8G \TTTT|TTTTTTTITTTTTTTTe k8L AR (TTUUUSYE (TTTTTTTTTTTTTTTE LY YN 61 L B6 098 AMEMES
...... VA T U T o o U4 5 (1 (20 L e N 3 s L e e (5 .:.-.-.------mﬁm...za L G1 008 HASHMN
...... 9°9 "1 fg€ (IS |"77[77010°6 (003 (88 |TTTT|TTTTI0G (06 1TIRT | TTTTITTIIIIIIIIIIIIIU NI GR6T T NMG (T TTN T W § L N BT L P (09s \Qsz MS
0 €L| 99T (0 [69 |90T FT |00 |0'€|T°¢ |16 (ST )6°G )Lk | QIE8O[FT (1§ | """ 9961 ‘0T "300 |™770FE‘T |7 W2 H “N 8L ‘68 098 NANMAN
pund) suioou],
...... TToTlos9e (0 08 (95T PR (B0 | LI(O°T (661 |73 | £6(9°9 | Tg|¢ T |68 |TTTT|TTTTTTITTTTUITRRGIN6R 99Q |TTTTIERL |TTTTTTTTTTI A €0 N TG L 98 098 M MSHIMS
...... S i L o e O I L A (A K 2 OIf TLI% (9F |~777{777777777TT 08619 aed [TTTTTOSY (TTTTTTTTTTTTTTTUA e N 1B L 198 oem&@m\@sm
...... 6°L|7"""""l0 {08 [68T (~="°~77| 0C|0°g |061 18 (0L | Tg§1 ¢ |TTTT|TTTTTTTTTTTmm o gRETAung |TTTRES |TTTTTTTTTTT A € M N IG T, 98 008 D ME WS
...... I St (C I (T e I ot I L8 :1 08 &% | LLS'S (¥ |T777[TTTTTTTTTTTTTmCrBEBT QR |TTTTT9GR | TTTTTTTTTTT TR B NG L ‘98 09 Y HZNBZ
...... Tjo (1L (esg 070 1000 | ETIR'T (225 (€% | 69|89 | ST|PLT (PP |8 (TTTTTTTTTTTTTUURESINNLUBL | TTUTTRLC |TTTTTTTTTTTH R Y N 02 L G o%
...... ool oter o s¢ |TTTITTT|T 7| erfocT (8L [+] S el il V7| il el ittt 11 s ¢4 70 3 (1)1 m N0 L Y o%
£afjvp JoAly dnjieing
k=] 0 o2} 72} =] o2}

IR A= AT - A T A T

g%S Bz EEIRE|E1E (S E|E|21E|E|B 5|25
S5l | ETRE|Z|Z|E|E|Z|E|E(2 (85828

- o~ —~ |—d - e

B¢ B8 elelzI2|218|8|8 2|85 S| (1097)

Y- 4 E (S22 |8|2 2 |glE]2 5 S5 powoqooodmes ogeq | wdeq Supads 10 [[2M JO WOTBIOT

gd |28 gE|° 28|72 5

£o =g “ a 7 it

=8 2B [w00%0 8 = =

%m S®B SSou £
= -PIeH

[pojearpur se jdeaxa uolfirm 1od s1red Ul §3NSII [BO1IA[BUY]

81120 P2)02128 WOLL 423D [0 fignonb 1VOVMIYHN—'9T TIAV.T,



B-95

WATER RESOURCES OF THE TACOMA AREA, WASHINGTON

[II ‘o3ed1y) ‘peodiey ayeg vam ‘med 18 ‘YenemIIIy ‘088a1y) Aq SISA[BUY 4 ‘9 ‘uoidurmiip ‘ouy ‘Aaedwo) pPUB SINOWIN 9P juodnp [ “H AQq SISA[eUV ¢

"USBAL ‘9[1)8IQ “'oU] ‘sorio)BIoqe ] 3U)SI ], SYINET A(Q SISA[BUY ¢ _HES ‘ined 18 ‘Aemyey g8 WIdYION £q SISATBUY ;

“USBA ‘9111808 ‘SOL10)BI0QR] 1SOMUIION A(q SISA[BUY & "USBA\ ‘SUIode], “ouf ‘A10jBioqery [BIWAY) S)jeuusg Aq SiSATeuy ;

v
[ 69 66T [0 |8 0T [FOo|T0jeF (6T |5 (1T [p9|Lg| Crffg" |98 |-l ""==n GG6T ‘9T "AON ™™™~ (174 S R A 19 “N S L ‘ST 908 HANKE
] 1
Aaf{e A[enbsyy M0
...... PoLclo jee (80T |00 |TTTUleT {LT 88 66 |44 P8 1°TU|0g |TTTTTTT Ty 00618 TAR |TTTTT008 (T H P NG L 168 o%wﬁszwmz
...... Z'L |70 |18 |86 |0 7|0z 8¢ (89 9°L (9°L |08 | TT (08 |TTTT[TTTTTTTTTTTTIT Ty QEET 99 (TTTTTGRL |TTTTTTTTTTTTTE B Y YN 12 L 68 098 MMNMEN
—-—-Q—QD BUIOdR], ISEN[UION
|
................ 0 Jo¢ 196 |7I"mtlorg o des | 009 l0°g | pTTTTUIE |TTTTiTTTTTTTTITTTITTemt g 6 | tBupidg (ttTtTUTTTTh g g M YN0 L ST .owwxﬂmxgm
,,,,,, 8L |""""""lo (18 |¢¢ [ 7|~~"-loe o feg |T"T"|Tcfoz o8 [mUfer [t |Ttmmrommmommmmteot o961 | T8upadg (TtttTTUTTg9td ¢ “N 61 "I, ‘81 298 \mBm\mmz
................ ee (g8 |TT|ITTC[TTTUiee TR [TTUITe [Bre | ga|TTTULE |t TTTTTTTTTTTTTROREL9T BNV {TTUF0CE [TTTTTTTTTUTTTTH 99 “N 61 L ‘G 098 HiESESs
pusid) fopyong
...... It I D it T i A ki A L) 6'¢ (P9 F6 [P0 (08 |[""7|7"TTTTTmTTmTogeel (0% 100 |~ 3uradg H.-:---.---:-m¢.m,:Zou.B ‘ze oow\mmm\mmz
0 6L [T 0 8% [26 [0° |""]z8 |8°F (39 06 18°S[96 (W0 (88 ||~ TTTTmoo ¥ 9961 '€Z 99 |~ 1 de d "N 03 L I¢ 908 UM NX S
...... €L 17777700 gk 196 {TT l00 P9 |T°9 j0S | 99 |8°C [1'8 |CT°16G |TTTT|TTTTTTTTTTT T 0061108 M99 | TTTTT60G |TTTTTTTTTTTT T € N 06 L (I8 1998 M NJAES
...... Tlo ey 8L (60 00 |9z 8T (WS 67 8% I8F [6°8 (907 196 |TTTT|TTTTTTTTTTTTTTU6EGIp TURL TTTURGE Tty gty N 02\ ‘08 ovw\?pmABm
...... Tl (v fur 090 jee (e B S8 T (FE|0F [BL (B0 B |8P_ |TTTTTTTITTTTTTTU6SELNR CUBL ITTUTUOIR (TTTTTTTTTTTTog g d N0 L 6L uom\mam\mmm
...... L CC 1¥6 (6% €7 |2 |0°4 /8¢ (BT [6% |29 | TTF0C |82 " T7|TIITTITIIITIITTT6E6LP CWSL |TTTUURIE |TTTTTTTTTTTotoge W “N0B L ‘61098 HAMNEIES
(3 €L | T8I |TT (¢¢ 1001 &% (T° |e¢| TIfpe 2T lg'g lo'g |88 [11" |18 [og [~~~ ~~~"=="="~~ 266118 AV ="~ 7LgL "7ttt qHe'd "N L Hookaz\mBz
0 [ oF {96 (07 |""leg pw (1L $1 IgF 98 |8t j1g (oo ¥ 9961 '€ 09 |77 198 \TTTT T qe'H N0 L ‘¥ oomk.$2>3m
0 'L "7777Cl0 jok {0TT (00 [TTTUleck |9°F |99 L O(9°F P8ISO jop |7 T[T ¥ 9961 '€ 99 |~ 7" L

0 9°L """ 0 [op |€IT |7 ""77|87g (9°¢ (39 78 (8¢ (p8 |1 |38 v 096 ‘1€ Ay |~ """L8g |77"TTTTT T " “N 02 "L ‘78 .a%ABz\?sm
0 I 0 (¢g (99 (¢ 0" [0'€ {TF (9% [T 0'G |B'€ |8 (10" |61 H N0 L ‘88 008 MM NYIMS
g i 0 [gg 92T 0" (0" |0Z (8T (¥8 8T (26 6°C | TI[#0" j0S “d "N 06 "L ‘28 oewkmz\wsz
¥ I 0 |6¢ |1BT (0" (0" (32 |[tg¥8 |91 9L |59 &IjL0° |9% “H N 07 "L ‘65 098 HASHMS
8 | 0 69 [gPT Jp° |0° (8°C [¢°T |SOT |6°€ | OT|8'S | 8T|L0° [¢¥ q "N 0% "L ‘6 o%\ﬁw\im
TleL [Tt 0 fep 0L |77 otjo (b9 |TTTlt 0F (06| 073Jgg ("7 TTTTTTTTTToTo e T 9F6T |77 961 """t Fg H N 0Z L ‘P 008 HANAIN
o . e°L | LT |89 [SOT p°% (3" LS |0 |9g 76 91(6°6 (90 g [~ "7y 5 G961 ‘P "AON (~°77 0 o F g H “N0g L ‘8l 998 AASHAN
89 |77 0 e S8 |T|1""7lg9 |6°¢ |1 €L lov 99 |eTl0g || ¢ 9F61 ‘6 oung |~ 7" g He°9 N6l L6 .umwvmmzwgm
0 S9| eI (It %% |38 |9e 0" g% | €tloy |01 pglee ) arfeo’ |61 {ig [~~~ G961 °01 'O | T L d3 9 N6 L% Sm\ﬁmzm M8
S €L | L0 [¥ (10T (0" [2° [$Z|0F |99 |L&" |e9|e¢lo6|0T8F [p¢ |~~~ $961 ‘21 *3dog |“"7800°T (~TTTTTTTTTo H%'d N6l L ‘L S.wkmz\ﬁsm
0 L9| eorlo e lez e o joeleelpe I8 (L9 16 I6'6 160" 16 [19 |-~~~ G961 ‘0T 190 |~~~ {42 b W3 H “N 61 "\L ‘6% 998 JIM S




WATER RESOURCES OF INDUSTRIAL AREAS

B-96

USBAL ‘BWI0OB, “au] ‘AI0}BIOQE] [BOIHIAYY) S}10uuUdyg Aq SISA[BUY ¢

-Surdmnd 1oV ¢ "YSBA ‘0[3)Bog ‘SelI08I0qE’] 1SeMUNION A( SISAIBUY ¢
‘Burdwnd a1059¢f ‘s ‘9119808 “ou] ‘sauiojeroqer] Sullsay, syoneT Aq SISA[RUY 1
‘TeNdsofy
[/ St 0 43 99 G* 0 0e |1V |9F ¥l 0S¢ |¥¢ |¥8 10° 61 ¢ | 8E61 u.«. ‘190 90B1F UIANSIM
........ 8L |”77777710 86 ST 8° 6° gL ¥ 650 TTTTTLo6eL | 8¢ VL | 9C° | ¥§ R D 1 L 0 0 X A I T4 §
.............. 9% | 0 88 T R R 1 0 | 60T 14 U Y B U O --..dvmﬁém L I I ¢ |
.............. 89€ | 0 08 e Ve [ 9T | 661 (4 _ €199 12| 91|68 T TTTURRGL [ O ¢ |
...................... 0 ge ¢4 0 0° CL | ST | 88T Ve 19119 91 | 90" | 28 Vs TTTTTRE61 ‘ST ‘uep [T TT([9M sjeld OpLL
0 gL |77 L1 €9 g0t {4 t Ly [V 91 Yo j6's 190 [ T TTTREE6L Y TAON (T VII P
0 gL ;7T 01 54 o1 £ [ Ve [ I A i LT [ 6°L I8 | L1° |8 |77 7C Y ST AL LX I oq
£ gL 161 (11 1494 001 gy 1 ¢ 1| ¥ 1 g'¢ 108 |88 |II° |18 0S ©0"Uggel ‘1 Idy [Tt V6 M
0 L |77 QT 19 e L1 0" ¢6 (6% |99 76 Ll gr|o0° & | 77 7e 8961 “w PO [T oq
...................... L o¢ ¥6 6% g 2% 10°L |89 ¥ 6% | L9 T {%° |82 TTTTTTERITTTUTU6E6T P CUBL | T TTTTTTVG IOM
...................... 0 (44 8L 6° ¢ 9T (8% |75 6" eF% |8F% |6% |90 |9C O i1 O A T o I £ (G
0 37 ¥Oor 1291 (T TTTTC 9 T ogr] o0 | 1L |77 09 (44 8¢ | 11" |98 T Y 3T A X B s 0
0 L |7 88 1548 962 29 [ L6 0 (L9 |77 9% 0z 9z | 11" | |7t ~""g £961 ‘6% "UBL |TTTTTTTTTT, G IOM
...................... g e 0L 09 0- €¢ |3% | g8 ST | %€ 1O0F% |CL %0 | ¥ i4 R O T ¢ §
..................... L 88 9L g°'¢ TTTTTTIOR (6% | 88 ¥ i1y | PP (6L |65 | 9T It £ O AL N R A 11 )"
0 8L |TTTTTTTT 0 12 £ 0 0 €9 | 1% |08 L9 €1 | ¥9 |00° 1952 |7t L R AT N oa
...................... 0 ¥1 8 T 0 2T | 1T |4t g €% | 1T |L4¢ |20 |11 14 “TTTUge6T ‘el tuel ---.-...r...MHMmm—zm
...................... 0 L1 68 [ TTTTI9T | ge |18 9 LT 2T {09 |g0° |¥T TTTTTT|TTTTTIE6T LGP0 ~w>_m.wn.wiw%mwn9
.............. ¥ 7T L6 I I R wo. wm. TTTTTTTTTe g6l ;? hms -:..1-:.“&“@%
.......................... 98 TTTTTRTTTTTTTYTTTTT1 92 1 9 TTTTTTTTTTe €061 %6 ydeg (Tt I
g (N 1% 12% |69 9T 9% |L9 |6 |81 [OF 9% [T 8E6T ‘IT "uBf |~~~ """ dniredng
........ 89 """l O €e ] Rhnd Il ] 6°¢ 54 6°9 0% {199 £1102 e T 4 LT e e ot
g 9L PIT | O 6% 201 £’ 1 8¢ |9 |99 9T |89 89 |06 |60 |T1¥ e 7T $G6I ‘G "AON |~ """~ PRI PIOYDOIAL
........ X Ly £01 TTTTTTITTTTI 89 [ 8¢ | 1L £°6 8¢ | €6 |01 |1IE STTTeo1m T 0961 (18 A0 [T 77T TT T T T poOMAYE T
........ VLo |7TTTTTIO £ 801 i I I A 4 L1 ¥8 66 LL | %8 |00 |0O¢ Il R X 1 i O X TTTTTTTTTTIUR) AXRT
0 €L 991 |0 69 901 71 0 0¢ | TG [ 16 ST |6°¢ | LL ST [¥8° | ¥C L gg61 ‘0T *¥00Q |- ..w%hﬂg
0 89 | €6 0 e L9 ¥ [ 0¢ | ¥S | 0T |0G (6T T4 |TO" |0OI 9 |7 G961 ‘01 *100 Bw:wm-mmwﬂuwmvh
........ VLT O oe 08 TP RS | 81 | 6 ST 1T o1 | 12" | 98 ST T AGeT 6T adY | T TT T T T Mepwnuy
0 - (749 0 A4 8 90 1°0 ¢g (P¢ |29 g1 9% e ST [ %070 ( 03 69 TTTTegeeY ‘g tydeg (Tt wmgny
O %2
(awos 18 o) [mniseu
118q09 soym | -uoq | -3BIN
-unu -odIum) | -Ieo | ‘mnip | SpIos | CON) | (1) | (ID) [('OQ) [COOM)| (D) | (BN) [(BI) | (8D) (o)
-nepd oue [-UON | -[8D | POAfos | 9jed} | 3pll | apll | 93] | 9jeuOq | Winis |manyp | wnls | wanp | () | ((0I18) | am) PRTOB[0D Arddns ofqng
uo Hd | -1onp SI(L -IN  [fonyyg [olgD | -Ing | -aeorg | -Sel | -0g | -ew | -[¥) | wOI | ®ANIg | -wIed aldures 918
syun -uod -0g -3e ]y ~Uma,
un ogIo f00®D
10[0D -odg | sesssuplel

[pajeotpur se 3deoxa worqiua Iod sjred uf s)nsal [BoljA[euy]

swoapsfis fiyddns 01qnd Pa0s1as woLf 423pM PaLdardp fo Aryond WorwayH)— LT FTIEVI,



WATER RESOURCES OF THE TACOMA AREA, WASHINGTON B-97

TABLE 18.—Suspended-sediment discharge

Suspended sediment Suspended sediment
\ Stream Stream
Date discharge Date discharge
(mgd) | Partsper| Tons per (mgd) | Partsper| Tons per
million day million day
Nisqually River Mc‘:K enna Chambers Cm}ét:iell:;o I::ach Creek, near
1, 500 13 81 33 5 <1
905 7 26 56 6 1
1,580 8 53 85 10 4
2,170 27 245 94 10 4
1, 350 10 56 88 7 3
1,740 7 51 106 7 3
1,730 7 51 61 4 1
1,330 196 1,000 39 4 1
918 42 16t 25 7 <1
Kapowsin Creek near Kapowsin Puyallup River near Orting

1964
14 3 <1 255 85 91
28 2 <1 287 7 8
37 5 <1 280 14 16
183 13 10 1,780 581 4,310
35 5 <1 217 5 5
59 3 <1 414 84 145
22 5 <1 445 8 15
9.7 6 <1 628 223 585
3.9 5 <1 337 448 631

Carbon River near Fairfax South Prairie Creek at South Prairie

1954 1964
Nov.2 . _________. 103 5 2 [l Nov.2 _ooomeeoo. 55 3 ‘<1
Dec. 13 ... _. 139 6 3 2
107 1 <1 2
969 283 1,150 256
7 5 2 1
129 3 2 8
335 7 10 3
390 275 448 3
184 179 138 1

Puyallup River at Alderton

1954 1964
Oct. 20 _____ 638 10 27 || Nov.10__.._______. 302 30 38
Dec. 16 _._____.._ 645 7 19| Dec. 9. ... 309 16 21

1966 1966
11 27 239 9 9
2, 550 309 3,290 1,960 751 6,140
530 9 20 173 6 4
918 25 96 284 13 15
1,040 43 187 2,730 1,190 13, 600
1,220 164 832 924 654 2, 530
672 296 831 452 1,630 3,080
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TABLE 18.—Suspended-sediment discharge—Continued

Suspended sediment Suspended sediment
Stream Stream
Date discharge Date discharge
(mgd) [Partsper| Tons per (mgd) |Partsper| Tons per
million day million day
Greenwater River at Greenwater White River necar Buckley

3 <1 475 10 20

2 <1 525 7 15

5 1 4927 9 16

79 277 2,30 220 2,130

7 2 392 8 13

17 6 583 11 27

64 194 4,600 175 3, 360

15 9 1, 560 199 1,290

2 <1 566 1,270 3,000

Sumner Puyallup River at Puyallup

4 2,150 10 90

4 2,440 20 204

5 3,130 101 1,320

74 5,570 290 6, 870

4 1,79 55 410

5 2,330 13 128

1,740 3,410 148 2,130

52 3,820 284 4, 510

25 1,600 146 978

Green River near Auburn
1964
Oct. 28 oo 301 5 6
Dee. 10 ... 517 7 15
1965

_____________ 1, 650 77 530
- 4,250 1,210 21, 500
- 583 16 39
- 969 12 49
- 1, 360 23 131
- 547 11 25
____________ 197 19 16




Abbreviations defined______________
Acre-foot, defined-________________
Agriculture
Alderton, Puyallup River at
Alluvium, Nisqually River Valley.___
Puyallup River Valley_________
Altitude, aquifers on Tacoma Up-
land
water table on Tacoma Upland-
Analyses, ground water______ 25, 28,
surface water____________..__
Annual low fiow, defined__.______
Aquifers, age and water-bearing char-
acteristies__—_________
Buckley Upland— . _____

Adaf}

Y

Nisqually River Valley________
Northeast Tacoma Upland_..._
Puyallup River Valley_________
studied in this report._
Tacoma Upland________
Area of investigation__.._.____
Artesian aquifer, defined_ - _.______

Auburn, gaging station of Green
River mear.__________ 46
public water supply - _____ 64-65
B
Basic data____________.__________ 81-98
Buckley, fiow of White River near_._ 55
Buckley Upland, subarea of study.__. 46-57
C
Carbon River, fiow-—_________ 30, 31, 33, 34
source of water for Buckley Up-
land- . ________ 53-54
Chambers Creek, source of water for
Tacoma Upland.______ 28-32
Climate ____________ 5-10
Coeficient of transmissibility, de-
fined . _____ 76
Color, Kapowsin Creek water___.___ 33
Puyallup River near Orting_.__ 38
Cubic foot per second, defined______ 76
Cubic foot per second per square mile,
defined__ . __________ 76
D
Deep drilling, feasibility on Tacoma
Upland__ . __________ 23
Definitions of terms and abbrevia-
tions . __________
Draft storage curve, defined_
Drainage_______________ ______

Drawdown, defined._______________

E Page
Eagle Gorge project_____ ———- 47,71, 75
Environment, cultural_____________ 10-12
physieal . _________ 3-10
Equivalents per million, defined____ 76
F
Fairfax Bridge, damsite on Carbor
R River__ ______________ 54
Flow-duration curve, defined_______ 76
Flood stage, Green River mnear Au-
burn__ 48
Green River near Palmer______ 47
Puyallup River at Puyallup-___. 41,42
frequency curve, defined_-.___._ 76
Flow, Carbon River______ 30, 31, 3R. 34, 53
Chambers Creek____.___ 28, 29, 30, 31
Green River______ . ___ . ___ 30,

31. 33, 34, 4647, 50, 70-71
Greenwater River__________ 30. 31, 55
ground water, Nisqually River

Valley. oo oo 60
Hylebos Creek____________ 57
Kapowsin Creek________ 29, 32, 33, 34
minimum daily, 1906-53__ . ___ 85-91
Nisqually River_______________ 59
Puyallup River_________ . 30,

31, 33, 34, 36-38, 40, 41, 42
selected gaging stations__._____ 71
South Prairle Creek__ 30, 31, 33, 34, 54

Stuek River——__ . _________ 42

summary, at gaging statlons in
operation_____________ 84

White River— . _________ 30, 31, 33, 55

Gaging-station records, use in this
study . oo 13,15

Geology, summary - —————_ 4-5
Glacial outwash, aquifer in Buckley
Upland-__ 56
aquifers in Nisqually River
Valley - 61
aquifer in Northeast Tacoma
Uplande e oo 57-58
aquifer in Puyallup Rive~
Valley___________.__ 43-44
defined _ _ . ____ 76
Green River, fiow_____ 30, 31, 33, 34, 70-71
principal source of water fo~
Tacoma_ .- __ 61-64
SOUrCe — 4
source of water for Buckley Up-
lando ... 46-53
Greenwater River, flow_________ 30, 31, 55
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Page - Page
Ground water, Buckley Upland___-__ 56-57 P
industrial wse________________ 68
Nisqually River flood plain——. 60-61 | TAImer gagiR“f erSti';:): of Green 6
Northeast Tacoma Upland-____ 57-59 i v a """""""" 7
otential additional source 72-74 Parts per milllon, deflned-————.__——
potential addlitional SOUrCe--—-- Perched ground water, defined______ i
Puyallup River Valley_________ 43-46
Perched water table, defned-—._____ ki
quality 24-28, 45, 57, 59, 61, 94-95
Taeon‘l “6';311 d T ST T 17-28 Piezometric surface, defined.-_ _— 75
se fo? irfigati(;; ““““““““ 68:70 Pollution, Green River—____________ 53
Ground-water recharge, annual rate Nisqually River-_--_———------ 60
Puyallup River__ _ 89, 40, 41
on Tacoma Upland 72
T Population 10-11, 65
H Precipitation, in Tacoma area. 5-10, 43, 45
Hudson's Bay Co., first permanent source of all fresh water-.____— 12,13
’gem;nent i Tacoma source of recharge . —.—————____ 73
e;rea 11 Pre-Vashon deposits, acmifer in Ta-
Hylebos Creek, source of water for |, Loma area--— 17,18, 21-23, 58
Northeast Tacoma Up- composition of water-—_--—__-- 28
land aco p 57 Public water-supply system, Auburn_ 64-65
"""""""""" prineipal ones in 1955_________ 66-67
Hylebos Waterway, source of water in quality 96
Tacoma area._.__..___ 65 Tacoma o __ 61-64
I Puget Sound, source of water for
Industrial use of water—__________ 65-70 Tacoma Upland—..__— 34,35
Industry 11 Purpose of report__ o ____ 2
¥ e - 2
Infiltration, induced, for ground- Puyallup, Puyallup River at-—-_—_-— 40-42
water recharge 73 Puyallup River, flow_ . _____ 30,
Irrigation, use of water--.._______ 68-70 81, 33, 34. 36-38, 40, 41, 42
A major potential sovrce of water
K in Tacoma area_._____ 35-42
K sin Creek. flow.__.__ 99, : monthly mean stage at Puyallup- 45
apo:;ru rze(ieevt;\ts;“:or Ta_co_mag'U‘i)z 33,34 Puyallup River Valley, possibility of
b - induced infiltration_._._. 73-74
land_________________ 32-34
Kapowsin Lake, plans for develop- subarea of 8fUdY- oo oo 3443
ment__ . ____ 32 Q
L Quality of water, Carbon River_____ 54
Laws, water - ___ 74-75 Chambers CreeK.. - _____ 32
Low-flow frequency curve, defined___ [rd 4 Green River - . 47-48
Greenwater River_______._____ 56
. M ground water, analy<es. 25, 27, 28, 94-95
McKenna, flow of Nisqually River at_ 59 Buckley Upland_———_____ 57
McMillin Reservoir, water storage for llfzisqllllally Rive~ Vag“’]’--a- g{l}
Tacoma area_..___ 61, 62, 63 ortheast Tacoma Upland.
Mount Ranier, influence on hydro- Puyallup River Valley_____ o4 ;g
logic eyele— . .______ 13 Tacoma Upland-._——_____ =
Mud Mountain Reservoir, flood con- Hylebos Creek oo
trolom e __ 40-41, 42, 55 Nisqually River
Puyallup River
N selected publie-supply systems__ 96
Natural resources_________________ 12 South Prairie Creeb __________
Nisqually House, first permanent set- Stuek River. o ________
tlement in Tacoma surface water, anal-ses
ATeA - oo 10-11 Tacoma public water supply
Nisqually River, flow.__________ e 59 White River_
Nisqually River Valley, subarea of R
study o _____ 59-61
Northeast Tacoma Upland, subarea References. - —-———————ooooooooooooo 78-70
of study ' 5759 Resources, 12
“““““““ - Runoff, defined___________________ 77
Northern Pacific Raf‘“’““" effect on Ruynoff, into Puget Sourd__________ 70
population —__________ 11 S
0 Saline water, use in Tacoma area___ 34, 35
Orting, Puyallup River near_ Salt-water encroachment, limiting fae-
Outflow, deflned__________________ tor in grovnd-water de-
Outwash. See Glacial outwash, velopment . ______.__ 74
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Sediment, deposited in Mud Mountain Terms defined___.___ . ____________ 75-78
Reservolr__ . ______________ 56 | Tidal fluctuation, Tacoma__.________ 34
Sediment load, Carbon River_______ 54 | Tideflats, depth of wells___________ 44
discharge . ________.____ industrial area_ . _ . _______.___ 34,35
ireen River________ Till, of Vashon glaciation_______ 18-19, 43
Greenwater River Topography _ . _ ____ . ______ 3—4
Nisqually River_______________ Transmissibility, coeflicients, aquifers :
Puyallup River_____ in Tacoma area__.___.__ 20
South Prairie Creek_ relative, pre-Vashon unconsol-
Stuck River________ dated deposits and out-
White River__.________________ wash - ______________ 21
Semiperched ground water, defined._ 77 u
Semiperched water table, defined.___ 77 Use of water 65-70
South Prairie, gaging station for ovT TR T e s e e e
South Prairie Creek—__ 54 v
South Pralirie Creek, flow__ 30, 31, 33, 34, 54 Vashon glaciation, effect on ground
source of water for Buckley Up- water in Buckley Up-
) land-— oo 54-55 land ______ e 56
Specific capacity, deflned-______ -- 77 effect on ground water of Tacom«
greatest observed in area______ 20 Upland - - __ 17—23
Storage, Tacoma Publie water supply_ 62, 63 outwash in Puyallup River Val-
Storage requirements, Puyallup River 10F - oo 13 44
near Orting 38
Tacoma area___..____________ 34 . w
Streamflow characteristics, method of Water, occurrence.______.__________ 12-16
study- . _______ 13-15 use in Tacoma Upland________ 16
Streams closed to further appropria- Water 1aWs . _ e 74-75
tion . _______________ 2| Water level, fluctuation__ 23-24, 27, 44—45
Stuck River, relation to White River_. 4, 42 Nisqually River Valley_________ 60-61
source of water for Puyallup Northeast Tacoma Upland._.
River Valley. _________ 4243 | Water requirements of industry.
Subareas of study__________._______ 3 | Water supply, potential additional__ 70-74
Surface water, potential additional source for Tacoma Upland 16
source —______________ 70,71 | Water year, defined_______________ 78
Well system, auxillary source fo~
T Tacoma. - _____ 61, 62, 64
Tacoma Upland, subarea of study- 3,16-34 | White River, flow___________ 30,37, 33,55
Temperature, Tacoma area_-___.__ 5,7,9 relation to Green River________ 46
Green River__.___ _ . __________ 53 source of water for Buckley Up-
water in McMillin Reservoir____ 63 land. o 55-56







