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FOREWORD
Appendix VI , Municipal and Industrial Water The Puget Sound Task Force consists of ten

Supply, contains a detailed report of one component members, each representing a major State or Federal
of the Comprehensive Water Resour ce Study of Puget agency. All State and Federal agencies having some
Sound and Adjacent Waters. 

~ 
is one of the technical autho rity over , or interest in , the use of water

appendices providing suppor t4~g data for the overall resources are included in the organized planning
water resource study. J effort.

The Summary Report j s supplemented by 15 The published rep ort is contained in the follow.
appendices. Appendix I cqjtains a Digest of Public ing volumes.
Hearings. Appendices ~,4l through IV contain
environmental studie ,fAppendices V through XIV SUMMARY REPORT
each contain an i$nto ry of present status, present
and future need,(and the means to satisfy the needs,
based upon yf~gIe use or control of water. Append ix APPENDICES
XV con~ 4fis comprehensive plans for the Puget
Soun4,,&ea and its individual basins and describes the I. Digest of Public Hearings
devpl6pment of these multiple-purpose plans includ . II. Political and Legislative Environment
1$ the trade -offs of single-purpose solutions con- IIJ. Hydrology and Natural Environment
fam ed in Appendices V through XIV , to achieve IV. Economic Environ ment

ul ~ple planning objectives. V. Wate r .Related Land Resources
he purpose of this appendix is to: (1) appraise a. Agriculture

the present use of water for municipal and industrial b. Forests
purposes in the Puget Sound Area; (2) determine the c. Minerals
futu re water supply needs; and (3) present single. d. Intensive Land Use
purpose means to meet these foreseeable short , and e. Future Land Use
long.term needs. ~~~ VI. Municipal and Industrial Water Supply

River.basi4~ anning in the Pacific Northwest VII. Irrigation
was started unde tl~~ uidance of the Columbi a Basin VIII. Navigation
Inter-Agency Committee (CBIAC) and completed IX. Power
under the aegis of the Pacific Northwest River Basins X. Recreation
Commission. A Task Force for Puget Sound and XI. Fish and Wildlife
Adjacent Waters was established in 1964 by the XII. Flood Control
CBIAC for the purpose of making a water resource XIII. Water Quality Control
study of the Puget Sound based upon guidelines set XIV. Watershed Management
forth in Senate Document 97,87th Congress, Second XV. Plan Formulation
Session.
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INTRODUCTION
Water for municipal and industrial use corn- supply systems then evolve to furnish the required

prises about 55 percent of all water consumptively water for municipal and Industrial needs. This appen .
used in the Puget Sound Area. and commands major dix points out that water is this Area, though
emphasis among all water uses. An abundance of plentiful, may not be an inexhaustible resource.
high-quality water is one of several major reasons for Coordinated , systematic water use planning must
the Area’s rapid economic development. Industries accompany the expected rapid growth Mt the Area if
locate where water is available, and population available water resources are to supply the expected
centralizes around these industrial complexes. Water ~~~~~~

PURPOSE AND SCOPE
This appendix reports the results of a detailed water, and descrthes is general lu au how the demand

investigation of municipal and industrial water Is cusrently belig met. The data presented are based
supplies and uses. Comparison of the supp ly and use upon a slnije-pusposs use ci the water mources for
data reveals that substantia lly more water Is available analysia with other water uses Ms de~.ioph~ the
than is presently being used. With adequate planning, Comprehenatw P~~. No attempt km been made to
sufficient water resources exist in the Area to meet analyze In detail the adequacy ci present supply
the demand during the foreseeable futur e. systems. For metho4clo~ , and devslopassnt of the

Information in this appendix illustrate s present Comprehensive Plan see Appendix XV, Plan Formula-
and futu re demands for municipal and industr ial tiost.

AREA DESCRIPTION
GENERAL miles are srable lowland plains and deltas, river

valleys, midland terraces, and mountain-valley exten-
Climate and topography have influenced the stons. Most of the population, Industry , and agricul-

history of supplying water to the 15,900 square mile ture is concentrated a. thes, lends. The rest of the
P’~~~ Sound Area, Figure 1-1. Land elevations range land (11,607 square miles) con~~ts of mountainous
from sea level along the shores of Puget Sound to terrain that pioMes the watersheds and glaciers
14,410-foot Mount Rainier. Natural barriers—the supplying the Area’s riven and stresens. There Is a

S Cascade and Olympic mountain ranges, which form total area of approximately 240 squsee miles of fresh
the eastern and western boundaries-protect the Area water In the Puget Sound Area. Photo 1-I shows pert
front severe weather and induce precipitation to cia typical watershed development.

S replenish the Area’s extensive water supplies.
Climate

The Cascade Mountain Range forms a barrier to
• The Puget Sound Area, a glaciated trough, cold a masses tr aveling south from Canada in the

contains densely forested mountains and foothills and winter; the Olympise provide a baffler to the intense
fertile, open valleys, flood plains, and deltas. Populs- winter storms reaching the coast from the Pacific
tion and Industry cluster mainly along the eastern Ocean. As a result, the Aiss his COOl sumnsers and
shore of Puget Sound. The Sound Is an Inland mild winters. Ti~.pi .tuzss below .18°C (0°F) are
comprising about 2,500 squire miles of surface ares rare Mt the lowlands, and maximum temperatures

- 
dotted with islands. The islands range in size from seldom exceed 38°C (100’F). Lowland temperatures5 

- Whishey, second largest hi the conftguow United avesage about 4°C (40°F) In the winter and above
States, with an area of 102~000 acres, to the unuller JS’C (60°F) ui the summer.S - San Jam s, an archipelago of 172 Islands In the Annual precipitation varies from 20 to SO

- northern part ci the Sound. Of the 13,367 square Inches In the lowlands surrounding Puget Sound to
- mIles of land In the Puget Sound Area, 1,760 square more than 200 inches in higher elevations. About
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AREA

W A  S H I N G T O N

FIGURE 1-1. Study area.

two-thirds of all precipitation falls from October During the 1830’s a Chinese nun, Tom Quon,
through March. Autumn, winter, and early spring are operated one of the first “distribution systems” Inru sty, with persistent cloudiness and high relatiw Tacoma consisting of a one-horse cart that carried aInsinidity, but rainfall Is scant from May through barrel of spring water. As the city grew, several small
August, systems, including Tacoma Light and Water Com-

pany, esvh’ed to supply water needs. General diesatia-
• Hletory faction with the quality and quantity of water and

An abundant supply of b quality water has service rendered by these compan ies plus an expan-
been a basis and incentive for the growing economy diitg population led to the ainklng of wells, and later
In the Puget Sound Area. Wat r supply systems ,~~~ to ConstruCtiOn of the Green River gravity supply
prG~~ wish this expanding economy.

Early water supplies consisted of psrenninl Early distribution systems did not always pro-
streams, springs, and wells. For many years following teat the health of the population. Waterbce’ne diseases
the first auttlemeuts, pioneers obtained water from WetS 0(1515 a problem. Two major outbreaks of

5 crude, uncoordlnsted prMt. water systems conéthig typh oid (ever occurred In Seattle before the city
of wooden tanks and pipss~ Water often flowed In ~~~~~ P”~I~~ loCal stuface water.

S open V~~4ed fkimus. Musy of the- distribution ThS great Sssttls Ike of 1889, which destroyed
amiss wets inedequato in sine; nWor - fires resulted the bu~~ss district, demonstrated the inadequacy ci
b.c~~e Inmimsisni flow wss available for tke4lght- that city’s water N~~I)’ system. Shortly after 1900,
Mg Seattle abandoned its F=i,~~ plent ott Lake Weds-

kaglon—until thus the p.Imi.j waler source—and

1-2
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PHOTO 1-1. Watershed uti lization includes such developments as this , which limits land use on slopes that
drain into the river basin, thus protecting the quality of water captured for munici pal and industrial use. (loft
regulating basin. Seatt le Water Department).

began drawing from the Cedar River watershed , 26 the cities were sufficient , but as the population of the
miles southeast of the city - The steady rise in Area grew , dams were constructed to impound water ,
population from 3,500 in 1880 to 43,000 m 1890 augm enting tow stream flows and providing effective
and 80,671 in 1900, and the availability of the less flood control. Today , supply systems vary from
contaminated mountain water of the Cedar River , versatile networks serving Large municipalities and
prompted development of the protected wate rshed metrop olitan areas to simple distribution systems in
and construction of a gravity supply system. small, scattered rural communities. Steady progress In

Around the turn of the century , other cities developing high quality water sources , mainly from
purchased local water companies and began to surface waters but with some pumping of ground
develop large public wate r supplies . Many communi- waters , characterizes municipal and industrial water
ties acquired distant surface water rights to provide supplies throughout the Area.
for the needs of expanding populations and indus-
tries. They developed watersheds with varying owner - BASINS
ship and management to control poliution resulting
from uncontrolled logging and abused public access. Natural topograph ic features were used to

At first , simple diversions from watersheds to divide the Puget Sound Area into 11 drainage basins

1.3
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for study purposes (Figure 2.1). They are : Nookssck- In the remainder of the Area , economic activi-
Sumss, Sakgit-Samish, Stillaguamish, Snohomlsh , ties center around forest product industries, commer-
Cedar-Green , Puyallup, Nlsquafly-Deachutes, West ciai fishing, farming, and miscellaneous light indus-
Sound , Elwha-Dungeness, and San Juan and tries. Photo 1-6 is typical of habitable land away from

• Whidbey-Cansano Islands. Ridgelines running from urban centers.
the slopes of the Cascade or Olympic mountains to An abundance of dean, relatively cheap water
Puget Sound bound each of these basins except the explains, in large part , the industrial growth in the
latter two, which are Island groups. The other nine Area. This growth shows an acceleration at an
basins share similar topographic characteristics incressing rate sInce 1940. Accompanying the desir-

• (Photos 1-2, 1-3, and 14): one or more rivers, able effects of Improved and expended economic
mountainous terrain in the upper reaches, deep opportunities are changes in population distribution
valleys and canyons In the central portions, and plains and further urbanization, Increasing the demands on
and deltas in the lowlands. The Cedar-Green, Sicagit , existing water sources, for municipal and industr ial
and Snohomish Basins supply water far use outside uses. In addition , the thomas. In population accom-
their boundaries to meet the needs of the major water partying the economic growth produces additional

5- 
consumption centers of Seattle, Whldbey Island and dsma ’I’ for rur al, urban and wilderness recreational
Tacoma. Separate sections in this appendix describ, shies. An acceleratIng need for recreational land is

S water sources and use in each of th e 11 bsthss. evident; this trend promises to continue as the Area
becomes more industrialized.

PRESENT DEVELOPMENT

Forests cover more than 82 percent of th. land The population trend In the Puget Sound Area,
in the Area. Urban beddup, which contains most of in keeping with increased industrialization, displays
tim population and economic activity, occuptss only rapid growth. Census figures show nearly a 10-percent
about 5 percent of the total acreage. increase between 1960 (1,768,000) and 1965

(2,100,000). SInce 1940, the population has more
Eoonomy then doubled.

A dynamic industrial complex in the Snoho- Census estimates for 1966 Include sixteen cities
mids, Ceder.Green, and Puya llup Basins accounts for with populations greater than 10,000 (Table 1-1).
imich of the economic activity in the Area. In these The population trends of the seven largest of these
basim, Seattle, Tacoma, and Everett contain a large sixteen cities from the earliest census to 1967 are
and growing industrial community that Is heavily shown in Figure 1-2.
oriented toward activities in aerospace, shipbuilding,
maritime trade, transportation , and diversified menu- TABLE 1-i Citisa with population over 10,000
factoring. The Boeing Company’s aerospace industry

• constitutes the Area’s leading industrial employer. CItY *967

These cities also serve as the major shipping and 
~ ~~~~trading centers on Pugst Sound, which has many 2. Tme,n 155,000

inlets, bays, d harbors, and fine deep.water facil- 3. Eseists 52,000
Itiss for ocean-going vessels. Photo 1-5 shows an ~
industrialized urban concentration. 23.055

Gounamsut activities also play a nmjor role in 7 ~~~~~~~ 21,500
the economy. The Pupil Sound Navel Shipyard , *. isisevus 22,500

~ eond largest indestrW employer in the Area 9~ OlYmtilS 20,SSD
dominates the economy of Bremedon and the Kitsap ~~
Pinismek . Mef hord Air Por es Base Slid FOIl LeWis 12. Mureur Island City 15,500
are major sources ci personal income in the Tacoma ~~ ~~~~~~~asia. Activities to peovi4s guw~nmsnt services con- 14. Puytilup l4.20’*
tribute heavily to the economy of Olympla, the State 15 Kant 14.000
capitol, and vicinity. IS. LyEh~•~~1iJ 12,555
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PHOTO 1-2. MountainS and forested foothills typify
upper ~~~~~~~

PHOTO 1-5. Manufacturing, su pping, trad ing, and
fin ancial activities, with dense urban build-ups, center

,, 1 around natural and developed harbors.
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PHOTO 1-3. PIctures que streams lie betwss n the PHOTO 1-6. AgrIculture and forest harv esting
mountains and lowlands, support many small communities, which contain only

a small percentag, of th. popu lation.
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FIGURE 1-2. Major city populations (esrIlest census to 1967).

There is an uneven distribution of population in Land Use
the Ares; this results from differences in topography, Land use in the Pupet Sound Area varies from
accendillity, and recent IndustrializatIon. Nearly 75 dense residential, commercial, and industrial concen-
percent of the populace reside In the Snohon5sh, trations to undeveloped cutover lands and virgin
Cedar-Green, and Puysflup Basins. The western and forests. Forest lands predominate, accounting for 84
northern portions of the Area are sparsely populated, percent of the total land (excluding water surface ,
The NIqually-Deschutes, West Sound, and E)wha- Photo 1-7). Most forest acreage lies within the
Duqeaan Basins together account for only about 13 boundaries of federally owned national forests and
percent of the total population. lies than 12 percent national parks Urban areas are almost entirely on the
reside In the NOOhim*$UInSs, ~~iglt-SemWi, Stills- lowlands along Pupet Sound. Cropland predominates
gu.in~sii, San Juan, and Whldbey-Camano Basins, along the rivers and especially along their lower

The trend of rapidly Increasing population and reaches. Table 1-2 shows land use in the Area.
further localization of population will likely continue
and will place an added burden on the water
resources of the densely populated basin,

L_
~~~~~~~~~~~~~~

_ - S 

l~~ 

— -

-- 

~~~~~~~~~~~~~~~~ 
- .  

- 
~~~~~~~~~~~~ - -

— ~ - ‘f —5



TABLE 1-L General land use

- 
-- Type Aores

Rm .land 106,000
Wstur (strssn buds,

lsiiua. ressivolni 153,000
Uitun buNdisp 428,000
Cropland 001,000
Rurd end nonugrioultiral 235,000
Forest land (includln open and barren

- - lend asseciend wIth forest land 1,040,000

S 
• - , Total lend and water

I.XC.pI usit tested 8,555,000

Source: Appendix Ill , Hyd.Uloer.

PHOTO 1-7. Fresh water, Including river and stream-
beds, coven nearly 2 percent of the land.
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PUGET SOUND AREA

PRESENT STATUS
Both ground and surface water sources, the 00% 100%

latter predominating, serve the demands for various Municipal
uses in the Area. Photo 2.1 shows one source of Gr ound Rura l
surface water. 93%

,~~~ aflother
Basins

~ ~~~~~~ ‘• •• ~ 
..f 67%

~~ .. -.~~ -

Surface

— 35%

/
PHOTO 2-1, Watersheds funnel precipitation Into -

streams and riven, from where It Is drawn to supply
demand.

Water Industrial
GENERAL Sources Municipal Rural

Entire Water Use
Water supplies for municipal, industrial, rural- Puget Sound Puget Sound

individual and recreational purposes are considered in Area Ares
this report. This usage accounts for 659 million FIGURE 2-2. Water source and use characterIstics
gallons per day (mgd). Figure 2-2, whIch shows use (1955).
characteristics, reveals that most of the municipal and
industrial water supplied In the Area is used In three national average. In particular, industries here have
basins. Appendix UI, Hydrology and Natural Environ- traditionally paid low rates for water, resulting in
nesnt Supplement; Water Rights, defines and higher water use than in water-abort areas where
describes all purpoees of use. water is more expensive. In the Puget Sound Area,

Table 2-1 compares water used In each basin for water rates and municipal per capita water use both
mun~cIpa1 and industrial purposes with water supplied tend to decrease as the municipality size increases.
from each basin for these purposes , As Indicated , Nation ally, average water rates follow this pattern,

- interbasin diversions from three basins serve users in but per capita water use does not, tending to increase
other basins. The Snoho.vish and Cedw~ reen Basins In larger cities.
account for more than 50 percent of the water use in Re-use of water is virtually unknown In the
the Area but furnish more then 60 percent of the Puget Sound Area. The long tanding pattern is to
water açpliod. divert water from mountain watersheds, Photo 2-2,

Water la relatively Inexpensive In most places convey It to the population and Industrial complexes
within the Puget Sound Area, compared to the for use, then dispose of waste water in Puget Sound.

2-1
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TABLE 2-1, Summary of municipal and industri al system supplies and use (1965)

Average Average daily water supplied
daily from basin lmgd)
water

use (mgd)5 Surface Ground Total

72.4 69.0 3.4 72.0Skagit-SamIsh 29.0 27’°b 1.6 31,0
Whkth.y cainano 3.8 ~‘ua-~_~

—
~~ 1,3 1.3San Juan 0.6 0.4 0.2 0.6Stlllaguamlsh 2.2 0.2 2.1 23Snohomlsh 164.0 161.0 2,8 197,0

r 3aOb
Cedar-Green 165.0 -~~~~ ‘ 115.0 17.0 204.0
Puysllup 100.0 ~~ ‘ 1.0 37.0 38.0Niequslly-Osachutsa 9.0 1.0 8.0 9.0
West Sound 48.0 38.0 11.0 49.0Elwha-Dung.neu. 65.0 64.0 1.0 65.0

Total, all basIns’1 669.0 584.0 85.0 669 0

Flgu res are derived from 1965 water use tshle, page 2.3.
bA~~~ Indicates lnt.rb.sln diversion.
CContlnuous diversion of 72 mgd, whether used or not, Tacoma Water Division.
dAvefage water u and average water supplied do not agree In totals zinc, diverted

water nsy not be used du. to short-term quality conditions Ifor exan~~le. turbidity)
or continuous opsration conditions (diversion completely on or off , with excess
water vsaitsd; losses; or maintenance use such as system flushing after odor
complaint, main construction, or repaIr.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ The large quantities of low-cost water available and
the particular locational pattern essentially obviate
water re-use . Table 2.2 summarizes 1965 municipal
and industrial water use.

MunicIpal
Municipal water use is defined as water served

by a public or priva te purveyor through a distribution
system . Included are residential, commercial, and

-- .
~
-. - . - . public uses, and minor industrial uses directly related

to goods and services for the local population. The
latter , therefore , are included in the municipal gallons
per capita per day (gpcd) use figures.

Municipal water use presently averages 219
mgd , as shown in Table 2.2, with about half of that
total being used by Seattle. Municipal use constitutes
about one-third of the total water used by municipal
and industrial consumers in the Area. Per capita water

- use varies from city to city because of a number of
PHOTO 2.2. Uprlvar diversions and reservoirs tap the factors that influence the rate of use. Bellingham, for
abundant water resources for conveyance to high-use example, meters very few of its deliveries and has an
localities. (Green River diversion at Palmer , Tacoma exceptionally high rate of water use, In part , because
Water Department), some of the water supplied to industrial users cannot

j  
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TABLE 2.2. Summary of Puget Sound Area water use (1965)

Esti- Surf ace water Esti - Ground water Esti- Total
mated usage l mgd } mated u sage (ngd) mated usage ( mgd l
popu - popu- popu-
lation Average Maximum lation Average Maximum lation Average Maximu m

Basin and use served daily monthly served daily monthly served daily monthly

NOOKSACK-SUMAS
Munic ipal 42,600 9.0 13.0 16,800 1.9 2.6 59,400 10.8 16.0
Rural-Indiv idual 1,500 0. 1 0.2 16,500 0.9 1 .8 18,300 1 .0 2.0
Industrial -— 600 65.0 --- 0.6 1.2 --- 60.6 66.0

Total 44,400 690 78.0 33,300 3 .4 5.6 77,700 72.4 84.0
S SKAGIT -SAMIS H

Munic ipal 34,400 3.5 4.2 5,800 0.8 1.1 40,200 4.3 5.0
Rural -Individual 1,550 0.1 0.2 13,750 0.8 1 .6 15,300 0.8 2.0
In dustr ial -— 23.0 27.0 --- •-. --- - - -  23 .0 27.0
Total 35,950 27 .0 3 ? 0  19,545 1 .6 2.7 55,500 290 340

ST I LLAGUAMISH
Munic ipal 665 0.1 0.1 6, 135 0.9 1 .5 6,800 1 .0 20
Rural-Individual 1,200 0.1 0.1 10,900 0.6 0.9 12 ,100 0.7 1 .0
Industrial ‘— —- — --- Q6 4.0 --- 06  4.0

Total 1,865 02 02  17 ,035 2 ,1 64 18 ,900 2.2 7 0

WHIDSEY-CAMANO ISLANDS
Munici pal 4.800 1 .0 1 .4 11 ,385 1.1 2.2 16, 185 2 1  3.8
Rural-Individual .. --. --- 4,Q1E 0.2 0.4 4 ,015 0.2 0.4
Indu strial —- 1 .5 18 -— --- --- --- 1 .5 18

Total 4,800 2.5 3.2 15 ,400 1.3 2.6 20,200 3.8 5.8
SNOHOM IS H
Municipal 147 ,930 23.0 280 6.530 06 1.2 154 ,760 24.0 29.0
Rural-Individual 3,540 0.2 03  32,400 1 .8 2.5 35,940 2 0  30
I ndustria l —- 138.0 144 .0 -- 0.4 0.7 --- 138 0 145.0

Total 151 ,470 161 0 172 0 39,230 2.8 4.4 190.700 164.0 177.0

CEDAR-GREEN
Municipal 899,420 940 133.0 125,800 140 2 10  1 ,025,220 106.0 154.0
Rural-Indiv idual 1 ,500 0.1 01 13,500 0.8 1 .0 15,000 1.0 1 .0
Indu strial -- 54.0 61.0 -~~ 2.3 2.7 56.0 64.0

4 Total 900,920 148,0 194.0 139,300 17 .0 25.0 1.040,220 165 0 219.0

PUYALLUP
Municipal 151 ,200 22.0 29.0 193,255 220 96.0 344,455 440 127.0
Rural-Individual 75 _

~~- 670 0.1 0.1 745 01 0 1
Indu tt ria l -— 41.0 490 -.- 15,0 16.0 --- 560 86.0

Total 151 ,275 63.0 78.0 193,925 37.0 115.0 345 200 100.0 193.0

NISGIJA LLY-DESCHUTES
Municipal 11 ,680 0.8 1 .3 35,209 4.8 87  46,389 5.0 10.0
Rural-Individual 2.300 0.1 0.2 20,600 1 . 1 1.6 22,900 12  1.8
I ndustrial --- 02 0.2 --- 2.0 2A -.- 2 2 2J

Total 13,980 10 2.0 55,809 8.0 13.0 69,300 9.0 14.0

S WEST SOUND
Municipal 44,555 7.3 11.6 64.695 7.1 14.6 109,250 140 26.0
Rural-Individual 1 ,250 0 1  01 11,400 09 13 12 ,650 1.0 1 4
Industrial --. 30.6 42.5 .-. 32 3.8 - -- 340 46.0

Total 45 ,850 38.0 54 .0 76,095 11.0 19 121$0O 48.0 73

E LWHA- O UNG E NESS
Municipa l 17 ,672 4.6 8.2 323 .. 18,000 4.6 8.2
Rura l-Individual 1,200 01 0. 1 10,800 0.8 07  12,000 06 0.8
Industrial “- 59.2 64.9 ‘— --- .-- 59.0 65.0

Total 18,872 640 73.0 11 ,123 1.0 1.0 30,000 65.0 74 .0

SAN JUAN ISlANDS
Municipal 1,642 0.4 09 746 0.2 0.3 2.388 0.6 1.2
Rural-Individual --- —- .-- 2 12 .- -  212
Indu strial -- - . - -  --- -‘- .-‘ ---

Total 1 ,642 0.4 0.9 958 02  - 0.3 2,600 0.6 12

TOTA LS 1 — _____ _____

Municipal 1.366,550 166 231 467 ,000 53 161 1 ,823,550 219 382
Rural-Ind ividual 14 ,450 1 1 134 ,700 8 1? 149 , 150 9 13
I ndustrial -- - ~~ , 465 -.. 24 31 ... 434 486

5 Total 1 ,371 ,000 
~~~ 

687 601,700 85 194 1 .972,700 ~~9 881

~ Figu res are rounded
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be segregated from that supplied for municipal use. characteristics except some physical and bacteriolcgi.
Total average daily municipal water use in the Puget cal parameters and a few dissolved chemical constitu-
Sound Area, for a served population of I $23,000, ~ ents , such as iron and manganese. Therefore , recom~
about 120 gpcd. Tabk 2.3 shows present municipal mended limits for trace metals, radioactivity and
per capita water use (gpd) for the major cities in the pesticides in the raw water are the same as those for
Area. finished water regardless of treatment provided and

should be used as criteria in sekcting sources or
TABLE 2.3. ~~ nlclpaI par capita water use G.P.C.D. treatment of a raw water supply. The following is a
In major water ~~~~~ 1996 list of some of the more important dissolved chemical

— constituents and their respective recommended ma’d~Aver’ mum concentrations.
age

daily
Estimated water Concentration
population use Substance (nag/I)Basin Systam served l~~cd)5

Nooliseck-Sumse Belllngham 40,000 220 Arsenic (As) 0.01
Skaglt-Samlalt Anacortaa 10,000 140
Snohomlali Everett 135,000 160 Bar iUm (Ba) 1.0
Ceder-Green Seattle 887,000 130 Boron (B) 1.0
Puyallup Tacoma 158,000 140
NI~~ualIy.Duchutss Olympia 22,600 120 Cadmium (Cd) 0.01
West Sound Shelton 5800 170 Carbon Chloroform

Brumerto n 42,000 160
~~~ ~~~~~~~ 75~~ 

Extract (CCE) 0.2
Elwha-Dung.nase Port Angeles 15,700 240 Chloride (CI) 250

Total (weIgh ted averag e) 1,324,000 140 Chromium
Excludea major water-using Industries, (hea~ ve1ent , Cr ’1’6) 0.05

Copper (Cu) 1.0
Cyanide (CN) 0.01Adequacy of water to be ingested by human is Detergents (Methylene S

determined by a series of quality parameters which Blue Active Substances) 0.5describe its physical, chemical, and bacteriological Fluoride (F)characteristics. In addition, the source of these waters 500 58.3°F 1.8should be subjected to periodic sanitary surveys by 58.4-70.6°F 1.5qualified public health authorities to determine if any 70.7-90.5°F 1.2potential hazards exist. Iron (Fe) 0.3Quality criteria for public drinking wate r use 
~~ad (Pb) 0.05

5 have been developed by the water works Industry and Mang anese (Mn) 0.05public health authorities through years of experience. Nitrogen (in nitrateAlthough these criteria may vary from state to state or nitrite form) 10.0or region to region, depending upon local oontanii- Phenols 0.001nants , ther e has been almost universal acceptance of Selenium (Se) 0.01the “Drinking Water Standar ds” promulgated by the Silver (Ag) 0.05Public Health Service . These Standards , IIUtI&I)y Sulfate (SO4) 250adopted in 1914 for potable water used by common Total Dissolved Solids 500carrIers subject to the Federal Quarantine Regula’ Urany l Ion (U02++) 5,0tlons, have been periodically expanded and upda ted , Zinc (Zn) 5.0with the latest revision being made in 1962. This
revision was officially endorsed by the American
Water Works Association as minimum standards for Other characteristics which may have
all public water supplies. deleterious physiologIcal effect or which may be

Although drinking water standards are appli. excessively corrosive to the distribution system
cable to water as it comes from the tap, cuinpiete should not be permitted in the raw water supply.
convent ional treatment Including disinfection gener - Acceptabil ity of drinking water from a

S 

ally produces little change In raw water quality radioactivity standpo int Is generally monitored by

5 
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routinely measuring its gross beta activity and significant impact on the suitability and treatability
perlodicaHy analyz ing for two of the more common of waters for human conswnpt ion . Recommended
specific contamin ants Rad lum -226 and limits for these criteria for treated and non-treated
Strontlum.90, Recommended limits for these criteria supplies are as follows:
are: No Treatment or Conventional

Concentration Characteristic Disinfection Only Treatment
Substance (pico curr ies per liter-pc/I) 

~~~~~~~(tu rbidity unItsI 5 VarIable (depending3 upon .at~~IIlty
St9° 10 ~o4oc (color unitsI 15 75
Gross Beta 1,000 ~~~~ (dwndiold

odor nuinber) 3 5

A wide variety of synthetic organic substances
have been developed to control nuisance insect and The traditional method for evaluating the
plant growths. Many of these compounds have found bacteriological quality of drinking waters has been
their way into our waterways and have caused limits identifIcation of the coliform group of bacteria.

S - for these substances in drinking water to be estab- Examination for these non-pathogenic organissns pro-
lished. Some of the more common pesticides and vides an Indicator of the disease’producing potential
their corresponding limiting concentrations are pie- of th. water. The coliform group, however, contains
sented as follows: subgroups not only of fend origin, but sho those that

Masimum p~~~ j~~~ are found naturally in soil, on plants and insects and
Pesticide Con~...Iredon mell in older pollution sources. To estimate the prob-

ability of viable pathogens being present, therefore,
the coliform sad fecal coliform orpnlmns should be

Dlslddn 0017 measured (the latter being indicative of recent fecal
Linden. 0.06s pollution), but the data must be correlated with
To*apksn. 0.006 unitary surveys to determ ine its significance. Since
HIPUCMOr 0.018 the conventional treatment processes are capable ofH edilor Epoxids ::~ meeting drinking water bacterial standards, the
csc~ si~~. recommended Ihuits are conth~ ent upon treatment
Msdioxychlor 0.036 provIded. The limits are monthly arithmetic averages
Total Orgenophoiphorous based upon an adequate number of samples. The totaland Cub..y1ss,Compouflds coliform density limits may be exceeded if the fecal

coliform limit is within the limits specified below:
0.1 No DIsinfection ‘-“~~~~~~245-IP lndIv~~~~ Nntlte - 0.1 ~ii~~I. ~ Ntl Tramnent Only Trs.la .L I245.T of any coiCMnstjon of chlorInated

2 4.0 phsno~y sikyl p~er’~~I.,e - oi ni.f I. 
~~~~(par lOO mI) 0 100 20.000

The physical characteristics of a raw water CoilfoiTh 
0supply are, for the most part, alterable through ~~conventional treatm ent processes, and different limits

are recommended, depending upon the type of S

treatment provided. The physical parameters usually Because the above criteria apply to water for
used to measure the suitability of water for human human consumption, If the limits are met, these
consumption are color , odor (and taste), turbidity, waters should be equally acceptable for food proces-
and soniethoes tampei.tuse. The latter criteria Is sing and most other municipal or industrial uses. For

• primarily an aesthetic consideration, and the general ipeclaliuad uses such as boiler feed water, additional
rule is that drinking water temperature should be treatment to prevent excessive scale formation would
below 85°

F and not more thin 5°F above ambient be necessary; however, any additional specialized
temperatures. The other thrw, howem~, can have a conditioning of these such waters would be n I •

2.5 
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Industrial - 
-

Industrial water use averages about 431 mgd , -

which represents about 65 percent of the total used
by municipal and industrial consumers. Of this S

amount, about 407 mgd, or 95 percent , is supplied 
- . 

- 
-

from surface water sources. Part of the industrial -

water use is included in the municipal per capita use
figure , as mentioned in the preceding paragraphs
describing municipal use. A much larger portion , -

S 
however, reflects the needs of a few large water-using
industries that are not directly related to the local S S 

- , ‘7population. The size and location of these industries
relate to such factors as access to raw material, access - - - 

- 

- -

to market, power and labor costs, water supply, waste - - - - 
‘~~- S

disposal, and economics of scale (plant size). Photo
2-3 shows a portion of a water system that supplies PHOTO 2.3. Storage facilities near the point of
both municipal and industrial demand, consumption furni sh water for the immediate needs

TabLe 2-4 summarizes the location, by basin, of users, larg, and small. (Water supply reservoir,
and the amount of water used by major industries. Tacoma Water Department ).
Many of the individual plants for industries shown in
Table 2.4 obtain their water through municipal account ing for 75.2 mgd (17.4 percent) of the total
systems, and probably will continue to receive water industrial water used. About 98 percent of this
from these systems. But their present demand and demand is supplied from surface water sources.
future needs are analyzed separately because their Cooling water makes up aboUt 20 percent of

-

. size and location are not directly related to total the total industrial water use . Most of this is fresh
population and their water supplies could conceivably water used in the petroleum and metal refining
be independent of municipal supplies. industries. About 84 percent of the total water used

The pulp and paper industry is by far the most in these industries is for cooling. A high proportion
important in terms of the quantity of water used. (55 percent) of the water used in milk processing is

‘I This Industry accounts for 72 percent of the total for cooling, but the total quantity Is comparatively
water used by all industries-an average demand of minor .
313 nigd. Almost all water used in pulp and paper Salt water , although not included in the water
manufacturing comes from surface water sour ces. use accounting here, is used in significant quantities

The chemical, metal, and oil industries (In- for cooling in the chemical, metal, oil, and pulp and
• chiding oil refining and primary metals) constitute paper industries. Salt water approximates 13 percent

the second largest water-using industrial group , of all industrial water used in the Area.

TABLE 24. Summary of industrial water use (mgd) (1965) .

Piper Food Lun*sr Chemical, Stone.
and Oil end end metal., dy, Prknuiy

Basin allied ref Inlng kki~~ed wood oils laes install Other Total

Nook dc—Su m 46.4 2.8 2.5 — — — 8.0 0.8 eo.s
Sk.glt-Semlth 8.5 7.0 4.9 — 1.8 — — 1.8 2 11
SiHieruamMi — — 0.6 — — — — — 0.6

hl~~sy-CiminO I dand$ — — — — —SnohomWi 134.0 — Ii 22 — — — 1.2. 138. 2
Ceder-Green — — 4.3 4.9 40.5 1.0 — 8.? 56.8
Puyallup 38.4 — 2.1 1.7 57 0.8 6.4 1.0 5S.1
Nluquslly.Diechutes — — 15 0.1 — 0.2 — — 22S 
Wes*SOUIId 29.7 — — 12 2.9 — — — 21.1
Eled~ .Dun~soses 56.2 — — — — — — — 81.2
Sen Jun Islands - - - - -S 

- 
3132 9.8 17.7 10.4 50.8 2.0 14.4 12.5 430.8

:~z~~~: ~-~~~~~~~~ :~~~~‘i:: - 
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Rura l-Ind ividual
About 150,000 persons in rural localities

(Photo 2-4) rely on small individual systems such as
wells or local surface sources for water supplies. No
actual water use data are available for these systems;
therefore , an average per capita figure of 55 gpd is
assumed in determining this component. Estimates of
ruial-individuai water use show consumption of 8.7
mgd , or about 13 percent of the Area ’s total
municipal and industr ial water use. Probably about
90 percent of the rural-individual population draw
from ground-water sources , and the remainIng 10
percent receive water from surface sources. Table 2.2
includes a summary of niral-individual water use .

• - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

•
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PHOTO 2-5, R.crsetlonists crests a sigeificum
demand for watsr , both In wildsrnes surroundings

- and In more formal settings.
PHOTO 2-4. Most rural and small-community resi-
dents receive water from ground sources, requirements, or an estimated 4,4 mgd (25 pilons per

recreation man-day), should be added to the nsuni-
Recreational cipal and rural-individual totals for th. basins that

Recreational demand for domestic water is an contain these sites. Certain asses—notably National
important factor in any plan concerned with pro- Forest and National Park recreation deuslopomits—

• viding adequate water supplies. Totals cited here for account for a large pert of this use.
such demands were based on estimates by the Puget
Sound and A~acent Water Study’s Recreation Tech. SURFACE WATER
nical Committee. Domestic water use relating directly
to recreational activities in the Puget Sound Area Surface sources predominate the m~or waler
averages 35 gallons per recreation man-days, for a suppliers In the Pi~ st Sound Ares. AJ m~os inbmn
total use of 2.275 bIllion gallons (an average of 6.23 centers ass rsistMly ci~’ue to hip ~~~ 4Mls. of
ingd for the entire year). Recreational use, Photo 2-5, high-quality surface water. P~’oto 24 shows a typleal
Is seasonal, with summer months showing the highest mEface water source. Moss t~su 75 pseesil (615
consumption. Federal and State lands and urban n*d) of the m”~~ip~- y  sense senses and 94
parks account for a large part of this use. percent (406 mgd) of .6 ‘ “~l4 ~ ai4

This conmunpilon is partially Included in mimi- consumers In the Area rscslea wets: from shies
cipal and rural.IndIviduaI waler use. It Is assumed that sources, using about 553 mi~ os ploss of situ ,
30 percent of the demand from supplies In recree. waler per day . Present sources ma mars t~~ ad,.
tional sites is already Included In the present status quate to satisfy existing and kwied~~e futsi med.
Inventory. The balance of the recreational waler In most localities. The Increased wbaeiisatlo., iadue- 
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nearl y half the total runoff in the Area. In addition to
large annual differences in runoff , even larger vans-
~ions occur with time . The sections of this appendix
dealing with the individual basins describe seasonal
variations in more detail. Fluctu ations in runoff
volume cause periods of flooding and periods of
extreme lowflow. Thus, localized water shortages
occur despite the abundant overall water supply, and
periodic overabundance causes flood damage in some
lowland localities. Studies of the frequency and
severity of floods and lowflows are essential If
water-management planning is to lessen the impact of
such variations.

PHOTO 2-6. Surface water sources supply 88 Percsnt TABLE 2.5 Estimated average annual runoff in the
of munIcipal and Industrial water. ~~~~ ~~~~~

trisllratlon, and population growth projected for the A~ricogu annual runoff
Area, however, requires that water resources be 1931.00

arsa Depth Volumeidentified and that future demands, sources, and i~c~ ml) (ind~ss) lacra-f..t)
controls be determined so appropriate programs can

Nookseck.Sumas 1.262 55 3,700.000be instituted to ensure an adequate supply of fresh , SII~ ft.SS~~~ 3025 71 1 l.90O.900
relatively inexpensive, clean water. StIhI~~uamIdi 690 80 2.940.000

Snohom~h 1 900 70 7 090,000
C.dar-Gr,sn 1,161 36 2,210.000— Qusntfty and Dimibution Pu’vsllup 1.217 41 2.860.000
NiqusIly-Ou.chutss 1.016 36 1,960,000Analysis of the average runoff of all rivers ii w~ms~~~ 2013 46 4.950.000

tIn Area provides an Indication of surface watei Elvd*Dunginuui ISO 46. l.6e0.0001Whl~ ey-Cssnano 200 1
~~ 

111,0DC~resources. Figure 2-3 shows the relative magnitude of ~~ 176 1 94 000”
the average discharge of the larger streams in the Tout ~~~~ 65 38,965,000
Area. Although some subsurface flow leaves the .~~~ 

~~~~ ~~~~~~~~~~ ~~~~ Canada.basins and is not measured as runoff , the quantity of
water escaping in this manner is relatively Insignifi- 

~~~~~ ~~~~~ I l l . Hydtology.
cant in the larger watershed,. Surface runoff data ,
therefore , give a fairly accurate measure of the total Quality
surface water supply, including water released from Surface water in the Area require s a minimum
natural stora ge (lakes and ponds) within the basins , of treatment In order to produce an excellent quali ty

In the Pupet Sound Area , the total runoff from water for industrial and municipal use. These waters
1931 to 1960 averaged about 39 millIon acre-feet require chlorination and some form of turbidity
annually, or an averag e of about 343 billion gallons control. Turb idity is usually controlled by sedimenta-
per day. Despite the large total supply in the Area, tion In storage reservoirs. The more turbid waters are
however, water Is not always available where and diverted away from Impoundments. In some cases the

4 when it is needed to meet existing average and peak melting of glaciers causes a turbidity which requires
med., and this situation probably will worsen with chemical treatment and filtration before an adequate
Increased future needs. Average annual tunoff ranges water supply Is realized. Increasing water quality
from less than 15 Inches per unit area In some of the standards and watershed usage Is causing a trend
northern lowland, to as much as 140 inches In a few toward filtration for surfa ce water supplies. The low
mountain localities. Table 2-5 lists the estimated dissolved solids and low hardness are especially
average runoff for the II  study basins, desirable from an aesthetic point of view In municipal

Data In Table 2-5 for the various basins show a supplies. These characteristics are also very Important
hip disparity In averag, depth and vokune nmoff. in Industrial applications such as high dissolving wood

Basins contribute pulp. and steam boilers.The SkagIt-Samleb and Snohoinith

2-8 
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Physlei—The temperature of a stream Is as
Important as other aspects of its quality. Where there GROUND WATER
is a temperature of over 15.6°C (60°F) in domestic
water, an aesthetic problem of acceptability ~~ Ground sources supply only a small percentage
occur. Tempersturss of streams in the Study Area are of the water used ln the Puget Sound Atea-about 8S
rather low throughout most of the year , although million gallons daily. But It I. conservatively estl.
values exceeding 23.9°C (75°F) have been measured Ifl5ted that acqulfers in the Area are sufficiently
In streams on the east side of Puget Sound during replenished annually to provide an opthnum supply
July and August. On the Olympic Peninsula, streams of about 650 mgd. Even though It Is impossible to
warmer than 21 .1°C (70°F) are ~~~ recover all the estimated supply, it is obvious that a

Knowledge of the processes of erosion and ply~~~tapp ce~55~~~~~~~ itIs maded In
sedimentation ii important in optimizing the bene- the future . Rural-individual users , Photo 2.7, obtain
ficlal uses of water resources. In a regIon such as ~~ about 90 percent of their water from ground-water
Puget Sound Study Area, where heavy rainfall occurs, ~~~~~~~~
large volumes of rock and soil erode from upland
elevations. Swift streams and rivers transport the . ,. 

‘:.~~ 
-

eroded material downstream, in some cases consider-
able distances. During an average year, the Skaglt
River, largest stream in the Area, transports about 10
million tons of suspended sediment, at least five times _____

the sedlment load carried by any other stream ln the - ____

Area. Most sediment is transported during periods of -- -

high runoff. During lowflows, many streams are clear
and have suspended-sediment concentrations of 20

• milligrams per liter (maJi) or less. Streams fed by
glacial melt water-Nooksack, Skagit, Puyallup, and ____________________________

Nisquafty Rivers-are often turbid and sediment-
laden, particularly in warm weather. Where turbldltles
exceed the allowable limits, f~e (5) Jackson Turbid-
ity UnIts (JTU) at present , turbidity must be removed PHOTO 2-7. Ground water supplies most rural uses.
by treatment plants or by settling reservoirs. l,mi~~ir~ IrTIgstIon. as well a portion of municipal

ChemIcal-Surface water In the Study Area Isa and Industrial consumption
calcium-bicarbonate type, of low dissolved solids
content , and of excellent quality for most uses. QU I1tftY and Distribution
Dissolved solids in most streams usually amount to Aquifers with the most favorab le water -bearing
less than 75 maJl, and In some streams may be less properties occur in recessional outwash, alluvium, and
than 20 mg/I at times. Hardness of the water Is also gravel and sand deposits. These aquifers usually
low, generally less than 60 mg/i. The chemical contain fresh water at depths as much as a few
composition of the various area streams I. identified MI1~4I~ed feet below sea level, except In near-shore
In the Individual basin reports in succeeding sections. localities, where aquifers less than 200 feet deep may

Baclsilologiasi—Bacterlal quality In the head- cOntain sea water. In some localities near shorelines
waters Is excellent , as Indicated by low ~~iiro~m (~ot example, near Tacoma, Shelton, Bremerton, and
counts. IndIvidual basin reports give &ialls of Sequin), fresh water occurs at great depths—as much
bacteria counts, Low counts are evident pe,tJ~ularly U 1,500 feet below ma level.
in municipal watersheds where access Is controlled. Opportunities for obtaIn ing ground water In the
However, where agricultural drainage and municipal Study Area are moat favorable south of Seattle,
wastes are permitted to enter streams, bacterial where zones of water-bearing coarse sand and gravel
counts ~~~~~ ~p~fIga~tJy. In both recessional outwub and subtill strata are

2.10
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W relatively abundant In comparison to northern local- lines, ground water is highly mineralized because of
ities. In the region south of Seattle , ground water is the encroachment of sea water into fresh-water zones
used for municipal, Irrigation , and industrial supply as a result of pumping. Potential sea water encroach-
b a  greater extent than farther north. ment may be indicated by high concentrations of

Figure 2.4 shows generalized well yields that chloride. In general , chloride concentrations In
may be expected In the Study Area. This profile is ground water in the Area are less than 10 mg/I , but
based largely on production of existing wells. Yields may be somewhat greater in localities underlaid by
could be obta ined locally that are either much greater Tertiary Age rocks containing saline waters .
or much less than shown by the map . The amount of
ground water that can be recovered beneficially at a SOURCE DEVELOPMENT
particular location depends on factors such as well
spacing , thoroughness of well construction and corn- General
pletion, and potential deterioration of water quality. Watershed areas totaling some 500 square miles,
Appendix m, Hydrology and Natural Environment , as shown on Figure 2-5 , provide the major source of
contains detailed data on Well yieldi. fresh water for the Puget Sound Area . As the region

Data on availability of ground water in the deveiope i, encroachment on the watersheds became
lowlands of each basin , except San Juan Islands~ are an increasing problem, and many cities, recognizing
based on estimates of natural recharge of aquifers by the requirements for the future , took steps to gain
precipitation . The average annual recharge In the more positive control over these areas.
lowlands of the Study Area is conservatively esti. Seattle, Tacoma; and Bremerton gained control
mated as 800,000 acre-feet . Although a large volume by outright purchases of porti ons of their watersheds.
of water Is available, certain problems might become Seattle purchased the Cedar River watershed above
critical as development of large ground-water supplies Land~ ij~g; Breme rton purchased portions of the
keeps pace with the expected increased demand. For Union River watershed; and Tacoma purchased 26

S example, high iron content and excessive hardness miles of river access on the Green River . Additionally,
limit many industrial and domestic uses of ground Seatt le and Tacoma entered into agreements with
water in some areas. Salt water encroachment, now large private timber holders and the U.S. Forest
detected only locally, could increase as a result of Service to provide manageme nt for and limit access to
excessive pumping In shoreline localities. Bacterial their watershed areas to ensure that adequate water
contamination of shallow aquifers poses a problem in quality is maintained. Photos 2.8 and 2.9 show
densely populated area s where individual household watershed improvements.
water supplies are taken from shallow wells and Access to watersheds in the Area is limited In
sewage is disposed of through septic tanks. The many cases by their remote locations and lack of
improper location or operation of refuse.disposal roads. In addit ion, access through available roads Is
facilities could also cause serious ground-water con- 

~~~ful1y controlled. Recreational use of the water-
tamination. sheds is discouraged, though completely restricted

only in the Bremerton and Seattle watersheds.
QualitY Logging activities In these areas are closely supervised,

Much of the ground water in the Study Area is and other activities, such as summer cattle grazing,
chemically satIsfactory and of uniform low tempera- are strictly controlled .
ture . Dissolved solids are generally less than 200 mg/I, The watersheds and ground water sources have
and hardness values are usually less than 80 mg/I. been adequately developed to meet present needs
Ground-water temperatures are usually about 9°C throughout the Puget Sound Area. Their capability to
(50°F). Iron content is objectionable In a few provide sufficient water for future development vanes
localities, particularly In river bottom areas. High Iron widely from basin to basin, but only on the San Juan
content (more than 0.3 mg/I) has been reported also Islands and Whldbey Island are present sources near
for well waters from some of the deeper aquifers. their ultimate capacity.
However, this Is not necessarily representative of The Water Departments of Everett, Seattle, and
deeper zones, but may be the result of well construc- Tacoma have tentatively agreed on service areas.
hon that permits iron-bearing water to enter the well These areas shown on FIgure 2-5 by a water system
from shallow aquifers. In some localities near shore- division line appears to be the logical service areas to

2-l i
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Everett—The Sultan River , a tributary of the
Skykomish River , is the source of Everett ’s water
supply. The recently completed Sultan Dam project
provides a multi-purpose storage reservoir of 34,500
acre- feet (20,000 acre-feet usable storage). The reser-
voir is now used as a storage area for municipal and
industrial water ; plans call for its future use In
producing hydroelectric power. Water diverted Iron.
the Sultan River is reregu lated in Lake Chaplain , an
off-stream storage reservoir of 14,000 acre-feet , and is
then piped to the city of Everett. The Sultan storage
development ensures adequate quantities of water for

PHOTO 2-8. Streambeds are cleared to insu re good many years to come. Heretofore , Everett has relied
QUaiItY water. on simple disinfection of its water supply. However, a

report made in 1967 by the State Health Department
T 1  and the US. Public Health Service recommended- 

~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ further engineering study of the quality and treat-
ment aspects in view of Increasing watershed usage
and natural turbidity .

—
~~~~~~~~ 

• 
Seattle—In 1901, Seattle developed the Cedar

f 
River system, a storage reservoi r at Chester Mor se
Lake with a usable capacity of 23,000 acre-feet and a

~~~~~~ reregulation reservoir at Lake Youngs, as its primary
source of water supply. In recent years Seattle has
developed the South Fork of the b I t  River , a

_____ tributary of the Snoqualmie R.iver, for additional
—- 

supply. A storage structure impounding about 60,000
acre-feet of water was developed solely for municipal

PHOTO 2-9. Debris removal is a malor task in and industrial needs. This latest development will
preparation for reservoir impoundment. provide adequate water supplies for Seattle through

1975. Water quality of both systems is excellent.
meet the water needs of the Snohoinish, Cedar-Green, Tacoma—The primary source of Tacoma ’s
and Puyallup Basins, water supply is the Green River. Water is diverted to

Tacoma from the rIver 3 miles below Howard A.
Municipal Supp ly Development Hanson Dam by means of a 42-mile pipeline. During

BeIIi. giia,.,—Bellingham obtains water through heavy rain , and for short periods, the river becomes
a diversion from the Middle Fork of the Nooksack turbid . This causes Tacoma to rely on its extensive
River. Water flows through a system of pipelines and well field and storage development with the system.
open channels to Lake Whatcom, which acts as a Otherwise , the Green River provides good quality
terminal reservoir prior to treatment and distribution water for Tacoma . The city is planning further
to residentia l , commercial, and industr ial users ~ the development of the river , including increased storage
city. The Middle Fork originates in glacial fields and and a new pipeline, to meet increased needs. The
normally carries high levels of turbidity. This turbid ground water supply is also of good quality, and
water has not affected materIally the quality of 5.k. development of more peaking wells is planned .
Whatcom, which acts as a settling bISIn. ~~~~~~~~~~~~~ Brem.rton —Bremerton relies on both surface

other water naturally draining into 20,000 acre-foot small streams and seven wells make up the system ,
water right on the Middle Fork , in conjunction with and ground water for its sour ce of supply . Several

ink. Whatcom, presently provides an adequate which also includes a surface storage reservoir.
supply for the city. Construction of a complete water Bremerton is approach ing its capacity to supply
filtration pleiit to improve the quality for municipal Consumers and is in the process of seeking new
use begen ln 1968.
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sour ces. The quality of the water is satisfactory, and In addition to quality and quantity data on the
disinfection it the only tr eatment provided , water resources, information has been gathered on

Part PI1~ uL~~ Morse Creek , a anall stream land use and permanent or temporary residents and
dra ining into the Strait of Juan de Fun., serves as a persons entering the watershed for work or recrea-
source of supply fur Port A~~ les. Tie system tion. Animal populations have been estimated , and
r uuuI~~~~ no .~aa.hfr Motage , con t~~ primarily of a some of the smaller creatures have been trapp ed for
Jit ’erao. from Morse Creek. The quantity it presently bacter ial examinat ion.
adsq a, to meet Il. demands . and the quality it The 18-month period of field work was corn-
‘~~~1 y  most of the t .  Huwe~,u . during heavy pleted at the end of September 1967 with remova l of

fi n psiluluds. IMbudey rem to mdi a level that all sampling equipment except two virus samplers at
in.syate ~or~~’ mast be used For short periods ii the Seattle and Tacoma headworks on the Cedar and
hen of the drsersed water . Green Rivers. The findings, of this study, were not

~-Oly.p. pets is water by psealping available when this report was prepared.
fros NCA~~ - -1pr~~~ located approximately S
mks east od thu -~~~~~ The water Isoft and of good
quality and it ~~~~- e ey to. the foreseeable future WATER RIGHTS
with ~~~k dilormelina. li,~ as development
aupplies 15 iagd, md a total of 30 or more ingd it Surface Water
am. - In the State of Washington the basis for most

laws governing the appropriation of surface waters is
MLI I ,L USS P&~~ ti set forth in Chapter 117 , Laws of 1917. This chapter

Uncontrolled me of ~.tassh.d s has raised a now known as the Surface Water Code , firmly
potential cooflict between recreational development established the approp riative doctrine but recognized
of watersheds and the! use as a source of municipal existing rights of riparian owners and other users that

~ ply. The conflist was bao~~ t to the Forefront in were existing prior to the effective date of the code .
a by she U.S. Forest Service on May 26, To fix the extent of these pre -code rights, an
1963, of a 1,e~ al Area Multiple Use Plsn for the adjudication procedure was also established.
Green River Watershed.” As a remit of wibeequent The agency presentl y responsible for admin-
COIiIIOWrsy, the U.S. Pub lic Health Service was istering the State wate r code is the Department of
a~.u~ d to conduct a study to . .  - evaluate tie Water Resources. This agency had on record as of
effect of ~ ectic management practices and types of April 30, 1967, a total of 5,844 surface-water right
uses and users of watershed lands on the quality of appropriation records in permit and certificate stages,
water draining from these lands.” Subsequent for the Puget Sound Area. Prime rights in this area
objectives were to . . - develop water quality stand- allow summer period diversions totaling 33,757.4
ards to guide multiple-use management practices on nigd of which consumptive diversions account for
forested watersheds supplying water for municipal 2 ,315.3 mgd, partially consumptive diversions
water supply;” and also develop “ ...criteria to ~~~~~ to LI $47.8 mgd, and non-consumptive
predict the probable changes in water quality from diversions account for the remainder of 19,531.4
increued multiple-use of Watersheds.” mgd. An additional quantity of 212.1 mgd has been

S 
To accomplish the above objectives, the Public allocated under appropriation rights that can be

S Health Service, in the spring of 1966, initiated the classified as supplemental.
Northwest Watershed Project . In consultation with A total of 20 adjudicated surface-water right
the interested parties, three watersheds (two in the records in this subregion permit additional prime-
Puget Sound Area and one in the Willamette Basin) right consumptive diversions totaling 372.6 mgd.
were selected for study: the Cedar River, representing These rights are all associated with the Dungeness
a closely controlled and unpopulated area; the Green River Decree.
River, representing a moderately contro lled area ; and Recorded reservoIr-storage rights (permits and
the Cleckamas River, representing a moderately popu- certificates) under the approprlative system allow a
heed ares with unrestricted aceea and heavy recrea- total quantity of 5,377,240 acre eet to be retained in
tianal use. storage annually within the Puget Sound Area.
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Any person diverting water for any purpose claim. Ground-water rights may also be established
from a stream in the State of Washington is required through adjudication procedures.
by the surface water code to secure a permit or The Depart ment of Water Resources admin-
certificate for such purpose. isters gro und -water appropriation laws in Washington

and as of September 30, 1966 , there was a tota l of
Ground Water 2,575 ground-water rig ht appropriation and declara-

The laws in the State of Washington relating to tion records in permit and certificate stages , for the
grou nd-water app ropriation were enacted in 1945 and Puget Sound Area. Prim e rights in this area allow
essentially extend the procedures of the surface-water summer period withdrawals totaling 933 mgd. Nearly
code to the appropriation of groun d waters . With- all of this quantity, 930 mgd , has a consumptive
drawals for various uses not exceeding 5,000 gallons affect on the resource . The remainder , 3 mgd , is
per day were excluded from the provisions of this considered to have a partially consumptive affect on
Act. To accommodate ground-water users claiming the reso urce. In addition , a total of 39 mgd has been
vested rights through developments established pr ior allocated under appropriative rights that can be
to 1945 , a provision was made for a declaratory classified as supplemental.
period of five years during which such users could Table 2-6 is a summary of consumptive surface
acquire a water r ight through a dec laration of their and ground-water rights in the Puget Sound Area.

TABLE 2-6. Surface and ground water consumptive water rights.

Ind ividual and I ndust rial and
Municipal community a commercial

Study basin (mgd)a domestic (mgd) (mgd)a

APPROPRIATIVE RIGHTS
209.9 42.4 28.1

Skagi Samish 128.7 48.6 24.5
St lllaguamith 14.8 11.5 14.9
Whk~ ey-Cam.no 1.3 15.~ 1.5
Snohomlsh 457.6 50.u 75.1
Cedar.Grsen 115.1 148.5 1 37.8
Puyalkap 587.2 156.0 93.0
N Iaqually-Osechutus 34.4 46.2 175.0
West Sound 59.2 116.4 82.6
E Iwh.-Dunsena 21.2 18.2 123.1
San juso 2~~ 03

St~ totaI~ 1,629.4 657.3 755.9

ADJUDICATED RIGHTS
Elwh -Oungsnese — .37 4.1 —

Total 1,629.4 1,031.4 755.9

‘Water right quantities that are common to two or mare urn are listed u nder each applicable category.
bTotale for the three categories listed asia portion of the 43,400 mqd appropriated for all uses In the

Puget Sound use.

PRESENT AND FUTURE NEEDS

The present water needs of the Area are sources and distribution systems, or distribute water
determined by the urban population and the demands supplied from a major water department system. The
of industrial installations within the service area of indep endent installations vary in size from extensive
the appropriate water depart ment. systems serving several thousand persons to privately-

Within this Area , in addition to those served by owned wells serving a sln&e family residence.
the water department , many independent water The establishment of reasonable water require-
districts , companies, and cooperatives may be oper- ment estimates is governed by population distribu-
ating. These suppliers have independent supply tion , the dlinmtological region , the geographical area
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served , and the adequacy of basic water supplies , the Residential wate r use is separated into two
trend of water losses, the tre nd of per capita general categories , household use and sprinkling . A
consu mption , the ratio of residential to industrial large percentage of the water used within the home is
users, whether the service is metered or flat-rate , the returned to surface water sources via sewers and
characteristics of annual peak consecutive days of tr eatment plants. Wate r used for sprinkling is largel y
maximum demand and average monthl y deman d , and lost to the atmosp here by evapotranspiration , and
the Washington State fire underwriters ’ minimum may be considered a consumptive use .
flow requirements. Of these , the principal factor Wide var iations in delivery pressure have sur-
influencing the total annual wate r use in primaril y prisingly litt le effect on the total wate r used becau se,

S residential communities is the number of homes. while the higher pressure causes a greater water flow
Water loss is water produced but not accounted for a given “on” time , most water use is pre dicated

for in produced revenue , such as leakage , evaporatio n , on a volume basis , rat her than “on” time . Thus , in
rue protection , line blow-down , an d sim ilar unre - high pressure areas , the higher flow rate is compen-
munerative uses. Per capita consumptio n normally sated for by a shorter flow time to fulfill a given
ten ds to increase from year to year , pri marily because need. Water loss (primarily by leakage) may, however ,
of increasing numbers of water-usin g appliances in the be considere d to increase with an increase in pressur e ,
home . Per capita water use in flat-rate service areas is since flow from a leak is re lated to the pressure .
substantially greater than in metered areas , mostly Fire protectio n requirements may determine
because of an increased ten dency to waste water the size of pipe, amount of storage , an d other
where the customer ’s cost does not increase with components of a small system. In larger service areas
volume used. Peak demand in these flat-rate areas is (over 100 acres), the peak consecutive days of
more than double that in the metered are as. As a maximum demand becomes constant , an d the design
resu lt of these controlling factors , water consumption and expected demands increase prop ortionately with
rates vary over a wide range throughout the Puget the population of the service area. This has led the
Sound Area. Figure 2-6 shows the per capita water Washington State Department of Health and the
use (gpcd) for peak periods of 1 hour to 30 days for a various water departments to express demands of an

S typical large service area. Every water utility should area on the basis of representative housing densities
determine its own per capita water use for peak (service connections per acre) or on average daily per
persons in their respective service are as . capita use ascertained from records of existing similar
___ _________ systems. Peak consecutive days of maximum demandS 

of 
are the n determined from the Health Department

System criteria or from experience data from existing water
700 S-  Washington U — — — — depart m ents.

Department of The State Health Department ratings for a fir m
eoo ~

__ 
I i  aIth C Imum — — — — source water supply and distribution system, criteria

S I I I are:
Firm water

Per capita use per service
2 

~~~~~~ — — — — !~~~ng Categosy use (pd) connection (gpm)

1 Optimum 658 1.6’
~~~ — — — 2 Acceptable 410’ 1 .0 to 1 .6

I 3 Below standard 165’ 0.4 to 1.0
20( — _ !~ 4 Inadequate 165 less than 0.4

100 — Peek — — — 
Yearly 

— Mlnlmum f’ow for any peak demand period.
Hour Average

S ( I — — — I ~~~~ The ratings are based on average domestic
~ 10 16 20 25 30 service averaging 33 persons per residen ce , a need for

CONSECUTIVE PEAK DAYS heavy lawn sprinkling, and minor industr ial demand
FIGURE 2-6. seattle planning and design water for the service area. Upward or downward adjustment
consumption.
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of flow rates are made , as app licable, for areas having Minimum fire flows should be available at all
reduced sprinkling requirements or having heavy hydrants.
industrial water use. Distribution Pipe Condition —Pip e is of a

The water facilities inventory rating system permanent typ e (not wood stave), proper ly installed ,
(Table 2-7) as developed by the Washington State and has an estimated additional life of at least 30
Department of Health rates water systems in 18 years.
categories. An explanation of these categories is as Distribution Meters—The percentage of metered
follows: services is indicated here . If only a master meter is in

Supply Quantity—This category reflects the place so that the average and maximum system usage
amount of firm water (available year-round) at the can be determined , a 3 rat ing was given.
source . To receive an optimum rating , the supply System Reliability—A system is classed as
quantity .nust be 658 gpcd (1.6 gpm per service if the reliable if it is unlikely to go out of service for 24
population averages 3! people per service) . Systems hours within the next 20 years. Items contributing to
may be able to handle 24-48 hour peaks at a higher this category are auxiliary pumps , power sources,
rate of supp ly because of storage facilities near the emergency chlor inator , and potenti al problems such
usels. as slide danger.

Surface Sanitary Influence—Only systems with Cross Connection Control-Ideally, each system
sur face supplies were rated in this category . Rating in would have its own control program approved by the
this category generall y paral lels AWWA established State Health Department.
classes of watersheds. It is a measure of environ- Bacteriological and Chemical Quality Control—
mental influence on the surface water source (disre- Routine bacteriologic and chemical examinations of
garding any chemical treatment that may be done) as samples of water to determine the sanitary quality of
evidenced by chemical and bacteriological tests of the the water and its suitability for general use.

S raw water. Operator Competency—A good system has full
Ground Sanitary Influence—This is similar to time operator(s) who are certified under the

S

. 
“Surface Sanitary Influence ,” but app lies to ground voluntary cert ification program sponsored by the

• water sources. Wells and springs should be at least State Health Department.
100 feet from potential pollution sources and the Records and Data—Each system should have an
ground water should never come in contact with the up-to -date map of the system showing all valves and
environmental atmosphere . hydrants. Also, a summary of bacteriological and

Treatme nt—This category is a measure of how chemical anal yses of the water should be kept , and
adequately the raw water is being treated. All surface any required reports filed with the local or State
sources should have disinfection at least. Evidence to health departme nts.

S support these ratings comes from bacteriological and Engineering and Planning—Optimum rating was
chemical tests of finished water samples. given for engineering plans covering growth for the

Storage C~~acIty— ldeal storage capacity meets next 20 years available , and present planning being
Washington State Fire Underwriters fire flows. This done for 40 years in the future.
means 30,000 gallons plus 658 gal/capita. This Experience data and projected wate consump-
pertains to local storage only which feeds directly tjon for large systems are given in the following
into the distribution grid , tabulations.

S Reeervolr Cover s—All storage of finished water The installation of meters on water systems will
should be covered. If not , outlets should be chlor- reduce the average water usage, gallons per capita day
m ated and some provision made for bird control. (gpcd) , but will not reduce the demand peaks.

Stora ge Construction—Ideal ly, storage facilities Table 2-7 lists the rating of the water systems,
S should be adequate for the nex t 30 years. the number of systems rated and the categories the

Distribution Pip. Size—Minimum sizes service systems were rated in.
fire hydrants is 8” (or 6” if mains are looped so water Peak demand rates must be established by the
could approach from both sides of the hydrant) . water department , because this information is neces-

Distribution Gr id—All mains 6” and less should sary to determine the size of bulk supply pipelines
be looped. All dead ends should have blow offs. and regulating (equalizing) reservoirs; this Is the
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maximum supply requirement of the system . Short- 17 through 20, Appendix Ill , Hydrology and Natural
term demands exceeding this rate will be furni shed Environment) , if the increase is due to lawn sprin-
from storage reservoirs constructed within the kling. Heavy industrial use is additi onal to the
system. Table 2-8 represents experience data and residential peak.
projected water consumption for four systems within Present and future needs for Municipa l and
the Study Area . Industrial Water are presented in detail in the separate

The design considerations of stor age reservoir basin sections , but are summarized in this section to
capacity are correlated with known streamfiows and indicate the improvements needed to obtain adequate
the expected or historical annual distribution of facilities for:
water consumption throughout a 12-month period. I .  Supply and Transmission
For example , see Figure 7-3 of the Cedar-Green 2. Storage and Distribution
Basins. The peakin g of this curve may be related to These improvements will be required to supply
“water deficit ” and “soil moisture utilization ” and distribute the following annual water projected
per iods in evapotranspiratlon comparisons , (Figures use for the Puget Sound Area (Table 2-9).

TABLE 2-8 ExperIence data and projected water consumption of four large systems

Seethe Water Department: ‘Based on 1 gpcd steady increase per year since 1920.

Annual Average Note : 7-day peak consumption equals 160 percent of annual
Per Cepita enrage: 3O4ay peak consumption equals 143 percent

Year Use (aid) of annual enrage.

1965 126 Source: Forecast of Water Supply and Demand to the Year
1980 163’ 2020, CIty of Seattle Water Department, May 1968.

2020 200’

City of Tacoma Water Division: ‘Based on constant rite for past consumption demand.
S 

Annual Average Note: 4-day peek consu mption equals 420 mgd ( 200 percent
Per Cepita of annual enrage) ; 14-day peak consumption equals

Year Use (~~d) 340 n~~d (160 percent of annual enrage.

1965 226 Source: Forecast of Water Supply and Demand to the Year
1980 210’ 2020, CIty of Tacoma Water Division, May 1966.
2000 210’
2020 210’

Ki ng County Wits,’ District No. 108: • Lot area of 7,200 to 10,000 eq.ft ; lewn wee of 5,500 .q.ft.
Lot area of 10,000 to 15,000 .q.ft ; lawn nsa of 8.000 n~.ft

Water Usage lgeci* ‘‘ Lot nec of 15,000 uq.ft. or more; lawn area of 15,000 sq.ft
Ms~~~~ H~~

Small Value Value Source: Engineering Report, King County Water District No.
Demand Homes’ Homes” HOmes” 108 (ComprehensIve Plen Improvements end Better .

ments. Revision No. I) , AprIl 1965, by Minish , Webb
Annual enrage 75 75 75 & A nociates, Consulti ng Engineers, Seattle. Based on

S Masimum duy 200 260 420 data from King Co. Water DIstricts 88. 79, 97, and
Puek hour 430 580 920 108.

K ing County Water District No. 97: Note; Predominantly residential wee.

S Waler Source: Developed from system records.

Demand _
Annual average 80
Masismum -

Peek hour 020

2.20
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TABLE 2.0. Projected municipal and Industrial annual average water nu de, mgd

Basin 1985 1980 2000 2020

Nookseck Sumls
Popu itlon 77 ,700 91,800 123.500 168.700

S P,s~ecwd average water usage 73 iso 212

Sk Semlth
Populaeion 55500 64,200 86.500 118,200
Psel.clsd average wUSir u~~~ 28 49 77 116

StlIl.guwHui
POpulation 18,900 30.200 48,500 77,800
Ptulected average wster ulags 2 6 9 17

Whidbey-Cnwa’o
PopulatIon 20,200 25,000 38,200 40,500

P*asd average water usage 4 7 10 15

Sn~~~mbb
PopulatIon 190,700 302.700 485,800 780,300
P,o)ecssd average weter usage 166 266 410 540

ceder-Green
Population 1,040,220 1,479,000 2,375,700 3,816,300
Psu~ec1ed average Wetir usage 165 354 584 1,122

PopulatiOn 345,200 449,200 721,000 1,157,700
S P,cleclsd average water usage 100 186 329 547

Nlagually’OesehuliS
S Population 68,900 107,800 108,000 275,800

P,,.4..s.d average ~~ er u~~~ 9 37 53

S West Sound
Population - 121,900 175,000 274,100 432,700
Pw~ecied average water ua~~ 40 93 139 102

ElwIeOuflgenSu
Population 28500 29,800 41,000 90600

S P,u~acasd averags weter us~~ 64 139 210 271

Sen Juan lalends
PopulatIon 2,800 2,800 2700 1,100

averag. user u~~s o.e os os

Nose: AM v~~~ fipass we esunded te edisle numbers wIth th .xaepllga of Sen Juan Iliad figeess. All n~ d f( i.se en
separated Into geound end wets.. ~~~r .sssmss In eecli be.ln oheplur. Pree.nt end Puts,. Needs SSOMWII In T 1 s  h~~ .d
Swn.way of Pru~ac~i Wetir Needs.
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MEANS TO SATISFY NEEDS

INTRODUCTION completed or axe in the process of completing
long-range plans to assure orderly and timely develop-

The Puget Sound Area , by the year 2020, will ment to satisfy antic ipated needs. Others have em-
have an average water use of nearly 3,500 mgd of ployed consulting engineering firms to prepare plans
water by 6.9 million persons in a greatl y expanded and the State Department of Water Resourc es has
industrial economy . This represents a projected completed comprehensive wat er studies in Whatcom,
increase of 2,820 mgd over 1965 demands. There is, Pierce and Kitsap counties. Each of these and other
however, no area -wide shortage of water for present studies were drawn upon in the examination of the
and foreseeable municipal and industrial requir e- various alternative development possibilities. In arriv-
ments. There will be serious shortage s of water in ing at cost comparison for alternatives, items are
some basins which will requ ire imagina tive planning grouped into two general categor ies, (1) system
of future developments for interbasin transfer , greater storage and distribution and (2) supply and transeus-
utilization of ground water resources and perhaps non—including treatment , where required. Individual
even desalinization , alternative costs on the latter are presented in each

Because most water systems are presently basin chapter because these costs will var y with the
unable to supply the peak municip al demands of 658 typ e and location of the source of supply. The former
gpcd, considerable expansion and modernization of costs, while significant , are essentially the same for
existing systems will be necessary. Estimates of each system no matter which source alternative is
present peak municipal and industr ial capacities for chosen and are therefore presented in this chapter. A
all systems in the Area are 1,660 mgd; by the year sununary on unit cost data used in estimating costs
2020, peak demands of 6,490 mgd are anticipated. are given in Table 2.13. These data , to facilitate use in

Most of the present water supply planning, cost estimating, are presented in terms of 1,000
construction and operation is by local purveyors to people served by the facilities or per mgd of water
satisfy local markets. This eliminates the need for use. Also included here are discussions of uocial,
individual users to develop separate and often more administrative and financial factors which are im-
costly water sources. portant considerations relevant to all purveyors.

Income from present water rates rarely cover
the full cost of planning, developing and maintaining System Storag, and Distribution

S an adequate modern system, particularly in the The distribution system within the purveyors
• smaller communities. Therefore, the well-financed service area consists of a piping grid properly sized to

and efficiently operated large municipal or utility permit supplying the peak hourly demand at ade-
• departments will be increasingly more prominent In quate pressure. In addition , it must have capacity to

supplying future M & I need. because of their ability supply the necessary water , through a well-planned
to meet the needs of a rapid influx of population or hydrant system, to provide maximum fire protection.
industry without rapid rate increases. Small m dc- Service connections , including meters, are included as
pendent or municipal purveyors are expected to part of the distribution system.
merge with expanding municipalities or consolidate To assist in meeting peak residential demands
Into large districts. These developments should result and fire fighting water requirement s, storag e equal to
In economies of st-ale that will benefit the general one days supply at peak useage is recommended.

S — realize the advantages of lowest unit coats. These reserwnrs are located throughout the system
either on the surface or underground at higher

BASIS FOR PLANNING elevations or they may be elevated tanks ci stand-
pipes. In this way adequate pressure can be nEt-

Many factors are ooiuid.red In arriving at the tam ed in the system at all times. In some areas It nay
• array of alternatives to supply the future M & I water also be necessary to install booster pumping stations

supply needs. Several of the larger pwvsyois hay, with adequate standby equipment. As mention ed
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S previously, the cost of installing and maintaining an 100 feet and SI .00/gallon for large capacities. Plan-
optimum storage and distribution system Is essen- ning for Rosario Resort (Oven Island , San Juan
tially independent of the source of supply. For this Islands) the cost of a 21 ,000 gallon ground level
reason distribution cost estimates for all the basins 

~tml tank was reported as $12,000 ($570,000/mg).
are presented in the Area chapter. Below are given the Project for an elevated 0.25 rug tank (joff ball and tee
unit cost data used as a basis for the basin cost construction) plus an enclosed room at the base cost
estimates presented in Table 2-10, Cost of Distribu- $90,sso plus $33,260 for tank foundation, floor slab,
tarn System in Place and a computer program to 0) valve chamber and all concrete work plus 30% for
calculate distribution costs for present to 2020, engineering and overhead (total unit cost:
selected urban, suburban, and rural miles of pipe/ $M3JJ ($)/~~~~~1,000 p~~ulation (see Table 2-l i , Water System mese unit costs were developed for Table 2-l i
Constructioi~ and Operation Cods), (2) CalcUlate as:
storage costs for o en d  reservoirs and elevated 0.25 rug and less
storage tanks at an optimum of 658 gped for the Ground level (open)
present to 2020 (Table 211), (3) calculate metering Ground level (covered) $5 ‘000/mg and up
costs for the present (if not metered) to 2020 for the 

~~~~ted (covered) Si ,SOO P00/mg
known and projected population. Present storage and
distribution system conditions are shown in the o~s-i .0Present and Future Needs section.

Unit costs were determined by the Washington Ground level (open) -

State Department of Health from consulting engine. Ground level (covered) SlOO .000/mg
ens and water departments, as follows: (not all project ~~~~~~ ted (covered) 250,000/nig
cost data is detailed) 

30Sisrap. Unit costs vary by a factor of 30
S 

depending on the size and type of construction of the Ground level (open) $2O,000/zag
particular storage facility. For sizes ranging from 0.25 Ground level (covered) 4O,000/mg

•1 to 2 mug, consulting engineers have estimated Elevated (covered)
SI 00,000/mg for ground level storage and
S250,000/n~ for elevated. Tacoma Water Division Distribution Sysmam Rule of thumb: one dollar
estimates $20,000/mg for large open ground level per inch diameter per linear foot.This rule applies to
reservoirs (30.60 rug) and $40,000/mg for similar cast Iron (CI) or asbestos cement (AC) pipe for sizes
covered reservoirs. Large multi-purpose ground level from 4 inches to 48 inches with valves and hydrants
reservoirs (with parking lots, streets, or tennis courts, every 600 feet (installation cost included).
or even parks on top) conserve space in crowded Tacoma Water Division offers the following
urban areas and are aesthetically desirable. These have pertinent data: (Including 12% engineering and 15%

• been built for $IOO 000/nrp up to 10 rug, overhead).
$SO,000/nig up to 50 rug, and $20,000fmg for sizes 

~~~ of Mains
S approschlt 500 n~For Isbi , co”~~~~ts estimated $70~)00 Hydrants,

for a 0.5 ~~ .esuuveia ($I4000t~..j. Anothsr flem Size Valves
obtained project bids for two l..l above geound LInear Ft. LInear Ft.
covered ~.ierveles: 4 mg for $173,991 phis $25,320
for taab foundetion pin. $29 000 for psintlag ad a 6” $4.50 $5.50
0.7$ ~~ aM at Forks, W~~i n o s, bid at $62j)S$ 8” 5.50 7.25
pin. $12085 for anterior p .  Adding 30% for 12” 7.50 10.00

~~~ es,ing ad ~mthead, io~~ n.m costs are 16” 13.00 15.10

$74.SS~~~~~~ ad $l3l,0I~~~~ PIapEIlvely.- - tab wib — 

~ buIdin ma coat Fig.... from a comalting fIrm (‘“clndL 30%
S sb see. t’.~~~ —

- BIffihi _ ~~ ~~~~~~ for ssring and overhead: ad~~ istratlon, ~~ l,
$13~~~~~kS f e r n  ~~U ~~~~ st..41 iL Jd at 

243 
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Cost of Cost of mains
Sine Quantity mains hydrants, valves

4” 700’ S 4.02’ S 482
6” 30,000 some AC. mostly Cl 3.91 41)3
8” 33,000’AC, 8400’CI 5.54 6.75

10” 12 ,000’AC, 8400’CI 7.10 8.50
12” 31.000’ CL 10.02 11.45
16” 30,000’ concrete Cy). 15.66 NA.

HiJ~ because of the masH quantity ordered

and/or treatment works. because cod estimates varyFor 6 inch hydrants, averuge coat (including 
wi~s~ ~spenutj on alternative development pos-overhea4) was $525 and for 4~..~~.,. V. 

~r data are ted belowNormal coil rnunlty ire 
with ~ of the cost of implementing theapproximately half 6 inches and half 8 

~~~~ Selected Basin Plans with details on these plans andthe rule of thumb , the unit cost is $37,000/. ,,~~~~~ ~~~~~~~~~ 
~~~~~~ presented in individualrude. State Health Deps.tnisnt research determined 

~~~the following table of population vs. pipe lengths: 
Unit costs wore determined by the Washington(see Table 2.10). state Department of Health from consulting engine-

S MIles ens and municipal water departments, as follows: (not
all project cost data is detailed)

tlonl $~.j 1000 Cosi f Least Ground W~~r. Often wells or spninp
• 

* acre pop. iooo pop may be located within a mile of the distribution
) system (sometimes within a few hundred feet). They

• Urban Area 9.4 3 $110,000 *I* IDUCh cheaper than surface water initially (little or
Suburban Area 3.1 9 ~~~~~~ 

no tnianission main), but have continuing annual
Rural Area 1.6 18 ~60~~0() pusniping ~liIft3 costs that are reduced or completely

avoided with surface nappliss.
One engineering firm supplied their ground

Par lower population densities, it I on- water cost estimates on “two recent projects Involy-
$0 build s fItS floW SystSIU. lag a spring and a well.” Their unit cost planning

Dlatitlsn Mate,~ Tacoma’s Water 
~~~~~~ figure was $60,000/mgd capacity of source (initial

the cost of 518 Inch meters Imi 3/4 
~~~ well and pump cost only). Another firm gives welln.y.u pipe at $150/mater (katalled). Oiis filth costs (drilling only) as $15/ft. for 8 inch diameter

however, has estimated the cost for Bel&Tgham St (280 feet and 350 feet deep) and $30/ft. for 12• $75. The Tacoma figure is based on 1968 contract inches (280 feet and 350 feet), but dropping to
bids, and is considered more reliable. $21/ft. for 12 inches for a 700 foot well. Tacoma
____ _______ Water Division has estimated 525 ,000/mgd initial cod

Source development to meet the needs for N & for large wells and 550,000/mgd for snail weBa (180
I water consists of not on1y construction of surface
storage and/or diversion facilities or pound water Sort... Water—EstImatIng average cost for a
wells but also buk transmission pipelines, pumping source of surface water is very difficult because
plants and treatment works. A surface water source transmission line length between the closest atm -
alternative will r.quire construction ci intak. or factory source and the distribution system can be
dli.iiou structure, primary traanistlon liner, water very long or relatively short, depending on the local
tneetment plaits and possibly p~1n~ ing capability. A situation. In general , a higher Initial coat for a long
goad witer alternative will reqmdre well construc- transmission main will mean reduced operation coats
tie., pumping facilities and possibly transmission fat treatment because the water will be of higher
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TABLE 2.10. Corn of dlai Ibutlon syatsm In place, minimum fire flows, 6-8 hish mslns-velaes and h’,#~.,t.erery 600 fist. Wushin an State Department of Health

Suvicus per ~~ MUm Mln
-~ for Pe~~~s Servics, Cost per Cost per psr 1,000

psr sq. mIle 3.1 ,.i~~~i. per liMos per acre per acre permii Nivici popu~~ Isn

500 143 0.8 0.2 $1 200 $4 500 31.0
1.000 see i.e 0.4 MO 2.210 18.0
1.500 430 2.4 0-7 427 1.450 12.0
2,000 570 31 0.9 330 1.120 9.0
2.500 720 3.9 1.1 266 900 72
3.000 850 4.7 1.3 214 750 6.0
3.000 1.000 5.5 1.6 153 640 5.2
4,000 1,140 6.3 1.8 160 550 4.1
4.500 1.200 7.0 2.0 142 000 4.0
5,000 1,430 7.0 2.2 120 460 3.6
S.oOO 1,570 8.6 2.5 116 410 3.3
6000 1,710 9.4 2.7 107 370 3.0
6500 1,500 10-1 2.9 89 360 2.8
7.000 2,000 10.9 31 92 320 2.6
7 500 2,150 11.7 3.4 86 300 2.4
5,000 2.200 12.5 3.6 80 200 2.3

TABLE 2-11. Water system coenstuction and operation coats. Washington State Dopartm...t of Health

Mm~~~

c.~it& cost Clpft l Annual O~..,,dwi
$lmgt V1,0001 cost/1 ooo $i~ gt W1,000’

$
Supply .id T, ..tolon

Local GrouM Wa~~ $ .O,O~02 $ 40.0002 $ 2,600 (psm~ ln~) (pumpln~
Su,fsc.Wstsr 130,000 56,000 6.500 (pumpIng) (pwnpki)
Pwnp lIssIo..s 12.000 8,000 500 $10500 $ 7,000

Flnstman 
~~ S 

75,000 $ 50.000 $ 3300 $ 5,000 $ 4.000

4 Iron Removal (KtaiO4) 30.000 20,000 1,300 4.600 3,000
G Chlcrbieslen (cia 2.000 133 10 400 270

n.~r~~ aW DkvButlon

Ground Level (open) $ I0,00Wmp $ 3300O~ $ ZiOD~ - -
Ground Level (covsrs~O 100.OOWng e,.oqo~ 4,300k — —2UD.00~ lng 17O,0SO~ 10oC0~ - -

Olaihudon P~ e (%-~~. %-$~~~
S Urtan (3 m1/1,000pcpJ - $110000 $ 7.000 - -

S Sub~~~ (9 ml/1.000 pop.) - 330,000 21,000 — —

Rural (IS mVl.000popJ - 650.00* 42000 - -
Dtm~ udon Mslurs - 4I00C~ 2800 - -

1 Cost psi 1,000 people —~~ • — for pssh hour.
2 Inshrdm liuN pumps, ~~~~~~ poem, use.
3 Per 30 ysuv• 0% Inesiast (.0550 .

• usf. ndd~,.

• •35 ,..ium.lmselea isnnsallwi.
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S quality (remote from populated areas). Although pumping efficiencies. For this study, the small system
surface water is initially twice as expensive as local figure is more relevant.
gowid water, operating costs are lower, especially If A recent design for Anacortes has three booster
the source is tapped at a sufficiently high elevation pumps totalIng 10 mgd capacity with initial cost of
for gravity feed to the distribution system. $119,000. This figures out to $11 ,000/mgd unit cost

The Tacoma Water Division estimates that because the pumping head is low and the capacity is
additional water from the Green River will cost $15 large.
million for *90 mgd diversion ($167,000/ragd). The In 1967 the Seattle Water Department pumped
Seattle Wate r Department has plaansd a 90 mgd 9,080 rug for approx niately $4.0/i ,000 gallons for

S diversion on the North Fork of the Tolt Riser In power. Seattle’s costs, however, are abnormally high
1978 to cost $16 mIllion: (25% for the impounding due to the 500 foot difference in elevation between
dam and 75% for transmission main ; 5l78,000/mgd parts of the city. For this study, 53.8/ 1,000 gallons
total unit cost). Th.it 1988 project is an additional will be used for total annual power coats. Also, all
100 mgd diversion from the Cedar River to cost $11 gravity supply systems are assumed to pump only to
million, 40% for raising the existing Chester Morse ti’e high service zones continually and to the inter-

and constructing a new dimislon dani, and 60% mediate service zones on a selected basis
for transmission maIn (1 10,000/ingil). A fourth Cedar ~~s i m i~~

_
~~~ major manufacturer of chior-

River pipeline planned for 1998 to supply an ination equipment for the Pacific Northwest has
additIonal 100 rugd is expected to cost $6.7 million recently quoted the following figures, induding scales
($67,000/mgd). This unit cost Is lower because there and tester, for units of up to 100 lbs. chlorine/day, or
is no need for additional damming facilities for this 12 iugd at 1 nseJL
project. The average unit cost for these four surface
water projects , all with relatively long tranunlusion Sto iart actuatedbypwnp $1,100
cam s, Is $130,000/mgd initial coat or about twice Automatic feed , variable vacuum cdntrol 2,000
the cost of local ground water. For smaller comniuni- Automatic feed, variable vacuum
tips, a smaller diversion would tend to raise the unit control + meter 2,300
cost. However, they would probably have shorter
transmission mains, which would reduce the costs Current cost of chlorine gas is 5.13/lb. or
again. assuming an average chlorine demand of 1 wgJ l,

PInup Stations-One study of 1965 costs aaois $400/mgd annually. The low cost is partially due to
the Nation found that for small systems (03.03 Its local manufacture in Tacoma. Rule of thumb : 8.3
nipi) the in_edian pumping ener~~ cost was lbs. of chlorine per mg/I chlorine demand per million
$3.45/ 1,000 gallons pumped , an” for large systems gallons treated. For small systems (under 0.25 nigd)
(6.13 mgd) the cost dropped to $1 37/1,000 gallons. hYPOChIOrmn_ators are commonly used with the liquid
It suggested that higher costs for small systems may chemical sodium hypochiorite (NaOCI), but are not
be due to higher total dynamic head as well as lower considered In this Appendix. These unit costs wereS 

developed for Table 2-11 as:

AddItional
Initial Cost Annual

Total /rugd Cost/mgd

Gas chlorination (up to l2nrg d)
Pump.sctuat.d stop.start fsed 1,100 90 -

S Automatic feed, variable vacuum control 2,000 170 -

Automa tic feed, vwiable vacuum control + mster~~ 2,300 190 -

• chlodne ps(carried u chssnacal cost mnO& M) - - 400

Unit cost used In this Appendix.
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Cost data for Installed rapid sand filters :
S Total Unit Total

Slze Capacity Cost Cost Cost/sugd

lOO ft 2 I .44 nigd $250/ft2 $ 25,000 $17,400
1,000 14A 60 60,000 4,200

10,000 144.0 15 150 ,000 1 ,050
‘iOgrmlft.2

~~~~~~~nsi Watur Treatment Beihngham’s privately or governmentally operated , development
treatment pha~t which is now under construction will and maintenance costs are usually met by income
initially cost $58,000lmgd. Treatment consists of from ude of the commodity, in this case, water. The
chemical flocculation for turbidity removal, filtration ability of purveyors to meet these obligations are
(high rat e send fIlters), chlori nation , and line for pH bifluenced by many f actors, some of which are
control. discussed below.

One 1965 study estimates the median unit cost Among the administrative factors are the var-
of treatment at 5.40/1000 gallons at 0.15 mgd, lety ci governmental or private entities that may be
$30/1000 gallons at OA sngd and 5.20/1000 gallons established to provide water service. The most com-
as I mDI. Ushig 5.30/1000 gallons tier cost would be moo practice is to set up a water department as part
$1 101)00/rn_gd. The same study fur ther offers the of city government. Such entities are governed by the
data shown at top of page for Installed rapid sand municipal officials. Revenue from the sale of water
filters (filtration equipment only). often however, is used to support other municipal

Operation and Maintenance are estimated c,~ functions. This can make it difficult to equate water
the basis of a percentage ci annual income, late in rates with funds necessary to upgrade and maintain
this chapter. Since each operating water purveyor is the water system stan OpthflUm level.

~wn’ued to use 70 percent of each annual income Outside municipal boundaries, particularly in
dollar on operation and maintenance, tier major low population density areas, other problems are
difference between water systems of qn_~ stz ~~~~~ encountered. This type of sparse development cakes
be this annunl expendlturss for pumping (energy the construction of a community water supply and
cost) and ~~~nL~~k Surface supplies require chlorina.. distribution system more expensive then in normal
rico and less pumping than ground water supplies urban residential areas, unless annexation to an
which require no Chlorination but have greater adjoining city can be accomplished to take advantage
pwnpjag (en_eggy) cods. of an operating department. Annexation has the

In eddition m cii project’s unit coSts were benefit of aveiding the construction of separate
scaled down exponentially as capacity inoreased from ~~~~ 50U1055 of supply. A new administrative
0.10 mgd to 100 mgd. organization to serve uxeas adjacent to Cities akesdy

Contingency for construction, ~~~~~~~ ~~~~~~ in the utility bushiess is not needed.
engineering, administration, etc., was assumed as 30 Par those suburban mess rensote from an
percent of estimated construction costs. There were •n~~~g ~~~~~~~~~~~ W on Stale tides
no trans or cost contingencie, allot- psovide fo. formation of a vndsty of _______

ted to flood proofing, unsuitable foundation, power entities to p.uvM waler service. Wassr districts arerate variation between basins, transportation costs, Indspendsnt agencies vo.u.pL uly sp~ede from citytunneling, selunic effects , etc. and county control. Formation ss~~ es a cos~~~~Jy

S 
M~~~~~~~~~Fhesnd~~and $adci F.~~a _ _

_ _As evidenced by costs nunsnesized in Tables sums control of polms said monthly italy rats
2-12 and 2-13, a substantial investment wW be Charges. While they ass practical fat hogs, well-
requked to correct tier existing inadequacies in the developed asses usipthl.g evil s. they me not seal
public water strpply systems, to operate and maintain suited to ma~~ acelserud 4 wk;~~~ a, such as those
these systems, and to ikeulup new sources at supply surrounding ass, rsceWL~./I -i home allis, low
over th, next 50 ~~~s. Soc. public Water ~~~~i population du.sIi~ honing ~~~~~~~~~ etc.
are generally considered to be public utilities, either City Local Impscivs.a..t Distrkus (LID) law
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the advantage of requiring no separate organization Although general obligation bond interest rates are
for operation and maintenance of utilities (operated often up to 0.5 percent less than revenue bonds, it is
by the city) and maintaining a single system rather generally more equitable and popular in the State o f •
tha n constructing Independent systems. Dii- Washington to utilize revenue bonds for utility
advantages of $ LID are In the differences in water systems. This is because revenue bonds are repaid
rates inside and outside the cities where property through net earnings of the water/sewer system. The
taxes and assessments in areas beyond the city limits financial burden in this case is distributed over the
are not available to the city, and charges are different , bonding period so that those portions of the popula-
often considerably, for the same water service. There tine using the system pay In proportion to their use.
are other legal and political lnspbcatlons, because In estimating costs for major improvements it
property taxes in unincorporated areas adjacent to has been assumed that revenue bonds will be issued.
the city are nearly the same as taxes inside the city. Bond service has been based upon the bonds maturing
The primary determination of property taxes is the over a thirty-year period and bearing interest at the
school district, not the location inside or outside the rare of 5% per annum. In computing bond service, it
city Urn_its. is assumed that the bonds will mature over the

County Utility Local Improvement Districts estimated useful life of the facility and have a
(UUD) are authorized under the County Services Act coverage of 1.4. Water departments or districts have
of 1967. These me independent utility systems bond covera ges as low as 1.15 and as high as 1.6
owned and operated by the county. Previously no Bond coverage is by definition the ratio of the
authority was granted to counties to form utility net income (after subtracting operation and main-
districts. As a result, many snail State water districts tenance costs) to the debt service payments and in
ware formed , each with a separate administrative this study is 1.5. There are three items of expense to
organization. One advantage of the county UUD’s is a water utility which are not included in operation
the control over policies and rates by the residents. In and maintenance in order to arrive at the coverage
addition, a single county can operate, maintain and ratio. These are : (1) depreciation which provides for
administer several small districts within its bone- renewals and replacement of the new facilities in a
dan e.. A new department within the county to manner consistent with prior policies of the utility,
operate the water systems however Is required. (2) reserves which are funds to provide for better-

Although It is In_possible to assess in monetary merit and extension of the utility’s facilities on a basis
terms the lefluence ci the administrative organization comparable to th at enjoyed by the entire system; and
on tier ability of purveyors to adequately serve theM (3) In-lieu-of-tax payments which are, in accordance
& I needs of the future, it has been assumed for with the present statutes of the State of Washington,
p~~’ing purposes efficient entitles Will be formed to 3.6% of the gross operating revenues. For purposes of
serve th ough public systems all parts of the Area determining the in-lieu-of- tax payment applicable to
with a population density of 0.8 persons or mote per each plan, 3.6% of the estimated total annual income
acre. (FabLe 2-10). has been amomed.

In addition to the above administrative factors, Total annual Income has been determined from
when a major capital investment is requ ired, such as water district and city water department records and
dewlopmsnt of a new source of supply or a flair annual reports as:
clung. in the system, It becomes necessary for the
purveyor to negotiate a loan or Issue bonds to raise ~~p~ihhbon Served Total
tier aecesn,y m id.. If operating revenue is adequate Aiin~~ Income

S 

and/or the bonded indebtedness is sufficiently flex-
ibis, such hogs e,psnditivss are usually met by 225/1~~thig either general obligation bonds or revenue 200/mgbC

~
ds

ö.srai obligation bonds are repaid by a ~~ ~~ 250,000 and up 160/mg
all properties in th. city or county. The Ihinacial
burden is dI.liIb.dad in proportion to the value of the Costs may be divided to reflect the two
property served which may not neoemarlly be related components of annual Incoms as follows.
to the besisilt received from the water system.
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% of Total
Annual Income The Watershed Protection and Flood Preven-

tion Act (P.L 566)—Is administered by the Soil
I . Operation and MaIntenance 70% ConservatIon Service. In addition to benefits derived

Payroll, office , supervision (35% to supply from protective land treatment and structural
BillIng, meter reading general and ~~~~~~~ 

measures, and In addition to making loans and

r - 35% t~ 
advances to finance the local share of costs (Sec. 8);

,.
~~
,, 

~~~~~~~~~~~~~~~~~~~ ~~ 
the Secretary of Agriculture ... may pay for any

Qualey assurance and control , etc. storage of water for anticipated future demands or

2. Bond Coverage needs for municipal or Industr ial water included in
Ds recisticn Riigivei any reservoir structure constructed or modified under
funded deficit , Ui-lieu tier proviiions of this Act not to exceed 30 per
of taxes, (10%) cerIum of the total estimated cost of such reservoir

~~~ service (20%) structure where the local organization gives reason-
able assurances, and there Is evidence, that such
demands for the use of such storage will be made
within a period of time which will permit repayment

It will be noted that an attempt has been madc of the cost of such water storage within the life of the
at the conclusion of each of the basin chapters to reservoir structure”
evaluate the ability of water purveyors in each basin The Housing and tither Development Act (P.L
to meet the bond coverage requirements Imposed by 16-117) . Is administered by the newly created Depart-
the needed nnprovems.ts. These analyses show that mint of Housing and Urban-Development to assure
financing de’lIculty may be experienced Ii the future , “...sound development of the Nation ’s communities
particularly Ii the more deuueIy papu~sed eastern and metropolitan areas...” Under its provisions, grants
beshis. Tho is buw,,.. , merely a continuatio, of pest for construction of water distribution and treatment
co.dhtiom~ because i y  purveyors, especially the facilities are available up to 50 percent of the project
—n, c~

- ‘lIns, have hinoricelly experienced cost. Under some circumstances, grants of up to 90
d~~ImulIy ana adequate financing for major percent can be made. Another provision makes grants

r~~~~-. To provide assistance in meeting of 2/3 of the cost of planning available (% in an
present fhis.icMl ob~~ tIe , several federal prograrris economically depressed area) for a general area-wide
have been sstab~ had. Tissue me briefly summarized facilities plan. Advance planning loans for individual
below: facilities of up to 100 percent of the cost are also

available. The letter need not be repaid if the project
The Pull. Weeks eurd £s. inda DssaIc;~~~d is not constructed.

Act of IBSI IP.L. 111311—is administered by the The Consolideted Farmers Home Administra-
Economic Development Administration of the De- tin Act of 1661 (P.L 87-128)-is admin istered by
partment of Commerce. Under Its provisions, desig. the Farmers Home Administration of the Department
rated economically depressed areas can obtain direct of Agricu lture . Under provisions of a 1965 amend-
or supplementary grants for all types of public works rnent to this legislation, pants of up to 50 percent of
projects Including public water supply which have the coat of water supply facilities can be made to
employment impact . Direct grants are limited to 50 communitIes with under 5,500 population. In
percent of the project cost; howw,,r, supplementary additio n, the Act provides for development loins or
pants In certain da~~ iud areas nay Increase the loan Insurance and pants up to 100 percent to aid In
pant up to 80 percent. Public Works loans are comprehensive area-wide planning for water supply
available for up to 100 percent of the project. In and sewage disposal projects.
addition , business loans are provided by this Act. The above programs are not Ierwevsr, unluar-
These longterm low Interest loans are limited to 65 sally applicable nor may they be adequately funded
percent of the project cost, or private loans are to provide the financed assistance requited to 1mph - 5

A  

guaranteed up to 90 percent of the total project cost. msnt the Improvements .~visloned hers. As conwe-
Tier Houshig Act of 1968 extended provisions of the hensive financial aisslytia of the capability of water
original act for one year (1970) and authorized $885 utilities to provide an opdwu.u system is In order to
—‘~~~--~~ for water and sewage pants, determine the need for additional gd. i lg and
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construction grant or loan programs, by the State treatment , is economically justi fied and financially
and/or Federal Governments, feasible .

There has been no attempt in estimat ing costs
to include social or non-marke t costs and benefits or AREA WATER PLAN
bring them Into the area of human needs vs. the value
of water. One such factor currentl y of immediate For the purpose of this report , area plans are
concern in the Puget Sound Area is that of controlled described in terms of the following water require -
access watersheds. In this controversy information on ments:
the public healt h implications and social goals as well 1965 or Immediate Req uirements
as economic cost variations are important in our Year 1980 Require ments
prese nt socnty . People are willing to pay for basiC Year 2000 Requirements
needs and protection from injury , disease and death , Year 2020 or Ultimate Requirements
as well as for aesthetics. Multiple use decisions must it is not considered that implementation of the
take into account the net benefit in determining the plan will be developed in these major increments. It is
feasibility of a project . anticipate d that the water plan will grow in relative

Recreation is now and probably will continue increments in accordan ce with the requirements of
to be one of the major water and related land uses, each water service area. The major increments of the
On the other hand, the domestic water user seeks a plan shown are based on projected popu lation and
water source free of pollution and as close to its land use determination. It is not possible to accur-
pristine state as possible . If compromise of these ately anticipate all possible variations in land use
divergent desires is mandatory for any existing developments which may require extension or modifi-
single-purpose reservoir or watershed , stringent man- cation of the generalized plan presented herein . It is
agement techniques to control quality deterioration anticipated that each basin plan will be modified in
from recreation and other uses will be necessary . deta il at the time that the general plan for each water

Also, water treat ment facilities commensurate service area is developed and that it will be further
with the degree of quality degradation must be refined as facilities are constructed. Basically a basin
installed to protect the consumers ’ health . The plan presents an orderly and logical basic plan for
question then reduces to the economic feasibility of water supply and distribution which fulfills the
controls and treatment and methods of financing the criteria previousl y discussed herein.
cost of facilities and management. This section of the report pr esents the major

An evaluation of both political and economic features of fulfilling the M & I wat er source and
ramifications comes into play in this situation . The transmission requirements of an increasingly urban-
cost of the additional treatment must be borne by a ized and industrialized Puget Sound Area envisioned
limited number of wate r consumers while recreation for the period from 1965 to 2020 for :
benefits pass to a smaller, widely ~ read , separate I . The Selected Area Plan, Table 242.group. It has been m*~ested that additional costs of 2. The Alternative Area Plan , Table 2-13.public water supplies for equipment , operation and
maintenance resulting from recreation use should be The source plan for each basin is shown in
assigned to the recreation function . Where the water detail in its chapter. The distribution system improve-
consumers constitute a different group from those ments , which rema in the same irrespective of source
receiving the recreation al value , some method of development have been presented earlier. The Selec-
reimbursement for increased treatment costs should ted Area Plan and the Alternative Area Plan can be
be made, compared and sumarized as follows:

Where a true recreational deficiency has not Quantity and quality on the whole , are ade-
been proven, domestic-purpose reservoirs should be qua te for all requirements contingent upon individual
held in reserve and restricted to domestic and basins being able to import water from basin s having
compatible uses, such as hydroelectr ic power genera- adequate supplies , except for the San Juan Islands.

• lIon and controlled logging. Only when It becomes The San Juan Island future water supply
nLassaiy to satlify a clearly defined recreational appears to be assured only with a feasible scheme of
need should they be developed for recreational use, water development reclamation or reuse . Brackish
and then only If such development , Ind udlng water water lesalinizat ion, recharge of known aquifers and

* -
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• further location and test ing additional ground water that each basin by itself is a much different circum-
reservoirs for augmenting meager surface water stance .
supplies offers some possibilities.

Area water neeUs will increase from an annual Costs for system expansions are determined
average of 660 mgd in 1965 to 2,992 in 2020. Basins, from wr it cost data presented in Table 2-I l , app rox-
such as the Cedar-Green and the Puyaliup, which imately $2.3 billion to the year 2020 for both the
presently depend upon imported water , will draw Selected Area Plan and the Alternative Area Plan.
upon these sources to a much greater extent , as their The majority of funding is required for storage and
population and industry increase, distribution, and net supply source and transmission

• Inter-basin transfers will Increase in number and development , as any water system of more than a
size as urban demands proceed upward. From an very nominal size can demonstrate.
engineering standpoint , there are few insoluble prob-
lems, and the joint development of a river or ground
water basin can confer advantages much greater than
could be obtained by the aggregate of a number of 1965 20% of $55 million income $11 million
individual schemes. for bond service

The primary source of water from the present Bond service required for 4 million
to the year 2020 is shown as surface water , ground facilities

water , or imported water. Only the Puyallup and 1980 20% of $94 million income $19 million
Cedar-Green Basins and the San Juan and Whidbey. for bond service
Camano Islands must Import water because their Bond service required for 12 million*
increa sing needs are greater than the potential supply. facilities—million 1967 dollars
The San Juan and Whidbey Cainano Islands lack 2000 20% of $156 million income 31 million
adequate supplies of water for any need except for bond service
rural-individual and a few small community supplies. Bond service required for 23 milhion *
The Puya llup, Cedar -Green and Whidbey Camano facilities—million 1967 dollars
Basins present ly use water imported from other 2020 20% of $216 million income 43 million

for bond servicebasins.
Accomplishments are a comparison of the Bond service required for 38 million

difference between the peak mgd at optimum require- thties—m~~oui 1967 dollars
meats and the present (1965) or projected •Costs from T~~~. 2-13, 1967 dollars.
(1980-2020) peak in the Wate r Use Tables for each
basin. The magnitude of this number shows how the By 1985 income which can conceivably be
consecutively occurring peaks of domestic users , plus applied to service bonds will not be adequate to
the maximum ind ustrial-demand month structures a provide the oNimum systems due to cost increases.
system’s design , as the average annual demand does By 2020 bond service to construct facilities will be
not. This value Increases from 196$ to 2020 and more than three times the increased income from
represents, numerically, the same condition s as the 1965 to 2020.
upturn In graphs of: Bonding costs and income available are cx-

l. Projected Population Growth (example: amined in the individual basins Means to Satisfy
• Figure 74) Needs Sections.

2. Relative Production Growth (example: The Ssts~1ad Area Water Supply Plea is an
FIgure 7-5) after the year 2000. extension of existing major M & I water supply

Residual represents the capacity necessary to departments and utilities plans to supply developing
supply peak uses over the annual average use in Table areas and the many small water districts , companies
2-9. This number shows that once the water supply and cooperatives within their service or transmission
systems are brought up to optimum rating (after areas by annexation or direct bulk delivery . Surface
1965), all peak demands for the Area ass whole are Water from within the basin will be the main supply
approximately twice the annual average. Regionally for seven of the basins. Four of the basins will use or

• this is true, but examination of the Nookaack— depend upon imported water from adjoining basins.
Sunias, the Stilhsguamish and other basins indicates
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Five basins will be surface water; four , imported year 2020 Is approximately $15 million, the alterna-
water ; and two will remain on ground water supplies. tive plan being more expensive. This increased cost

Supply and transmission costs for these basin is due to more municipalities using surface water ,
supplies will be about $464 million. This financial which is higher unit cost to begin with (Table 2-li)
outlay will result in a number of storage and reservoir and which also, in most instances , requ ires treatment.
projects , in addition to a much smeller pa~ entage of It must be noted that both the selected and
ground Water development, to supply an annual alternative plans will supply the Annual Average and
average need of 2,992 mgd. Optimum (or Peak) Requirements (see Tables 2-12

The Afternative Area Water Supply Plan—is the and 2-13).
second most feasible and economical plan for the Municipal and Industrial Water Supplies have

A major supply departments. Both alternatives are been projected and developed on the basis that where
based on the assumption that major purveyors will: wat er is available the projected needs can be met with

1. Annex adjacent areas their accompanying estimated costs. Additional
2. Direct retail sale of water to smaller systems functions and water needs are pre sented in other
3. Become the major purveyo r in a county appendices and have equal consideration for use of

service or regional system. Smaller departments will water with municipal and industrial supplies.
S purchase or otherwise receive water from the larger Municipal and Industrial Supplies do not have a

purveyor . Nonetheless many will find It cheaper or predominant or preferred right over other needs such
desirable to develop their own source in any form of as Irrigation, fish and wildlife, etc. A more equali-
surface or ground water. tarian treatment than “water is available and can be

The difference in cost for the Puget Sound taken as desired” is considered in the appendix on
Area between the selected and alternative plan to the comprehensive plan formulation.
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TABLE 2-12. Sslectad area plan for munIcipal and Induseisi unter supply
_____________ Acoon,iIm. IlNidiMlib

1. Pi8nuy 5ouvu, m.nh, M~~~~~IN70d~~~Neil f r d i  2. ~_~ r Souui. h , d i  (Ada. Wi,. A......L.J C.ea Can
Psi. 3. 1081 y 5suisi 5upp~y $isru, Nec. In, Siipøy Sue~~PSs’i A,wiui ot Surfea. hepoit Gid. and and Msudn and and

Liii Aeuc88, Optimum W~~~ 1.,. Wv Wur . Tranapit DimrIb. Peici Tnaiun. DisapSi. Ts~~ h uiei

I 2 3 4 5 6 7 5 9 10 II IS 13

Noo~~~~~~~~~
Esim. 77n~~
1065 73 101 I Nons 2 24 24 20 8.47 aw ION S.S44
1050 156 200 I Nons 2 99 99 44 12.67 5.98 17.78 13.811
2000 211 271 1 Non, 2 71 71 II 9.08 lOIS 15.77 20 123
2020 203 371 1 NOns 2 100 100 $0 5.00 14.87 15.57 a.~~

33.22 34 34 57.50

86~~~~~~Exkt. 44mpt
lOSS 28 53 1 Non, 2 9 8 25 1.21 3.48 4.88 3.184
1080 49 79 I Non, 2 20 20 31 5.44 2.52 5.31 5.482
2000 77 11$ I NOns 2 38 39 43 8.13 8.19 14.82 S.644
2020 116 175 1 Non, 2 00 II 62 11.29 11.48 22.75 11.580

26 07 24 56 50.62

5tNI98.uiil~
1,1st. 7 mgd
loss 2 5 Nons Non, I 1 1 6 0.10 061 071 0.118
1180 5 14 Non, Nons I 6 8 II  0.46 1.94 2.40 0.421
2000 9 29 Non, Non, I 14 14 21 0.18 4.47 533 0.856
2020 17 50 Non, Non, I 22 22 37 1.15 5.77 7.92 1.518

2.57 13.79 ItY’

SrJ...Ji.
1,1.5. 210m d
iass 184 2147 I Non, 2 37 37 N 4.12 8.50 11.02 12.074
1080 385 408 I None 2 159 159 143 18.75 37.49 58.24 19. 109
2000 415 847 1 Non, 2 241 241 232 19.57 66.18 85.45 30.687
2020 540 594 1 Non, 2 247 247 358 210.57 111.30 131.87 32.002

3.01 221.57 214.58

407 m d
lOIS 165 738 I 2 3 331 331 573 9.08 40.64 40 63 13.549
$511 354 1057 1 2 3 328 329 885 5.00 150.17 188.47 23.713
2000 886 1504 21 I 3 73? 737 I~~~ 43.52 320.00 389.52 38.463

1123 3.138 21 I 3 1331 1338 1. 7  160.88 524.77 825.32 72.646

112.08 1,050.88 1.21294

11.1.5. 125 mpt
mu 100 383 3 1 21 158 III 183 10.10 13.57 23.51 7387
1110 IN 409 3 I 2 III 110 IS 33.01 31.19 71.10 10.602
2000 ~~~ IS? 3 1 2 354 287 35.53 19.08 135.10 17.513
3050 55? 1.010 3 I 2 ~~~ 383 113 59.11 168.14 210.15 31.538

138.84 310.31 443.51

‘A . - JIA.. i45 The a*lilep 5, pi~~.sJ spti~~m — ilian Ws ~~~~~~ — ~~~~l~ nail 0w, Smul.
b 

~~~~~~~ Op55mum pa. n~~ mOb . di, .ueui ~~~~~ ~~ 58, p8,~ h u t
• Near l n d 5.j . ~~~i (83.1. ._58 .511 liLt .5 05558 99 Ob 58*

hias’ ~~ an. ei 55811y Nsa.” asses.
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TABLE 2-12. $slectsd eros plan for municipal and Industrial water supply ~Cont’d)

Plan Acosarplili- Nosidi..l,t’
I. Prinwy Soucci msnt. (8315 MIllion 1007 Dolls,,

14usd (n~di 2. S..s..ds,y Sotwc, (mudi (*1.5. WI,. A...onhasd C~~Iti Cost
psi. 3. TaitIwy Sewes Supply $0940p Nsc. for Supply seir40s Toll

Plan Annul or Suits,, Import. Gil. and and Msstln and and Annui
Liii Av583s OptImum Wuls, 1w. Wi,. Wit. T,anap,,. DISV58. P.1.11 Tranap.,. Olatrlb. Toll I ncoms

I 2 3 4 5 0 7 .8 9 10 II 12 13

NIaquilly.Osscliuts.
1.5.5. 20831
IllS 9 28 2 Non, I 8 8 22 0.27 2.10 2.37 .736
1510 27 69 2 Non, 1 7 7 25 1.78 2.02 3.80 2.364
2000 52 113 2 None I 17 17 35 3.00 9.56 12.14 4.548

4 2020 98 183 2 Non, I 26 26 50 3.10 14.16 10.13 7.485

8.94 27.53

WSSS SOUIId
5.1.1. 54mpt

• 1965 40 115 1 Non, 2 61 51 86 4.32 7.17 12.19 3.790
1550 93 168 1 Non, 2 63 53 77 6.00 15.49 23.09 6.774

• 2100 137 256 I Non, 2 86 59 120 9.46 3153 46.28 9.671
2020 102 364 I Non, 2 06 51 237 10.15 48.61 58.77 14.406

30.03 108.80 170.56

EIil,s.Ounpamas
[.1.5. 77 mp1
1165 54 77 I Non, 2 13 0.02 2.50 2.52 8.417
1980 139 164 1 Non, 2 87 87 25 0.16 0.48 1.25 11.542
2000 210 243 1 Non, 2 79 79 36 1.25 3.44 4.72 15.677
2020 271 345 1 Nons 2 75 75 49 0.04 5.01 5.65 20.209

2.72 11.43 14.15

San Juan
£15.5. 5 831
1565 00 17 I None 2 12 16 0.50 0.59
1980 0.5 25 2 I 2 5 24 0.05 0.05
2000 0.5 41 2 I 2 IS 40 0.32 0.32
2920 1.1 73 2 1 2 32 72 0.50 0.60

1.40 1.49

WhIdb.~ C.nano
8.1.1. S mpt - •

* 1555 4 13 3 2 1 5 5 0 0.77 1.41 2.1$ 0.421
1580 7 IS 3 1 2 5 5 12 0.34 2.40 2.80 0.749
2000 10 21 3 1 2 7 7 18 5.18 3.26 543 1.158
2920 IS 36 3 1 2 5 9 20 1.19 4.10 8.54 1.635

S.IS 11.10 19.05

Tail Am.
1.1st. 1,051
1511 ISO 1150 I 2 3 650 571 1.028 35.1 83.2 119.7 18.330

1,293 2.583 1 2 3 mu *7 1,300 58.3 358.7 351.0 84.117
3080 2 042 4.21$ I 2 3 1.17$ 1111 2,001 130.7 855 2 701.9 185.7%
2500 31~~ 1.112 1 2 3 2.355 2,427 3.105 214.7 501.7 1111.4 217.526

I$IS.S 2 284.0

‘Ac sIIIPIIdIIIUIWs The osh0u5 ot ,JsJ_I.i SpSk1.um — .581 siIs,e 6.. ppUmun, puss. n~~
~~ saul ~~~~± plan liii.

nws*ai. Opsinun. — u,~~ anhuhus lit annul assmps (5,58, plan S~~ .
Nil. lnlkIO.i n,assm mass, .iansMwssnas and *L .....s..$ ei* 19 disuss Ni 58.1. IISUWU

• 8,50w’ “Ms .. as sasSy Nsa.” lss*Isns.
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TABLE 2.13. Afturnailus ares plan for municipal and Industrial water supply

Plan Accomphlli~ As.Iduila1.
I. Pilmsiy Source msnt. (mill UllIlon 597 DaIS.,.

14usd ( 2. ~~~~~~ Sour,, (mid) (*1.5. Ws~ Amu.sL,.,J Cpplll Cost
P,.s. 3, Tsr t y  Sours. Supply 56999 Nat f~, Supply 56999 Toll

Plan Annu l or Suits.. Import Oil, end and M..11n and and Annul
Loses A~uc~~ OpIlnem, Wa.r Sui. WU. Wit. T,.nanl ObirIb. PsI..) Tu ne, 01.1,6.. Toll I noom.

I 2 3 4 5 0 7 8 9 10 I I 12 13

Noos.m~~Su~~~
[aim 77~~~d
1151 73 101 I None 2 24 24 29 4.55 3.59 8.17 5.644
1010 196 200 I None 2 90 58 44 13.21 5.09 15.30 13161
2160 211 271 1 Non, 2 71 71 69 9.66 10.59 20.24 21.122
3580 213 371 1 Noni 2 100 109 80 4.65 14.97 19.53 26.256

31.90 34.34 56.24

50~~~~~~~~~~
Swim 44 uii~d
1155 25 53 I Nons 2 9 9 26 1.21 3,45 4.69 3.154
1880 45 71 2 Non, 1 20 20 31 3.27 2.92 6.19 5.462
3555 77 118 2 None I 39 39 43 896 669 12.64 8.644
3119 III 176 3 Non, I 58 58 62 5.70 1I.46 20.16 11.500

19.13 24.55 43.68

laim 7m,d
1558 2 S 1 Nons 2 I I 6 0.10 0.01 0.71 0.115
1150 5 14 2 Non. 1 6 6 II  2.00 1.14 4.03 0.421
3850 S 28 2 Plans I 14 14 21 21.6 4.47 7.13 01.86
3880 17 80 2 Non, 1 22 33 37 3.01 677 10.28 1.818

1.36 13,79 22.18

[aim 2IO mps
Ills 1S1 347 I Non, 2 37 31 55 4.30 4.50 11.30 12.074
1159 263 408 I Non. 2 159 ISO 143 18.07 37.49 50.05 19.109
2000 415 547 I Nan, 2 241 241 232 24.13 11.18 00.61 30.557
2030 540 554 I Non, 2 247 247 358 31.19 111.30 142.49 32.~~~

68.79 221.87 300.30

[aim 407
1058 *55 735 I 2 3 331 331 573 18.94 49.14 54.48 *3.548
1180 354 1,087 2 I 3 321 329 21.70 188.57 151.27 33713
3000 584 1,104 2 1 3 737 737 I C52 28,52 336.00 352.02 39.483

1,120 3.139 2 1 3 1,335 1,335 1.687 100.56 624.77 026.32 72.840

157.13 1,050.15 1.213,18

5.38. 125mm
101 203 3 2 1 168 158 *53 6.58 13.17 20.23 7.217

1519 7% 450 3 1 2 110 110 215 21.73 38.19 50.03 10.682
1119 338 II? 3 I 2 284 284 337 44.35 1 0 . 1 9- 1 4 3 . 4 6  17.613
2558 - 547 1,050 3 I 2 353 7% 813 58.01 150.54 331.58 15535

I3150 310.38 448.20

5 A u g ~...... TI.. ,,ss~ or ....4~l..d ~~‘,um .~~~ilmu 6.. ~~~~~~ p w ~~

Usd58.1. Ophiim p.1.~~ d .W~us Im s,uuwl nw~~ Nel. p04, lest
Nil. lilltIjll W*m wssr rsIu.Iruanl. sll *( 5,.. .e4 .5* ~~ (550* ~~~~~‘ s.w~~anw, Nsa.” masS.,..
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TABLE 2-13. Ahur nelics ares plan for municipal sod Industrial water supply (Cont’d)

Plan AomuopII50. )lssldul,b
1. Pdnusy Sourc. mans,’ (m d )  MNllon IW OsNii

usd (nipd) 2, ~~~~~~ j Sourci (ned) (Ad.5.W~ . Aj..Jl6.4Csdll Cs
P1.5. 3, Tastimy Source Supply $10199 Nat for Supply Stomps Toll

Plan Annul or 5u,~~~ Import Sod. and and Msslln and and Anrcal
LesS Avsr~~e Opsismen WMsr iu,. W01. Was~ Tranun. 01.5,6. PsI..) Transm, 01.010. Toll I~i5..i

— 
I 2 3 4 8 $ 7 8 9 10 II 12 13

NNo,IIy.OIS50v10S
Swist 20 ni d
Ills 9 25 1 Non. 2 5 5 22 4.1$ 2.10 0.25 .584
1180 27 59 I Non, 2 7 7 25 4.18 115 530 2.383
3010 52 113 I Non, 2 Il 17 35 4.11 9.1$ 1173 3.588
2030 153 I Non. 2 26 36 50 4.15 14.1$ 11 31 6162

16.72 27.13 43.00

VIsas Sound
[list. 54I ~~~~~
1185 48 118 2 3 1 51 51 06 4.54 7.87 12.71 3.390
1180 II 148 2 I 3 53 53 77 14.30 16.49 30.55 1.774
2000 137 256 2 I 3 55 50 120 3.57 3513 39.70 ISIS
2030 152 314 2 1 3 90 95 237 4.59 41.81 53.20 4.7%

27.86 10510 138.45

E0weOunhsn,m
- 

- Swim 77 nipt
- 

- 1955 54 77 I Non, 2 13 0.02 2.50 2.02 L417
-j 1180 I15 164 I Non, 2 I? 57 28 215 0.45 133 11.642

2000 210 243 I Non, 2 79 79 35 0.80 3,44 4.30 10.577
2030 271 311 I Non, 2 75 75 49 ISO 0.01 870 30.285

5.42 11.43 16.1$

$s.Jua,
[.38. Smpt
1551 0.1 17 1 Non, I 12 IS 0.89 0.59
1150 0.5 25 2 I 2 S 24 0.05 0.05
2000 0.8 41 2 1 2 IS 40 0.32 0.32
2030 1,1 73 2 1 2 32 72 010 0.50

1.46 1.41

twist Smpt
IllS 4 13 3 2 1 S $ 9 0.50 141 2.01 0.421

• 1110 7 IS 3 1 2 5 8 12 2.74 2.45 8.20 0.749
3810 10 26 3 I 2 7 7 18 1.45 3.25 4.73 1.165
37% II 34 3 1 3 9 9 30 1.77 4.50 6.42 I~~~

8.55 11.50 11.30

Tall A...
Swim 1,521
IllS iN UlO 1 2 ~ mu an imu 45.4 su ~~.s ~~~I7S
1110 I llS 2.103 1 2 3 7% 857 1,310 104.7 255.7 371.4 54.516
3880 3,052 4213 1 2 3 1,173 1,115 2,051 1346 111.2 588.5 185127
3110 2,155 4552 1 2 3 2,311 2,427 3,118 22S.I 101.7 1,135.1 215112

482.7 1,011$ 2,305.0

• A___...J1Ii...a..s... fls ~~ISS~~ or .lsJ. .Ilsd optimum last Ii~~~ udauslu. ~~~~~~ past n~l Ms
NineS L_S ——~ Usl58uI: OpsIm.sn pal. sopl mInus 6., aloud ne~~ Ms Is, plo, lest
N.Sr l~~~~58il 145* .~ppuimns,sn. aid doSu,......,j s5* 556.5* (5 11* ~~~~~~OslnV “Na.., 10Is~~y Plea.” usSS.n,. - -
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NOOKSACK-SUMAS BASINS
INTRODUCTION

The Nooksack.Swnas Basins, Figure 3.1, tribUtaries, the North, South , and Middle Forks. The
bounded on th. east by the western slopes of the tributaries of the Nooksack head in the Mount
Cascade Mountain R.Stlge and on the west by ~~ Baker-Shuksan area of the Cascade Range and con-
Strait of Georgia, is located In the northern corner of verge near the town of Derning, around which the
Ø~ p~~,t Sound Aies. Occupying about 1,628 square Nookoack flood plains make up much of the fertile
odlas of land hi Wiatcoin County, the Basins encom- lowlands. From Deming, the river winds through 37
pa. the expending wban.lndugrial contIr of Billing. miles of twisting channels to its outlet in Bellinghain
~~~~~~~ , an Mipoitsat deep-water port. ~rüicipai ladus- Bay. The Nook55ck drains about 826 square miles, of
tills ia dw Basins age dairying, forest products, oil which 49 square miles are in Canada. Between the
IS(Mi~~~. ~~~ ~~ Nooksack River and the Canadian Border lie the

A c uidsrabis increase In population and headwaters of the Chilhiwack and Sumas rivers, which
i..aa”y, pport.d ~y a continuing increase ~ flow northward to the Fraser River in British

ned soanap handled it ~~~ ~~~ of g~ijing. Columbia. The Chilliwack drains 174 square miles in
ic peojact.d for the Basins. The demand for Washington and the Sumas drains some of the
j and ladwirisi ~~~~ ia .XP.Ct.d to lowlands in the northwestern part of the Basins.

iaasaes ~jmua~~~~~~~~ with this growth. Projections Practicilly all the surface water storage in the
~ -‘L.—- thes population will increase 216 percent by Basins is contained in natural lakes, Lake Whatcom
she year 2020, productIon ~ owth Is expected to being the largest , and in snowflelds and glaciers on
tr_ end ~~~ wg~g requirements are e cted to Mount Baker and Mount Shukoan.
reach 293 nilhlon gehlons per day, more than four
limes the present water needs of about 12 million
ailoss per day. Surface and ground water supplies CLIMAT E

now sdetp.tely meet numiclpsi and industrial needs,
except Mi some rural areas and new industrial park The Nooksack.Sumss Basins experience i typi.
developments, Presently devtloped water sources, cally mid4atltude , West Coast marine-type climate .
ho.eser, will be unable to meet projected futu re The Basins have mild but rainy winters and cool
demands, and will require additional facilities and summers, with a mean temperature of about 10°C
larger systems. (50°F). Winter temperatures average 4.4°C (40°F),

and summer temperatures average 16.6°C (62°F).
GEOGRAPHY The temperature seldom reaches 32°C (90°F) In the

summertime. Rainfall Is light in summer, increases In
The Nookseck-Sun*as Basins have contrasting fall, reaches a peak In winter , and then decreases In

geographical features. The eastern portions, extending sydag. The heaviest rainfall, about 100 inches anna.
Into the Cascade Mounta in Ran ge, are remote, heavily ally, occurs on the summit and slopes of Mount
forested mountainous areas that j~~~k.4~ ~~ p~ I~ of Biker. Throughout the BasIns, 80 percent of the rain

4 Mount Biker (10,778 feet) and Mount Shukian ~~~ Mi the winter months, and heavy snowfall on the
(9,127 feet), both continuously snowclad. From the Cascade Mountain Range provides storage water to
mountains to the Strait of Georgia, the Basins consist a~~U~ streamfiow lii the Basins throughout the
of rolling hills, niunerous streams and likes, and ~~~~~~
luwunoiky glacial plateaus connected by gentle
slopes to richly fertile lowlands of the broad rkw POPULATION
valleys. Of the I .628 square miles that comprise the
Bs~~s, 1,256 squire miles consist of land sad Inland The estImated 1967 population Is about
waters. 77,300, over half of which Is urban . The principal

The largest and most important stream system towns and their estimated population are Bellfn.Jsam
hi the BasIns is the Nockack River and iti major with 36,500, Lynden with 2,850, Blithe wIth 1 ,775 ,

_ _ _ _ _  
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— V

Ferndale with 1 ,850 , Sumas with 674 , and Everson river valleys (about 140,000 acres) is now used for
with 625. permanent pasture and hay crops to support the dairy

industry . Urbanized areas , mostly in and aro und
ECONOMY Bellingham and Fernda le , occupy appro ximately

20,000 acres. Table 3-1 summarizes general land use
The economy of the Nooksack -Sumas Bums It in the Basins.

based on dairying, fore st products , oil refining,
canning, pulp and pap er products , and reduction of
primary metals, such as aluminum. In addition , the
deep water ports of Bellingham and Blam e are major
Northwest shipping centers.

Only a few years ago, the Basins economy was
based almost completely on timber and agricultural - -

products. Although these are still major industries , -
other important water -using industries , including an -- -

-

oil refinery, a pulp and paper mill, and an aluminum
reduction plant , have recently moved into the Basins .
This industr ial diversification has stimulated popula-
tion growth and economic expansion in the Basins .
The reclamation of tidelands at Bellingham for
industrial use will add further to this expan sion.

In addition , the Nooksack-Sumas Basins is
experiencing an increase in tourist trade from both
local and Canadian residents. The scenic areas , partic-
ularly Moun t Baker Natio nal Forest , attract several
hundred-thousand persons annually for recreational PHOTO 3-1. Alpine meadows and mountains domi-
activities such as hunting, fishing, hiking, riding, nate the eastern portion of the Basins.
skiing, and camping.

TABLE 3.1. General land use
LAND USE

Type Acres

Mountainous forests and alpine country (Photo FOIWSUand 609,000
3.1) in the eastern part of the Basins , most of which 131,000
is Federally owned , accounts for about 75 percent of 

RI Sal.fld 12.000
total land use . The lowland areas , once completely 

~~~~~ land (high . b ren) 13,000
covered by dense forests of conIfers , were cleared and U,ban b iIId ~~ 21 000
converted to farm land at the beginning of this Inland Water 12000
century, and have since developed into one of the
major dairy centers of Wash ington State. Thus , most Total lind and inland water 804.000

of the agricultural land on the flood plains and in the 
~~~~~~~~~~~ A~~ .ndix Ill . Hy*olcgy.

PRESENT STATUS
WATER USE jurrounding Ferndale Industrial Park. Any substantial

growth in this area will most likely result in replace-
Surface and ground water supplies now ada- meat of the existing small wells with a large surface

quately meet municipal and industrial needs, except water system.
in some rural areas. Certain rural-individual supplies Present municipal, industrial, and rural.
ar. inadequate in either quality or quantity . Ground individual water use in the Basins averages 72.7

is presently scarce In the Lake Tsrre U uplands, million gallons per day (Table 3-2), of which

t 
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industries use 83 percent and the remainder Is tapped MuflicipSi
from municipal and rural-individual outlets by Daily municipal water use in the Basins, from
approximately 77,700 persons. At present, approxi- both surface and ground sources, averages about 11.2
mately 94 water systems (Table 2-7) serve a total of mgd. Of this, about 8.9 mgd is supplied to some
more than 62,000 people, about 80 percent of the 40,000 users in the Bellingham area for a per capita
total Basins population. The systems vary widely in usage of nearly 223 gpd. The remainIng 19,400
sine, but about 50 of them serve less than 200 persons municipal users are supplied approxImately 1.9 mgd
each. The present status of water use In the Basins ía from several small distribution systems for a per
summarized in Table 3-2. capita usage of 98 gpd. Average per capita usage for

TABLE 3-2. Water uss (1818)

Estinuted Satfase waler ~~~s (nod) Geaund enter u ,  (nod)
population Average Menknum Mselmum Aasr~~~ Menlrnum Maidnwm

System esrvsd daily monthly daily daily monthly daily

MUNICIPAL USE

Be*nghw~ 40,000 8.90 12.50 35.20 — —B u m .  4,200 — — — 0.47 0.55 0.86
Sumas 3,200 — — — 0.36 0.72 1.05
Lyndsn 2,500 0.40 0.50 1.35 —

?.rndal. 1,000 — — 0.25 0.37 0.50
Evenon 600 — — — 0.11 0.25 0.16
Rival annanunity aylesms 7.200 - - - 0.64 0.85 116

Sithiotal 5e,40oC 9.30 13.30 36.40 1.90 260 3.52

RURAL-INDIVIDUAL USE 18300 0.lOa 0.20 0.30 o90a 1.30 1.80
INDUSTRIAL USE

M~~dpo~~ ~~p~~~:
eel—
Foodendklnthed 0.96 1.35 1.84 — — —Psosr and alhI.d 46.40 50.50 54.00 - - *

Other 0.75 0.80 0.84 — — —F rndste
F iod and klndrad — — — 0.32 0.85 1.40

Lynden
Food and kIndred 0.21 0.31 0.41 — —

Food and kIndred 0.76 1.00 1.22 0.23 0.35 0.80
Prkway nutaie 8.00 8.00 8.00 — — —Peteoleum 2.80 2.80 2.80 — — —

6476 86.91 0.15
77.700 •.3 71.3 95.5 3.40 6.10 7,30

- f e ______

I

I

C lnl... d ~~ --~ 1n spend la not the popubelen .5 the ~~~~~~~~~~~~~~~~~~ ss ci the ally but la *atpepulV~Ien (aim ci
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Nassv~~ enlme” for seth basin. Thie population has been
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the entire Basins is slightly more than 230 gpd. The shown in Figure 3-2. This plant operates five facili-
rather high per capita usage In the Bellingham area ties: (1) a calcium-base sulfite mill with a capacity of
seems to be accounted for by the lack of a domestic 527 tons of pulp per day; (2) a board mill with a
service metering system. capacity of about 40 tons of paper board per day; (3)

Although Bellinghain , largest water supplier in a waste liquor recovery plant which produces market-
the Basins, provides more than 80 percent of the able quantities of alcohol and drieó liquor solids; (4)
water used by municipal consumers in the Basins, this a tissue mill with a capacity of 190 tons per day ; and
quant ity represents only about 17 percent of the (5) a new chlorine plant. Of the 46 mgd of water used
total amount of water used in the Bellingham area , by the entire plant , the estimated amount of water
The remainder is supplied to industrial users. Average 

__

daily water use for Bellingham from 1942 through :11 — Total System Demand

1966 Is plotted in Figure 3.2. Average month ly
demand profiles for municipal use, Georgia Pacific
MIlls,and the total system isshown in Figure 3-3. iso -

Industrial
The largest industrial user in the Basins is the

Georgia-Pacific Pulp and Board Mill which is served 100~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

from the Beflingham municipal system, about 65% of
the total system supply. Water use for the mills is a

SO- w

45 — 
- Indust rial Dimand

(Pulp and Paper Mills )
Ui

40 — 
~~iso -

UI
>4
-i

30 - Induetrial

50 TrHTr1TTTfl~~~Psclftc
2 5-  

(G.ond. 0

Mill )

- ~52oo —
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III
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10 

100 
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FIGURE 3-2. Bsftin~i.m water oonuumpdon . FIGURE 3-3. B&uin~sem water use profiles.
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used by four of the facilities Is summ~ iz~d in Table WATER SUPPLIES

As previously stated , the total daily water
TABLE 3-3. G.crgl. Pacific mill wets, use consumption in the Nooksack-Sumas Basins averages
— __________________________________ abou t 72.7 mgd. Of this total , surface water supplies

Production A~s~sge o~ ~~ 69.3 mgd, and ground water supplies the remaining
capacity daily uw unIt 3.4 mgd . The main sources of water are the Nooksack
(tone/day ) (mgd) production River and its major tributaries , the North , South , and

Sulfite puio plant 527 37.6 71.4 Middle Forks , and Lake Whatcom. Other sources
Paper board plant 40 1.4 25.0 include numerous creeks, streams , drilled wells, and
Paper plant 190 7.0 36.8 S~f1fl~5.

The Intalco Aluminum Reduction plant west of Municipal
Fer nda le operates two potlines with a capacity of Two cities, Beliingham and Lynden , obtain
153,000 short tons per year . The plant uses an their water from the Nooksack River. The remaining
average of 7 mgd, or 16,700 gal/ton. The plant 

~~ municipal systems use ground-water supplies.
capacity for the add ition of a th ird potline . Bellingliam—Bellingham relied primarily on

The Mobil Oil refinery , also located west 0~ Lake Whatcom as a source of water prior to comple..
Ferndaie, refines crude oil received from Canada . tion of the diversion from the Middle Nooksack River
Production capacity is about 37,000 barrels per day in April 1962 (Photo 3-3). Water from the Middle
and water use averages 2 mgd, which indicates a unit Fork is now diverted through a 10-mile pipeline into
water use of 54 gallons per barrel. Mirror Lake , from where it flows down Anderson

Fish, fru it , vegetable, and similar processing Creek into Lake Whatcom. Pr esent capacity of the
industries in Bellingham, Lynden , Ferndale , and pipdir~, 95 cfs (60 mgd) satisfies average daily
Everaon use an average of 2.48 mgd during their system demand.
seasonal product ion. Operation of the system is directed toward

holding the level of Lake Whatcom nearly constant at
Rural-Individual elevation 314 feet. The lake level is required by court

About 18,300 widely scattered rural.individual order to be maintained at an elevation not to exceed
consumers (Photo 3.2) use approxImately 0.10 mgd 314.94, which provides an active storage capacity of
of surface water and 0.90 mgd of ground water , about 20,000 acre.feet. Both Inflow from the Middle
These figures are based on the assumption that Fork diversion and outflow from the lake are varied
ground water is used by 90 percent of the rural to maintain this lqvel. Total capacity of Lake What-
population and that per capita use is 55 gpd . At
present, numerous small wells serve the rural popula-
tion.

_ _ _ _ _ _
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PHOTO 3.2. Small wells constitute the major sourc us PHOTO 3-3. BeIIln ~~~m diverts water from the
of domestic watjr for rural and kidusüj al sou rces. Middle Fork of the Nookseck R iver for municipal and

Industrial use.
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corn at elevation 315 is 765 ,000 acre4eet. All 533 are ground (1966-1967). Municipal use accounts
domestic water in Bellingham is processed through a for most of the appropriated surface water , an d as
filtratio n plant. presently authorized unde r prime rights , a maximum

Lyndso—Lynden diverts its water supp ly from of 199 mgd can be diverted for this purpose. The city
the Nooksack River at Lynden. Treatment prior to of Bellingham has rights under two filings to divert
distribution includes filtratio n and disinfection. Three most of this quantity. The largest of these , for 162
relatively small food processing industries are served mgd on the Middle Fork of the Nooksack River , has
by the system. been partially perfected , and at present the cit y is

F.rndsle—Fe rn da le obtains its water supp ly actually diverting about 66 mgd. No diversion works
from five drilled wells. Water is provided without have been constructed at this time in conjunction
t reatment to an estimated 1 ,600 people. Approxi - with a surface water permit which allows the city of
matel y 85 percent of the 700 services in the town are Bellingharn to develop 32 mgd of the flow from the
metered. One major vegetable freezing plant is also South Fork of the Nooksack River. The city of
served by this system. Lynden holds a certificate to divert up to 3 mgd from

Many small cooperative water systems have the main stem of the Nooksack River for municipal
been formed in areas where ground water is deep and purposes. individual and community domestic
expensive to reach on an individual basis , or where systems account for 30 mgd of the appropriated
iron concent rations in the shallow ground-water water in this area.
supply are sufficiently high to be objectionable. Approximately 87 percent of the developed
These rural systems serve much of the area surround- ground water in this Basin is used for irrigation. A
lug Lynden and west of Fern dale . total of 118 mgd has been appropriated for this use.

Indiv idual and community domestic supplies account
Industrial for a total of 12 mgd. This figure does not reflect

Whatcom County PUD No. 1 provides indus- most single domestic wells which are not required
trial water to the In talco Aluminum Company from under present laws to have recorded water rights.
the Nookiack River at Fernd ale . The water is Withdrawals of up to 11 mgd are permitted for
classified prior to delivery, municipal supplies , with the cities of Sumas , Everson ,

All large industrial Water supplies are obta ined and Fernda le drawing 3 mgd , 2 mgd , and 0 mgd,
from publicly.owned systems, except that for the respectively. Table 3-4 shows water rights in the
Mobil Oil Company refine ry near Fernd a le. Tl’is Nooksack-Sumas Basins.
company diverts an average of 2 mgd (maximum of
2.7 mgd) from the Nooksack River, filtering the TABLE 3-4. Municipal and industrial water rights
water prior to use.

vidual lndUe’
and tr ial

• Rural-Individual cotm and

An estimated 4,460 rural-individual water ~~~~
systems within the Basins serve 18,300 people. About Type (mgd) tic (mgdi (mgd)

90 percent of these systems use ground water as ~ Surfac, water 199.0 29.9 25.7
source of supply. Ground water 109 125 2A

WATER RIGHTS Tot.l 209.9 42.4 28.1

The Nooksack-Sumas Basins have a total of 927 ‘AboUt 100 n~ d In addit ional apçsopr lat lve rights have
. been ranted for other ooneimptWs uees In the bssk~.

recorded water-rights; of these, 374 are surface and

- -— .. •- - -  — . - .  - • — ,.. - - .  .



• WATER RESOURCES
SURFACE WATER Lake Whatcom and the Nooksack Falls power plant

at Excelsior. Lake Whatcom supplies municipal water
Quantity Available to Bellingham, as discussed in the following para .

Str eams-The largest and most important sur- graph ; the Nooksack Falls impoundment is used only
face water resource in the Basins is the Nooksack for power generation.
River and its three major forks . The North Fork is Lakes—Practically all surface water storage in
actually the main stem of the river , and is joined by the Basins is contained in natural lakes, including

• the Middle and South Fork s near the town of Lake Whatcom, Lake Padden , and Lake Ter reli,
Deining. which have surface areas of 5,003 acres, 152 acres,

The Nooksack River has two high runoff and 700 acres (maximum), respectively . Lake What-
periods each year: one in the fall or winter coinciding corn , largest lake in the Basins, acts as a reservoir for
with the period of maximum precipitation, an d one the Bellingham Municipal Water System. The lake
in the spring during the period of snowpack melt.off. provides an active stor age capacity of 20,000 acre-

A stream discharge station located near Lynden feet , but has a total capaci ty, at elevation 315.00, of
has been used to measure annual runoff of the 765 ,000 acre-feet.
Nooksack from a drainage area of about 648 square
miles. Quality

Annual discharg e for the Nooksack River , as Water qua lity data have been obtained by the
measured near Lynden , averaged 3,700 cfs from 1944 U.S. Geological Survey and the Washington Water
through 1965. A maximum flow of 46,200 cfs was Pollution Control Commission for Lake Whatcom
recorded at this station in February 1951 , and a near Bellingham; Nooksack River at Deming; and for
minimum flow of 595 cfs was recorded in November the Nooksack River at Ferndale . The period of record
1952. for these stations is shown in Table 3-6. About 30

A lowflow frequency analysis computed by the small streams have been sampled once and analysis
USGS from data collected at the Lynden station made for only a few parameters. Water quality of
during the 18-year period from April 1946 to March Lake Whatcom has been measured by the Institute
1964 revealed 7-day and 30-day lowflow that can be for Freshwater Studies at Western Washington State
expected to occur at this station at intervals of 5, 10, College .
and 20 years. This data is summarized in Table 3-5 . In 1965 , the U.S. Forest Service established a

water qualit$’ station on the Middle Fork of the
TABLE 3-5. Lowf low fr.qusncy Nooksack River about one mile above the diversion

Recur- 7 dsy ~~~~~~ 
that supplies wate r for Bellingham. Samples collected,

renc, low- low. primarily during the summer months , were analyzed
Intw~sI for suspended sediment and bacteria in addition to

measurement of water temperature at the time of
Noolii.ck River iie Lyndin 6 900 1,110 collection.

10 700 1.000 The quality of water in Lake Whatcom has been
20 690 880 intensely studied by the Institute for Freshwater

Studies at Western Washington State College since
Stream gaging records on the Middle Fork , April of 1962 to determine the effect of diverting

Bellingham’s source of water supply, are intermittent, water from the Middle Fork of the Nooksack River
covering only a few years. However , based ~~ into the lake and to establish a basis for predicting
available data that have been correlated with that of probable changes in quality of the lake water as a
the Nookaack River , average annual discharge is result of the diver sion. However , a definite trend of
estimated to be 450 cfs and the minimum 30-day water quality has not been established. Although
lowflow expected to occur once in 20 year s is water entering the lake from the Nookiack River is
estimated to be 180 cfs. more turbid than the lake water, It drops to the lower

Dams end Impoundments—There are two level of the lake shortly after entering and rapidly
• impoundments In the Nookzack.Sumas Basins, one at mixes and dilutes.

~1
3.7
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Physical — The color of Nooksa ck River waters revealed in samples collected monthl y over a 5-year
at Fernda le is variable , but exhibits generall y higher period from the Nooksack River at Ferndale . Analysis
values than the Skagit River waters. Color values of samples taken from sma ll tributary streams around
range from 0 to 25 units. Lynden and Fernda le revealed about twice the

The turbidity of the Nooksack River is high concent ration of dissolved solids recorded in the
when compared to most streams in the Puget Sound Nooksack River and nitrate levels ranged from 0.8 to
Area, primarily because of the substantial quantities 3.8 mg/I, as compared to a mean of 0.8 mg/I recorded
of glacial melt water in the river. Turbidity of the for the Nooksack at Ferndale.
Nooksack River at Fernda le ranges from 5 JTU The Nooksack River and its major tributaries
(Jackson Turbidity Units) to a maximum of 700 JTU. are fast-running streams , and dissolved oxygen (DO)

Temperatures of the river at Fernda le ranged concentrations are usuall y near sat uration throughout
from 2.0°C (3.6°F) to 175 °C (63°F). The mean their length. DO concentrations on the lower Nook-
temperature is 9.1 °C (48°F). Temperatu res at the sack River at Fernd ale range from a minimum of 5.1
Deming Station are in the same approximate range , mg/I to a maximum of 13.6 mg/I , based on records
but averag e 16.5°C (61°F) in the summer and 2.5°C collected from October 1961 through May 1966.
(45°F) in the winter. Water temperature of Lake Further upst ream , at Lawrence , DO concentrations
Whatcom is considerabl y warmer at the surface than range from a minimum of 9.8 mg/I to 12.9 mg/I.
the water temperatures at the Nooksack stations. A Minimum oxygen saturation values of 88 percent and
low of 3.5°C (38°F) and a high of 21.4°C (70°F) 89 percent were recorded at the Lawrence and
were recorded. The warmer lake temperatures Fernd ale stations , respectively. Most samples were
account for the turbid Middle Fork waters going to nearly 100 percent saturated. Table 3.6 lists chemical
the bottom of the lake where the sediment pr ecipi- qua lity data gathered from several area streams.
tates without increasing the turbidity of Lake From 1 963 though 1966, samples were
Whatcom collected weekly by the Institute for Freshwater

Chemical—The chemical quality of surface Studies at Western Washington State College at four
waters in the Nooksack-Sumas Basins is generally stations in Lake Whatcom and were anal yzed for
excellent . The water in all basin streams is generally ~~~~~~ oxygen (DO), pH , and coliform bacter ia .
soft , wit h normal hardness values of 60 mg/I or less. Wate r temperatures were recorded at the time
Hardness vaiues of more than 100 mg/I are unusual . samples were taken. A maximum mean monthly
The total concentration of dissolved solids in the surface water tempe rature of 20.2°C (68°F) was
surface wate rs in the area rarely exceeds 100 mg/I. A recorded during August 1963. Maximum and mini-
maximum dissolved solids content of 77 mg/I was mum mean monthly surface DO concentrations of

TABLE 34 Surface watur qu lity
__________— 

MG/I MG/I MG/I MG/I

f — ~~
‘ , . ,~ I

~ ~~ ~~

‘ 

~~ ~~~~~~~~~ I ~ 3I,..” I I i i i 1 i ~ ~1~~i1i~WHATCOM LAKE NEAR ULLINGHAM OCTOBER 1961 THROUGH PRESENT
52 7 2  IS 6.0 0.5 24 0 9.1 5.6 0.3 1.1 SI 5~~ •- 5.7 015 002 7.1 tO II 31.4 130 1TJ 22 4 930

MsSfl • 32 33 IS 3.3 06 32 0 3.1 2.e 0.1 0.6 56 0.01 — Ii 0.07 012 - — 12.3 10.7 102 IS 2 114
29 46  0.7 29 0.2 17 0 4. 4 1.6 0.0 0 1 54 0.00 —• 06 0.02 001 66 0 0 35 S.C 90 IS 0 0

26 25 25 25 25 25 34 25 25 74 23 24 12 — 35 IS 4 24 24 12 27 27 27 23 24 2?
NOO KSACK RIVER AT OEMING OECEMBER 1966 TO SEPTEMBE R 1966

~~~66.. ’s 6133 38 12.6 33 21 0.5 46 0 14.0 1.3 0.2 10 102 0.31 — II 7.70 0.95 75 50 ~~ 15.4 13.4 133 44 10 24,000
Mi•• 

•
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NOOKSACK RIVER AT FERNOALE .$JLY 1959 THROUGH PRESENT

77 130 II 4.2 10 53 0 ISO 42 0.3 3.5 113 030 -. 11.3 790 0.38 7.7 15 102 175 13.5 III 53 IU 36.~~MNfl . 66 95 79 24 06 3 6 0 9 . 2  IS 0.l 0.S I5 0 . 0 2 - S . I I.160.01 - — - . 1.1 11.1 59 3 6 6 2 ,438
33 50 II 1 ,3 0 2 22 0 3.4 0,2 00 0.1 51 0.00 .~. 3.I 0flU0.C0 5.S 5 5 2 . 0 9.1 4 5 2 2 2  36
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• 11.8 ppm and 8.1 ppm were recorded , respectively, in GROUND WATER

April 1965 and August 1965 . Bottom DO concentra-
tions were considerably lower , particularly in the Quantity Available
extreme western sector of the lake. Mean monthly Ground water supplies are plentiful in much of
bottom DO concentrations from this sector of the the Nooksack.Sumas Basins. The major water-bearing
lake of 0.0 ppm were recorded durIng August, materials in the Basins are the river and glacier-
September , and October of 1966. deposited silts, sands and gravels which extend

Bactsr gical—Sacteriological quality data throughout most of the western lowlands. Natural
gathered from the Nooksack River indicate a general recharge to these ground water reservoirs is by direct
trend of increase in coliform concentration from the precipitation.
headwaters to the mouth. The higher concentrations High ground-water yields are found primarily in
of coliform bacteria usually occur during the summer the western lowland section In the vicinity of
months in stream reaches below the more populated Ferndak , Custer , Lynden, Everson , and Sumas.
areas. Shallow wells in these areas readily produce 100 to

Data obtained at Lawrence showed that in the 200 gpm , with only two to three feet of drawdown.
upper reaches of the Ncoksack River, bacterial levels Yields of 500 gpm or more could be obtained with
normally ra nged from 36 to 91 MPN , though occa- five to ten feet of drawdow n .
sional higher values were recorded. In the Middle Areas of moderate yield include the delta
Fork of the Nooksack River , bacterial levels normally lowland of the Nooksack and Lummi Rivers south of
ranged from 0 to 105 MPN . Bacterial concentrations Fernda le, the area west of Custer to Blam e, the lower
in samples taken at Fer ndale ranged from 36 to 4,600 Custer trough, the lower fringes of the upland areas
MPN with a recorded maximum MPN of 24,000. east of Fernda le, and the lower portions of the North ,

During 1966, mean surface concentrations of Middle , and South Fork valleys of the Nookiack
coliform bacteria in samples taken by the Institute River.
for Freshwater Studies at Western Washington State
College from the western part of Lake Whatcom Quality
ranged from 1 to 49 MPN, and bottom concentra . The ground waters are relatively low in die-
tions ranged from 0 to 61 MPN. Both surface and solved solids, although they have a somewhat higher
bottom concentrations of coliform bacteria were mineral content than the surface waters. They are
found to be highest in the western part of the lake , generally of good chemical quality.

Lake Whatcom bacteriological water quality Ground waters may be classed as soft to slightly
data have also been obtained by the city of Selling. hard. In many ground waters , hardness is only 60.80
ham and the Washington Water Pollution Control mg/I , while others are as high as 175 mg/i, with the
Commission. High coliform concentrations during the average hardness being about 350 mg/i .
winter months were found by both agencies. City Iron frequently exceeds the US. Public Health
data for the period 1961 through 1963 revealed Service standard for Iron and manganese combined.
maximum concent rations of up to 700 P&~N for all Taste and odor problems caused by these impurities
three winters. Washington Water Pollution Control are frequent in the Nookiack and Sumas River
Commission data for 1964 through 1966 showed lowlands. The city of Lynden treats water from the
maximums of 930 MPN for February and October sediment-laden Nocksack River rather than use the
1965. abundant supplies of ground water . Table 3.7 lists the

4 results of analysis of samples taken from numerou s
ground water sources .
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p PRESENT AND FUTURE NEEDS

The principal factors that will determ ine future
water demand in the Nooksack.Sumas Basins are
population gro~ith and industrial expansion, includ.
ing agricultural production . As these increase, the
demand for water will likewise increase .

PROJECTED POPULATION
GROWT H

The estimated 1967 population of 77,300 in
the Nooksack-Sumas Basins is projected to increase
19 percent to 91 ,600 by 1980, 59 percent to 123,500
by 2000, and 117 percent to 168,700 by 2020.
Figure 3-4 shows the present and projected popula-
tion in the Basins. The industrial park development
expected for the Bellingham-Ferndale area will cause
the majority of the population to center in this
immediate urban area , with more than 60 percent of 1963 1~~O 2000 2020
the total Basin population located in the Bellingham YEAR

FIGURE 3-5. Relative production growth for majorarea .
water-using industries.

22r —

two-thirds of the total value added by the major
water-using industries. This prediction is supported
by the recent upsurge in primary metals in the Basins,
due notably to the new lnta lco aluminum plant at
Ferndale, which began operat ions in 1966.

The I ndustrial Park west of Ferndale is
expected to become the location of an increasing
number of industries in the future , including some
heavy water users. This growth should generate an
urban concentration around the park , extendin g
eastward to Fernda)e.

1QSO 2020 The paper and forest products and agricultural
YEAR industrie s axe also projected to increase , but at a

lower rate . These Industries will account for about 22FIGURE 3-4. Projected population growth. percent of the total value added by major water-us ing
Industr ies In the Basins by 2020.

PROJECTED INDUSTRIAL
GROWTH PROJECTED WATER

REQUIREMENTS
Production growth of the major water-using

Industries In the Nookasck$umas Basins as measured Total water requirements in the Basins by the
by Increased value added Is projected to Increase by year 2020 are expected to reach 293 millIon gallons
more than three4old between now and 2020. per day (Table 3-1 1), more than a three .fold Increase

It Is anticipated that the primary mats!, over present requ irements. Figure 3-6 shows the
chemical, and petroleum Industries will be th. major location of primary municipal and Industrial water
Industries in the Ftaslns by 2020. As shown on Pigure demand. Surface water sources will supply 97 percent
3-5, these Industries wUl, by thee, account for of the projected water needs. Tables 3.8, 3-9, and

• 1Li~. . ~~~~~~~~ ~L ~~~~~~~~~~~~~~~~~~~~ ~~
•
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•
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P 3-10 itemize projected water uses in 1980,2000, and industries are expected to be the major water users in
2020, respectively . Table 3-I I summarizes water use the Basins.
from the present through 2020.

Rural-Individual
Municipal By 2020, rural-indivIdual needs are expected to

Municipal water requirements are projected to be 2.8 mgd, or less than 2 percent of total projected
reach 14 ingd in 1980, 22 mgd in 2000, and 31 mgd basi n water needs.
in the year 2020. By the year 2020, municipal water ~~ -

requirements will account for 14 percent of the total
water needs in the Basins. Per capita munic ipal water
use is expected to decrease from about 230 gallons 

~~ 250 —

per day in 1965 to 191 gallons per day in 1980, then w
increase again to 231 gpd by 2020. It is assumed that ~the instalintion of meters , in addition to new water _~::saving devices and practices, will account for the ~
decline in per capita water use between 1965 and
1980. Approximately 95 percent of the Basins’ total 

~ -

Fern da le Industr ial Park 

100

Industrial water needs, presently 60 mgd in the ~Basins , are expected to increase by 235 percent by ~
1980, and more than double this increase by 2020.
Projections of mdustriai water requirements to 2020 o I I
indicate that industries will continue to require the 1965 1980 

YEAR 
2000 2020

• greatest amount of water—about 257 million gallons
daily, or 86 percent of the total water needs in the FIGURE 3-6. Location of projected water supply
Basins. By 2020, the pulp and paper and aluminum needs.
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TABLE 34. Projected water use (1110)

Eielmated Swteos wslor u~~ s (ned) Ground wiser us~~s (n~~I)
population Avsrags M xlmu m Avsrigs Msxlmum

evunm ssr~~d dilly monthly dilly monthly

• MUNICIPAL USE

55,000 10.50 14.00 — —Lyodan 4 000 0.80 1.10 —. —

Fsrndsle 3000 0.80 0.80 —

SlaMs. Sum , Evsrion and
rural community ~atsms 11300 — — 2.10 3.00

S~~to~~
RURAL-INDIVIDUAL USE 18,300 -. — 130a 

1.80

INDUSTRIAL USE
Municipally ~ ppIlad:

B—
Food and kindred — 1.45 2~~ b
Poper and sNisd — 106.50 llB.OO ~

Fsmdus
Food and k indred — 0.50 070b 

—

Lyndsn
Food and kindred — 0.30 oesb 

—

Food and kln~ sd — 1.15 170b 0.35
Prinury mstsls - 28.00 28.00 - -
Ps~ olaum — 2.80 280 —

Subsotsl - 140 70 150.50 040 0.50

y 0 5 1d 91000 152.00 167.40 3.80 6.30

~ S d  on am.d l0gpod and 100 psrcsnt of run -Individual population lo bs iervsd by ground watur.

b 150 ol seur~~s
C 110,.a.....i of seeres..
d F j,s,en,oundad.

Not ths In1~4n)omed asia off Icof municipal population f~ure. See Tthls 2-7.

. , .

I J  

__

-

3.13

- . — ., - :-- ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -b- — _
~~

__
______ __

&~~~~~. w,.,1p.,~
- 

~-‘~r—---— —~ -- - ——--~~ -~•-—-----.——- ~~ — - —~~~~~~~~~~ ___•_~_ 4 -  ~~--- —•- - ~ - — - —-~~~ -- -~~~~ -- - - -________



—

TABLE 3.9. Proj ected water use (2000)

Estimotad Surf ace water usage (ned ) Ground water usage (ned)
population Average Maximum Average Maximum

Syetsm arvad daily monthly daily monthly

MUNICIPAL USE

75,000 15.8 22.0 — —

Lyndsn 6,000 1.3 1.8 — —

Ferlidele 8.000 1.7 2.4 — —

BlaMe. Sun~~. Evenon and rural
13,500 — — 2.8 4.0

Subtotal 102500 18.8 262 2.8 40

RURAL-INDIVIDUA L. USE 21 000 — — 19a 2.7

INDUSTRIAL USE

Municipally a~iplled:
SalIL.,ha...
Food aid kindred — 2.9 43b — —

Poper aid ahlad — 130.5 143$C ._ —

Fenidala
Food and kindred — 0.9 14 b — —

• Lysidsn
Food and kindred — 0.6 — —

Food and kindred — 2.3 0.7
Pnini y metals - 46.0 46.0 — —

Petroleum — 42 42 — —

Subtotal — 187.4 203.7 0.7 1.0
Total 123 500 206.2 229.7 5.4 7.7

Baesd on 90 gpod and 100 percsnt of rural-individual population estimated to be axved by ground water.

perc ent of avera ge.

~lIOp•~~~t of average.

I

_______ 

3-14 

_____________________________________ 

j
_______ •~~-çr-~~~~ .. -

_ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _  -



TABLE 3-10. Prt ~~~ J water use (2020)

Estimated Suet sos water u~~ s ln~~~) Ground water ue~~ (ft~~~population ~wrq, A~ eto~lim Average Meñnum
System served dilly monthly daily monthly

MUNICIPAL USE

Sslilnghwn seevios ass 100.400 23.1 ~~.2 — —
Lyndsn aendee vea 12.000 2.8 39 — —Ferndale servMsuee 16.000 3.7 5.2 — —BlaMe, Sumes. Eusreon aid rural
oommunlty syelema 15,000 — - 3.5

Subtotal 143~ 00 29.6 41.3 3.5

RURAL-iNDIVIDUAL USE 25,300 — — 2.8 3.9

INDUSTRIAL USE
Municipally supplied:
Bslllnghem

Food and kl,*ed 63 7,9b — —Poper and allied — 126.5 I3t O~ — —Ferndale
Food aid kindred — 27 b — —Lynden
Food and kindred — 1.2 1~~b — —

Sil~~~~~~~~ ied:

Food and kin*ed — 4.2 1.3
PrkmoymetaIs — 110.0 110.0 — —Petroleum — 6.7 6.7 — —

Subtotal — 255.7 274.4 1.3 1.9
Told1 100.700 ~~~.3 315.7 7.9 10.7

‘SaNd on 110 gpcd and 100 peireern of nunti-lndMdual popu lation aallm d Sobs served by ground waler.

of warage.
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p
TABLE 3-11. Summery of projected water needs

Estimated Surface water ustgs (mgd)Ground water u~~e (mgd) Total uiage lmgd )
popu lation Average Maximum Average Maximum Average Maximum

Syat usYl dilly monthly daily monthl y daily month ly

MunIcipal 1965 59.400 9.3 13.3 1.9 2.6 11.2 15.9
1980 73,300 11.9 16.5 2.1 3.0 14.0 19.5

2000 102500 18.8 26.2 2.8 4.0 21.6 30.2

2020 143,400 29.6 41.3 4.9 33.1 46.2

Industrial 1965 — 59.9 64.8 0.6 1.2 sos 66.0
1980 — ‘40.7 150.9 0.4 0.5 141.1 151.4
2000 — 187.4 203.7 0.7 1.0 198.1 204.7
2o2o — 256.7 274.4 1.3 1.9 268.0 276.3

R ural—
IndivIdual 1966 18300 0.1 0.2 0.9 1.3 1.0 1.5

1980 18,300 — — 1.3 1.8 1.3 1.8

2000 21.000 — — 1.9 2.7 1.9 2.7
2020 25,300 .- — 2.8 3.9 2.8 3.9

Tota ls 1966 77,700 69.3 78.3 3.4 51 72.7 83.4
1960 91.600 152.6 187.4 156.4 172.7
2000 123,500 206.2 229.9 5.4 7.7 211.6 237.6
2020 168.700 285.3 315.7 7.6 10.7 292.9 326.4

Note: All ua~~ figures are rounded to one decimal plane. All basins as rummsrlzed In Tai* 2-9.

MEANS TO SATISFY NEEDS

GENERAL
basin water requirement , to municipal and industrial

The projected annual water use is expected to USCII .

reach 293 *ngd by the year 2020. This is an increa se The wate r systems of Lynd en and Fernda le are
of approx imately 220 mgd over the 1965 average use. expected to supply 9.7 mgd , 3 percent , and 13.5
optimwn or peak water requirements will be nearly mgd, 4 percent , of the total basin requirement ,
370 mjd. Tables 2-12 and 2-13 , the Area Plans , respectively. The remaining water will be supplied by
summarize the Basins’ annual average and optimum the Whatcom County PUD, Industrial Water Develop-
requirement in relation to the remainder of the Area. ment , and miall community systems. This will
Tab le 3-12, Municipal and Industri al Water Supply amount to 1 2&4 mgd or 34% of the Basin total. The
Needs, reviews the needs of the major systems and/or municipal and industrial water needs projected for
users in the Basins 2020 can be met by water available in the Basins

The Bellingham Municipal Water System, draw. Without need for storage. Although a plentiful source
lng f rom surf ace sources, is expected to supply more of surface water is available, the projected population
than 70 percent of the total municipal water require, and industr ial growth will require larger systems to
monte (as treated water) and , in addition , to supply satlefy requirements .
more than 50 percent of the total industrial water
requirements (as diverted from Lake Whatcom with BASIN PLAN
chlorination) in the entire Nooksack-Sumas Basins .
Belllngham must, therefore , be able to supply more The Selected Plan recommends the continuing
than 210 mgd, approx Imately 60 percent of the total use of existing sources until such time as the

3.16 J
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TABLE 3-12. MunIcipal and Industrial watar supply—capital improvements, Nooltseck-Sum.s Basins

M .G.D.
Prenm Future

1956 iaes iaeo 1980 2000 2000202~

popuIg~ n Srvsd 36,500 66,000 75,000 100,400
BELLINGHAM

Optimum 79.1 153.4 197.1 212.9
• Copitel in~ ,ovemsnts 18,1 74.3 43.7 15.8

Population Seivud 1850 3,000 8,000 16,000
• FERNDALE

Optimum 2.0 2.7 6.7 13.3
Copied im~~~ emants 0.8 0.7 4.0 6.6

Population Served 2,850 4,000 6,000 12,000
• LYNDEN

Optinusm 2.0 2.9 4.9 9.7
Copied kopax~smente 1.3 0.9 2.0 4.8

Population Served 9,200 11300 13,500 15,600
SMALL AND RURAL

COMMUNITY SYSTEMS
Optimum 6.0 7.5 8.9 9.9
Copied impna..-.....ls 3.6 1.5 1.4 1.0

Popu~~~on Suwad - - - -
SELF-SUPPLIED INDUSTRY

OptImum 12.2 33.0 53.6 124.9
Cspled Impru~.......1s 0.4 20.8 20.6 71.3

Population Served 53,400 73.300 102,500 144,000
• TOTAL CAPITAL IMPROVEMENTS 24 98 72 100

Note: F igurse en roundsd.

population density can provide adequate revenue to Bellingham presently supplies 57 mgd to its
finance county or regional water systems. municipal and industrial consumers. This need is

Table 3.13 defines the plan and includes supply expected to reach 155 mgd by 2020. The present
and tranmussion, treatment , pumping, chemical, and Belllngham system, from the Middle Fork of the
annual income as projected by the Municipal and Nookiack River, is diverted to Lake Whatcom, which
lndustrial Water Supply and Water Quallty Control is used a s s  settling basin, then dellvered to the
Technical Committee. Table 2.12 Includes the storage customers. Treatment is supplied for municipal use
and distribution coats for the Basins. Table 2.10 only.
depicts supply and tranemisslon costs on a population The Selected Plan can_s for the city to develops
density basis, second municipal source on the Main Fork of the

The Alternative Basin Plan, Table 3.14, Was Nooksack River and provide additional treatment.
based upon the u of both surface and ground water The Industrial demand would be met by a river intake
sources, depending upon which source would be more on the main Item of the Noolcssck River above tidal
capable of misting the future needs adequately by $ Intrusion.
second surface source for replacing the existing The remainder of the Basins Is expected to
Middle Pork division, develop by 2020 approximately 160 n~ d from

Costs for the Alternative Plan are only $1.5 expansion of existing systems. Most of the water, 125
million greater than the Selected Basin Plan. This is n t d , will be used by the self-supplied Industries In
evidenced by the fact that the two basin plans are not the Basins. Table 3.12, Preumt and Fatujs Needs,
greatly dilferent for the city of B.flhi~~~ n. 

4
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TABLE 3-13. M & I Water Supply Us. Planning—Present ta ysar 2020 Selected Basin Plan Nookack-Sumas Basins
1967

OPTIMUM THOUSAND DOL~ AR5
CAPACITY MIORflZEO MAiNTENANCE

Y.~ A.vwi M G 0d CAPITAL COSTb AND OPEN . Totii
of Wit. U.. Supply C TiSM. I~oq, Pumpin Am~u*I

LMo Sou~ii D Iu,..t-.t Diii. MGD Supply Trs,..~. T~a.,in.. nit R.miil P.o. , Chin,. I n,on,i

NLLINGHAM
on DNsi90n it LMo W~~~~m 7,.,. MMII, Flit tiM 67 •i 97 e90 7.10.

Mo TuMopani 7MuiilcEpiiI
on ADO~ ii t v i  it ti hue II II 1,140 1,310 24

7910 on MMII, Flit N590o.h NI,., DI,uiIin Mo 1170 III ID 10 2,210 1,310 I .24S 45 e,713
Ssflhlui Pcii bill,. 1.. WilMuSin

‘DMnh.o Mo T,ssNmnI Miii, Noob~~~ NI,,,, 91 91 4,310

2000 on UMI , Font Nookuiii Ntist DhinlSiu 1910 141 II II 1,150 913 1.565 60 12,237

Iio.ni Mnt, rno.ow.,,Isn 30 30 3.570

2020 6W liii MMII. Flit Ns90Mo Nh.w 2010 156 II II 2,010 1,475 1.626 62 11,315

— — 274 274 •S.391 75.221
MLLINGIIAM 15LIC!1D PLAN TOTAL $21,911

P,,ni OW LiiNGuiiWiii~~~~’~~-~~ * LoIN I 1.2 13 6 777

1910 OW ADO~0.,AIICi,Snl lli O1nIat 1970 0.5 0,0 46

- ___

Do.Ionouut f iO7mat  1975 07 0.7 42 II II?

2110 OW Liii 0.iuii W~~t D0 ,iii 3
~~ 4.99i~~ 7650 4.0 40 240 27 117

2100 OW Liii 0.SiIIii W~~~ O...iIsp... ,..* S
~~~i91flhu1i it, t1i 2615 61 1.5 206 56 234

FINNOAI I ISLECTID Pl AN TOTAL 13.3 113 W25

LYNO II
GM meTMMoIM PIUII . NOINMo Nhii EMit 0.6 07 0.7 S 02 II?

ADO GMTIS91’itIIICMiiIW 1.1.14 1.5 1.5 195 112
2.2 3.2

ills GM Tnsso.uNCUMIIy 0lmSI 1975 1.1 ~7J 0.9 I ll 91 10 04 II?

me on onTmesniCwonuIv 2.llrqd IllS 2.3 2,0 2.0 210 150 19 0.7 II?

2100 GM on TII91o.IC91ISNV 4~~~~ 3115 4.9 4.5 41 624 360 42 I .e 23$

io 10 ~ ,I5S 1661
LYNceN ULICT1O PlAN TOTAL 57,161

NLP IWPUID INOUSTNY
u S C  GM—ow Liii ~~_M,_._ .I. U,*i.Nd. Molilid 5ulN 12 72 12 131 1,402

INS on-ow Liii C..~I91umM: NSf 21.0u14 1970 97 22 97 2)30 235 3.737

2610 GM—GM Liii C~~~ 
-. Nil 1301i 1960 53 114 114 1,990 567 *53*

me ~~~~~~~~~~~~~~~~~~ 171 1,311

LP-IUPPLIIO INOI*TNY ULECTID PLAN TOTAl. 141 41 54,370

suvm-6LAINU I OTNIN NUNAI. COMMUNU19I
OW Liii GM O~~1ISC~1* 3MM 2 2.4 2.4 75

iles ow Lo.i GW o~~ I~._.~~.t s,e 3.1 3.6 2,5 117
5.0 1.0

Ills ow I1uui90Liii~~~~~~ W61f 0~ iL~~m* IllS 2 1.5 I I  II 22 717

OW I,I~~~~lUii 0,.u.M Wlls~~~iS,.,GM 1191 6 1.4 1.4 99 31 117

as. GM t~~~~~ MoG GMl,C~~::~_~ . ..: ono 4 1.0 i.e SO 37 II?

C IJTI*N N$704L 001611%NTur LSCTIO n .m TOTAL 91 IS $910

NLseTSo emo PLAN TOTAL 5*5534

I51IN ~
-I_ I.

M .L.0_L me GM A,,sNS.wMesWp NiSM.MM~
•
I Nit idu~~ ~~ owiiw I96NuuiNits~~~~ Wi GM 91NNy ~~~~~~~ I,091m 14, MiVlli ...-.~ LiL- 5th II. a nt~$IM IlituuSui ~ sathIp it,o.ldi
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TABLE 3-14 N & I Water Supply Use Plennlng-Pisasut to year 2020 AItern.ta B sin Plan Nookssck-Sumes Basins
OPTIMUM 1157
CAPACI TY THOUSAND DOLLARS

AMORTI ZED MAINTENANCE
Pntj.cI.d M O O d 

- CAPITAL C b AND OPE N .
Yw Annuii Total

Plan UI Wit. U.. Supply & To.i. lion Pin,p.n A nnual
Liii Siwuci DawlouminI Oil. MOO Supply Tr amm. T,imm. nit RumiiaI Pow. Chum , h ints

5EI. LI NG HAM
Pm,nt SW Dol,i.Ott to Lnt. WhiMs., horn MiMI. F ont Ensu. 60 SI SI 640 7.002

Noot wt Rlsp’
- E .ou.u Wait. To.li,tsnl P u t

1110 SW Supud, ,,M T.anum4w,n~ 1913 15 15 2,340 7 ,950 24.4
Ilmpd aid Was,. and Tntaim, nl lIfted

1910 SW Suoni~~ Dim, Ru n., Non,, Font 7950 4 74 9,620 7 .248 41.5 9, 173
NiUks~~ R.v,.

2000 SW Sw~~ 0.., , A.wvoV- Noilt, Font 1Q15 749 44 44 5 720 983 1.ses sss 12,231
Naob,

~~ 
RI..,

ADO~ To Tilm,fll 3OmptI

2020 SW Stur ~~ Dan,, Rasum ow- Mont, Font 20*0 155 *6 16 2.080 7,478 7 .628 62.0 I 7 ,315
Nootulit RN,.

213 213 $19,760 $4 ,447

BELL ING 7I AM ALTERNATIV E PLAN TOTAL $24 ,201

FE R NOAL L
P.,.,.. ~~~ LOciG,oind Waiut Dilopto.nt list. I 1.2 1.2 6 I I?

ADO, 05.14 0.5 0_ S 48
2.0 20

I9~~ SW IRMM Sn4T,.IInWnIPIM 7970 I 30 3.0 390 200 II 0.4 II?
2.7.14, No,tMM R.,s,

2000 SW To.iwii aid CspiMoty 40.14 7990 3 4.0 4.0 $20 300 27 I I  117

2000 GM 
- 
Ties..,,,. aid Cspo.Itp 7.5.14 2010 6 7.0 7.0 520 300 31 2.2 734

160 16.0 $1 ,475 $500

F5RNOAL E ALT ERNAT IVE PLAN TOTAL $2 275

LYNO EN
P,iiptt GM Wit Tl.alii,t Plant Mo Intl (NootwIl RI Sit es I 07 07 6 02 II?

1110 OW LoonI Gild Wasp. Dai.J on..,.,t Mo 15.14 1970 1 3 3 150 II I I ?

me OW Liii 0.0usd WaSil D...J.,...,,. .t Mo 10 .n.~d 2000 2 $ 5 300 II ill

2100 OW Liii Oisusd Wisp. D...slpp......4 aid 2.5.14 2020 4 2 2 120 42 234

LYNO ENAL T ER NATIV E PLAN TOTAI. 1! II INS

RURAL COMM UNITIE S
(Ne Pill. AII,m,Iii $430

$ILF SIWPLIU INOI4TRY
IN. FsaCN Ahw.il $4,370

ALTIRNATIVE 5ASIN PLAN TOTAL $ 37 .559

• htMII i,....I__.. ‘1.

~ DSP, ti ills uspi~~ aid dippituti, u s  GM A.,.M,pi, it GMdy Mu ds spcIdn .
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shows the water required by the major consumers in Annual Amortized
the Basins to 2020 Bond Service Cost (X $1 ,000)

Available Selected Alternative

FINANCE Year (X$ l ,000) Plan Plan

Annua l income , as taken from Tab le 242 (the 1965 $1 ,850 $365 $272

income remains the same for the Selected and 1980 2,960 591 609

Alternative Plans), indicates the monies available to 2000 6,030 658 674

apply for bond service (approximately 20 percent of 2020 5,630 665 650

the total annual income). The following figures show Costs as indicated by the Eng ineering News

the amount of money available for bond service and Record Index are pre sently doubling every 15 years.
the capital expend itur e amortized for 30 years at 5% As the above figures depict , the Nooksack -Sumas
for the Selected and Alternative Plans: Basins will have adequate money to construct the

water facilities needed throug h 2020.
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SKAGIT-SAMISH BASINS
t INTRODUCTION

The Skagit-Samish Basins occupy some 3,184 the Basin ; and the Baker River dra ins the north-
square miles on the western slope of the Cascade central sector before joining the Skagit below Con-
Range in the northern part of the Puget Sound Area. crete. This river system drains an area of 3 ,105 square
The Basins lie between the Nooksack.Sumas Basins miles, about 400 square miles of which is in Canada
and Brit ish Columbia on the north and the Stilla- (see Figure 4-1). (The drainage area in Canada is not
guamish and Snohomish Basins on the south and included in this study). The Skagit (Photo 4-1) flows
extends easterly from Skagit Bay, Anacortes, and from its headwaters in Canada , then divides into two
Cypress Island to the summit of the Cascade Range branches about 8 miles before it empties into Puget
(see Figure 4-1). Sound at Skagit Bay.

Because of the abundance of natural resources Located in the rough upland terrain south of
in the Skagit&mish Basins, and its proximity to the Bellingliam, the Samish River drainage area comprises
densely population Seattle-Everett area , industrial 106 square miles. The Samish River and its main
and population growth is predicted to increase the tributary , Samish Creek , outlet of Samish Lake , form
water demands for the year 2020 by a factor of four the most important drainage system in this area . The
over present requirements. Although this demand will Samish River flows in a southwesterly direction from
not tax the water supply available from the Skagit its junction with Samish Creek across a broad glacial
River alone, it will require rational planning for plain from where it flows northwest to its outlet at
future development of water handling and treating Samish Bay near Edison.
facilities. This is particularly true in the Anacortes
vicinity . The major portion of industrial and popula-
tion growth is expected to occur there.

GEOGRAPHY

The Skagit.Samiah Basins offer extremes in __________________________
geography and topography. The eastern portion of
the Basins above Marbiemount is rugged, moun-
tainous, nearly wilderness territory that includes
Mount Logan and, on the northern perimeter, Mount - 

-
~~~~~

k Baiter which, with an elevation of 10,000 feet , is one
of the major peaks in the Puget Sound Area. More — Pb .~~~~

.

than 270 glaciers are located in this portion of the 
_____ 

‘.. . ~~~Basin. Between Marblemount and Sedro Woolley , the 
_ _ _ _ _ _  

-terrain remains somewhat mountainous,but is cut by 
___ - - - , 

i~
’ ~gbroad , deep valleys through which the major rivers ,, 

. 

. 

‘
~~

‘
~~~~~

flow. Below Sedro Woolley, the terrain changes to a 
_____ 

- . 
- .1 ’• .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _  

__
___ 

_ _ _Baker , Cascade, and Sauk Rivers, heed in glaciated ~~~~~~

Basin. The Skagit drains the northwestern, central , -

peaks on the northern and eastern perimeters of the ‘- _____

and western portions o( the Basin; the cascade drains PHOTO 4-1. The Skagit R iver. largest in the Puget
the east-central portion; the Sauk and its tributary Sound Ares, provides recreation, pow generation,
river, the Sulattle , drain the southeastern portion of and a vast water supply pOtential.

t 
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- V

F CLIMATE percent of the total land area. Forest land accounts
for nearly 70 percent of the total land area , and

Maritime air masses influence both precipita- cropland (Photos 4-2 and 4-3) and rangeland corn-
tion and temperature in the Skagit-Samish Basins to bined account for about 6 percent of the land area.
produce a mild , wet climate. Recorded mean annual Table 4-1 lists present land use in the Basins.
precipitation varies fr om about 109 inches at Mount 

-

Baker Lodge to 27 inches at Anaco rtes. Sedro
Woolley , nearly 20 miles farther inland than Ana 

-

_____

cortes , receives 46 inches; and Concrete , in the .~ ~~~,. 
-

mountain foothills, receives 62 inches. During the

remains until late spr ing or earl y summer. Average ‘ 
_______

winter , heavy snowfall occurs at higher elevations and ~~~ ~
recorded snowfall ranges from 530 inches at Mou nt 

______

Baker Lodge to 5.9 inches at Anacortes. About 75
percent of the annual precipitation falls during F 

_____

October thro ugh March . 
~~

uuu
~~4~~~ 

~~~~~

Mean annua l temperat ur es vary fr om 4.4°C —

(40°F) at Mount Baker Lodge to 11.1 °C (5 2°F) at
Concrete, and recorded temperature extremes range
from -11.7 °C (11°F) to 41.1 °C (106°F) at these PHOTO 4-2. Farmland s near Sedro Woolley present a
stations , respectivel y. The mean annual temperature 

~~ thwork pattern .
for the Basin is 10°C (50°F).

POPULATION

A 1967 estimate revealed that about 56,900
persons live in the Skagit-Samish Basins. About 8,750
live in Anacortes, largest city in the Basins, and about =
17 ,108 live in smaller towns such as Mount Vern on, 

__________ _________________

Burlington, and Sedro Woolley. Most of the 
~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~

remainder live in or about small rural communities
scattered throughout the central and western portions
of the Basins. ______________

ECONOMY

The economic base is diversified , made up of PHOTO 4-3. Cro pland. much of it irrigated , covers
about 5 percent of the land in the Basin.

agriculture, forest products , fisheries , food proces-
sing, manufacturing, and oil refining industries. The
tideflats and bottom lands support an agricultural TABLE 41 General land use
economy largely based on dairy products , vegetables, use Aøes

feed crops, and berrie s. Frozen food processing is big Foreel~~d 1.754,000
business. Most of the green peas, sweet corn , cauli-

~~opland 100,000
flower , broccoli, and carrots are shipped to local

Rangeland 20.000
processors in Moun t Vernon , Burlingto n, and ()~h. m d  (high barren) 20,000
LaConn er . Urban buildup 19,000

~~ft w~tir 101,396
Inland wate r 35,000

LAND USE

The Skagit.Samish Basins is lightly urbanized , Total ~ei~d and mniand weter 1.948.000

with urban developments accounting for less than I •Source: Appendbt lii , Hydrology.
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PRESENT STATUS
The Skagit-Samish basin is only lightly popu- WATER USE

lated and the population is well distributed about the Munici pal , industrial , and rural water use in the:1 : western portion of the basin. Because of this, and Skagit-Sarnish basin presently averages 27.9 mid
because of the availability of plentiful supplies of (43.5 cfs) . Of this amount , the municipal and rural
water , demands for water in the basin are presently component accounts for 5.1 mgd, or 18 percent of
well within the capabilities of sources developed to the total wat er use. Industrial water requiremen ts,
supply them. which make up the remainder , are more than twice as

great as the municipal and rural use . Table 4-2 shows
a breakdown of basin water use as of 1965.

TABLE #2. Water use (1965)

Estimated S~tf ace water usege (mad) Ground water us~~s (nid)
popul at ion Avsr~~e Maximum Maximu m Aver~~e Max imu m Mexlnsum

System served daily monthl y daily daily monthly daily

MUNICIPAL USE

Anaoortss 8,750 1.40 1.60 2.50
skagit County PUD No. 1 23,500 2.00 2.50 3.00 — — —
Northern State Ho* ital 1,680 — — .- 0.41 0.43 045
Dunington 1,400 — — — 0.16 0.30 0.45
Concrete 700 — — — 0.09 0.16 0.24

Lyman 430 0.02 0.03 0.04 — — —
Hami lton 209 — — — 0.04 0.04 0.06
Other rural community syiterne 2,100 0.05 0.10 0.14 0.14 021 0.31

Subtotal 40,23Cb 3.47 423 5.60 0.83 1.14 1.50

RURAL.INDIVIDUAL USE 15,270 0.09a 0.18 0.27 0.75 1.56 2.31

INDUSTRIAL USE
Munici pally supplied:

An~~~~~~
Pulp and p~,ur 5.50 6.00 6.10 — — —
Peuoleum and refIning 7.00 7.20 780 — — —
Chemical, 0.13 0.15 0.16 — — —
Navel Air Base lWhidbsy Island) 1.00 1.40 1.80 — — —
Food proceedng 0.34 0.39 0.48 — —

Skagit County PUD No. 1:
Food procsseing 4.00 6.00 6.80 — — —
Chemicals, metals, oIls 1.70 2.50 3.30 — — —
Other 0.55 0.74 0.85 — — —

Sellippptisd:
Food and kindred 1.68 2.20 2.80 — — —
Stone, clog. gi 027 0.30 0.40 — —
Subtota l 22.77 26.88 30.46 — — —
Total 55,500 26.33 31.29 36.41 1.68 2.70 3.81

‘S d  on assumed 56 gacd.
Is Uslknsted popuistlon served Is not the population of the Incorporated area of the city but is that population (sum of
permanent and seasonal) from Tel. 2-7 whIch determines the “average rstlng” for each beam . This papuletlon has been
Included In the nesest municipal system since the municipalIty i often the water supplier for the smeller adlolnine water
d~~~bution r~~~m.
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M unicipal Anacortes—The Anacortes municipal systemV A tota l of 40,230 munici pa l consumers in the se~ es an estima ted 10,000 municipal consumers and
Basins use an average of 4.3 mgd, I 5 percent of the numerous industries , including chemica l , metal , oil,
total basin water requirements , for a basin-wide per and pulp and paper industries , with an average of
capita use of 107 gpd. About 10 ,000 municipal 13.0 mgd. In addition , the Anacortes system provides
consumers in the Anacortes area use an average of 1 .4 an average of 1 .0 mgd to the Whidbey Island Naval
mgd for a daily per capita use of 140 gpd and abo ut ~~ ~~~ Mthou gi~ the total average amount of water
17,108 persons in the numerous small commun ities in supplied by this system is 15.0 mgd , maximum
the central portion of the Basins use 2.0 mgd for a demands can exceed 21 .0 mgd.
daily per capita use of 89 gpd . An additional 6,730 Anacorte s obta ins its water supply from two
municipal consumers , compr ising tho~e in Northern 

~~~~~ wells located in the vicinity of Avon on the
State Hospital and numerous small , scattered corn- east bank of the Skagit River north of Mount Vernon.
munities , use about 0.9 mgd for a per capita use of The Ranney wells are supp lied primarily by mfiltra-
134 mgd. tion (estimated 90 percent) from the Skagit River.

This supply is supp lemented during drier summer
months by pumping directly from the Skagit River

Industrial firms in the Basins use water at an into the Ranney wells. The water , after treatment , is
average rate of 22.77 mgd. The chief industrial users pumped throug h a trans mission line across the Swino-
are Scott Paper Company and the Shell and Texaco mish flats for about 12 miles to Anacortes. The
petroleum refineries , served by the Anacor tes system, combined capacity of the Ranney wells during low
which use a total of 14 mgd. The Scott Paper ri ver stages is 14.8 mgd (20.8 mgd at average river
Company uses 5.5 mgd in processing 138 tons of pulp stages), and the Skagit River pumping plant can
per day for an average of 40,000 gallons of water per supply 6 mgd. During peak use periods , the present
ton of pulp. The Shell and Texaco refineries , with a system , including storage , is barely able to meet
combined production of 118,000 barrels of gasoline demands.
and fuel oils per day, use a total of 7.0 mgd , a Unit Skagit County PUD No. 1—Skagit County PUD
use of 58 gallons of water per barrel of refined fuel. No. 1 provides about 23,500 persons and several

The remaining industries in the Basins , includ - industries with an average of about 8.9 mgd.
lug Whidbey Island Naval Air Station and chemical , However , the majo r industrial consumers , several
meta l, and food processing industries , show a corn- food processing plants, create a demand for water
bined usage of 8.8 mgd. during July and August that more than doubles

system average requirements.
Rural -Indiv idual Water for PUI) No. I is obtained principall y

About 15 ,270 rural-individual consumers use fro m five small streams in the Cultus Mountain
0.84 mgd, based on an estimated average per capita watershed. This watershed , lying on the western
consumption of 55 gpd. extremity of the Cascade Mountains about 9 miles

east of Mount Vernon , is under private and State
WATER SUPPLI ES ownership , and is not managed by the district. Water

is diverted from the streams and conveyed through 26
Surface water provides 94 percent (26.3 mgd) miles of pipeline to Judy Reservoir , which has a

of the average daily municipal , industrial , and rural- storage capacity of 3 ,050 acre-feet. Present capacity
individual water requ ir ements in the Basins. Ground of the suppl y lines to the reservoir is estimated to be
water furnishes the remaIning 6 percent (1.6 mgd). 8 mgd. The watershed contributing to the reservoir

has a drainage area of 13.7 square miles and an
Mun icipal average annual runoff of 40,000 acre -feet.

The two major systems, Anacortes and the Transmission line capacity from the reservoir to
Skagit County PUD No. 1 , rely primarily on surface the PUD distribu tion system is 12.5 mgd. A Ranney
water for their source of supply. Most of the well with a capacity of 4 mgd located in north Mount
remaining systems, which are small publ ic or rural- Vernon and a conventional well in Sedro Woolley
individual , use ground water, with a capacity of 1 mgd, provides secondary sources

44 
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of supply . In addition , 2-mgd pumping and water WATER RIGHTS
treatment plant located in Mount Vernon utilizes the
Skagit River to satisfy peak demand and as a standby The city of Anacortes has water rights for
service if other sources fail . Peak day capacity of all 135.0 cfs (87 mgd) on the Skagit River , 4 cfs (2.6
sources is 193 mgd. Three small wells (combined mgd) from Lake Erie, and 1,000 acre-feet per year
capacity 80 gpm) serve the area on Fidalgo Island. (0.9 mgd) from Lake Campbell. Skagit County PUD

The quality of the PUD’s water supply is No. 1 has two water right applications on Day Creek
acceptable for drinking water , although the color of to divert a total of 62 cfs (40 nigd), an application on
the Cultus Mountain water sometimes exceeds desir- the East Fork of Nookachamps Creek for 15.2 cfs
able levels. The only treatment the supply receives is (9.7 mgd), and nine applications on various creeks in
disinfection , the Cultus Mountain watershed for a total of 534 cfs

(34.4 mgd).
Industrial Surface and ground water rights applications,

Virtually all industries obtain their water permits , and certificates for municipal, industrial, and
supply from either the Anacortes municipal system or domestic water supply and irrigation purposes in the
Skagit County PUD No. 1 , though two sand and Skagit Basin are summarized as of December 1 , 1965 ,
gravel operations and two ready-mix concrete plants in Table 4-3.
supply their own water needs, diverting an aver age of
0.28 mgd from surface sources. TABLE 43. Municipal and industrial water rights

The Anacortes municipal system supplies an m di-
average of 14.0 mgd and Skagit County PUD No. 1 vldu& I ndu.-

supplies an aver age of 6.85 mgd to various industrial ~~~~~~ . ~~~~~~

users in the Basins. MimI- munity corn’
cipil domes- mercial

Type (irgd) tlc (mgd) (nigd)
• Rural-Indiv idual

An estimated 15 ,270 persons obtain water from Sudace water 104.3 36.6 19.1
about 4,610 individual systems, of which about 90 Ground water 244
percent are supplied by ground water. Totel 128.7 48.6 24.5

a
~~~~U~ 24 322 mgd in additlonaP appropriative rIghts

have been granted for other consumptive uses In

the bedn.

WATER RESOURCES
• Adequate water resources exist in the Skagit off than any other basin . The aver age annual dis-

Samish Basins for all predictable requirements to the charge of the Skagit River into Skagit Bay was about
year 2020. Surface water alone will provide many 11.8 million acre-feet during the period from 1931
times the demand, even under the worst expected through 1960.
drought conditions. The average discharge of the Skagit River ranges

from 4,418 cfs (1931.1960) at Newhalem to 16,250
SURFACE WATE R cfs (1931-1960) at Mount Vernon . The maximum

recorded discharge at Mount Vernon was 144,000 cfs
Surface water resources are more than adequate (February 11, 1951) and .he minimum was 2,740 cfs

to provide a plentiful supply of water to the Basins, (October 26, 1942). The average annual runoff of the
-
, - even under the most adverse conditions. In addition, S.mish River Is about 193,000 acre-feet.

because of the isolation of the Basin watersheds, Numerous glaciers In the Basin regulate stream-
contamination Is unlikelY to occur. flows by practically eliminating extreme lowflows

during dry summer months. At higher altitudes, the

~~i stfty AvaiI~~Is minimum runoff occurs in February or March, but at
ars.ma—The Skagit Basin produces more run- lower elevations the minimum flow in tributary

4-5
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str eams normally occurs in September. Str eamflow Qua lity
usually begins to increase in September or October Water quality data have been obtained by the
from the summer base flow of approx imately 9,000 U.S. Geological Survey and the Washington Water
cfs. From October to March the stre amfiow is Pollut ion Control Commission for the Skagit River at
characterized by a series of sharp rises superimposed Mar blemount and Mount Vern on , for the Baker River
on an increasing base flow, which is highest in at Concrete , for the Sauk River near Dar rington , and
December. As temperatures begin to rise in April , for the Samish River near Burlington. The period of
snowmelt causes an increase in streamfiow , which record for these stations is shown in Table 4-5 .
usually reaches an average discharge of 25,000 cfs at Physical—Stream temperatures of rivers in the
Concrete by the middle of June . Skagit-Samish Basins are moderately low. The highest

A Iowflow frequency analysis has been made recorded temperature was 19.0°C (66.2°F), taken in
for 25 stations within the Skagit-Samish Basins by the the Samish River near Burlington. This river , because
US. Geological Survey. The 7.day and 30-day low- of its location and source , has an average temperature
flows for recurrence intervals of 5 , 10, and 20 years somewhat higher than that of other rivers in the
for five selected stations in the Basins are shown in Basins. Other maximum recorded temperatures are :
Table 4-4. 17.8°C (64°F) for the Skagit River at Mount

Vernon , 15.2°C (59.4°F) for the Skagit at Marble-
TABL E 4-4. Low-flow frequency. mount (farther upstream) , 13.0°C (55.4°F) for the

— 
Sauk River near Darrington , and 16.7°C (62.1°F) for

Recur’ 7~day 30.day the Baker River at Concrete .
~~ Sedimentary material transported by the

Discherge station (years) (cfs) (eta) various rivers varies greatly in volume between norma l
flow periods of high runoff. An analysis of data

nri~It R iVS~ at 5 1,400.0 2.000 obtained in 1965 and 1966 indicates that the Skagit
Ns,~hs4.m 10 1,200.0 1,600 River can be expected to transport a sediment load of

20 1.100.O 1,300 10 million tons during a year of normal streamfiow.
F . 

Sliagit River n..r Concrete 5 5,300.0 6.300 When the river discharge is about 70,000 cfs, a daily
-
‘ 

10 4,700.0 5,500 sediment load of about 640,000 tons can be
20 4 200.0 4,900 expected. Observed concentrations of suspended sedi’

Sauk River near Sauk ~ ,C1~ ~~ ~~2O ments in the Skagit River near Mount Vernon ranged
10 ~~~~~~~~ ~~~ from 19 to 654 mg/I during 1965 to 1966.
20 730 0 900 The Sanush River , heading in low mountains

south of Bellingham, may transp ort a total sediment
Sliagit R iver near 5 5,800.0 6.700 load of 10,000 tons during a year of normal

Mount Vernon 

~~ ~ 
streamflow. When the flow of the Samish River near
Burlington is 5,000 cfs, a daily sediment load of

S~ nieh River fleer 5 21.5 24 about 4,000 tons can be expected. Observed concen-
BurlIngton 10 19.5 21 trat ions of suspended sediment ranged from 6 to 60

20 17.8 !! ppm during 1965 and 1966.
The Skagit River becomes more turbid between

Lakes, Dims and Impoundments—Impound- Marb lemount and Mount Vernon because of changes
ments in the Basins cover 405 square miles only ; 9.1 in land use. Turbidity in the lower Samish River is
square miles of which are natural , the remaining ares comparab le to that of the lower Skagit River.
represents reservoirs used for power generatio n . The Chemical-The chemical quality of surface
largest of the impoundments, Rose Like on the waters in the Skagit.Samih Basins is generally excel-
Upper Skagit River, has s total storage of 1 ,434,000 lent. Dissolved solids content range from 18 to 44

• acre-feet. Two other impoundments on the Skaglt mg/I and values of hardness range from 12 to 30 mg/I
River, Diablo Reservoir and Gorge Reservoir have in the Skagit River at Marbiemount. The amount of
total capacity of 89,000 and 8,500 acre-feet , reupec- dissolved mineral in the Skagit Rivet water increases

• thely. Baker Lake (298,000 acre-feet) and Lake only slightly downstream. \ear Moun t Vernon , the
Shannon (159,000 acre eet) at. both located on the dissolved solids content ranges from 0 to 52 mg/I and
Baker River. hardness values range from 13 to 32 mg/I. Water in

4~ ,. 
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.• the Samish River has only a slightly greater mineral with increased population density . At Mount Vernon ,
content than water in the Skagit River . Maximum coliform densities range from a low of 0 MPN to a
dissolved solids content and values of hardness maximum 24,000 MPN. The normal MW values for
recorded for this river are 71 and 44 mg/I, teepee- this station range from about 91 to 4,600. Bacterio-
tively (see Table 4.5). logical counts from the Sauk and Baker Rivers

The Skagit River and its major tributaries are indicate that water from these rivers is usually higher
relatively fast-mobing water courses. Dissolved quality than that from the Skagit River. The maxi.
oxygen (DO) concentrations throughout the length of mum recorded MPN values obtained on the Sauk
the Skagit River are near seturation. At Mount River and Baker River are 2,400 and 930 coliforms
Vernon, on the lower Skagit River, DO concentra- per 100 ml, respectively. The MPN values obtained
tions range from a recorded low of9.3 mg/l to a high for the Samish Rivet near Burlington indicatearange

‘
I of 13.7 mg/I. The lowest DO concentrations recorded of 0 to 11,000 coliforms per 100 ml.

on the Sank and Baker Rivers were 10.2 and 9.7 mg/I,
t respectively, indicating slightly higher concentrations GROUND WATER

in these faster moving tributaries. Dissolved oxygen
concentrations in the Samish River north of Burling- Ground water in the Basins is a plentiful
ton and Sedro Woolley range from 7.0 to 13.0 mg/I. commodity in most basin areas, and is sufficient to

t 

Bacteriological—The bacteriological quality of supply users now drawing from that source (mostly
the Skagit River is satisfactory, but indicates a general ruzal-indivjduaJs). However, quality of the ground
trend of decreasing quality downstream from Marble- water is variable, and in some areas is marginal for
mount. The most probable number of coliform domestic or industrial use. Also, shallow ground
organisms per 100 ml (MPN) ranges from a low of 0 water in highly urbanized areas is subject to contami-
to a high of 230 at Marblemount , but is generally less nation because of the influence of the surface.
than 50 per 100 ml. This very low average is typical

• ~ stream draining remote mountain areas. High Quantity Available
MP1’i values occur downstream from Marblemount as Ground water occurs at shallow depths over
a result of domestic and livestock wastes associated most of the Skagit River delta area. Fairly large

4-5k Surface water qual ity.
ma/I m~~i NW.,’si

~ ~I’ I ~ 
g 

~ ~ I ~
j  

TABLE

lb I i  iki ~ ~iiSKAGIT RIVER AT MANSLEMOUNT JULY 1959 THROUGH 1966
wU.. ’.., I I .~~ 44 10.0 1.4 12 00 38 0 1.2 DI 02 II 28 800 — so 077 .04 I.e 5 5 11.1 13.3 131 20 7 220

— 30 7.1 00 00 00 28 0 37 0.1 0.1 03 II 0.01 — 1.1 007 001 — -. — 1.3 11.7 IN 22 I 40
Mj.Wn,..’,, 4.120 IS 4.0 0_I 05 02 II 0 22 00 0.0 0.0 30 010 — 3.0 001 000 U 0 0 3.8 1.7 N 2 0 0

3 8 3 8  3 8 3 8 3 8 3 8 3 8 2 33 5 3 8 3 8 3 8 3 8  2 0 — 2 0 2 3 1 1  3 8 3 8 1 5 20 17 3 7 2 0 3 8  31
• 

~~, SAUK RIVER ABOVE WHITECHUCK RIVER NEAR DARRINGTON JULY 1969 THROUGH 1901
— 28 70 1.7 3.1- 5.5 20 5 10 0 03 00 N 014 — liD 0.20 014 7.1 75 28 115 13.7 114 70 7 7~~~— 20 5.1 IS 1.3 0,5 30 0 3.7 0.7 0.1 02 44 040 -. SO 000 0.01 — — -. 7.4 11_S 101 Il 0 l$3

~~4u.’u~ 201 IS 30 02 07 0.3 13 0 0,5 00 00 0.0 38 000 — 1.2 00* 000 1.7 e 0 2.1 ISO SI II e 0
17 i2 II 17 ~7 17 *7 4 Ii 17 17 *7 I? I? — I? 17 2 II II II *7 Ii I) Ii *7 Il

BAKER RIVER AT CONCRETE NOVEMBER THROUGH AUGUST 1965
~~~~~~ 5.770 N ILl 10 3.4 10 37 0 51 10 0.1 0.5 II 003 — 1.4 0.11 0.00 7.5 IS 28 15.7 11$ III 38 I ‘20• — 37 0.7 I_S I_S U II 0 72 0.5 01 0.3 83 0.01 — 8.5 0.21 0.02 — — — 04 11.3 101 21 4 73
M~44.’u, 338 24 4,1 05 1.1 0.3 1 1 0 8 _ S  02 0.0 0 . 1 3 8 0 0 0  — 4.7 000 040 U 0 0 4 0 00 10 14 I 0

1 2 1 8  1 1 1 8 1 8 1 1 1 8 1 8 1 5  II II IS IS I l — I l l  I I I — — IS I~ IS IS~~~
5$CAGIT RIVER NEAR MOUNT VERNON JULY ~969 TO PAESEN4

8~~i~~~ N, N 28.5 2.3 20 I_S 20 0 05 1.5 0.3 1.1 75 001 -. 5.0 714 5.28 Si 20 ~~~ 17$ 117 Iii 30 7 3S~~~— 38 70 1.2 12 0.5 20 0 4.2 04 0.1 04 83 002 — 04 030 0.50 — — -. 5.3 *1.3 IN 22 I 1005
NW,.IM, 0.205 0 4 0 0 . 307 40 11 o 2 0 00 00 00 31 000 — 4.2 o.0’ 000 t3 0 0 4 . 0 5.3 10 1 3 0 0

N M M  1 8 1 8 3 8 1 8 M M  M M  7 3 — 1 8 7 3 1 1 1 8 0 4* 1 7 1 8 5 3 1 8 1 8  ~a7
5AMII$ RIVER NEAR BURL INGTON JULY 1960 TO PRESENT

• ~~~~~~~ .‘. 758 71 2.0 4.3 4.3 tO 82 0 3.1 40 0.1 4.7 $01 014 — 12.0 1.10 0,14 7 , 1 2 8 3 8  *1.0 13.0 INlU 5 11000
— 40 7.4 2.2 20 0.7 30 0 40 3.2 DI 22 71 0.03 .- 7.1 0.40 0.01 — — — 5.7 10_S 57 17 3 1008

4 MkS,.’u,. 37 34 4,1 1.1 1.7 02 Is 0 30 07 0.0 07 II 000 — 4.5 007 0,15 Ii 5 0 30 3.0 82 I? 0 0
31 31 3 0 3 8 * 2 0 2 0 2 2 2 0 2 8 3 8 2 8 3 0  3 3 — 3 8 2 0 1 1 2 8 * 11 3 0 3 0 3 8 * 3 8  a
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pumping yields of up to 600 gpm have been Samish Basins is variable . Water from some shallow
developed from the major sand and gravel aquifers, wells is of poor quality and requ ires chemical
which, however , may not be present everywhere in treatment to remove objectionable iron and organic
the delta , compounds before it can be used for domestic or

Recharge to the aquifers in the delta area comes many industrial purposes. In addition, ground water
primarily from local prec ipitation. However , in the becomes increasingly saline towards the bay areas,
upper areas of the Skagit Valley, where the alluvium and in some places along shorelines, fresh ground
is more coarse than the fine-grained alluvium of the water cannot be obta ined. However , salt water has
lower delta , recharge may come directly from the not significantly encroached on most ground water
Skagit River. Aquifers in the lowlands are conserva- sources. Quality data for water taken from wells in
tively estimated to receive about 50,000 acre-feet of the western section of the Basins is shown in Table
recharge annually. 4-6.

Most ground water is discharged into the Skagit Ground waters generally may be classed as soft
and Samish Rivers and their tributaries , but consider- to slightly hard. The hardness of water from wells
able amounts are lost to the atmosphere through listed in Table 4-6 averaged 112 mg/I, although water
evaporation and transpiration in the low-lying delta from one well revealed a hardness of 320 mg/I.
areas , where the water table ía at or very near the land High concentrat ions of iron in the ground water
surface. is a common problem in the Skagit-Samish Basins,

Samish Island is a water -short area , Most of the although data in Table 4.6 do not indicate it. Iron
local precipitation runs off because of a thick cover concentrations in ground water in the vicinity of the
of relatively impermeable glacial till . Some wate r does Skagit River are usually higher than those in the rest
percolate, however , through breaks or permeable of the Basin . Iron removal facilities have been
zones in the till and recharges the few aquifers that included as part of the Anacortes water supply , which
exist on the Island . These water strata have been obtains ground water from two Ranney wells on the
tapped by several wells and supply sufficient water north bank of the Skagit River near Mount Vernon.
for present domestic use. The chemical and bacteriological qualities of water

from these Ranney wells generally meet recom-
Quality mended quality standards for drinking water , and are

The quality of ground water in the Skagit- of adequate quality for continued use.

TABLE 4-6. Ground water quality

L i . ’  
_ ~~~I 1hh I kk I~~~i!~I J

~~~~O.nIc,, 3313.0111 112 11171/49   0.00    — 355 0 20.0 34.0 0.2 $1.0   320 705 —
H, A. G.t~j th 33/4.3301 — 11/21/40   0.03    — 128 0 2.0 0.0 0.2 0.0   94 233 —
N. FculM 34/43p1 37 11121140 — — 0.03 — — — — 50 0 9.0 13.0 0.2 20.0 — .- 14 237 —

U.C. Twlsy 34/4.1531 128 11/21140 — — 0.02 — — — — 602 45 12.0 750 00 02 — — 32 1.380 —

U. C. H.J...,,.... 34/O Wl IN 1*121/40 — -. 0.03 — — — — 104 0 14.0 22.0 0.2 00 — — ISO ~~ —

L.N.NouN, 3I13.IIRI *97 11121/45 — — 0.03 — — — — 322 0 16.0 215.0 0.3 1.1 — — *42 1.110 —

~~Nr ~sf$wl,5. Is0,. 38/4W 40 13117110 50 50 31.00 50 9.0 37.0 3.1 *44 0 0.6 29.0 03 02 0.05 230 02 315 0.3
1/15/SO 52 *31 0 10 208 5.2

5t.Ne4~~~~H,~~u. 35/5.501 731 13117/IS 53 30 0.44 33,0 11.0 23.0 3.2 142 0 0.7 27.0 0.2 0.0 036 ISI 101 3*5 7.7
(SW. 0 I/lI/SO 51 145 0 104 10

28480 C.. SliD NO I 35l5.~~~ 1 SO 4/11/12 — 43 0.02 *4.0 0.3 00 3.1 75 0 10.0 7.3 0.1 5.2 — Ill N *78 70

• Loc.tlon cods 1. the Isg.I dsserlptlon of the site of the well or. In soms oNus. sprlnQ.
For example. 27/2-26N2 lndlc_~ .. 1u.Wld*l,, 27. rang. 2 eoN (rings we~ would be
kisikasad by 2W), .ctlon 25. 4Oicre plot N, and the second well (2) In thet plot(a letter $ oftur the numarsi would Indleoto a ~irt ng).

alter *iporitlon at iacP c (36~°F).
0ldlwumliosat Z°C (770F).

Sourco: GROUND WATE R IN WASHINGTON. ITS CHEMICAL AND PHYSICAL QUALITY ,Wslur ~ apply SulIstin No. 24. Wadllngton Stut. 0a5..rb..s.4 of Conwevitlon.
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PRESENT AND FUTURE NEEDS

Future water requirements in the Basins will be 125 -

determined primarily by the rate of growth of
population, industry , and agriculture. Extensive
surveys indicate that a substantial steady growth of 100 -
these factors can be expected for the next 50 years.
Details of this growth, projected at intervals to the
year 2020, are presented in appropriate table s and ‘ 

~ -charts in the following sections. z
Basic water supplies pose no problem for the ~

has a normal volume flow of 16,250 cli (10,500
Basins though the year 2020. The Skagit River alone ~ -

ingd), and the worst expected drought over a 20-year
period would reduce this flow to not less than 4,600 

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

cfs (2,967 mgd). The projected water needs for the
entire Basins (116 mgd) are thus protected by a
factor of 25 to 1. Further, the presently.owned water

C I _i
rights on the Skagit (290 mgd) are more than twice 1900 2000 2020
the total projected requirements for 2020. Most low YEAR
population density rural regions that are beyond the

FIGURE 4-2. Projected population growth.service area of the major water supply systems have
adequate ground and surface water supplies for the
year 2020.

PROJECTED POPULATION
GROWT H

The projected population in the Skagit.Samlsh
Basins for the years 1965 through 2020 Ii shown
graphically on Figure 4-2. This projection indicates
that the 1965 population of the Basins (56,900) will
increase approxImately 16 percent (64,200 persons)
by 1980, 56 percent (86,500 persons) by the year
2000, and 113 percent (118,000 persons) by 2020.
The majority of the expected increase In population
is expected to occur in and around the urban
Anicortes area, In keeping with expected industrial
expansion in that area.

PROJECTED INDUSTR IAL YEAR

GROWTH FIGURE 4.3. RelatIve production growth for malor
water-using Industries,

Production of the major wat.r.uslng industries
In the Ska.M.8.mlh Basins Is expected to increase
apprcunat.ly 270 percent between 1980 and 2020 more than 94 percent of the total value added by
In Isema of dollar value to the Basins. As shown on major water-using industries. The pu~ and paper
Figure 4-3, the chemicals, petroleum , and food Industry Is projected to increase moderatley through
Industries are expected to remain the major industrIal 1980, and then to decline slightly through 2020.
forces In the Basins, and by 2020 should account for Total timber harvest should remain at about the

L 
_ _ _ _ _  
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present level, but usage will shift from lumber 50 -
production to manufacture of pulp and plywood. By
2020, the pulp and paper industry will account for ~lees than 3 percent of the total value added by major ~~ 125 —

water-using industries in the Basins. W

The majority of growth in the chemical and
petro leum and pul p and paper industries is expected ~~ 100 -

to take place in and around Ana cortes. Growth of the <
food processing industry , on the other hand, is

areas of Mount Vernon , Burlington , and Sedro >.
expected to concent r~te lamely in the more rural ~ ~

Woolley.

PROJECTED WATER

trial growth, it is anticipated that , by the year 2020,

REQUI R EMENTS

Based on projections of population and indus-

basin water requ irements will reach approximately 0 I I
117 million gallons per day, an increase of more than 1965 1980 2000 2020

YEAR
300 percent over present requirements. Figure 4.4
illustrates pr ojected water needs in the two major FIGURE 44. Location of projected water supply
service areas and in the Basins as a whole. Table s 4-7 ,
4.8, and 4-9 itemize projecte d water uses in 1980 ,
2000, and 2020, respectively . Table 4-10 summarizes year 2020 are forecast to require 81 percent of the
water use from the present through 2020. total basin water needs. The present industrial water

needs of 23 mgd are expected to increase 70 percent
Municipal by 1980 and nea rly 300% to 91 mgd by 2020.

Municipal water requirements , prese ntly 4.3 I ndustrial requirements are expected to be greatest in
mgd, are forecast to reach 9.2 mgd by 1980 , 14.5 the Anacortes area , in keeping with projected growth
mgd by 2000, and 23.2 mgd by 2020. By the year trends. The paper manufacturin g and re fining indus-
2020, municipal needs will account for approxi- trie s in the Anacortes area are forecast to require
mately 15 percent of total basin water requ irements. about 55 percent of total basin needs.
Per capita usage is expected to increase from the

• present level of 107 gpd to 191 gpd by 1980, 209 gpd Rural-Individual
by 2000, and 231 gpd by 2020. Rural-individuaL requiremen ts are forecast to

reach only about 2 mgd by 2020 , an increase over
Industrial present requirem ents of 120 percent , but a decrease

Industrial consumers are expected to continue from 6 percent to lees than 2 percent of total basin
to be the major water users in the Basins , and by th requirements.

L - .  -
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TABLE 4-7. Projected wat.r u ~1960)

EstImstud Surface ~~tsr us~~ (.v~ d) Ground v.tur uu~~ (ned)
population Aver~~s Max imum Awr~~ ~~~~lmum

- 
-~ Syd.m rvsd daily monthly dilly monthly

MUNICIPAL USE

Anucortas 13.000 25 3.5 — —

Skagft County PUD No. 1
(Mount Vsrnon, Burlington ,
Ssdro Woolley) 30,000 5.7 8.0 — —

Ou’rlngton , Concrete, Lymun ,
.mllton , end rural

tv aveten 5,200 0.2 0.2 0.8 11

I Subtotal 48,200 8.4 11.8 0.5 1.1

RURAL -INOIV IDUAL USE 16,000 — — 1.1 1.5

INDUSTRIAL USE

Municipally supp lied:
An.ooflus

P~~er end allied — 11 .4 l2.S~ —

Psirolsum — 12,8 12 .8 — —Chemicals — 0.3 0.3 — —Food end kindrsd — 0.5 0i~ — —
-~~~ Naval Air Bau.

(Whidhey lslaid) — 1.5 2D — —Skaglt County PUD No. 1
Food end kindred — 6.9 104b — —

Metals — 2.5 3.8 — —

Ss~4upplied:
Food end kindred — 2.6 37b — —Stone, ~(ey, g1 — 0.5 0.6 —

Subtotal — 38.9 48.9 — —
Total 64 200 47.3 58.7 1.9 2.6

on nimed 70 od end 100 percent of rur al population to he served by ound neter.

biW per~i,•,,t of ~ urs .

01IOpen,e~4of srsr~~.

1 
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TABLE 4-8. Projected water use (2000)
Esilmeted Surface water uu~~s (nçd) Ground water u g e  (mw )
population Avsc~~e Max imum Averags Mexlmum

System served dully monthly daily monthly

MUNICIPAL USE

Anacortes 20,000 4.2 5.9 — —
SIcagit County PUD No . 1

(Mount Vernon, Burlington .
Sedro WoolIsy) 40,000 8.4 11.8 -- —

Dwlngton , Concrete. Lyman ,
Hamilton and rural

-: community systems 9,200 04 06 1.5 2.1

Subtotal 69 200 13.0 18.3 1.5 2 1

RURAL-INDIVIDUAL USE 17,300 — — 16a 2.2

• INDUSTRIAL USE

Municipally supplIed :
Anecortee
Papsr end allied — 11.4 125C — —Petroleum — 225 225 — —

Chemical. — 0.7 0.7 — —
Food and kindred — — —

Navel Air Bass
(Whidb.y Island) — 2.0 2 .5 — —

SIcagit County PUD No. 1
Food and kindred — 13.8 207b — —

• Metals — 3.5 5.2 — —
Self 4upplled :

Food and kindred — 5.0 75b — —
Stone, clay, glass — 1.0 1.2 — —

Subtotal — 00.9 - 74.3 — —
• Total 86,600 73.9 92.6 3.1 4.3

Bassd on 90 gscd and 100 percent of rural population Isived by ground water.

bl90~~~~ ,d Of __p

C110 ~~~~~~~ of average

I
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TABLE 4-9. Projected water use (2020)
Estimated Surface water u~~ s (ned ) Ground water usege ( mgd)
population Average - Maximum Average Maximum

System rved daIly monthly daily month ly

MUNICIPAL USE

Anscortes 30,000 6.9 9.7 — —

SIcagit County PUD No.1
(Mount Vernon, Burlington .
SSdrO WOOIISY) 56,000 12.7 17.8 — —

D.rkigton, Concrete, Lymen ,
HamIlton , and ru ral
community systems 15,500 1.0 1.4 2.6 3.6

Subtotal 100500 20.6 28.9 2.6 3.6

RURAL4NDIVIDUAL USE 17,700 — — 2.0 2.8

INDUSTRIAL USE

Municipally supplied:
Anaconse
Psplr and allied — 4.2 — —
Pstroleum — 40.0 40.0 — —
Cheodnels — 1.4 1.4 — —

Food end kindred — 1.9 2,8
b 

— —

Navel Air Bass
(Whdbey Island) — 2.6 3.0 — —

acaglt County PUD No. 1
J Food and k indred — 26.3 38.11’ — —

Metals — 4.5 6.8 — —
Ss~iupplied

Food and kindred — 9.2 13,5
b 

— —

Ston.,dsy,gl - 22 2.5 - -

Subtotal — 91.2 113.0 — . -

4 Total 118,20(8 111.8 141.9 4.6 6.4

aBased on 110 geod and 90 percent of rural population served by ground water.

average.

0110 percent of average.
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__ 
NISQUALLY -DESCHUTIS BASINS

INTRODUCTION
The Nlsquafly-D.schutes Basins, FIgure 9-1, through March. There Is very little variation in tern-

• bounded by the Cascade Mountain Range on the east, perature In the lowland area. Daytime temperatures
by the Puyallup basin on the north, and by Puget during the winter are usually 4.5°C to 10.0°C (40°
Sound on the west, is the southernmost of the Puget to 50°F) with nighttime temperatures in the range of
Sound Area basins. It encompasses s laM area of 30-40°F. MaxImum temperatures are between 21° C
1,044 square miles, primarily Mt Thurston County, (70°F) and 26.8’C (80°F) during the summer.

-
~~~~ and includes Olympia, the State Capit ol, and the

southwest portion of the Fort Lewis military reserve- POPULATION
tion.

An estImated 68,933 persons (1965) live as the
GEOGRAPHY Nlsqually.De.chutes Basins. Olympia, with a 1967

population of 20,830, in the State Capitol and county
The outstanding physical feature of the scat of Thurston County. Lacey and Tumwater are

Nisqually-Deschutes Basins Is a broad glacial plain adjacent communities with populations of 7,650 and
occupying the western portion of the basin. ThIs 4,450, respectively. Smaller towns such as Yelm,
plain comprises flatlands from 200 to 500 feet In Eatcovllle, and Rainier in the nearby farming areas
elevation that include Chambers, Ruth, Smith, and have populations of fewer than 900 persona each. The
Yelm Prairies. Low places In these prairies contain remainder of the population resides on military

• some rather large lakes, notably Chambers, Offut , reservations, primarily Fort Lewis.
Hicks, Long. Patterson, and Lescrence lices. The
eastern portico of the basin includes the foothills and ECONOMY
southwestern slope of Mount Rainier, waterthed for
the two major basin streams, the Nlequafly and Forest products are the mainstay of basin
Desthutes Rivers, economy. However, metal craft, can manufacturing,

The Nisqually River, fed by glaciers on the boat building, cold storage, and meat packing are of
south side of Mount Rainier, flows northwest for over marked importance today and give the area a diver-
80 itlles before entering Puget Sound at Nisqually tilled commercial baa.. The Olympia Brewing Corn-
Flats, 10 miles northeast of Olympia. The Dsschsstes psny, located In the adjacent town of Tumwater , also
River heads In the hills east of Y.bn and flows has a favorab le Impact on Basin economy.

~~~~~~~~~~~~~ westerly acro 35 mIles of benthiande and prairies to Government, hows~ur, remains th. hiding
empty Into Budd Inlet, the southernmost arm of employer in Thurston County, accounting for shmd

• Puget Sound. 36 percent of total employment Mi 1963. Between
1950 and 1960, govewneet employment In Thuiston
County increased by 466 percent. The manulictur-

CLIMATE Ing sector also plays a leading role, but Increases-in
employment have been gradual, 2.7 percent Mi the

Basin climate is thazaclezined by moderate 1950 to 1960 decade aid 3.10 percent In lb. 1954 to
summers and wet , mid winters, with lower 1964 decade.
temperat ur e and higher precipitation patterns The Putt of Olympia, ccnçelthig over fl acres
acceded li the mountainous sector to the east Total wounding Dodd Ildet, is mp4psd to handle cargo

-; precIpItatIon anges from 38 Indies w’~~~y li the from both ocean siasek and local water freigit. It
lowlaide to 120 inches Mt the mountains. Of this din seiws as an export log receiving. hand ling, and
precIpitation, only chant 6 ;:, .. falls dazing the sifting site for the local hinthesing industry. India.-
~~~~~~~~~ months of Jun., July, and Aupat, while trW plants occupy approximately half of the port
appro~~.~lsIy 80 percent falls daring October pioporty.
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Livestock raising, located mostly in the central stock industry, occupies the second largest land area
and western portions c( the basin, Is the most of approxImately 6 percent. Urban areas comprise
common and valuable farm industry, though dairying, less than 3 percent of total basin land area. Land use
berry growing, and poultry raising also play an Impor- In the area is summarized In table 9-1.
tant part in the economy of the basin.

Fort Lewis contributes to the basin employ- TABLE 9-1. General land use.
ment and economy.

Acru

Forut~nd SOt000

LAND USE 
____R~~~&.iid 43.000

Land use In the basin ranges from intense ran- •
~~~~ (~~ ~~~~ 20000

-
~ dential and Industrial areas on the southern shores of ~~~~~~~ ~~~~~~~~~ 

19,000
Puget Sound, through dairying and farming on the ~~~
prairies, to heavy growths of timber in the southern
sector. Forestland predominates and accounts for 85 Toa.l hind ind k~Iind ~~Ssr 146.000

percent of total basin land area. Cropland, devoted - 
-
•

mainly to feed crops to support the dairy and liv.- Soura.: Aii~sndlx III. H~~ ohoIv.

- - - PRESENT STATUS

Present water sources and systems arc adequate communities, consisting of 6,645 persons, use 1.05
to supply .11 basIn consumers, and usable sources of mgd,s per capita use ci 158 gpd.
ground and surface water far exceed the expected
water requirements through the turn of the century. Iuuuur jiuu

Industrial consumers account for about 29
WATER USE percent of the total water use in the basin, averaging

more than 2 nid. largest Industrial user In the basin
Total water use In the Basin by approximately Is the Olympia Brewing Company at Tumwater,

70,000 persona and numerous Industries averages 7.6 whIch uses an average of 1.4 mgd. Several food plaits
ingd, the pester share of which Is supplied by various and plywood manufacturers In Olympia together use
ground sowces. Water use is rather evenly divided about 0.35 ingd.
between municipal, industrial, and 1-Individual Rurei-liull~,~~~~users, with municipal use accounting for approxi-
mutely $5 percent of the total Water ~~~~~ 

AboUt 22,900 persons living In rural areas use
for the basin I. detailed in Table 92 , except ~ 

1.3 nigd of water, one-third of the basin’s total water
esIst~~ county water ~~~~~. 

-
~~~~ ~~~~~~ 

consumption and an average per capita use of about
SPd

~*uninipui WATER SUPPLIES
Municipal water use currently Is 4~ l8 million Ground water sources supply about 87 peic~~tpicas per day, and ac..ounte for 55 percent of total (6.6 mgd) of the total water used In the basin.

Sushi water oo~~.,~g*Ion. The my ci Olympia, Surface water, from small creeks, supplIes 1.0 nigd.
sesihig fl ,~32 p~isoas, in the largest single wster The N4.qv~Dy and Da.chistes Risir s are potentially
nan capita ii, for Olymp~ is 124 gpd. Turn- important at sources of supply for both municipal
water ase O 6 M  saving 4~450 pirauca, account- aid industrial purposes, although they are not pass-
~~ iot a per capita ci 135 gpd. The m~or rural sally used.
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TABLE 9-2. Water use (1996).

en ~~~~~~~~~ A~~~1~~~m~~~~~m
arws d dshly nunthly thhIp ~~lIy ,mi*hly ~~Ny

MUNICIPAL USE

OIyn~ ls 22123 — — — 210 4.70 6.70
Uckinby Wsmr Ce., Inc. (l oon — — — (0.14) (027) (0.41)

4 ffia ~~~~~~Wusa se pOy ~~~~. 6$ — — — (O.OU (0.02) (0.02)
P_all. 4,600 0.20 0.23 0.26 — — —

Uuntaiarwsmr SeMee. Inc. 4 600 0.10 0.30 020 0.20 0.00 1.70
4450 — — — 0.10 1.20 110

I.aqi*s 1 200 016 0.10 0.13 — — —
1 000 0.20 0.70 1.30 — — —

VS~~ 755 — — — 0.10 020 0.26
SelnIsr 300 - - - 0.01 0.02 0.03

• - Other run community .~,eseru 6,645 0.02 0.03 0.04 1.03 1.64 2.11
• ~; ~:; ~i; i~ ~~

NURAL-IN OIVIDUAI. USE 22,611 0.13 0.IS 0.25 1.13 1.00 2.21

INDUSTRIAL USE

• 
- Food cod — — — 0.12 0.12 0.12

Lun*sr cod oocd — — — 0.40 010 010
Ysim
Fsod cod kl.i sd — — — 0.02 0.02 0.02

Food snd ldnthad — — — 1.40 1.70 2.00
alone, n.y. — 024 0.34 0.34 — — —

Other umes - - - 0.04 015 015
024 024 0.34 210 2.40 210

Toldi 1.00 1.70 2.40 610 12.70 1710

• £islm sJ 90 ,... ~.&.* of nunsi hidMa~sI popuisdon aipphlsd by .und i.r.
b P~~ime sun~~ .
• • - - 

-
. — .. epresd N nat di. p pulehlon of die k~~~ ..a4 se of die sKy bet N that -

~~~~; (sum of
,.~~~~~~

_i cod ~_s4l fism T~~e 2~7 width sKiennins . die “anrop. nelag” tar eali bsIn. ThN ~~~-~~1en lies been
In di. seamer ._jd~~aI .y*m elsie the ~~~~~~~~ Is wiNs die anlor *90F~ tar the uodlur ~~ainMe ~~ ur

Nuuls~ d of Lacey recently purdiassd the tiuntinus Water
~~~~~~~~ 

v0 111_lt in the Ida use an aver Savlce, Inc., to create a municipal water dipiutwe~t.
of 4.00 , more ~ $5 percent of which it This watsr aipplyisapoupcf unall to m.dIem ined

~~~lhd from pound ~~ er ea~~~ . Olympia, largest vertical welk located in ad around the city. Th. city
m~k~ sl a pt ., in the ~~, ,,.,Mae appoxi- of T wIlk, much the mow Iacey, uses pound

....atsly. 22,500 ...~~~ a ave~~~ of 210 fros waler from walk located near the Dsechulea River.
MeASuler ipihip the N~~~i~~ Riser. The city The Olympic &ewery, at Tma..Ji. , wee sulf4up-

-

~~~~ 

—

~~~~~ 

- 

N 

- 

-



plied ground water from artesian wells in the Des-
chutes Basin. Tumwater and Yelm and other rural - .-,. .~~~~~~..
communities supply approximately 37 ,000 munIcipal
consumers with about 1.95 mgd, also drawn from
ground sources. 

• • . -

The community of Eatonville and the Federally
owned park communities of Paradise and Longmire
serve an estimated 6,700 persons from surface
sources, however, Eatonville is converting to infiltra-
tion wells along the river.

Industrial
Industrial users are supplied an average of 2.24

mgd, approximately 90 percent of which Is drawn
from ground water sources. At Tumwate r (photo Photo 9-1 Tumwate r aid Olympia . as well as moK
9.1), the Olympia Brewing Company, ~~~~~ of the basin, rely mainly on ground water sources.
industrial consumer in the basin , draws its average Diversion restrictions for low-flow periods havedaily supply of 1.4 mgd from artes ian wells. The been imposed on many streams Eight streamsmunicipalities of Olympia and Yelm supply a total of including the Deschutes River proper, have been0.54 mgd to industnal users. closeti to further consumptive appropriations.
Rural-Individual Ground water used In the basin amounts to a

prime right total of 85 mgd with Irrigation, individualApproximately 22,900 rural-indivIdual con- and community domestic and industiinl being the
sinners are supplied 1.3 rngd from individual and largest users. Supplemental rights amounting to 0.6small commumty distribution systems, of which an 

~~~ ~~~ issued in conjunction with the aboveestimated 90 percent Is drawn from ground sources.

WATER RIGHTS Applications indicate the potential of 2 n~d
additional being developed within the basin. Table

The Nisqually-Deschutes Basin has a total of 
~~ ~~~ water rights in the basin.

716 recorded water rights; of these , 447 are surface
and 269 are ground(1966-1967). TABLE 9-3. Municlpsi & Indus trial water right s.

The total surface water prime right appropri 

-

___________________________

ations are 3,875 mgd. Power generation, Industrial
and Irrigation are the largest surface water users in the -

basin with rights for 3,640, 160 and 43 mgd, corn- end
respectively. The remaining water rights (41 mgd) are
used by individual and counnunlty domestic, muni- Type (mid) tic In’çd ) (iopd)
cipal and fish propagat ion. Supplemental rights have 

~~t •~~ ~~tsr 22.7 12.1 160.5been used for 11 nigd In the above cata gorles. GTOUIni~~~~ r 11.7 34.1 14.5Reservoir stomp rights allow a total annual retention — — —of 210,474 acre-feet. TotsI 34.4 46.2 175.0
As of April 30, 1967, applicatIons for water • 

~~~~~~~~ 3715 i.~~~ ~ ~~~~~ p~~~btko rlgMs -

rights with a potential of 1 ,034 mgd were on file with ~~~~~~~~~~~~~ ,.. ~~~ 
~~ ~~~~ ~~.. ,,,the Department of Water Resources.
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WATER RESOURCES

SURFACE WATER rily from ground water discharges , occur during the
Surface water sources in the basin, Including months of August and September. The summer base

streams, impoundments, and lakes, are plentiful and flow of this stream is about 100 cfs.
are capable of supplying sufficient water to meet The USGS has calculuted low-flow frequencies
anticipated future needs, although they presently for the Nisqually and Deschutes Rivers using flow
supply less than 15 percent of the basin water needs, data compiled at 13 discharge stations during the

18-year period April 1946 through March 1964. The
Quantity AVUlISSIha estimated minimum flows that may be expected to

occur during any 7-day and 30-day period at four of
Slsa..a. The natural flow of the Niaquafly these stations for recurrence intervals of 5, 10, and 20

River Is affected by regulation at Alder and LaGrande years are shown in table 9-4.
reservoirs However m ated flows for the river near
McKenna Indicate a mean annual discharge of 1,758 TABLE 9-4. Low-flow frequency.
cfs duri ng the 30.year period 1931 through 1960. _____________________________________
The maximum discharge (2 640 cfs) occurred In 1956 Rscur- 7d.y 30dsy
and was 144 percent of the 1931 through 1960 mean. ~~~
The minimum runoff occurred In 1944 and was only DI.ju,,,,, station (yeas) (cfs) ide)
59 percen t of the long-term 30-year mean. Another
discharge station on the Nlsqusfly near National Osschtass River near OIyn~ i. 5 85.0 89.0
measures appruxlmately 70 perceut of the runoff 10 80.0 83.0
from this utieaw. During the 23-year period 1942 20 75.0 79.0

through 1965, the mean annual discharge was 778 Woodland Q~ssk near Olyn~~Is 5 9.9 10.9
cia, with recorded high and low flows of 11,000 cfs 10 8.8 9.7
and lo8 cfs,respectlvely. 20 8.0 82

The natural runoff pattern of the Nisqually Niesuafly River near 5 202 0 250 0River consists of two distinct peak periods each year. 4atIon I 10 178.0 213.0one from abundant winter precipitation falling 20 156.0 188.0
mainly In the form of rain at lower elevations, and a
second during the spring from the melting of accuinu- Niqusily River nsa McKanns 5 446.0 560.0
lated enowpacks In the high country The low-flow 10 406.0 500.0

period occurs In late summer, but large quantities ci 20 3750 466.0
glacial melt water from the slopes of Mount Rainier
anguient the flows during the warm mantis. The
summer base flow Is usually about 400 cfs. Dams and Impoundmsnts. The two m~or reser-

A discharge station near Olympia measures volts In the basin are located on the Nlsqually River
about 99 percent of the runoff from the Deschutes and are operated by the city of Tacoma for power
River. The mean annual runoff was 390 cia for the generation. The Alder Ressrvu& has 232,000 acre-feet
adjusted period of record. Since 1946, when record ci storage, and immediately downstream from Aider
colection was bepse at this station, the maximwn Dum Is LaGrande Reservoir, with a storage capacity
~1.vlusp recorded was 6,650 cia and the rnlnlim*m of 2,700 acre-feet. There ii no significant storage
was 279 cia. Records from a geghig station at Railer development on the Descisiates River.
on the ispper budwalars of the Dsschutes indicate a
mean annual diudaarp of 267 cii, b e d  on a period Lnhss. A nwther of lakes of signIficant size and

A 

of record from Jima 1949 through September 1965. storage capacity provide an Indication of the abun-
Ra.oft from the Desaluasss River displays the dance of water resources. Although the Basin lakes

~~~ p tern other gain-fed .ta.i...a of Puget are p.aaa~Uy used only for recreation, they are a
Sound. A pitied of high flow ocisers doting the reanwce that p~ovl4u astural storage for substantial
wints. months end mkdouam flow., enhanced pehue- qvaM&fiae of w.ter.
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TABLE 9.5. Surface water quality .
mg/I mg/I mg/I mg/I

I - ~~
‘

-~~~~~~~

I—.’ I ~ t-~i ~ ~~ ~t I ~~ I I ~~~~~~~DESCHUIES RIVER NEAR RAINIER - 
JULY 1959 THROUGH AUGUST 1962

~~~~~ 744 ~l *38 12 74 09 34 0 3 4 ,20 0. 1 07 131 0*3 -- 710 0.48 0.02 7 7 25 5 1 7 2 11 .9 106 43 I 930
Ms.., - 67 9.0 2.1 5. 1 0.5 40 0 20 58 0.1 04 88 061 -. 19.1 0 * 7  0,01 102 10.5 96 3* 0 170

39 46 5.5 l.a 11 0.7 27 0 *0 20 00 0*  55 6.00 .— *6.0 003 000 69 5 0 5.9 8.0 68 *9 0 0

71 2* 21 21 2* 71 71 5 71 21 21 7* 71 7* — .21 7* 4 71 2! 4 7* 21 7* 2* 21 7*
DESCHUT ES RIVER AT TUMWATER OCTOBER 1962 THROUGH PRESENT

M...~...... *750 88 12.0 36 7.1 1.2 52 0 38 W0 0* *6 122 0.12 --  25.0 0.88 003 7,8 20 38 20 * I I ?  III 46 3 2.403
Ms... ---  74 9.0 2.1 55 09 41 0 3.2 6.6 0.1 1 1 5 5 0,07 -- 20. 7 036 0.01 10 1 10.7 97 34 I 646
Mi~4.~.m 175 54 5.5 1.7 36 0.4 25 0 2.2 2.5 00 0.6 50 0.00 - - -  160 0. 16 0.03 6.6 5 0 4.0 8 7  55 20 0 0

*~,48. 5 *5 *5 15 *5 IS IS IS *5 IS 15 IS IS *2 -- IS *1 6 *5 II *0 II 06 II II *5 16

NISQUALLY RIVER NEAR MCKENNA FEBRUARY 1955 TUROUGPISCPTEMBER 1955
.. ‘.~— 3.300 46 4 .8 1 .2 3.0 0.7 24 -- 2.5 1.5 0.2 1.2 40 - - -  .- 1 4 .0 0 . II 0.06 7.2 3 8 —  — ~~~ l7 0 —

Is..., -.- 48 4.8 1.1 2.9 03 23 — 2.3 1.3 0.0 0.7 49 *2 .0 0.06 0.05 -. --. -. ._ *7 0 -.
M.,...,..m 940 47 46 10 2.8 0.6 22 -5- 2.1 1.0 0_ I 0.2 48 10.0 0.02 0.05 7. 1 0 - . 1 6  0

Nw’s... 2 2 7 2 2 2 2 - - -  2 2 2 2 2  - - - - --  2 7 2 2 2 -  2 2  --

NISOUALLY RIVER AT MCKENNA JULY 1959 THROUGH PRESENT
Ms. .mw’. 4* 60 6* 75  2 4  4.2 1.3 4* 0 5.2 76 0.3 0.9 79 0 19 - 22.0 4.40 0.08 7.5 25 25 20.0 *28 117 28 0 2.400
Mu.. . .  47 5.7 * 4  3 1  0.6 27 0 2.8 16 0 *  0.3 55 0.04 - -- 148 0.48 0.02 - - - - - - -- 9.5 11 .2 lOt 20 0 247
Minis. ... 90 37 3.5 0.8 2.3 0.3 *8 0 1.4 0.0 0.0 0.0 37 0.00 - - -  *2.0 0.09 0.00 62 0 0 4.8 8.6 90 *2 0 0

29 37 37 37 37 37 37 24 37 37 37 37 37 33 - - -  37 32 11 37 37 16 37 37 38 37 37 37

C~1ilItY ever, contain significant amounts of iron , part icularly
The quality of water in the NIsqually and during periods of high flow. Iron concentrations in

Deachutes Riven has been measured since July 1959. the Nisqual ly River average 0.48 mg/I, with a
Table 9-5 lists data from these measurements. maximum of 4.40 mg/I having been recorded. Surface

water in the headwate rs of the Deschutes River near
Physkat. The temperature of the Nisqually and Rainier Is low In Iron, but downstream, near the

Deschutes rivers Is relatively low. A maximum tern- outlet at Tumwater , Iron concentrations are high,
perature of 20.0’ C (68°F) has been recorded for the averagIng 0.36 mg/I with a recorded maximum of
Nlequally at McKenna and a maximum ci 20.1°C 0.88 mzJL
(68.2°F) has been recorded for the lower Deichutos.

During periods of glacial melt, the Nlsqually Bacteriological. Most of the samples collected
River transports considerable quantities of sediment. from the Nisqually River at McKenna reveal coliform
The concentration of suspended sediment above density MPN values of less than 100, though a
Alder Lake ranges from 4 to 60,000 ppm, and data maximum MPN of 2,400 was recorded. Coliform
obtained at McKenna during 1965 and 1966 indicat e counts on the lower Deschutes at Tumwater average
that the river may transport as much as 250,000 to thghtly higher than 646 MPN. Upstream on the
300,000 tone of suspended ~~~~~~nt diving a year of Deichutes near Rainier, most MPN values are less
normal naoff. Uo~~.., ~ e m~odIy of the ada- than 100, but occasional samples reach as high as 930
nient is depoalted in Alder L.k.. SIn~~r data for the MPN.
Descisutes River near .nd~CIyapia indicate that the
Deschu$es nay transport ~~ of 30,0()() ~~~~~~~~ GROUND WATER
.P1111111y. Ground water resources In the basin are plenti-

Terb1dM~, values are usually lass than 15 JTU in 1W, end though ground water presently supplies more
the NIsquafly and 10 flU in the DuJaaSas, though than 85 percent of all water used In the basin, ado-
maximum vahis of 25 .TTU las been recorded for the quite ~aaivae Me available for future use. However,
Nisqudy at NSSC.nn. a —.~~~~~~~~~ of 30 RU hue becam. ground water sources are particularly sissoep-
been recorded for the D~~P-.~ s at Ti.u..~ale~. ~~le to contamination, end will become Increasingly

so as the bmbi become. more urbanized, tr eatment
Ct~ J_i Water of the r ~~

11y end De’~~.~ss p~~ts ~~~ have to be constructed, or remote sources
Rivets Is soft, low in Iheukud soBde, ~~ in developed, to maize a water supply of adequate
dissolved oxygen concentratIons. Seth .S~i , bo~ quolty.
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~~aantity Available charged by precipitation, and may receive as much as
Plentiful supplies of usable pound water ~~ 200,000 acre-feet of recharge in an average year.

available In the basin, particularly In the flood plain
of the Nlaqually River, and, to a lesser extent, on the
Desc1~i t ;  flood plain. Most pound water in the basin is quite soft ,

Recessional outwash, which coven most of the low in dissolved solids, and of generally good quality.
lowlands, is the moat Important aquifer in the basin, The concentrations of hardness indicators and di.-
and moderate to large supplies of water can be drawn solved solids are usually less than 6O iug/l and 150
from this materIal. However, it Is susceptible to mg/I, respectively. Concentrations of silica usually
contamination In urban areas because of its strati- range from 20 to 40 mg/I. However, objectionable
graphic position. Till a concrete-like mixture of clay, concentrations of iron occur locally, primarily in
tilt, sand, pebbles, cobbles, and boulders, Is quite shallow aqulfera that underlie the Niaqually flood
common and supplies many individual consumers plain , and highly mineralized pound water is
with water for domestic use, though It is not an common near Puget Sound where fresh-water aquifers
important aquifer In the basin, contain traces of salt water. Table 9-6 showe pound

Practically all aquifers In the basin are re- water quality data for selected wells In the basin.

TABLE 9-6. Ground water quality.

(—I)

I
E 1 ’

~~~~~~~~~~~~~~~ E l  E 1 a ~~~~~
~~ L i  I l l~~ a

_ _ _ _ _ _ _  _ _ _  

j

charm.. M~~h.l 16/3-22A2 2/5161 - 48 48 0.26 26.0 3.7 26.0 2.0 0.2 0.39 186 80 249 7.7
8. R. WhtSs 16/4601 12/15/60 40 60 0.23 21.0 12.0 10.0 2.5 0.1 0.26 163 100 223 7.4
Gso,. LInz 1612-3601 11/28/60 49 31 0.15 10.0 4.5 5.1 1.3 0,0 0.26 88 44 110 7.5
A,& Andoev49 18/4.1001 11/28/60 49 33 0.50d 16.0 6.3 6.4 2.9 0.1 0.49 117 66 160 7.8
J. M.,NuIss 17/2-19J5 2/12/52 51 21 2~00d 7.8 3.4 4.7 1.6 9.4 75 33 97 7,0
City of Vdm 1712-19N 1 11/12/69 50 23 0.25 9.0 2.9 4.6 1.0 6.0 Oil 75 34 101 6.7
omurt Roslw 1712-29L4 2/12/52 51 21 1.20 11.0 6.7 6.1 2.0 4.7 103 51 129 7.3
fl_ C—

utihm.. oita. No. 1 IS/IW-1IH I 11/13/60 52 46 0,02 12.0 4.6 5.5 1.7 0.3 1.00 104 40 126 7.3
L 6. Ph.ot sin 1W1W-21D~ 4(20156 51 35 0.06 6.4 6.4 5.2 2.0 6.0 0.14 88 38 111 7.3
City of Olympia 1612W.24P1 12/30/44 34 023d 8.0 9.1 6.3 1.7 0.2 104 57 136
_ Poke Cocommity

Coop. 19/1W-4D 12110/60 47 32 0.11 17.0 17.0 9.7 2.0 0.3 0.06 165 114 161 7.2
COOParIPOInIWS01r CO. 1612W-SRI 11,12/50 52 40 0,62 14.0 2.9 20.0 1.9 0.6 2.20 143 47 192 7.2

Locstlon oo~~ it tIe ~~~ £e i,.Uca o4 tIe alto of the wall or, In oem, c s e .  Wrk~e.
Fe, ssue~b, Vñ 2eN2 lr-dI ’amv 1OlNwI~., 27, tai~~ 2 Me WU~~ WOU~~ be
kiC~~~1 by 2W), sectIon 26i 40auie plot N, and the ascend rash (2) In that plot
(a lair s ofWthi nuneri woula kidlecti a ~wInp) .

A 

~~suIdu. alto, ,.aiitIa~i at 160°C (355°F).
•Ulu..s..Jh ,.. 01 21cb (77°F).

Won ..unas40 *Ios.. All neluss not nolsd repi..u..t Won In .okatlo n at the tine
the

s0wse GROUND WATIR IN WASHINGTON. FIS CHIMI CAL AND PHYSICAL OUAU rY,
~~~ply Sulistin No. 24. Y~~ 4n en Sane Dsp lmss.t of Oonssovstlan .

9,7
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PRESENT AND FUTURE NEEDS

The principal factors that will determine future PROJECTED POPULATION GROWT H
water demand in the Nisqually.Deschutes Basin are
population increase and increa sed use by processing Figure 9.2 shows the projected population
Industries. The major industry determined by the growth in the Basin from 1967 through 2020. The
Task Force Is food and kindred products. In the 1967 population 70,100 will increase about 54
Interim, since the Task Forces ’ projections, condi- percent to 74,900 by 1980, about 169 percent to
lions of growth and change have altered the concepts 104,500 by the year 2000, and 312 percent to
of the M&1 Committee toward population and 146,500 by 2020. Most of the increase i~ expected to
industrial growth In the Ni.qualley-Deschutes Basin. occur in and around the Olympia urban area. In-
It is apparent that a new State college, an aggressIve creased need for local and State government services
and weil supported Port District for industrial devel- and educational servIces, and Industrial growth of the
opment, and a municipal water department In Olym. Port of Olympia and Nlsqually Flats area , will
pla which has experienced in a few short years,, per account for most of the added population.
capIta increase In water consumption from a level
experienced by smaller towns and communities to a PROJECTED INDUSTRIAL GROWTH
per capita level experienced by the larger Puget
Sound municipalities, such as Tacoma, Bellingham, Production growth in the NIsqually-Deachutes
and Mountlake Terrace, provided the Committee with Basin ~t4igure 93) as measure by value-added will
adequate reasons to revise the projected population increa se 350 percent from the present to 2020.
and industrial growth upward. Major industrial activity to the year 2020 will

Not only industrIal demands but also domestic be food processing, with brewing the largest single
use is projected to create more than a nominal contributor. As shown, this industry by then will
increase In demand on water supplies. account for more than three-fourths of the total value

•

1 

_ _ _

1150 11.0 YEAR

FIGURE 5.2. l~nij.ot.d po iulstlon growth (by T.* FIGURE 9-3. RelatIve production geMeb ~ r major
Force and Tharcton Cow*y PI.an3n~ Cummiulun). wossrictk~ kiduINisL
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added by major water -using industries. The prediction on data from the cIty of Olympia Water Department.
assumes that lumber production will decline, but that Because future municipal use In the Basin will occur
the decline will be made up by a rise in activities in mainly in Olympia service area , and because a
the chemical and metals and pulp and paper indus- considerable increase in water consumption is projec-
tr ies, also major water users. ted for other municipal systems in the Basin, these

per capita figures appear reasonable .

PROJE CTED WATER R E QUIREMENTS Industrial
Industrial water needs annual ly average 2.2 mgd

Tota l water requ irement s in the Basin are at present. Demand is expected to increase to 8.1
expected to reach 88 mgd by the year 2020, an mgd by 1980, 10 16.8 mgd by 2000, and to 26.0 mgd
increase of about 878 percent over pr esent require. by 2020. Industries will use 25 to 35 percent of the
ments. Ground water sources will supply 97 percent total water needs in the Basin . Until about 1980 or
of the projected water needs. Tables 9-7, 9.8, and 9-9 1985 , ground water will supply most needs of
itemize projected water use in 1980, 2000, and 2020, industries. After that, surface water development
respectively. Table 9-10 summarizes water use from could begin to supply at least part of the needs.
the present through 2020.

Munici pal Rural-Individua l
Municipal water requirements are projected to Rural-Individual water requirements, presently

reach an annual daily average of 17.3 mgd by 1980, averaging 1.26 mgd annually, will increase to 3.2 mgd
33.2 mgd by 2000, and 54.0 mgtl by 2020. Per capita by the year 2020. This Increa se Is substantially less
municipal use Is expected to rise from 89 gpd at than Increases in other use categories; rural-Individual
pre sent to 703 gpd in 1980, 205 gpd in 2000, and needs which now comprise 16 percent of the total
207 gpd in 2020. These projected use figures, higher demand, will amount to less than 4 percent of total
than most of the basins In the Study Area, are based water requirements by 2020.
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TABLE 9.7. Proj.ctud water use 119801

Estlm tsd Swf.cs water usage (ned) Ground water usags (ned)
population Average Max hisim Avsrags Msxkrum

System served daily monthly daily monthly

MUNICIPAL USE

Olympia ~ijo o — — 10 70 13.80
Tuniwatsr 11,600 — — 2.23 2.88
Lacey 11,600 — — 2.23 2.88

Eatoiwllle,Velm,
Rainier. Longmlr., Paradise
en mmunItysys~ nu 11.000 04 06 170 2~40

S~~~tOtal 86,300 0.4 0.6 16.90 23.40

RURAL-INDIVIDUAL USE 22,500 — — 2.20

INDUSTRIAL USE

Olympia
Chemical 5.00 5.00
Food and kj n&*d — — — O.1~~ 0.2t
Lumber and wood — — — 0.30’ o.3J

Ysim
Food and kindred — o.od’ o.oe~

SsIf.supplied:
Food end kln*ed — 190b 230d

Stone , Clay. gleN — 0.4 0.6° — —
Paper and allied9 — — — 040 0.45

Subtot al — 0.4 0.6 7.70 10.40

TotaIh 107 800 0.8 1.2 25.20 36.50

8..sd on 70 gecd and tOO percent of rural individual population served by ground water by 1980.

bOsturmlnud s e a  percent of 1966 water usa by using growth factors of 1.25 (1966-1980) ,

1.88 (1980 2000), end 1.80 (2000.2020).

C150 percent of average.

d125 ~~~~~~~~~~ of svsrags (brewery dsm.nd which is more evenly distributed between

average and menlmwn).

Luni~~ and wood prolectsd to decline to veer 2020. Ws~~ use beesd on growth factors

of 0.8. 0.8.0.4 for 1915-80, 1980.2000, 2000.2020.

percent of average.

‘PPoIected for bsaln on base of scenomic pro(ectlon. 1985 water use for paper

end allied not kncw~—gueN5d to be seout 0.2 nW.

hFlpwas aN rounded
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TABLE 9-8. Projected water use ~2000).

Estimated §iaf ace water us~~ ~,v d) Grou nd water usage ( ned)population Average MaxImum Average M xlmumSystem sarvad daily month ly daily monthly

MUNICIPA L USE

OlympIa 100,700 — 21.60 27.86
~~~~~~~ 23,400 — — 4.31 6.56
Lasey 23,400 — — 4.31 6.56
EaewwUla. Yekit.

Ralalsr, Lan mke, PWedbe
si ru ewrenuedtypnoenu ~4,500 06 0.8 2.40 3.40

162,000 0.6 0.8 32.60 42.40

RURAL-INDIVIDUAL USE 26,000 — — 2.30 a 3.30

INDUSTRIAL USE

11.00 13.00
Food and kinth ed — — — 0 3()b 0 45C

Lurvter end wood — — — 0.18 • 0.19 f

Vein’
— — — 000b

Food end kindred — — — 3.90 b 4~~~ d

teone, day, gI — 02 1.3 C

Paper and allIed 9 — — — 0.80 0.90 ~
Subtotal — 09 1.3 15.40 14.10

y~~~~h 188,000 1 .5 2.1 50.80 64.80

aU_ed on 90 gecd and 100 p.rce~fl of rural Individual population served by ground water by 1960.

of INS ~~~r usa by using growth factors of 1.25 (1915-1910).
128 (1880.2000). end 190 (2000.2020).

C,50 p.rc nt of eNrage.

parc-.’ of ~~~agu (knew15’ demand which l mars evenly distributed between average snd
m.dnwm).

CLainter end wood pr~ ecled to declin, to yser 2800. Wat er ute besed on growth factors
of 0.6,0.60.4 for 1915.1910, 19S0.2000,20002020.
parts., of ewr~~.

~ rc .., for besins on ~~ sof .oonomlc prt4aotlon . 1998 water use for paper and
allied not knowa-jueus to be ekout 0.2 .agd.

hp~ m,s_er,sMied.
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TABLE 04. Pro~eci.d wstsr use (2020). -

Estimated S~irfsts water u~~- (mad) Qround water ue~~ (mad)population Average Maximum Average Mackn um
served daily monthly delly monthly

MUNICIPAL USE

OSyn~ la 157,400 — — 40.00 51.0
40,000 — — 7.05 9.09

Lacsy 40,000 — — 7.05 9.00
Eatonvms. Vein’,
Rainier, Longruire. Paradise
and rural oo,nrnunlty ay_ema 21,300 0.8 11  410 5.80

259,600 0.8 1. 1 68 20 15.60

RURAL -INDIVIDUAL USE 29,300 — — 3.20 4W)

INDUSTRIAL USE
0~~~~~cs~emi~si 16.00 18.00
Food and kindred — — — 0.60 0.90
Lurch_er end wood — — — 0.10 0.11

Vein’
Food and kindred — — — 0.11 o.17

StN4upplied:
Food and kindred — — — 6.80 860
Stone. clay. — — 2.2 3.3 — - ,, -—
Paper end ekied - - - 120 1.30

Subtotal - 22 33 232 291

Total 287,900 3.0 4.4 85.2 100.2

aUeisd on 110 gpcd end 100 percent of rural Individual populat ion served by ground water by. 1980.

bOesu,mi,iad as a percent of 1965 water me by using growth factors of 125 (1905.1980). 128(1980-2000), -

end 120 (2000.20201.
C150 percent of average.

percent of average (brewery demand which Is more evenly distrIbuted bilvsean aver~~ and
maximum).

and wood prc(ectad to decline so year 2020. Water use based on growth factor. - - . -

of 0.8,0.6,0.4 for 1915-1980, 1900 2000, 2000.2020. 
- -

~i io ,,ar...~eot svere,e. 
-

Pru~acted for beeln on beds ci eannomic pro(act lon . 1965 water me for paper and allled ~-... • .~~~~~~~ , • ,. - -

not known-guessed to be drout 0.2 n~~ . .~~~~. -  - -~

hp~~ _e e rounded.
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r TABLE 910. Summery of projected meter neads

Estimated Surface veder uaage (n~ i0 Ground water usese (nssei Total water u~~~ (med)
population Average Maximum Average M clmum Average Maximum

Usa Veer served daily monthly deity monthly ,daily ,monthly

MunicIpal 1965 46,000 0.6 1.3 4.7 8.7 5.3 10.0
1990 85,300 0.4 0.6 169 23.9 17.3 24.5
2000 162,000 0.6 0.8 32.6 42.4 33.2 43.2
2020 268,600 0.8 1.1 58.2 75.6 59.0 76.7

I ndasvli 1965 — 0.2 0.2 2.0 2.4 2.2 2.6
- ,  1990 — 0.4 0.6 7.7 10.4 8.1 11.0

2000 — 0.9 1.3 15,9 19.1 16.8 20.4
2000 — 2.2 3.3 23.8 29.1 260 32.4

Rural-I ndbadaal 1985 22,900 0.1 0.2 1.1 1.6 1.2 1.8
1950 22,500 - - 1.6 2.2 1.6 2.2
2000 26,000 - - 3.3 3.3 3.3 3.3
2000 29,300 - - 3.2 4.5 3.2 4.5

Totis 1905 08,600 0.9 1.7 7.8 12.7 8.7 14.4
1950 107,600 0.6 1.2 26.2 36.6 27.0 37.7
2000 191,000 1.5 2.1 50.8 64.8 52.3 06.9
2020 297 900 3.0 4.4 85.2 100.2 88.2 113.1

Note: All figures e roundsd.

MEANS TO SATISFY NEEDS
GENERAL be accomplished even before the present needs can be

The projected annual water use is expected to adequately met. These are: to provide storage to
reach 88 nigd by the year 2020. This is an increase of meet peak demands; enlarge the tzannnissaon mains;
84 nigd over the ~965 average use. Opthnw n or peak and provide one or two large capacity wells to
water requirements will be almost two times this prevent low pressure during peak demand hours.
average or nearly 156 mgd. Tables 242 or 2-13, the The city of Tumwater, using ground water In
Aiea Plans, summarize the Basin’s annual aver age and the Deschutes Basin can develop adequate water to
optimum requirement. Table 9-li , M&1 Water Supply meet future demands though 2020. However, storage
Needs, reviews the needs of the major water systenu must be provided to meet peak demand with ado-
M the Baasn. quite water pressure.

Niaqually-Deschutes Basin not only has A comparison of projected water supply devel-
adequate surface water but also his very substantial opment and projected water use demonstrates that
pound water aquifers. At present, pound water adequate supplies of both surface and ground wate r

a supplIes 87 percent of all water used In the basins and ~~ ~ sj labIj grIrj~n the Basins to meet all anticipated
f~ j~~ dive’ litnotit tO tlify future needs Ii future needs.
—I..

The city of Olympia presently draws its water
from McAllister Spring source near the Nisquafly BASIN PLANS
River. Present development at the sources Is capable
of supplyIng 21 ned. With additional trannulselon ‘lit. Olympia Area lies in a broad
f~~~~Iag, tide could be .xp.adid to 30 nid. pound water area with eight subareas eco-

Tb. city 01 Laisy hieing recently purches.d nondc.lly available for development of good
that local waler system can develop It to meet the quality water. Six are within or near urban
future needs ci that community. Several Items must centers. Extensive testing would be required

943
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TABLE 9-11. M & I Water Supply-Capital Impeuvemants
NlsquaIly-Deechut.s Basins

M. 0. 0.
Preaxfl Futu ,.

iaes 19.6 1900 ieeo~ocm 2000~~20

~~~~~~~~~ Served 22,632 51,100 100 700 157,400
OLYMPIA
OptImum — 33.6 06.3 100.6
C~,~ti I mprovement. — 12.6 32.7 37.3

- ;  
Population Seived — 11,000 23.400 40,000

LACEY
OptImum 7.8 16.4 26.3
Copied Improvement. 2.0 4.8 7.8 10.9

Population Served 11,600 23,400 40,000
TUNWATE R —

Optimum — 76 15.4 26.3
CopIed Improvements 2.0 4.6 7.8 10.9

Popultien Served 10,500 11,000 14 500 21 .100
SMALL & AURAL
COMMUNITY SYSTEMS
Optimum 6.9 7.2 9.8 13.8
Copied Improvements 51 0.3 2.4 4.2

- - - -
SELF SUPPLIED INDUSTR Y

Optimum - - - 2.0 
- 

3.4 6.7 13.2
Copied hoprovenienl. ~~~~~~~~~~ ~

) 
~~~ 0.3 - -~ IA 3.3 6.5 -

Popultion Served - 85,300 162,000 306.500
TOTAL
CopMP Impsts,umeno - 29 54 70

NOTE : F~ iess am ,vua~ d.

to learn the frue potential of each area, but tr ial, and self-supplied Industrial water needs. System
there appears to be a potential for upwards development, costs, and projected annual revenue are
of 100 nigd from these pound water areas also shown for the basins.
for the future needs of Olympia, Lacey and Cj~rent indications (Report— TMCIIy of Olympia,
Twnwater. Needs and Sources , Aivid Grant & Macdates , July

- 
-

~~ 
— 1968”) are ~~~t fu~her accelerations of popu~~onRef rince. ~~ ~~-  projections can be expected to ocnir beyond that

Potential Sources of Ground Walsr,Clty of shown In FIgure 9.3, Projected Population Growth,
Olympia, Water Needs seed Souroes~ 1* largely due to the new four-year colisge, which wIll
1968 , ArvId Grant & Associates, 

~ located immediately northwest of Olympia proper.
Co ction Engineers, Olympia. Unquestionably, a new college will grow at a high rate

Table 9-il Includes present ~ed ~~~ f~ ~~ nut years of opatatlon . The means to atisfy
through the year 2020 for thi major water users In nNds for this basin will be those developments which

the cfty of Oiympli has cUiis*dered ln thair repcrt .
The S 1ic~ l Plot, Table 9.12, for the Niaqual-

ly-Des~he5se Ia~~ c~~ - for the continued and ix. 1~~ “City ci Olympia Ripest” aim calls for the
paadsd dseslopms.l-of eaW1~~pouad water sources dusekrpn1mut ci, In 1970 and , l n  Ii 1990, . S iagd
s~~ ugh lbs year 2020 to mast all ~~‘- -igal, Indus- Moth of water to be used for lmkLIJ purposes.
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TABLE 9.12 N & I Water Supply Use Planning-Present to year 2020 Selected Basin Plan Nlsqually-Deschutss Basins
Ill,

O TIMUS! THOUSAND DOLLAAS
CAPACITY AMORTIZED MAINTINANCIyi~ MG D CAPITAL COSTE AND 0PER Tot~- 1 - Ps.,. of Wt ,. U.. ~~~~ a Tm.!- l,~n PumpS. . Anm~~L S~ .m. O..sIop,n.,,I Dm.*. MGD supply Tm.w~ T,.,.~ ,,um, Ru,,~~~ PAm., Csmn,~ lum,,.,

ol.YwI*
Pm..~! OW DiS.pLi Oi~ufld WOW MMPNm. 1p~ U.s.!. 3 II 21 a 310

iao ow ADO: Cup.!IIyMMpltsm.Ipn W 1510 II ‘I IS i ,~~ ci 1.214
ass ow ~~~wuls~ wl oi..sppw 33 as a i sso et 3110

( 2~~0 OW AddNlS~~~~Jdi,.....J iso is 37 37 2.220 ii,
& MeAUIim.lpikip

Of.Y10IAI I.ICIUOPLAN TOTAL 104 100 5 1210

Tu00ATIR
P,m.~ ow L~~~ e ms t — - ~ ~.. 0.3 1.0 1.0 3 33

_______ 2.0 120

ian ow Lo~~GNvi~ W~~ Dm.Iupu~..l tIm id 1510 2.2 41 4.5 vs 13 sec
OW 1.0.1 G,~u.of Wm.I O.~~pp....w 11i40 4.3 7J an 25 502

~xo ow LocdOm..1Wsm.D..1u.~~~.s&ts,~d 7.1 10.4 10.4 sea 41 as

Tu Th$IIL&C TUDPt.AN TOTAI. 35.3 35.3 $ i lls

LA~~ Y 
_ _P~~m. ow Laul O.s.!~~W.m. OenIppm...l IUt 0.3 1.0 1.0 3 31

1.0.1 Owu~~ ~.v 0 pp.....t 2.t.,id 2.0 2.0 120

100 OW L~~~ONulud~~~~ DUuil..~~_ I  tines lIPS 2.2 41 4.1 vs 13 255

sex ow L..1Owunl Imm.C~~~ .~~..:3Iw 4.3 71 71 40 21 em
mm ow LI.1O.uuMWsop . ~~ .I4 7.1 10.1 101 III Al ese

LACeY seu.icrio PLAN TOTAL 31.3 31.3 s i.sie
iMAu. A AURAS. CO~~SUNITY 5Y$T110
ANMA OW L . O m.sdW.isOl - L — Ii ~~ 3 l.a 1$ II?

~~.1OOWldImis0 J~~ _~ L 1.Iued LI LI 31

INS 0* L. Ow~~~~~~m.C.-~~~~~ i 2 0 0 21 224

mm LasIO,um.l WOW D . L ..._4 2.1 3 2.5 2.5 II 31 350

sees ow s.~~~o.m..a~~~~ o ~~~~~~~ s 4.1 4.0 n ci 04( mmu. a AURAS. CO~~~,NITv sv37110 OLacTED PLAN yams. IA 14 s n
Wi a~~PL40 INOI *TAY
isa ow ~~~o~~~ w~~c r -i.~._ i  e.~ . t.~ 2 10

ieee OW s~0.~ om.ni Mum. O~~~UPI,.. U 11_US 2.5 2 2 ISO 35

sees ow Ia.10i w D.- 1~~~~j  35u5 • ~ ire 21 elI
sex ow I.isdG,uiuud W~~~ C— - . 1 ieee is 4 4 345 AS 1.10

NIP 5I~~~UlO INDUSTRY ALTERNATIVI PLAIO TOTAL 10 10 5 110

an acylo 54011 PLAII ToTal.

.~~~~~~ —

b •40~~~~~~~I~~ ~~.b.15. . N*~ ~~ AIss~~~~ w~~~~ pMu

• Al~~~~~~.s ~~~~~ l.

A
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The Alternative Basin Plan calls for the develop- $19 million; this is approximately twice that of the
ment of surface water to meet all future needs in ~~ Selected Plan amounting to $ 8 million. Complete
Olympia urban area . This Includes the Lacey ~nd cost and income data for the Alternative Plan can be
Tumwater vicinities, found in Table 9-13.

Three sur face water sources which were recoin- The storage and distribution costs will be the
mended to the City of Olympia are of adequate same for the Selected and Alternative Plans. This cost
quality and quantity as supply sources. All require information is shown in Tables 2.12 and 2-13 the
extensive source development, quality asaurance or Selected and Alternative Plans.
treatment, and transmission in comparison to ground Surface and ground water supplies can be
water sources. economically utilized by self-supplied industry and

These are : (1) Deschute s River ; (2) Nisqually rural-individual or small community effort water
River ; and (3) the South Pork of the Skokomish systems, such u wells and small surface diver sions
River. and package treatment plan ts; 90 percent of this

The Deschutes River near Sheflrock Ridge was coming from ground water sources. The major means
chosen as the most feasible location for a develop- are to enlar ge the present pumping, treatm ent and
ment. distribution systems to handk the peak water

The Alternative Plan is estimated to cost nearly demands.

TABLE 913 N & I Water &ipply Use ?lamiiuq-Pr.am.4 to year 2020 Allsruals Basin Plan Nlequally-Deuckutes

1157
OPTI10*5 THOUSAND DOLLARS

AMORTIZED MAINTSNANCI

•~ 
Id M O D  CAPITAL COSTs. AND OPEl! .

PIu, of Mm. U,. supply ê T,uM• Ire, umplni Anuu.l
DimI. MOO 5upply li mier. T i m f t  m.i.t RimA.1 P~~~. Chum. I,.,sn..

COUNTY 1501 savior
IOl,nwl5.L ,.Tu~~~~S VUluilIyl

lees ow L..I 0IIN.1~~~~ Sum.. 4 Ii 21
an •o~~~ m. A~~~35Im.45 R~~~Ds.. lye see IN Is~aS7 31 3 as’

Rm.m.M IIUNAP 1 GumMy

leN an R.m.erE I42~USAPI QumlIp P~~~ 21 5 5 ASO as S 1.733

2150 01 R.~~~U MSINAfl GIMISV P~~ 42 TI io see U 17 2.N1

2155 R , * MUUSAPI OIS’IW PNm 10 14 14 SIS 74 31 5.110
L Qum.1~~~~

COUNTY WIDI ORVIOS ALTeRNATIVE P1.40 TOTAL IN 11_S $15512

mmu. a AU AL ~ ONSIAWTY so ..m

4 0* I Q ~~~idWN O~ *. - Sum.. 1 tO 1.0 3 liP -

INS L Q ~~~~~~~~~C~~’0. 1 
2.0 2.0 135

_ _  S & 0 .0 iiO 41 515

an*u. a AURAL 0OP ”I’TY SVSTUIN AI.TIANATIVS PLAN TOTAL Is is see

•LP 150*UUOINOUUTAY Ii IS a 5~O

ALTERNATIVE ~~~~N ~~~~ 5~~ l0

InlUlWj’ -.

• Oum NI M~~~~ ~ly mId I INAI02 uRNS SM A.uu M~~~ ie Selly Nw0. mullen.

• AU ~~~ w mu *
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Table 9-I l . t — ~ y of Projected Water Annual Bond Service AnI~ a1 Amortized
Needs, thaws the level of need to 2020 from all Available (x $1 ,000) Cost Si .000)
sources. Selected Alternate Selected Mternate

-, Year Plan Plan Plan Plan
FINANCE

- 1965 156 125 79 209
Annual income as taken (rain Table 2-12 and 1980 506 484 126 207 ’

2.13 for the Selected and Alternative Plans indIcates 2000 995 524 421 458
- the amount of money available to apply for bond 2020 1,605 1,468 638 611

• service (approxImately 20 percent of th. total annual Costs as indicated by the Engineering News
Income). Record Index are presently doubling every 15 years.

The following fipses Indicate th, monies avail. It is projected that the immediate bond service
able for bond service and the capital expenditures requirements and those after 1980 will be met by
amortized for 30 years at 5% for the Selected and Income and construction of water supply develop.
Alternative ~~~~~~~~ tneitts but will not involve excessive financial burden

or rate increases.
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WEST SOUND BASINS
INTRODUCTION

The West Sound Basins, Figure 10.1, comprIse the northern pan of the basin is the result of a rain
nearl y 2,022 square miles of land and water lying shadow effect caused by the Olympic Mounta ins.

• between the centerline of the main channe l of Puget This rain shadow, however, has little effect in the
Sound and the crest of the Olympic Mountains , and is southern part of the basin .
bounded on the north by the Strait of Juan de Fuca -
and by Budd In let on the south. POPU LATION

GEOGRAPHY The Basins are estimated to have a population
of about 128,000 in 1965. The major population

The West Sound Basins are divided Into two dis- center is Bremerton , with a population of 36,170. An
tinct types of terrain: rough , mountainous areas in addi tional 30,000 person a reside in the surr ounding
the Olympic Peninsula west of Hood Canal and the metropoliatn area . The other cities and towns have
relatively low, flat land of the Kitup Peninsula east populations of less than 6,000 persons each.
of Hood Canal.

The Olympic Peninsula is comprised largely of ECONOMY
forested foothills and mountains, with altitudes Bremerton is the center of commerce for the
varying (rain sea level to 7,700 feet. Conversely, the basin . The Naval Shipyard at Bremerton (photo 10.1)
Kitsap Peninsula is basica lly flat to undulat ing, with is the second largest industrial employer in the Puget
hills and ridges separated by valleys and marine Sound ar ea. Other extensive Naval installations in the
embayments. The Green Mountain-Gold Mountain West Sound Basins include the Naval Torpedo Station
area west of Bremerton Ii the only mountainous tsr- at Keyport and the Naval Ammunition Depot and the
rain on the peninsula, and comprises a small group of Pacific Polaris Missile Facility at Bangor.
ru~~ed foothills rising as much as 1,761 feet above sea Forest product indust ries range from Crown
level. The extensive shoreline of the basin is indented Zellerbach’s pulp and paper mill at Port Townsend to
with numerous bays, coves, and harbors. Many Christmas tree farms near Shelton . The focal point of
islands, ranging in size from less than one square mile tue basin 1o~~ing industry is Shelton , where a com-
to several hundred square miles dot the waters of the plex of plants controlled by the Simpson Timber
basin. Company are located.

The western portion of the basin lying on the Agricultural activIties are the third largest con-
Olympic Peninsula is drained by a number of large, tributor to basin economy. Daisy farming and general
swift streams, largest of which are the Skokonsish, livestock raising, with some specialty crops, are the
Hamma Hamma , Duckabuth, Dosewallipe, Big primai y agricultural pursuits. Numerous small dairy ,
Quilcesse, and Uttie Qullcene rivers, poultry, and berry farms are scattered about the

The Kitsap Peninsula Is drained by 426 separate uplands and creek valleys, and an important growing
stream systems, only 12 of which have a drainage area industry has developed on Balnbddge Island.
greater than 10 square miles. Most have a drainage The West Sound Basins are noted for its oyster
ems lea than one square m ile. Industry. Both Olympia and Pacific oysters are culti-

vated and harvested on “farms” in tidewater Inlets
CLIMATE that lace the basin. Totten Inlet is the center of such

~~~~~ The basin has a characleristicafly 1~~~j .j~~~ production, though other commercial oyster farms
climate, typified by relatively short, cod, thy em located in Oakland Bay, around H.rtstene Island,
nunmers and prolonged, mild, wet winters. Total at the head of Case I nlet, and on Hood Canal.
annual precIpItatIon varies frOm 220 Inches In the Tourism and outdoor recreation are also
mOW %tIlflOU5 western portion to 25 inches in the asemlug an ImpOrtant role in the basin economy.
northern part . The significantly kuer precip itation In The construction of vacation homes, boating facill-
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LAND USE

Forest lands make up about 90 percent of the
total acreage in the basin . Most of the urban buildup
Is confined along the shoreline and bays, leaving the

-. 
._~~. area inland relatively undeveloped. Table 10-1 lists a

-~~~ f 
SW 

,~ breakdown of land use in the basin.

TABLE 10.1. General land use.

Us, Aais

— ~~~~~~~~~~~ Forestlend 1,124,000
Croplend 46.000

— Rsngsland 5,000
PHOTO 10.1. Bremerton is the major metropolitan Other land thigh , bwrSn) 64.000

center in the basin. Uiben buildup 42 000
Inland water 13,000

ties, and the development of new resorts and tourist
acconunodatlons are adding considerably to eco- b ill lend and inland wanr 1,294,000

nomic stability and growth in the basin. Sourcs: Appendix III , Hydrology.

PRESENT STATUS

Municipal and industrial consunars In the West of 155 gpd. Approximately 7,500 persons in Port
Sound Basins are at present adequately supplied with Townsend each use an average of 200 gpd, a total use
water from both publically and privately owned of 1.5 mgd. Nearly 38,000 residents of rural cons-
systenis. The Bremerton municipal system, largest in munities such as Shelton, Poultho, Winslow, and Gig
the Basin, is presently capable of supplying 23 n~ d to Harbor use an average of 4.4 nigd, a per capita use of
nwet peak transmission ratesof l6mgd. 115 gpd.

WATER USE Industrial
Industrial water use In the Basin averages more

More than 121,900 persons and numerous than 33 nmgd, 693 percent of the total water used In
industries In the West Sound Basins presently use an the basin. The pulp and paper industry, largest single
average of 49.2 millIon gallons of water per day; industrial water user in the Basin, uses an average of
Industrial users account for more than 69 percent of 29.7 mgd, approximately 89 percent of the water
IbM total. Table 10-2 lists the major water systems In used for industrial purposes and about 60 percent of
the bathi and breaks down the municipal, Industrial, all water used in the Basin. The Puget Sound Naval
and rural-IndivIdual water use In the various basin Shipyard at Bremerton , second largest Industrial
arms. water user In the Basin, uses 2.9 mgd, about 6 percent

of total industrial use. the renislning 10 ntgd is
MuøJaIpul consumed by various food plants and the lumber and

About 103,750 municipal consumers In the wood and stone,clay, and glass industries.
Balin use an ave,a oi 14.4nigd ,29 paroml o( totai
~~ ln water consumptlon~ The besln.wlde psi capita I~U I

use is 139 gpd. More than 42~000 municipal con- More than 18,150 rural-indIvIdual consumers
sensors In th. cIty ci ~ smsrton, Isrgset water user In use an average of about 1.0 mgd, a per capita use of
the Basin, use an avariga o(6i mngd,a psr caplta ua. less than 60 gpd.
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TABLE 10.2. Water u (1066).

Estlmsssd Surface M~~~ 
ums. (mod) Oroun4 ~w~se uuwo (~~ )

population ~~~~~ Wacdmum MsuI,uum Alirap, Maximum Maximum
SyNom rvsd dully monthly daily dilly monthly dilly

MUNIC IPA L USE
42 000 5.35 7.50 10.00 1.15 3.20 5.40

OIyioplc Gruvity Waur Symun (Pt TOwnISndI 7,500 1.5 3.00 4.50 — — —
Shelton 5,900 — — — 1.00 2.00 3.00
Pert Ordherd 5.000 — — — 0.40 0.80 1.60

~~~~~~~ SyNon 1.700 — — — 0.20 0.56 0.90
Waur SUpply 1.400 -. — — 0.18 0.35 0.53

GigHebor 1,280 — — — 0.10 0.10 0.11
Wusir DIstrist No. 19 1,100 — — — 0.07 0.14 0.22
Othsr rursi aunmunhty .ystsnu 37,970 0.42 0.80 114 4.00 7.42 10.83

Siá*oilt IO3 .7SO~ 7.30 11.00 18.20 7.10 14.00 22.50
RURAJ .-INOIVIDUAL USE 18,150 0.10’ 0.14 0.20 O.90 1.30 1.80
PIOUSTRIAL USE -

Munk~ llly supØ.d:

Cflsmlceis~ mau~ oIls 2.40 2.60 2.75 0.50 0.00 0.80
Port To.a~and
Food aid kIndred 0.01 0.01 0.01 — — —Papa, aid sillad 13.50 1520 18.50 — — —

aid wood — — — 0.40 0.80 0.80
Paper aid silted — — — 0,06 0.05 0.06

Lusr~~ aid wood 0.7* 9.80 18.43 — — —Paper and sh ed 13.60 16.00 16.30 3.25 2.50 170
Food aid kIndred — — — 0,02 0.02 0.03
Stone, n.y. ~ s 0.02 0.02 0.02 — — —

30.80 42.50 54.10 3.22 3.80 4.40
bu sS 121.800 31.00 54.20 70.80 11.22 18.80 21.10

on US pcd aid SO , a,.a.4 of rued kidMdill poguistlon served by sound ~~ sr.

~ IstImausi papu~~~ii asressi is n.e Wa pepu~~isn of the Inacip,orsesa eras si lie city but is list pipuisden (sum ef
aid iia~~iiiS frem Tdhl. 3.7 wh Ich diuu,,.J,.as lie ‘mur~~ rutlap” fur each beuln. This p~r—~~~’n li

hr lie runsss iminisill spaum sins, the ~~~~~ llhiy is ef No lie woisr supplier fur 51,0 mistier ~~sln4ag wo~~

WATER $JPPLIE$ purposes Is supplIed from both surface and pound
sources, those surfac, sources supply 77 percent

Water for the b~~ i Is ~~ j~’d by about 273 (37.9 ingd)of the total water d a i4  ~ the basin.
p .*a — r ’~~ g in sIns from .B

c.~~~ ipn.w ursIng only a faw p opia to the he
Bamsutest p~~Iic .,_ whiab sseisd $ popiehilon The cIty of Basmegon, with the laipsi water
ci about 42,000 in 1965. ..,, y system in the Wist Sound Basins utilizes bothWemi for ~~~~~~~~~~~~~~ indulldal, d domestic surface and pound water sources for Its supply.
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Ground water is drawn from seven wells; Union a tota l of 2,008 mgd . On a quantitative basis, the
River , Gout Creek , Anderson Creek , and several most important use is power generation with a total
other small streams provide surface water. Cascade rate of diversion of 1 ,733 mgd. Other categories and
Dam above McKenn a Falls diverts water from the rates of diversion are municipal , 41 mgd; commercial
Union River thoug h pipelines to a settling basin and industrial , 60 mgd; individual and community
before distribution. At the present time (based on domestic , 73 mgd ; and fish propagation , 124 mgd.
1965 statistics), the system , with a firm supp ly Supplemental rigi -is totaling only 4 mgd have been
capacity of about 23 mgd and a transmission capacit y granted for the above categor ies. Storage is auth orS
of 16 mgd, supplies Bremerton average water require- ized for 440,800 acre .feet. -

ments of 6,5 mgd. Acess to the Bremerton watershed As of April 30, 1967, applications for water
is carefully controlled , and surface water supplied rights had been received for 950 mgd by the
from this watershed requires treatment only With Department of Water Resources. Applications are
chlorine and ammonia for disinfection and control of pending for 10,600 acre-feet for reservoir storage in
tastes and odors. the basin . -

Port Orchard obtains its wate r from four arte - Due to critica l low-flows, many streams in the
sian wells, and supplies an average of 0.4 mgd of basin are either closed to consumptive diversion or
untreated water to about 5,000 persons. have low-flow restrict ions on them. -

Port Townsend obtains its water from the Big Ground water prime right diversion amounts to
Quilcene River. This system supplies an average of 1.5 86 mgd, with supplemental rights totaling 0.8 mgd.
mgd to about 7,500 persons. Municipal and industrial and community domestic

Most of the remaining water systems in the require the largest amounts of water (43 mgd) due to
basin rely on ground water to supply about 4.5 mgd the many small community systems. Industrial water
to near ly 38,000 persons in the rural communities, appropriations total approximately 33 mgd. The

remaining Tights fall mainly in appropriations for
Industrial irrigation.

Industries located at Bremerton , Port Town- Average well production in the basin Is 0.2
send , and Shelton are supplied by the respective nigd; however , many wells produce in excess of 1.4
municipal water systems. Breme rton supplies industry mgd - one reportedly as high as 6.5 mgd. Table 10-3
With 2.90 mgd. Several industries in the basin have shows water rights in the basin .
their own water supplies. 

TABLE 10.3. Mun icIpal & Industria l water rights.Pulp aim paper mills, located in Port Townsend ,
draw an average of 30 mgd from the Port Townsend
water system and self-supp lied sources. vidual I ndu.-

and trial
corn- andRural-Individual Mun i- rnunfty cOrn-

cipal domes- m.rclelAn estimated 18,150 persons are served by Typs (mgdl tic (mgdl (mgd)
individual wells or springs. -

Surface wuter 44.1 75.7 59.3
Ground water - 15.1 40.7 23.3WATER RIGHTS —i- —

Total ’ 59.2 116.4 82.6The West Sound llaslns havea t otal of 2,145 - - -

recorded water rights; of these , 1,787 are surface and •pj~~~~ ,809 mid In eddftlonal appropdstlve rights - -

358 are ground (1966-1967). - - hays bean ~ ant sd for other conuumiulvs uses In
Pr ime surface water right s have been issued for the basin.

WATE R RESOURCES
Both surface and ground waters are plentiful In some area s. In addition, the larger - surface water

the Wait Sound - Basins and are , In- general,of excellent sources are remote from the urban areas. However,
quality, though pound water sources are limited in sufficient supplies are available on the more urban 

—
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Kitsap Peninsula to supply present and anticipated TABL E 10-4. Low-flow frequency
requirements. 

_______________________________
Recur- 7-day 3Odey

SURFACE WATER rence low- low-
interval flow flow

Surface water, which supplies 77 percent of all DIech~ g. station (years) (cfs) (cfs)
water used in the basin , is plentiful and of excellent
quality, but the major concentrations are on the Little QulIc.ne River near 5 8.40 9.60
Olympic Peninsula where population is sparse and QulIcsne 10 7.30 8.40
major development in the future is unlikely. The 20 6.60 7.50

&emerton water shed is capable of providing suffi- ()~~~~llj pa R iver near 5 114.00 132.00
cient water to satisfy present needs of the major Br lnncn 10 106.00 123.00
urban area. 20 100.00 118.00

Quan tity Available Duckthuih River near 5 64.00 79.00
- Brin non 10 58.0 70 00Streams. The West Sound Basins are drained by 

20 63 00 64 00a number of rivers and creeks that empty into the ‘ -

waters of Puget Sound. The Big Quilcene, kokofflkh R iver nan ’ 5 160.00 176.00
Dosewallips, Duckabush, Hamma Ilamma , Potletch 10 151 .00 168.00
Skokomish, and Tahuya Rivers are of major 20 144.00 100.00
importance to the water resources of the are a. The Union R iver near B&falr 5 15.00 16.00
mean annual runoff of the Dosewallips River adjusted 10 14.00 15.00
to the period 1931 through 1960 is 475 cfs. Adjusted 20 13.30 14.00
to the same period the mean annual runoff of the Gold Cr eek * Bremerton 5 0.40 0.45Duckabush River, measured near Brinnon , is 407 cfs. 

10 036 040The mean annual runoff of the Hamma Hamma River 
20 032 036near Eldon averaged 320.3 efe for the same period.

Strea ms heading in the Olympics have two peak flow GoIdsi~orough Creek near 5 17.30 19.00
periods: one during high winter precipitation , and the Sh hon 10 16.00 17.80
other during the spring rains and snowmelt period . 20 15.20 16.80
Farther to the south , where the effect of the rain
shadow is lea pronounced, the winter peak becomes Basins , leaving all other streams essentially in an
dominan t , and the two seasonal peaks tend to merge unregulated state, except for the Union River at the
Into one long period of high flows, small Casad Dam.

In general , minimum monthly flows for streams
in the southern portion of the basin occur during the
months of August and September; in the northern The West Sound Basins contain a number of
areas, miminisin flows extend into October. rIvers and creeks on which water quality measure-

A low flow frequency analysis has been made ments have been made. Table 10-5 summarizes water
by the USGS for 22 discharge stations in the West quality data gathered since ear ly 1959 from seven
Sound Basins. The 7.day and 30.day low flows that monitor ing stations in the basin.
can be expected to occur at 7 of these stat ions for Physical. Stream temperatures In the basin are
recurrence Intervals of 5, 10, and 20 years are shown signifi cant ly low. A maximum summer stream
In Table 10-4. temperature of 17.0°C (62.6°F) was recorded on

Dams and Impoundments. Flows of the North Goldsborough Creek. Record s from other stream
Fork of the Skokomish River have been regulate d by gaging stations indicate slightly lower maximums. A
Lake Cushmsn ilnce 1fl5. This reservoir has over maximum temperature of 15.6°C (60.1°F) was
453~00O acre-feet storage and 350~)00 acre eet of recorded for the Blg Quflcene River near Quilcene.
active storage. The power diversions here predude Smaller dreams in the basin particularly on the
any appreciable discharg. In the North Fork of the ICItup Peninsula, are appreciably colored at times.
Skokomisit River below Cusliman No. 2 Dam. This is The color is attributed largely to organic materials

A 

th. only major storage rsaei~~& in the West Sound from swamps and poorly dra ined marshy areas. Maxi-
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TABLE 10-5. Surface water quality

II..”

BIG OUILCENE RIVER NEAR QUILCENE JULY 1960 THROUGH AUGUST 1966
-• 94 110 2.9 7.9 0.4 52 0 3.4 210 0.7 10 156 032 -- 72.0 049 0.05 78 15 5 75.5 7 35  II? 57 14 430

62 72.8 2.0 3.6 0.2 45 0 2.4 6.5 0. 1 0.3 51 003 -- 9.5 0.09 0.02 -- — - - -  69 11 . 4 102 40 3 42
43 9.0 1. 1 7 .6 0.0 36 0 7.6 20 0.0 0.0 72 0.00 - .  7.2 0.00 0.00 68 0 0 3.6 9.8 93 30 0 0

(6451.. -. 25 26 29 29 29 25 II 29 29 29 29 29 27 29 77 72 79 29 70 79 2? 29 29 29 29

DOSEWALUPS RIVER AT BRINNON JULY 1959 THROUGH AUGUST 1966
n i..o 7.0 ~i p.s is p •~ t.s o.~ 0.4 114 0.10 ---  9.4 1.30 0.05 79 70 90 15.5 135 773 52 6

U.S., -- 53 13.5 7 .7 7 .7 0.2 43 0 9.2 08 0.1 0.2 86 0.02 -. 67 0.14 0.02 - — -- 88 11.6 703 36 3 29
-- 35 85 0.2 09 0.0 27 0 4 .2 0.2 0.0 00 5 7 0 .00 -- 4.3 0.00 0.00 69 0 0 1 9 70.0 94 24 2 0

28 29 29 29 29 29 76 29 29 29 29 29 21 .-. 29 27 12 29 29 10 28 26 25 29 25 29
OUCKABUSH RIVER AT U.S. 101 BRID GE NEAR BRINNON JULY 1950 THROUGH AUGUST 1966

U....,.on~ 1.140 133 4701110 29.0 70 50 0 170 7 700 03 04 5690 007 — 7.9 0.28 0.17 7.9 70 25 75. 1 73.9 130 276 240 430
U.... ‘-. 47 730 705 14 0,2 36 0 45140.1 07 01 535 007 -- 60 006 004 --- .- -. 8.5 lIE 703 56 29 94
U,.,..,..rn. 64 33 65 0.5 0.9 00 24 0 2.4 02 0.0 00 49 0.00 -- 3.7 0.01 0.00 7.1 0 0 4 . 7 9.0 75 20 0 0

22 27 26 29 21 27 27 13 2’ 27 32 27 27 9 -. 22 *9 19 77 22 9 36 25 24 26 26 27
HAMMA HAMMA RIVER AT ELDON NOVEMBER 1961 THROUGH AUGUST 1966

M..o. . 460 77 230 45.0 74 .0 0,7 35 0 54 ~~~ 07  0.3 7~~~ 0.51 — 9.1 0,35 0.05 7.9 B 5 730 139 III 257 736 430
- - 42 9.4 5.7 2.5 03 32 0 30 56.7 00 02 277 007 -- 7.4 0.06 00* -- — — 8.9 120 107 46 20 47

M.n,n..,... 119 32 5,0 09 10 00 22 0 I.e 08 00 00 41 901 94 000 080 66 0 0 5.5 710 100 17 0 0

4 I I  ~2 72 ~ 11 13 1~ II ‘L......IL i L _13__ 9 — II 9 9 73 II 10 *2 73 12 77 72 13
SKOKOMISII RIVER NEAR POTLATCH AUGUST 1960 THROUGH AUGUST 1966

M..ns,..n, 6.840 62 9.5 2.6 2.7 0.5 43 0 2.2 2.5 0.7 07  7i’~~ ö.~~ 14 .0 2.90 0.04 7.8 75 70 73.5 150 128 33 0 230
U . .  ..- 45 80 7,7 2.0 0 . 2 2 5 0 1.1 1,4 0 1 02 93 003 — 11.7 025 0.01 - -- -. 63 11 .0 97 27 0 05
M.54S...,. 190 31 5,0 0.9 7 .4 00 24 0 0 0 1.0 00 00 43 009 — 1.3 001 000 67 0 0 5 . 7 9.6 51 74 0 0

22 29 29 26 26 21 25 * 2 2 9 2 9  26 2 9 2 1  24 - - 2 9 2 4 1 2 2 9 2 9 1 024 24 7 3 2 9 2 6  26
CHICO CREEK NEAR BREMERTON NOVEMBER 1964 TH ROUGH SEPTEMBER 1966

84 9.5 3.5 3.4 08 10 0 30 10 07 2.7 97 006 -.- 10 020 001 7.7 20 10 17.3 10.8 106 36 2 2451
51 70  2. 7 30 04 37 0 28 1.9 0.7 70 73 004 ... 11 .3 070 007 — — — 73.7 10.2 102 30 0 1,743

-. 36 5.2 7 .7 2.0 00 24 0 0.4 05 00 00 49 001 “ #0 0.05 001 69 0 0 718 9.9 97 20 0 430

—. II 79 IS II II 79 78 19 IS II II II 8 -— IS B II 9 S 3 3 3 lB lB 3
GOLOSBOI1OUGH CREE K NEA R SHELTON NOVEMBER 1964 THROUGH SEPTEMBER 1966

— 778 32.0 74.0 4 .7 07 *50 0 11 .0 6.2 0.2 I I  756 0. 73 . 90 051 002 5.2 90 20 17.0 12.5 110 736 5 4.900
U.... — 40 77.0 69 3.6 0.4 8? 0 59 3.2 0. 1 08 40 005 74.9 032 601 — .— ..- 704 10.5 99 7* 4 979— 40 48 IS  20 0.7 27 0 24  1.5 (10 0.3 45 0.00 - 9.2 0.17 090 69 20 0 45  6.3 84 20 0 35

P94,56. — 24 24 24 24 24 24 24 24 24 24 24 74 72 - 24 72 3 24 21 12 23 23 22 24 24 23

mum color values of 90 and 20 units have been Dissolved solids concentrations are small, ranging
recorded on Goldsborough and Chico Creeks, respec- from 31.0 i*Jl to 175 mg/I. Slightly greater concen-
tively. trations o~ dissolved solids are found in Goldsborough

Suspended sediment concentrations for most Creek , with a recorded maximum of 170 mg/I. Iron
streams in the West Sound Basins are relatively low, concentrations are low. Averages range from 0.06 to
Sediment data collected from the Skokomish River 0.33 mg/I , and a maximum of 2.90 mg/I was recorded
near Potlatch during 1965 and 1966 indicate an per the Skokomish River near Pot latch .
average yearly transported sediment load of about Au the streams within the basin have high
100,000 tons. However , it transports as much as dissolved oxygen concentrations with averages
40,000 tons per day when the mean daily discharge ranging from 10.2 to 12.0 mg/I .
exceeds 10,000 cfs. Sediment data for the Dose- Bacter iological. Samples taken from the Dose-
wallips, Duckabush, and Hamma Hamma Rivers wallips and Duckabush Rivers near Brinnon , the Big
indicate a much lower average annual transported Quilcene River near Quilcene, the Hamma Hamma
sediment load of about 4,000 tons. River at Eldon , and the Skokomish River near Pot-

Turb idity is generally low throughout the latch indicate very low median coliform concentra-
Basin. Usually, turbidity for the principal water tions. Maximum coliform concentrations at these
courses is less than 10 JTUI, although maximums of stations are also relatively low, the highest recorded
80 and 70 J TU have been recorded for the Dosewal. concentra tion being 430 MPN. Higher coliform
lips and Skokomish Rivers, respectively, concentrations are observed on Goldsborough Creek

& ChemiseS. For the most part , waters in the at Shelton and Chico Creek near Bremerton. Maxi-
bssin are soft, with average hardness values recorded mum MPN’s of 4,600 and 2,400 coliforms/ 100 ml
at the seven stations ranging from 0 to 63.2 mg/I. were recorded on Goldaborough Creek and Chico
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Creek , respectively . Although data is not available for Peninsula , however , are likely to have very low yields.
the Sound waters at Bremerton , It is believed that the Practically all recharge to the basin aquifers is
Puget Sound Naval Shipyard contributes enough raw from precipitation , with the southern lowlands
sanitary waste to the waters to adversely affect their receiving about 120,000 acre-feet of recharge per
bacteriological qual ity . year . The natural discharge of ground water is mostly

into the larger streams or directly into Puget Sound
through springs.

GROUND WATER Quality
Quantity Availa ble Limited quality data are available for ground

Ground water supplies are plentiful in the West waters of the West Sound Basins. The concentration
Sound Basins, but vary greatly in quantity available of dissolved solids normally ranges from 100 to 200
between areas of differ ing geological structure. Water mg/I , and hardness ranges between 50 and 100 mg/i.
yields on the Olymp ic Peninsula rang e from a maxi- In some of the shore line areas , where aquifers may
mum recorded 4.160 gpm from a well near Shelton to contain traces of seawate r , concentrations of dis-
less than 10 gpm for wells in the Olympic National solved solids may exceed 200 mg/i. Nutrient concen-
Park. Well yields as high as 720 gpm are rePorted in trations are generally high with phosphate concentra-
the northern lowlands of the Olympic Peninsula, and tions avera ging about 0.5 to 0.8 mg/I and nitrates
pumping rates of 200 gpm or more are common. averagin g 1 to 2 mg/i. Higher values of these
Water yields in the southern lowlands are con- parameters have been recorded , as shown in Table
siderab ly greater , some wells approaching 1,500 gpm. 10.6. Although most wells exhibit traces of iron , it is
Wells in the northern lowlands of the Kit5*p seldom found in excess of 0.3 mg/i.

PRESENT AND FUTURE NEEDS
Future growth and d.ivelopment of the West Presently, Port Orchard obtains water from

Sound Basins will require an adequate water supply artesian wells. Total flow is 2.6 mgd (1 ,845 gpm),
and orderly planning and development of water with total available of 3.3 mgd by pump ing. This
distribution facilities to serve domestic , industrial, supply is adequate to 1980 MI demands are
commercial, and firefi ghting needs. With about 90 furni shed from resources developed in the 1960s.
percent of the basin presently undeveloped , several Sustained yields of 5 mgd are estimated to be possible
factors indicate that a period of rapid growth is at from the entire productive artesian zone.
haid. Principsoy, these are: (I) desirability of the Water for Poulsbo presently comes from three
area for residential development, (2) extensive springs, with a firm supply of 0.8 mgd. The town can
waterfront areas, (3) the impact of the Tacoma acquire no further water rights near its springs, but
Narrows, Fox Island, and Hood Canal Bridges, (4) extensive and adequate ground water recharge and
development of the Tacoma Industrial Airport , and potentially productive areas are available just east of
(5) expansion in piper and allied Industries and food Poulsbo In the Lincoln area and in the
!~oroceasing. Bangor-Silierdale area.

Except for &emerton, which has a dam and Bsinbridge island lacks productive quantities of
reservoir on the Union River, the basin has depended water. To date , aquifers tapped produce only small
mainly on ground water from wells, springs, and quanti fies. Winslow, unable to develop large-capacity
artesian wells. The &emsrton Water Department also wells, must rely on many low-producing wells and
draws water from wells, and the city has further augment peak demands with water from a stream
surface water availability on the Tahuya, and Hanuna over which the town has no control. The difficulty of
Hamma Rivers and Jefferson Creek (existing 50 cfs finding even small quantities of ground water In the
right). Bremerton’s future needs Include the need to Fort Ward area is rt.ected In the extensively large
acquire and control watershed land to ensure high- reservoirs used to store water from surface sources.

j  
quality water. An adequate supply of good.quallty water after 1980

10.7

.a~~~~~. . s.. 

— —~~~— - , . — — .~~ ‘‘‘ “W “ ‘ - -—

p — —



— - — V

TABLE 10-6. Ground water quality.

Catlons (m0’II

_ 

1i~ ~ ‘‘E~~~~
i ~ i

St tSOf ~~~thh~ tOn 30/3W-25C1 12/16/60 52 17 l.?O~ 7.3 09 300.0 0.8 0.2 0.22 775 22 1430 8.~Ksnnsth LiEs 22/1-1202 10,4/60 50 38 0.09 12.0 1.5 19.0 2.6 0.1 0.27 120 36 151 8.3
A..Swlnsr 22/l-12R2 10/4/60 58 18 0.03 15.0 1.8 11.0 0.9 4.9 0.04 100 46 161 6.3
— Wat~

0s~mIopinsnt Co. 23/1.701 3/2/61 40 25 0.01 9.0 4.5 3.7 0.8 0.1 0.11 68 41 99 8.0
J. P Noble 23/2-2L3 10/4/60 U 33 0.06 18.0 88 7.8 2.1 0.1 0.43 120 74 176 8.1
Ei~sns Log.i 24/1W-35P1 10/4/60 49 21 1.3O’~ 7.0 2.7 2.8 0.4 4.0 0.02 60 29 74 7.0
C*tyolPor t Orch d

(wslbl 24/1.25441 , 3/3/61 40 35 0.04 18.0 3.6 5.5 1.4 0.1 0.34 105 60 142 8.4
City of Bnsnsrr..n (well S) 2411-331(5 - 12/16/59 54 31 0.01 15.0 2.6 6.9 I.? 0.0 0.38 101 48 129 8.3
W. L Chsnsy 2412-33*41 2/28/61 51 38 0.06 15.0 2.2 17.0 2.0 0.1 0.91 119 46 168 8.6
B. P. 8*41. 25/1-23k 2/28/61 47 20 330d 10.0 6.1 4.7 0.4 1.4 0.06 81 50 121 6.8
Boretr-Wycoff 00. (wall 3* 25/2-36H3 10/6/60 63 26 0.04~~ 20.0 12.0 18.0 2.0 0.1 0.19 164 100 264 8.2
H .l.Fo 25/2.354.12 2/27/61 50 28 2.30° l1.0 12.0 7.5 0.6 5.3 0.11 114 77 184 7.4
US. Gowr nment

(U.S. Army) 26/1-IOL 3124/50 40 27 0.01 9.0 66 3.5 1.1 61 85 50 118 7.4
4 E. Buwnws 38!1.13J1 2/28/61 48 24 0.15 8.0 4.0 4.0 0.4 10.0 0.11 70 36 101 7.5

U.S. Gowsrnmsnt
(U.S. N~ ’y wall 1) 26/146P1 10/6160 53 33 0.24 28.0 5.3 20.0 1.9 3.4 2.10 153 53 274 7.6

• Stau Of~~~IIIn ,In 27/2-25441 2/27/61 52 30 0.15 14.0 9.2 16.0 3.2 0.1 0.82 140 73 213 8.1
E. D. Suyur 28/2-35M2 2/27/61 40 31 0.04 7.6 11.0 7.6 2.6 0.9 0.26 128 82 200 7.9
Simpson Plywood Co. 20/2W-208 5/24/60 58 16 0.00 3.5 0.0 30.0 0.1 0.0 0.81 102 8 147 9.1
Port of Shelton 20/2W-20H 5/24/60 40 17 0.03 6.0 1.6 2.1 0.0 0.0 0.04 48 22- 54 6.7

Locsdon cods leth . Isuul ds l,.tbon of I ste. of the well or. In some caus. mrlns.
For example, 27/2-25N2 ~JkaIS4tbwnthlp 27. rs.~~ 2 san Irsop ,veat would be
IndICStSd by 2W). actIon 25. 4Gw’ plot N. and the acond wall (2) In that pInt
~~ lettor a alter the oumeral would lndlc.t. a sprIng) .

~~~~~~~~~~~~~~~~~~~~~ 1$0~~ (35O0F).
C58_,,,114~ ,01~~1 250C (77~F).

-~~ d~~1 Eon I o .  AN viluss not spotud ,,.....t Won In solution at the time
sac ~o5sdit

Source: GROUND WATER IN WASHINGTON, ITS CHEMICAL AND PHYSICAL QUALITY.
~~ wr Bupply Bulletin No. 24. Wethlngtsn Stat. Ds,,.rwus..1 of ConservatIon.

• 
- will depend on sources in othe! areas. The most Western ICltsa p Peninsula , extending south from

suitable approach would be to develop ground Bangor on Hood Canal to the southern limit of the
sources in the vicinity of Brownsviile (directly west of basin In the Henderson Bay.Carr Inlet area , has been
the center of Bainbridge island) de, alternatively, to served by shallow ground water supplies and small
oblaia water from &emeuton. -ts surface sources. The extent to which pound water

Supply requirements for the northern portion supplies can be developed from deeper, more
of the Kitsap Peninsula, north’ of- Poulabo, are productIve aquifers can be determined -only by
~is.uat1y served by numerous water systems along extensive geophysical prospecting.

¶ the shoreline Kingston Is the only community with The GIg Harbor Peninsula lies in the
±~~s, ground water Iupplies~ Other community sou umtern part of the basin near the Tacoma urban
spstesns must rely on surface water from uncontrolled complex. Demand for Industrial land, which is not
watersheds for primary or standby supply. Becauae expected to be extensive, will likely be In the town of
iao nlJa.we ha. been -found of productIve aquifers, Gig Harbor and In the area a~acent to the Tacoma

• and ezosulve amounts~ of bus and salt water Industri al Airpo rt. Except for shoreline are as, lea
inlllteallon have resulted ~from pumping, facilities to than 10 percent of the penInsula Is developed.
Inaspout eater from outside the area arc needed. Population growth has been slow, with amuner
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homes predominating. However , the growth potentia l 500 —

of the area appears to exceed the capability of ground
water supplies by 1985. After that , a pipeline across
tie. Narrows Bridge could supply 8 mgd from

in Huge Creek could furnish 10 mgd.
• Tacoma, and development of a surface water supply §

Development of regional surface supplies for 
~the entire Kitsap Peninsula is likely limited to Gold ~

Creek (a tributary of the Tahuya River), Huge Creek , ~ 20C
and connection to Tacoma Water Department sup-
plies. Gold Creek, about 8 miles west of Bremerton , is
well situated to supp ly most of the section along
Hood Canal. Lilliwaup and Lost Creeks could not be
used in lieu of Gold Creek if they are to serve as a I Iprimary source of transpo rt water to other areas of 1960 2000 2020
the peninsula. YEAR

Rural-individual and rural community systems
in the sparsely settled southern and western areas of FIGURE 10.2. Projectsd population growth .
the Kitsap Peninsula are apparently in an extensive
and productive ground water zone sufficient for the pulp and paper industry will account for more
present and projected future needs. than 55 percent of all value added by major

water-using industries.The West Sound communities of Shelton and
• Port Townsend serve municipal and industrial systems PROJECTED WATER REQUIREMENTSadequately in areas of high precip itation and stream

flow . The only major effort needed will be to develop Total wa ter require ments in the basin are
facilities to handle increased demand. expected to reach 182 mgd by the year 2020. This is

an increase of more than 370 percent over present
requirements. Surface water sources see expected to

PROJECTED POPULATION GROWTH supply 70 percent of the projected water needs.
Figure 10-2 shows projected population growth Tables 10-7, 10.8, and 10.9 itemize projected water

in the West Sound Basins from 1965 through the year use in 1980, 2000 and 2020, respectIvely. Table
2020. The 1965 population (121 ,900) wIll Increase 10-10 summarizes water use from the pre sent through
about 43 percent to 175 ,000 by 1980, about 125 2020.
percent to 274,100 by the year 2000, and about 254
percent to 432,700 by 2020. Most of the increase is

• expected in and arour.d the u,ban Bremerton-Port
Orchard area, on the Gig Harbor Peninsula, on
Balnbridge Island, and in and around Port Townsend.

PROJECTED INDUSTRIAL GROWTH
Production growth of the major water-using

industries in the basin is projected to increase by 260
percent between 1965 and 2020 in ter ms of value
added. As shown in figure 10-3, the paper and allied
industries and food processing industries will pre-
domInate by the year 2020. These Industries will then 

~~~~~~~~~~~~~account for nearly all the total value added by major
water-using Industries. 1961 2000 2000

Lumber and wood production is projected to YEAR

decrease slightly through 2020. TImber usage will FIGURE 10.3. RelatIv, production growth for major
shift to the manufactu re of pulp and paper. By 2020, watur-uslng Industries.

-
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TABLE 10-7. Projected water use (1980).

Estimated Surface water u~~e In~ d) Ground water u~~e (.t,d)
• population Average Msttke.zm Average Macimum• System atrved ~~IIy month ly daIly monthly

MUNICIPAL USE

Bremerton 70,000 12.00 16.80 1.30 1.80
Port Townemd 12,000 2.30 3.20 —

Shelton 12,000 — — 2.30 320
Port Orchard 10,000 — — 1.90 2.70
Poultho, Window . Gig H~ bor,

end other rural communIty
systems 44,800 O.80P’ 1.10 7.70 10.80

Subto stl 148,800 15.10 21.10 13.20 18.50

RURAL-INDIVIDUAL USE 26,200 — 2.60
INDUSTRIAL USE
Bremerton

• I Naval Shipyard — 3.50 3.80 0.50 0.60
Port Townsend

• Food and kindred d 
— 0.02 003° — —

- 
-~ Paper and allied — 27.00 30.OO~ — —Shelton

Lumber and wood — — — 0.35 o.~~Paper and allied — — — 0.10 0.111

SeW-s led:
Paper end allied — 27.00 3O.OO~~ 3.50 3.80
Lumber and wood — 0.70 O.80~ — —Food and kindred — — — 0.03 0.04
Stone, day, — 0.07 0.07 —

Subtotal - 58.30 64.70 450 4.90

Totat 175,000 73.40 95.80 19.50 26.00

Estlmat.d 90% to be served by jrfacs sources ir~ 1980, 95% in 2000, end 2020.

~~assd on 1965 brukdown-10% surface water estImated for 1960-2020.

Clu ed on lO98od and 100% rwal Indlvithsl population wved by ground wate, by 1980.

‘5produation levels pra3eated he be 167% of prssent level by 1980, 336% by 2000, and
720% by 2020. Water use prol.cted to be 160% of pmaent by 1980, 300% by 2000,
560% by 2000.

‘1IO% of average.

~11O% of average.
• 

PlgUm weiounded. -
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TABLE 10.8. Projected ~~tsr usa (2000).

• Estimated 5wfaae v,ter uu~~ (mod) Oround water usnee (ned)population Average MaxIm um Average Maximum
served daily monthly daily monthly

MUNICIPAL USE

116,700 22.00 31.00 2.40 3.40
Port Townsend 25,000 5.30 7.40 — —

Shelton 25,000 — — 5.30 7.40
Port Orelserd 15,000 — — 3.20 4.60
Pou~~o, Window, GIg H b o r ,

and other rural conununley
66,000 i.sd~ 2.10 12.00 16.80

Subtotal 246,700 28.80 40.50 22.90 32 10
• RURAL-INDIVIDUAL USE 27,400 — — 2.bO~~ 3.50

INDUSTRIAL USE

Navel Shipyard — 5.00 5.50 1.00 1.20
Port To,NnuSfld

Food and klndrsd d — 0.03 0.04’ — —
Paper endalUed -. 3800 40.0 (1 — —

-~ Lumber and wood — — — 0.35

• Paper and allied — — — 0.20 0.22

Paper and ailed — 3600 400(1 5.00 54
Lumber and wood — 0.70 o.aot — —
Food end kindred — — — 0.08 0.09
Stone, cley,gla.s — 0.09 0.08 — —

- flMJ 8540 680

TotsI 274,100 106.80 126.80 32.00 43.00

Clstlmsted 90% to be served by oarf~~ uourc In 1980,96% in 2000 end 2900.

bSa.d on 1981 breekdown-10% surface waler sathneted far 1980.3900.

Clseed on 90 pod and 100% rural individual population served by ground water by 1990.

Srodustion levels pro4scted to be 167% of present level by 1980, 268% by 3000, and 720% by 3900
Water use proleeted to be 150% of present by 1960.300% by 2000.880% by 2000.

‘ISO%of ~~~~
~11o%~ f avsr~~~.

rounded.
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TABLE 10-9. Proje cted water use (2020).

Eatimoted ~u,fsce water i~~~e (n~~ ) Ground water usage (n1d)
population Average Mex inum Average doxwnum

System served dilly monthly dilly month ly

MUNICIPAL USE

Bremerton 169,500 3500a 49.00 4.00 5.90
Port Townsend 40,000 9.20 12.90 — —
Shelton 40,000 — — 9.20 12.90
Port Oichwd 20,000 — — 4.00 6.40
PouItho , Window. Gig Harbor , and

other rural community systems 120,000 ~~~~b 25 00 3600

Subtotal 389.500 47.00 65.80 42.80 59.90

RURAL-INDIVIDUAL USE 43,200 — — 4J0C 6.70
INDUSTRIAL USE

Navel Shipyard — 7.00 7.50 1.50 1.90
Port TOwnsend
Food and k lndred d — 0.06 0.09 — —Paper and allied — 36.00 40.0(1 — —
Lumber end wood — — — 0.35
Paper and allied — — — 0.20

Self-supplied:
-: Paper and allied — 3000 40.0(1 5.00
- • Lumber and wood — 0.70 OJO ~ — —Food and kindred — — — 0.11 0.16

Stone, clay. gl — 0.19 0.19 — —
Subtotal — 79. 96 88.80 7.20 7.90

Total 432,700 127.00 164.40 54.80 74.50

Cl.tI...eisd 00% to be served by surface sources In 1900. 96% In 2000 and 2020.

on 1965 braj idown— 1O% surface water estimated for 1980.2020.

Cliiied on 110 ~~nd end 100% rural Individual population served by ground water by 1960.

Sroductlon levels prolected to be 167% of present level by 1080, 335% by 2000, and 720% by 2020.
Water use proj ected to be 180% of p, nt by 1900,300% by 2000,560% by 2020.

150% of average.

lIOli of averag e.

~0.I 2
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TAELE 10.10. ~ .mmary of projected ~~tsr needs

Estimated Surface waist usage In~di Ground water u~~~ (n~~~ Total u~~~ (,opdi- 
population Average M.elnemm Average Maximum Average Marnlmnum

• - Use Year served dilly merril y dilly monthly dilly nh.ndIly

- Munic ipal 1986 190.750 7.3 11.8 7.1 14.6 14.4 26.2
• 1980 146.800 15.1 2t1 13.2 18.5 28.3 36.6

2000 346,700 28.8 40.5 22.9 32.1 51.7 73.6
2020 385,900 47.0 65.8 42.8 59.9 89.8 125.7

lndusstli 1965 — 30. 6 426 3.2 3.8 33.8 45.31 1980 — 88.3 64.7 4.5 4.9 62.8 69.6
2000 — 77.8 86.4 6.6 7.4 84.4 93.8
2020 — 80.0 88.6 7.2 7.9 87.2 90.5

Rued-IndivIdual 1965 18,180 0.1 0.1 0.9 1.3 1.0 1.4
k 1080 29.300 — — 1.8 2.8 1.8 3.6-4 2000 27,400 — — 2.5 3.5 2.5 3.5

:1 ~
- 2020 43,200 - — 4.8 0.7 4.8 6.7

L Tc~~~ 1985 121 900 38.0 54.2 112 19.7 49.2 73.9
1980 175,000 73.4 85.8 19.5 26.0 92.9 111.8
2000 274,100 106.6 126.9 32.0 43.0 130.6 169.9
3
~~~ 

432,700 127.0 154.4 54.8 74.5 181.8 226.9

tester AU figures see rounded.
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Municipal Industrial

Municipal water requirements, presently Projections of indust rial requirements indicate
averaging 14.4 mgd annually, are expected to reach that industries will continue to require a lesser
28.3 mgd by 1980, 51.7 mgd in 2000, and 90 mgd by percentage of the total needs in the basin , althoug h

¶ 2020. By the year 2020, municipal water needs will needs will increase from 33.8 mgd at present to 87.2
have risen from 30 percent of total water mgd by 2020. Industrial deman d will be greatest in
requirements to 50 percent. Per capita usage is the pulp and pap er industries at Shelton and Port
expected to increase from 148 gpd at present to 190 Townsend.
gpd in 1980, 2O2 gpd ln 2000, and 23ogpd in 2O20.
The greatest needs will be evident in the Kitsap Ru rel ind ividua l
Peninsula area and, particularly, on Bainbridge Island, By the year 2020, rural-individual needs are
If a cross-sound bridge provides adequate commuter expected to be 4.8 mgd , or less than 3 percent of the
means, total pr ojected water needs in the basin. This

percentage shows little change from present needs.

MEANS TO SATISFY NEEDS

GENERAL Port Townsend receives its water from the Big
Quilcene River . The present gravity system Is supply .

The projected annual water use is expected to ing 17 mgd, and can be further developed to meet

reach 177 mgd by the year 2020. This is an increase future needs. This water is of sufficient quality to not

of approximately 128 ingd over the 1965 average ~~~~~
. 

require treatment . The Crown Zelierbach plant near

Opthnum cc peak water requ irements will be approxi- Port Townsend Is and will continue to be seW-sup-

mutely two times this average or nearly 350 ingd.
Tables 2-10 or 2-11 , ~~ ~~~ ~~~~~ , ~~~~~~~ 

Shelton , using ground water , develops adequate
basins’ annuai average anti optimum requ irement in supplies which with continued development of this
relation to the remainder of ~~~ ~~~~ . Table 10.1 1 , source will be capab le of meeting all future demands
M&J Water Supply Needs, reviews the needs of the though 2020.
m~oc water syatenes anti/or users in the basin. The remaining communities currently have

adequate supplies to meet existing needs. However,
Bremerton, Port Townsend, and Shelton ~~ some areas are notably short on future water supplies.

and will continue to be the centers of commerce and These are Bainbrldge Island and areas on the northern
urban development in the West Sound Basins. Togeth- 

~~~ ~~ yj~~~ ~~~~~~~ci these three conuitwilties supply half lbS people The optimum requIrement, 350 mgd, is within
and the municipilly supphed industry wIth 50 per- ~~~ potentj~J of the basin without conflict over
cent of the water used. The remaIning 50 perCent is withdrawals. No need for water from outside the
consumed by smaller community systente and wlf~ basin is apparent. Urban growth, If It becomes intense
supplied industry , evenly. 

~~~~~~ W~fl bring about sufficient population density
The city of Bremerton’s water system is, in all to make a county service or regional (PUb) water

respects, the largest and most Important In the Basin. supply and transmission system feasible.
If fully utilized, lb. available firm water supply could Futur. population growth will be extremely
furnidi 100 ned, adequate for projected needs of the dspsndest upon future laid use. h~~iway and trans.
city and Contiguous area past the year 2020. In poriation mutes and brId$es, and not upon water
addition to Its Cased Omit and reservoir on the Union suppMss.
River, and Its wells, the city has further surface water Table $0.11 shows present and fritters needs
aisilabdity on the Tsbuya and Hanima Haunt. within the West Soui~4 I..~~ for the nWor water

10-14
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TABLE 10-11. M&I Wat er Supply-Cupital Improvements
West Sound Basins

Present Future
1965 1966-1980 1980 2000 2000.2020

P lation Served 42,000 70.000 116,700 169,500
• BREMERTON

Opttmum 30.9 50.6 83.7 121.1
C~~~~led tmprovumsnts 7.9 19.7 33.1 37.4

Po~uIat ion Served 7,500 12,000 26,000 40.000
PORT TOWNSEND

Optimum 20.2 37.9 56.5 66.5
C~~ital I mprovements 3.8 17.7 18.6 10.0

PopulatIon Served 6,800 12,000 25.000 40,000
SHELTON

OptImum 4.5 8.5 17.1 27.0
Copied lmprovsmsnts 2.8 4.0 8.6 12.9

Population Served 8,600 10,000 16,000 20,000
PORT ORCHARD
OptImum 3.3 6.6 9.9 13.2
Copitti Improvements 2.9 3.3 3.3 13

Population Served 43,540 44.800 65,000 120,000
SMALL & RURAL
COMMUNITY SYSTEMS

OptImum 28.6 29.6 42.7 79.2
Copitsi I mprovements 23.6 1.0 13.1 36.8

PopulatIon Served — — — —SELF SUPPLIED INDUSTR Y
OptImum 27.2 34.7 46.4 46.7
Copital Improvement. 10.5 7.5 11.7 0.3

Population Served 104,440 14S$O0 246,700 389,500
TOTAL
CopitsI Improvements 51 53 88 100

BASIN PLANS Much of the West Sound Basins lacks only the
Important and necessary facilities of more urban areas

The Selected Basin Plans for the West Sound to attract population and experience a moderate
Basins (Table 10.12) Indicate future development will growth. Urban growth, If it becomes intense enough,
be along the lines of existing systems. This continued will bring about sufficient population density to
development calls for the use of surface water by make a county service or regional water and trans-
Bremerton and Port Townsend, and local ground mission system feasible.
waler developments by Shelton, Port Orchard and the The AlternatIve Basin Plan has outlined some-
remaining entail and rural community systems. Table what of a regional service area to supply much of the
10.12 includes a timetable of projected develop- southern part of the basin. This would happen If the
insists, cost of development and maintenance and Water Division, City of Tacoma, the PUD of a county
operation plus expected annual income. or counties develops a surface water source on the

Slang. aid distribution costs, based on pope. South Fork of the Shokomlih River. This would
kIlo. growth, will be the same for the Basin Selected supply water to Shelton, acrom the south pert of the
and Alternative Plans. These costs for the West Sound basin to the Port Orclusd vicinity, titan across the

seal for the remaining ten baths, are Nanu~. Bridge to Tacoma.
shown in the Area Selected ad Ahsrnstlvs Plans,
Tables 2-10 ad 2-11,reap. ~llvely.
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TABLE 10.12. N & I Waist &apply Use PtannIng-P,su~t to year 2020 Sslsctpd Basin Plan West Sound Basins
1867

OPTIMUM THOUSAND DOLLA RS
CAPACITY AMORTIZED MAINTCNANCE

Y. Annual MG 0 CAPITA l. COSTb — AND ~~~ R TOtal
P h i  ot Wi,. Ui. ~~y $ T,ssi. hon Pun~,lr~ Annul

Linsi SOs.. ~~~~~~~~ D.sI. M~~ 55991y Tnnnn, . Tn,.., . ,,,i,,i Rin ,ov I P.,s , Chin, lnce,~~~

SREM(RTON
F,..., on Union RI.., . Qolis 0 AnOtnun C.sohs Iii... 9 23 23 101 3 1.18$on AdOtal CWItV 1$ *979 5 6 1.040

31 31
1180 30 Nw0nSH.nvnnRI.M 1950 *7 30 30 2.500 152 5 1.31$

2002 30 AdOtd C~~onIy igeo 20 33 33 4,300 319 *2 2,190

2030 30 Addid C46wIy 2010 OS 37 37 4.502 419 IC 3.504

IRIMER TON MLICTED PI.AN TOTAL 121 171 $12740

PORT TOMNISNO
P,,..rn SW Sq Oudson, R N., Sand. IC II.? *5. 7 191
P,....., 30 ADO . 4.04i 4 10* 4 4 520 1 1.792

1180 SW IqOulIcons Rn., 1970 35 IS IS 2.300 331 *2 3.735

2000 30 S~~OulN.ns RI ~~ *185 4* 5 II 2.310 434 II 4.789

2020 30 S. Gull.,,, Rn ~ 2nd D,,,a.on 104,0 3010 45 *0 10 2.2*0 537 20 1.107

PORT TOWNSEND SE I.$ CTED PLAN TOTAL 57 $7 $ 7.410

SHELTON
Pn,WN GM Local O,ound ~~~~ Ea.i. 2 I ?  1.7 II 234
P...,,. OW Local G..und Won, ADO~ 39~,0 INS 2.6 2.6 130

*850 0* La lG,auN. MaMa *909 3 4 4 240 25 345

2000 OW Local G,ound Wow , *186 5 I 9 540 I? 701

2030 OW Local G,ound WoN. 20*6 10 10 10 750 103 1.185

WISLTON IELE C 1’IDPLAN TOTAL 27 27 $ 1.110

PORT ORCHARD
PN..w GM Local Gonod Wiss, En..t . 0.4 04 0.4 47

30 Local G ouN. WON. ADO 3 S H d  1955 3,0 30 iso
1946 OW LoN.G.ou.d W~~~ 1915 2 35 35 2*0 21 I 234

2000 0* Local G,osnd WIN. 1995 3 3.5 3,3 210 34 1 200

2020 0* L.IsiG.S.N.0* 20*6 5 3.5 16 2*0 ~

FORT OR CH ARDUL*CTIDPL *N TOTAL II *4 $ 510

P01*100 a OTH I R RURAL COMMUNITIE S
P.0MM OW Local 0~~~..d WaN. Sal,.. 5 4 4 63 I~ 4
P..soe OW LOoN Gocud W.N. *00. 1704,0 1166 24 24 1.020

*155 0* Lssd 0~omi.d WisP. 1975 5 9 9 460 55 1.951

2699 0* L46 QIINiI WMM 9555 *4 *3 12 780 *42 1.536

2020 OW Local Onusid WIN, 20*5 30 35 39 2,110 254 3270

POUl,S5O a oTHsm RURAL COMM UNITIES ULECTE O PLAN TOTAL 79 75 s 4.410

LF SI.1FUID INOI *TRY
PIOs.nd 30 LaIsi 5*4*, WoN. Lust . 4 4 14 *47 1

OW LooN 000MM *0* INS 3 2 2 2*

ISIS SW LisalS*4o.sWi46 II *1 1,430
isle on I. $wlo.Wsw, 190$ 30 4 4 130 10

GM L. 0.seN. WINt 4 4 4 240

isee on Lo SsN.*, WoN. 10* 37 a $ 1,160 441 1$
OW LIN.GISIIN.W0* 3 4 4 340

ma 30 WI ~~~ HSod 2095 37
OW Ils A8$IUMM lOiN. 3 44* *3

LP UWPUSDINOLS TRY NLICTSOPL A$TOT AL 47 4? 5 3,475

LSCTSO 5*110 FLAW TOTAL 5*120

—

• D*iaN ~~~~~ ~~~~~ MM.L Ih.1I.-. sS*, Use A.osM.*,seIahluI~ N*~~ ~~~~e.
o
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TABLE 10.13. N & I Water Sopply Us. Plannln -Prs.aM to yaw 2020 Alternate Basin Plan Wsst Sound Basins
*157

OPTIMUM THOU SAND DOLLARS
CAPACITY AMO RTIZE D MAINTENASICE

M O D  CAPITAL COSTI. _AND OPERV 
TON,

P u n  id WI.- UN Supply S TMM- l,on Punupl19 Annuil
L0M0 Sow.., Dnn1a 01.,nI 0...I MUD S,pply T nsu., ,. t.anon. ,,wnt R..no,sl Po,~~, CI,.,. in.., .

SR EM LRTON
P..... 30 UnionRl.,-G.nsCn,ul, .uc. I... . U 23 31 101 3 1. 195•QvdWI.di O*,-D..i.sn 0.. 9910 95 1$ 2110 3I

34 31

9510 5* Ds~~~~~~ Non $W,~~ ~~~~S No*,N. *575 17 10 53 12.500 400 5 1.355
2000 30 IAN.,. DI.snIOnb 1155 39 12 2.150

30 I,550oc. Vt 30*0 ~~ 10 3.504

SR IMER TOVI ALTERNA T IVE PLAN TOTAL in in 5,4,150

PORT TOWN SEND
IS.~.. S.I.cNd Pta.9

SHELTO N
PMMnI OW LcalG .ound W0* Lund. 3 1,7 1.7 *5 234OW Local OiouN.W.s.,AOD 2.1i 

~ 7.5 *30

9550 SW ! 1 r ~”-.~ ’ RI.~, 9573 3 4 4 530 25 345

3000 30 ShohanUd, RI.., IllS 5 9 5 1.170 52 701

2030 SW Uhikonuld, RI.. 30*3 IC tO 10 9.460 103 1, 105

SHELTON ALTERNATIV I PLAN TOTAL 27 27 $3 510

PORT ORCHAR D
P,p.., OW LOcal G,ew,d WONI Land. 0.4 04 0.4 4 47Pn,.M OW Lacal G,IuN. WaN~ADO~ 3Oupd INS 3 3 laO

IWO SW °P,..thisi~ 4*,, T*,nIS Moss, 0..,.1.I.....4 9110 2 3 3 310 240 21 234
2000 SW Ps.chIN (ro.n TaNono Was.,p.p.,-99...I 2000 3 3 3 310 247 3

~~ O 30 Ps.d *,NMnT0*INWNs,OOpNInsnI 2030 3 4 4 454 245 45 554

93 Ii $ 1,454 $ 735

PORT ORCH ARD ALTERNATIV E PLAN TOTAL $2 155

POUIJSO a OThE R RURA L COMM UNTI IE S
lion . A. 1.1.0* P1*4

SELF S*.5PI. IL0 INDUSTRY
Ilunu. SaNdod PN.I

ALTERNATIVE SAWN PLAN TOTAL $27,110

InIllal Us.1.,...nI.
• DIM USI 1.4*0 IM~ M daNWution .30 U.s A... N.su. N Soslaly 14*4. .5db , .
~ as se..... ..s.u~~
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Some of the northern systems will combine as (approximately 20 percent of the total annual in-
p lation densaty increases. Th.e Plan calls for come).
Bremerton to develop a new source on the Duck- The following figures indicate the monies avail-
abu sh River across Hood Canal. Port Townsend will able for bond service and the capital expenditures
continue serving its consumers with fresh water from amortiz ed for 30 years at 5% for the Selected and
the Big Quilcene River. Alternative Plans.

Supply and transmission and storage and dis-
tr ibution costs for the Alternative Basin Plans are Annual Amortized
shown in Tables 10-13 and 2-i l , respectively. COSt (x $1,000)

Surface and ground water supplies can be Annual Bond Service Selected Alternativ e
economically utilized by rural-individual or small .X!II Available (x $1 .000) Plan Plan
community effort water systems, such as wells and
small surface diversions and package treatment plants. 1965 $810 $360 $380
The m~or means are to enlarge the present pumping, 1980 1,450 740 1,000
treatment and distribution systems to handle the 2000 2,070 1,470 1 ,280
peak water demands. 2020 3,100 1 $60 1,770

Table 10-11, Summary of Projected Water
Needs, shows the level of need to 2020 from all Costs as indicated by the Engineering News
sources. Record Index are presently doubling every 15 years.

It is projected that by 1980 or sooner the West Sound
FINANCE Basins may be unable to bond for the required water

ssçply development, and future construction would
Ann ual income as taken from Tables 2-10 and insohe extraordinary financial burden in relation to

2-11 for the Selected Alternative Plans indicai.s the the Basin’s economic resources unless water rates are
amount of money available to app ly for bond service raised.

• • 
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ELWHA-DUNGENESS BASINS
INTRODUCTION

The Elwha-Dungeness Basins, westernmost basin CLIMAT E
in the Puget Sound Area , is located in Clallain and
Jeffers on Counties on the northern side of the As can be expected In all areas adjacent to a

Olympic Peninsula. (See figure 11-1.) The basin Is laii~ body of water and having extremes of elevation,
bounded on the north by the Strait of Juan de Fuca, the basin has a wide range of temperatures and rain-
on the west by fhe crest of the Olympic Mountain fall. The low-lying populated areas along the coast
Range, and on the southea st by the West Sound ~~~ a nuld climate with a fairly narrow temperature
basin. The basin encompasses Port Angeles, the major range. Ground fog Is common - to areas next to the
city in the basin, and the rather thickly populated strait. Because of the so-called Olympia rain shadow,
Sequim and Dungeness communities, the basins have a wide range of annual rainfalL

Population and industrial growth of the b~ak~ 
Average annual prec ipitation in the Sequim-

has been gradual and fairly steady over ~~ ~~~ 
Dungeness area, about 75 percent of which falls

century, and this trend can be expected to continue during October through March, is approxImately 17
past the year 2000. The available fresh water supply inches, and may reach 240 inches a year in the higher
should be adequate UUOUglI ~~~ ~~~—-

. 
mountains. Rainfall in the basin averages 77 inches
per year . but is significantly less in the lowlands.

GEOGRAPHY Thus, while the southern part of the basin Is one of
the wettest places in the United States, the area In the

The basin is character ized by rugged mountains ~~‘
•n ~~~~~ is semiarid and requires extensive irriga-

(photo 11.1), alpine meadows, and rain forests of the tion for crops and pastureland.
Olympic range, sloping northward to shelf-like plains
2 to 6 miles wide, and ending at the south shores of
the Strait of Juan de Fuca.

The major water courses of the basin are the ~~ P~~~~T ION
Elwha River and the Dungeness River. The Elwha About 28,500 persons live in the Elwha-
River, about 40 miles Long from its headwaters near Dungeness Basins. The two major population centers
Mount Olympus to its outlet in the strait , drains the are Port Angeles, with 15,700 persons in 1965 and
western portion of the basin. The eastern portion is Sequim with 1.400 ~~~~~ Most settlement has
drained by the Dungeness River. This river, about 30 occurred along the narrow coastal area, while the
miles long, is glacier-fed, with headwaters between moss fiNed and inaccessible southern part remains
Mount Deception (7,788 feet) and Mount Constmice basses of peopla . In addition to population growth
(7,743 feet). It runs into the strait near the loses of ugr~~~sd by industrial growth, retirement pcpula-
Dungeness. The area between these two major steers ties I mipscl.d to increase Steadily for the next 50
is drained by many short, swift Itseaml , the major ysem.
one of which is Morse Creek.

There are due. major lakes In the Elseb.- ECONOMY
Dungeness: Lake Sutherland (361 acres) nad two The economy of the basin I based primarily on
man-made reservoirs, Lake Aldwefl (321 acme) and ~~~~~-‘~-‘1uI ~~~. governm ent, trade, and agriculture.
Lake MIlls (451 acres). The remaining b~~~ lake ars PIpSI ad pulp production IS the mainstay of basin
(approxImately 265 acres) are composed of numerous economy. Limibet and pulp mills at Port Angeles and
snail lakes In the lowlands and cradles In the alpine aweilBi at Sequhu sustain the local economy and
areas prov id, seasonal employment for many part-time

I l — I
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- Port Angeles , the Clallam County seat , has 56
manufacturing firms, principal products of which are

- - lumber , newsprint , rayon , pulp, fiberboard products ,
shakes, and shingles. The excellent harbor formed by
Ed iz Hook provides facilities for loading and
unloading coasta l and ocean-going freighters. Log
exports, mainly to Japan , are increasing, and the Port

- 
Angeles Port Authority is doing more business each
year.

- The Sequim-Dungeneis area is devoted chiefly
to agricultural activities. Lots of sunshine , an absence
of destructive winds, and a lengthy growing season

• 
V make this area agriculturally favorable . Extensive irr i-

gation has made this one of the richest dairy centers
in the State . Dairying and livestock are the primary
farm enterprises , but some crops are grown. Hay and
pasture crops, grain , berries, and seed crops make up
the major land use of the irr igable areas. Dairying,
livestock , and field crops account for over three-
fourths of all farm products sold annually.

Tourism is the fastest growing industry in the
basin because of the wide variety of scenic and recrea-
tional areas. Olympic National Park vies with Mount
Rainier National Park as a tourist attraction and

V recreational area. Many tourists pass through the
basin on their way around the scenic peninsula drive.

PHOTO 11-1 . The northern gatewa y into the Others use Port Angeles as a jumping off place on
Olymp ic Mountains is in the Elwha -Dungeness basin , their way to Victoria , B.C. This tourist trade has

encouraged the building of numerous business estab-
lishinents for furnishing services and consumer goods

V - 
farmers. The aver age monthly employment for to tourists.
Clallam County in 1963 showed : The Sequim-Dungeness area, because of its

mild, rain-free climate and its reasonable proximity to
Agriculture 800 the Seattle metropolitan area , has attracted an
Mining o increasing number of people at retirement age, and is
Const ruction 256 expanding the permanent population of the basin.
Manufacturing 3,100 This buildup brings with it the need for more service
Transportation , communication , and supply industries.

and utilities 280
Trade (wholesale and LAND USE

retail) 1 300
Finance (insurance and 

‘ The Elwha-Dungen ess Basins contain 448,000
real estate) acres of land and inland wate r . Forest Lands predom-

685 m ate, accounting for 85 percent of the total land.

Government Most of this acreage lies in the southern mountainous
Not classified ‘ 

70 part , which is under Federal ownership (Olympic
National Park and Olympic National Forest). Land

11-2
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cleared for crops or pasture compr ises the second TABLE 11-1, General land u .

- 
- largest land area in the Basin. A appreciable amount

of acreage, about 4 percent, is converting to urban Use Aisis

buildup where densit ies in excess of three houses per FOS UsSlInd
10 acres occur . The land use of the Basin is given in ~~~~~~~~~ 24,000
Table li-I . Ran~sIand 2,000

oth•r isnt~ (high , barren) ~ooo
U,b.n buIldup 6,000

In~und vsetsr 2 000
Total land and Intend wesur 448.000

Sourca AppendIx Ill , Hydralagy

PRESENT STATUS j
WATER USE Rura l-Individual

Total municipa l and industrial water use in the An estimated 10,500 rural consumers use an
basin amounts to more than 64 million gallons per average of 0.55 mgd, a per capita use of slightly less
day. This withdrawal of water from rivers , streams, than 55 gpd repre senting less than 1 percent of total
sprin gs, and wells in the basin serves a population of basin water use.
28,500 persons. Water use is summarized in Table
11.2 . WATER SUPPLI ES
Municipal The E lwha and Dungeness Rivers plus

More than 18,000 municipal consumers in the numerous creeks , springs, and wells currently supply
basin use an average of 46.2 mgd, 7 percent of total municipalities , industry, individuals, private water

4 water use in the basin, and an average per capita use companies , public utility districts, and water associa-
of 256 ~~d. Some 15 ,700 municipal consumers in tions. Both surface and ground waters are used to
Port Angeles use about 3.8 mgd, an average per capita meet the average daily requiremen t of 64.3 million
use of 242 gpd, and account for nearly 82 percent of gallons. Ground water furni shes 0.5 mgd.
total daily municipal water use . The more than 2,500
nrunlcipsl consumers In Sequim and other nual corn-
manitles use an average of 0.84 mid, a per capita use The city of Port Angeles obtains water for

S o(peaJly 340 get its municipal supply from Morse Creek. The system

I 

consists of a simple diversion dim, which currently

Iss~ amlal 
supplies t,$e city wIth 3.80 million gallons daily, but
is cap.b)ó of supplying a peak demand of 8.10 mgd; It

Industry uses more than 90 percent of all water serves a population of 35,700 and, periodically, on.
used In th. basin. Three pulp mils it Port Angeles use Industxy~ The water is disinfected for domestic use.
an using. of more than 50 mid. The Rayculer FIpure 11-2 shows water use front 1952 101966.
Incorporated pulp plant , largest Industrial consumer The average municipal monthly demand prolle
In the basin, uses an averng of 35.7 rngd, more than for Putt Angeles front 1961 through 1966 is shown

V 50 of the Industrial water and 55 percent of on øgure 11.3. The summer months, as expected,
all water used in the basin. The second largest hive the blUest demand.
Industrial user is the Crown Zellerbach pulp mill Sequim obtains Its domestic water from an
which uses some IS ingd. The Fiberboard Corpora- Infiltration gallery adjacent to the Dungeiws. RIwr.
lion pulp mill uses in average Of 5.0 mid. ‘T he average needs supplied by this system total 0.75

11.3
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TABLE 11-2. Water use (1965).

Estlmet.d Surface wets, u~~e (a~d) Ground water u
population Average Maximu m Maximum Average Msxlmum MaxImum

System served deity monthly dilly dilly monthly daily

MUNICIPAL USE

Port Angeles 15,700 3.78 7.10 11.00 — — —HoksWaterwsll 560 0.06 0.10 0.14 — — —Suqulm 1.400 0.75 1.00 1.50 — — --
Rural commun fty syatams 340 0.01 001 0.01 0.03 0.04 0.06

Subtotal 18,000b 4.59 8,21 12.66 0.03 0.04 0.06

RURAL-INDIVIDUAL USE 10.500 0.05’ 0.07 0.10 0.60 0.70 1.00

INDUSTRIAL WATE R USE

Murncipaily supplied:
Port Angeles
Pope, and allied (fibreboerd) 0.20 2.10 2.50 — — —

(Crown Z.) 0.09 0.10 0.10 — — —

(Raycaher) 0.17 0.20 0.20 — — —
Satf ~~ipplied:

Paper and allied 58.70 62.50 86.00 — — —Fibruboard (5.00) (5.50) (6.00) — —. —V 
Cr ZsISsrbsch (18.00) (19.00) (20.00) — — —

Rayenler 
_____ 

(35.70) (38.00) (40.00) — — —
~~~ lotsl 59.16 84.90 88.80 —. — —

Tota l 28.500 63.90 73.20 81.60 0.50 0.70 1.10

‘Used on 66 gpod and 90 percent of rural Ind ividual population sewed by ground water.

b Edkweted popu lation sewed Is not the populat ion of the incorporated area of the city but ii that population (sum of
4 permanent and seasonal) from Table 2-7 whIch determines the ‘sesrage rating” for each basin. This population has been

Includud In the nearest municipal system since the municipality Is often the wetsr supplier for the smaller adiolning water
dieribution system.

mid, which serve a population of 1,400 persons. The the Elwha River furni shes 59 mgd to the Crownsite is owned by the city , is free of nearby sources of Zellerbach Fiberboard Corporation , and I.T.T. Ray.
pollution , and the supply is chlorinated prior to onler Incorporated pulp mills. The facility is owned
delivery . Capacity of the present source development by the city of Port Angeles but is operated andis 0.9 mid which is more than adequate for present maintained by the industries. Although the line was

constructed to relieve industrial demands on the
More than 340 persons are served by several municipal system, the Fiberboard Corporation pulp

rural community systems which supply about 0.04 mill draws an averag e of 0.50 mgd from the municipal
mid. Approximately 0.01 mgd are supplied from system when waters of the Elwha are unsat isfactory
pound sources ; the remainder Is supplied from sur- for its use . Althoug h average annual demand by this

sown.s. Indust ry Is 0.50 mid, most ot the water is used duri ng
the winter months when wate rs of the Elwha are ta r-Indus~W bid, which reflects a somewhat higher municipal use

A 70.lnth Industrial water line constnicted by during Ducember and J anuary than would be
the city of Port Angeles In 1929 to divest water from expected for purely municipal consumption.

1(4
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FIGURE 11-2. Port Angeles watar consumption. FIGURE 11-3, Port Angelea watar use profile.

• Rural-Individual TABLE 11-3. Municipal & I ndustrial water rights.
An estimated 10,500 persons are served by

about 3,700 rural-Indi vidual systems. Most of these ‘
~~ lndu~systems (95 percent) are supplied by ground waters and trial

that are generally satisfactory in sanitary quality. munity com~Approximately 200 systems use surface supplies, 
~~~~~which for the mast part are unsatlifactosy.

WATER RIGHTS 
Surface WatIr 20.2 9.6 122.8

Surface water rights In the E DW1$flSIi Ground water 1.0 8.7 0.3
Basins (through December 31, 1965) for municipal,
Industrial, and domestic water supply and Irrigation S~~toleI 21.2 18.2 123.1

S purposes, are summarized In Table 113. Water rights ~~~~~~~ ~~.

Include applications for diversions totaling over 
21.2 ~~2.3 123.11,04747 cfs (677 mid). Temporary permits ha-vs ___________________________

bean panted to nine of these applicants In the a~~~~~11, ~~~~~~ spps~~rbaIve rights have
amount of 2.24 cfs (lAS mid). Sixty certified or
permanent water rights have been Issued for approxi.
matsly 994.51 ~~~~~~~~~ V

11.3
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Water rights in the Elwha River drainage total Water rights in the Dungeness River drainage
996.75 cfs. The largest water right holders are the total 50.92 cfs. The Dungeness Irrigation District has
city of Port Angeles and Northwestern Power and a right to 10 cfs on Hurd Creek , a small tributary to
Light. The city of Port Angeles has one right of 150 the Dungeness River. Two water rights totaling over
cfs (82 mid) for use in several industrial plants. The 28 cfs are held by the Washington State Department
Northwestern Power and Light Company has water of Fisheries for fish propagation.
rights to divert 800 cfs to generate power.

WATER RES OURCES
SURFACE WATER of Juan de Fuca such as Morse, Siebert, and

McDonald Creeks, have extremely low flows during
Quantity Available the summer because their watersheds store litt le wow

Streams The Elwha and Dungeness Rivers are and receive only small amoun ts of precipitation.
the primary water resources in the basin. setween A low4low frequency ~~alytis has been made
these two river basins are Morse Creek and several of the Ehtha and the Dungene.s Rivers based on the
smaller strea ms that drain a 198 square mile area. 18-year period from April 1, 1946 to March 31,

V Runoff is supplied by snowpacks and miofail ~~~ 1964. The 7-day and 3Gday low flows that m y  be
nating in the high mountain ranges. Runoff for rise expected to occur on these rivers for recurrence Inter.
entire area ls about 45 inches annually. valsof 5, l0, and 20yeagsare thown in Table 11.4.

From 1931 through 1960, annual discharge of
the Elwha River recorded at McDonald Bridge near TABLE 114. Low flow freqUaflCy.
Port Angeles, averaged 1,500 cfs. Variations in annual
runoff in this same period included a low of 859 cfs
during the 1944 water year , and a high of 2,050 cfs intuival flow flow
during the 1954 water year. Dsscha~gs etstion (~~er,) (ds) lcfe)

The Dungeness River has less than half the EiMia River at McOonald 5 340 416
volume runoff of the Elwha, which-reflects its lower Bridge near Port Angeles 10 300 375
elevation and location in the rain shadow of the - 31~Olympic Peninsula. Records for the Dungeness show
an annual average discharge of’ about 382 cfs during Oungenees R iver near Ssquim 5 105 120

V the 30-year period from 1931 through 1960. The 10 - 95 109

• minimum recorded discharge at the USGS stream - 
88 101

gage near Sequim was 200 cfs during the 1944 water
year, and the maximum was 549 cfs in 1954. Dams and Impoundmassls. There are two dams

These two riven share similar seasonal runoff 5*14 storage reservoiri on the Elwha River. This river
variations. Flows In both the Elwha and Dunpeness has been partly regulated at Lake AJdweU since 1911
peak during the winter period of higi* precipitation, and at Glines Canyon Dam (Lake Mills) sInce 1927.
and again In late spring or early summer under * 

These two private power developments have a corn-
combination of spring rains and snowmslt. me~~y blued total storage of 69,000 scm-feet. Their corn-
the greatest monthly flows ~~~ ~~ j~~~~~~ 

blned active storage of 29,000 acre-feet Is used
By contrast, winter flows are mote variable and ~~ primarily to meet power demands, but some storage
often tensed by sharp rises caused b~ st~~~. Is used to augment low flows for flab enhancement.

Both the EIWh a ~~ )W~~~~~~~~ 5 .nhIM ~~~ 
No reservoir exists on the Dungenesi Riven. :- -

mum n~~. duri ng lii. nm~~~ wi~~ p r .~~itatIon Is Lalses. The total amount of storag e In lakes and
least and unowp.cks ate depleted. Following ~~ gliders In the basins Is not known, but the total sur-
spring mbi.s and the usowsasit peak, ~~~~~~~ face area covered by water bodies Is about 2.2 square
recedes to mInhasm base flow, ~~~fly by ~~ miles, of which about 1.6 square miles comprise sign-
September. All of the smaller tributsels. ~ ~~ ~~~~ lated waterbodles.
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~~i&ity streams are generally free from suspended sediment.
The quality of surface water in the Elwha- Color values range from 0-15 units for the Dungeness

Dungeness Basins is excellent in virtually all respects. and 0-10 units for the Elwha . The average color value
(See table 11-5.) The major rivers and streams in this for both rivers is well below the recognized standard
basin flow the greater part of their length through a of 15 for drinking water.
natural sanctuary , Olympic National Park. Outdoor The Elwha Risir transports about 25,000 tons
recreation is the principal use of the undeveloped of sediment during a year of normal streamfiow. In
watersheds, contrast , the Dungeness River transports less than

Water quality of the Elwha and Dungeness 1,000 tons of sediment in an average year. Suspended
Rivers has been measured for 9 years on a month ly sediment concentration in most streams of the basin
basis from July 1959 to July 1960, and then is usually less than 20 mg/I.
quarterly thereafter to 1966. The following data were Chemical. Concentrations of tota l dissolved
gathered from monitoring stations located on the solids in the rivers and streams rarely exceed 85 mg/I.
Elwha at McDonald Bridge near Port Angeles and on The Elwha and Dungeness rivers and their major
the Dungeness near Sequim. tributaries are swift-flowing streams, and dissolved

oxygen concentrations throughout the length of these
Phy,ind. Maximum temperatures of both the rivers are near saturation. DO concentrations on the

Elwha and Dungeness is generally low in companion Elwha range from a low recorded value of 10.0 mg/I
to other streams In the Puget Sound Area. Tempera- tO a high of 14.1 mg/I. The DO concentrations on the
tures on the Elwha have reached a maximum Dungeness range from 8.5 mg/I to 13.5 miJl.
recorded value of only 15.5°C (59.9°F). A maximum BacterIological. The sanitary quality of these
of 16. 1°C (61° F) has been recorded on the Dunge- stj eamj Is excellent. Data indicate that MIN values
ness River. The Elwha is generally 10 to 4°F wanner of coliform bacteria are usually less than 100. On
than the Dungeness during most months. This warmer the Elwha, the MPN ranges from a low of 0 to a maxi-
temperature may be in part attributed to the mum value of 430. The MPN values on the Dunge-
stabilizing effects of Lake Mills. ness range from 0 to 230 collforms.

The lower maximum temperature of these two
streams Is caused by the predominantly high altitude
and northern latitude of their watersheds. These UND WATER
streams are also among the few in the Puget Sound
Area that are north-south oriented, and thus are less ~~~~~~~ AVailable
subject to warming by the sun. Plentiful supplies of ground water are found in

Except during hlgh.runoff periods, the Elwha several mountainous and lowland regions of the
*nd Dungeneis Rivers run dear. Usually, the turbidity Elwha.Dungeness Basins. VIrtually all of the ground
for the Elwha is 12 and the Dungeness 7 RU. A water in the lowlands is drawn from sands and gravels
maximum turbidity of 65 RU for the Dungeness and deposited by the northward flowing streams or by
60 RU for the Elwha was recorded. These two glacial action. Generally, this material Is permeable

TABLE 11-5. Surface water quality.
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4 ~~~~~~ SIN N *0* 1.7 23 00 5$ 0 5.2 10 13 03 111 Oil — ,J e.ee am 0 * 0 1 1 1 1 1*111 101 45 5 430
• - — 54 13.4 1.0 Ii 02 41 0 71 0.7 0.1 01 N SOS — s,i SIC 0*1 — — — 5.3 III 154 30 4 23

~~~~‘ see es ito 0.1 I.? 0* is o to o.o to oo se see — 3.o seo .m 0.4 0 0 32 Ito s e e s  2 0

3 0 3 0  3 0 3 0 3 0 3 0 3 0 1 1 3 0 3 0 3 0 3 0 3 0  2 7 — 3 0 3 3 1 1  O S H  P ~~~~~~~~
ovNGsNiU5 RIVEN NEAR sEQuin a.Il.v THRQ UGH 1958

~~~~ INS 5 4* 0 3* 4 * 0 . 4 0 1  0 100 2.2 0.2 0*113 SOs — 14.0 4455*4 7* 1. ilt itI 114 11 5 230r — 70 15* 2.2 2 7 03 IS 0 72 1.1 01  12 u s  *51 — as am em — .- -. to Ill 101 11 2 43
~~~~~~~ IN N 12.0 1.2 1* 0.0 44 0 4.4 0.2 0* S O N  1.15 — a* s.si ea 5 . 3 5 0 3 4 l * N 3 7 S S

* 3 0  3 0 3 0 3 0 3 0 3 0 , 0 3 0 3 0* 3 0 3 0  3 3— 3 0 2 7 * 3 3 0 3 0 1 5 3 0 3 3 2 7* 3 0

4
11.7

~ 

.. .  - 

- 

- - . - 

—

• - - V . V • V  -. ~V V~~~~ • ~~~~ — ~~~~~~ - V - -



• - -

enoug h to allow moderate yields of ground water. steep hydraulic gradients , which often exceed 100
Some ground water areas are quite productive, and feet per mile.
many wells are excellent producers capable of sus
tam ing considerable production.

Natural precipitation is the chief source of Only limited data on the quality of ground
recharge to the aquifers. Run off from the Olympic water in the basin are available. Information on
Mountains may also contribute substantial amounts chemical quality is confined primarily to chloride
of recharge , as the annual precipitation in the concentration and hardness On the basis of 23

• Sequim-Dungeness area is low, but the ground water incomplete chemical analyses, chloride concentra-
supply is quite abundant. Irrigation, which has caused tions range from 2 to 30 xncJl but are generally less
a rise in the water table of as much as three feet in than lO maJl. Hardness ranges from 26 to 169 nsaJ1,
some areas during the summer months, is an but is more conunonly between 60 and 120 niaJ i.
important secondazy source of recharge. Ground water in the basin thus may be considered as

The amount of natural recharge to aquifers in moderately hard.
the lowlands may be as much as 10,000 acre-feet per Objectionable concentrations of iron in water
year. However, probably not mer.~ than one-half of are occasionally reported from owners of shallow
this recharge can be Intercepted by wells because of wells.

PRESENT AND FUTURE NEEDS

Principal factors that will determine water -

demand in the Elwha.Dungeness Basins are growth inV the pulp and paper industry by 1980 and population
growth and further Industrial expansion, again mostly ~

-3 in the pulp and psper industzy , frcen l98O to 2000. - SO -

Demand will Increase also as a result of increased
tourism and sununer home development. ~~ jr~r0~

i

PROJECTED POPULATION GROWTH -

Pipie 114 sho es projected population In the
bssin from 1965 through 2020. The I 965 populatIon
(28,S00) wMh iaae.s shoutSpsrcent to 29$OO by I
1980, about 44 percent to 41,000 by the year 2000, ieee iaeo 2~O0 2020

and 98 percent to 56,600 by 2020. Most of the YEAR

Is .xpectad to occur In and around ~~ ~~~~~~~~ FIGURE 114. Projected population growth .
Post Angeles area in keeping with the expected
growth In the pulp and paper industry and recre
stiii °~ aCtIVItY. value added by majOr water.using industries. (Value

added represents wages and salaries, interest pay-
ments, rental payments, profit , and the like. The term

PROJECTED INDUSTRIAL GROWTH ‘value added,” as used here, represents industries’
Production growth of major water-using Indus- contribution to the gross basin product. It Is used in

trial Is projected In Increase by 400 percent between this report to measure the production growth of
the p eseal and the year 2000. The major water4asln$ In~ustrias ) Th~ lw~~~ industry 1, projected to
Industry wil be the pulp and paper Industry, with reman at its present level of activity to the year
food pro~.i..Imj needy IflhtChhl$ Its t*te of VOwth 2020, without affecting water use.
afar the year 2000. As shown In P1gw. 11.5, these
Industries will by then account for nearly all the total

11.8 /
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basin. Per capita water consumption ii expected to/ ~~~~~~~~~~~~~~~~ increase to about 190 gpd In 1980, to 220 gpd in
2000, and to 235 ~isd In 2020. About 90 percent of
the total basin iminIcipsi needs are expected to be
~applied to the Port Angeles service area by 2020.

Industrial water needs, presently 59.1 mgd, are
expected to Increase by 130 percent to 135 mgd by
1900, by 240 percent to 202 mgd by the year 2000,

YEAR 
big for 95 percent of all water used by 2020. WaterFIGURE 11 .  Relative production growth for saWer for food processing Industries has been included In
the nuanicipal per capita water use figures.

PROJECTED WATER REQUIREMENTS RUroI-IIIdIV5dUII
Tota l water reqiesments lii the bSWI alt Rural-Individual use will double between 1980expected to reach 271 mg~ by the ~~~ 2020, an and 2020 as a remalt of population growth and anincrease of more than 400 paroles ceer peasant needs increase in per capita consumption. However, theSurface water sources will saggly 99 picees ci the ~~ou~t ~ee4e4 by 2020(1.60 nigd) will be less thinprojected needs. Tables 114, 11.?, and 114 Itenilie 1 percent of the total water needs of the basin.projected water -use in 19S0~ 2000, aM 2020,

respectively. Table 114 nuimiarlzes water needs from
the , eu.it through 2020. V

I
I
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TABLE 11.6. Projectsd water use (1980)

Enlmassd Surt.cs ~~tsr u~~~ 4n~ d) Ground ~~or us~~ (ned)populsikn Avsr~~s M.xbwm Awuress M.Xlmwn
Synsm airvud daily monthly daily monthly

Mt INICIPAL USE

Port Ang.lss Msa uris 16.700 3.2 4.5 — —

S.qulm 1.000 0.3 0.4 —

l 4oks Watsiwall ~~d other
rural communfty ,~itsmo 1 000 ()06 01 O~ 3

S~~total 19300 3.6 5.0 0.13 0.2

RURAL-INDIVIDUAL USE 10500 — — 0.70’ 1.0

INDUSTR IAL WATE R USE
Port An~slas
Pro.r and alHud

~L .It~OWJ — 0.3 3.0 — —

Crown z.Ils,t.ch — 0.2 0.3 -.
Rayonlsr — 0.3 0.4 — —

SeW-supplied:
Poper and aIIisd

112 12•3b 
— —

Crown ZslIi_stIch — 41.0 —

— — —
Subtotal — 136.0 161 .0 — —

Totei C 29 800 138.6 166 0 0.00 12

Bauid on 70 ~~cd and 100 p.r~ nt of rural individual population .snsd by .round iistur by 1980.

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

0F~purss.r. rounded

I

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



TABLE 11-7. Projsriwd ~~~~~ use (20OO~.

LIL I.1 $otfas, lur u~~ s (nsl) Ground wiSer usm, (n~ d~thadinum Awsrs Msaknum
liMp monthly lilly monthly

MUNICIPAL UN

Port f d N I  wedis sees 35.555 5.30 740 — —LeeS 0.40 0.00 — —

Huks iaHu. aI and slier rural
slunuisey ajreunu I SIS 0.10 0.14 0.20 0.28

NUnAL INDIVmUAL UN 13 355 — — i.i0’ 1.50
INDUSThIAL. WATI R UN
PS’S ~~~~~is
Pus’ sal ailed
Pb.V UtLJI — 0.10 4.00 — —Cr~~~~bISu1_th — 0.40 0.50 — —

FIsj.rdsr — 0.80 0.10 — —
Peser sal
PNalis.d — 17.00 1570b — —
~~~~~~ ~~~~~~~ — ~~ 00b 

— —

— 122.00 1~~~98b — —

_ _ _  - 2~~J0 225.50 - -

41 000 208.70 233.90 1.30 1.80

1em1 on 90 ~~sd m d  100 ,.~~~ ..t ci rural individual p~puWhn uuevud by ~ uund ~~ter by 1900.

____

rsswowidsd.

I
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TABLE 11.8. Projecte d water uai (2020).

lotu s. ~~~sr u~~~ (n,d) Ground wiSer uuup (ned)
pspu~~len AwV~~~ ~~~aqsm Aw~~s V.ivxMnum

lilly monthly daily monthly

MUNICIPAL tilE
Pail AnspISS Nf,~CS Uis 36.400 8.40 1 ijo —

Sequim 4 000 020 1.30 — —

l~~ s WsNn .N and other rural
communIty Rp*flu 2 000 0.15 0.20 0.30 0.40

Subtotal 42 400 em 13.30 040
RURAL -INDIVIDUAL tilE 14,200 — — 1.80 2.20
I NDUSTRIAL WATE R USE
Port A~~~s.
Poper sal ailed — 0.80 6.00 — —Crown ZuILi~ mJ. — 0.80 o.eo — —

Rsyonlur — 0.80 1.00 — —

Sal~sseØISd:
P~~se and ailed
FL.ilua...d — 20.00 — —Crmm ZuISsil.id. — ~~ 00b — —
Asyonlur — 155.00 17mb — —
Silisolul - 215.20 308 .80 — -

ToW ° 51100 205.70 300.10 1.90 2.80

on 110 sped and 100 ,... .. ~~~.t of rural Individual population served by ~ ‘ound wiser by 1980.

~~~~~~~~~11~~~ 5 rounded.

~~~~
VS V

S* - - -
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TABLE 11-8. Swumisry of projsclsd water needs

Estimated Surfecs wiser usop. (m d) Griund wiSer us~~ (ned) Total u~~ ( mgd)
population Avsng. Mertlmu m Averse Mani mum Avsre e Msdmum

Us. Yes wvsd daily monthly dully monthly daily month ly

Municipal 1966 18,000 4.6 8.2 0.0 0.0 4.6 8.2
tOSO 19,300 3.6 5.0 0.1 0.2 3.7 5.2
2n00 ~~~~ 5.8 8.1 0.2 0.3 6.0 8.4
2020 42,400 9.5 13.3 0.3 0.4 9.8 13.7

I ndustrIal 1955 42,400 59.2 64.9 - - 59.2 64.9
1980 — 136.0 151.0 — — 136.0 151.0
2000 — 202.9 226.8 - — 202.8 225.8
2020 — 259.2 289.8 - -. 259.2 289.8

R ural-IndivIdual 1966 10.600 0.1 0.1 0.5 0.7 0.6 0.8
1~~~ 10,~~~ — — 0.7 1.0 0.7 1.0
2000 12,300 — — 1.1 1.5 1.1 1.5
2020 14.200 — — 1.6 2.2 1.6 2.2

Totals 1966 28.500 63.9 73.2 0.5 0.7 64.4 73.9
1960 29,800 138.6 166.0 0.8 1.2 139.4 157.2
2000 41,000 208.7 233.9 1.3 1.8 210.0 236.7
2020 56.600 268.7 303.1 1.9 2.6 270.6 306.7

Note: All uI~~ flpurss rounded so one decimal placs.

MEANS TO SATISFY N EEDS
GENERAL planned development of the area based on sound

management policies to coordinate the competing
The projected annual water use Is expected to industrial uses and to insure surface water supply

reach 270 mgd by the year 2020. This is an increase adequacy if the Port Angeles municipal system should
of approximately 205 mgd over the 1965 average use. go to the Elwha RAter for increased supply , as is
Optimum or peak water reqwiements will be nearly projected in the Alternative Plan , instead of develop-
350 mOd, approximately 130 percent of the average ing this supply from ground water.
annual. Tables 2-12 or 2-13, the Area Plans, summer- Port Angeles municipal water use is expected to
ize the basins’ annual average and optimum require, increase from an existing 8.1 mgd to 30.8 mgd by the
ment in relation to the remainder of the Area. Table year 2020. The present source of supp ly, Morse
1 1.10, M&Z Water Supply Needs, reviews the needs of Creek , is expected to be capable of meeting demands
the major water systems and/or users In the basin, up to 26 mgd without additional water from the

Municipal and rur sl’Individual water supplies Elwha River. The industrial water requirements for
are adequate to satisfy expected demand for the years Port Angeles in 2020 are projected to be more then
2000 and 2020. However, problem, of quality, nine t imes (283 mgd) the municipal use, and are
supply and system k,il and storage and expected to continue being supplied from the Elwha

V ~ j~~gzk..ej~~~ reqiW. Improvement before adequate River. No other source is projected to be needed.
supplies cm be developed during low4low periods of The present source of supply for Sequim
recurrence of 10 yessi or more. consists of an infiltration gallery adjacent to the

The Firetre River, from which the self.supplied Dungeness River. Capacity of the present source
Industries presently take their water, Is projected to development is 0.9 mgd which Is more adequate for
be a ~ Hlf .1ory source to meet Induatrini dsnssnda present needs. Jf necessary, direct diversion from the
I)wou&I 2020. There is a basic need, however, for Dunpeness River Is possible.
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TABLE 11.10. N & I Wets, Supply-Capital Improvements
Elwha-Dunpauees Basins

M.G. D.
Present Future

1965 i965.198ö 1980.2000 2000.2020

Population Served 15.700 16.700 25,200 36,400
PORT ANGELES
Opt Imum 12.7 14.7 21.7 30.8
C~~ltsl Improvemsots 0.8 2.0 7.0 9.1

P~~~uimim Served 1,400 1.600 2.000 4.000

SE~~JIM
OptImum 0.9 1.3 1.3 2.8
CopitlI Improvements — 0.1 — 1.3

Population Served 900 1,000 1,500 2,000
SMALL & RURAL
COMMUNITY SYSTEMS
Opti mum 0~5 0.7 1.0 1.3
CsoltaI lmpessmsnts 0.4 0.1 0.3 0.3

t Population Served — — — —

SELF SUPPLIED INDUSTRY
Optimum ~~~.5 147.3 220,7 283.0
Copital lsnprovsm.nts — 84.8 73.4 62.3

Population Served 15.000 19,300 28,700 42,400
TOTAL

C~~utll l mprovemsntl — 87 79 73

NOTE: F9jm at rounded,

11-14
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The rural—individual and smaller community Surface and ground wate r supplies can be
reqnirements can be supplied by the relatively abun- economically utilized by ru ral-individual or small
dent ground waters in the lowlands. Except for community effort wate r systems , such as wells and
localized areas of shortage or quality , adequate small surface diversions and package treatment plants;
quan tities of ground wate r are ava ilable within a 90 percent of this coming from ground water sources.
reasonable depth to permit utilizati on of this re- The major means are to enlarge the present pumping,
source . treatment and di~iribution systems to handle the

peak water demands.
BASIN PLANS Table 11-10, Summary of Projected Water

Needs , shows the level of need to 2020 from all
The Selected and Alternative Plans, Tables sources. On this basis , a ground water source is

11-Il  and 11.12 , will cost approximat ely $3.7 minion recommended as the least expensive alternative , and
and $5.4 million, respectively. The cost difference still be adequa te to satisfy the projected municipal
between the two is due to supply source development needs.
for the City of Port Angeles. The Selected Plan calls
for the development of ground water supplies from FINANCE
aquifers in the lowlands near the city. The Alternative
Plan is to develop surface water from the Elwha River Annual income as taken from Tables 2 10  and
and provide treatment. The remaining communities 2- 11 for the Selected and Alternative Plans indicates
are projected to cont inue developing ground wate r the amount of money available to appl y for bond
under both plans. The self-supplied industry will also service (approximately 21.5 percent of the total
continue with present developments: this is surface annual Income).
water from the Elwha River. The following figures indicate the monies avail-

One factor not presently considered is the able for bond service and the capital ~xpenditure s
ability of the pulp mills to reuse wa ter or to use sea amortized for 30 years at 5% for the Selected and
water for many cooling and air wash ing functions , Alternative Plans.
thereby reducing fresh water demands. Annual Amortized

The requirements for Port Angeles are to Annual Bond Cost (x $1 000)
develop Mor se Creek to its ultimate capacity, provide Service Avail- Selected Alternat ive
additional quality control facilities , system tr ans- j~~. able (x $1,000) Plan Plan 

-

mission , storage , and distribution improvements, and
supply 5.0 mgil needs from Elwha Rjter . 1965 $1,160 $ 84 $ 84

With construction by the City of Seqwm of 1980 2,470 42 110
additional capacity and improvements to storage 2000 3,360 160 140
within the distribution system, the present water 2020 4,330 190 220
supply is adequate to satisfy the projected needs to
the year 2020. This ii also true of the self-supplied Costs as indicated by the Engineering News
industry. Record Index are presently doubling every 15 years.

The total amount of basin needs are within the it is projected that the Elwha and Dungeness Basins
supply potential of the basin witho ut conflict over will be able to bond for the required water supply
withdrawals or importation of water from outside the development , and future construction without extra-
basin , ordinary and excessive financial burden in relation to

Urban growth is not anticipated to bring about the basins’ economic resources.
sufficien t population density to make a county.
service or regional water supply and transmission
system feasible.

I
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TABLE 11.11. M & I Watir Supply Us. Planning—Prasunt to ys.r 2020 Sslact.d Basin Plan
V Elwh.Dunpuss. Basins

- *957
OPTIMUM THOUSAND DOLLAR S
CAPACITY AMORTI ZED MAINT ENANCE

v, ~ M G  0 CAPITAL COSTb AND OPER . Totalp,., ot Wt,. U,, Supp ly & T , I  Iron Pump.ng Annual
Lot,l Sown, D,.io, ..~~, Dm 1 .  MOO Supply Tppum. T ramp. rant Ronoval Pow.r Chant . I nn,n,,

PORT ANGE LES
P,,.nt SW Ma. Cr . Surf Oiwntnlsn ExIst . 4 12,2 12. 1 45 15 467

No Pna.nt Na.d,

* 901. OW Local OW *975 4 3 3 155 42 467

2046 OW Local OW ISIS 8 7 7 420 70 934

2020 OW LOCIIOW 20*5 II 9 9 546 95 1,255

PORT ANGELES SELECTED PLAN TOTAL 31 31 $ 1, 152

SEQUI N
PIIISPI OW l.~ rud—No P,iSWt Ni,d. ExIt. 0.5 1.0 1.0 5 93

*950 GM Additional 0.4st,d lAdot 1975 0.4 0.4 0.4 24 5

2000 OW No FuOo. N.sdt 0.2 5 20

2020 OW Additional I.3nWiI Adio 2010 0.9 1.3 1.3 76 *0 *16
SEQUI N SELECTED PLAN TOTA L 3 3 $ 102

RURAL & COMMUNITY SYSTEMA
P,..nt GM LosM OW OmIopm.nt —0.2n t d  Eu.,,. 0.1 0.2 0.2 12

Ppp,nt Na,~~ 0,4 0.4 24 1

0.5 0.6

$160 GM LO M GW O IWInanI-G fn*t p975 02 01 01 0 2 23

2000 0* Local OW Docaloprant-03m 4 *995 0.3 0.3 03 II 3 20

3950 GM Local OW Dmio,..~ ..t-4Soipl 2015 0,5 0.3 03 1$ 5 II

RURAL 8 COM MUNITY SYSTEMA SELECTE D PLAN TOTAL 1.5 1.5 $ 95

SELF SUPPLIED INDUST RY
Pr imal SW Un90SNd E MI,. R io,, Exist. 95 93 93 953 4.591

*150 SW UnSE10d ElIt~a R l,sr.t 30 1970 *34 95 ~~ 1.000 1,543 $1,005

2000 SW Unvaimad Ehat,. R iouc-201 *190 101 73 73 540 2.310 14,673

2020 1* UnInsl.d SIriha R ita,-257 2010 257 12 62 2,972 15,76*
SELF SUPPLIED INDUST RY ELECTED PLAN TOTAL 343 293 3 461

SELECTED SASIN PLAN TOTAL • 3734

• Jaded ~~ -..L........t .
Dma at lnNu~~ na9,~~ .ad dISWIItIOIDP cone S., Arm. Umax U$.IIal, Nats m.o1lami~

° Alt  ,, ax ,aumald.
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TABLE 11-IL N & I WaS., Supply U.. plsnnlng—Pfssunt to year 2020 Alternate Basin Plan
Elwha-Du..,.....sss Basins

*967
OPTIMUM THOUSAND DOLLARS

P tad 
CAPACITY AMORTIZED MAINTENANCE

,,.,, ~~~ 
M O D  CAPITAL CO$T~ AND OPER. Total

Plan at WI,. U. Supply & Trial. Iron Pumpiup Ann ual
bowl Sown. D 1.,. .....t Dm1. MOO Supply Taan . Ir anam. ra nt R mn,onal POat Chap.. tnco,n.

PORT ANGELES
P,a.t SW MOm Cnei—$u,l Dmanis.t ExI nt . 4 *2 12 46 2 457

— 

~46 Priusmal Meal

4 *950 SW Denslup lo Ultlnat Cipaxlty 13n i94 ~~~~ 4 *4 *4 1.520 52 2 457

SW NoFvtu~~Nasds 5 70 3 434

2020 SW ~~IItnt R at Addlt.6nal 1’JMMmat-901 2010 II 5 5 860 375 I I I  4 *345

31 31 52 420 ~

PORT ANGELES ALTERNATIVE Pl AN TOTAL $2,146

SEQUIN
N0F..eio SaxrdAIW.,iMlu. 102

SWALL & RURAL COMMUN ITY SYSTEed
NoFnvsli,SmamItAN,,nimlu, 95

SELF SUPPLIED INDUSTRY
No F..WIs $ c046 ANusuimed 2,405

ALTERNA TIVE SASIN PLAN TOTAL 55.4*9

~ Initial d.neIoorant
b Doss at .nci,~it, Mama MM diawAunon 0MM Oau us. Muano W SMadp SIsal .0900.C All fEppu n asr owald.

ad
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SAN JUAN ISLANDS
INTRODUCTION

The San Juan islands (Figure 12-1), located permanent population Is mostly farm or rural non-
between the southern end of Vancouver Island and farm, with only a small urban population. No town or

• the mainland of northwestern Washington, form an city exceeds about 1,200 permanent residents (2,500
• archipelago of 175 islands that vary in size from nuflifler population). The largest and only incorpo-

rocky isletsand reefs, visible only at low tide, to areas rated town is Friday Harbor on San Juan Isl.nd. A
in excess of SO square miles. The three main islands, number of smaller unincorporated towns are scat-
Orcas, San Juan, and Lopez, contain a major portion tOld throughout the larger islands, and at least one
of the population and industry. V1ll5$~ on each island serves a few settleis as a port

The islands have a stable permanent population, and supply center.
but also have a steadily growing transient population Eduring the summer months. The water supply, al-
though presently adequate, is limited, and may The economy of the San m ans is tourist-
become an acute problem with the growth of summer oriented. The tourist dollar is rapidly becoming the
population, backbone of the island economy, with permanent

residents adding new services, resorts, and facilities.
GEOGRAPHY The services industry has grown more thea 60 percent

The island p was formed ~~~ 
sInce 1950, and In 1960 accounted for mote than 25

met ce of a of mountains ox ass ~~~~~ of the total number of persons ençkyed.
of the Cascades from the mainland to Vancouver Services, trade, aid construction hidaaa*nes together
Island. Orcas Wand , the highest of the group, rises employ more thai aselsaff of the labor fore..
abruptly to a height of 2 409 feet ~~~ ~~ 

A uabstantlal decline in m.nufac*vdns has
irregular shoreline of all the Wand in the chain. San oCCUrred ~~~~~~~~ 1950, .ep.cidly is food masufactur-

-! Juan Lopez and Shaw Wands are primarily roiling ~~ Agriculture also his declined in ioportance.
plateaus with local hills less than 500 feet above ma Many of the 1i’~ farms hiv, been conunted into
lesel. The outer Wsnds are less than 100 feet in eleva- ~~~~~~~~~~~~~~~~~~~~~~~ ISCICI ~~~~~~~~

reduced to 30,000 sores, of which 75 p..cent I crop.

CLIMATE b~d The rSm.Mhig ois-(owth of the fwidand is
used pse4o oc1l1 ~~~~~~~~~~ for grasing sheep and other Mv.-

The ~~~~~ iiik ei~oy a favorable year-long diseaSe. 
~~~~~~ , 

~~~~~~~~ 
in u~ interior of the hager isheids.

Summers are day and cool, with an average July s.~ J ma County Ire. been càu.d as a
temperature of 15.5°C (60°F). Ja nuar y teJ~ JISE.I~~WI j ,~~~~~~~~ 4 sees by the Federal Gousrnm.nt. This
average 3.9°C (39’ F). Yearly precl,4Lstlos Is light, ~~~~~~ si..t Us. maü ~o~s.latic. ~ nt.n lack
maying train 17 to 29 incises across di. ~~~~~ .stiicient resour ces to sabre tr ansportat Ion, domestic

wa~~ mp~~ , pelenlon control, hmbor development,
POPULATION ~~ ery, d recreation p5ublsms that are being

Th resident popids~~~ of the Sen J~~~~ assird by di. great influx of persons using the
tlmsted at about 2,600 persons in 1965, has not !±~± far recreation.

varied gristly chico 1930. The moat notable pops.
lesion clura4”latic of th. ‘~~~~~* is a ~~~~~amuser incomes in the ~~~~ of persons eWing or LAND USE

homes sod at 1.sorts esch yssr. (Sss Table 12-1 thows how the 113,000 acres of
photo 124,) Th. 1965 -------ihee p9,J.41’s am laud d inlaid water is the San Jeans are classified
estbis.t.d to be 23,000. a teWald increase. The t o .
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TABLE 12.1. General land use.

Aass

ForestIand 72 000
Cropland 19,000
Rsngslend 9 000
Other land (high .b.rrsn) 9.000
Urban bu I ldup 3.000
Inland water 1.000

d~~~~~~watsr

PHOT O 12-1. Tourists and summertime residents
.ng.g. in a number of recreat ional activities.
including basting, and aim a significant seasonal
rncreas. in population.

PRESENT STATUS
WATER USE water use on the islands. The town of Friday Harbor

Th. total municipal and rural-Individual water which uses an average 0.33 mgd, accounts for over 55

~~ 5~i~ J~~~ Islands ~~ approximately o~~~~ 
percent of the municipal water use. Friday Harbor is

mpd, of which about 75 piacent is surface water the major water purveyor on the islands and has a per
• taken front the various st~~~~i. ~~ Us. ia~ e~ Islands capita water usage of 170 isd. Several rural cons-

Ground water , drawn from wells, provides about 0.16 munity systems use a total of 0.26 mgd and have a
mgd. Water use data for the islands are presented in combined per capita water usage of 220 gpd.
Table 12-2. lodustrmni

The primary industries of the area are fishing,
Municlpel water use, pre5efltly amOunting to seafood canning, agriculture , and tourism. Water-use

0.59 tngd, accounts for over 98 percent of the total data for these industjim are not available.

TABLE 12-2. Water use (1986).
EiIk..sssd Sttf ace water uume (nedi G.uund wear umu (‘rOd)

population Awe-age MasM~um Mauilmum Awr~~ Meelnum Masinum
S~’sSern served daily monthly daily daily monthly daIly

aiJNICIPAL USE

Friday Haibor 1,212 0.33 0.57 0.70 — — —Oth.r niral community yisrns 1,176 0.11 0.21 0.~~ 0.15 0.30 0.45

Subtotal 2,355 0.44 0.88 1.02 0_ is 0.30 0.45

RURAL .INDIVIDUAL USE 212 — — — 0.01 0.02 0.03
Totci

Summer population 
-- 

23.000 — 250’ 3A5 — 0.85’ 1.11 

on amirnad ISO geed and estiweSad 76 percent sarvud by surf.. sources.
b Ediutaetd p polation served Is not tire population of the I...a.,.uratsd ama of the city but 1 that population 4aiss. of
,....._.s..I and .saond) teem Tdile 2.7 whIch d,ia...Jn us the “eseraga retins” for each bum . T hIs population Sun been
Includad In the nenuat rnunlclpd sylSam tines the munIclpdlty Is often the wets, aippilar for the smsllsr ~~oInln~ wear

12.2 
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P Rural-Indlvishail TABLE 12-3. Mun Icipal & Industrial wits, rights
About 200 persons living in rural areas use an

estimated total of 0.01 mpl. vldual indue.
and udal
cu,~ nidWATEP SUPPLIES 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Typ. (nod) sic (nod) (opd)There are relatively few water supplies on the ____________________________
islands. The municipal system of Friday Harbor , ci Surfam weter — 1.3 —
serving an estim.ted resident population of 784 Ground water — 1.6 0.3
people, is the m*r public water supply on the San Total’ — 2.9 0.3
m asse. The town obtains its surface supply from
Troutlske and provides disinfection prior to ~~~~~~~~~~ 

5About 52 nOd In additional approprlstlue rights have
butlon. The capacity of the system a estimated to be baen printed for other conaimptlvs uaas In the

0.86 u~ d. Accurate data on the total water available bedfl
am not available for the islands, but it is evident that Since most of the streams in this area area lack of sufficient fresh water will become an acute
problem with further residential de~~~~~~nt ~~ Intermittent, a relatively intense farm pond program

eapectesi increases in tie seunnar tou~~ ~~~~~~~ 
has evolved to provide summer storage of up to 1,017
acre feet (331 tug) under reservoir rights.

The unnamed outlet stream from Sportsman’sWATER RIGHTS Lake is the only stream in the basin that has been
closed to consumptive appropriation.

The San Juan Islands have a total of 92 Ground water rights in the basin total 1.7 mgd,
recorded water rights; of these , 39 are surface and 53 with an addItional 0.3 mgd pending in application

grosand(1966-1967). form.
Surface water under prints right permits and In this area rights for single and multiple

certifIcates total 6 ned. In addition to this, I or 2 domestic supplies are most significant and permit
nsgd are claimed under vaster-rights. Applications on total withdrawals up to 1.6 mgd. Irrigation, stock and
file indicate an addItional 1 n~ d Is soon to be Industr ial developments account for withdrawal rates
developed, of 0.4 mgd, 0.3 nigd and 0.3 nigd, respectively. The

Irription accounts for half the surface water average existing ground water development in this
used - 3  mgd. Domestic supplies - 1.2 iugd; and stock area yields less than 0.02 rr4d. Table 12-3 shows
water - 1.2 nigd, are also significant use categories. water rights and applications In the San Juan Islands

WATER RESOURCES
Fresh water reeowces for the blands consist of adequate and continuous stream flow data are

stiessan, lakes and reeervolzs, and numerous low-yield i~ckMg, the average annual runoff Is estimated to
weBs. The quality of the available water Is good, but range from S Indies in the southerly portion of the
the quantity, on both large and small blands (photo islands to 15 inches in the north.
12.2), Ii strictly limited, with no significant new Dams, In~ oundInenta and Lake.. The small
morose In evidence, lakes and reservoirs on the islands comprise about 1.4

SURFACE WATER square miles; reservoirs that provide municipal and
____  

lidgetlon waler contain about 1,600 acre-feet of
~~iint*ty Airillilihe storage. Low runoff volumes and lack of natura l

$i..ams. Only a . few str ema flow on the Sen holding basins preclude the likelihood of future
Jussi Islands. Most of thee flow Intermittently, al- *lflcsnt storage projects.
though some of die luger blinds support well-. On the matter of catchment of surface waters
d.fIead persasslal stream systems. on m a l l  Impoundments the County Soil Conserve-

• A

~~~~

. 
_

P,,cipisatlosi data indicate that the average tion Dspartmsnt estimates that there are over 300“
~~~ rainfall vasies from 17 to 29 indies acros the such ponds existing within the islands. The minimum

~~~~ kicrushig from south to north. Though ~~. of thee. ponds Is 1/3 of a surface acre, although a

12-3
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becau se low-flow stream s are sustained in part by
_____ contributions from ground water storage. Sewage

disposal may impair the sanitary quality of lakes and
streams somewhat in localized areas.

-- 

Physical. No data are available.

Chemical. No data are available.

Bactarlological. No data are available.

GROUND WATER
Quantity Available

Coarse Quaternary sediments provide better
PHOTO 12-2. Islands from the smaller , such ~ aquifers. Yields of wells completed in such aquifers
Sheep Island, to the larger, such as Orcas (fore- rarel y exceed 20 gpm; the largest recorded yield is 50
ground ), experien ce scarc ity or absence of fresh wm. Some wells are drilled as deep as 500 feet into
Watil . the older consolidated rocks to obtain sufficient

water. These wells generally do not yield mon than
few are somewhat smaller. At least 2/3 of these are 10 gpm each.
filled throughout the year , and no dug pond has
failed to fill . They are used for ill varieties of water
supply , from bird sanctuaries to human consumption. Ground water data are limited. Based on infor-

mation available, the hardness of ground water ranges
OUIIItY from medium to hard in wells up to 132 feet in

The quality of surface water from low-flow depth. One well of 168 feet in depth had a hardness
streams is similar to the ground water in storage, of 8 mg/i, which is extremely soft. Table 12-4 gives
except during periods of significant surface runoff~ available data on ground water quality.

TABLE 12.4. Ground witer quality.

- 
(mg/I) 

— 6

I i f ’  411 11
~~~ lon 

~~~ , ~~~~ I ~ I ~ I d ~ H
William Hushes 36/2W-14H 5/17150 50 31 0.27 60.0 29.0 29.0 6.0 0.8 0.22 346 268 616 7.5
Roche Herbor Unw and

C.msnt Co. 36/2W-liE 3/9/61 30 1.20 21.0 15.0 16.0 2.4 0.3 0.14 180 113 300 7.1
East Sound Water District 376’2W-136 5/17/60 51 23 0.06 46.0 6.8 9.3 0.7 2.4 0.03 204 143 331 7.1
R. C. Pu,du. 37/2W-14A2 10/28/54 50 11 0.03 3.2 0.0 91.0 0.6 0.0 0.0 238 8 303 8.6
Vernon Curtis 37/2W-14C4 5/17/50 50 36 220d 66.0 27.0 39.0 2.7 0.1 0.03 413 274 676 7.8

‘Location co~ is the 1 dssu-Iptlon of the site of the will or. In some cases. ipdng.
For .xampl., 27F2-2W12 l.’dio.se. toanalii,~ 27, v~vge 2 sen lrsnp wiat would be
Itwi~~~~ by 2*), laotIan 26. 40.ene plot N, as..~ the second wsU (2) In that plot
a latter a aftpr th.nuinsvil would in~ cats a edna j.

b Residue alter ~ .por.Slon at 1IO~~ (356°F).
C Mloo..Jt..s at 2~’C (77°F).
d Total Iron ooncenststlon. All values not noted ~~~~~~~ Iron in solution at the time

th.am lower c ”~~~1.
$ouros: GROUND WATER IN W~1H)NGTON. ITS CHEMICAL AND PHYSICAL QUALITY , —

Steser supply Sullsiln No. 24, VteIU*5IL1 Slits Dlpaib..s.A of ~~naunesIon.
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PRESENT AND FUTURE NEEDS
The principal factor that determines present PROJECTED WATER REQUIREMENTS

and future needs for water in the San Juan Islands is
the seasonal summer population. Major water-using Total annual average water requirements in the
industries will decline in importance and use, with basin are expected to reach 1.1 mgd by the year
mineral aggregate production and seafood processing 2020, a 205.percent increase over present require-
as declining and seasonal water users after 1980. ments. Surface water sources will supply 80 percent

of the projected water needs. Tables 12-5, 12-6, and
12-7 itemize pr~ ected water use in 1980, 2000, and
2020, respectively. Table 12-8 summarizes water use

PROJECTED POPULATION GROWTH irom the present through 2020.

Figure 12-2 shows estimated population for
1965 and project ions of populat ion through the year
2020. As shown, the 1965 permanent population Annual average municipal water requirements
(2,600) ii expected to increase by about 8 percent to are projected to reach 0.50 mgd by 1980, 0.73 mgd
2,800 by 1980, by 42 percent to 3,700 by the year by 2000, and 1.12 mgdby 2020. Most of the demand
2000, and by 97 percent to 5,100 by 2020. Most of will be supplied from the Friday Harbor and Orcas
the expected increase will occur in and around ~~ Island surface sources. Per capita water consumption,
urban Friday Harbor area and on Orcas Island. ~~~ which totaled 185 gpd in 1965, will decline to 142
increase reflects the added services needed to support gpd by 1980, then rise to 158 gpd by 2000, and again
expending tour sun. reach 185 gpd by 2020. It is assumed that installation

of additional meters and increa sed water rates to
Table 12.5 through 12-7 also show the meet system expansion and improvements will

projected sunimertime population on the islands account for the drop in per capita water use between
through the year 2020. The estImated 1965 summer 1965 and 1980. The Friday Harbor water system will
population of 23,000 (as presented on Table 12-2) is supply most of the municipal water used.
expected to increase about 56 percent to 36,000 by
1980, 256 percent to 59,000 by 2000, and 454 Industrial
percent to 106,000 persons by the year 2020. Industrial water needs were relatively minor in

3 1965 and are expected to decline to an insignificant
amount by the year 2020.

I PROJECTED INDUSTRIAL GROWTH
Rural-Individual

Production growth is not expected in major Rural-individual needs are projected to be lesswater-using industries In the basin. Rather, as shown tItan i percent of the total basin needs. PresentIn figure 12-3 , a decline is projected. The lumber and ,ougces are barely adequate, and additional ground
~~od products industr ies will reach almost ~~ by water development to supply needs does not appear1980, and food processing will follow the ~~~ poesible.psttern from 1980 to 2000.

Notwithstanding the industrial decline, the ~ Nonresident
basin Is expected to experience considerable eco- Suntineditne water needs will Create the
nosnic growth. Most of this growth will result from greatest demands on many systems in the basin
recreational appeal of the islands. The abundance of because of a large proje cted seasonal increase In
land and silt water recreation sites will draw increas- population that coincides with the period of least
lag numbers of recreatlonlsts to the Basin. This, prec ipitation . Needs during summer , presently 3.5
combined with an increa se in the nwnber of persons iagd, are expected to averag e 16.0 n~d by 2020
who maintain summer residences on the islands, will during the maximum month - a 460 percent Increase
increase per capita income and economic activity. over psesent requirements.

12.5 
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Food and

ieee teec ~ooo 2020 ieee iem ~ooo 2020
YEAR YEAR

FIGURE 12-2. Projected population growth. FIGURE 12-3. RelatIve production growth for major
water-using Industries.

TABLE 12-5~ Projected water use (1980).

Estimated ~~fscs neisr u~~s (mad) Ground ~cetv u~~s (mad)population Avsrsgs Maximum Average MaximumSyUSpm ssn,ed daily monthly daily monthly

MUNICIPAL USE

Friday Harbor 1,400 0.27 0.38 — —
1200 - 0.10 0.14 0.13 0.18

S~~ otai 2~~0 037 ~~52 013 Oie
RURAL4NDIVIOUAL USEb 200 — — 0.02 0.025
INDUSTRIAL USE
Food and kir4,sdd 

—

TOIal 2$O0 040 ~~50 020 ~~2O
p~~~~ 4~~~~~~~~ ~~~ C 36,000 — 4.00 — 1.40

The brs~~ own t~aS.~~~ a~fssi arxl pound sources I bend on 1956 conditIons.

bNo aarfics uue geu~s~ ed for rurtI kedvidual.

~Summar poputedon 5wujId.4 villidIageicartli factor. obialnud from dii Recreation Committee
ov*~tIons of affective popul.dons for tha basins. Water ~ bound on iso sp~~ W

I,ns~~ 75% served by nefaee sources. It diauld be noted. however, Slut di. source
of tester site sorf.c. or ground may not be ssprc~sctnd. OseslInellon Ia g~~~~IPiy.

sods qususmj of ar

Plpien.. rsum~~~
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TABLE 12-8. Projected water uss (2000).

Estimstsd Suit ace water usage (irod) around water ua~~ (mad)
pOpulation Average Mexei~um Average ~hx imum

Systsm arvad daily monthly daily monthly

MUNICIPAL USE

Fr ldey Harbor 2,000 0.42 0.60 — —

Other rura l communitles 1,480 0.13 0.18 0.18 0.25

Sobtot.I 3,480 0.58 0.78 0.18 0.25

RURAL-INDIVIDUAL USE1’ 220 — — 0.02 0.03
• INDUSTRIAL USE

Food and klndmdd — — — — —
Total’

Summer populutlon uce° 59,000 — 6.70 — 2.20
Ths br sdtdown bitwe n surface and ground sources I bend on 1966 condit Ions.

oj itac. usa prolscted for rural Individual.
°Summar population prolsctsd i*lHzing gror~th factors obtained from dii Rscrsatlon Commits,

P,OI.CSIOnS OI affective populatlonsfor dii basins. Water use based on lbOgpcd and
sutlnuted 75% served by surfac. sources, It should be noted, however, that dii eource
of water a to surface or ground may not be siproj.ctsd . Dsseulnation lee poseibillty.

dV.y small quantity of wasr pic4ected.
‘FIpelsir. rounded.

TABLE 12.7. Proje cted water use (2020).

Estimated S~af is. water u~~e (ni’ Qrvund waler
population Average Maxtew m Average

Syleam arved dilly monthly daily monthly

MUNICIPAL USE
PrId.y Hutor 3.250 0.75 1.10 — —
Othsr rural communitIes’ 1,000 0.15 0.20 0.22 0.31

Sithtotal 4$50 0.90 ~30 022 031

RURA L4N DIVIDUAL USE1’ 250 — — 0.03 0.04

INDUSTRIAL USE
Food snd klndrsdd — — — — —

Total ’ 5100 0.90 130 0.30 OAO
Summsr population U_ C 106,000 — 12.00 —

~~~~~~~~~~~~ liatacen surface ~4 ~~~ sources I bend on 1965 conditIons.
1Ne sti,f en use lhOls~bd for rural Indlt4duel.
0$ummur population prolicled ~*p4ag growth festers olatsined from di. Raoiisllan Committee

prolsation. of affective populations for die bsskis. Water uN haNd on ISO geed and
aleInaled 75% served by susfece sources, It disoid be noted, ho~~~ t , diet the source

( of was, a to airfais or ground mey not las a pro(act.d. Dusodoed~n it. poasiblilty.
dvajy s~of I qus’4ISy of ~~ ir prc(ecsid.
‘Figures no rounded.

I

ll-?

- 
“

~~~
“

~~~~
— -

~~ 
—“

~~~~~~~~~~
‘ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~‘- -~~rç- -’~ - - 
—~~ - - —b.- -. ,. ~~~~~~, - - -

- — - — -~~~---— .— - ----~~ — — -~



- V

p
TABLE 12.8. ~ .siwna,y of piojactud water needs.

Estimated Surfacs water usage (mgd) Ground water usage ( mcd) Total u~~~ ~population Average Maximum Aweags Maximum Average Maximum
Use Veer served daily monthly daily monthly daily monthly

Municip al 1955 2,308 0.4 0.9 0.2 0.3 0.8 1.2
1900 2600 0.4 0.5 0.1 0.2 0.5 0.7
2000 3,480 0.6 0.8 0.2 0.3 0.8 1. 1
2020 4,860 0.9 1.3 0.2 0.3 1.1 1.6

Rural I ndividual 1965 212 — — 0.0 0.0 0.0 0.0
1900 200 — — 0.0 0.0 0.0 0.0
2000 220 — — 0.0 0.0 0.0 0.0
2020 250 — — 0.0 0.0 0.0 0.0

Totals 1905 2.600’ 0,4 0.9 0.2 0.3 0.6 1.2
• 19S0 2.800’ 0.4 0.5 0.1 0.2 0.5 0.7

2000 3700’ 0.6 0.8 0.2 0.3 0.8 1. 1
2020 5,100’ 0.9 1.3 0.2 0.3 1. 1 1.6

Summer
PopulatIon 1986 23,000 — 2.6 — 0.9 — 3.5

1980 30.000 — 4.0 — 1.4 — 5.4
2000 59,000 — 6.7 — 2.2 — 8.9
2020 108,000 — 12.0 — 4.0 — 16.0

Nets: All usage figures no rounded to one decimal place.

Ooae not include summer population.

12-8
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• MEANS TO SATISFY NEEDS

• Based on projections of population and water- at ion in the United States. Key West , Florida ;
oriented recreation activities , substantia l growth is Buckeye , Arizona; Coalinga , California ; and Roswell,
expected for the San Juan Islands in the years ahead. New Mexico are cities which rely wholly or in part on
To adequate ly provide for this future expansion , desalination facilities .

• water supply planning Is urg ently needed. Costs associated with desalination are dc.
• The San Juan Islands receive relati vely little creasing with improved technology , but in most

precipitation and produce small runoff volumes or instances use of desalination facilities are coon-
ground-water recharge. The economic potential here oinically feasible only in situation s where the nearest
can be realized only by overcoming the expected potable water supply is a considerable distance away.
water supply deficiencies . This is the case in the San Juan Islands which are

Accurate data on the total amount of water surrounded by marine waters , but detailed analyses
that is availab le for development does not exist for would be required to determine if this solution is a
this area , but it is evident that a lack of sufficient favorable one when compared with other possible
fresh water will become an acute problem with alternatives.
further residential development and expected in- The Key West Desalting Plant (2.62 nigd) might
creases In summer population. be used for determination of cost estimates. This

With maximum month water demand pr ojec- plant utilizes the multistage flash evaporation process
tions for the year 2020 standIng at nearly 70 mgd to deliver desalted water at approximately 85 cents

• (includes the summer population water use) and a per 1 ,000 gallons with fuel oil as the source of
present water usage of about 4.7 mgd during the energy. The US. Atomic Energy Commission pred icts
maximum month , it may be seen that there is costs as low as 19 cents per 1,000 gallons for the
considerable room for water supply shortages to integrated nuclear power desalting plants by 1980,
develop. While accurate data on the dependable yields but costs of this order will be realized only in
and capacit ies of the systems located on the islands extreme ly large plants producing 500 to 800 n~~ .
are not readily available for comparison , it is felt that It is estimated that a water desalination plant of
at the present time many supplies are near their sufficient size to provide 10 mgd would cost about
capacitie s during this per iod . Noticeable drops in the $13,500,000 based on studies made for the Kay West
water table have occurred in some areas and instances area . In the San Juans, construction of a plan t of this
of saltwater intrusion to some wells have been size would assume that the future needs of 10 to 13
reported. Indications are that limited water is availS mgd would occur primarily in one area which does
able for further development, not appear to be very realistic. While most of the

The water supply for the town of Friday demands may be generated in the Friday Harbor area,
Harbor I estimated to have a capacity of 0.86 ned. other areas will also become important for water
With maximum monthly usage presently nearing 0.7 supply. A possibility here would be the Installation of
ned, this system-the major water purveyor on the smaller size desalination units which would provide
Islands—Is approaching Its capacity . Table 129 shows for more localized areas of population and recreation
present and future water needs. concentrations. The cost of construction of a 2.4 mgd

plant was determined to be about $3,560,000 in the
WATER RECLAMATION Key West studies.

A possible avenue of approach to solution of WATER TRANSPORT
future water shortages in this area ha desalination.
Although this would be a relatively expensive source , In addition to desalination , an alternative for

• future justification may be forthcoming In the light additional water supply would be barging of water
of future projections and other available water from the mainland to storage areas on the islands.
sources. Numerous desalting plants are now In oper- This alternative, however, does not appear to be

A 
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economically feasible based on a transportation need Juans do not rece ive an excess of rainfall , but basins
of 10 mgd. This would involve barging nearly 50,000 might be used on a local basis . Deta iled studies would
cubic yards or about 42,000 tons of fresh water daily be requ ired to determine the feasibility of this
to the islands. alternative and a way of in tegrat ing separate areas for

maximum yield to , as an example, a water treatment
plant.

LAND TREATMENT FOR A critical water supply situation appears to be
RAINFALL RECOVERY developing in the San Juan Islands. Water supply

studies keyed to the solution of impending water
The use of catch basins or catch ment areas to shortages are urgently needed and should be initiated

gather water for storage may be a possibility. The San at the earliest possible date.

TABLE 12-9. M & I Water Supply Capital Im,.iot.. *anb In the San Juan Islands

M. G. 0.
Pr~ .nt Future

tans iae~ igeo inso~ooo 2ooo~o2o

Popuistlon Served 1,212 1~4O0 2,000 3,250
FRIDAY HARBO R
OptImum 0.8 0.9 1.3 2.1
C~~it~ Improvsmente 01 0.1 0.4 0.8

Population Served 1,178 1,200 1,480 1600
SMALL & RURAL
COMMUNITY SYSTEMS
OptImum 0.8 0.8 10 11
Cspled lmpruvscnsnts 0.3 — 0.2 0.1

Population Served 23,000 36,000 59,000 106,000
SUMMER TOTAL
POPULATION
Optimum 15.1 23.7 38.8 69.7
Capital Impiu~e,..intp 12.5 8.6 15.1 30.9

Pcpuladon Served 2,369
TOTAL1
Capital Improvements 0.4 0.1 0.6 0.9

NOTE : Fi~uree irs rounded.

t Does not frictude aimmer population.
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WHIDBEY-CAMANO ISLANDS
INTRODUCT I ON

Whidbey.Camano Islands , Figure 13-1 , are loca- CLIMATE
• ted in the north end of Puget Sound ,jus t west of the The climate of the islands isgenerally mild and

Skagit and Stillaguamish River deltas , uniform because of the small range of elevations, the
The fresh water supply for the islands (almost rain shadow effect of the Olympic Mountains, and

entirely ground water), although reasonably adequate the tempering effect of the surrounding waters . Mean
for present needs, is considered not capable of devel- annual precipi tation is about 22 inches; 15 percent
opment to meet the expanding needs of any signifi- falls during the summer months of June through
cant population and industria l growth. Therefore , August, and 65 percent falls during October through
accurate , complete data are requi red to permit intel- March. Average annual preci pitation ranges from
ligent planning of new water supplies in the m i m e- 17.73, measured at the U.S. Weather Bureau station
diate futur e. in Coupeville on the western portion of Whidbey

Island, to 25 inches in the southern part of the island
and on Camano Island.

GEOG RAPHY
Whidbey and Camano islands comprise a total POPULATION

land area of 210 square miles and have a generally The population of the islands, 20,200 in 1965 ,
low, flat terrain, with maximum elevation less than has shown a rapid growth (roan about 11 ,000 in 1950

• the two, is a narrow island about 40 miles long, lyIng 15-year per iod compares with a statewide increase of
600 feet above sea level. Whidbey Island, the larger of to 19,638 m 1960. This I 10.peicent increase for the

in a north-south direction from northern Puget Sound about 20 percent. Most of the increa se h resulted
to the Roeario Strait east of the San JUan Islands. It IS from the establishment of militaty bases near Oak

- 
-

, separated from the mainland by deep salt water Harbor and Crescent Harbor. Greater population
channels 2 or more miles wide, except at the northern growth would probably have occurred If better access
end, where the channel narrows to 1,300 feet at were available to metropolitan Seattle.

- 
- Deception Pass. The island is generally flat and

rolling, with elevations less than 500 feet , and l!as a ECONOMY
land area of 168 square miles. The shoreline is tCl5~ Economic conditions nn the islands, —tively steep, and falls away sharply to narrow reflected by employment, arc good. Empkyasat inbeaches. 

~~~~~~~ forestry and fishing has decreased iceCamano Island , 16 miles Ions with an area of 1950, but all other industries have increased Ilsak38 square m iles, also lies 18 a ~~~~~~~ ‘
~~~~~°“ number of eaployees, so that the total nsm*sr ofand Is about ewnb~ si eced batWWS ce~deil WhIdsSY pusat ns employed in 1960 exceeded 3,870. ThIsIsland and the mainland. It Is low ad level, eXCept at figure aviludes Federal employs.. at mIllsasy installs.the northern sod, where It rises to 580 feet above sea 

~~~~~~, ~~~~~~~ ~~~~level.
Both islands are connected to th. mainland by

bridges at their northern ends. In addition, Whl~~sy LAND USE
Island Is served by iasr y connections frost Putt
Towniand to Its central portion at Keystone and About 63% (8S~)00 acres) of the land in the
from MuhlItso near Everett on the m.~nI~ id to Whldbey.Camsno Islands Is considered forest land,
Clinton near th. southern end of the idind. consisting of fore or brush which has replaced the 

j_~~ - _ _ _ _ _

4 l~~l 

——

- --- --~~~~~ -- —-•—— -t-——--•
~~

--- — —-‘— --— — -.v.-.-~~~
.-. — _

~p••,••— . ‘-- - - -  — -— -- - - - -
- — -~~~~~~~



— - V

native forest . In land use, cropland , or farming areas , TABLE 13-I. General land use.
ranks second consuming 23,000 acres , (19% of the _______________________________________
total area). Typ Aass

Due to the area’s recreat ion potential for Forsetland 85,000- I summer and retirement homes and the excellent Croøand 23000
growing season , crop land and urban buildup areas are Rengel.nd 2,000
expected to increase in acreage in the future. Other land 12,000

Urban bu Ildup 11.000
tMand wat r t .coo

Total land and inland water 134,000
Source: Appendix I l l , Hydrology.

PRESENT STATUS
• Pre sently availab le fresh water supplies, almost signifIcant wate r user in the basin , however, so the

exclusively ground water, are at best marginally figur e of 2.66 mgd provides a fairly accurate index of
capab le of satisfying existing municipal ad industr ial total use. Municipal consumers, including Whidbey
demand. The supply problem can be expected to Island Naval Air Station , use about 77 percent of the
become acute with significant growth in population total water used in the Islands. Table 13-2 shows a
and industry, breakdown of water use on the islands.

WATER USE
Water use on Whidbey and Canssno Islands About 16,185 munIcipal consumers on

presently averages about 2.32 mgd. This reflects only Whidbey and Caman o I~tands use an average of 2.1
niunicipal and ru rai-indMdual use. Industry is not a mgd, an overall per capita use rate o(123 ingd. About

TABLE 13-2. Water use (1965).

population Average h~~~~um - in Average m
Systam sarvad daily monthly daily daily monthly daily

MUNICIPAL USE

Oat Harbor - - - 4,640 — — — 0.36 0.70 1.10
Navel Air Stat ion - - -~ 

- 4 800 1.00 1.40 2.00 — — —

Coupavift, 1 200 — — -. 0.12 0.24 0.30
Langley - - - - - 465 — — — 0.15 0.30 0.43

420 — — — 0.03 0.05 o.ce
Rwal communfty eystams _.~~~ L~8 9~~

ththtotal lG. lB~ 1.00 1.40 2.00 1.10 2.10 3.20

RURAL4NOIVIDUAL USE 4.015 - — — 0.22k 0.44 0.55

INDUSTRIAL USE

Navel AW SLStIOn~ l~~~ 328
Total 20,200 2.50 3.15 4.00 1.~~ 2.93 3.05

Basad u on 56 gecd.

~y Anacortas.
° Estknat.d population — Is not the population of the ...,.smad en. of the city but Is that population (ann of
,~~~.a..a..t aid saconal) from TatI e 2.7 whIch debamkius the •‘ v~~ rating” Sw sach baski. This population ha, been
Included In the neenat municipal ey*m since the municipality Is oSwui the ~~ ., aipplis, for the eneller si9oinlrug wars, 4dlutrlmtlon ey*m.

13.2 r ~
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7,600 municipal consumers in Oak Harbor, Langley,
and Coupeville, the three largest Whidbey Island - ._; ~~. - - . , ~- - -.

communities, use an average of 0.59 mgd, a per capita -. - -

use of 77 gpd. Table 13-3 shows water use in the se
three communities.

Nearly 1,900 municipal users on Camano Island ~~~L
use an average of 0.22 mgd, a per capita use of 117 --— ~~~

—---  
-

gpd. The 4,800 municipal consumers at Whidbey
Island Naval Air Station use an average of 1.0 mgd,
about 38 percent of total basin use and a per capita
use of 208 gpd. The per capita use in the island corn-
munities is substantial ly lower than the municipal per
capita use for other basins or for the Naval Air Sta-
tion, reflecting the rural nature of the area and the PHOTO 13-1 . Rural-individual use, supplied fromexistence of substandard water supplies ground water sources, accounts for about 20 percent

of all water used in the basin,
TABLE 13-3. Water use In major island cities.

Municipal
Oak Lang. Coups-

Harbor lay viii. The municipal water systems of Oak Harbor,
— Langley, and Coupevil le supply 6,195 of the 16,185

Population wived 5,100.00 1,250.Oot 1.29000 people sewed by public systems on the islan4s.
Total connections 1,368.00 34600 430.00
Water miiulr.mants Coupsvllle, the county seat of Island County,

* 
Annually 1mg) 128.00 49 40 3700 lies on the south shore of Penn Cove in central
Average daily (niofl 0.36 0.14 0.12 Whidbey Island. The town doubled in size between

~~ 

-

~~ Peek daily (mid) 1.10 0.25 0.20 1950 and 1960, primarily as a result of the buildup ofPer capita u (gpd) 68.00 112.00 78.00 the US. Naval Air Station near Oak Harbor.

~About 60 cudomers on Sandy Point and vicinity are 
—

The Coupevilie water system serves a greaterwaaonal.
area than any other system in isla nd Coun ty. Histori-
cally , this is the result of a decision years ago to seekIndustrial customers outside the city limits to support the

small, and are supplied on an individual basis by the tion galleries to supplement the town ’s water source.j Pre sent industrial demands for fresh water are system, and the purchase of the Fort Casey infiltra-

various small industr ies. No specific data on industrial Coupeville also sells water to a number of summer
use are presently available , homes several miles west of the city limits, although

the city does not own the distribut ion mains beyond
Rural Individual its incorporated limits.

An estImated 4,015 persons in rursi ~~~ Data on Coupev ille’s water supply are listed in
(photo 13-1), not served by municipal water systems, Table 13.4.
use a daly averag , of 0.22 mgd and a maximum Well No. ! was the victim of sea.water inflitra-
monthly usage of 0.44 mgd. This reflects an average tion several years ago, but , following several years of

pump. The water is extremely hard, and extensive
per capita use of less tiian ss gpli Inact ivity , it was returned to service with a smaller

pumping will cause further deterioration in itsWATER SUPPLIES qual ity, making it unacceptable . The town relies
Ground water is the source of supply for all primarily on the softer water from the Fort Casey

water system, on the laianiis, with one exception. The Infiltration galleries as a source of supply, although

of Anscortes, which utilizes the Skagit River as Its peak water demand. Well No. 2 yields hard water, and
Naval Air Station at Ault Field is supplied by the city these galleries are drawn nearly dry during periods of

source of supply. This system is described In the Is presently being used on a standby basis only,
Skagit.Sernlsli Basin report. because It has been pumping sand recently. Extensive

4 
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•1 TABLE 13-4. CoupevilIe water supply. Oak Harbor is situated on North Whidbey,
adjoining the Whldbey Island Naval Air Station. It

Source Yield was a small community of 350 in 1940 withahlstory
Well No. 1 l4O gem (O.2O mgd) of slow growth, but with the establishment of the

Naval Air Station nearby, its population mushroomedWell No. 2 (smndby) 166 gem (024 mgd)

the county.
Totel set. ylsi. 470 gem (0.62 ‘~~~~ Oak Harbor obtains its water supply from seven

wells with a combined pumping capacity , as shown in

toa 1967 figure of 5,100, making it the largest city in

renovation will be necessary to restore this well to Table 13.6 , adequate to meet present peak water
satisfactory everyday use. demands. To date , the city has not experienced any

Lack of a good and adequ ate water supply is a water shortage because present policy restricts water
significant factor in development in the Coupeville service to the city proper , so that the many trailer
area. The US. Geological Survey, in its ground-water courts and developments on the fringes of the city
survey of Island County, concludes that the water must rely on their own individual water supplies.
table in the Coupeville area is hydraulically connected However, the need for an additional source of
with Puget Sound , and that there is no substantial water is urgent. It is evident from the data in Tables
quantity of potable groundwater available inthe area. 13-5 and 13-8 and population projections that Oak

• 
-
, 

Harbor will not be able to meet estimated peak water
Lan y is the smallest of Island County’s incor- demands after 1975. The N ival Air Station also

panted cities and the only one located on the south urgently needs water, and , unless agreement is
end of Whidbey Island. Its population has remained reached soon between the Navy and the City, will
fairly constant ; its presently estimated population of proceed unilaterally to construct a water pipeline to
472 is slightly less than the 1940 high of 505. meet its own requirements.

Clinton. Clinton, for the last several years, has
The existing water system in Langley serves not been exploring ways of upgrading its supplies toonly the incorporated city but also areas to the west improve the quanti ty and quality of Its wells.and east of the town. In addition , it serves the South

Whidbey consolidated schools, which , with an enroll- Industrial
mont of approximately 800, coast tutu a major There are no sizeable indrndual industrial water
customer. supplies on the islands.

The Langley system relies on three wells as its
source of supply, as listed in Table 13-S. The city has Rur al Individual
not experienced water shortage, even though the About 1,900 individual water systems supply
existing storage capacity is less than one-fourth the an estimated 4,015 persons. All of these systems
peak daily demand. It is apparent from Tables 13-3 obtain their supplies of water from ground sources.
and 13-5, that , with care , Langely has an adequate
water supp ly to meet its own needs and those of its

- - outlying areas for the immediate future. Further , it Is TABLE 13.6. Oak Harbor water supply.— expected that the city can develop Its present
aquifers for additional future supplies.

TABLE 13.6. Langley water supply Well No.3 75 gem (0.11 wid)
_______________________________________ Well No.6 300 gem (0.43 mgd)

Source Well No.6 500 gem (0.72 mgd)
Well No. 7 100 gem (0.14 mgd)

wee No. 1 90 gem (0.13 mgd) Well No. 9 210 gem (0.30 mgd)
Well No. 2 100 gem (0.15 mid) Well No. 9 200 gpm (0.29 mgd)
Wel No. 3 300 gem (0.29 mgdl Well No. 10 160 gem (0.23 mgd)

Toed 360 gem (0.57n d) Total 1.546 gem (222 mgd)

‘3-4
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( WATER RIGHTS TABLE 13-1. ConsumptIve water rights. 
—

There are 247 recorded water rights in the vidual lndu~Whidbey-Canwno Islands; of these , 97 are surface and
150 are ground (1966.1967). Recorded prime water 

~~ni. munity corn-
rights for the Whldbey Cuuano island area indicate a 

T.~~~ ()~~~~~ dc (m~i)total allowable rate of divers ion of 7 mgd, 5 mgd
being used for irrigation purposes. In addition 0.1 Surf~~ water -. 1.8 —

iagd has been appropriated under supplemental Grou nd water 13  14.0 15
aghts. Totil a 1.3 15.8 1.5In total, 147 acre feet (SO mgJ per year has ____________________________________
been appropriated under three reservoir storage 

~~~~~~ fl additional spçxopnatlve rights hsve
II$htL been granted for other consumptive uses In theConsumptive appropriation closures have not
been Imposed on any streams in this area , however,
one diversion on a small stream is subject to a Under prime rights 14 mgd or about 70 percent
low-flow restriction, of the total appropriated quantity can be applied to

As of September 30, 1966, a total quantity of individual and community domestic supplies.20 mgd had been appropriated under prime ground t~ iv,~y irriptl~~ use ranks second in import-water right permits and certificates in the Whidbey- moe with a total appropriation of 7 mgd.
Camino Island s. No supplemental instantaneous rates A few wells have been developed by corn-of withdrawals have been granted under rights in this nuuuty water compsnles with production rates as
area. Ground water applications °~~ ~Ile lndoat.d 

~~ Wi as 0.7 nigd, however, the majority of the wells
developments were under COhuldstatiOii 10 wIthdraw prmbsee less than 0.14 mgd. The average capacity ofadditional quantities at rates totahng O.6 mgd. wails In this basin Is about 0.12 mgd. Table 13-7

• thoun water rights and applications in the Whidbey.
Canesn~ ~~~~~~ .

WATER RESOURCES
Quantities of both surface and ground water sri Averag e annual runoff from the area has been

limited In the islands, and are not sufficient to estimated to be about 168,000 acre-feet, or 68 per-
support more than minor increases in domestic and cent of the avera ge amiuai precipitation. Of the
~~~strisl demand. 168,000 acre eet, Whldbey Island discharges about

136,000 acre-feet and Camano about 32,000 acre-SURFACE WATER feet. The least annual runoff Is expected to occur
The only surface water on the lilandi consists once In 50 years and has been estimated to be about

of smell dreams, mostly liteimltlent, and several 72,000 acre-feet.
small lakes Surface water Is not used ass freak water
source, other than the role It plays in recharging the Dime, Impoundment,. and Likes. There are a
ground water ‘ppha. number of unsi lakes on the two Wands, but mod

____ me smaller than IS acres each. The three largest lakesQuantity AvsTMiliIe on Whidbey Island are Cranbersy Like (128 acres),
ssa....l Although there are no peremiiul Lone Lake (92 acres), and Deer Lake (82 acres).

streams in the northern portion of Wb~~~ , Island, Thee. likes generally are In equilibrium with th, local
d only a few in other portices of either Whidiisy or ground water table.

Camseso Islands, there te some surface Jrikiags to Whil. the above figures indIcate that a substan-
fllWiflS waters throagh iimeJ unull, mostly int,.uilt.. h al surface water potential exists for the ~ —4s,
Sent, Streams. There me also ..,, al small lakes on die cloe.r inspection reveals that, because of the flat
~~~kwIthao~~~~~:~ a,sa o suj747a~,se. natu re of die terr ain, tapp ing thee, supplies to a

A 13-S
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significant extent would be extremely complex and Puget Sound Area. The concentration of dissolved
costly. solids in ground waters of the islands usually ranges

between 100 and 300 mg/I, with values above 300
mg/I in some places. Hardness values (calcium carbon-

Little information is currently available on the ate) are usually less than 120 mg/I on southern
quality of surface water in the islands. Routine Whidbey Island and greater than 120 mg/I on the red
surface water quality measurements have not been of Whidbey Island and Camano Island. The water in
made. the Coupevil le system is among the hardest in the
Quantity Available county; samples from the wells tested by the

• Washington State Health Departmen t yield hardnessThe Whidbey.Camano Islands are characterized values of more than 800 mg/I , as measured in termsby extensive Quaternary deposits underlying the of calcium carbonate hardness.entire land surface . Much of these are till and out- Objectionable concentrations of iron have beenwash having low water content because of their fine repo~~d in both shallow and deep wells in certaincompacted nature , definite areas and some scattered locations on
Whidbey Island. The Coupev ilie water is also high in

GROUND WATER iron content and releases a sulfide odor when the
Ground water sources are recharged entirely by wate r is heated.

local precipitation and are thus limited. Quality varies One well on Whidbey Island reported ly has
substantially, but in general is inferior to that of been abandoned because , through excessive pumping ,
other basins in the Puget Sound Area. salt water has entered the contributing ground water

Below the till bodies , however are found many supply. The Coupevi lle vicinity is particularly
aquifers of significance. Those above sea level are a trouble d with sea-water infiltration, as are numerous
limited source of ground water. Those aquifers found wells along some coastal areas.
below sea level generally exhibit artesian conditions Other factors besides the location of the well

• and are the principal source of water used on the appear to affect the water quality. Rainfall may cause
islands , seasonal variations in the ground water , especially in

Precipitation is the only source of recharge to locations where the aquifer lies near the land surface.
the island aquifers. Although about 10,000 acre—feet Evidence is not conclusive, but there are indications
of recharge is available to the aquifers above sea level, that the quality of the ground water dete riorates
It Is estimated that only about 60 to 70 percent of progressively with depth below sea level, and an
this is actually absorbed by them. increase in the rate of ground water withdrawal

generally results in an increase in the dissolved solids
~~iality content of the water. As a result of increased use , the

The quality of ground water in the islands is added drawdown of the water table results in an
generally adequate for domestic uses, but is not of as increasing percentage of harder water , pre sumably
good quality as ground water in other parts of the from greater depthL

PRESENT AND FUTU RE NEEDS

Local supplies of water must come from ground several years. Population is concentrated along the
sources because the Islands contain no perennial shorelines of Cainano and Whidbey Islands In platted
stream or lakes capable of furnishing enough water subdivisions outside incorporated cities. Each sub-
to meet the needs. Ground supplIes depend on division has developed its own small system so that
rainfall for replenlthment, and this has proved m ade- now 150 individual systems serve about 72 percent of
quite In some cases. Populated areas have experi- both permanent residents and transient seasonal
enced water shurtages or have had to rely on highly population. Lack of organized effort by the IndivId-
mineralIzed water. ual communities has resulted In a variety of water

Most of the land remains forest.covered. Agri- supply systems, many of which aie substandard in
cuiture has diminlthed In Importance during the past quality, having overlapping service areas and unnece.-

13-6 

— •• - -•  —
~
—.——

~~
-.
~~~~ i?-- - • --

- - —- *--••—. --

- - - - a ~— - - --- _- - -



V

shy duplication of facilities. At the same time, lapping of the present individual systems. A single
certain areas that lack adequate pound water do not district would be most effective for Camano Island.
have accea to ixielIng ground waler resources. These districts would make most efficient use of
Continu ing population growth, coupled with existing pound water supplies for the present, with
increased per capita water rr~,iliaa.snts, narrows the provisions for connecting into the transmission
surplus pp between supply and demand for fresh system as future needs require.
water. The increased per capita use is caused prima- Based on present supply and the projected
rily by the increase Ms water conasnslng appliances, growth, it is estimated that sources outside the Islands
gardenIng, and Ike protection requIrements st~ sdsted will supply 60 percent of the total water needs by
in morlgap loan contracts. 1985, 7S percent in the year 2000,and 9O percent in

Individual water systems still serve many areas 2020.
where population growth would make a community Projected population growth and the cone-
system feasible. The systems of I tiiejey and spondlng water needs are shown In tables 13-8, 13-9,
Coupeville serve a considerable area outside their and 13-10 for the years 1980, 2000, and 2020,
respective corporate limits. The U.S. Navy facilities respectively. Future water needs are summarized in
are supplied from the Anacortes system. Table 13-11.

Wells along the shoreline of Whldbey and
Cainsno Islands, particularly near Coupeville, are
troubled with ma water infiltration, a problem that 

‘
I

becomes mote acute with an increase in water drawn ~~from the wells. ~~
The northern part of Wlsldbey Island is ~~~~~ C.~0

’
~ /lated primarily with permanent residents, whereas In - ~ &

southern Whldbey znd Cansano Islands, a transient .çot~ ~~~~~seasonal and recreational population predominates.
Although some isolated areas are presently ~experiencing a fresh water shortage, with proper

distribution and utI~1zatlon , avadthle pound water
should be adequate to supply the demand until about -
the year 1985. The projected normal populat ion
growth (Figure 13-2) wIll Increasu the water require-
ments so that by 1985 out-of-basin water sources will I I
be necessary. ieee i.~o

The three adequate sources outside the Island
em: the Anacortes nnmldpal nipply, the Skaglt FI GURE 13.2. Proj ected POPU1StiOfl growth.
River, and the S*flhapmn~ih River. The U.S. Navy Is
planning to construct a water transmission line from
Anacortes to the Naval Air Station, and with proper
planning, this could be developed as a cooperative
project capable of supplying the water needs of the
Naval Ak Statlon as well as aU a( Whldbsy lsland as
far south as Coupeville. The remainder of the Island
would be adequately si.,~lhd by ground so~.eaa until
19*5, after which the line from Anacoriss could be
~~end~d to suve th. antis, ~~nd. (Si. Figur e 133).
A separat. ths~. system surving all c(C~~~ o bland - -

fron t the S~~.j-----’-” River is f aulbis. - L I I ~~~Tin local water ötrlc ts, ~*‘11jg the thee. - ‘- • ant ~~~exIsting “‘i~ak~psl systems, could ad.quatsly handle ~ r -

the waIst needs of th. whole of Whidhey Island, and YEAR
waild ,~~~~I the insffisisnt duplication and ores- 

~~~ Rsl.~~~ ~~~~~~~ growth lot m*r
— kwhntrlsL

13.7
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TABLE 13.8. Projected water use (1980).

served daily monthly daily month ly

MUNICIPAL USE’

Osic Harbor 7.500 — .— - -—

Naral Air StatIon 6,000 — —
Coup.viII. 2,000 .- -- — —
Laniley. akiton, Carnwio.
and other rural community systems 7.~~~ —

Subtotal 22,900 2.6 3.6 1.8 2.8

RURAL-INDIVIDUAL USE 4,000 ._ 03b 0.4
INDUSTRIAL USE

Navel AWStatlonC 25 — —

26,900 4.6 6.1 2.1 2.9

‘Becsuee adequate ~ ound water sources are not svsllthle on the Islsnds, It Is expected that future ~~cedth will
be supplied almost entirely by su rface sources outside of Whk~ ey and Cameno Islends. Future needs are
expected to be axved by outside surface sources, increasing to 60 percent by 1980.

beast on 70 gpcd and 100 percent served by sound wat er.
CSupplied by Anacortes.
dF~~~~ are rounded .

TABLE 13-9. Projected water use (2000).

Estimated Surface water taupe (mod) Ground rester ueqe (nuti
population Averse. Mexfrriam Average Maximum

served daily monthly daily monthly

MUNICIPAL USE’

Oak Harbor I1~~50 - - —

Naim$ AW StatIon $ 000 — —
~ iupsvilIe 3.000 — — — —
Lan sy,Clbt*on,C muno,and
other rural community systems a~~ — — --

S~~total 31 $50 5.0 7.0 1.7 2.4
RURAL-INDIVIDUAL USE 4350 — — 0.6
INDUSTRIAL USE

Naval AU’ Ilutlon C 40 — —
Tesold 3S,200 5.0 11.0 2.1 3.0

~Suceu ~~~ ground ~~~ur sources wa nes ~~~~~~~~ on the h Ints ,, ft Ia exp ected that future you th will -

he supplied almees sminaly by a,ø sueress eutelde of Whidesy end Camono lslends. Future reeds are
I~vec~ d so he mist by aslide fsss sources, lnarsedai, Is lE percent by 2000.

on i.gecd ..d 100 ,.. .~~i rved by ntnd waler.
by Anueeflhs.
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TABLE 13-10. Projected water use (2020).

Estlnnt.d ~wfac. water u~~e (mod) Ground water usage (ned)
populatIon Average MaxImum Average Maximum

served daIly monthly daily month ly

MUNICIPAL USEe

0* Harbor 18,550 — — ... —
Naval AU’ Station 10,900 — — -.. —
Oaup.vUIe 4,000 — — — —
Lanijsy. Clinton. Cameno, and
other rural community systems 12~~~ — — -- —

Subsotsi 44,550 9.3 13.0 1.0 1.4
RURAL-INDiViDUAL USE 4,850 — — 0.~ ’ 0.8
INDUSTRIAL USE

Navel pj~~~~.i~~C

Totsld 40.500 13.3 18.0 1.6 2.2

‘Iv the year 2020, growth will be supplied almost entirely by su,face sources outside of Whidbsy and

Cwmno Islands.
bB_ed on 110 mind and 100 percent served by ground water.
CSmiøsd by Anecortee.
~~~~~~ round ed.

TABLE 13-11. Summary of projected water needs.

Eutloseted Starfecs miami u,~~ (moW Ground star i (ist) Total uine (nut)
population Average Msx8wam Average Mmthrum Average MaxhvwmUs Veer served daily monthly daily monthly daily monthly

MunIcipal 1905 16,185 1.0 1,4 1.1 2.2 2.1 3.6
1150 22.900 2.6 3.6 1.8 2.5 4.4 6.1
2000 31.000 5.0 7.0 1.7 2.4 6.7 9.4
2020 44,580 9.3 13.0 1.0 1.4 10.3 14.4

lnduutelel 1990 — 1.5 1.8 — — 1.5 1.8
1950 — 2.0 2.5 — — 2.0 2.5
2000 — 3.0 4.0 — — 3.0 4.0
2020 — 4.0 5.0 — — 4.0 5.0

RweHndMdnd 1955 4.015 — — 02 0.4 0.2 0.4
1950 4000 — — 0.3 0.4 0.3 0.4
2050 4.300 — — 0.4 0.0 0.4 0.6
3020 4.050 — — 0.6 0.8 0.6 0.8

INS 30.250 2.5 3.2 1.3 25 3.5 6.8
1950 20100 45 6.1 2.1 2.8 6.7 9.0
2000 30,200 SO 11.0 2.1 3.0 10.1 14.0
2020 40,900 133 15.0 1.0 2.3 14.8 20.2
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p
MEANS TO SATISFY NEEDS

GENERAL guamish River. In both cases existing bridges would
provide support to the islands for the transmission

The projected annual water use is expected to lines.
reach 14 m d  by the year 2020. This is an increase of The Alternative Plan , Tab le 13-14 , is to develop
approximately 10 mgd over the 1965 average use . immediately, by a county services system, a source on
Optimum or peak wate r requirements will be almost the Skagi t River (to supply Whidbey Island) and a
one and one-half times this average or nearly 34 mgd. source on the Stillaguamish River to supply Camano
Tab les 2-12 or 2-13, the Area Plans , summarize the Island . The development of individual sources for
basins’ annua l aver age and optimu m requirement m both islands has the benefit of not having the need of
relation to the remainder of the Area . Table 13.12 , an underwater crossi ng for the transmission line
M&l Water Supply Needs, reviews the need s of the between the two islands.
major water systems and/or users in the basin . The Selected Plan , although nearl y $2 million

Present water facilities on Whidbey and more expensive , has been chosen because of recom-
Cainano Islands with one exception consist of many mendations from recent engineering studies.
small individua l systems served from ground water Storage and distribution costs will rema in the
sources. The exception is Whidbey Island Naval Air same for both plans. These costs are shown in Tables
Station which uses surface water supplied via pipeline 2.12 and 2.13, the Area Selected and Alternat ive
from Anacortes. Plans, respectively .

Existing supplies on the Islands are not con- Table 13.12 , Summse~y of Projected Water
sidered to be adequate beyond 1985. Unt il this time, Needs , shows the low level of need to 2020 from all
ground water is expected to meet existing needs, sources. On this basis, a surface water source is
Potential alternative sources of this additi onal water recommended as the least expensive alternative , and
are the Anacor tes water system , the Skagit River , the still be adequate to satisfy the projected needs.
Stillaguamish River, and desalination , although the
latter alternative is considerably more costly at ~~~~~ FINANCE
present time . Desalination is discussed in more detail
in the San Juan Islands Means to Satisfy ~~eds AnnUal income as taken from Tables 2-12 and
section. 2-13 for the Selected and Alternative Plans indicates

the amount of money available to apply for bond
BASIN PLANS service (approximately 20 percent of the total annual

income).
Due to the pres ent demand on Whidbey and The following figures indicate the monies avail-

Camano Islands for recreation and ret irement home able for bond service and the capital expenditures
sites, and the anticip ated population increase, county- amortized for 30 years at 5% for the Selected and
wide or regional services have been considered in both Alternative Plans.
the Selected and Alternative Plans .

The Selected Plan , Table 13-13, calls for the use Annual Amortized
of existing water facilities until 1980. At this time, it Bond Service Cost lx $1000)
suggests the Whldbey Island and Camano Island Available Selected Altematiwpopulations form para te service areas to entirely Year 1!ii ,000) I’lan Plan
serve each island . Whldbey Island could purchase
waterfrom th Aj~acortes Water Sysf.8mto mmt ,ll 1965 $90 $ 7 3  $67
needs through 2020 and beyond. Camano Island 1980 161 93 173would then receive water developed by the county 2000 250 281 158services from horizontal wells located in the Still.- 2020 350 218 214

13-10 /
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TABLE 13-li M ii I Water Supply-Ciphal Improvements -

Whidbsy Cimano Islands

M. G. D.
Pr eNnt Future

1966 1966-1980 1980-2000 2000-2020

Population Ss,ved 4.540 7.500 11 .350 18,550
OAK HARBOR
Optimum 3.0 4.9 7.5 12.2
Capital Improvements 2.3 1.9 2.6 4.7

Population Served 4,800 6,000 8,000 10,000
NAVAL AIR STATION
OptImum 5.0 6.4 9.3 11.6
Capital Improvements 2.2 1.4 2.9 2.3

Population Served 1,200 2,000 3,000 4,000
- 

- ~OUPEVILLE
- 

;- Optimum 0.8 1.3 2.0 2.6
Capital I mprovements 0.6 0.5 0.7 0.6

Population Served 5,646 7,400 9.500 12,000
SMALL & RURAL
COMMUNITY SYSTEMS
OptImum 3.7 4.9 6.3 7.9
Capital I mprovements 2.4 1.2 1.4 1.6

Population Served 16,185 22,900 31,961) 44,550
TOTAL
Capital Improvements 8 5 8 9

NOTE : F igure s e round ed.

Costs as indicated by the Engineering News required water supply development, and future con-
Record Index are presently doubling every 15 years. struction would insolve extraordinary and excessive
it is projected that by 1980 or sooner Whidbey and financial burden in relation to the islands’ economic
Caniano Islands will be unable to bond for the resources.

I
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TABLE 13-la M & I Water Supply U.. Planning-Present to ye 2020 Selected Basin Plan
Whidbey—Cimano Islands

1967
OPTIMUM THOUSAND DOLLARS
CAPACITY AMORTIZED MAINTENANCE

~~~~ 
~~~~~~~ sd 

~~~~~ CAPITA ICOST b ArIDOPER . Iotal
Plan of WI.. U.. SappIy & T.sM- I.o.~ Pwti~ng An,ual

Lanai Sawn. Dan.loç.manI banal. MOD Supply T r.nani . T,anv n. m,nl Roman.I Po..., Cl,..,, . Inco.,,e

OAK HARBOR
P~~~nt OW Lo~~ GrOund Waist tuait 0.1 I I 4 47
P,somt OW ADO : 2.3 Local Otound WaIst 

~966 2 2 *20

1960 OW LooclO,oundWsW. 1975 1.4 2 2 120 16

NAVAL AIR STATION 5 6 $ 255
Proum OW Local O~ und Waist 6.1st 2.6 I I
Prouni SW Puiclan, from Anacoqisu E.lst. 2 2 28
Pmisnt SW ADO: 2.34, 4 from An.~.q1., 1955 2 2 206 166

1980 OW Local G,owid Waist 1975 3.2 2 2 120 34 374

7 7 $ 406 166

cOf~~EVILLE
Prousni OW LocaiGround Waist 5.1st 0.1 0.2 02 1 12
PusS.,. OW ADO : 0.6 Lucal Oniund Waist 1985 0.5 ftS 36

1900 OW Local Ground Waist 157$ 0.4 0.5 0.5 30 4 47

1.3 1.3 $ 66

06*ALL S RURAL COMMUNITY SYSTEMS
Pusan OW Local Gmwid Waist 6,1st 05 I I 6
Pies.., OW ADO: 2.4 Lotal Ground Wit.. 1956 2 2 144 70

lieD OW Local Ground Waist 1975 14 2 2 72 15 154

5 5 8 216

OAK HARBOR—NAVAL AIR STATION
COt*EVILLE -SMALI. & RURAL COMMUN ITY SYSTEMS

ALL 8UPPtIED BY Ial.AND COUNTY SERVICE AREAS
2000 SW ‘tIsr~d frail. Ai~~~rtun iOWhldbSy IS. 1955 10 25 25 3.263 1.863 leD 1.111

2980 SW StiIIqustnith A.. Intal.. & Tissi for 2006 14 9 9 1.196 660 150 1126
CanWis IM.nd

34 34 $4459 *2.573

•LSCTEO S45IN PLAN TOTAL 58.143

• IulMS~~~~unisnt.
C O~~ an. NaCid, un~~ and dIaWiCutlo n anal, ; S.. Au. Mom, ID Sailaly Rind, Nl,iOn .

• La f~~~us om .cu.~~d.

S
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TABLE 13—14. M & I Water Supply Use Planning-Preasuit to year 2020 Alternative Basin Plan
Whklbey—Cainano Islands

1157
OPTIMUM THOUSAND DOLLARS

- CAPACiTY AMORTIZEO MAINTENANCE
Yes. Annual M OO CA PITALCOSI b ANOOPER. Total

Plan of WI.. U., Supply & T,SaI. ton Pwnp.n Annual
Lanai Sown. D,aMop~sni Dan.; . MOD Supply Tyanon . Iranian. nisni Ramoval Pus, CIa.m. Incanta

PLAN 2
OAK HARBOR

OW LOndGiOufIdWSW SaID. 0.4 I 1 4 47
Puss.,, OW ADO: 2.3Lou16u.ndWsist *565 2 2 120

$120

NAVAL AIR STATION
— - Pieus.,t SW PUsoflais (rain AnIsSu. 5,1.1. 2.6 2 2

Piss.n OW Local Ground WMSr ExIst 1 1 26
Pisasni SW ADO; 2.2f,.mAiu.stiss 1951 2 2 295

~ ~
COUPE VILLE
Pm..t OW LacalGioundWsSt Exist. 0.1 0.2 0.2 1 12
P.eesnt OW ADO: 0.5 Local Gusind WaIst 1965 0.8 0.5 35

0.8 0.5 5 2 6

OAK HARBOR -NAVAL AIR STATION
COUPS VILLE

SUPPLIED BY ANACORTES
1980 SW ‘551511 RID. IAs~ cflSal 1970 5 13 13 1120 945 12 554

2600 SW 51.451 RI,., (Aansstisal ISIS 8 5 5 805 455 80 934

2980 SW 81.1511 Riser IAnu.iisal 2015 12 7 7 855 570 120 1.498

25 25 8 3.420 51.550

SWALL & RURAl. C0~~~UNITY SYSTEMS
P.aant OW LIsUGraund~~~~ 5,1.1. 0.5 1.3 1.3 5
‘us.s OW ADO: 2.4 I.oaI Gmund~~~~ ISIS 2.4 2.4 144 70

*190 OW • 51I1I451.nIII RI,.,, 1.9011. & TuSI. 197$ 1.4 1.2 1.2 152 14 184

2869 SW SaIl19mxId, RI,sr. I90Cr & TieS. I~~~ 2.0 1.4 1.4 112 21 234

2020 SW 84il~~mnId. RI..r . .455.5 TieS. 36*5 2.8 1.6 l.a 26$ -~~ 28 327

a S s~~
ALTERNATIVE BASIN PLAN TOTAL

• Inl~~ d,.. ~~~ ....iit
b Des, not Includ. Wsti and dISeSIutlon ,ss.;Ss, Alis Mu... is S~ Wy Ns.ds uscilun.
• AU f ivan u.,oui~~d.
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p GLOSSAR Y

ACRE~FOOT (ac-ft.). — A unit commonly used for measuring the volume of water or sediment; equal to the
quantity of water required to cover one acre to a depth of one foot and equal to 43,560 cubic feet or 325 ,851
gallons.

ALLUVI UM — Soil material, such as sand , silt, or clay, that has been deposited by water.

AQUI FE lt — A rock formation, bed , or zone containing water that is available to wells. An aquifer may be
referred to as a water-bearing formation or water-bearing bed .

ARTESIAN WATER — Ground water under sufficient pressure to rise above the level at which the water -bearing
bed is reached in a well. The pressure in such an aquifer commonly is called artesian pressure , and the rock
containing artesian water is an artesian aquifer.

BASE F LOW — See Base Runoff

BASE RUNOFF — Sustained or fair weather runoff. In most streams , base runoff is composed largely of ground
water effluent. The tern i base flow is often used in the same sense as base runoff. However, the distinction is
the same as that between streamflow and runoff. When the concept in the terms base flow and base runoff is
that of the natural flow in a stream , base runoff is the logical term.

BASIN — A geographic area drained by a single major str eam.

cfs (Cubic Foot per Second) — A unit of discharge for measurement of flowing liquid equal to a flow of one cubic
foot per second past a given section . Also called second-foot .

CAPITAL EXPENDITURES — Outlays for plant and equipment which are normally charged to fixed asset
accounts.

CHANNEL STORAGE — The volume of water at a given time in the channel or over the flood plain of the
streams In a drainage basin or river reach. Channel storage is sometimes significant during the progress of a
flood event.

CHLORINATION — The application of chlorine to water, sewage, or industrial wastes generally for the purpose
of disinfection, but frequently for accomplishing other biological or chemical results.

COLIFORM BACTERIA - A specks of genus escherichia bacteria, normal inhabitant of the intestine of man and
all verteb ra tes.

CONSTRUCTION COST — The total cost of construction, including real estate, engineering, desIgn,
administration and supervision.

CON$**WTIVE USE - The quantity of water discharged to the atmosphere or incorporated In the products In
the process of vegetative growth, food processing, industrial processes, or other use. Hence, the amount of
watsr~~) longer directly available.

CONSUMPTIVE USE IRR IG ATI ON — All withdrawa ls are considered to be consumptive unless the full
amount of the withdrawal is returned to the source.
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COOLING WATER CONSUMPTION (POWER ) - The cooling water which is lost to the atmosphere, caused
primarily by evaporation due to the temperature rise In the cooling water as It passes througi~ the condenser .
The amount of consumption (loss) Is dependent on the type of cooling employed — flow-through, cooling
ponds, or cooling tower.

COOLING WATER LOAD - Heat ener~~ dissipated by the cooling water.

COOLING WATER RE CUIRED (POWER ) — The amount of water needed to p through the condenalag
unit in order to condense the steam to water .

* CORRELATION - The process of establishing a relation between two or more related variables. It i sa  simple
correlation if there is only one independent variable; multiple correlation If there is more than one
independent variable.

CUBIC FEET PER SECOND PER DAY (cfs.day) — The volume of water epseasuted by a flow of one cubIc foot
per second for 24 hours. It equals 86,400 cubic feet, 1.983471 acre-feet , or 646,317 gallons.

CUBIC FEET PER SECOND (ifs)- A unit expressing rate of discharge . One cubIc foot per second is equal to the
discharge of a stream having a cross section of one square foot and flowing at an average velocity of one foot
per second. It also equals a rate of 448.8 gallons per minute.

DO (Dissolved Oxygen) - The oxygen dissolved in sewage water or other liquid, usually expressed In milligrams
per liter or percent of saturation.

DEMAND-A need or desire. (Differs from the usual economic definition of demand under which a need is
not necesasrily reflected in a demand).

DISCHARGE — In its simplest concept, discharge means outflow; therefore, the use of this term Is not restricted
a to cowse or location and It can be used to describe the flow of water fron~ a pipe or a drainag e basin.

DISCHARGE , AVERAGE - The arithmetic averag e of the annual discharges for all complete water years of
record whether or not they are consecutive. The term “averag e” is genera lly reserved for averag e of record and
“mean” Is used for averages of shorter periods ; namely, daily mean discharge .

DIVERSION - The taking of water from a stream or other body of water into a canal, pipe, or other conduit.

DRAINAGE AR EA - The drainage area of a stream, measured In a horizontal plane, which is enclosed by a
drainage divide.

j DRAINAGE BASIN - A pert of the surface of the earth that is occupied by a drainage system, which consists of
a surface stream or a body of Impounded surface water together with all tributary surface streams and bodies
of linpounded e.rfsce water.

DRAINAGE DIVIDE - Th. line of highest elevations which separate. adjoining drainage basins.

DRAWD~~~~ (GROUND WATER ) - Th. depression or decline of the water level In a pumped well or in nearby
well. eawed by puarpieg. It is the verdesi distance between th. static and the pumping level at the well.

14.-S
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DROUGHT — A period of deficient precipitation or runoff extending over an indefinite number of days , but with
no set standard by which to determine the amount of deficiency needed to constitute a drought. Thus , there is
no universally accepted quantitative definition of drought ; generally, each investigator estab lishes his own
definition.

ECONOMIC BASE STUDY — A study which evaluates the economic structure of the region to provide economic
projections necessary for the appraisal of future water resource needs.

EFFECTIVE PRECIPITATION — That part of the precipitation falling on a crop area that is effective in meeting
the consumptive use requirements of the crop.

EUTROPHICATION — The process of overfert ilization of a body of water by nutrients which produce more
organic matter than the self-purification processes can overcome.

. .~s

FARM—A area operated as a unit of ten or more acres from which the sale of agricultural products totaled $50
or more annually, or an area operated as a unit of less than ten acres from which the sale of agricultural
products total $250 or more annually during the previous year.

FLOOD — Any relatively high streamllow or an overflow or inundation that comes from a river or other body of
water and causes or threatens damage.

FLOOD PEAK - The highest value of the stage or discharge attained by a flood ; thus , peak stage or peak
discharge . Flood crest has nearly the same meaning but , since It connotes the top of the flood wave , it is
properly used only in referring to stage.

F LOOD PLAIN — A strip of relatively smooth land bordering a stream that has been or is subject to flooding. It
is called a “living” flood plain if it is overflowed in times of high water, but a “fossil” flood plain if it is
beyond the reach of the highest flood.

FLOOD . PROBABLE MAXIMUM - The largest flood for which there is any reasonable expectancy in the
geograp hical region involved.

FLOOD STAGE — The stage at which overflow of the natural banks of a stream begins to cause damage in the
reach in which the stage is observed.

FLOWING WELL — An artesian well having sufficient head to discharge water above the land surface .

FOREST LAND — Land which Is at least 10 percent stocked by forest trees of any size and land from which the
trees have been removed to less than 10 percent stocking but which has not been developed for other use.

~~cd - Gallons per capita per day.

Wd — Gallons per day.

GAGING STATION - A part icular site on a stream, canal, lake or reservo ir where systematic observations of gage
height or discharge are obta ined .
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GAGING STATION NUMBER — An eight.digit number assigned to a gaging station which identifies the station
0 in downstream order relative to other gaging stations and sites where stre amflow data are collected. The first

two digits designate the major dra inage basin, the others the station.

GROUND (GW)—Water in the ground that is in the zone of saturation from which wells, springs an d ground
water runoff are supplied.

GROUND WATER OUTFLOW — That part of the discharge from a drainage basin that occurs throug h the
ground water. The term “underfiow ” is often used to describe the ground water outflow that takes place in
valley alluvium (instead of the surface channel) and thus is not measured at a gaging station.

HARDNESS — A characteristic of water; chiefly due to the existence there -rn of the carbonates and sulfates and
occasionally nitrates and chlorides of calcium , iron , and magnesium; which causes “curdling ” of the water
when soap is used , increased consumption of soap, deposition of scale in boilers, injurious effects in some
industrial processes , and sometimes objectionable taste in the water . It is commonly computed from the
amounts of calcium and magnesium in the water and expressed as equivalent calcium carbonate .

HYDROGEN ION CONCENTRATION — The weight of hydrogen ions in grams per liter of solution . Commonly
expressed as the pH value that represents the logarithm of the reciprocal of the hydrogen ion concentration.

INDUSTRIAL WATER — The industrial category includes those major water-using industries whose size is related
to a significantly larger population than that of the local area and whose water needs are normally supplied
through a municipal distribution system. For the purposes of this analysis, these industries are the following:

Pulp and paper
Other major forest products
Food processing
Petro leum processing
Primary metals
Thermal and nuclear power

INFILTRATI ON — The flow of the fluid into a substance through pores or small openings. It connotes flow into
a substance in contradistinction to the word percolation , which connotes flow through a porous substance.

INFILTRATIO N CAPACITY — The maximum rate at which the soil, when in ~i given condition , can absorb
falling ra in or melting snow.

INTERCEPTION (HYDROLO GY)—The process of storing rain or snow on leaves and branches or other
objects which eventually evaporates back to the air.

1W ( Mckson Tuthl dlty UnIssl — The ITU , as the name implies, is a measure ment of the turbidi ty, or lack of
transparency. of water. It is measured by lighting a candle under a cylindrical transparent glass tube and then
pouring a sample of water into the tube until an obseiver looking from the top of the tube cannot see the
Image of the candle flame . The number of ITU’s varies inversely with the height of the sample (e.g. a sample
which measures 2.3 cm has a turbidity of 1,000 JTU’s whereas a sample measuring 72.9 cm has a turbidity of
25 RU’s.)

— LAND AREA - The solid portion of the earth’ s surface including bodies of water less than 40 acres and streams
of lass than 1/8 mIle wide.
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LAND USE - Primary occupier of a tract of land grouped Into classes with similar characteristics, i.e., cropland,
rangeland, forest land , or other.

LOW FLOW FRE QUENCY CURVE — A graph showing the magnitude and frequency of minimum flows for a
- I period of given length. Frequency is usually expressed as the average interval, in years , between recurrences of

an annual minimum flow equal to, or less than that shown by the magnitude scale.

mgd - Millions of gallons per day.

• mWI - Milligrams pper liter.

MPN (Most prob~~I. number ) - In the testing of bacterial density by the dilution method, that number of
organ isms per unit volume which , in accordance with statistical theory, would be more likely than any other
possible munber to yield the observed test result or which would yield the observed teat result with the
greatest frequency. Expressed as density of organisms per 100 ml

MAXIMUM WATER SURFACE (RESERVOIR ) — The maximum water surface elevation is the highest water
surface elevation for which the dam is designed. It Is also the top of the surcharge capacity.

MUNIC IPAL WATER - The municipal category includes not only urban domestic water use but also those other
civic, commercial, and small industrial uses which are typically supplied through a municipal distribution
system and the magnitude of which is related to local population.

NEED—The lack of something usefull , required , or desired; the lack of water or water system facilities also
adaptions and betterments and improvem ents.

NON—CONSUMPTIVE. Non-consumpt ive uses related to surface water only, are where no water is divereted
from the confines of the surface water source area or channel , where the waters pass over , under , around or
through an on stream project , or when being diverted (effectively) at the upstream edge of a project and
being returned (effectively) to the channel at the downstream edge of project. it is considered
non consumptive water use when water diverted from a surface water source is returned to the same source Iat any location upstream from the point of diversion. Transportation losses, evaporation , seepage, are not
considered consumptive. 

*
NORMAL ANNUAL PR ECIPITATION - Average annual precipitation during the base perIo d, 1931-1960

inclusive.

OPERATION AND MAINTENANCE COSTS - Average annual costs of project operation and normal
maintenance.

OPTIMUM WATER RE QUIREMENT - 658 gallons per capita per day plus maximum monthly industrial water
use.

pH - See Hydr ogen Ion concentration.

PARTIALLY CONSUMPTIVE. The use is partially consumptive when, in the case ‘~f nirfac. water, the
diverted water is returned to the source 25 feet or more downstream. Partially consumptive for ground
water Is the condition when the full amount withdrawn is returned to the same source squlfes(s).
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PEAK - The maximum water used in a stated period of tins. Usually It is the m axim um amount experienced
over an interval of a year, month , week, or day. It is used interchangeably with peak demand.

PERCOLATION — The movement , under hydrostatic pressure , of water through the interstices of a rock or soil.

PRECIPITATION — As used In hydro logy, precipitation is the discharge of water , in the liquid or solid state , out
of the atmosphere , generally upon a land or water surface. it is the common process by which atmospheric
water becomes surface or subsurfa ce water. Tue term “precipitation” is also commonly uscd to designate the
quantity of water that is precip itated.

RAINFALL — The quantity of water that falls as rain. Not synonymous with precipitation.

RECHARGE (GROUND WATER) - The addition of water to the zone of saturat ion. Infiltration of precipitation
and its movement to the water table is one form of natural recharge; injection of water into an aquifer throug h
wells is one form of art ificial recharge.

RECURRENCE INTERVAL — The average number of years within which a given event will be equaled or
exceeded. 

- -

RESERVOIR — A pond , lake or basin , either natural or artifi cial , for the storage , regulation, and control of
water.

RESERVOIR . RE-R EGULATING - A reservo ir used to regulate the outflow from an upstream reservoir.

RESERVOIR . SINGLE-PURPOSE — A reservoir planned to serve only one purpose.

RIPA RIAN — Pertaining to the banks of streams , lakes or tidewater.

RIVER REACH - Any defined length of a river.

RUNOFF — That part of rainfall or other precipitation that reaches watercourses or drainage systems.

RUNOFF, ADJUSTED MEAN ANNUAL — Average annuaj runoff adjusted for length of reco~d by comparison
with record at pivot stations.

RU R AL POPU LATION-AU population not classed as urban (Rural population is divided Into rural farm and
rural nonfarm population.)

SALINITY - The relative concentration of silts, usually sodium chloride, In a given water simple. It Is usually
expressed in terns of the number of parts per thousand of chlorine (Cl). Parts per thousand - o/oo.

SEDIMENT — Fragmental or clastic mineral particles derived from soil, alluvial, and rock materials by processes
of erosion; and - transported by water, wind, Ice, and gravity. A special kind of sediment Is generated by
precipitation of solids groin solution (Li., calciom catbonats, iron oxides). Excluded from the definition Is
vegetation, wood, bacisrial and algal dhnes, extraneous light weight artlflcslty-msde substances such as trash,
pisitics, flue ails, dyis, and simliolids.

UDIMSNT DISCHARGE - Tb. rate at which dry weight of usdinsut p s s  a sistlon of a stream or the
çsustity o( diu~at. as msssi*sd by dry weight or by volume, that is AI~~Tr4 ins giesu tbes.
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SERVICE AREAS — An area described for planning purposes whose boundaries would include the future
population or industri al activities which could logically and functionally obtain water supply from a central or
integrated system or where the problems are so interre lated that the planning should be done on an integrated
basis.

SI LT — Individua l mineral parti cles in a soil that range in diameter from the upper limit of clay (0.002
millim eters) to the lower limit of very fine sand (0.05 millimeters). Soil of the silt textur al class is 80 percent
or more silt and less than 12 percent clay.

STREAM INT ERMITTENT — A stream that flows only part of the time or through only part of its reach.

STREAM PERENNIAL — A stream that flows continuously.

SIR EAMF LOW - The discharge that occurs in a natural channel. Although the term discharge can be applied to
the flow of a canal , the word streamllow uniquely describes the discharge in a surface stream course.
Streamflow is a more general term than runoff , as streamfiow may be applied to discharge whether or not it is
affected by diversion or population.

STREAMFLOW REGULATION — The artificial manipulation of the flow of a stream.

STORAG E — Water naturally or artificially impounded in surface or underground reservoirs.

STORAGE CAPACITY , ACTIVE (USABLE ) — The volume normally available for release from a reservoir below
the stage of the maximum contro llable level. (Total capacity less inactive and dead capacity.)

STORAG E CAPACITY , CONSERVATION — Storage capacity available for all useful purposes such as municipal
water supply, power, irrigation, recreation, 11th and wildlife, etc., excluding joint use and exclusive flood
control capacity.

STORAGE CAPACITY , DEAD — The volume of a reservoir below the sill or invert of the lowest outlet.

STORAGE CAPACITY, INACTIVE — The portion of live storage capacity from which water norm ally will not
be withdrawn, in compliance with operating agreements or rest rictions.

ShW.-Surface Water.

TOE — Total dissolved solids.

TOTA L ANNUAL AVERAG E COST—The sum of the annual equivalent of the fixed cost , the annual
H operation and maintenance costs, and the annual equivalent of major replacement costs.

TOURIST—An individual participating in recreation within a basin but residing outside that basin .

TURBIDITY — (I) A condjtion of a liquid due to fine visible material in suspension which may not be of
sufficient size to be seen as Individual parti cles by the naked eye, but which prevents the passage of light
through the liquid. (2) A measure of fine suspended matter (usually colloidal) in liquids.

VALUE ADDED — Wages and salar ies, Interes t payments , profits , and the like. Ofte n represents the
contribution of industries to the gross basin product used to measure production growth.

~Pe S~ 7 4SI
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.~ TABLE 4-10. Summary of projected water needs

Estimatid SUrfSC. wiser u~~ e (m~ftGround water usage (mgd) Tota l u~~~ (mgd)
population Average Mmdinu m Average Maximum Average tAeximum

ierwd daily monthly daily monthly dilly monthly

Mu nIcipal 1966 40.230 3.5 4.2 0.8 1. 1 4.3 5.3
1980 48 200 8.4 118 0.8 1.1 9.2 12.9
2000 69 200 13.0 18.3 1.5 2.1 14.5 20.4
2020 100500 20.6 28.9 2.6 3.6 23.2 32.5

IndustrIal 1966 — 22.8 26.9 — — 228 26.9
1980 — 38.9 46.9 — — 38.9 46.9

2000 — 60.9 74.3 — — 60.9 74.3

4 2020 — 91.2 113.0 — — 91.2 113.0

Rural—
I ndivIdual 1966 15,270 0.1 02 0.8 1.8 0.8 1.8

1980 16.000 — — 1.1 1.5 1.1 1.5
2000 17,300 — — 1.6 2.2 1.8 2.2
2020 17 ,700 — — 2.0 2.8 2.0 2.8

Totale 1965 55,500 26.4 31.3 1.6 2.7 28.0 34.0
1980 64 200 47,3 58.7 1.9 2.6 49.2 61.3

2000 86,500 73.9 92.6 3.1 4.3 77.0 96.9
2020 118 ,200 111.8 141.9 4.6 6.4 116.4 148.3

Note: All u~~~ figures are rounded loon. decimal place.

MEANS TO SATISFY NEEDS

GENERAL continue using ground water sources as their major
source of water. The exception will be when one of

The projected annual water use is expected to the larger systems can feasibly extend its distribution
reach 117 mgd by the year 2020. This is an increase system Into the more sparsely populated areas.
of approximately 90 mgd over the 1965 average use. Self-supplied Industry using both surface and ground
Opt imum or peak water requirements will be nearly water will continue expanding existing systems. The
180 mgd. Tables 2-10 or 2.11, the Area Plans , small and rural communities and self-supplied indus-
summarize the Basins’ annual average and optimum try presentl y use only about 13 percent of the total
requirement In relation to the remainder of the Area. Basin water.
Table 4-Il , Municipal and Industrial Water Supply The municipal and industrial water needs pro-
Needs, reviews the needs of the major water systems jected for 2020 can be met by water available in the
and/or users in the Basins. Basins without need for storage. Although a plentiful

The dity of Anacortes and the Sksglt County source of surface water Is available, the projected
PUD No. I , major water purveyors of the SkagIt- population and industrial growth will require larger
Samish Basins, supply approxImately 87 percent of systems to satisfy requirements.
the annual average water use. Table 4- 10 summarizes
the present and future needs for the Basins. The BASIN PLANS
major water users will be centered near the more
urbanized centers and will receive water from The Selected Basin Plan, as recommended Is to
presently developed and expanded sources. provide enlargement and expansion of existing water

Tb. smaller rural communities are expected to systems. Table 4-12 defines the plan and includes
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TABLE 4-il. ~hi&cIpd and lndu*lsi water supply—capital Improvamsne,Skaglt-Samlsh Basins

P,~~ nt Funim
6 196~~1960 1980 2000 2O00~020

PvevS~ ion Sarvsd 10000 13,000 20,000 30,000
ANACONTES

Optimum 21.8 37.0 50.8 68.6

C~~l~~ Iinpi~~.... si~I~ 1.0 15.2 13.8 17.7

P on lsuisd 23.800 *000 40000 06,000
$KAG(T COM)O No. 1

Optimum 25.7 33.9 52.2 81.0
C~~stti I iu,. ...s~ts 5.2 92 18.3 28.8

I spuSusIoo Served 6,730 5.200 9200 15.000
06IALL AND RURAL
coMMuNITY SYSTEMS

OptImum 4.4 3.4 8.1 10.2
c~~iwIn’çIovemsnts 3.1 — 2.1 4.1

SELF.SUPPUED INDUSTRY
OptImum 2.5 4.3 8.7 16.3
C~~Sed Impi~~~,.i~.ts 05 1.8 4.4 7.6

PopulatIon Served 40.230 48.200 69,200 100800
TOTALCAP ITAL IMPROVE MENT S 10 28 39 58

Noac Pipures ae rounded.

supply and transmission, treatment, pumping, able to supply a peak maximum of 21 mgd to
chemical, and annual income as projected by the municipal and industrial consumers. The existing
Municipal and Industrial Water Supply and Water system, drawing from horizontal wells in the Skagit
Quality Control Technical Committee . Table 2.12 RIver, receives large amounts of ground water, along
includes the storage and distribution costs for the with the river water, which Is wry high In Iron. This
Basins, present system will be phased out In favor of a river

The Alternative Basin Plan Table 4.13 calls for water intake and complete treatment plant. Upon
the use of Skagit Riser water by both Anacortes and completion of the new source , the horizontal wells
the Skaglt County PUD No. 1. The minimum record will be used only for meeting peaks and standby
flow of the Skagit Riser, 1942 at Mount Vernon, was service as needed.
1,770 nigd. At this rate, the Skagit River would be The Skagit County PUb No. 1, operatIng the
able to supply both system. with no problem. This Cultus Mountain watershed, should be able to meet
plan was placed u an alternative to the selected plan all anticipated needs through 2020 with the additions
for several reasons: (1) Anacof tea has an existing planned for the watershed. If operation continues as
intake and treatment plint on the Skagit RIver; (2) in the peat , the PUD will be able to deliver adequate
the Skagit County PUD No. 1 presently receives most quality water without treatment.
of Its water from a watershed and has proposed Surface and ground w ter supplies can be
expending It (Th. watershed water would not require economically utilized by self-supplied industry , rural-
the extensive treatment as would the Skagit River); individual, or small community effort water systems,
(3) it would have required considerable funds to such as wells and mmli surface diversions and parkig’
redevelop the amount of water already available. This treatment plants; 90 percent ci this coming from
may not be within the present annual income abilities ground water sources. The mqor means are to enlarge
of the system. th, present pumping, treatment and distribution

Assecortes, currently operating near capacity, is systems to handle the peak water demands.
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‘ 
Table 4-10, Summary of Projected Water Annual Amortized

Needs, shows the level of need to 2020 from all Annual Bond Cost (X $1 .000)
sources. Service Avail- Selected Alternative

Year able (X$ 1,000) Plan Plan
FINANCE

1965 $ 675 $157 $156
Annual income as taken from Table 2-10 for 1980 1,170 278 206

the Selected and Alternative Plans indicates the 2000 1 $50 494 421
amount of money available to apply for bond service 2020 2,480 758 671
(approximately 20% of the total annual income).

The following figures indicate the monies avail-
• able for bond service and the capital expenditures As above fIgures Indicate , the Skaglt.Samish

amortized for 30 years at 5% for the Selected and Basins will be able to finance adequately aH projected
Ajte~p~~ye piaj ij, future developments without excessive financial

Costs as Indicated by the Engineering News burden in relation to the Basin economy or an
Record Index are presently doubling every 15 years. increase in water rates.
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TABLE 4-12. M & I Water Supply Use Plan nlng-Prs ssnt to yssr 2020 Selected Basin Plan Skagft-Srinish Basins
1567

• OPTIMUM THOUSAND DOLLARS
CA ACITY AMORT IZED MAINTENANCE

~._ M00d CAPITAL COSTb AND OPER. TOI ~4. PIe. of Wir. U Supply S Tce.I. Iron Pumplo l Annuil
1.1,11 Ssuv,s D,elo,......4 De.sI. MOD Supply Tree..,. Tree..,. nwni RimoupI Pose.r Ch um Inconw

AMACORTIS
ppp SW 1h~~It RMr—1 Ruinsy Mull, sid Ron E.d.t. IS 20.e 30 160 5 1.752

W.Nt DIenMu s.dTe.Mn..nt

1900 SW R l,sp IflMu.e.d T,,.lle.ntPIsMEu eN. 1975 2$ IS 1$ 1,110 1,120 III II 3,270

7060 SW RIUe.IR ~~ .Wd T,ISNfl.IN PIUI1SWWIL 1115 40 13 13 1.150 1.120 15$ 16 4072
aeeo on R~~ I~~~~ ul TnsMe.nt PIe., Elipum 2016 54 II ~~ ~~~~ 1,200 103 22 S.30,

• • 15 71 $6,220 13.900

ANACORTEE SELECTED PLAN TOTAL

M~AOIT CO’ PUD NO.1
SW Cu1 10IN W.Si*.J t,(.t. 9 13 13
SW SSqN RIer In1~~o eid Tu,onI.snt S S 93 3 1.061

Piloni OW E.d.t 1 I

1190 SW Pi~~~ Must Add W~~~lIsd-Cul15 MTh use s s eeo ~is

ieee on ‘ie-i .a..j IuaUd1s~~ .DWCIusk 1970 IS 10 10 1.300 752 103 S 1.720
W~~~~~ C~~~~~~~~~

2060 SW Wson~~~ —l.Wdi. Opp Conh 1110 2S 30 20 2.500 1500 270 tO 3,037
• w~~a J  D~~~~~usN

~~~o on W..L.. _i I i ~~~.Opp C,usk 2010 43 30 30 3,500 2,200 445 17 3,531

15 es $5,350 $4,075

SKAGIT CO. PUO NO. I NLECTSD PLAN TOTAL si32~~
• SWAth. S ~URA~ CO~~~UNITI(S

ow s.b~~aw Islit I 1 1 O..... 117

• 1115 OW AOO~L~~~ 0WP IeNSSdd ISIS ‘ 3 3 ISO

IllS NS L 0U 4 Ie51 I 117

INS OW ~~~~OWD..i... 1150 2 3 3 ISO 2 235

SW La~~ 0W0m~~~~w* 2010 4 ~ 4 250 
~~ 1

SWAu.. .uon~ comammes t.acrlo Pt.H5 TOTAL II II 5900

NLP W~~ UIS MIOI11TRY
~~ lie.e.0~~~~~~~~e.Dudui urn Si~~ 3 3 3 2 235

INS i~~~~ — QIlM~ I~~ US C=~=-~~-. 1110 3 3 2 150 12$ 3

2110 5 4 4 440 S

5090 ~~~~~~o.s~~ $~~~ C.J_ _ .I 2110 II I $ 750 570 12 1,301

ii 17 $1,310 11.003

LP N~~~ ND NIOIATRY ~~LIC7ID PLAN TOTAL $2,415

LICTID 544PM PLAII TOTAL $31,565

• lI~~~~t

O 
~~~~~ ~~~~ aw%~L-. .s~~ Sw *e..M~~~ ~~ls~~ p NssISe~~~~

• ~~

• 4 ,~~~~ ~~~~~ ~~~~~ ,~~,u u s  on us upusm melup ssdulMr I.5 us SW enr.t, ~~~~~~~~~~~ 
phe on ,.onW.um M~~~ *4 u.Srddp ~~uIWl~~

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

_
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TABLE 4-13. M & I Water Supply Use Plannlng-PrsNnt to year 2020 Alternate Basin Plan Skagft-S.mi,h Basins
THOUSAND Ill? DOLLARS

AMORTIZED MAINTENANCE
Von 

p ull 
MO Dd CAPITAL CO~~b AND OPER. YsIe

Pie, of Wir. Ui. SupplyS Tiusu. Iron Pun.pln Ausuid
Lq,ul Saul. O..ils, .,...,,,t Dsusl. MOD Supply Tu ne,, Tr..e,, neni Rsme.d P~~~ C*~~~ li, u.~~
ANACORISS
PliusiW SW S&.~~t Rlus,—2 Reinsy Will. eM Ron 1,1,t IS 20.5 20 ISo I 1.752

W~~~—Inst. aM i’uMn.snt Plait

1150 OW Sl.~~It R ier-Loci Will, 20 16 IS 900 155 3,270

2650 OW 8k45ft R ier-LOcil Will, 1905 40 13 13 15$ 4,172

• 2500 OW SO15NRIu r—LOCI WSIII 2010 64 1$ IS 1,010 IN 5.307

IS 75 52.110
ANACORTES ALTE RNATIVE PLAN TOTAL $2,550

IICAOIT CO. PUO NO. I
P,onM SW CuISEMTN WMeW.d E.d.t. 9 13 13 93 3 1,061• Piiw* SW 1l.~~t Rst Inst. aid Trs.sm,nt 1.1st S S
Piu s.., OW SWIIL..~~ lid.,. I I

15usd UIl,44, Rhur—RIpur Inst. eM Tuonuint t555 5 S 550 375 190 $ 1,725

1510 SW IS56NRMr-RMrInst. e.dTrsii.uint 1575 1$ 10 tO 1.300 750 270 10 3.037

4 3000 SW $l,~~It RIpur—Rlpur Inst . eM TilISnunt 1950 25 20 30 2.500 1.500 445 ~ 3,531

2060 SW 1kIllt RIpu,—Rierlnst..ndyre.Onint 2010 43 30 30 3,100 2,210

51 15 $5210 56.575

SkAGIT CO. PUD NO. I ALTERNATIVE PLAN TOTAL $13,221

SWALL S RURAl. COMMUNITY SYITUW
lion . aSulucuid P1.4

SELF WJPPUED INDUSTR Y
ISe.eaSsI.cuid PIe.*

ALTERNATIVE 1*5115 PLAN TOTAl. $19,120

InIthi Dul ,.,,.m .

Do. not kitl ud, .ior ~ . aid dIe.*.uthan uson S.. A n . Mu.,. Ie$sddy Nu ll Isitlet

C AN I~~aus ae o.nd,d~
d 

~~ .dsulp. mØ-opthn.un. puscIty uspused, on usud .puum ~ lIty e. dull.V 1.6 m. pun ervic. conflictIon plot di~ makiem ln&je.Id monthly dunon~~
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STILLAGUA MISH BASIN
INTRODUCTION

The Stihaguamish Basin, Figure 5-1 , located in CLIMATE
the northwestern portion of the State and bordered c~~, ~~ , ~~~~~~ anti mild, wet winters typify
by the Skagit Basin to the north and the Snohomish the basin climate. Although the Cascade Mounta ins
sasin to the south, occupies some 690 square miles, 

~~~~ ~~ ~~~~ fr om violent temperature extremes,
about three-fourths of which is In Snohosnish county . both temperature and precipitation vaiy consul-
The Basin is only slightly industrialized , but is lar 5ely erably. The mean annual precipitation for the entire
oriented to agricultural and IUfl’IbCTII% 5 $CtMtms’ watershed Is about 76 inches, but ranges from 30

Although the basin is sparsely populated and inches in the lowlands near Puget Sound to 170
only lightly industrialized today, the population is inches in the mountain s. About 70 percent of the
predicted to more than triple by the year 2020, and precipitation falls during October through March.
industry, mostly in the form of pulp and paper and Maximum and minimum temperatures vary from
agricultural enterprises, is expected to increase sub- 32°C(90°F) to -15°C (5°F)at Stanwood and from
stantially. Projections indicate that water use will 40°C(104°F) to .24 ~~ (-11°F) at Darrlngton. The
increase by nearly 800 percent, and will far exceed average frost-free period varies from 120 days In the
present water supply syS1~In capabilities. higher valleys and foothills to 215 days along the

coastal lowlands.
GEOGRAPHY

• The eastern sector of the basin is a ni~~.d, POPULATION
mountainous area lying mostly within Mount Baker
National Forest, with a maximum elevation of 6.854 About 18,900 people 11w in the Stillaguamish
feet at the miani t of Three Fingers Mountain The Bssin. Most settlement has occured In the rural area.
western sector comprises mostly tide flats and dehas The two prIncipal population centers are Arlington ,
of the Stillaguansith River. Between these extremes Is population 2,195 and Stanwood, population 1,240.
a topography of river bottoms, gently rolling foot- The eastern part of the Basin is sparsely settled
hills, level benchiands, narrow canyons, and num- because of the ru~~ed terrain.
erous mountain spurs

The basin is divided into three principal drain-
ape arma: the North Fork of the Stilhaguanslsb River, Agriculture, particularly dairy fanning, and
the South Fork, and the downstream coastal region, associated enterprises are the most important indus-
The North Pork, with headwaters In the extreme tries In the basin and account for more than half the
northeastern sector of the basin 31 miles above total income. As a result, most of the croplead Is used
Arlington, drsins a 286.squsre-snlle area around for production of forage to support the livestock
Flimsy Peak, Whitehone Mountain, and adjacent industry, though there is now a trend toward the
peaks. The South Fork, which heads in the w~it~~~~ growing and local processing of peas, sweet corn, and
southeastern portion of the basin, and Its principal other field crops to meet the needs of the expanding
utbu~~I*-&~~~._., Cusyos, .d Jim Creeks-drain Seattle-Tacoma-Everett metropolitan area.

area ci about 257 ~~~~e ~~es in flowing souse 41 LumberIng, the second major industry in the
aBa. to the j ”~ing of Us North and South Forks at beela, contributes ligisifliowitly to the economy. In
A~~~ øi’. Below Ai os, the S .UI~~~

Ik flows addition, forest land is used extensively for spurts
lowly to Pupt Sound. dialling about 140 span. “~~‘~Ug, hunting,, and other outdoor recreations that
aBe. of Scud pl~~ before it lsss Port &uui provide a limited income from tourlim and related

— list ~~~~~ di. aBs outlet. sOlUCSL
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LAND L~ E TABLE 5-1. General land use.

Conifer forests cover nearly 88 percent of the Us. AO’at
tota l acreage in the Basin. About 35,000 acres , most Forssda.~d se&ooo
of which are confined to the lowland flood plain of 38,000
the Stillaguantish River , are used for cropland and Rs.igel.aid 1 ,ooo

• represent about 6 percent of the 438 ,000 total land 
~~~~ j~~~ ~~~~ l .r,~n) 6,000

acres in the Basin . However , urbanization in the form Lkbin ~~~~ 7,000
of housing subdivisions Is replacing some of the Inland ~~~~~~ 5,000
farmland , and promises to replace even more in the

Total laid and inland water 438,000future with the development of new Industry In
nearby Everett. Land use in the Basin is shown in Source: App.ndix Ill. Hydrology.
Table 5-1 .

PRESENT STATUS
Present water use is well within the supply are located in Stanwood. Because these companies

capabilities of presently developed sources. The basin process agricultural field products , most of their
is largely nirsi, and a substantial percentag e of total water use occurs during crop ripening (June to
water used is supplied from Individual wells and small october).
community distribution systems. Ground water
sour ces have been developed as almost the sole source Rural-In d ividual
of supply m the basin . No major centralized distri bu- Water use by about 12 ,100 rural-individual
tion system is needed, and it is economically moie users is estimated at 0.67 mgd, more than 30 percent
practical to supply ground water. of the total consumption in the Basin . This is based

on an estimated average per capita use of 55 gpd.

WATER USE
About 18,400 persons and two industries use a WATER SUPPLIES

total of about 2.19 mgd. A detailed breakdown of
water use In the basin is shown in table 5-2. Ground water Is used to nuet nearly all the

basin’s numicipal and Industrial water requIrement of
2.19 mgd. (See table 5-2.) All but two of the 14

MuniciPal water systems use ground water as a source and
The present iminicipal water use of about 0.97 supply about 95 percent (2.07 mgd) of the total

____ water used.spd accounts for more than 40 p.1ceut of the total
basin water coumniption. Stanwood, the largest user
wIth 0.40 mpd, serves 1,240 persons and has a pet MUflICI P&
cepita water u~~~ of 200 ppd. Arlington uses 0.35 Wells and springs supply cities and conmusnitles

~~ ~~~~
l
~ g ~J9Q per~~~ fn~ a per capha watw wIth 0.92 mgd, serving a population of about 6,140

of 160 gpd. Severvi gii~aJ coimsU_itity systems use persons. The city of Arlington obtaIns Its water
0.17 iipd, serve 2,010 people, and show a per capita supply from two wells that have a combined maxi-
~~~~~~eof93 wd. imans yield of about 2.3 ned, The water supply for

the city of Stanwood Is drawn from four wells andloduatsiul two spring collection systems. These wells and sprM~~
laduizid water use currently averages about have $ maximum total ylild of about 4.7 ingil. The

0.55 mpd, sbout 25 pltc.nt of die total water used in comnasnity of Slivana obta ins Its water supply from
the basin. The two Industrial water users, Stokely springs thro~~ a 4-inch steel pipeline suspended
Van Cansp and the Twin City Frozen Food Coirgiany, across Cook sough.

5.2 
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TA BLE 5-2. Water use (1965).

Estimated Surface water usage ( mpd ) Ground watsr usage ( rmd~population Average P.texlmum Meslmum Average Maxinum M.xlThim
System served daily monthly daily daily monthly daily

MUNICIPAL USE

ArlIngton 2,190 — —. —. 0.36 0.55 0.73

Staiwood 2,000 .— — — 0.40 0.70 0.80
Gran ite FaNs 600 — — — 0.06 0.07 0.10
Oth.r rural community syst.ma 2,010 0.06 0.08 0.10 0 12 0.18 0.24

SUbIOUI 6900b o.os o.as 0.10 0.92 1.50 1.87

RURAL -INDIVIDUAL USE 12 ,100 0.07~ 0.10 0.13 o.ei? 0.85 1.21

INDUSTRIAL USE
Municipally aupplied:

Food aid kin~~ed .— — — 0.55 4.00 5.00

Total 18,900 0.12 0i8 0.23 2.07 6.36 8.08

B a d  on urned 56 gpnd.
b Estimated population served I. not the population of the incorporated eta of the city but is that population (sum of

permanent end seasonal) from Tal,ls 2-7 which determines the “average rating” for each basin. This population has bsen

included in the neetat municipal system since the municipality is often the water supplier for the smaller edjo ining water

dlstrNsstion system.

Industrial Nearly half of the total ground water appropu-
The food and associated processors at Stan- ated prime right quantity, or 12 mgd, is applied to

wood are supplied an average of 0.55 mgd from irrigation use. Municipal use rights provide for with-
stanwood municipal sources. drawala of 8 mgd, and Industrial and commercial uses

may utilize up to 7 mgd.
Rural-Individual Two of the larger wells in this area , developed

An estImated 12,100 persons are supplied 0.67 for the city of Stanwood , supply 4 rngd. The city of

ntgd from about 3,500 ~~ lvi~~~ ~~~ 
Arlington withdraws 2.5 mgd from two wells. These

About 80 percent of these systems are supplied by wells are located In alluvium adjacent to the Stilla-
guamish River and Indirectly obtain their supply from
this source . Table 5-3 shows water rIghts in the Basin.

WATER RIGHTS TABLE 5-3. MunicIpal & Industrial water rights.

The Stlflaguamish Basin has a total of 255 m dl-
recorded water.rlghts; of these, 191 are surface , and vidual Indl*
64 are pound (1966-1967). About 57 percent of all corn- aid
the recorded surface rights in this area hwolve ~~~l- sminlty eom~— dum~~ nurcW
krfgatlon. Fish propagation, Irr igation , individual and Twa (mgd) tic (mgd) (mgd)
conunuiilty domestic supply, industrial supply and
municipal supply are the major unu in thIs area with Surface water 6.8 10.6 7.7

respective total allowabls diversions of 34 mgd, 22 Ground water 80 0.9 7.2

*ngd, lOmpl ,S mpd,and 7 nigd. - 

~~~~ 14.8 11 .5 14.9
Many diversions In the Stilhsgusmidi Basin are

subject to low4low restrIctIons, and two tributary About 56 mgd in eddltlonel appioprlative rishts have

streams have been closed to further consumptIve been gpajflsd for other consumptive u in the

appropriation, basin.

I _  
__ __

_ _  - -  - - - -- _

- - - -•—..—,•-—-~ -•—~~~~~~• - —.—-—•—— — •1 ‘- - - •
~
‘ * •

~~~
“- ‘4— —•—.~~~~ --- -4,.-- . .- -4—- • - • 

— 
-4- -. -



—

WATER RESOURCES
Water reserves in the Stillaguamish basin , al- TABLE 5-4. Low-flow frequency .

though only partia lly tapped at present , are capable 
_____________________________________of supplying all demands In the foreseeable future . Recur- l’dey 30day

The water is generally of excellent quality and is renc e law - low-
available in sufficient quantity to preclude any water Diwha.g~ station ( c i )  (Cf s)
shortage, regardless of growth .

North Fork near Darri ngton 5 45 56
SURFACE WATER 10 38 46

Surface water resources are virtually undeve l- 20 33 38

oped at present; nearly all water consumed in the Sout h Fork near Granite Falls 5 110 140
basin is drawn from ground water sources. Because 10 94 112
surface water represents the much greater percentage 20 82 94
of water availab le in the basin , and because of the South Fork near Arlington 5 154 204
relatively high quality of the surface water , a substan- 10 130 163
tial resource is available for future users . 20 113 135

Quantity Availab le during this same period included high and low flows
Steams. Two stream discharge stations, one of 2,615 cfs and 1 ,120 cfs on the North Fork and

located on the South Fork of the Stillaguamish River 1 ,466 cfs and 711 cfs on the South Fork. The
near Granite Falls and the other on the North Fork computed annual flow in the main stem of the
near Arlington, measure runoff from about three- Stillaguainish River below Arlington, as estimated
fourths of the basin. During the period of record , from the flow in the North and South Fork s, is 3,500
1931 through 1960, stream flows averaged 1 ,850 cfs cfs.
on the North Fork (photo 5-1), and 1 ,085 cfs on the Runoff is usually quite high, but varies wIdely
South Fork. Variations in average annual discharge during the winter and early spring, depending on

temperature and precipitation. Runoff during
summer and early fall , largely sustained by ground

Ij 
water contributions , is usually quite low but increases
temporarily when supplemented by rainfall.

Seven-day and 30-day flows that may be
expected to occur at the discharge stations indicated
for recurrence intervals of 5, 10, and 20 year s are
shown in table 5-4.

Dams and Impou ndments. There are no dams
or reservoirs in the Stillaguamish Basin .

L*eL The surface area of lakes and glaciers In
the basin provides a comparative indication of the
amount of stored water. The few lakes in the basin
tota l about 2,600 acres , or 4.1 square miles, of
surface area. Cavanaugh Lake In the headwaters of
Pllchuck Creek (844 acres), Lake Goodwin (547
acres), Lake Shoecraft (137 acres) , and Martha Lake
(58 acres) are the largest lakes in the basin and

PHOTO 5-1 - The North Fork of the Stilia~iamish comprise most of the total acreage. Glaciers In the
River, and other surface water supplies in the basin , basin have a total surface area of about 320 acres.
present a mostly untapped resource.
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Qua lity Bacteriological. The bacteriological quality of
The source of the Stillaguamish River and the the waters of the Stillaguamish River and its two

major portion of its watershed lie in Mount Baker forks is also excellent. During the period of record ,
National Forest , where land use is restricted primarily 82 percent of the samples take n revealed less than
to recreation , fish , wildlife , and lumbering . The water 240 coliform organisms per 100 ml. l’his value
quality of the river in this area is excellent for all compares favorably with controlled watersheds in the
uses, except when flow conditions produce intoler- study area. HIgh coliform values occasionall y occur
able amou nts of turbidity and insoluble iron. Water below points of heavy population density, with
quality characteristics as indicated by chemical , maximum MPN values rang ing from 930 on the Nor th
bacteriolog ical , and physical analyses of water sam- Fork to 4,600 on the South Fork. On the main stem
pIes collected from the water quality stations are near Silvana , the maximum coliform density observed
listed in Table 5-5. was 1,500 MPN .

Physical. Maximum stream temperatures on the
North and South Forks are relatively low, usually less GROUND WATER
than 18°C (64°F) during the warmest months. Below Gro und water source s supply at present , and
Arlington , however , the Stillaguamish River g are expected to supply in the future , more than 90somewhat warmer. A maximum temperature was percent of all water used in the basin . Tests of ground
re~~rded on the main stem near Silvana of 22.8°C wate r quality and estimates of reserves indicate that

gri und water source s will be capable of meeting
The Stillaguami sh River and its tributaries are anticipated requ irements.

usually turbid. The average range is 15 to 45 JTU on
the Nort h Fork , South Fork , and the main stem Quanti ty Avai lable
stream. Turbidity on the entire system ranges from P roductive gravel and sand aquifers occur
0.0 to 400 JTU. Color values are also high , attaining a throug hout sediments that occupy about 150 square
maximum of 45 units on the main stem and 30 units miles in the central and upper valleys of the North
on each fork , and South Forks. In addition , important aquifers are

Stream borne sediment in the Basin is low, found in coarse sedimentary zones, which cover a
Although precipitation in the upp er part of the Basin roughly equal area in the lowlands , and in deposits ofis quite high , a dense cover vegetation retards erosion. alluvium , consisting mostly of sand , silt , clay , andAt times, however , sediment from clay slides has been peat on the flood plain and delta of the Stillaguamishparticularly detrimental to anadromous fish propaga . River.tion and sport harvests. During low-flow , most Est imates of annual recharge are not presentlystreams In the upp er drainages are nearly sediment- available for the central and upper valley of the Northfree. and South Forks. However , lowland aquifers , re-

Chemical. The chemical quality of the Stills charg ed almost completely by preci pitation, receive
guamish River and its two forks is excellent. The an estimated average of about 40,000 acre-feet ofwater Is sof t , low In dissolved solids, and high in recharg e annually. Not all of this recharge can be
dissolved oxygen concentrations. (See table 5-5.) captured by wells because most of the ground waterCalcium and magnesium ion concentrations, water is discharged into the river and its tributaries or intohardness indicators, ra rely exceed 22 ms/I The Port Susan through submarine springs. However ,
variation in the r~uo of hardness ions found in these assuming only a 50 perc. nt reclamation , ground
waters is directly related to flow; the lowest values of water sources app ear able to supply present and
magnesium are found dur ing per iods of minimum anticipated needs.flow. Chang es In the magnesium ion ratios produce a
complementary change In the calcIum ion concentra- Quality
tion. The sodium-potassium ion ratio remains fairly Ground water in the Basin is general ly of good
constant throughout the year . Average dIssolved quality. The quantity of dissolved solids is usually less
oxygen concentrations are high, rang ing from 11.1 than 200 ppm and rarely exceeds 300 ppm. Water
maJl on the main stem to 11.7 mgJl on the South hardness range s from 60 to 120 ppm; and silica
Fork . content is usually between 20 and 40 ppm. Ground

water quality da ta are presented in Table 5.6.
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TABLE 6-5. Surface water quality.
V fl%gfl fl%9,4 ~~~ ~i i  

~ ~ ‘~~~“Ii I j ~l~ m

STILLAGUAM ISH RIVER NEAR GRANITE FALLS J(JLY 1969 THROUGH 1966
4~~~ 42 1.0 2.1 2.0 0* 34 0 4,0 1.* 0* 0.7 84 0.11 ‘- 7,0 4.20 003 7.4 30193 17.7 13.1 12] 2 9 2  4900

— 37 4.2 0.9 1.1 0.3 1$ 0 3.4 0.7 Di 0.3 26 0.02 — 4* 090 0,01 — — — 8.8 11.7 ID] 15 0 182

~~nIu,iun. 113 18 2.1 0.9 0.6 0.0 II 0 9.2 00 0.0 0.0 22 0.00 — 2.8 0.03 0.00 49 5 0 10 59 93 5 0 0

*~~~~lt 3 4 3 6  3 4 3 4 3 5 3 4 3 4 2 339 36 36 36 34 3 3 — 3 6 2 ]  1 1 3 4 34 11 37 34 3 4 3 4 3 6  37
STILLAGUAMISH RIVER NEAR ARLINGTON NOVEMBER 1961 THROUGH 1966

~~~~~~~ 5,020 10 109 2,0 29 09 44 0 39 2.1 0.2 1,0 93 0,08 — 9? 290 002 7.8 34 925 17,0 93,0 141 34 I 830
• ~~~~ , — 34 5.* 1.6 I:, 0.6 26 0 2,7 1.2 0.? 0.8 8% 0,02 — 6.2 0.83 0.0% .- — — 9.2 *1.6 ?03 3* 0 *8]

MIithi.w., 400 22 3.0 0.9 1.0 0.2 14 0 1.6 0.6 0.0 0.1 29 0.00 — 39 0.10 0.00 0 , 7 0  1 2.3 9.] 91 13 0 0

II 18 19 15 II IS II IS IS 14 II IS IS IS — II 15 6 II II 14 II 10 IS IS IS IS
STILLAGUAMISH RIVER NEAR SILVANA JULY 1954 THROUGH 1966

Ms i.,,om — • 10.0 35 3.~ 9. 1 10 0 4.4 29 0.3 2.0 10 0.10 — 91 .0 520 0.03 7.6 10 404 22,0 14.3 127 34 4 l~~~
— 37 40 1.8 1.7 0.6 26 0 3.0 1.3 0.9 0.6 63 0.02 — 40 090 0.01 — — — *9 III 140 22 I 204
— 17 3.0 0,6 0.5 0.0 13 0 0.9 0.0 0.0 0.0 25 0.00 -. 3.2 0.08 0.00 69 0 0 1$ 49 40 II 0 0

~~~~~ — 53 63 83 $3 93 53 33 53 53 52 53 53 72 — 53 72 12 53 53 44 57 97 97 53 10 67

TABLE 5-6, Ground water quality.
(m~1l)

e ~ 1 q
Owner Date ~I III IIi~Ii’Fh’1k

U.S. Government (USFS) 30/8-16 3/16/60 19.0 20 6.3 5,8 1.3 0.1 106 72 167 8.1
City of Arlington 31/5-211 4/27(61 48 8.5 0.08 9 3,6 2.2 0.7 0,7 0.00 58 37 86 7.2
Peter Henning 3115-7G1 10/5/60 49 39.0 1.80 39 19.0 47.0 178 583 7.2

• A. J. Strotz 31/5-7H1 912144 28.0 9.40d 17 14.0 5.5 2.3 4.5 131 100 217 6.1
A. C. I.add 32/4-2881 10/12/60 53 30,0 0.04 18 11.0 8.7 1.1 6.0 0.09 152 92 230 7,0
Stanwood Water Co.

(Well 4) 32/42982 10/5/60 48 33.0 0.13 22 13,0 16,0 6,4 0.6 0.86 180 106 276 8,2
0. M. Eliot 32/6.18H1 10(5/60 49 24.0 0.83 40 17.0 66.0 6.4 6.8 1,60 357 169 561 7,7

4 Locetlon cods Is the iegsi description of the sit, of the well or, In some cu ss. 1~M’Ifl9.
For .xampls, 27/2-25N2 indicates townshIp 27, rang e 2 east (rings west would be
Indicated by 2W), section 25, 40-acre plot N , and the second well (2) in that plot
a letter s after the numeral would Indicate a ~~rlng).

b8~~~~ after sv~~cratlon it iao°c (350°F).
at 2~~C (77°F).

dT~~~ Ira n con,...J ,~4Ion. All values not noted r~~ .ssnt Iron In solution St the time
Iii. em~~~ v~~ collected.

Sourc : GROUND WATER IN WASHINGTON, ITS CHEMICAL AND PHYSICAL QUALITY .
Wstsr St~pply BulletIn No. 24, Washington Stat . Deportment of Comerv tion.
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PRESENT AND FUTURE NEEDS

As in any other areas the prime factors deter- present and the year 2020, as shown In Figure 5-3 .
mining future water requirements in the Stillaguamish Agricultural activities are expected to increase mod-
basin are population and industrial growth, including stately through the year 2000 and fl~~ ~~~increases In agricultural production. As these factois relatively sharp increase to meet the demmds of
increase, withdrawal and use of water also increa se, adjacent metropolitan centers. The increase in pro.
but at a slightly greater rate , duction of agricultural products is also expected to

cause a substantial increase in the growth of food
PROJECTED POPULATION GROWT H processln$ industries,

The production of stone, clay, and ‘ass is
The 1967 Basin population of 18,300 Is fore. estimated to increase at a  rate similar to that of the

cast to increase 60 percent to 30,200 by 1980, 157 food pcoauction inaustnes.
percent to 48,500 by 2000, and 310 percent to The increase In puip and paper production in
77,800 by 2020. Figure 5-2 illustrates predicted Basin nearby basins is expected to be accompanied by a
populations in the various areas. The most rapid steady decrease in hunbering as timber usage shifts
growth Is expected to occur in the Stanwood area in from lumber production to pulp production.
accordance with forecast industrial expansion.

PROJECTED WATER REQUIREMENTS
PROJECTED I NDUSTRIAL GROWT H

Total water requirements in the Basin are
Production growth of the major water using predicted to reach 16.6 mgd by the year 2020,

industries, in terms of value added to the community, representing an increase of nearly 800 percent from
is expected to increase by 200 percent between the 1965 usage. Figure 5.4 illustrates municipal and

80 - industrial water requirements by service area. Tables

~ 
5-7, 5.8, and 5.9 detail water use requirements for the

// years 1980, 2000, and 2020. Table 5-10 swnznarizes
70-  

~~7 
projected water needs in the Basin .

/ 1
- cP/ Water requirement projections indicate that

municipal users will need about 2.4 mgd (51 percent
/ of the total usage) by 1980, 5,0 mgd (54 percent) by

L 60 - 2000, and 9.8 mgd (57 percent) by 2020. Per capita

YEAR 
2000 2020 YEAR

FIGURE 5-a R.l.d~ productIon ~~eat9th for m*rFIGURE 5-2. Pr*ctsd population growth. 
~~~~~~~~
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municipal water use is expected to Increase from 
-

about 147 gallons per day in 1965, to 198 gpd in
1980, to 206~~dln 2000,and to 22Sgpdln 2020. A
percentage increase in municipal water requirements ~ /
relative to total water usage Is largely accounted for ~ //
by Increased per capita usage and a slight population 

~~ ie —

shift to the more urbanized areas. IIndustrial
Industrial water requirements, presently 0.6 

~ /

ned, are expected to increase to 0.8 mgd by 1980, to
1.7 nigd by 2000, and to 30 n*d by 2020. Through- ,. 10 —

out the period, industrial demand accounts for about
18 percent of the total projected water use in the

Individual 3

Rural-individual water requirements are ~~ — 

•
01s~~~~

expected to increase to about 1.3 mgd by 1980, to

decreasing percentage of total water needs In the C —

1050 2050 2020
YEAR

FIGURE 5-4. LocatIon of ptojsctsd water eapply
needs.

TABLE S-i. Proj.ctsdw.tsr use (1950).

SysNm suriud ~~Uy monthly ~~iy monthly -

MUNICIPAL USE

Mlngton 3,100 — — 0.6 0.8
S5anwood 5000 -. — 1.0 1.4
GranIn Fsi% 1,000 — — 02 0.3
Rural community s~?msm. 3000 02 0.3 0.4 0,6

~~~ ote4 12,100 0.2 0.3 2.2 3.1

RURAL4NOIVIDUAL USE 18.100 — — 1.3’ 1.8

INDUSTRIAL USE

Pood ind khalrsd — — — 08

TOW 30.200 0.2 0.3 4.3 10.0

on .&asOW 70 5usd and 100% of rurof -ladivid ud populsulon survsd by ycund wasur by 1000.

b.a~~ ~18S~ suds of ADI) MMU.
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TABLE 5-8. Projected water use (2000).

Esulmusud Surfeos wasur uses (mod) ~qound watur u~~~ (mod)
population Awrqs V~ xlrnum Awreaa Msxavuum

$llNm dully monthly daily monthly

MUNICIPAL USE

Arlfrigton 7,300 — — 1.5 2.1
Sta.~~~od 10000 — — 2.1 2.0
GrsnlW Falls 2.000 — — 0,4 0.6
Rural community wutanu 5.000 0.3 04 0,7 1.0

Subtotal 24 300 0.3 0.4 4,7 6.6
RURAL-INDIVIDUAL USE 24.200 — — 2.21 3.0

INDUSTRIAL USE

Food and klndmd — — — 1.7 12.~~
TOtaI~ 48,000 03 0,4 86 216

luuad on imsd 90 ~~od and 100% of rural lndivIni.l population ssrvsd by sound wasur by 1600.

~~...d on pru nt(19S5)r.tlo olADU toMMU .

russesmundud.

TABLE 5-9. Projsctsd water usa (2020).

Esulm.tad Surfass wauur uu~~ (mod) Qrowsd wau’ ~~~population Awreas l~ ..ieu.m Awr s -
~Syuusm survsd dilly usen ily dully monthly

MUNICIPAL USE

Ml,~1on 11,000 — 2.7 3.0
•at, ~~~ ood 

- 20,000 - - 4.0 U
Fulls 4.000 — — 0.0 1.3

Rural community ui, un~ 7.000 0.5 0.7 1.1 1.5

42900 0.5 0.7 9.3 13.1

RURAL-INDIVIDUAL USE 31,000 — — 3.9’ 64

4 
INDUSTRIAL USE

Foodand klnd)id - - 3.0 22~~
TotuI 0 77,000 0,5 0.7 161 40.5

~~supd on aipumod 110 W and 10~~ ~~~ ~~~~~~ . ~~ iil popdsdon urwd by lrsUfld wuatr by 1900.

L 1à.d on p,wasa 41SuI suls0f~~~Ui, MMU. -

- - - -
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TABLE 5-10. Summary of projected water need..

Edfmatsd Surfao. wanr usu,s (mod) Ground wasur u~~~ (mod) TOW u~~~ (sV) ~~populatIon Avirule Maximum Aiurope Maximum Avurops Mls1bnsam
Sysusm arWd dilly moudllv dells? monthly daily moudaly

MunIcipal 1960 6800 0.1 0.1 0,9 1.5 1.0 1.6
1900 12,100 0.2 0.3 2.2 3.1 2.4 3.4
2000 24300 0.3 0.4 4.7 0,8 5.0 7.0
2020 42,000 0.5 0.7 9,3 13.1 9.8 13.8

In&m lsl 1960 -. — — 0.6 4.0 0.6 4.0
1800 — — — 0.8 6.0 0.8 60
2000 — — — 1.7 12.0 1.2 12.0
2020 — — — 3.0 22.0 3.0 22.0

Indivldusl 1985 12,100 0.1 0.1 0.6 09 0.7 1.0
1900 18,100 — — 1.3 1.8 1.3 1.8
2000 24 200 — — 22 3.0 22 3.0
2020 31.000 — — 3.8 5.4 3.8 6.4

Totals 1960 18,000 0.2 02 2.1 6.4 66
19~0 30.200 0.4 0.6 4.3 10.0 4~ 11.2
2000 49,000 0.0 0.8 8.6 21.8 uo
2020 77,000 10 1.4 16.1 40.5 17.1 41.2

Note: AU umos f~~rus.smundsd85SnSdicimul~~~CL~~~~~~~ — - - -—-—----—---—-----____ —____

MEANS TO SATISFY NEEDS
.4

GINIRAL Utban Vowth is not anticipated to bring about
aifficisut population density to mike a county-

The projected .I wetly use is expected to service or regional water supply and rman~ ion
• reach 13 wi~~ by tba yew 2500. T~~ is ci quaein h~~u1s.

.e,..’il..r ~ 11 — over ~~ 1965 ~~ iap use. The m~or water users will be centered around
0,~ L~~~~ or — water L_s.ti wi be abaoat 11. few sebsuized areas supplied with umunicipsi and
(our times IblI sewage or near SO nid. Tables 2-10 or industris) water from presently dewloped and
2.11, the Ares Pious, - ~~~~ the Basin’s annual expanded sound water sources near these wb~
sewage and cpI~~~~ rs~ .k.,ma1 t in reistion to the cent.~.. Most wells In this area are lees thai 150 feet
remainder ci di. Area. Table 5.11, N & I Water deep aid are, thurefore,lowincapltalcoee.
Supply Capital ~~~~~~~~~ r.vle~ s the needs ci A plentiful source of surface water is abs
the major watle systame dlor users in the Basin. avallebis to meet needs. Surface water would require

The pabic waler syateme ci Steawood and treatment and chlorination, therefore lbnithig its use
Aulhigtos me ixpiotid to upply about $3 percent ci us uipply source due to the increesed coat.
the total punjected m’-’¼~ e1 aid industrial water - . -

Nq..baa&.i. for the liaIse bs~~ by the year 2020. BASIN PLANS
Rural suipply systeme, are expected to provide about
46 to about 35,000 parsons. The Selected ~~~r Plan reconmuended is to

T~~ amount I wf~~ the pOtential ci the beth ccsthuu. due me d desuloprauit of present pound
without cosl~ct over witMiawals for water supplies, water supplire to the year 2020. All exIsting equip-
No need for water from outsid. the be~~ is appunat. mint end sources will continue to be used, but
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projected source development will be from conven- tIo~mi well after the year 2000 wifi provide ~~ futu re
tional vertical wells. Table 5-12 defines the plan and needs up to the year 2020.
includes supply and transmission, treatment, punç~ The water supply situation for the City ci
lug, chemical, and annual income as projected by the Arlington Is similar to that ci Stanwood except that
M&I Water Supply Tedudcal Committee. Table 2-10 the industrial demand is smaller. Two existing wells
Includes the storage and distribution costs for the now produce a total of 2.3 nigd. A 2.5 mgd well
basin. development by 1975 to meet peeks and a 3.0 iugd

• The Alternative Basin Plan was determined on development In 1990 will supply all water require.
the basis of using existing water supplies with future mints
supplies to be developed from surface sources. Surface and ground water supplies can be

To develop surface supplies in this Basin as an economically utlllzsd by rural-IndIvidual or small
alternative to ground water supplies Is considerably community effort water systems, such as wells and
more expensive and apparently not within the present small surface diversions and package treatment plants;
annual income abilities, 90 percent ci this coming from ground water sources.

Table 5.13 describes the plan, Table 2-11 The mojor means are to enlarge the present pumping,
sununurines costs. Costs for this titemative are treatment and distributIon systems to handle the
apprecisbly hiajuer, $6 million, than i r the Selected peek water demands.
Basin Plan. Storage and distribution costs are shown Table 5.10, Summary ci Projected Water
In Table 2-Il . Needs, shows the low level ci need to 2020 from all

Stanwood will not need additional supply sources. On this basis, a pound.wa$er source is
capacity until the year 1975. At this time, a new well recommended as the least expensive alternative, and
to meet peak deenan4s will be required. One Mdl- would still be adequate to tofy the projected needs.

TABLE 5-li . N & I Water Bapply-Copitel I~~~~~~~i_u,4 
_ _ _ _ _ _ _ _ _ _ _ _  

___ ___ - --

NO. 0.

20003020

rs,ulWs~ $srwsd 2,110 3 100 7.300 11.800
ANUNOTON

Opulmum 1.4 2.0 4.8 7.8
Culluul l..,.ro.... ......m 0 0 25 3.0

Pepulsulsn $uwad 2,000 5,000 10,000 20.000
1TAN~~~OO

O aim 5,3 9.3 18.8 31.2
• C~~lW l JL _. L 0.8 4.0 9.3 18.8

p*--.--,-, sewed eoo 1.000 2 000 4,000
GiANTI PALLS
Opuiniusn 0.4 0.7 1.3 2.8
C~~lW l...,,i~ ..au..te 0.3 0.3 0.0 - 1.3

f ~~~~~ ~~ u.. sewed 2.010 3,000 5.000 7.000

COMMUNITY IVITIMe
Opulmum 1.3 1,9 3.3 4.8
CopIed l,, t _._.~~ 1.1 0.1 1.4 1.3

P -’-’,$swsd ~
- - - -

~~~~ ~ .
. U0O .. - 

13100 24,300 
- 

42.800
TOTAL
CopIed l~~~~~_,.....L 2.0 5 14 22

NOTI: Pl~aus ma wemd.d.

~~~~~~ miAl LBRURAI.

s-I l
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TABLE 5.12. M & I Water Supply Use Ptannlng-Pr eesnt to year 2000 Selected Basin Plan Stilleguamish Basin
p1 i117

OPTIMUM THOUSAND DOL lARS
CAPACITY AMORTIZID MAINTINANCI

,,,~~ 
MO D CAPITAl. CQSTb AN~ OPIR. TOMI

P1, o Wtv. Uw 1~ipply C T~sM- I,.,, Pu,u~plnp Aw.ugl

~ 
.
~~~~ $su.w O...J..... .,. .I Owul. MOD laipply T,u*n. Traw,,. grant R.mov& Pww, Claim haiaiu.

ARI.INOTON
P~~~m OW L~~~ OW OW.1.,....,,..t 1ai19. 0,4 2.3 2.3 4 42

iueo OW I.md OW D5--J........,...I ~~~~~ ~~~ ~~ e 117

2100 OW Loc~ OW O.~d.,........I 1110 2 10 10 iSO IS 334

t19Paiu,W R quuisu19MI 3 340

5 ARLINGTON SELECTED PLAN TOTAL 7.5 7.0 7.5 $ 330

ITANW000
Pr~~uat OW Liii OW O..duIIpPu,uM 919.  1 4 7  4.7 II 117

ian OW Laid O. . l _.... .i 0$ 05 35
lull ow Laid OW C._, ...-..,..I 1975 2 4.0 4.0 240 I. __

2000 OW Laid OW D .,.......4 1MM. 4 0.3 5.3 MM 40 467
3511

ano OW Laid OW ~~~~~~~~~ 3505 5 iii 15.5 MM SO 434
aol,

$TAN~~~~OO SELECTED PLAN TOTAL 30.2 34.3 $1100

OMANrTE PALLS
OW Laid OW D-.J-,..._-3 SaUl. 0.1 01 01 1 12 -

ian 
~~ 

LawIOW D.~dipnuuml 1970 0,2 OS 05 34 2 23

2000 OW LacdOW D.~~U...iM 1990 04 0$ 0.5 ~~ 4
4 

47 
-

-- - me OW laud OW Owslaçmsni 2010 I $3 i.3 75 10 117

ORANITI FALt.$ W&CttO PLAN TOTAL 2.1 3.1 1340

SMAU.0 MURAL COMMUNITY sYSTeMS
Pmu,i OW L dOW CowC~~~~...., ,l 1*19. 0.2 0,2 02 1 12

1MM OW Laud 0W &ow~~~d.....J.4 1570 i.i 1.1 11 - 4

Il lS OW LudGW& O~ uM.,......l 1975 0.5 0.5 0.5 26 4 47

SlID OW LaiiOWaOWD~~L,._. . 1MM I i.4 i.4 14 7 il7

me ow c.~~... ~~ l 3010 2 1.3 1.3 75 i2 ii?

OWAU. C RURAL COum.INITY $YITUU LSCTSD PLAN TOTAL 4.5 4.5 $ 254

LSCTID 5*51W PLAN TOTAL 502 50.2 $2,174

1,dudt ’ r l

~Dus iii 1W1951 MM~~, aid a.b.ll. ... au lii Au Miaiui ~~Siddp Nss~ dtISi .

A1 I~~~~ .s ~~~OW,

4
~~~,d.iu~PId aillairn W l iuuai,U ~ s liii spuuuua*INIp 19 dull,., i.$ m ~~ amIss .. .....iii . — ii. msskmvaan Is~ I1919 msu.Nul~ dsu,uai~~

.1
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TABLE 5.13. N & I Water Supply Use Pl.nnlng—Present to veer 2020 AN.nUltl RaIn Plan Stillaguamish Basin
‘907

OPtiMUM YNOIISAND DOLLARS
CAPACITY AMORTIZED MAINTENANCI

~~., ‘ MO Q~ CAPITAL COST9 AND OPSR. Tad
P19, 01 WE. Uss $~~~ly C TuaM. luau Puuiplii ~ Auwwd

Laid Siu*uai D...J .....,.l Dad. MOD luippip Traais. Ta,.,,. aiu,t R.uuiid Pam, ClaiM. Is.aiuw

ARUNOTOSI
Pam,. OW Laid O,anuuIRNau, 1*19. 04 2.3 2.3 4 47

illS OW I~~~~ CTu~9.., ~~~~ W’d Rla 1575 I I I $ Iso 5 117

35% OW I~~~~ CTaisuaiu * t r — ~~ RIa ISIS 2 3 3 340 IS 234

4 2000 MM N.Psaws Nss51lWm, sua5w~~~l 3 34 350

ANUNOTON ALTIRNATIVI PLAN TOTAL S S $1,010

STAP5%00
ow l. OWD—ulN .i-

~ 5x~~ I 4.7 4.7 II II?
P~~~~ OW L. OWC~~~~~ ~~ ADO~ 0 157$ 0.5 55 34 5

INS OW I~~~~u RIuw4I~~~~$T,s.im.uid 15% 2 9 4 930 $ 579 1$ 4 234

2055 MM 5~~~~.aiNA RIsw lIu~~~~CTam.u4 1505 4 5 5 1.205 571 40 4 457

3930 MM WdIsai5~~~~~ Ala 1525 2090 $ 17 17 2.190 1,270 50 • ana lI~~~~ 19RM LII
35 34 3,033 2530

ITAamOO A1.TI90IATI VI PLAN TOTAL

OMAN!?! FALLS
ow Lail O. WNSC-~Ipp I 5aUl~ 0.1 ~ i 01 1 12

INS MM ‘S~~~~ a~~~ R19,ft~~~~ C Taam 1571 0.2 1.0 1.0 130 75 2 23

3450 MM I’~~~au Rl,., (IM CTNau,su4 1110 0.4 .5 1.5 III 110 4 47

me MM NsP~~~~~~~~ 10 117

2.5 2.0 SOW SIN

GRAINY! PAU.$ ALTERNATIVE FLAIl TOTAL 1510

RNA1.L C RURAL COM90ANTY 5YST$ g~ g~ •11am aildami Plid

ALTERNATIVE 1*51W PLAN TOTAL 55.3.7

S ImIOW 51- --
~ _~ —.

O MM Is~~ du 45IRSMM la19i05 wiNI IN Ajis Mu. 19 h i p  Naidu sliMs,,.

a 
~~

d 
~~ ap~~~ai, .uds~, u—a~~ ai, aid w~ um ~ ll~iy ai ~s~Iss, I.5 m pun hum us iOua. .01. plias dii maukaus lidalul d uliSuddy daisads.
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FINANC E development, and future construction would bnvlve
excessive financial burden in relation to the Basin’s

Annua l income as taken from Table 2.10 for economic resources and require an increase in water
the Selected and Alternative Plans indicates the rates.
amount of money available to apply for bond service
(approximately 20 percent of the total annual Annual Amortized
Income). Bond Service Cost (x 1 000)

The following figures indicate the monies avail- Available Selected Alternative
able for bond service and the capital expendItu res Year (~ 1,000) Plan Plan
amor tized for 30 years at 5% for the selected and
alternative plans. 1965 42 $ 24 $ 24

Costs as indicated by ‘ike Engineering News 1980 94 80 134
Record Index are presently doubling every 15 years. 2000 185 177 237
It is prc~ected that by 1980 the Stillaguamish Basin 2020 327 264 342
Will be unable to bond for the required water supply

I
I
I

~ I4
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SNOHOMISH BASIN
INTRODUCTION

The Snohoinish Basin, Figure 6.1, bounded on River, are the most important river systems in the
the east by the ridge line of the Cascade Mountain basin. The Skykomish river and its major tributar ies,
Range and on the west by Puget Sound, is located the North and South Forks and the Sultan River,
between the StillaguaniIsh and Cedar-Green Basins in form the largest river system in the basin and drain
the central portion of the Puget Sound Area . The nearly 850 square miles in the northern portion of
basin, occupying about 1,978 square miles in north- the basin. The Snoqualmie River and its major tzlbu-
eastern King and southern Snohomish Counties, tarles, the North, Middle, and South Parks and the
encompasses the urban-industrial center of Everett , Tolt River drain approximately 690 square miles in
agricultural areas of Snohomish and Monroe , and the southern portion of the basin. The remainder of
small towns and cities along the Snoqualmie River. the basin west of Monroe drains directly into the Sno-

A rapid increase in population and industry in homish River through a number of small tributary
Everett and vicinity is projected as part of the growth rivers and streams.
of the Seattle-Everett industrial area, and the demand
for industrial and municipal water will increase CLIMATE
commensurate with this growth. Estimates based on Because of the large variation in elevation, the
the projected growth indicate a three-fold increase in basin exhibits marked differences in climate. Mean
water use from the present 165 million gallons per temperatures vary from 10°C (50°F) at the lower
day to 540 mgd. by 2020. While the present supply elevations to 6.2°C (43°F) in the mountains, and
of surface and ground water is adequate, additional mulmum temperatures of over 37.8° C (100°F) at
water storage facilities, some of which are already in the lower elevations and a minimum of -8.4°C
the development stage, will be requked to stabilize (-18°F) at Snoqualmie Pass have been recorded. Mean
the water supply throughout the year. annual precipitation varies from about 180 inches in

the headwate rs of the Skykomish and Snoqualmie
Rivers to about 30lnches near the mouth of the Sno-GEOGRAPHY homlth River. Mean annual snowfall is generally less

A large pert of the Snohomish basin is menu- dnu 10 Inches hi the lowlands. However, it readies
tainous terrain (photo 6-1), ni~~ed footh~~, valeys, 438 inches at Stampede Pass. ApproxImately 75 per-
and streams; the remaining portion consists of roiling cent of the yearly precipitation falls during October
hills and flatland , much of which Is fertile agrloultusal through March. Th. growing season varies from 165
land. The eastern portion of the basin la a heavily diys in southern Snohomish County to 240 days in
forested, mountainous region, with .icb oe91~~s~ img northern King County.
physical features as Snoqualmis Falls, Snoquakule

— 
Mountain, and Mount Daniel. The topography of the POPULATION
western portion of the basin Is characterized by
roll g hllb. whth or off Into sea level tidal flats at The Snohomish Basin, which in 1965 had an

- 

- the mouth of the Snohomlab river, estimated population of 201,300, includes the north-
Much of the original lowland forest comr of em portions of the Pacific Northwest ’s largest metro-

5~nJ~~ij~~~ Cow~y has been removed by Io~~kig and politan area-the Seattle.Everett urban area. In 1965
clear ing, but the mountainous eastern section is still the Everett urban area was estimated to have a
covered by larg e stande of virgin forest. Deapfte heavy population of about 52,000 persons. Other urban
~~~~ gutt~ig, ~~r Is ~tIU a rich resource of thnbe~ areas of the Snohomish Basin are the relatively small
for kmsbsi pro*actlcn and paper mainsfacturing. towns Of Snohomish, Monroe , Snoqualmie, North

The ~~yknodth and Snoqualml. linus, which Bend, Sultan , Snoqualmi. Falls, Carnation, Du,ill,
join near the town of Mooroe to form the Snohosnith Gold Bar, Startup, and Index .

4 
_ _ _ _  
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- ~ aroun d Everett , and are a part of the vast Seattle-
Everett urban-industrial complex . Logging and some
olr ~. - related industries are spread along the major

- . rivers in the mountainous areas. The flatlands sur-
rounding the lower Snohomish and Snoqua lmie
Rivers are devoted to agricultural products, primarily
dairying and associated activities. Other industries in
the basin include boat building , food processing, and
a multitude of smaller manufacturing firms.

As a result of the industrial and population
growth of the area , the economy is certain to benefit
from the development of many smaller industrial
firms and the many supply and service businesses
required.

LAND USE
Forested areas, mostly in the northern and

eastern portions of the basin, comprise more than 80
percent of the land area in the Snohomish basin.
Crop land and rangeland, largely concentrated in
bottomlands of the Snohomish and Snoqualinie
Rivers , account for slightly more than 8 perce nt of

PHOT O 6.1. The Alpine Lakes area in Snoqua lmie the total acreage. Urban developments concentrated
National Forest is typical of mountainous terrain in in and around Everett occupy less than two percentthe eastern part of the basin. of the total land area. Table 6-1 shows the various

uses of land in the Snohomish basin .
The establishi”ent by The Boeing Company of

the large Model 747 airplane manufacturing facility TABLE 6.1. General land use.
near Everett has contributed , and will continue to
contribute , to the increasing population in the Use Aa~ss

Everett region. Population expansion in the Seattle F~~~.d.i~d 1065.000
area, with an increasing ghift of residential develop- O’opl.nd 72.000
ments east of Lake Washington into the basin, will Rsngsl.nd 2,000
add to the population of the smaller towns. o~~~ ~~~ ~~~~~~~~ ~~~~~

Urb.n buildup ~6,ooo
ECONOMY Inlan d ~vet.r 24.000

The economy of the basin is dominated by Salt water 49,000

lumber and paper industries, and, to an increasing Total• 1,218.000
degree , by airplane manufacturing ~I’he Boeing Corn-

Source: Appendix I I I , Hydrology.pany). The various industries are concentrated in and

PRESENT STATUS
WATER USE tries. Approximately 98 percent of the total water is

An average of more than 164 mIllion gallons of supplied from surface sources; the remaining water is
fresh water Is supplied dilly to present munlclpal, supplied by various municipal and private wells,, Table
Industrial, and rujui.lndjvldual users. Of thIs, 81 per- 6-2 lists fresh water consumption statistics for the
cent (134 ingd) is used In the pulp and paper indus- Snohomish basin.

6-2
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TABLE 6-2. Water use (1965).

Estimated Surface water us~~s ( trod) Ground water usros (na)
population Avsr~~s Max imum Maximum Average Maximu m Max imum

System rvsd daily monthly daily daily monthly da ily

MUNICIPAL USE

Everett 126,500 20.10 23.10 33.76 — — —Akle,wood Weter Dietrict (68,000) (550) (S SO i (14.00) — — —

Monroe (4.500) (0.35) (0.40) (0.55) — — —

Mar ywill. 4,500 ..
~ 

. 0.75 1.12 1.50

Snohomlth 4,000 (1.50) (3.00) (4.25) — — —
Edmondsi 10,000 0.58 0.87 1.16 — — —
Snoqu.lmis 2,700 — — — 0.16 0.31 0.47
North Bind 2 000 0,20 0.22 0.26 — — —

Curnatlon 1,250 — — — 0.12 026 0.38
Fall City Water Company 1200 -. — — 0.10 0.20 0.29

(525) (0.03) 10.06) (0.10) — — —
Skykomlth Water District 500 — — 0.10 0.20 0.30
Other rural community systerne 2,110 0.28 0.39 044 0.10 0.21 0.35

Sut*otal 154,760 22.69 27.58 39.95 1.33 2.29 327

RURAL-INDIVIDUAL USE 36,940 O.2O~ 028 0.40 1.78 2.50 3.50

INDUSTR IAL USE

Municipally supplied:
Everett 

—
__—.--——-.--_ -

Paper and all ied 102.00 108.00 112.00 — —

Lunte r and wood 2.15 2.36 2.63 — — —
Chemicels. metals, oils 0.06 0.07 0.08 — — —Stone, day, 0.25 0.25 0.30 — —

~ iohomltii
Food ~id kIndred 1.75 1.90 2.10 — —

Ss8~~~plied
Paper wal allIed 32.00 33.30 36.20 —

Sioni, day, 0.12 0.12 0.12 0.36 0.fl 1.08

Subtotal p830 144.00 Th2A0 036 072 ~08

~ot.i d 190.700 161.21 171.90 193.00 3.50 ~~~ 1.90

iilawinds eho supplied by Akiorwood Water District and Olympic V iew Water District.

°$euedon euuuised 56 isrod .

dpl.wes . rounded
• Iedmi~~I population served ls not the population of the

~~ of Si. ally but Is that population (sum of
~~~~~~~ ld ..... ,s.JI from TstL 2.7 whIch determines

isis “svei~~ rnd,iV’ for seth bedo. ThIS population bus been
Si. neers munIcipal .yss.m since isis munlci-

PdSSV IS of isis ismur ~~~~~~
‘
~~
- foe the smaller e~o4nlng

• 

J 
dus*vIIcII ~~~~ t
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water supplied in the basin. Table 6-3 presents a
Total average daily municipal water use from breakdown of water use by the various pulp and

both surface and ground sources is 24.02 mgd, about paper plants.
14 percent of all water used in the basin. Rural-IndividualAverage municipal water use within the city
limits of Everett , based on data for the 3-year period Rural-individual use of fresh water , supplied
1960 through 1962, and the 7-month period Marc h mainly by private and community wells, accounts for
through September 1966, is approximately 16 mgd. slightly less than 2 mgd, approximately 2.2 percent of
In 1966, total use outside the Everett city limits of the total basin fresh water use. Rural per capita use
averaged 5.6 mgd, with the Alderwood Water District of water is appro ximately 55 gallons per day.
using most of the water. The usage figures include
water distributed for public , domestic , and corn- WATER SUPPLIES
mercial use as well as water distr ibuted for use by the About 70 water systems in the Snohomishtype of small industries common to a municipality basin serve a total of abou t 125,000 people, or aboutthe size of Everett. 16.6 percent of the water from 70 percent of the 1965 basin population. The systemsthe Everett system goes to municipal use . 

~~~ ~~~~ in size, with more than 90 percent servingPer capita water use varies from City to city fewer than 200 people each.
within the basin, but per capita water usage averages 110 — Total ~ niem Demand150 gpd, based on the total amount of municipal
water used and the total municipal population served.

The city of Everett sells water within the city ~
on a flat rate basis rather than a metered usage figure. ~ 100 _f_ 1~~f__ [f]~~

[l
j_f_ 1

1

~~This, in large part , accounts for the rather high overall
per capita use of 320 gpd within the city . Everett also
supplies water to the Alderwood Water District, a 

—

completely metered system. Per capita usage within
this area is markedly lower , about 85 gpd. Municipal ~per capita water use for the remaining areas is about ~~~10 —

100 gpd industr ial Demand
w (Pulp and Paper Pu nts)

Demand profiles for the city of Everett ~
are shown in figure 6-2. During the month of August, 

~ ioo 
______

municipal consumption reaches a peak of 110 percent z ThTE[ftl kof the average annual municipal consumption. This is ~
much lower than summer consumption in the Seattle “0
and Tacoma areas. The industrial water use profile ~ —

shows less variation than the municipal promo ,
mainly because of the relatively constant use of water
by the pulp and pap er industry . The total system ~~ 110 — Municipal Demand —
profile , ranging between 95 and 105 percent of the ~
average annual , reflects the leveling effect of the
industrial segment. 100

Industrial consumers use more th*~n 85 percent — { Ift — [f Jill]1]Industrial

of all water required in the basin. Pulp and paper 90
J F M A M J  J A S O N O

• - plants located In the Everett area are by far the
largest water users in the basin . Collectively , they MONTH
consume about 81 percent (134 mid) of the total FIGURE 6-2. Everett water use profiles.

64 

_ _  

~

-5•

~

• ~~~~~~~ —-— — ,  - - 
~~~~~~~~~~~~~~ 

- ,r,_~~-•,. - •- -— -

p -



—

It
-

TABLE 6-3. IndustrIal water use.

Contract Production Averag. Unit ratte r
demand ~~paclty daily use use

Plant (city cour se) (tons/Day) (mgd ) (gallons/ton)

Scott Paper Company
(su lfite pulp) I 828 55 66,500

Scott Paper Company 67
(sulfite paper) J 528 10 19,000

Wsysm.su r Company
(sulfit, pulp) 304 27 88,700

Weyerhaeuser Company 28
(sulfat. pulp) 417 76,800

Simpson Las Company
(paper) 180

Simpson ~so Company 12 10 35,800
(sulfate pulp) 

— 
100

Total 107

Averaga Unit Use 2,357 134 57,000

~~~~

Present municipal, industrial, and domestic also provides water to Monroe and to the Alderwood
water use in the Snohomish basin averages about 164 Water District, which in turn supplies water to
mid (254 cfs). Surface water supplies 161 mgd (252 Mountlake Terrace, Biter, Lynnwood, and Edmonds.
cfs) of this total, and ground water, taken from
municipal, community, and private wells, supplies the MaryivIlls delivers approximately 0.75 mid. to
remaining 3 mid. an estimated 4,500 persons. The water comes from a

spring and several wells, and Ii chlorinated before
Municipal delivery.

Everet t uses surface water drawn from the
Sultan River as its source of supply. Water ii diverted

• from the Sultan River, flows by pipeline and tunnel ~~~~ - . ‘
~! 

t ’_.~~~~~~~~~~~~W
to Lake Chaplain (photo 6-2), which seives aa a • ___  -

sedimentation basin and storage reservoir, and is then 
~~~~~~~~ ~~~~~~~~~~ ‘- ~~

delivered to Everett through four pipelines. The
present peak capacity of Everett’s waler supply ~~ 

______

source and transmiselon facility Is 170 mid. The
present storage capacity of Lake Chapla in is 4.35
billion gallons (13,300 acre-feet), and Everett and the _______________________________

Snohomish County PUD No. 1 have completed the
first stage of a reservoir on the Sultan River which
does provide 31,000 acre-feet of additional water .-~~~~~~~~~

storage capacity. -.wciJ
Everett supplies about 90 percent of the

~~~ municipal water requirements of Its urban area. The
remainder is aipplied by the separate facilities of PHOTO 6-2. Lake Ch~~leIn stores water for municl-
everal coimnunitles and water companies. Everett psi and Industrial use In Everett

6-5 t
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Monroe receives treated water from Everett , mgd by 9,700 rural-indIvidual water systems. An
but also has wells for standby and peaking purposes. estimated 90 percent of these systems utilize ground
The ground water is disinfected before distribution , water , mainly from private and community wells.
The system prov ides approximately 0.35 mid average
daily use to an estimated 4,Soo persons, indudipgthe WATER RIGHTS
Sky Meadows Water Distri ct and the Washington Water rights In the Snohomish basin were
State Reformatory . summarized by the Wash ington State Department of

Snoboinish obtains its water ~uppiy from the Conservation (now Department of Wate r Reeources)
Pilchudc River. After disinfection , water is furnished in 1962. This summary lists 716 applications for
to an estimated 4,000 people at an estimated average diversions totaling over 5,600 cfs in the entire bail’.
daily use of 0.50 mgd. Temporary permits have been granted to 442 of these

Snoqualmie, Carnation, Skylccmldi Water Die- applicants in the amount of nearly 1,300 cfs. Three
trict’s, serving an estimated total of 4,450 people, use hundred and sixty-two certified or permanent water
ground water obtained from springs or wells, and do rights have been issued for approximately 600 cfs.
not provide treatment. Total average daily water use Water rights In the Skykoenish River basin total
by thee. three towns is about 0.38 mgd. 4,765 cfs. Applications account for 3,660 cfs of this

North Seuid. Gold Bar , I ndar Water District’s amount, with temporary permits and certified water
obtain water supplies (roan surface sources, and serve rights accounting for 678 and 426 cfs, respectively.
approximately 2,630 people. North Bend and Gold In the Snoqualmie River basin, water ribhts
Bar Water District disinfect their water; the town of total 2,282 cfs. Applications account for 1,792 cfs of
Index doss not treat its water supply at the present this amount, with temporary permits and certified or
thne. Total average daily use by these systems is permanent water rights accounting for 394 and 95
about 0.45 mid. cfs, respectively.

Duva . obtains water from the Seattle water Table 6.4 lists a summary of surface and ground
system, disinfects the water , and distributes it to water rights , applications, permi ts and certificates for
about 525 people at an averrage rate of about 0.032 the Snohomiuh basin.

• mpd.
TABLE 6.4. MunicIpal & Industrial water rights.

Scott Paper Company, Simpson Lee Paper m dl-
Company, and the Weyerhaeuser Company sulfite ‘

~~~~ ~r
mill obtain water from the city of Everett. They are corn- and
supplied a combined total of 102 mgd, or 78.5 per- 

~~~~ 
-

cent of the total water used in the basin. The Weyer- Type (ned) tic (nted) (mgd)
haeuser Company sulfate (Kraft process) pulp mill In
Everett, presently obtains about 32 mpd of water 

G 
Water 449.1 37.3 70.0

from the Snohotnish River and Is the only major rOu water 5 135 51

industrial water user In the basin with a private source Total’ 457.8 50.8 75.1
of supply. a~~~~f 810 n~ d In iddition l approprlghv rights hon
R IHndiVkksUI basn ~~~~~ for other conuumptlv, usss in the

badn.Based on 3.4 persons per household, an esti-
mated 35,940 persons are supplied an average of 1 .98

I
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WATER RESOURCES
SURFACE WATE R More than 20 stream discharge stations are

currently operating in the Snohomish River basin.
Available However, only four of these stations supply accurate

~~~~~~ The Snohomish River, formed by the Information on total basin drainage. Two discharge
junction of the Skykoinish and Snoqualmie Rivem stations, one on the Skykoznish River at Gold Bar and
near the town of Monroe, is between 350 and ~~ one on the Sultan River near Startup, measure runoff

• (eet wlde and is affected by tides foradistan ce ofl8 from 535 square miles drained by the forks of the
of its 22 mIles of le~~’Ji Skykomish River and from 74.5 square miles drained

The Skykounlih River, largest tributary of the by the Sultan River. These stations provide runoff
Snobomish River, with a drainage area of 844 square data for nearly 75 percent of the area drained by the
miles, is formed by the junction of its North and Skykomish River system. A discharge station on the
South Forks near the town of Index. It flows Snoqualmie River near Carnation, downstream from
wester ly about 28 miles to its confluence with the the junction of the Snoqualmie and Tolt Rivers , mea-
Snoqualmle River. sures runoff from approx imately 90 percent (603

The Snoqua lmie River has a dra inage area of square miles) of the area drained by the Snoqualmie
693 square miles. It is formed by the junction of the River system. A discharge station near the mouth of
North , Middle , and South Forks near the town of the Snohomish River near the town of Snohomish
North Bend, about four miles upstream from Sno- measures runoff from the entire Snohomish basin .
qualmie Falls (photo 6-3). Below the falls, the river However , tidal fluctuations at this station make it
flows northwesterly about 36 miles to its confluence nnpractical to compute flows of less than 10,000 cfs.
with the Skykosuish River ~~~~~ the 37-year period 1928 throug h 1965,

the annual flow of the Skykoniish River at Gold Bar
averaged 3,912 cfs Measurements taken during the
same period at the gagIng station at Startup indicate a

• mean annual flow in the Sultan River of 797 oh.
Measurements from the Snoqualmie River near Carna-
tion, also taken during the 37-year period 1928
through 1965, reflect a mean annual flow of 3,789
cfs. Although tidal fluctuations affected the accuracy

- . 

- 
of measurements, records from the Snohomish gaging
station indicate a mean annual runoff from the total

- 
b.sln of 9,SOO cfs.

The Snohomish River usually has two high
water periods each year: one in the fall or winter
coinciding with the time of maximum precipitation,
and one In the spring during melt-off of the snowpack
In the higher elevations. Low flows usually occur In
August or September with a second low-flow period
occurrlng ln early spthig.

Mean monthly flows at these stations for the
perIod April 1, 1946, to March 31, 1964, were ana-
lyzed to predict low-flow levels that could be
expected In any 5.~ 10., or 20.year Interval. These low
flowi and Intervals are presented In table 6-5.

PHOTO 6-3. Snoqualmle Falls, wliictr drops ~~~ Duns aid luvipsunuinuiti. Wat er is-
• lest, Is nearly dry &rlng Iow.flow period, oben moat source development In the Snohonrish River basin has

of the water pieses through power-generation tsr- been minimal Mr the past. The Puget Sound Power
bines. 

~~ L~ht Conipany has a run-of-the-river power pbnt
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TABLE 6-5. Low-flow tr.quency. sqUare miles consists of regulated reservoirs. The total - - - -

p ___________________________________________ surface area of glaciers in the basin is about 1£
~~~~~~~~~

. 74w ~~~~ square miles. The most extensive glacier system is in
~~~ the upper watershed of the South Fork Skykomish

~Isrv~ flow flow
D~dve ~ ation (yserti Ida) (eta) River.

The Snohomish County Public Utility District
and the city of Everett have jointly undertaken a dam

C flatiOn 10 450 510 and reservoir project on the Sultan River which
20 426 460 presently provides 34,500 acre-feet of water supply

Skykomid~ River ns.r 5 670 700 storage for Everett. Provisions have been made for
Gold Bu 10 490 580 additional storag e and hydroelectric facilities in the

20 430 500 future . Lake Chaplain provides intermediate storage
for 14,000 acre-feet of municipal water from theSultan River nuer Stulup 5 77 100

10 ~~ ~~ 
Sultan River. The construction of additional storage

20 56 ~ facilities may have an important effect on the flow
_______________________________________ regimen of the Sultan River. Flows presently drop to

less than 100 cfs during the summer, yet the diversion
on the upper Snoqualmle River at Snoqual mie Falls. capability of the Everett system is already 180 cfs.
In 1963 the city of Seattl e completed construction of and future diversion capability is planned to be
a water supply storage facility on the South Fork of approximately 490 cfs.
the Tolt River (photo 6-4), a tributary of the
Snoquajinie River. The Sultan River, a tributary of QuaIi~~the Skykomlsh River , is the source of supply for the Water quality of the Snohomish River Basin has
city of Everett . In addition , some local flood control been measured since July 1959 as part of a coopera-
and navigation works are under way or have been five State-Federal basic data program conducted by

• I 
completed in the lower basin , the Washington State Department of Water Re-

Lakes The total amount of stor age in lakes in sources , Washington State Water Pollution Control
the Snohomish Basin is not known, but the surface Commission , and the US. Geological Survey, the
area covered by these bodies can be used to provide Water Quality for five stations In the basin is shown
at least a comparative indication of the amount of in Table 6.6.
water that Is stored. The tota l lake surface In the PhysIcal. Temperature records available for
basin is about 21.5 square miles, of which about 44 Snoboinlsh basin streams show the following data:

the January minimum temperatures recorded at the
existing stations range from 0°C (32°F) to 1.2°C
(34°F); the maximum temperature of the Snoqual-
mis River near Carnation has reached 2330°C
(74°F), the highest recorded In the basin. The maxi-
mum temperatures for the Skykomish and Wallace
Rivers near Gold Bar are 19.4°C (67°F) and 21.1°C
(70°F), respectively. The maximum temperature fur

H

the Tolt River is 20.0°c (68°F). The average summer
temperature remains highest for the Snoquahnle
River near Carnation.

The Snohomish River is less turbid than most
other streams on the east side of Puget Sound. The
turbidity of the Snohomish River at Snohosnlsli seas
16 JTU during 7 years of daily or monthly sampling.
Maximum turbidity at this station (during a period of

PHOTO 6-4. Seettls Water Department diverts water storm runoff) was only 160 JTU. (See Table 6.6.)
Mom the South Fork of the b i t  River for usa In the The Skykomish River is appreciably less turbid than
Ceder-Green basin, the Snohomkh River, and the Snoqualmie River

____________________________
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slightly more turbid than the Snohonüsh River. The some districts little or no ground water has been
upper dra inage areas transport only small amounts of foun d below the soil zones. Areas commonly
sediment except during periods of high runoff. Data deficient in ground water are : (1) the northeast part
concerning suspended sediment in the Snoqualmie of the Cedarhome plateau northeast of US. Highway
River system indicate that the South Fork of the 99, (2) the Cathca rt district , (3) the northeast part of
Snoqualnue transports more sediment than other the Getchell Hill plateau , (4) the East Stanwood hill
forks of the river. Suspended sediment concentrat ions area , (5) the north side of the Lake Stevens area , and
ranged from 4 to 108 mg/ i with a probable maxi- (6) the Alderwood Manor-Sammaniish River area .
mum estimated to be less than 1 ~000 mg/ i - Concen- Large yields are obtained from wells tapping
trat ions In the Skykoinish River ranged from 1 to 28 clean gravel. Among these are the city well at Ailing-
ppm dur ing 1965 and 1966. The Tolt River trans- ton and the dug wells at Monroe, whose capacities of
ports only small quantities of sediment except during 1,000 gpm are among the largest in the county. Shal-
periods of high runoff, low wells in the vicinity of Marysvllle also show large

Chemical. The chemical quality of surface yields; quantities of 190 to 200 wm are commonly
waters in the Snohomiih Basin is generally excellent, pumped for sprinkler irrigation from wells only 10 or
The concentration of dissolved solids in waters of the 15 feet deep, and with no more than two or three
Snohomj sh , Skykomish , and Snoqualmie Rivers feet of drawdown. Ground water in these areas is
rarely exceeds 40 maJl. Hardness values are usually usually in balance with nearby water bodies. The
less than 25 mg/I . Table 6-6 lists data reduced from ground waters are recharged by infiltration of surface
records gathered at 7 monitoring stations since 1947. runoff and, during periods of high water in the rivers,

Dissolved oxygen (DO) concentrations are by infiltration from the main streams and their
usually near saturation throughout the Snohomish tributaries.
River system. The minimum DO concentration
recorded within the basin is 8,3 mgJl taken from the Quality

4 Snohomlsh River at Snohomish The maximum Most ground waters are generally low in dis-
recorded concentration is 14.7 mg/I taken from the solved solids with concentrations being usually less
Tolt River at Carnation. than 200 mg/I. Hardness of water taken from alluvial

Baat.kIo$cal. Water of the Skykomish River materials is approximately 50 mg/i, and that from
— 

at Gold Bar is generally of excellent bacteriological deeper sands and gravels vanes from about 15 mg/I to
quality, with coliform densities usually not more than iso mg/i. Silica concentration is commonly In the

-: SO MPN. However, coliform concentrations increase ~o.a~o mg/I range.
In the lower Skykomish River before It joins the The presence of salt water often occurs In
Snoquahnle River. Bacteriological quality data for the ground water In the flood plain and delta areas down-
Snoqualmie River at Snoqualmie show the M~~ stream from Snohomish and at some places along the
values to be highly variable. During the summer and shoreline. Salinity of ground water is generally less
fall months, MPN values have reached 4,600 or more than 15 mg/I of chloride except for wells In the lower• coliforms per 100 ml. Data from the Snohomlsh River flood plain and delta regions where brackish waters
at Snohomlsii reflect the composite effect of the are common.
upper two rivers In addition to the effects of waste Iron is the most common objectionable con-
discharged below their confluence . Collform densities stituent In the ground waters of Snohomish County.
average about Z000 MPN with a recorded maximum Iron concentrations as high as 9 mg/I have been found
o( 24~000 colffornss per 100 ml. In many well waters. This high Iron content is

especially prevalent where peat or bo~~ soils are
GROUND WATER present. Ground waters in the Maryerlfle Trough and

_____  

the Snohondeb and Skykcinlsh Valleys below
Quunt*ty AvaiW4e Monroe, some of the richest lands in the area, contain

PlontilbI supplies of ground water exit in many amounts of iron In excess of 0.3 mg/I. Table 6-7 lists
of th. lowland arms of the basin, partkndarly along pound water quality data for selected wells In King
th. lower teethes of the longer streams. However, In and Snohosnish Counties.
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PRESENT AND FUTURE NEEDS

The primary factors that dictate water require- shows the location by service area of water use
means are industr ial and population growth. Projec- requirements in 20-year increments. Tables 64, 6-9,
tions to the year 2020 for the Snohomish basin and 6-10 detail projected water use in the basin for
indicate a substantial growth in both population and 1980, 2000, and 2020, respectively. Table 6-i l
industry with a corresponding increase in water summarizes projected requirements for the various
isquhensents. Available data indicate that while the use categories through the year 2020. Figure 6-6
predicted requirements for water will not tax the Illustrates the relative demands for water in the basin
available water supply , extensive planning is in order through 2020.
to ensure adequate storage facilities to meet predicted
water requirements in this and adjacent bassos.

Municipal water requirements are forecast to be
PROJECTED POPULATION GROWTH 49 mgd by 1980, 92 mgd in 2000, and 171 mgd by

the year 2020. By 2020, municipal requirements will
The 1965 Snohomish Basin population of account for approximately 31 percent of the total

201,300 is projected to increase approximately 59 basin water needs, with per capita use increasing from
per cent to 302,700 by 1980, 155 percent to 485,800 a present 150 gpd to approximately 208 gad in 2000,
by year 2000, and 310 percent to 780,300 by the and 230 gpd by the year 2020. This per capita water
year 2020. Figure 6-3 shows present and projected use IS in line with the general trend in personal water
population in the bairn . Possibly the growth shown use observed in other expanding urban areas ,
for “other urban and rural communities” will not be
as is indicated in Figure 6-3 , because of the Everett
service area may absorb part of this projected growth .
The Major part of the projected growth will tend to _- —

center around the Everett area , following the Indus-
trial growth pattern.

I
4.

/
.1~PROJECTED INDUSTRIAL GROWTH 600 -

~,~0

The major water consuming industries are
expected to show a value added growth of 300
percent between the present and the year 2020 (see ~
Figure 6-4). The greatest growth is expected to take ~__
place in pulp and paper manufacturing; lumber 

-

production is projected to show a gradual , steady -1
decline through 2020 as emphasis shifts from lumber
production to pulp and paper production. This will
tend to concentrate growth in the vicinity of Everett,
with growth in the outlying areas being much slower.
Food and kindred processing in the basin Is forescast
to increase moderately through the year 2000, then
Increase sharply through 2020 as popuhtlon growth
accelerates In the basin and adjacent areas.

PROJECTED WATER RE QUIREMENTS 
_________________________

Total water requiswnents for the basin are eaeo ~ooo
expected to reach S40 napl, a threefold Increase In ~~ AA
water needs over present rsquiesinenta. FIgure 6-5 FIGURE 0-3. Projected population growth.
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TABLE 8-8. Proj ected water use (1980).

E lmaiad Suites. wot.r ua~ s ( ‘mdl Ground woss u~~~ (mod)
po~uutIon Awrsgs Max imu m Avsrsg. Maximum

Sy~ .m asrwsd ~~Ily monthly ~~lIy monthly

E~.s,utt Sides Ares 79 200 342 47.9 — —
Akliuwood W~~r Dlislct (93.900) (17.8) (24.9) — —

Mo,wos I 7,200) ( 1.4) ( 1.9) — —

P~~ywNls 11W 06 0.8
SroIwmIii 10.731 3.0 4.1
£dmwuIl 1 27.020 7.4 10.3
Snoqndmis 7.257 0.4 0.5

Send 5.327 1 .5 2.1
3,320 0.1 02

F~ l Cily ~~asr Csiii~~~ 3.242 0.1 02
Sk~l.omWi was.’ Olasict 1,312 0.1 0.1

1.350 0.4 0.5
Other Rlwsr & Comnsinlty Sy ums 5 135 1.0 1.6 0.1 02

S’~~IOtII 257200 476 66.5 1.4 2.0

RURAL4NO•VIDUAL USE 46 500 — — 3.2 4.5

WIIDUSTRIAL USE
E~~iett
Papsr end .~ .d — 157.0 1841 -- — -

Lwathsr sod wood —

Chs.nicsli. musslu, oIls — 02 0.2 — —
Sans. clsy, g1 — 0.6 0.6 — —

S~~~~m~~
Food sod kindred — 26 —
Peser end .Nlid — 41.0 451 — —

- o3 
-~~~

Si~ Iotel — 213.2 236 8 0.8 1.2

lotul 302.700 280.7 302.3 5.4 7.7

eausd on smsd 70 ~~cd and 100 ~i.resct eurved by ground woter by iseo.
b110,, , 1,~~

C150 ,.&~&4 05 our~~s.
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TABLE 6-9. Projected water use (2000).

EOlmst.d Surf ecu wet.’ u.gs (‘md) Ground wet.’ u~~s (mud)
population Avsrqs Ma ximu m Awr~ s Maximum

Syctsm rvsd dully monthly dully monthly

Everett Sides Ama 250000 52.5 73.5
Aldeiwood Water DIstrict (130,000) (27.3) (382)
Monros ( 1 0 ,000) I 2.1) I 29)

MarywuIle 29,016 0.8 1.1
Snohomluh 29,021 8.3 11.7
Edmonds& 85,520 20.7 29.0
Snoqualmls 17,597 0.5 0.7
North Bend 12,917 4.1 5.8
Cu nstion 8,050 02 02
Fell City Water Company 7,862 02 0.3
Skykomith Want DIstrict 3,182 0.1 0.1
DueslibI 3,370 1.1 1.5
Other Rurul 8 Community Systems 13,061 3.1 4.3 0.1 02

S~thtotel 437,200 89.8 125 8 1.9 27

RUR AL4 NDI VI DUAL USE 48,600 - — 44 6.2

• INDUSTRIAL USE
E~~sft

Peper and elliod — 2666 2921 — —
Lunthsr sod wood — 1.5 ii — —

Chideals metals ollu — 0.4 0.4 — —

Stone, dsy, 1an — 1.5 1.5 — —

Snohomith
Food and kin~~ed — 52 79C 

— —

Se6~~ppIleth
Peper sod eillid — 476 52.0 — —

- 
-~~~~~

— 321.1 356.0 2.1 30

Totsl 485,800 410.9 481.8 84 11.9

eBesud on eanimed 90 s.cd end 100 percent eu.wd by ground water.

C150 .~~wii Of ~~~~~~~~
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TABLE 6-10. Projected water use (2020).

Estimeted Surf ace wet.’ ua.gs (‘md) Ground wet.’ iu~~ (mod)
population Avsr~~e Maximum Avuregi MaxImum

System eurved deIty monthly dully monthly

MUNICIPAL USE

Everett Service Ares 450,000 104.0 145.0
Aldeuwood Water DistrIct (234,000) I 54.1) ( 75.4)
Monros ( 1 8 ,000) 1 42) I 5.8)

Ms’yv#III. 46,152 1.5 2.1
SnohomIth 40,491 14.0 19.8
Edmondl 1 101,856 34.9 49.3
Snoqiatlmli 27 382 0.9 1.2
North Bind 20,100 7.0 9.9
Csrnsllon 12,526 0.4 0.6
Fat City Water Company 12 ,235 0.4 0.5
SkyltOinati Water DistrIct 4 962 0.1 02
DWIUNW 5243 1.9 2.8
Other Rur al 8 CommunIty Systems 21,264 5.2 7.4 0.2 0.3

Subt otal 741,300 167 .0 234.0 3.5 4.9

RUR AL 4NDIVIDL JA L USE 39 000 — -- 4.3’ 60
INDUSTRIAL USE
Everett
Pep.’ end Sh ied — 3oo.o 330 O~’ — —Lunthir sod wood — 1.4 21 — —

Chemleshu, manN. oils — 1.0 1.0 — —Stone. clay gl — 3.4 3.4 — —

Food sod kindred — 9.6 14•5c 
— —

Se”—
Pepsi sod shied — 47.0 52.0 — —
Stone, cley,gie. - 0.7 07

Subtotal — 363.0 404 0 2.1 3.0
Total 780 300 530.0 638.0 9.9 13.9

Bieid on xned 110 gicd end 100 percent h ived by ground wets,.

b110 ,,.‘,~~~~ ~~
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TABLE 6-11. Summary of projected water needs

Eitimated Surface water usege ( mgdl Ground water usege (‘mdl Total usege (mgd)
population Avsrege Maximu m Average Maximu m Avera ge MMa ximum

System served daily monthl y daily monthly daily monthly

Municipal 1965 154,760 22.7 27.6 1.3 2.3 24.0 29.9
1980 267,200 47.5 66.5 1.4 2.0 48.9 68.5
2000 437,200 89.8 125.8 1.9 2.7 91.7 128.5
2020 741,300 167.0 234.0 3.5 4.9 170.5 238.9

I ndustrial 1965 — 138.3 144.0 0.4 0.7 138.7 144.7
1980 — 213.2 235.8 0.8 1.2 214.0 237.0
2000 — 321.1 356.0 2. 1 3.0 323.2 359.0
2020 — 363.0 404.0 2.1 3.0 365.1 407.0

Rural.
Ind ividual 1965 35.940 0.2 0.3 1.8 2.5 2.0 2.8

1980 45,500 — — 3.2 4.5 3.2 4.5
2000 48600 — — 4.4 6.2 4.4 6.2
2020 39,000 - - 43 60 43

Totals 1966 190,700 161.2 171.9 3.5 5.5 184.7 177.4
1980 302,700 260.7 302.3 5.4 7.7 266.1 310.0
2000 486.800 410.9 486.8 8.4 11.9 419.3 493.7
2020 780,300 530.0 638.0 9.9 13.9 539.9 651.9

Plots: All usage fl~~sres are rounded to on. decimal place.

646
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1963 1980 2000
YEAR 1965 1980 2000 2020

YEARFIGURE 8-4. Relative production growth for major
water-using industries. FIGURE 6.5. Location of projected water supply needs.

Industrial Ru ral-Individual
Indus tr ies are expected to contin ue to be the By the year 2020. rural-individual water needsmajor water consumers in the Basin , and will require 

~~ ~~~~~~ to be only 4 mgd , less than one percent
approximately 373 mgd, 66 percent of projected of the basin’s total projected water needs. While thisBasin water requirements. The pulp and paper indus - usage represents a marked drop in percentage of the
tries, food and kindred producers , and the stone , total basin needs, it does indicate a volume increaseclay, and glass industries are expected to be the major of approximately 30 percent.

water users. Industr ial water needs, present ly 138
mgd, are predicted to increase 54 percent by 1980,
and to be almost triple by the year 2020.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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MEANS TO SATISFY NEEDS

GENERAL density makes it feasible for the cities of Everett
(Snohomish Basin) and Seattle (Ceda r .Green Basin)

Annual water use is projected to reach 540 mgd to extend service to the small and rural community
by the year 2020. This is an increase of apprO xi- systems in the basin.
mate ly 375 mgd over the 1965 average use . Optimum Table 6-13 defines the plan and includes supply
or peak water requirements will be nearl y 900 mgd , and transmission , treatment , pumping , chemical , and
approximately 170 percent of the annual average , annual income as projected by the M&l Water Supply
Tables 2-10 or 2-Al , t he Area Plans , summarize the and Water Quality Control Technical Committee.
basins’ annual aveta ge and optimum wate r require- Table 2-10 includes the storage and distribution costs
ment. Table 6-12 , M&l Water Supp ly Capital Im- for the basin .
pro vements , reviews the needs of the major water The Alternative Basin Plan is quite similar to
systems and/or users in the Basin . the Selected Plan. It does, however , call for the city

The city of Everett in 2020 will have to supp ly of Everett to develop water supp lies from the lower
630 mgd to meet peak demands in its service area . reaches of the Snohomish River with adequate
This amount combined with 260 mgd for the treatment to assure high quality water. Costs for this
remainder of the Basin , plus the fact that the city of alternative are appreciabl y higher , $9 million, than
Seattle Water Department plans further developmen t for the Selected Basin Plan. This is due mainly to
of its watershed on the b i t  River and new develop- construction costs for the water treatment facilities.
ment on the Snoqua lmie River and /or the North Fork Table 6-14 defines the plan and Table 2-1 1 shows
of the Skykomish River (see Cedar .Gre en Basin complete costs and revenue for the Basin.
Selected Plan , Table 7.12), will create monumental The city of Everett in the Selected Plan is
demands for water from this basin . This will amount expected to continue development of the Sultan
to nearly 2,300 mgd , 890 of this to be used in the River Reservoir and Spada Lake as a water supply
Snohomish Basin. With this in mind and the fact that source to the year 2000. During this time period , a
much of the south part of the Snohomish Basin lies development on the Skykomish River is also expected
within the logical Seattle Service Area , Seattle and to be added. The developments in the Selected Plan
Everett must jointl y develop bordering service areas would be adequate to meet the M&l needs of the city
to supply the Basin needs. of Everett.

As indicated in Appendix 111, “Hydrology and The 200 plus mgd needed for the small and
Natural Environment ,” adequate water is available for rural community systems are antici pate d to be
this task without conflict over water supply with- supplied by the cities of Everett and Seattle at such
drawals. Together the Everett and Seattle Wate r time as a county or regional service is possible.
Departments may supply over 90 percent of the tota l Because much of the Basin lies within the logical
basin water needs. Seattle Service Area , with projected developments

(Table 7-12) on the Tolt , Snoqua lmie , and Skyko-
mish Rivers , Seattle and Everett will jointly supply
water within the Basin .

BASIN PLANS Much of the self-supplied industrial demand is
not required to be of a high quality; therefore , it has

The Selected Plan, as indicated in Table 6-13 , in the past and will more than likely in the future be
recommends the continued growth and development supplied by local developments of surface or ground
of all existing systems until such time as population water.

6- 18
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Table 6-12 shows the need for water within the At this rate , by the year 2000, the basin will be
basin , unable , without an excessive financial burden in

relation to its economic resources, to finance ade-
FINANCE quately the needed constru ction projects without

outside ale or increasing wate r rates.
Annual income as taken from Table 2-10 for

the Selected and Alternative Plans indicates the Annual Amortize d
amount of money available to apply for bond service Bond Service Cost (x 1,000)
(approximate ly 20 percent of the tota l annual Available Selected Alternative
income). Year (x 1,000) Plan Plan

The following figures Indicate the monies avail-
able for bond service and the capital expenditures 1965 $2 ,720 $ 376 $ 373
amortized for 30 years at 5% for the Selected and 1980 4,110 1 $70 1 $80
Alternative pi~~ 2000 6,550 2,850 3,020

t Costs as indicated by the Engineering News 2020 6,860 4,390 4,750
Record Index are presently doubling every 15 yea rs. -

TABL E 6-12. M & I Water Supply-Capital Improvements in the Snohomish Basin

M.G. D.
Present Fulu,,

1965 1966-1960 1960 2000 20002020

Popul tion Served 136.000 180,000 259,000 460,000
• EVERETT

Optimum 197.6 306.0 460.0 632.5
C~~ltaI I mprovements 27.5 107.5 155.0 172.5

Population Served 19,760 77,200 197,200 291,300
SMAL L & RURAL
COMMUNITy SYSTEMS
OptImu m 14.9 64.8 131.1 206.2Copitil InW,ovm.n,s 9.1 39.9 76.3 75.1

Population Served — — —SELF SUPPLIED INDUSTRY
OptImum 34.1 46.5 56.7 55.7Copied In~ ro~....erns 1.8 12.4 9.2 0

Population Served 164,760 257,200 428,200 741,300TOTAL
Copied I mprovements 38 160 241 248

NOTE : FIguse ers rounded.

—— - 
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TABLE 6-13. N & I Water Supply Us. PIsnnlng—Prasi~t to year 2020 Selected Basin Ptan Snohoinish Basin
V $967

OPTIMUM THOUSAND DOLLA RS
CAPACITY AMORTIZED MAINTENANCE

.,. MG D CAPITAL COSTb AND OPER. T096
Pin., ci WI,. Ui, Supply C Trios Iris, Puny,.ng Annud

Lanai Sonycs D. osl..,.msni Dial MOO Supply Trim,,,. Iram,n. ,,wcl A.mond Pan.,, Chum. Inca.nn

EVERETT
PuiN,N SW SuNis, Ahs,—Dini uci N1 aI,—S L*i. tiihi . 125 ITO 170 1.325 ~~ 9,112

4Tau,siMMon Lhn.i
Pn,us.,t SM ADO: at6i~ ISM OiuI~~...w* ~ Si~~~i ‘970 25 36 26 3,675

1150 1* ICSoedSWC~~~ _....~li io EiUSII~ 1970 204 106 107 ¶3.975 2.125 SI *4 562
SuNo, R$n,c C.. ... *

xx en •Ise SMc nMtoImi W ¶955 321 116 iss 10,500 3,359 125 3.425
• SulNo $h’is C SkyhO.IIIII Rh,

OMnd.n : T2W4 5101

2020 SW l72m~~ SM e=~:;;-; :1t inIkyhimM’ RI,,, xx 4,0 172 in 13.700 4.300 154 23,544

EVERETT SELECTED PLAN TOTAL

SMALL C RURAL COMMUNITIES SUS—TOTAL $1,111

• EVERETT TOTAL 649.166

SMALl. C RURAL COMMUNITY SYSTEMS
P111105 OW LoaaiOW DanU...... .I LiNt 4 1.2 1.2 457
Pr,usnt SW LccISWO,..I.,~~~.l tiNt 1.6 15 25 1

2.6 2.6

Prs.nt SW ‘P,OD ,.eiied *a,n EWppIWMM 1570 6 9 546
_______

1150 OW 1CU54 Loud OW D..iiapm... t 1970 3 3 iao 7 1,241
1150 SW 2CnId—EVSISIIWSMr D.,.W96..,( 1970 $7 20 20 1,200

SW 3Crp4—Esn.,teW.~~~O., i&.. .* 1970 20 20 1.002 1.493 III

2000 SW iIC,~~~I.U9Si WMMDipU1..._.,* 1955 u ~o ~~ iao 1~~ ’SW I5n~~—1onWIWMM049.1n...I ieeo Is ie t .m 2.573

2000 SW 46med- um*tW~~~Di,.,b.....l 2010 75 75 35 2,250
SW 3~~~~-Ear,ttWMM Oa,m*I,u .1 2015 20 37 1,510 2.775 30 4.425

206 xs $12,675 $7,140

SMALL & RURAL COMMUNITY SYSTEMS SELECTED PLAN TOTAL $19,711
1*12.579 Sr,dt .dawn )

Loud Ground WMM O~ .I.,..,. t ~o
Susnh, MiMI D~~aEuiil 4355
£56,115 MIS,, D.,,sn.....III 5,115

SELF SUPPLIED INDUSTRY
P11MM SW SOS n.niIIi RM.PUVnP SUNOO C 25 35 25

INS SW lSn,~~ SM D ..J.n,.,..., t 1979 42 IS IS NS 450 3.055

SW ISo~~SW D.nal~~~~.t 1150 55 10 10 ISO 530 3,559

SW No FuSiul NsuN 50 3,150

LP 1I,5PLIED INDUSTRY SELECTED PLAII TOTAL 50 60 $1,550

NLaCTIO SASIN PLAN TOTAL $71,130

• 11,11115 ~ .J_.. ...L

N SM III~~IdS iMv~~ n.ci dlsMSuNon lS5b~ 5.9 Ar,, Mi,,. WiWluly Ns.~~ .ctisn.

~ 
AN I~~p.11. ,i uudhI.

- 
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TABLE 6-14. M & I W.tsr Supply Us. Planning—Present to year 2020 Alternate Basin Plan Snohoinlsl* Basin
1967

• OPTIMUM THOUSAND DOLLARS
CAPACITY AMORTIZED MAINTENANCEP a d  

MO 0 CAPITAL COST6 AND OPEN. TOtpl
Nun 01 MI,. U,, Supply & TriM. Iron Pun,pin Annuil

Lend So,,. , Oealopm,nI Dan,4. MOD Supply Trim,,, . Tronun, . nn.ni Ru,no,M P~n..r Chin,. 10,6,,,.

.3 EVERETT
P,ueim SW SuIt,, Rl~ r-Dim& Ruireo, -SppIa Lai~i, m it. 25 170 ¶70 50 9.195

• P161105 SW 400 35~øn.ci sn,,,.e.,nsa.i 4 Tra*r,Essocs, 1910 25 29 3,575• Lion ,

1950 en san DPi.l...-.....l. SuIt,, Ran.. ¶950 205 lOS ¶05 13,975 2,137 51 14.692
7000 5* I55,n55sw Dui..l 16......I 1Q96 32* ¶66 ¶55 8.160 7.500 3,359 129 23.433Sulum Rinar & Sn,homldl Nina, Trn,hn,n,

2020 SW SW Danulppn..n,, SnaI,o,nci, Nuis 2005 410 I?? ~~ 154 75 ¶2,900 pp 23944

633 633 $37,125 $30,400

EVERETT ALTERNATIV E PLAN TOTAL 164.1 557.525

SMALL & RURAL COMMUNITY SYSTE MS
IN. Fo,61 AIt.rnitr,, )

SELP SUPPLIED INO*JSTRY
INc F.a.6IO Alt.n,oS.aI

901 901 65.875 7,140

I.l. TERNATIVE BASIN PLAN TOTAL 1671 978.790

• ln,I.iI ~~wln,wn....I.

~ Dci, .ani includ, WISM and dllrvlbutic., cuuti San A,io Mioni to Sos.dy Plaids Mction.

~ All Ilsisa , we ,aundnd.
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CEDAR-GRUN BASINS
‘- 1

INTRODUCTION

Most of the Cedar-Green basin (figure 7.1) Is reaches, the Green River is swift and turbulent. Since
• located in highly populated and industrialized King 1913 , the upper reach has been the source for

County. The basin is bordered by the Snohomish Tacoma’s municipal and Industrial water supply.
basin on the north, Puyallup basin on the south , the Howa rd A. Hanson Dam (photo 7.1) Is located at
Cascade Mountain range on the east, and Puget Sound Eagle Gorge. The reservoir behind the dam has a
on the west. It cosnpdsaa 1,220 square miles, capacity of 105,650 acre-feet for flood control and
including 1,161 square miles of land and inland provides 62,000 acre-feet of active storage for
water, and two important watersheds: Lake Tacoma water supply and conservation. Below
Washington, receiving water from the Cedar and Howard A. Hanson Dam, the Green River has cut a
Sainznamish Rivers, and the Green River. deep gorge 12 miles long with walls as high as 300

Population and industry in the western part of feet. Beyond the gorge, the Green flattens out and
the Basin are growmg ’and expanding. Urbanization is meanders through the farmlands near Auburn and
Increasing, with Seattle as the focal point. By the year Kent. The lower Duwamish flows through a heavily
2020, the population in the Seattle service area is industrialized section of Seattle. The last 7 miles,
expected to increase to more than 3,816,300 million, known as the Duwamish Waterway, have been
Industry, particularly manufacturing and shipping, is dredged and Improved for navigation. The Duwamish
expected to increase substantially. Waterway is one of the most industrialized areas in

the state.
The Cedar River begins near the crest of the

- - GEOGRAPHY Cascade Mountains, 5,000 feet above sea level. It
The basin was formed during the retreat of the flows northwesterly through timbered country for 50

most recent ice sheet some 12,000 to 14,000 years miles to discharge into Lake Washington, and drain an
ego. This left a deep mantle of gravel, sand, and clay area of 188 square miles. In the reaches above the
and formed the plain’ and sloping moraines that now Seattle Landsburg Intake, the river Is isolated and
characterize the basin. As the Ice retreated, numerous protected. This area-the Cedar River watershed,

• lakes and ponds were loft in the uneven surface. drain’ about 143 square miles. Within the watershed
Lakes Washington and Samainish, as well as nwty Is Chester Morse Lake (Photo 7-2) whIch provides
unaller lakes and bays, were formed In this maimer. 56,000 acre eet of stora ge for water supply and
Older forms of relief were smoothed over. Streanse hydroelsctric power generation. At the western end
were dammed and diverted Into new courses, which of the watershed near Landsburg, a Iow.crest dam
produced the p~esant rolling or hummocky relief with diverts water from the Cedar Into the Seattle tram-
local lakes, bsilns, and depreulosis. The Cedar.Green fl~~~Ofl fl*lflL Below Landaburg, th. river flows
basin Includes 69 square mike of fresh water surface wlfUy through Maple Valley, thence to R.idon,
end three mulct rivers: the Gresn-Duwamlsh, Cedar, where It empties into the south end of Lake
and S.nmamkh. Washington.

The Green-Duwanakit River drains an ares of The Sammamish River is a slow.moving stream
483 square nsilss, and is th. largest river In the basin, about 14 miles long, which drains a 240 square.snile

• The Gain Ris.r od iates hi the Cascade Mountains area. Its source Is Lake Sammamluk and Its outlet at
and fun. west and north about 60 mu ss to Tukwlk, the north end of Lake Washington. Lake Sammasnib,
from wtseri It Is called lb. Du~.~ienlih River. Tb. with a surface area of 4,897 acres and a maximum
Duwemish fans north an addaloinl 12 n~ ss tluouigh depth of 106 feet, is fed prisnailly by l quah end
SMattle and e~ p4h. Into Elliott Bay. In Its upper Tibbetis Creeks.

7.1
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Wash ington. AU these water bodies have the same
level and are connected by unobstructed channels at

~~~~~~~~~~~~~~~~~~ “~~~~~~j~~— least 30 feet deep at low lake level. The complex has
a total area of 25,000 acres and a shoieline of about
100 miles.

~~~~~~~~~~~~~~~~~~~ Green Lake in north Seattle has a water surface
area of 256 acres and a shoreline of 2,9 miles. It is
used extens ively for outdoor recreation and is ringed
with a park , hiking and bicycle path , and beaches, but
does not contribute to municipal and industrial water

~~~~~~~~~~~~~~~~~~~~~~ supply .

CLIMATE
Climate is influenced by the mild , moist air

____ 

flowing inland from the Pacific Ocean. In general , the
basin has warm, dry summers and comparatively

______ mild, wet winters. Temperatures in the western low-
lands near Seattle and Kent average about 3.3° to

______________________ 
4.4°C (38° to 40°F) in January . Midsummer temper-

___________________ :- atures in July average 17.2° to 18.3°C (63° to
—~~~ “ 6? F). The mean annual precipi tation averages 66

PHOTO 7-1. Howard Hanson Dam provides flood inches in the Cedar and Green watersheds and 54
contro l and stores ware. for use in Tacoma. ~~ inches in the Sammamish River watershed. Annualexample of inter-basin diversion, precipitation for the entire basin .ra nges from 15

inches near Puget Sound to 100 inches in the moun-
tains. About three-fourths of the precipitation falls
from October through March ; only 8 percent falls

_____ during June , July, and August. However , snowpack
evens out the runoff flow.

~‘ POPU LATION
The Cedar.Green Basin, wit h an estimated 1965

pojfulation of 1 ,040,220, is the most populated of
_________________________________ the study basins. Seattle is the largest city, with some

580,000 dweilers inside the city limits. Half as many
- 

persons live in suburbs , and a number of nearby resi-
dential communities. Farther east are several small
towns with populations of 1,000 to 2,500 persons
and a number of communities with populations of

• PHOTO 7-2. Chester Morse Lake has been dsvsloped leer than 1,000. The southeastern part of the basin is
for both municipal water supply and power genera- ~~~~ y popu t e .
tion.

ECONOMY
Lake Washington , a fresh-water lake 22 miles The ma~ot center of economic activity In the• long, forms the eastern boundary of Seattle. It covers basin, and for the entire Pacific Northwest, is the

about 50 square miles. The Lake Washington Ship m~~opolJten Seattle area in King County. Seattle,
Cana l leads westward from the lake into Puget sound. hagsst city in Washington, has excellent deep harbor
The canal and Hiram Chittend en Locks connect Puget faclliti s. Major industries include forest product
Sound with the inland fresh waters of Salmon Bay, processing, fishing, shipping, and manufacturing. Else-
Lake Union, Portage Bay, Union Bay and Lake where In the basin, the pr incipal products snd lndus. 

- • . • - •  ~~~~~~~~~ — - • -~~~~~. ~~~~~~~~~~~~ ~: • . .



~~ Ja~ u~~~, loseit products, diwrs~fie~ raising, and some light industry are the chief supports
fenulig, fishing, and coal mint~~ In 1965, average of the economy in the fertile valleys of the Green ,
•ontkly employment I, die vaslous IndustrIes Cedar, and Sammamish Rivers.
throughout King County w~ Industry and population have grown rapidly.

The rate of employment growth an the Seattle-
Agricidtuis 4,100 Tacoma-Everett area for 1966 was double that of
Mhiisg 1,700 other West Coast metropolitan areas and the nation as
Construction 17,700 a whole. By April 1966, ençloyment in the Seattle
Manufacturing 106,900 metropolItan area alone was 47,800 above the same
Transportation, communicatIon, month in the previous year. Employment by The
and utilities 57,000 BoeIng Company grew by SO percent. Personal
Trade (wholesale and retail) gt,~oo Income showed a substantial gain as the population
Finance, insuran ce, and real estate 24,300 exPanded.
ServIces 50,000
Government 61,800 LAND USE
NOt classified 47,100 Land use In the Cedar.Green Basins varies from

Intense residential, commercial, and industrial uses in
A major industry an the basin Is the manu(ac- the city of Seattle, to undeveloped cutover lands and

• tine of jet airplanes and research, development, and second-growth timber ha the eastern portions. Forest-
production of missiles and advanced spacecraft. lands predominate In the basin, accounting for 63
The Boeing Company, with headquarters hi Seattle, percent of the total land use. Most of this acreage lies
employed more than 98,800 persons with an annual in Federally administered Snoquahnle National For-
payroll of more than $900 million as of June 1967. est. Approximately seventy percent (70%) of which is

Elliott Day, which forms Seattle’s natural deep- privntely owned. Urban buildup Is significant, ac~
• water harbor, is one of the finest seaports in the counting for 22 percent of the land area. This

world, covering more than 5,300 acres. Its waterfront in~~~ei ~~ metropolitan area of Seattle, with its
• is lined with modern terminals equipped to handle nemby cities and suburban residential areas. Agricul

~aanY types o rargo. The Port o a municipal tural land uses are concentrated in the Green and
corporation, opendes marine and airport terminals, s s m ~~~~ River valleys with marginal uses in the
develops sites for wre oriented II$thN~ ~id upland areas. Table 7-1 shows land use In the Basin.
promotes commerce. Air traffic and the movement of
uterine cargoes yield a gross annual volume of $600 TABLE 7.1. General land use.
nidlion and employ more than 28,000 persons,
producing an annual peyrc1i in excess of $200 U. Àø
IflWiOfl

Mthou.h the aerospace Industry predom inates,
many other indust ries, such as shipbuilding, forest 3000
products, food processing, and metals, also exist hi 34,000
the b~~~. Heavy Industrial development Is conceit- ~~~~ 167.000
trated along the lower readies of the Green- Inland wiser 3~.000
L~remnIsh RIwe~ valisy aid Ii the Seattie-Rentcn -r.w ,si~ ssi~ ~rsIuld vmser 743.000

, \ metropolitan area. Light industry is considerably
more dh~4~~& I~~rylng, truak gardening, poultry ienrc~ *ppsn~~ iii , ~~~~~~~

L
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PRESENT STATUS

WATER USE In Renton , industry uses 1.07 mgd. Industries
in the Green River Valley, Auburn , and Kent use

Surface and ground water used for municipal about 0.55 mgd. Satt ered throughout the basin are
industrial, and rural-individual purposes averages industries that supply their own needs, amounting to
about 165.4 million gallons daily (Table 7-10). No 12.62 mgd.
ground water supplies are used in the Seattle area.
Nearly all small population centers outside the Seattle Rural-Individual
city limits, however , including rap idly growing Rural-individual water use in the basin amounts
Renton , and Kent , rely mainly on ground water to about 0.9 mgd. Ground water accounts for an
supplies. Table 7-2 summarizes water use in the Basin estimated 0.8 rngd , or 90 percent. The remainder Is
in 1965. surface water. The estimated rural population served

is about 15,000 persons. Few persons are rural rest-
Municipal dents because the economy of the basin is centered

The total amount of surface and ground wat er almost entirely in urbanized areas in and around
used primarily for municipal and domestic purposes Seatt le .
aver ages 108 mgd, or more than 65 percent of the
total basin water consumption . The average per capita
water consumption in municipalities throughout the WATER SUPPLIES
Basin is about 103 gallons per day (gpd).

Seattle uses more than 85 percent of the total Municipal and industrial surface water supplies
municipal water supplied in the basin. FIgure 7-2 are obtained from the stems and tributaries of the
shows Seattle water consumption from 1950 through Green and Cedar rivers in Cedar-Green Basin, the Tolt
1966. Average consumption Increased from 80 mgd River in the Snohomish Basin to the north, and from
in 1950 to about 125 ntgd in 1966, for an estimated numerous creeks. These sources also supply some
served population of 918,000 residents, rural-Individual areas, but to a much lesser extent .

Figure 7-3 shows the Seattle water demand Ground water supplies for municipal, industrial, and
profile based on data fro the period from 1950 to rural -Individual use are plent iful In the lowland and
1966. July thzough October shows the greatest mountain areas. The lowlands are generally west of a
demand . During July and August municipal water line through Hobart and Enumclaw. The present
consumption for 30 consecutIve maximum days Is quantity of surface and ground supplies tapped for
about 140 percent of the annual average water 

~~~~~~; 
InUfliCipiL, Industrial, and rvral-indjvidual use averages

the 7 consecutive maximuaj a days is about 160 about 165 ingil. Swface water furnishes 148 mgd of -

percent. This shows the ’ c tof ls  kl~~~~ui this total and ground water supplies furnish the
other domestic uses during the ninuner. Water use iemaiiUiig 17 mpg.

• reachesalow in ldarch o( les.than 8O percent o(the
annual aver~~ water use. MsuiIm1p.~

Seattle ut~~ss Ike-Cedar River and the Tolt
IndUstrial RMr watersheds for its amaaiclpal water supply. The

Industry In the b&t uses about 56.8 agd, or Cedar RMr wawadied, bepsst of the two, has an area
34 percent of the total water consumption. Moat of of 143 square adse, extending from Landthurg on
the industrial water Is ~~~~~ by the Seattle water the west to the cleat of the C r.d Mountains. It is
system. Industry is heavily concentrated along the about 25 ndes king and 6 miles wide. In the center of
thomas of Elliott Bay, the Duwa~CiaL W.sa.~~~ lb. watershed lies Chester Morse Lake, which has
(photo 7.3) and the Lake W~~ ’i n .  ~~iip Cad, been ~~~~~~~

‘ 

~~ to puiwlde 35,000 usable acre-feet of
Industries currently use ha noses of 19A7 — fro storag, for kydeodsoteic generation and water supply
the Seattle municipal system. (sue FIg 2-5).

_ _ _ _  ______________________ I— _______ — — 
— 

—
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TABLE 7.2. Water use (1965).

Estimated Surface wetsr ussue (nied) ~ rcund water usaus ~nn~)
population Average Maximu m Maximum Av.rags Maximum Maximum

System served daily monthly daily daily month ly daily

MUNICIPAL USE
Seattle 887,420 91.90 130.00 253.00 — —OIyn~ Ic View Water District (13,500) (120) (2.36) (3.00) — — -.

Edmonds (8.200) (0.50) (0.75) (1.00) — — —
Killilend (10,000) (0.85) (1.02) (120) — -- -.
BothelI (3,700) (020) (0.60) (1.00) — •— —

Normandy Perk (1.640) (0.12) (024) (0.37) — — —Tulcwila (1.600) (023) (025) (027) — — —Duvell 1525) (0.0~ (0.06) (0.10) —. —

N.nton 38,175 — ‘— — 4.10 6.30 8.50
Mountlake Terrace (13,400) (0,80) (1.20) (3.20) — — —Auburn 17,100 1,90 2.60 3.25 1.10 1.40 1.75
Kant 10,457 — — .— 2.47 2.81 3.15
Enum clwi 8,500 — ‘— .— 0.90 1.30 1.70
Redmond 3,497 — — — 0.33 0.97 1.60

- lausqu.h 2,368 — — — 0.36 0.43 0.50
PacIf ic 1,668 — ‘- .- 0.20 0,25 0.30
Black Diamond 1,035 — — — 0.18 0.22 0.25
Other rural community systems 55~~ Q~Q Q2~ 412 L~2 U~~

1,025,220 93.90 132.80 256.50 13.80 21.20 29.10
RURA L .INO IVIDUAL USEC 15,000 0.10 0.10 0.20 0.80 1.00 1.40
INDUSTR IAL USE
Municipally supplied:
Seattle:

Food and kkidmd 3.82 4.00 4.27 ‘— —

Cliemiceis. metals, oIls 9.20 10.30 12.21 —. .— —

Lun*sr and wood 1.31 1.60 1.80 — — —

Siot*. CIW. 0.03 0.03 0.04 — .— —

Trin~ t gfl. ilon 5.01 5.94 682 — -. —
P~nton:
Food sad kIndred 0.01 0.01 0.01 0.01 0.02 0.03
TranL t.don — — — 1.05 106 1.15

Kent:
Food and kindr ed — — — 0.13 0.26 0.39
Chsmlcait, metals, oils — — — 0.25 0.28 0.30

Atdswn:
Food sad kindred 0.02 0.02 0.03 0.01 0.01 0.02

0.10 0.11 0.13 0.05 0.06 0.07
SIN—

Food and kindred — — — 0.30 0.32 0.34
Chemicelu. metals, oIls 31 .00 34.00 37.00 — —Lun*sr and wood 3.34 426 527 0.12 0.17 0.22
Ston~~c1sy,~~uN 2.88 2.84 Ma 0.56 Q~7Z

Subtotal 54.40 60.90 68.20 2.30 2.70 3.20
Total 1,040,220 148.40 193.80 325.00 i&90 24.90 33.70

°8.rt’ud by Akisiwuod Water Dieelct which is served by Everett.
b 

~~~~~~~ population ,vsd exceeds the 1916 Todi Force census population of 1,010,100 bemuse of the ropidly Increasing
population ~ owth e~~~rIsa jd In the h ats, omu In the past few yons. Also, estimated served population for th. city of
SautSi lnckadss earns muse outside of the CudvOmen Basin and nunthsrous water distribution systems within the
C.der4aen Sub on a pannanant and as srut basis. TIN. 2.7 determined an “as’srag. rating” for this basin for 350 vassar
synemst the population served by these water systems lus been included in the neerest municipal systems since the

A 

municipality 1 often the ~~~er a~ pIlar for the small., dienlbutlon sytesm.

o A.umsd rsbdlvsly low tiger. of 15,000 a,~~~s bemuse the SaWs economy and population Is centeted almost entiNly in
muse In sad smund Sestti, IstlinINd 90 par. ,...I of ru,sl4ndMdaal u Is supplied by yound water.
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i l l  PHOTO 7.3. Industry along the Duwamish Water-
way and other concentrated areas in Seattle use a
large portion of the industrial water.

100 — A&Jjnost three-fourths of the Cedar River water -
Annual shed is owned by the city of Seattle ; the remainder is
Average owned by private interests and the federal govern.

ment. Sustained-yield logging removes merchantable
timber. A city power peaking generating plant is also
located in the watershed , and has been in operation
since 1904 . Sanitary Inspectors enforce sanitary

I I regulations on aH operations within the watershed
1960 1964 1968 1962 1966 and patrol the area to prevent treipsas and cootami-YEAR nation of the water supply.

FIGURE 7.2. CIty of Seattle water consumptIon.
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A low .crest dam at Iandsburg (28 miles from southern end of Lake Washington , is the secon d
the city center) diverts a port ion of the Cedar River largest water-using community in the basin. The city
waters through a screenhouse where it is chlorinated has a populat ion of more than 38,000 persons.
and diverted into pipelines that carry the water 10 Several thousand additional persons employed by The
miles to Lake Youn gs. Formerly a natural lake, Lake Boeing Company work in the city each day. The
Youngs was develo ped into an equalizing reservoir to Renton water supp ly system presently consists of five
serve as a settling basin whe n occasional periods of wel ls that distribute 4.1 mgd to the main parts of the
turbidity occur on the Cedar River. River water can city, with some small areas served by the adjacent
also be dive rted around the lake directly fro m the Seattle water system.
control works where the water is disinfected . From In the Green River valley, the city of Auburn
the Cedar R iver , 220 mgd can now be delivered distributes 3 mgd to a population of 17,100 persons .
through large gravity transmission mains to customers Two springs and groun d water from two wells are
of the Seattle Water Department (Figure 7.8). used . The nearby community of Kent , which has a

The bIt  River watershed in the Snohon ush population of 14,000 persons , uses 2.47 mgd
Basin , on the South Fork of the bi t  between the obtained from two springs east of Kent. Water
towns of Carnation and Skykomish , encompasses requirements in the Kent area are expected to
about 12,200 acres. An earth-fill dam impounds increase considerab ly between 1965 and 2020.
57,900 acre-feet of water storage for municipal and The remaining cities and towns in the basin,
industrial needs. The basin is about 3-1/2 miles long except Mount lake Terrace , rely mainly on wells for
and 1/2 mile wide. Water is conv eyed to a regulating their water supply. These systems serve populations
basin 5 miles downstream from where it is piped to a ranging from 1,000 to 3,500 with 0.2 to 0.9 mgd.
receiving reservoir at Lake Forest Park, at the north Mount lake Terrace , with an estimate d population of
end of Lake Wasnington, where the distribution more than 13,400 persons , is served by the Alder -
system starts. The pipeline from the South Fork of wood Water District , which in turn is provi ded waterthe bolt system can deliver 90 mgd to Seattle and by the Everett municipal system. Numerous other
suburban communities, rural community systems serve 4.2 mgd to about

In the Tolt River watershed (photo 7.4), 55 ,000 persons .
the Weyerhaeuser Company owns 53 .8 percent of the
land, the US. Department of Agriculture 28.9 per Industrial
cent, the city of Seattle 163 percent, and other Water for industrial purposes is mostly munici-
interests 0.8 percent. The city of Seattle and the pally supplied. The Seattle water system supplies 34Weyerhaeuser Company have an *eemeflt covering percent of the needs of industries in the basin.the operations in the watershed which gives the city 

~~nton ~~~~~ indu~t,~ with 1.07 mgd, Kent
the same degree of protection as exists on pnvate supplies 0.38 mgd, and Auburn 0.18 mgd. Severallands in the Cedar River watershed. Therefore , the
city need not purchase the pthate lands in the lolt
River area to protect the water quality. 

- .

The Cedar and South bolt River systems
currently supply Seattle average water needs of 134
mgd and peaks of 310 mgd. Further development of
the North Fork of the Tolt River system could —
increase the peaking capability to 400 mgd. Further
development on the Cedar River could increase peak
water supply to 600 mgd.

The Seattle Water Dept. Is one water system
which currently deigns and constructs for an option
water supply category. They are now capable of
supplying 2.0 gpm or 823 gpcd (see FIgure 2.6). The

~ WSDH option for this category is 16 gpm or 658
Wed. PHOTO 74. The bit River watershed supplIes water

The city of RatIon, south of Seattle at the to Seethe fron t the Snohomish Basin. 
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industries in the Seattle area are self-supplied from Additional water is claim ed by the Tacoma
surface sources for uses such as cooling . They use Water Department in the Green River Basin (130
waters from Lake Washington , the Lake Union the MGD) under a 1906 priority right and (130 MGD)
Ship Canal, and Puget Sound. Other industries under a 1908 priority right.
throug hout the basin are self-supp lied from wells , Critical low flows of small streams in the basin
springs , and rivers , and of the Green River have prompted the Depart-

ments of Fisheries and Game to close many sources
Rural-Individual to further consumptive appropriation and to impose

An estimated 15,000 perso ns are supplie d by low-flow restrictions on many diversions.
rural-individual systems, and utilize 0.9 mgd. It is A total quantity of 191 mgd was appropriated
estimated that 90 percent of this supply is ground under prime ground water permits and certificates as
wate r and the remainder surface water . The rural- of September 30, 1966 and an additional quantity of
individual population is widely scattere d, particularl y 0.6 mgd was recorded under supp lemental rights.
in the eastern parts of the basin . Ground water filings pending in the application

stage would account for additi onal ground water
WATER RIGHTS development in this area amounting to about 12 mgd.

Individual , community and domestic supplies
The Cedar.Green Basin has a total of 1,551 led the field of ground water used with 98 mgd;

recorded water-rig hts; of these, 1,200 are surface and irrigation, 29 mgd; and municipal , 22 mgd.
331 are ground (1966-1967). Total recorded prime Table 7-3 shows water rights in the Cedar-Green
rights appropriated in this basin amount to 525 mgd, Basins.
with applications, as of April 30, 1963, for 282 mgd
additional - the cities of Seattle and Tacoma being the
prime applicants. TABLE 7-3. Consumptive water rights.

Surface water for power generation , 141 mgd, m di-
is the largest use in the Cedar-Green Basin. Following vidual Ind u~-

are industrial , lii mgd; municipal , 93 mgd; irrigation and trial
corn- and

65 mgd; single and community domestic supplie s, 50 Mum- munity corn-
mgd; and fish propagation , 65 mgd. Seven stora ge cipal domes- mercial

Type (ned) tic (rngd) (rngd)
rights have been perfected in this basin for a total
annual quantity of 2,801 acre-feet. Most of this Surface water 93.1 50.5 117.7
storage is associated with developments for wildl ife Ground water 22.0 98.0 20.1
and fish propagation use. Total ’ 115.1 148.5 137.8

The city of Seattle obtains additional water for
municipa l use (205 mgd) and power generation (323 ‘About 246 mgd in additiona l appropriative rights have

mgd) from the Cedar River under a claim to been granted for other consumptive uses in the

vested-rights , basin.

WA TER RESOURCES
SURFACE WATER resources in the basin are the streams, artificial

storage impoundments , and lakes.(
~iantity Available Streams. The prime stream resources are those

Resources of surface water abound in existing in the Green-Duwamish and Cedar River watersheds.
and potential, natural or developed, storage sites in Stream flow runoff data obtained In the Cedar-Green
the Cedar-Green Basin. However, the quantity avail- Basin indicate a range in mean annual runoff cont ri-
able from existing resources is not inexhaustible, and bution from about 100 inches near the Cascade crest
future increases In water use from the Cedar River near the headwaters of the Cedar River to less than
will reduce the beneficial inflow to Lake Washington 20 inches near Seattle . The annual estimated average
by a corresponding amount. The prime surface wate r runoff for the basin during the 30-year period from

7-8
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193 1 throug h 1960 was about 36 inches, or bution s. The highest discharges of the Green River
2,200,000 acre-feet. Runoff is measured at several ususally result from w inter rains. Pronoun ced low
discharge stations located throughout the basin. Refer flows , reaching a minimu m in August, reflect the
to Appendix XIII for a map showing the location of absence of storage in glacial ice and meager contribu-
these stations . tions from ground water. Stream flow on the Sam-

Runoff from the upper part of the Gr~ n iiver mamish is characterized by a series of sharp peaks
watershed has been measured since 1932 at a station from Octobe r throug h March and a summe r base flow
near the community of Palmer . The 30-year period of of about 200 cfs.
record indicates a mean annual discharge of 1,080 cfs. A low-flow frequency analysis has been
The maximum annual runoff (1,500 cfs, or 139 per- made by the U.S. Geological Survey for 35 gaging
cent of the 30-year mean) at this station occurred in stations in the basin (photo 7-5) based on an 18-year
1959. The minimum annual discharge , in 1941, period of record from Apr il 1 , 1946, to March 31 ,
amounted to 47 percent of the mean (508 cfs) . 1964. The 7-day and 30.day flows that may be
Lxtreme discharges of 27,800 cfs (maximum ) and 81 expected to occur at eight of these stations for
cfs (minimum) have been recorded , recurrence intervals of’ 5 , 10, and 20 years are shown

Stream flow records for the Cedar River date in table 7-4. Use of low-flow data should take into
back to 1895 , making it one of the longest periods of account that: (1) the Cedar River at Landsburg is
record for a stream in the Puget Sound Area. With the affected by regulation for power development at
exception of two short periods, continuous measure- Chester Morse Lake and Masonry Pool; (2) records of
ments have been taken at a gaging station located the Cedar River made at Renton are affected by
near Landsburg. The data obtained represent the upstream regulation and diversion of the river for
runoff from about the upper half of the Cedar River municipal use by Seattle ; (3) recent channel improve-
watershed and closely reflect natural runoff condi- ments on the Sanunamish River may have changed its
tions. During the 1931 through 1960 period of low -flow characteristics; (4) records for the Green
record , the average annual discharge was 680 cfs . The River below Palmer are affected by diversion to
highest annual discharge (940 cfs , or 138 percent of Tacoma and the operation of Howard A. Hanson
the 30-year mean) was recorded in 1934. The lowest Dam for flood control and conservation.
discharge (34Ocfs) occurred in 1941 whe n the flow Dims and Impoundments. There are three dams
was only 50 percent of the mean. Extreme maximum in the Basin. These are the Howard A. Hanson Dam
and minimum dischares of 14,200 cfs and 83 cfs have on the upper Green River and Masonry Dam at
been observed on the Cedar. Masonry Pool adjacent to Chester Morse Lake on the

A stream gaging site at Bothell measures runoff upper Cedar River. A crib dam is also located at
from 88 percent of the Sammamish River watershed. Chester Morse Lake (upper Cedar River).
During the 1939-1960 period of record , the average
annual discharge was 367 cf’s. The maximum recorded
discharge occurred in 1965 and was 1,910 cfs (520
percent of the 21-year mean). The minimum dis-
charge recorded during the 21 .year period was 62 cfs —

(17 percent of the mean) in 1951. Stream flow of the
Sammamish River depends highly on the amount of
outflow from Lake Sammamish, which receives 40
percent of the total runoff in the watershed. The
Cedar, Green, and Sammamish Rivers display runoff
patterns similar to other rain and snow -fed streams.
The highest flows occur durIng December and Janu- 

-
ary , receding slightly as spring approaches , then
merging into the less pronounced snowmelt runoff -____

_
__

peak during Apr il, May, and June . Base flows on the 
_____

Cedar during the dry summer months are relatively
high, In part because of the storage Influence of PHOTO 7.5. Waterihed protection keeps bacterial
Chester Morse Lake and sizable ground water contri- count low in the upper Green River.
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TABLE 7-4. Low-flow frequency, crib dam and provide increased storage for power
F 

—___________________________________ generation and municipa l supply . An immense earth
Recur. 7-d y  30’day slide and washout near the right abutment occurred
rence low low shortly after construction of the dam. Since thisInterval flow flow

Station (years) ~~,j  ~~ failure , the level of the Masonry Pool has been
maintained at an elevation of about 1,555 feet , which

Grain River 11W Lists, 5 30.0 34.0 is the crest elevation of the crib dam. A high rate of
10 27.0 300 seepage occurs from the reservoir when higher wate r
20 24.7 26.5 levels are attained , creating conditions that could

Nswsukum Creek near 5 13.0 14.5 result in another fai lure.
Black Os.mond 10 11,3 12.7 The city diverts municipal water from the

20 10.0 ~~1 Cedar River near Landsburg into storage in Lake
Big Sons Creek nes- Auburn 5 25.0 265 Youngs. The lake has a reservoir area of 700 acres and

10 22.0 23.6 provIdes 11,000 acre-feet of off-stream storage for
20 20.0 21.0 the city of Seattle. The lake is used primarily as a

Green River at Tukwils 5 lai .0 185.0 stora ge reservoir, and up to 150 mgd is drawn from it
10 140.0 155 0 when the river water becomes turbid , at which time
20 120.0 130.0 no river water is diverted .

Cider River 11W Laid~~wg 5 210.0 235.0 Lak es. The most notable fresh-water lake
10 ie& o 210.0 resource in the basin is the Lake Sammamish-Lake
20 170.0 IBO.0 Washington chain, connected by the 14-mile4ong

Cider River at Renton 75.0 Sammamish River. About 607 square miles of surface
10 40.0 52.0 area drain into Lake Washington throug h the Sam-
20 a.o ~~o mamish River at the north and the Cedar River at the

IsusQuek Creek nw l quek 6 12.6 14.0 south. The Lake Washington Ship Canal complex,
¶ 17 12.7 6-112 miles long with a minimum dey~” of 30 feet,

20 110 11.7 connects Lake Washington to Shilsholr ~ay and Puget
Sammarnid~ River at Bothell ~ ~~~~~ ~~ 

Sound. Ideally, the Chittenden Locks maintain the
io ~~~ ~ 

water level in Lake Washington and the ship canal
20 ~~~ 70.0 complex between 20 and 21.85 feet above mean low

tide on Puget Sound . Lowering to below 20 feet is
The Howard A. Hanson Reservoir has a sometimes necessary during periods of low inflow to

maximum storage of 106,000 acre-feet and provides provide enough water to operate the locks.
106,000 acre-feet of active storage for municipal and The minimum depth of the canal is some 10
industrial water supply and conservation. Maximum feet below the mean low tide level. Therefore, opera-
storage is not retained in Howard A. Hanson lion of the locks, particularly at high tides, permits
reservoir, but is dissipated as soon after a flood as some upstream flow of salt water from Shilshole Bay.
possible to provide storage capacity In the event cia Part of the lock system consists of a huge sunip in
second flood. During low low periods, discharge Salmon Bay, just above the locks. Most of the cold,
below the dam is augmented so that about 100 cii ii dense sea water settles into the sump m d  is pumped
maintained In the lower reaches for fishery back to the downstream side of the locks. During
enhancement, periods of low inflow into Lake Washington, from

Chester Morse Lake Is a natural lake that has Aptil to November, this system cannot remove all the
been developed to provide 56,000 acre-feet of storage salt water, and a layer of cold sea water penetrates
fo , hydroelectric power and water supply. The along the bottom of the canal toward Lake Washing-
M.sonzy Pool reservoir, located .bout 2 miles down- ton . To prevent permanent sallnatlon of the lake and

• stream from Chester Morse Lake, has a capacity of destruction of fresh-water plant and animal if. , salt
4,000 acre-feet. In 1900, storage Is Chester Morse content is monitored at the Montlaka ~ Idpe. When
Lake was increased by the construction of a crib dam salinity reaches 10 mgfl, the upsersem .yphon Intake
15 feet high. Masonty Dam, completed in 1918 to a in the ship canal Is opened to flush the salt water
height of 120 feet, was constructed to Inundate the back toward the sound below the locks.
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QU$Iity River n~ r Tukwila and in the Lake Washington Ship
High -quality surface water is available at Canal.

selected points in the Cedar-Green Basin , as shown in Significant amounts of iron occur in some
table 7-5. The major rivers and streams flow from stream sections. Iron concentrations in the Sam-
isolated and protected country. However , industrial mamish River at Bothe ll average 0.5 mg/I; a maxi-
development and an increasing populatio n, with their mum concentration of 2.4 mg/I has been recorded. In
accompanying waste disposal to surface waters , have Issaquah Creek, the average is 03 mg/I and the maxi-
caused the water quality of some lakes, downstream mum 2.6 mg/I. In the Duwamish River at Tukwila,
sections of major streams , and other water courses to the average iron conten t is 0.6 mg/I and the maxi-
deteriorate , mum 1.7 mg/I.

Data in table 7-5 were gathered from 10 moni- Dissolved oxygen values in Table 7-5 indicate
toring stations since about 1959 . that most fresh water in the basin contains adequate

Physical The maximum summer temp erature oxygen to maintain aquatic life. However , the
of the Green River at Auburn , 24.2°C (75.6°F), has estua rial reach of the Duwamish River fro m Tukwila
one of the highest recorded stream temperatures in downstream to the mouth does have at times, a
the Puget Sound Area. Other high temperatures have dissolved-oxygen cont ent of less than 5 mg/i caused,
occurred in the Sammamish River at Botheli, 23.6°C in part , by changes from a free-flowing stream to a
(745°F) and in the Cedar River at Renton , 22~8°C fairly quiescent tidal condition.
(73.0°F). The Lake Washington Ship Canal water has The lower Duwamish River has been the subject
attained a high of over 20.4°C (69°F). Summertime of study by various agencies since the city of Seattle
temperatures in other streams in the Basin are began its study of dissolved oxyg en in the river during
considerably cooler; no stream exceeds 18.5°C the fall of 1948. In August 1949, the dissolved-
(65.3°F). oxyg en content in the botto m water was 3.7 mg/I and

Streamborne sediment is not a serious proble m in the surface layer it measured 6.1 mg/I. As part of a
in the upper parts of rivers in the basin , but it is a comprehensive water quality program begun in 1961,
problem in their lower reaches. A dense cover of vege- Metro (the municipality of metropolitan Seattle) has

• tation on most slopes prevents excessive soil erosion. studied extensnely the physical, chemical, and bio-
Streams in the Cedar River watershed transport only logical characteristics of the lower Green River and
small amounts of sediment , with suspended-sediment the Duwamish Waterway. A cooperative monitoring
concentrations of less than 20 mg/I. Sediment data program has been maintai ned since 1964 by Metro
collected daily on the upper Green River from 1951 and the US. Geological Survey. Biological and
to 1955 showed suspended.eediment concentrations nutrient sampling of the Green.Duwamish River is
ranging from I to 1,350 mg/I. On the lower Green conducted monthly during the winter and weekly
River at Tukwila, the maximum cQncentrat ion was throughout the remainder of the year . Routine
1,590 mg/I. sampling in August 1963 showed that the bottom

Turbidity is generally high in the major dreams waters in the Duwamish Waterway lacked adequate
except the Cedar River. Maximum turbidity observed amount s of dissolved oxygen at times zero DO was
in Issaquah Creek was 350 JTU, the highest recorded recorded to maintain aquatic life for a prolonged
turbidity in the Basin. The Sammamish River at period. Further sampling during the critical summer
BotheU showed a maximum of 120 JTU. Maximum period revealed a month-by -month degeneration in
turbidity on the Duwamish River at Tukwlla was 70 oxygen concentration. Dissolved oxygen decreased
RU, less than Issaquah Creek or the Sanunamush from 5.2 mg/i in July to 3.1 mg/I in September.
River. Smaller streams have low tUrbidities, generally Studies in Lake Union and the Lake Washing-
lees than 6.0 JTU, and seldom surpassing 25 JTU. ton Ship Canal relating to salt water intrusion and

Chemical. The chemical quality of surface dissolved oxygen depletion were started in 1964 and
water In the Cedar-Green Basin Is excellent, and the continued In 1966. Records show a noticeab le
water Is acceptable for nearly all uses with little treat- decrease In salt water Intrusion from Puget Sound

~~~ mint. Water from most streams and lakes is Into the canal since 1960. Uttie Intrusion was
chemically soft , low In dissolved solids, and high In detected beyond Lake Union In 1966. DIssolved• dissolved oxygen concentrations. The greatest con- oxygen concentrations are zero In the botto m waters
csnttatlons of dissolved solids occur In the Duwaniish of Lake Union. Mthough sewers that had been
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TABLE 7-5. Surface water qua’ity

_ _ _ _ _ _ _ _ _ _ _- _ _ _ _ _  __
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~~~~~~~~~~ ~~~~~~~~~GREEN RIVER NEAR PALMER JULY 1959 THROUGH JULY 1961
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GREEN RIVER NEAR AUBURN JULY 1959 THROUGH FEBRUARY 1946
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GREEN RIVER AT TUKWIU.A OCTOBER 1962 THROUGH APRIL 1966
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CEDAR RIVER AT RENION JULY 1959 THROUGH MARCH 1966
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CEDAR RIVER NEAR LANDSBURG JULY 1959 THROUGH AUGUST 1962
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ISSAOUAH CREEK NEAR I*IA~ JAH NOVEMBER 1964 THROUGH APRIL 1966
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LAKE WASHINGTON SHIP CANAL AT SEATTLE OCTOBER 1964 THROUGH SEPT 1965
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emptying into Lake Union have been intercepted by the routing of storm water into the lake, littoral vege-
the Metro system, bottom deposits and storm water tation , mud shoals, waterfowl droppings, and out-
overflows continue to degrade Lake Union water breaks of swimmers itch . After studying the situation,
quality. the Seattle Park Department instituted a program to

• Water quality in the basin is also affected by improve the lake. Large amounts of nutri ent- poor
the introduction of toxicants, especially by industries city water were added to dilute the lake, and dredging
located along the Green-Duwamish River. Although and shoreline Improvements were undertaken. Since
data are not available , it is known that concentrations 1962, the lake has been flushed about seven times.
of tox ic wastes have been high enough at times to be This has decreased the quantity of algae, improved
lethal to fish and aquatic life. In the case of the the transparency of the water , and virtually elimi-
Duwamish, essentially all industries discharge wastes nated one species of blue-green algae. These remedial
containing toxicants, but their concentrations are actions have saved Green Lake from complete degra-
Lequired to be within established standards. Careless dation.
spills and dumps in the past, however , have allowed At the same time, Lake Washington was
highly toxic materials to reach the waterway, and becoming opaque with scum and filth. Excessive
these were extremely detrimenta l to the aquatic life amounts of raw domestic sewage was converting its
of the river. Cyanides, chromates, acid pickling oligotroph ic character to a condition of eutrophy. In
liquor, oils, grease, sodium hydroxide, phenols , and 1960, Metro started a 10-year program with one
pentachiorophenols are some of the wastes that enter objective to eliminate waste inflow to Lake Washing-
the river, ton. To date , Metro has greatly reduced the con-

Bact eriologica l. Sanitary quality in the lower tamination of Lake Washington, and the lake is
reaches of major streams in the basin has been a regaining its sparkling blue sheen and oligotrophic
problem for many years. The presence of a high condition.
number of fecal coliform organisms in water samples A limnological investigation of water quality in
taken at the stations, as shown in table 7-6, indicates Lake Sammamish is presently being conducted by
possibly dangerous pollution in some areas. The Metro to determine conditions and devise means to
Green River above Auburn (figure 7-8) is bacterio- prevent further eutrophication. The study so far indi-
logically satisfactory; the MPN range near Palmer was cates that the lake is In the early stages of eutrophica-
only 0 to 430. Conditions become worse down- tion and is possibly more degraded than Lake Wash-
dream. At Auburn , the MPN range was 0 to 24,000. ington was in 1950. Twelve stations were established
On Big Soos Creek, a tributary to the Green River , on the lake to collect data on water quality. A sub-
the MPN range was 0 to 24,000. MPN values stantial quantity of nutrients are being contributed
range front 230 to 240,000 on the Duwamizh River at by lssaquah Creek, Tibbetts Creek, and several minor
Tukwila. tributary streams. The blue-green algae population of

The bacteriological quality of the Cedar River is Lake Sammamish is a typ ical indica tion that the lake
• excellent above Landsburg, where 88 percent of the is undergoing eutrophication . In 1964, 20 percent of

MPN recorded was less than 240. Downstream at the samples at three stations exceeded 240 MPN. A
Renton, the MPN range was 0 to 4,600. year later, only one station had 20 percent of samples

On the Sammsmlth River at Bothell, MPN over 240 MPN, but this station was located in an area
values are uaially less than 1,000, but a high of of maximum recreation usage. More than 5 percent of
II ,000 has been recorded. The Lake Washington Ship samples taken from two other stations exceeded
Canal showed MPN values ranging from 36 to 4,600. 2,400 MPN.

¶ lusqush Creek, which flows Into Lake Sammamish, Info rmation on temperature, transparency,
has an averaga coliform count in excess of 11 p000 nutri ents , dissolved oxygen, phytoplankton, and zoo-
MPN and an MPN rse~~ of’ 36 to 24,000. plankton populations, primary productivity, and bac-

In the past, a few of the litpr lakes hive been serlological data are not available for other fresh-
subject to uncontrolled water po~ Illon. Until a few wate r lakes In the basin. Probably, populat ion
years ago, Green Lake w an eutrophic body of increases and encroashing suburban developments
water plagued by heavy bloons of b~e. peeu will cauus other lake, to deteriorate at an Increasing

• inpedsd by seasonal sigul blooms, sewer overflows, during land dn,lopmeni.
~~~ during the wuni month.. U.s of she like wea rate in the future unless protective measures are taken
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GROUND WATER pre..Quaternary Age usually do not contain significant
aquifers.

Quantity AVIIUIbIS Precipitation, primarily rainfall, recharges the
Ground water supplies are plentiful in many lowland aquifer .. These aquifers are estimated to

places in lowland and mounta in areas of the Cedar- receive about 110,000 acre-feet of recharge in an
Green Basin. The most important aquifers occur in average year . The natural discharge of ground water is
the lowlands in sedimentary deposits of the Quater- primarily into the lower drainages of the Green,
nary Age. These sediments are mainly till, recessional Cedar, and Sammamish Rivers and Lakes Washington
outwash , alluvium, and mudflow deposits. The and Sammamish.
uplands are covered principally by till.

The alluvium, which occurs mainly on flood
plains of the Sammamish, Cedar, and Green Rivers , is Most aquifers in the basin furnish ground water
composed principally of sand and gravel. Fine sand, of excellent quality that is acceptable for nearly all
silt, and clay predominate in the Green River valley uses. Concentration of dissolved solids is usually less
north of Auburn. The water table in the alluvium is than 200 mg/I in the shallower aquifers, and some-
generally about the same level as the river . Deeper what greater—up to 500 n*J1 - in deeper aquifers.
alluvial aquifers ut ‘he lower Green River valley are Hardness of the ground water is generally less than
confined under r~tesian pressure. Mudflow depos its 120 mg/I. Highly mineralized water occurs in some
are expoaed on the uplands east of Auburn and south aquifers adjacent to Puget Sound. Silica content
of the Green River. They serve as a confining layer averages about 30 mg/I in waters containing less than
for underlying artesian aquifers. 200 mg/I of dissolved solids. Brackish water occurs

Sediments older than till are exposed along only locally in the deeper aquifers. Some deep
some margins of the uplands, especially along Puget aquifers in the southern part of the basin commonly
Sound and the lower Green River valley. These older yield water containing more than 50 mg/I of sodium.

- : sediments include sand and gravel aquifers that con- Table 7-6 contains ground water quality data for
lain fresh water at most places. Consolidated rocks of selected wells in the basin.

PRESENT AND FUTURE NEEDS

The Cedar-Green Basin will continue to be the Several communities in the south portion of the
center of population and economic growth in the basin, notab ly south Kent and Auburn- Federal Way,
Puget Sound Area through the turn of the century. are projected to have the largest single increase in
The Seattle Water Department has In current use, and population. These communities, mostly served by
presently under development, watersheds on the Individual and small community systenu, already
South Fork of the Toll River and the Cedar River have an inadequate supply of ground water and are
adequate to meet the projected nnsnicipal and indus- too far south to be served economically from the
trial water needs to the year 2007. Figure 7-8 shows Lake YOUngs supply. At present, these communities
the water r.quliemenss from 1922 to the present, can be served from the northeast service area of the

projected needs through 2020, and the supply Tacoma water system.
• sources.

The Green River Is the principal source of
isa~al-’1pa1 and industrial water for tlse city of PROJECTED POPULATION GROWIH
Tacoms, and cou.e1.aiiuily carusot be considered a The 1965 Cedar-Green Basin population

~aeerve source of .spply far increased future water (1,040,200) Is projected to increase to 1,479,000 (42
needs the C.dar.Green BasIn, percent) by 1980, to 2,375,700 (130 percent) by

v~~cn Ithnd I expected to giow mote dowly 2000, and to 3$ 16,300 (267 percent) by 2020. (See
ilma the remainder of the basin, primarily because of figure 74.) Expansion will be mostly to the east,
restricted access to the .‘~a~~~d and the lick of h~l”~’ig most of the Snoqualmie River Valley lying
adequate water reurves. south of Cassiatins, and south of the Cedar River
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TABLE 74. Ground wut& quality.

Csdont (m f  I)

h 
3 1

0u.iur ~~~~
b0’

~ out. Ij i I I I I  i~°kI J h~
Khes County Watsr DIn. No. 64 21/4-502 12/18/59 50 19 4.4 14 63 5.8 2.6 0.2 0.09 102 57 157 7.6
I0n~ County Wstsr Din. No. 19 23/3-290. 3/3/61 57 ~ 001d 10 8.6 8.0 1.2 10.0 0.07 116 60 158 7.3
Thu Bosi n Comp.ny 23/4.4A1 4/9/54 66 25 0.14 314 8.4 1.0 872 1600
City of Rsnton 23/5.17F1 6/23/60 55 14 0.00 12 3.5 4.0 0.6 0.8 0.02 74 44 110 6.9
King County School DIn. No. 400 24/4-2681 4/11/68 82 23 0.41 10 10 6.0 4.2 0.1 104 66 156 7.7
King County Wstsr DIn. No.82 24/6.4N1 4/3/68 48 34 1.O~’ 10 4.6 4.2 3.3 3.3 96 44 106 7.2
Providunce HuI tt. Callus_s No. 2 24/84J1 10/6/00 25 0.20 7.0 3.8 3.9 0.8 0.7 0.14 68 33 85 7.3
City of luusqush 24/6.2701 8/20151 50 17 0.07 22 3.5 7.4 1.8 0.1 109 09 162 8.0
City of Rotmond 25/6.12C1 3/24/59 40 23 0.06 10 4.7 4.9 1.1 66 82 44 116 7.3
Bothull Wstsr Dinrict 26/5-SE 1 6/24/51 47 0.03 21 8.4 8.6 4.0 0.7 168 87 201 7.1

Loc.tlon cods Is Isis leni dusoip tion of the des of Isis will or. in scm . cuss ipring.
f~ .X_fl~~~ 27/2-25N2 kidlou.u. Iu.. ,itl p 27. ru’u. 2 u.n (mng. win wou ld be
ImuLss.4 by 2W1. usot lon 25, 40.ucm. plus N, .nd Isis spoand wil (21 ii dim plot
(a lust., $ ofim the numu~ would k’idlcsss s ~s1ns_).

ba_Mu. att -.~*spw~ l,.ii at 160CC f3N~~).
0IMcrond,osm2S~~ (77°P).

4 4T_M Wan oo~~.UIou. N usimes not nossd ,.,..~~ ,s Wan In so#aion at ISis tins
the amplu am c~~~~st

~~urcs: GROUND WATER IN WASHINGTON. (11 CHEMICAL N4D PHYSICAL QUAUTY,
~~ts, Ses_iply eulissin No. 24, ffidlk ~Son S.ns Oupnee..,i at

watershed western boundary. The great increase In PROJECTED INDUSTRIAL GROWT H
pupulation in the south Kent, Auburn, and Federal
Way areas will remit in a lowsr psrcentags of the Production growth as measored by Increased
total linda population being served by the Seattle valise added Is expected to more than triple by the
Water Departhisnt. Tacoma will probably s_s_sn this year 2020 as shown In Figure 7-5. The primary
~~~~~ growie area. industrial force creating this growth is traseporta-

8.001 - tlon.oriented Industry (chiefly The Boeing Com pany
and Pacific Car and Foundry Company), which is
predicted to grow steadily to the year 2000, after

4,00 whIch ft is expected to accelerate through 2020.

r*d increase hi eutrophic conditions caused by
3001 - inflow of domest ic sewage. Present interception and

I treatment of this waste has reversed the action,

5 ~~~~~~~~

/ 

Until recently, Lake Washington was suffering a

C a” Improving the condition ol’ Lake Washington, but a
52001 reasonable amount of’ fresh water Inflow must be con-

tinued, cm even increased, to prevent future water
K quality degradation. The Cedar River Is the chief1,001 source of fresh water Inflow foe the lake. Any

increase in water diverted from the Cedar 1Mm for
I j  fresh water suppfles will induce the amount of Inflow

~~ I 2dbS to the Is_k.. T~~ condition redly ie~~lcts the
YEAR amount of waler that can be dissiled from the Cedar

FiGURE 74. Prol.ct.d population growth. River ~ waIsr quality Ito be maintained cm huipesmad
MI~~~W~~~~~-~’a.
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Projected Total Month ly DistributIon

_ _ _ _ _ _ _ _  

~~
Food stid KIfldTSd i taco iam 1

1 -
J ~YEAR MONTHS

FIGURE 7.6. RelatIve production growth f~r FIGURE 76. Seattle Water Department.

Industrial
PROJECTED WATER REQUIREMENTS Industrial water use will continue to account

for a lesser amount than municipal use, as it does
Demands for fresh water generated within the now. Estimates indicate that industrial requirements

basin have been estimatd in detail. Table 7-7, 7.8, and will increase by 503 mgd in 2020 over as it does now.
7-9 show projected water needs for the years 1980, Estimated indicate that idustrial requirements will
2000 and 2020, respectively. Table 7.10 isa summary increase by 503 mgd in 2020 over those of 1965. The
of water requirements for these years by use cate- single major industrial use will be in the transporta.

gory. Figure 7.6 shows Seattle projected distribution. tion segment of the economy.

Municipal Rural-Individual
Annual average per capita municipal water use All significant information indicates that the

is projected to range from 112 gpd at present to industrial, commercial, and municipal water con-
about 177 gpd in 1980, 151 gpd in 2000, and 148 suinption will account for the major growth of water
gpd in 2020. Seatt le gpd’s are based on figures In “A use, and that they will increasingly assimilate the
forecast of water supply and demand to the year small systems that primarily use ground water. Rural-
2020~’ by the city of Seatt le Water Department. individual water use from 1965 to 2020 will increase

about 365 percent , but will represent less than 1 per-
cent of the basin water use.
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TABLE 7-7. Projected w te r  use (1980).

Estimated 5isface water u~~ (mad) Qround water uu~~ ( 1
pepulatlon Msslmum Avump I~ xiniumSyitem Nwod odly ITWO5PJy dilly monthly

MUNIC IPAL USE

Studs  1.271,200 222.00 340.00 — —

Rinton 66.000 — — 10.40 14.eD
Adaarn 30000 3.80 6.30 1.90 2.70
Kent 20,000 — — 3.80 530
Enumclwo. Rsdmond. Iuus~usli.

Bu ck Diamond. Pacific, and
other rurb oomnwnity sytean~ __ - - 16.00 23 00

Si~total 1.461.200 225.80 346.30 32.10 46.60

RURAL -INDIVIDUA L USE 17800 — — 1.20 1.80
INDUSTRIAL USE

Municipilly wppllsd:
StatUe:

Food end kindred — 5.70
Chemicals, metals, oils — 18.00 150b —

Lun’tur and wood — 1.00 1.00 — —

Stone, day, su es — 0.06 0.05 —

Tren~imuaIon — 13.30 l4.lO~ —

Renton:
- Food and kindred — 0.02 o.o~Tr~~~ortMIun — — — 2.80 SiO~
Kent
Food and kindred — — — 0.20 0.3&’

metals, oils 0.41 045c
A~~um:
Food and kIndred — 0.03 ODSb 0.02 003b
Ti.n~art.don — 0.28 020c 0.13 014C

F~n~ iii ~jØ4J’S~ — — -. 0.46 0jpb
metals, oils — 50.50 5 .50c — —

Lim*sr and wood — 2.70 2,70 0.10 0.10
SiaM, alSy,suNs 

~~~. 9~~~
$s*Sotal — 89.90 100.42 483 6.83

Ymald 1.479000 315 40 445 70 38.20 53.00

en 70 pod and 100 percent of ruril ndMdsd papuledon tervud by sound wow.

~~~ 
—.

~~~~~~~~~

‘t1O~.......A.f .Puiius.
Sluiusum rminis.~

4 7.17
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TABLE 7-8. Projected water use (2000).

Estimated ~urfacs water user (mod) Ground water us~~s (mod)
population Avsr46s M.x~mum Aver~~s Maximum

System served dilly monthly daily month ly

MUNICIPAL USE

S.sttl. 2,079,900 297.00 612.00 -- —

Rsnton 100,000 -. .— 21.00 29.00
Auburn 60,000 8.40 11.80 4.20 5.90
Kent 40,000 — — 8.40 11.80
Enumclsw, Redmond, luseqush.

Black Diamond, Pacific, and
other ,ural community aystims 

_____ 
—. — 15.00 21.00

Subtotal 2,351,900 305.40 623.80 48.60 67.70
RURAL -INDIVIDUAL USE 23,900 — --. 2.105 3.00

INDUSTRIAL USE

Municipally wpplisd:
Seattle:

Food and kindred — 11.50 1720b —

Chsml.~uls, metals, oils — 35.40 39.OO~ 
. —

Lun~ sr and wood — 0.80 0.80 — —
Stone. clay, glees — 0.10 0.10 — —
TrenWortatlon — 42.00 4tOO~ —

Benson:
Food and kindred — 0.03 0~~ b 0.03
Tran~iortetion — — — 8.90 9.5QC

Kent:
Food and kindred — — — 0.40 060b

Chemicals, metals, oils — — — 0.97 l.lO~

Food and kindred — 0.05 o.ogb 0.03 0~~ b
Tre,~~ortatIon — 0.80 O.9O~ 0.40 O.4O~

Salt-nippliad:
Food and kindred — ._ ... o.~o 130b
ChsmIcsl., metals, oils — 119.00 131.0w — —
Lunger end wood — 2.20 220 0.10 0.10
Stone, cisy, gla !.~~~~ i~~~~

— 214.19 230.63 13.53 16.18

Totsl d 2,378,000 519.60 853.40 6430 8690

on 90 gpod and 100 percent of rurel ndlvlduil population esrvsd by pound wow.
pen.nI of enrep.

C1100a~ snIof avsr~~ .

%unus en roundod.
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TABLE 74. Projected water use (2020).

Estimated $urfacs water u~~~ (qvsed) around water ua~~ (red)population Averap Max imum Average MaxImumSystem aurvid dilly monthly deity monthly

MUNICIPAL USE

Seattle 3,419,700 475.00 1,100.00 —.

Renton 160 000 — — 35.00 49.00
Auburn 90,000 14.00 20.00 7.00 10.00
Kent 60,000 — — 14.00 20.00
Enumcl.w, Redmond, I quah,
Black Diamond, Pacific, end
other rural convnunlty systems 66,000 .~~~~ 14.00 19.00

Subtotal 3,785,700 489.00 1,120.00 70.00 98.00
RURAL-I NDIVIDUAL USE 30,600 — — 3.30’ 4.50
INDUSTRIAL USE
Municipilly aipplisd:
Ssattls:
Food end kindred — 21.00 31~50b 

— —
Chemiceis, metals, oils — 87.20 — —
Lunter and wood — 0.80 0.80 — —¶ Stone, clay, hei — 0.20 0.20 — —
Tra..~~wiaIlon — 110.00 145,00C 

— —
Renton:
Food and kindred — 0.0S o.o~ o.oe 098b
Tran~~crtetlon — — — 28.00 31 00C

Kant:
Food end kindred — — — 0.72
Chemicals, matds, oils — — — 2.40 260c

Auburn:
Food and kindred — 0.11 0.1$ 0.01 0.0w’
Tr.opmrsmion — 2.50 2.80 1.20 130C

Food and kindred — — — 1.65 250b
Chemlc.la,mstels,oils 383.00 mooC 

— —

Ltmilssr andwood — 3.10 3.10 0.10 0.10
Stone, day,ilwa - _ _ _

Subtotal - 621.97 38.09 42.68
Totald 3,016.380 I,Oit ,90 1,721.70 115.40 146.20 1

Se.d on 1 lOped end 100 p~~ans of rural4ndlvldual population by pound water.

I) 110,.....s.a of average.

j  
_ _  

_

SipneenrmnIld.
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TABLE 7-10. Summary of projected water needs

Estimated Surface water usage (ned) Ground water usage (mgd) Total usage (mgd)
population Average Maximum Average Maximum Average Maximum

Use Year served daily monthly daily monthly daily monthly

Municipal 1965 1,025,220 93.9 132.8 13.8 21.2 107.7 154.0
1980 1,461,200 225.8 345.3 32.1 45.6 257.9 390.9
2000 2,351,900 306.4 623.8 48.6 67.7 354.0 691.5
2020 3,785,700 489.0 1120.0 70.0 96.0 559.0 1,218.0

lndrisli-ial 1965 — 54.4 60.9 2.3 2.7 56.7 63.6
— 1980 — 89.6 100.4 4,9 5.6 94.5 106.0

2000 — 214.2 239.6 13.5 15.2 227.7 254.8
2020 — 522.0 606.7 38.1 42.7 540.1 648.4

Rural-Individual 1965 16.000 0.1 0.1 0.8 1.0 0.9 1.1
1980 17,800 — — 1.2 1.8 0.9 1.1
2000 23,800 — — 2.1 3.0 2.1 3.0
2020 30,600 

_ _ _  

- 33 4 5  3.3 4 5

Totals 1965 1,040,220 148.4 193.8 16.9 24.9 185.3 218.7
1980 1,479,000 315.4 446.7 38.2 53.0 363.6 498.7
2000 2,375,700 519.6 863.4 64.2 85.9 583.8 949.3
2020 3,816,300 1011.0 1726.7 111.4 145.2 1122.4 1870.9

Nota: Usage figures are rounded to one decimal piece.
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F
MEANS TO SATISFY NEEDS

GENERAL This results in most cases in an adequate supp ly and
transm3ssion of untreate d industrial water. If this

The projected annual water use is expected to water is to be used for municipal purposes af ter the
re ach 1,460 mgd by the year 2020. This is an increase industries have developed it , the high cost of the
of approximately 1,290 mgd over the 1965 average treatment that would be required would , in some
use. Optimum or peak water requirements will be cases, make it infeasible to use as a municipal source .
almost two and one-half times this average or - nearly
3,150 mgd. Tables 2.12 or 2.13, the Area P’.ans, BASI N PLANS
summarize the basins’ annual average and optimum
requirement in relation to the remainder of the Area. The Selected Basin Plan, as indicated in Table
Table 7-1 1 , M&l Water Supply Needs, reviews the 7-2, calls for the further development of existing
needs of the major water systems and/or users in the facilities. This plan is: for Seattle to continue , to a
basin maximum, the development of the existing b I t  and

Approximately 70 percent of the total basin Cedar River watersheds , and to develop new sources
water needs in 2020 are expected to be provided by on the Snoqualmie and Skykomish Rivers. The
the Seatt le Water Department. This system is cx- remainin g communities are projected to remain on
pected to serve 90 percent of the 3,816,000 basin ground water sources through 2020.
population , including the present communities now Consideration should be given to several con.
using ground water systems. Those conununities in ditions which would make it impractical for these
the extreme southern part of the basin , using ground communities to remain on ground water sources.
water , will, in the future , be served by the city of They are: inadequate quality or municipal and/or
Tacoma. Figure 7.7 shows the Seattle Water Depart- industrial demand in excess of the quantity availabl e.
ments proposed diversion and control works demand In such cases it may be possible for Seattle or Tacoma
in relation to the optimum supply criteria , to extend service areas to supply the needs of these

Because Seattle receives water from the Snoho. communities. Notably, Renton , Ken t , and the sur-
mith Basin (Tolt River), much at the southeast rounding communities would be supplied by the
portion of the basin lies within the logical Seattle Seattle Water Department with the vicinity in and
service area. It would be possible for Seattle to deliver around Auburn receiving water from the Water
water directly to~~~~y of these customers or whole. Division of the City of Tacoma . (See Alternative
sale water to local water districts in these areas. Basin Plan, Table 7.13).

Supply pipelines and supply reservoirs through. The total cost for the Basin Selected and
out the Seattle water service area will be co atructed Alternative Plans are $162 and $169 million,
and maintained by the Seattle Water Department. respectively. Supply and transmission, treatment,
Water purveyor connections to the supply pipelines pumping, and chemical costs plus basin revenue are
wili be permitted at any convenient location. How. shown in the Selected Plan , Table 7.12, and the
ever, additional distribution storage reservoi rs and Alternative Plan, Table 7-13. Storage and distribution
distribution pipelines will be needed in coming years. costs will remain the s~ne for both plans. These costs
Their size, location , elevation and routing will be ~~ plus the overall development expenses of the Basin
respon sibility of local wate r purveyors. are shown in the Area Selected and Alternati ve Plans,

One of the important water supply factors is Tables 2-12 and 2-13, respectively.
the efect of industrial water use. Th. major ~~~~ js Surface and ground water supplies can be
encirclement or location of industry within or near econonilcally utilized by rural-individual or small
the metropo litan complexes. A tarp , augment of COflufluflity effort water systems, such as wells and
wate r-using Indust ry is projected to locate ~t ~~ small surface diversiosu and package treatment plants;

J 

dwindling nunther of sites along major water ~~~~~~~ 90 percent of this coming from ground water sources.

7.21
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FIGURE 7-7. Means to sat isfy future water supply demands for city of Seattle
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TABLE 7.11. M & I Water Supply-Copital Improvements
C.danGroan Basies

M.G. 0.
Present Future

1966 1965 1980 198~ 20O0 200G2020

P~~~ledo,i Seived 887,420 1.271,000 2,079,000 3,419,700
SEATTLE

Optimum 606.8 876.5 1,473.1 2,522.9
Copied Improvements 265,8 270.7 596.6 1,049.8

Population Served 38.175 65,000 100,000 150,000
RENTON
Optimum 28.3 39.3 75.7 129.9
Copied lnipvevsmsnts 20.0 13.0 36.4 64.2

Population Served 17,100 30.000 60,000 90,000
AUBURN

Optimum 11.5 20.3 41.0 63.6
CR,jtai Improvements 8.3 8,8 20.7 226

Population Served 10,457 20,000 40,000 60,000
KENT
Optimum 7.4 14.0 281 43.3
Copital improvements 4.4 6.6 14.1 16.2

Population Served fl 068 86,000 72,000 66,000
SMALL & RURAL
COMMUN1IY SYSTEMS

Optimum 47.6 66.0 47.6 43,5
— Copied I mprovements 31.8 8.5 0 0

Popula tion Served — — - —
SELF SUPPLIED INDUSTRY

Optimum 39.9 80.7 138.7 336.6
Copied Improvements 4.2 20.8 78.0 196.9

Population Served ‘026,220 1,461,000 2,351,000 3.785,700
TOTAL
Copied Improvements 70 328 746 1339

NOTE: Pipures are roun ~~d.

~~~~~~~ •—‘
~~~~~~~!‘ 
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Costs as indicated by the Engineering News
The major means are to enlarge the present pump ing, Record Index are presently doubling every 15 years.
treatment and distribution systems to handle the It is projected that by 1980 or sooner the Cedar-
peak wate r demands. Green Basin will be unable to bond for the required

Table 7-11 , Summary of Projected Water water supp ly development , and future construction
Needs, shows level of need to 2020 from all sources. would involve extraordinary and excessive ilnanciai

burden in relation to the basin ’s economic re sources.
FINANC E It appears to the Municipal and Industrial Water

Supply Technical Committee that the Seattle Water
Annual income as taken from Table 2-12 and Department , currentl y relying entirely on surface

2-13 for the Selected and Alternative Plans indicates water , may have to develop ground water sources in
the amount of money available to apply for bond the Cedar .Green Basin to meet peak summer demands
service (approximately 20 percent of the total annual and also for standby service. Ground water as Table
income) . 7.5 shows then could be used to meet future annual

The following figures indicate the monies avail- M&I Water needs. The feasibility of using ground
able for bond service and the capital expenditures water is the subject of future engineer ing studies but
amortized for 30 year at 5% for the Selected and an apparent 12-25% of the basins futur e needs can be
Alternative ~~~~ met from ground water.

Annual Amortized
Bond Service - Cost (x 1,000)

Available Selected Alternative
Year (x 1,000) Plan Plan

1965 $ 2,900 S 1 ,653 $ 1,810
1980 5 ,100 5,610 6,040
2000 8,400 12,300 11,700
2020 15 ,500 20,800 20,800

I
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TABLE 7 12—Contlnusd
1967

OPTIMUM THOUSAND DOLLARS
CAPACITY AMORTIZED MAINTENANCEPVSlyCtfld 

M G  0 CAPITA L COSr b OPEII .
a~ WI, U. Supply & T,.ii- I,~~, Pusping Annuil

Leail Sow~~ Os.’slspmsnt Dish . MOD Supply Tranri . Trsnin, . nail, R.,novh P0.,, Chin,. I s.s.n.

KE NT SE LECTE D PLAN TOTAL 44 44 02.460

AUSURN
ellisni OW Loch Giguind MaWr DivsloIim,nI Eaht 3 3.2 12 34 3*
ISIS GM hngO Loch G,,und Was., DaiilWsN.4 1970 S S 410

• ISSO OW D.nilpp 05u51 LAnd Om~nd WaWr 157S S S S 640 N 701
) 

- 3110 OW D.ssIpp 21’le~ 
Lash OWund Wail, INS 14 21 21 540 

- 
146 I.IE0

3030 GM 0..Ipp 2hcqdL.calGrouuhW.s.i 201$ 35 23 23 1,555 255 2,136
AUSURN SELEC TE D PLAN TOTA L 

~~ ~

SMALL S RURAL COMMUNI TY SYSTEMS

• 
Pilpuuc OW LasWOniwudN.WrD...J. ........I LiNt 1 15.7 15.7 I., i.ess
ISIS OW 334i5dLo G,OU50WMM 1975 32 32 1.520

lass OW 5. ILMMO.SIIIM W0.c IaN IS 5 9 560 156 1.555
3060 0* Ne Addiilsnd N.qu.Nsm~~~ IS 191 1,152

- 4 . 2020 0* NOAAN96Ind RRSIWs.,s.N 14 147 1,126

SMALL S RURAL COMMUNITY SYSTEMS SILL CTE D PLAN TOTA l. 57 57 $ 2.460

NIP  SWPLIID INDUSTR Y
Pusasut MO—OW Land Os..L........yt SiNg. 35 40 40 L II? 377 4,296

1510 MO—OW Land Dashng..,...i 1970 56 21 21 2,705 554 4.555

3010 MO—OW LAnd Dr .Mgm.ec 1950 126 71 75 10,140 1,330 10,346

3020 MO-OW Lund 0s.ulip. ,.iuit 2010 3* 197 197 22,607 3.211 22,335

NIP SUSPUSO INO USIRY SELECTED PLAN TOTAL 335 336 $40,111

NLSCTED SASIN PLAN TOTAL 5152.555

- - IshaW L..S..L.__. .

Oass is. kduat MMus eli il eltudsa ..s. ~ Si. A,.,M.u,s a $seI.ly N,.ds actIon.

~ AU l~~~gsas .svu,dsd.
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TABLE 7.13. M & I Water &spply U.. Pl.nnin —ruii.4 to yser 2020 Alternate Basin Plan Csdsr4resn Basins

Y 

1517
OPTIMUM THOUSAND DOLLARS
CAPACITY AMORTIZED MAINTENANCE

Yes 
ud 

M O O  CAPITAL ç051b AND OPSR .
Plan 41 WS. UW SINly & Thai. Iron Puniping An.u41

Lash 5Ou~~ 0 j11 .. Jil bail. MOD Sipply T.aiu,L Tr.a.t nail R.m.pal Poise, Chum . I,....

NENTO PI
Plain. OW ~~~~~~~~~~~~~~~~~~ 

- 5~~~ $ 5 S 32 I 310
INS MO ‘*~~50-Ii ~~~ WIN ~~~~~~~~ ISiS 36 36 3,100
1550 10 fU~~~ PaIN W.es O.....,...... 1150 13 13 IS 500 135 S 755

3010 MO 35~~~ NMis Wai.r 0 ......l NOD 30 35 35 3,100 315 12 I.1S2

2500 MO SSu
~~ kaul.N r0 .rs....o 2010 56 N N 3.350 513 36 3.515

NEWTON ALTSNISAT1VS PLAN TOTAl. 131 131 $10,755

- 
- 

KENT
P,~~~I OW Lund Giuugli WIN Ci~~U 1 SaUL 3 3 3 Ii Ill

1150 I MO &hu505.aii ,~~~~ Ou..wt.....i 1975 S 5 1.500ISIS MO Dailup 7l~~~SiaiU,~~~~r D .,t......i INS 4 7 7 420 45 3*
2000 10 Da.epp ISi~~ $ a W  WIN 046.14...... 1151 10 IC IC 540 100 IS.

25* 10 DailNI I5 5,aiN.W.u~~D..,.j1..... ~~ 2010 Il IS IS SOS ISO SN

KENT AL~ ERNATIV S PLAN TOTAl. 57 47 $3.3*
AU$IjNN
P,uait GM Lasl QN,uuid Wu*Osuli.pn.,,c haUL 3 3 $ 30 I 350
ISIS MO ‘~~~~ ~~~~ 0tu—ClPl41Tais,. ISiS S S 1.405
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PUYALLUP BASIN

INTRODUCTION
square miles and coniprlis the largest and most

The PuyaTh m Basin, Figure 8-I , bounded on the Important drainage system m the basin .
east by Moun . laser and on the west by Pupt From its source glacier on the southwestern
Sound , is located between the Cedar-Green and dope of Mount Rainier, the Puyallup River flows
Niaqu.Jly-Deschutes Basins in the IOUthWSISN’II por. some 46 miles as It drops 6,000 feet to empty into
lion of the Puget Sound Area. Occupying about Commencement Bay at Tacoma. The White River
1,254 5~1U~~~ m iles ~~ P~e~Ce amid iouth$rn Kills (termed “Stuck River” below Auburn), principa l 1db-
counties, the basin encomnpwea the expanding utary of the Puyallup, originates from Emmons
wban4ndustrlal center of Tacoma and the agoicialture Glacier and drains a 494 square mile area along the
areas of Puydlup, Sumset, and nuroomdiag corn- eastern and northern perimeters of the basin before
niwiitlis joining the Puyallup River at Sumner. The mounta in-

The population and b~diutrY of the basin are ciii area between the White and Puyaflup rivers is
psoj .ct.d to increus rapidly in the future, and the drained by the Carbon River, Mowich River, and
4,ani 4 for m,vi~~ sl and industrial water supplies is eever’J smaller streams.
expected to increue con~ns u.te ~~b this powth. Numerous small creeks drain the lower western
Plojections ~ndiITate that by the year 2020, water dopes and some of the lowland lakes. Chambers 

-j requirements may reach 550 mIllion gallons per day. Creek and its tributaries, largest of the small stream
Present requirements are 100 nsilllon gallons per day. systems, drains about 104 square miles of this area
Although presently developed sources are capable of amid carries the outflow from Steilacoom Lake to -

.upplyil~ present and Immediat. future 4asu~~~ ., Puget Sound.
they will be unable to supply future demands of the
magnitude indicated unless supplemented by addi- CLIMATE
tiosial fat lilies Iii. Puyallvp Basin experiences a typical marl-

GEOGRAPHY time climate of mild, wet winters and relatively cool,
dry summers Total annual precipitation in the beAn,Ruged foothills, valleys, and streens, 

~~ about 75 percent of which falls during Octoberradiating from Mount Rainier, occupy the greater througjt March, ranges from 37 inches near Tacomapart of the ares and prOvide sharp contrasts in to 140 inches on Mount Rainier. The averag e lowland
landscape to set the Puyallup Bul~ apart from any temperaturea vary from about 3.3°C (38°F) in mid-other basin in the Puget Sound Area. Th~ eastern winter to about 183°C (650 F) in midsummer. MildPortion of the basin, a ruged, heavIly forested, sea breezes from Puget Sound temper the hot periodsmountainous portion of the Cascade - kuigs, I the so that air temperature exceeds 32°C (90°F) only 3source and watershed area for the Pmsysflup River and 

~ s days a year.Its tributaries. Mowlcb Lake and nwnsrous amnsfler
alpine lakes lie in the high mountain ckques. A 

~~~~ POPULATIONof low foothills aad upland pla eau’, aspirated by
ridges and the deep canyon through which the rivers A 1965 estimate indicated that about 345,200
carve their way to Piipt Sound, typIl~y the central people live within the Basin. About half of these
portion of the Basin. Lowland plat.aus and rolling lS8~0O0 live In Tacoma, third largest city in the state.
foothills, dotted with lakes and aspirated by the Most of the remaining ropulatlon Is scattered in and
broad, fertile river valleys, extend from the mIdland about munerous small communities in the Puyallup
are, to the shores c(Pupt Sound. and Whit. River valleys and a~ acent to Puget Sound.

The Puyallup River and Its Ir&ultey rivers, the The ruaed eastern sector remains void of conoen.
WIdle, Carbon, amid Mowich, drain more than 972 trated settlement.

8-1
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ECONOMY lion over the past 20 years. The average monthly
employment for Pierce County in 1965 showed:

An industrial complex along the 14-mile shore-
line of Comme ncement Bay emp loys more than Agriculture 2,000
18,000 persons in a wide array of manufacturing Mining 157
concerns , and provides a major contribution to basin Construction 4,524
economy. More than 500 industries are located in this Manufacturing 18 ,194
area , including lumber , pulp, and paper mills; furni- Transportation
ture manufacturing plants; plywood factories; and (commercial and utilities) 3,658

- 
- food processing plants. Here also is the largest copper Trade (wholesale and retail) 19,040

smelter on the Pacific Coast , a new electrochemica l Finance, insurance, and real
and metallurgical industrial center , and a diversif ied estate 4,288
shipbuilding industry. The backbone of basin ServIce 7,797
economy , however , continues to be the forest Govern ment 9,078
products industry. Harvest ing of timber in Pierce Not classified 591
County has increased over 100 percent since 1954.

Food and kindred products represent the sec- LAND USE
ond largest category of manufacturing and also Land use in the basin varies from intense
account for a significant portion of basin income . The residential and industrial centers in Tacoma, through
ever-expanding Boeing Company, both in Seattle and agricultural land in the Puyallup and Stuck Riverin Southern King County , has created a climate of valleys, to woodland in the eastern foothills, whereeconomic growth. This growing economy has brought most of the area is pr esently covered by second-
many smaller industries to locate in the northern growth timber. Woodland predominat es, accountingportion of the basin. The continuing expansion of for 84 percent of the total acreage. Most of this
Boeing will increasingiy have a favorable economic acreage lies in federally owned or administered Mount

— effect on the northern and central portions of the Rainier National Park or Snoqua lmie National Forest ,
basin, respectively. Table 8-1 summarizes land use in the

A mild climate and fertile soil make the 15-mile basin .
Puyallup valley the richest farming area of the Basin.
Truck gardening, berry production , and a million. TABLE 8-1. Genera l land use.dollar flower industry , provide a significant and
growing income to the Basin economy . The value of
agricultural activities in Pierce County alone has risen UN Aaes

from 20.6 million dollars in 1959 to 24.1 million Fomd.nd 693.000
dollars in 1964. Lfrban buildup 97.000

Although the economy presently depends o’opland 37,000
primar ily on trade and manufacturing, employment Inland water 11,000
history shows that the basin is row becoming more Other land 28.000
dependent on nonma nufacturl ng a...tivities, with Rengeland 8.000
governmental employment showing the greatest Tot.l laid aid inlaid water 770.000
upward trend since 1948. Manufacturing employment —____________________________________

has tended to remain static with very little fluctua-

PRESENT STA TUS
WATER USE surface and ground sources, supply approximately

Nearly 100 million gallons of fresh water, about 344,455 persons and numerous industries with about

f 
two-thirds of which Is provided by surface sources, Is 100 mgd. Figure 8-2 shows municipal and Industrial
supplied each day to Puyallup Basin consumers, water use in Tacoma, largest water user In the basin.
Mun icipal and Industrial suppliers, drawing from both The remainIng 4 mgd Is supplied to rural and

8.2 -
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~~~•— N n’ ’ ~~’ PHOTO 8.1. Tacoma Water Department suppl ies

U nearly three-fourths of all munic ipal water used in the
!2 0 - b551n.

Puyallup, Sumner , Buckley, and Orting to-
gather use more than 3 million gallons daily, or 120
gpcd. The city of Puyallup is the largest user of the
group, and averages 1.8 mgd.

10-
I nduetrial Industrial

Water used for industrial purposes averages
more than 56 mgd, about 58 percent of the total
water consumed in the Basin.

• ~ 
Surface waters supply more thsu .85 percent of

c ‘ I ‘ —~ the te used b hid .- ‘~~~ ~ ‘ °-:—_ ~~~ 
-
-~~~~ ~~~ ~ INS wa r y ,. . egis

YEAR Company alone used an average of 30.5 mgd in 1965,
FIGURE 8-2. CIty of Tacoma municipai ~~ almost 54 percent of the daily water used by all

— industry in the basin.
The remaining industrial water users consist

lndiv~Iual counjme~a from lndJvidual wells or small mainly of vegetable and fruit processing p lants
o~ usi~~.~ty distribution systema. In addition, salt located In Puyallup and Sumner.
water drawn from Puget Sound is used by -

~~~ Tacoma’s monthly demand profile is shown in
industries for purposes .ot affected by salinity. Fresh FIgure 8.3. During the summer months, municipal
water ~~~ti~i~ ~~~~ tistim f~ ti~ puyanup aani~ consumption runs 130 to 165 percent of the annual
are provided In Table 8-2; alt water consumption Ite~ig water use. Industrial water use reaches a peak
statistics are not preaently ~ sih~in. In August, 120 percent of the annual average. The

total system profile shows the use to be greatest ln
late summer and fail. The leveling trend of the total

Wat er used primarily for niijpicipel purposes demand profile Is the result of large relatively
currently exceeds 4(1 nrgd in th. basin, and accounts OOilst5flt industrial water U $ .
for approximately 40 pl.csnt of the total bedn water
consumption. me 344,000 people living In metro- RuraHsidlvldu.l
palMist areas cities, and towns exist an aveu.e per Ap~wounately 745 rural-IndIvidual and seal)
capita demand of 128 gpd. community coonsasers use approximately 0.05 mgd,

The city of Tacoma uses about 50 percent of about .05 piscent of the total water used in the basin. -

the Basin m”~lripsl water supply, or 22.4 n 4 .  In
1965 Its 158,000 residents used an average of 142 WATER SUPPLIES

The Lakewood Water District south of Tacoma, Water Is supplied to Puyallup basin consumers
muond kipat numlc~ al user in the bashs, uses 3 from site Green River, located in the adjacent basin to

d Aonsdaly,or7S~~cd. 

-- 
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TABLE 8-2. Water use (1966).

Estimstsd Surface water uuos (mod) Ground water usage (mgd)
population Avsr~~ Max imum Maximum Avsrags Maximu m Maximum

System ewwd dully monthly daily daily monthly daily

MUNICIPAL USE
Tacoma 158,000 20.40 26.80 32.80 1 .97 60.00 66.00
Fort Lawli 10,000 8.00 15.00 19.70
Ukwvocd Water DIstrict 40,000 — — — 3.00 6.00 10.00
Puyslh* 15,000 — — — 1.80 6.50 9.30
Parkiand Light and Water Co. 12.000 — — — 0.95 1.07 2.06
Southeast Tacoma Mutual wme Co. 7,500 — — — 0.50 0.76 1.50
BuCk lay 8,000 0.00 0.80 1.00 — — —Milton 4,800 — — — 0.44 0.83 1.32
Fk’crast 4 350 — — — 0.25 0.50 1.00
Sumner 4.000 -. 0.65 0.82 1.00
Bonney Lake 1500 — — .- 0.16 0.35 0.40
Stellaceom 1.670 — — — 0.20 0.60 1.00
Ortin. 1 500 — — — 0.07 0.12 0.15
Wilk,uon W. 0. gao — — 0.09 0.13 0.15
Other rur al community systsnu 27.515 0.67 1.29 1.61 4.31 6.62 8.75

S~~total 344,465 21.70 28.90 35.40 22.40 98.30 113.30
RURAL -INDIVIDUAL USE 746 0.01 0.02 0.02 0.04 0.06 0.08
INDUSTRIAL USE
Municipally supplied:
TacomL

Paper and allIed 28.60 31.90 33.30 3.20 3.50 3.70
Food and kIndred 1.60 2.00 2.50 020 0.30 0.30
ChemIcals 5.10 7.38 9.00 0.60 0.82 1.00
Prim ary metals 3.16 3.46 8.05 0.34 0.45 0.55
Lunths, and wood 1.64 2.23 2.70 0.17 0.25 0.30
Stone. div. gims 0.17 0.38 0.33 0.02 0.04 0.07
Other 0.92 1.80 2.00 0.10 0.15 0.25
Food and kind red — — — 0.01 0.02 0.03
Stan. . clay. gl — — — 0.12 0.16 0.20

Sumnw
Paper and allied — — — 0.14 0.60 1.04
Stone, clay, 1s ---. — — 0.08 0.08 0.08

Seit supplied:
Paper and allied lChan~ .rsQ.) 0.30 0.40 0.50 520 5.30 5.50
Papu and allied (Sumnsr) — — — 0.92 tOO 1.10
Primary mutels (ICaher Al )  — — 2.90 3.00 3.10
Stone, cisy. ~a. 0.09 0.11 0.13 0.30 0.40 0.53 -

Food and kindred (Sumner) ~~~ — .Q&~ 
0.~~ 2.~~Si~istotaI 41.48 49.33 55.81 14.63 16.41 18.09

Toed 345,200 63.16 78.24 91.24 37.06 114.81 130.49

b Eatimsiud population served Is not the population of the incorporatsd area of the city but Is that population (sum of
~~~~~~~~ and .unal) from Tchl. 2-7 which d.~ nn1nss the “anrag. rating” for each basin. ThIs population h s  bean
Includ.d In the newset municipal eyst.m sinai the municipality Is often the vaster supplier far the smaller edjoining water
dlu~ tbutlon system.

the north; from the Puyaflup River and its tributaries; remaIning 1 percent is drawn from basin streams.
from numerovs creeks and small- stieanst; and, to a Ground water , taken mostly from wells in the
lesser degeee, from wells and ~ rlnp. Pupet Sound is Tacoma area, supplies about 30 percent of the water
also a source of supply for industries able to use salt used in the basin. Basin water consumption figures
water. are provided in table 8-2.

Surface sources supply about 70 percent of the
water for municipal, industrial, and domestic uses in Municipal
site basin. Nearly 69 percent of this is supplied by a The Green River supplies about 90 percent of
trans-basin diversion from the Green River; the the water ~o the Tacoma area . Water Is diverted at

8.4 
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Palmer and flows through a 26-mile gravity line to the used during peak use periods and during times when
McMillan Reservoir south of Puyallup from where &t the Green River supply is unuseable because of high
is diverted to Tacoma as needed . Tacoma maintains turbidity . About 10 percent of the city’s annual
close control over the Green River watershed to water consumption is obtained from these wells.
ensure a continued supply of quality water. Although The Lakewood Water District south of Tacoma,
Tacoma owns less than 10 percent of the watershed second largest municipal supplier in the basin, pro-
area , they do own the river frontage in the watershed vales approximately 40,000 persons with an average 3
approximately 26 miles upstream from the diversion iugd from a system of 22 wells. The remaining cities,
facilities and have additionally negotiated agreements towns, and water distr icts in the Basin, with the
with other major landowners to insure controlled exception of Buckley which obtains its water supply
entry into the ar ea. from South Prairie Creek , rely primarily on springs

In addition to the Green River source , Tacoma and small wells to serve a combined population of
owns a system of 14 wells capable of providing 654 about 55 .000.
mgd that acts as an auxiliary supply. The wells are Industrial

170 - Total / About 75 percent of all water supplied to
- industrial users in the Puyallup Basin is provided from

150 - Green River through the Tacoma municipal water
- system. About 50 industrial plants in the Tacoma

‘30 - area are supplied by some 75 privately owned wells.
In addition, some industries draw water from the
Puyallup River and other smaller streams to supple-
ment that obtained from wells or municipal supplies.

;H-rrfflifTh
Salt water from Puget Sound is also used by several

_______________ __________ industries for cooling and other gross purposes.
Rural-Individual

f 170 - Mun icipal An estimated 745 persons are supplied about

j w - — 0.05 million gallons daily by rural-individual systems,
160 

: more than 80 percent of which draw from ground
water sources.

WATER RIGHTS

_ _ _ _ _ _ _ _ _  — ________ recorded water~~~U; of these 589 are surface and
The Puyallup River Basin has a total of 962

U. -

0 ~~ 373 are ground (1966-1967). Recorded prime rights
appropriations allow a total rate of diversion of 621

~ 
170

: 
IndustrIal mgd In the basin.

Power generation with recorded rights of 9 mgd
- and claims made to vested-rights by the Puget Sound

Power & Light Company for 1,550 mgd is the largest
surface water use in the basin. Municipal supply is
also a maim use wIth 468 mgd being allocated for this

110 —

______ 
purpose. Single and community domestic uses have
rights to dIvert 54 mgd. Significant quantities totaling
121 mgd may also be diverted as follows: fish

70 
—

propagation, 45 mgd; irrigatIon, 36 sngd;oonnnerclal
.1 P U A U .1 J A $ 0 N D and IndustrIal, 19 ns d;recrsation and besutiflcatlon,

A 

°° Thi i [ftIHTh
MONTH 13 ni l; and minIng, 8 mpd. Reservoir storage rights

8-3. Tacoma water demand profiles, allow a retention of 51,671 acre-feet In this area.FIGURE

8-5
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Pending applications indicate an additional 17 wells with capacities exceeding 1.4 mgd, one of which
mgd were under consideration for development in produces as much as 13.7 mgd. Average production,
this area , however , per recorded wells in this area approximates

A total of 11 streams have been closed to 0.7 mgd. Table 8-3 shows water rights in the Puyallup
further coflsumptive appropriation , and many diver- Basin .
sions are subject to low-flow restrictions.

About 30 percent of the total ground water in TABLE 8-3. Municipal & Industrial water rights.
the entire Puget Sound Area (287 mgd) is withd tawn
in the Puyallup Basin. In addition to the above J~~ i lnd u~quantities , 37 mgd have been granted under supple- and trial
mental rights , mostly to municipal systems of Muni munity corn-
Tacoma and Lakewood . Pending applications indicate opal domes- rnercial
pote ntial additional withdrawals totaling 8 mgd. Type (mgd) tic (mgd) (mgd )

Municipal supply accounts for 40 percen t of Surface water 468.6 54.4 25.8
the appropriated prime right quantity or 119 mgd . Of Ground water 118.6 101.6 61.2
equal importance are withdrawals for individual and Totela is~.o 93.0
community domestic supplies with issued rights
tota ling 102 mgd . Commercial , industr ial and irri - aAl,~U~ 64 rngd in additional appropriative rights have
ption account for 67 mgd and 36 mgd, respectively , been granted for other connimptive uses in the

The city of Tacoma has perfected rights of 26 basin.

WATER RESOURCES

SURFACE WATER cfs; (2) a series of highs and lows superimposed on

thrantIty Available the base flow from October to March and reaching a
peak in December, the n decreasing as a result of

Sarsems. Stream- flow contributions from 98 reduced rainfall ; and (3) an increase in stream flow to
percent of the Puyallup River system have been about 5 ,300 ci’s by mid’June caused by rising temper-
measured at a gaging station on the river near atures and snow melt. Following the snow melt peak ,
Puyallup. During the period 1931-1960 , the mean stream flow returns to minimum base flow as snow-
annual dischar ge at this station averaged 3,432 cfs. packs are depleted. Runoff is then sustained by
Records on the main stem of the Puyallup River near ground water and glacial melting.
Orting, which include the Mowich River tribu tary, A low-flow frequency analysis based on an
indicate that the mean annual discharge from the 18-year period from April 1 , 1946, to March 31 ,
western foothills and slopes of Mount Rainier is 1964, has been made for 12 stations within the basin,
about 631 cfs. Dischar ge records from the Car bon The 7-day and 30-day flows that may be expected to
River, measured at the gaging station near Fairfax, occur at five of these river stations for recurrence
show a mean annual discharg e of 426 cfs. Runoff intervals of 5, 10, and 20 years are shown in table

j  data from nearl y half the White River basin were 8.5.
obtained ata gaging station on the White River near Dams and Impoundments. Two principal reser-
Buckley. During the 30-year reference period, the voira are located in the basin. Mud Mountain Dam on
mean annual discharge averaged 1,490 cfs. Many the White River, used only for flood control, provides
small creeks drain directly into Puget Sound and 106,000 acre-feet of storage. A few miles downstream
Commencement Bay. The largest is Chambers Creek, near Buckley, a timber dam diverts much of the flow
with an annual average discharge of l2O cfs. through a 14-mile series of flumesand canals to Lake

Stream flows are highest during early sununer Tapps, a 44,000 acre-feet offstream reservoir. Dir-
because of snow melt and are low during the late charge from Lake Tapps is used to generate power for
summer months. The Puysllup River system is charac- the Puget Sound Power and Light Company plant at
terized by: (1) a summer base flow ci about 1,600 Dleringer .

8-6
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Part of the Puyallup River flow is diverted Quality
through the Electron power plant, 23 miles southeast A number of the water quality characteristics
of Tacoma. The diversion dam, 14 miles upstream of the Puyallup River and its significant tributaries
from the powerhouse, creates a small reservoir of 120 and the Chambers Creek system, have been measured
acre-feet. since October 1960 and are shown in Table 84.

14th . The total amount of storage in lakes and The data In table 8-4 indicate that glacier fed
glaciers of the basin is not known, but surface areas streams are commonly turb id and colored but are
can be used to provide at least a comparative otherwise excellent in quality. Those streams flowing
indication of the amount of water that is stored. The directly into Puget Sound are generally affected by
total surface area of lakes is 10.5 square miles, of lood land use and drainage resulting in increased
which 5.9 square miles consists o(reservoirs. Glaciers coliform concentrations, but with no apparent ad-
in the bairn sie on Mount Rainier, and their surface verse effect on their chemical quality. The following
area is about 24.7 square miles. Lakes in the basin do detailed discussion of water quality characteristics in
not presently contribute substantially as a principal the basin is based on data gathered from the
cr industrial water aipply. monitoring stations listed in Table 8-5. Refer to

TABLE 8-4. Surface water quality tpage 1 of 2).
_________________________________ 10W, m~~I
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SOUTH PRAIRIE CREEK AT SOUTH PRAIRIE FEIRuARY 1555 THROUGH SEPT1955
~~~~~~ 002 ,0 110 2.I I.1 07 51 _. 7.7 2.2 0.3 15 101 —. — 140 0,00 055 7.3 2 5 1  —

- -  51 iS 2.0 4.1 05 25 — 01 I.? 0.2 I t  15 — — 12.5 000 0.03 38 1 —
M...,.~~. 34 43 4.5 1.0 2.5 01 1* -- 4.5 1.2 01 0.3 41 — •- 11.0 0.00 042 07 — -- — — — IS 0 —

2 2 3 2 2 2 2 —  2 2 2 2 2  — — 2 2 2 2 — ” — — 2 2
PUVAL LUP RIVER AT ALDERTON FURUARV 1555 THROUGH AUGUST 2555

~~~~~~ 4.110 57 38 1.1 30 0 1 2 5 — l I  $0 0.2 10 11 -- — 121 001 0.14 7.2 21 0 —
52 5.2 1.3 28 0,1 2 3 — 4 . 1 1.0 0.1 01 83 — — tIl 0.00 001 l I D  —

~~~~~~ 1.030 45 45 10 35 07 38 — 30 1.0 0.1 03 07 — — 100 002 0.01 SI IS 0 —
2 2 2 2 2 2 2 —  2 2 2 2 2  — -. 2 2 2 2 2 2  —

WHITE RIVER AT GREENWATER FEBRUARY 1555 ThROUGH AUGUST 115$

~~~~~~ 3,040 52 35 08 3.1 OS II — 10.1 1.2 0.3 Dl “ — 140 002 012 70 II 3 —

53 5.0 0* 31 07 78 — 7.2 01 02 01 II —. — 13.5 0.01 0.12 II 2 —
U., fl3 44 4.4 01 2.3 OS 17 — 44 0.5 0.1 03 43 — — 130 000 0.11 I~S II 0 —

2 2 2 2 2 2 2 —  2 2 2 2 2  — — 2 2 2 2 — — -  ‘— — — 2 2  —
GREENWITER RIVER AT GREINWATER FEBRUA RY 1555 THROUGH AUGUST 1555

~~, 1.150 50 *7 1.2 4.3 09 33 — *3 1.1 0.3 0.5 SI — — ISO 003 OIl 7.5 22 0 --
47 5.8 00 3.4 *4 30 — 2.5 I I  07 05 II — — 750 303 000 -. -. — — — -. IS 0 —

U.~~..., 73 43 45 05 75 5.3 41 — 25 10 00 01 II —‘ — 14.0 000 002 8.5 — — — -. — 14 0 —

2 2 2 2 2 2 2 -- 2 2 2 2 2  --‘ — 2 2 3. 2 — — —  -. — 2 2  —
WHITE RIVER NEAR SUCKLEY AUGUST 1S47 THROUGH AUGUST 1551

~~~~~~~ 3.~~~ 10 73 13 37 01 35 -- I40 I.5 0.3 1.lII -— — 170 0070I2 7.7 — —- -  — 2 2  I —
OS., ... 52 0.3 00 21 01 21 -. 5.4 1.0 02 5.1 41 — — 134 DOS 000 17 0 —

415 47 32 5.5 II 5,2 52 — 35 0.2 0.1 02 34 ‘-- — 5.5 003 0.01 *5 10 0 —
4 4 4 4 2 2 4 ’-’ 4 4 3 4 4  —- — 4 3 3 3 ,,. * — — 4 4  —

101Sf CREEK ABOVE RESERVOIR NEAR ENUMCLAW JANUARY 1553 THROUGH OCTOBER *164
55 45 4.1 05 30 01 22 0 2.4 2.0 0. 1 I I 40 550 055 14.0 DOS 003 7.2 II I 11.0 $0 .4  38 14 0 lID

___ - 31 30 01 2.1 0.5 17 0 ID I 3 00 0 7  30 002 004 130 0.05 aOl -. — — 47 11,2 12 0 37
7 00 30 0.4 35 05 14 0 0.3 1.0 0.0 0.3 25 002 042 12.0 0.04 0.00 SI S 0 3.0 10.2 N 5 0 0

1 S~ I I I I I I  I I I I I  1 1 I 4 4 I I I  I 8 5 5 5  I

- BOISE CREEK AT SUCKLEY JANUARY 1053 THROUGH OCTORER 1264

—. 8? 51 El 3.8 5 3 0  0 3.2 2.4 0 1  32 84 0.21 053 l05 0.42 003 — — — 1 0 0 100 18 21 47100

30444.., — 41 8 0 1 . 1 30 1.7 22 0 2 . 4 $0 00 2.0 51 0.11 022 160 001 003 04 *0 8 1 . 0 55 53 *5 0 1500

-. S $ S S I l l  I I I S I  S I I 3 3 I II  S I 5 5 5  S
WHITE RIVER NEAR SUMNER OCTOSER 1561 ThROUGH MARCH 1554

~~~~~~ 3505 11 124 4 1 5.3 7.3 40 0 14.8 32 0.3 33 733 018 --- IOD IIS •I5 5.7 30700 154 144 $33 47 I II~~~~
- 13 00 30 31 1 . 1 3 0 0 1 1  IS 0. 1 07 51 001 -- 734 038 0.02 — ~~~ — l07 l1.2 I04 30 2 1,410

~~~~~~~ 57 37 4.4 1 7 2.3 0.3 18 0 4.2 0.5 0.0 00 4S 0.I0 ... I00 0 Q 3 0 4 2 0 1  0 0 3 4 0 . 4 3 8 7 1 0 0

2 5 1 3  1 2 1 2 02 0 2 1 2 21 1 2 1 2 5 2 1 3 5 2  II -
~ 13 II *7 5 3 5 3 4 0 0 1 51 $1 8313 ,,..J L,

PUVALLUP RIVLR AT PUYALLUP OCTOSER 195 1 THROUGH APWII. 1505

~~~~ 5~~~~~ 
74 110 31 5.4 LI 45 0 175 30 5,7 20 112 0.13 — 381 50502 LI 00 lOS $8.1 $14 772 00 I 14.

— 5 7  P.S 7 0 5.5 3.0 23 0 4.S 3.0 0.1 4 7 75 004 I.IO IS.0 015 0.07 54 0 0 3 0 1 1 0111 05 2 4 2 2 1.000

5 3 U I ?  35 0 5 3 8 0 5 5  15 01 07 07 005 — I
~~~

044 00l -. — -- 9.3 *05 5 2 2 4  I 5531
M. I,~~ * 4 0 05 3.2 04 38 0 4 5 05 09 0. ’ 4 1 401 — 00)042 0 3 1 0 2 0 03 57 15 0 0

3 0 4 7  4 2 * 4 7 4 7 * 2 1 1 742 45 42 43 38 ~~~~43 30 13 4 3 4 0 7 5 4 0 4 3  42 43 42 43
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TABLE 8-4. Surface water quality (page 2 of 2)

mg/I ——— 
mg,l 

~~~~~~~ 
mg/I

It..” j J ~~~~~~~~~~~~ ~CLCV ER CREEK NEAR PARKLANO OCTOBER 1962 THROUGH SEPTEMBER 1964
M..om .~ --  St t OO 4 ’ l  4 .8 5 5 48 0 65 40 02 S2 90 O S ~ 0.13 23.O O.J0 O.05 1.4 10 5 )50 13,4 1 4 0 2 5  5 11 .000
U.., -- 74 30 34 4.4 10 43 0 40 30 0 I 3 I 94 004 007 ISO 0.04 0.0? -.. - — -‘ lOS 115 101 30 7 383Mn.,, ,,, - - -  OS P 5 74  38 0.5 28 0 3.2 25 00 2 I 84 002 0.03 15.0 0.00 0.00 6.6 0 0 II 5.3 SI 28 0 0

*5 .38.. - -  24 24 24 24 24 74 12 24 24 24 74 74 )~ 22 24 19 4 24 24 24 24 24 24 24 24 _i~CLOVER CREEK ABOVE STEILACOOM L I KE NEAR TAcOMA OCTOSER 1962 THROUGH SEPT196 5
M$n.nn nb -- 83 11 .0 4.0 5.3 II 47 0 1.4 4 5  0.2 72  108 029 0.23 210 0.34 0.02 7.2 30 20 2)0 13.1 142 42 S 24 .000

67 9.5 31 4.5 0.5 40 0 59 31 0.1 3.2 41 006 012 5 2 1  0.12 00) --- — -- 112  11.1 105 18 3 1,521
M.nnn. n, --- 54 *5 18 4.2 0 6 2 3 0 4 2 3.0 0.0 05 82 000 0.03 14 0 . 0 0 0.00 6 . 5 5 0 4 . 3 8.8 1 1 2 8 0  0
P5 mb.. -- 25 2 9 3 5 3 0 2 3 3 5 24 35 36 35 36 3b~~~ 23 3 1 3 8 29 6 3 5 36 23 35 23 35 35 35 25

CHAMBE RS C R E E K  BELOW STEILACOOM LAKE NEAR STE It  ACOOM OCT 1962 THROUGH SEPT1964
M.. n. .., 773 85 52.0 4.2 5 . 7  5.6 80 0 8.6 4.2 0. 1 4 6 1 2 9  088 100 1 9 0 0 1 1  005 8 1  10 5 240 13.3 130 47 7 350544. - -  73 10.5 18 5. 1 1.0 47 0 13 3.9 0 1  2 2 9 0 8 025 029 5 3 5 0.04 003 128 10.8 101 41 3 90
U.nrn,un. 27 53 9.5 2.1 4 .6 0 . 7 3 0 0 5 4 28 00 0 1 94 0.04 005 5 2 0 0 0 000 06 0 0 6 . 1 8 0 76 2 3 0  0

24 24 24 24 24 74, 24 12 24 24 24 24 24 24 23 24 59 4 24 24 24 24 74 24 24 24 74
FLETT CREEK AT TACOMA OCTOBER 1962 THROUGH SEPTEMBER 2969

M..on.. n. 59 156 720 8.9 9.0 5.6 75 0 35.0 t OO 03 130 220 0.05 1 . 10 22.0 1.10 003 78 950 520 209 13.2 950 55 36 74 ,000
54..,, - .. 120 56.0 6.5 7.2 2,1 53 0 20. 8 1 9 0.5 90 .1 171 0,20 0.28 56.6 0.25 0.09 95 . 3 89 34 67 23 5,343
U.n,..... 2 98 52 .0 4 .2 S I  5.6 30 0 97.0 45  00 6.8 131 001 009 12.0 0.02 000 6.3 5 0 73  45  II 47 95 95

24 36 36 36 36 36 36 24 18 35 36 36 36 36 35 36 29 6 3 6 36 36 36 36 36 3 6 3 6  36
LEACH CREEK NEA II STEILACOOM OCTOBER 1962 THROUGH SEPTEMBER 1965

~~~~ jm.,, ‘.4 129 94 .0 9.2 6.1 2. 9 70 0 9 7 .0 65  0.3 5,4 56/ 0.19 0.55 30.0 0,29 0.06 75 500 IS 95.0 92.6 III 68 II 11.000
Up.. - - -  106 19 .2 7.9 5.6 1,5 59 0 13.) 4 .6 0.9 4.0 549 0 9 3  0.20 256 0.12 0.03 -.- ‘-‘ -. 9.9 907 97 59 II 5 ,866
Min....m. 53 5.0 4.4 4,0 I I  26 0 11 .0 28 0.0 1. 3 101 0.02 0. 95 96.0 0.03 0.00 84 0 0 5.8 9.0 82 35 S 0

24 36 36 36 36 36 36 24 36 36 36 36 39 36 35 36 32 6 36 36 36 36 36 36 36 35 36
CHAMBERS CREEK NEAR STEILACOOM OCTOBER 1962 THROUGH APRIL 1966

M nmn m 348 500 520 6.2 6.2 2.3 57 0 520 6.0 0.2 5.6 530 0.94 9.20 23.0 0.52 0. 10 7,8 70 20 5 7 4  13.0 113 56 90 91420644,. -.- 14 95 .0 43 5,5 1,3 49 0 9.7 4.6 0, 5 4. 2 523 0.20 0.28 96.9 0.08 0.04 -— — -. 19 . 3  109 94 47 7 933
U.n,n.,,.. 37 73 8,0 3.3 4.0 0,9 30 0 6.9 30 0.0 2.7 91 0.04 0. 50 11 .0 0.40 0.00 6,7 0 0 6.6 8.3 52 35 2 0

26 46 46 45 40 49 49 36 49 49 49 49 49~~~ 36 ,35 49 32 90 40 40 36 59 50 50 49 19 SI
KArOW SIPI CREEK NEAR KAPOWSIN FEBRUARY 1955 ANO SEPT E600K41 1955

M~ on, m 246 51 4.8 9 4 3.4 0.9 28 I 5 2.0 0.3 9 6 53 16.0 0.06 0,08 67 -- ‘-‘  IS 0
OS.,, - 50 4. 9 $ 3  32 0.9 23 -- I I  9 .5 03  I t  48 -“ -‘ 54 .5 0.06 0,04 96 0 -
M.nim. m 6 49 31 1 1  3.0 09 98 - - - 0 1  1.0 07 0.7 43 93 .0 0.03 0.09 66 - — 93 0
549.4... 2 2 2 2 7 2 2 . - .  2 2 2 2 2  “ * 2 2 2 2 3 2  --

PUVALLUP RIVER NEAR ORTING JULY 1959 THROUGH MARCH 1966
54.n,n, ,,, 3.240 40 7.5 2.3 40 1.1 30 0 56.0 28 0.3 1.6 74 0,14 .— 18.0 9.50 OI l  75  40 500 IS O 13.4 lOS 26 92 42346 5.2 9 ,3 27 08 21 0 5.7 1.9 0. 1 0.3 62 0.03 — 93.4 0,65 0.02 --- —‘ - - -  80  ‘ 9 .4 SB IS 2 993Mi..., .. 266 23 3.5 0.5 98 0.2 I 0 9 5  0.0 .0,0 0.0 40 0.00 * 89 0.02 0.00 62 0 0 9 0  62 S8 93 0 0

24 32 2 3 2 3 2 3 3 2 3 297 32 32 32 32 32 26 --~ 39 25 99 32 3 2 9 2 9 3 0 2 9 3 23? 23

CARBON RIVER NEAR FAIR FAX FEBRUARY 1995 THROUGH AUGUST 1964
Up...... 1,740 52 8.5 1.7 4.0 10 34 0 3.5 I I  0.2 5 6  84 090 ... 92,0 (9,90 0,05 7.4 t O 370 11.5 124 903 23 0 423OS.. -- 35 4.5 )0 39 0.7 2 3  0 2.3 09 0.1 05 44 0.03 ... 98 0,30 0,03 ..- -- - - -  1.0 11.6 101 15 0 943U.n.,... , 194 23 3.4 0.3 11 0.5 12 0 5 ,4 0.2 0.0 00 28 0.00 “ 5.9 0,00 0,09 *6 5 0 5.1 10,6 100 7 0 30
54.38.. 9 9 9 9 5 0 9 7  9 9 9 9 5  7 -. I 9 5 9 5 7  7 7 7 9 9  7

Appendix XIII for a map showing the location of the year except for slight variations caused by specific
statkens. changes in climatic and geologic conditions. In the

Physical. Average dissolved oxygen concentra- Chambers Creek area , the dissolved oxygen concen-
ions in the Puyallup River and its tributaries ar e trations are also at saturation levels, except for Flett

~~~~., tanging from 10.8 mg/I to 11.6 mgJl. The lowest Creek , where the percentage of saturation is generally

~~~~~~ Jissolved oxygen recorded for this river less than 100 percent because of the higher temper-
,,~ e. was 8.4 nieJ l on the White River near Sumner. atures of its ground wate r sources and the adjacent

a~~ n~dence of any oxygen deficit in the basin land uses.
eke (b~~~;n Creek area , where the minimum The temperature of the Puya llup River and its

ueygea conten t in Flett Creek dropp ed to a tributary, the Carbon , is relatively low, normally less
than 18°C (64° F) durin g the warmest n-~onths , and

l~~ I., JIL 1 anygen concentration In the reflects their glacial origins. The Puya llup warms up

~~~~~~~ ~~~~~, ~~i05* ..aa. .lni at near ly 100 percent downstream , and has reached a recorded high of
______ a ‘~~~~~~~~~ .e ~~~C 161’FI ) throughout the 18.3°C (65°F). The increase in temp erature dur ing
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TABL E 8-5. Low-flow frequency . JII ~~~~

Recur- 7-dsy 30’day 4 I
Fence low low

lntSfval flow flow
Station (years) lcfs) (cfs)

Puyal l up River at Puyallup 5 1.010 1.250
10 910 1,150 -

~~
-

20 820 1,050

Puy.lIup River near Orting 5 210 285
10 188 260
20 170 240

CSIbon R iver fleer Falrfa, 6 110 133 ~
10 98 118
20 89 105 PHOTO 8-2. The turbid water of the Puyal lup River

White R iver new Budiley 5 ~~ soo is limited to such uses as irrigation.
10 340 440
20 300 400

Chemical. (See table 8-4.) The surface water in
Chambers Creek below Leach 5 34 36 the basin is, in general , soft , low in dissolved solids,Creek near Steilacoom 10 32 36 and of excellent quality. The concentration of total20 31 33 dissolved solids in the Puyallup River system rarely

exceeds 70 mgJI.
Bacteriological. (See table 8-4.) The bacterio-

logical quality of streams in the basin is highly
the summer is prob ably caused by the contribu tion of variable, with total coliform densities ranging from
warm water from the White River , which has attained less than 430 MPN in the Puyallup River near Orting
a temperature of 26.(f’ C (7~~ F) near Sumner. to an occasional maximum high of 240,000 MPN in

The warmest stream temperatu res usually occur Boise Creek near Buckley.
near Lake Steilacoom, where maximums of 24.(? C The MPN value of coliform bacteria in Chain’-
(75° F) on Chambers Creek and 21.(f C (71f F) on ben Creek below Lake Steilacoom is usually less than
aorer Creek have been recorded. Flett Creek, at 100, but is occasionally as high as 390. Its overall
Tacoma , has reached a temp erature of more than quality compares favorably with natural waters found
21,1°C (70° F). Temperatu res on Chambers Creek in the basin . However , downstream near the town of
near its outlet at Steilacoom have reached a maxi- Steilacoom, MPN values in excess of 700, with a high
mum of 17.4° C (63° F). of 11 ,000, have been recorded in this same stream.

The glacier-fed Puya llup River and its tribu- Leach Creek has MPN values usually in excess of
lan es are extremely turbid (Photo 8-2) during most 1,500. Flett Creek at Tacoma’ contai ns an even
of the year , with minimum turbidity occuning during greater concentzation —5,343 MPN —and Is, therefore ,
the winter when glacial melt is at a minimum , the lowest quality stream in the basin. The entire
Turbidit ies for the Puyallup River, White River , and length of Clover Creek is of similar , sanitary qua lity
Carbon River are less than 15 JT U, and S RU , with maximums of 11 ,000 MPN near Park iand and
respectively. Maximum turbidity of these stream s 24,000 MPN farther downstream at Lake Steilacoom.
ra nges from 230 to 500 JTU .

As indicated by the high turbidity levels of the
GROUN D WATERPuyallup River system, stream-borne sediment In th~

system exceeds desirab le limits throughout most of
each year. Sediment concentrations of 10 to 60,000 ~~~~~~~ Available
n*Jl in the White Riven have been recorded. The Plentiful supplies of ground water exist in many
sediment concentr ation In lowland streams not fed by of the lowland areas of the basin. Deposits of coarse
glaciers is usually within desirable limits. sedimentary material, the important lowland aquifers,
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V are nearly continuous over about a 420 square-mile Precipitation and slope runoff supp ly the
area. aquifers , which may receive an average of about

Recessional outwash deposits, consisting mostly 1 30,000 acre-feet of recharge annually. Most of the
of coarse sand and gravel , are the most productive ground water distharges through springs and seeps
aquifers in the lowlands because their high transmis- around the marg ins of the river valleys, or directly
sibility results in greater specific capacities and yields, into Puget Sound.
Alluvium (silt, clay , and fine sand) , which occurs
mainly on the flood plains of the Puyallup and White QualitY
River valleys, app ears capable of yielding appreciable The ground water in the basin is of generally
quantities of water to wells. Wells in glacial and older good quality, though objectionable concentration s of
semiconsolidated sediments generally yield small iron and sodium occur locally in water from the
amounts of water. Puyallup and White River valleys. The water is low in

Sand and gravel aquifers probably occur in the dissolved solids, usually less than 200 mg/i, and
mountains in sediments that cover about a 30..square hardness does not usually exceed 60 mg/i. Silica
mile area. Assuming such qualitie s as saturate d th ick- concentrations range from 7 to 54 mg/I , and average
ness and permeability, these aquifers might be devel- about 30 mg/i. Sodium concentrations are relatively
oped to supply ground water on a sustained basis. In high in the Puyallup River valley, and often exceed
other mountainous sections, ground water is obta in- 50 mg/I as compared to an average of less than 10
able only from consolidated and semiconsolidated mg/I in other parts of the basin.
rocks , which yield at best only 10 gallons per minute. Table 8-6 summarizes ground water quality

data for selected wells in the basin.
TABLE 8-6. Ground water quality .

~mWl)

B .. .~~~~~~~~~

Owns, ~~~~
°“ 

~~~ ~~~~~~~~~~ !~hI ~iI ~*jl,l o.d l4s~~~us,tsqi (Puik ) 15/075 12/13/67 10.0 4 2.00 15.00 0.12 ¶9.20 0.80 1.13 2.76 2.04 0.20 — 64.0 ¶ 20.0 8.25
Lk.(ewin ) 201056/33 11/0/67 15.0 5 2.26 22.00 0.20 ¶2.00 ¶ 2. 15 2.12 2.75 389 0.24 — 80.0 ¶ 18.0 1.50

Fruitl.nd Wuuir (viullil 19/048/4 5/24167 15.0 11 ¶ 5 0  11.26 0.17 8.6? 9.60 2.96 2.69 1.42 0.31 67.0 44.0 112.0 7.50
Cilv af Roy 18/028 5/19167 15.0 8 1.50 20.50 0.19 8.00 2,80 2.64 5.69 10.99 0.24 65.2 24.0 06.0 6.73
Pult l , d  Li~~t m d  Wits.

Will 19/03E/9 5/ 15157 15.0 5 0.82 7.50 0.78 10.60 4.76 6.13 3.43 3.22 0.62 72.2 45.6 1*1.1 7.46
Will 19/035/17 5/15/61 16.0 4 1.00 8.00 0.19 13.50 7.48 3.57 2.34 12.31 0.21 81.4 549 148.0 6.86
Will — 5/ 15/67 ¶ 5.0 20 2.20 7.60 0.39 28.00 0.49 24.29 3.96 6.48 0.41 13. ~ 72.0 170.0 9.50

C~~ of South Prim.
Will 18106/IS 3/27/67 10.5 10 0.22 23.75 0.23 11.21 10.69 5.39 2.11 3.92 0.80 100.8 72.0 144.0 7.78
Sllfl.~q — 5/7/8; 6.7 7 1.20 7.00 0.12 14.42 6.22 2.09 1.74 1.96 0.24 76.6 620 135.0 7.49
Will 12/13/66 15.0 7 0.72 14.76 0.46 10.41 9.50 14,95 3.05 2.22 0.94 ¶50.3 44.0 166 4 1.56

Moon Will. Syiluin ... 11/24/56 — — -. -. 0.22 — — — — 19.49 — — -. — 7.03
L~~awiOd WiIr 048r.ct

01.8 *2 19/028/I 9/ 19/60 — — — 43.30 0.10 9.00 4.80 16.10    57.0 42.2  7.50
Will D3 19/028/2 8/5/59 -. I — 42.30 0.0.6 8.90 680 14.70    108.0 46,1  810
Will 03 ¶91028/4 9/29160 -. — — 37.70 0.08 10.70 8.60 13.80    86.0 46,4 7.70
W11lK2 19/028/10 12/3158 11.1 1 — 39.60 ¶ 1 0  8.00 6.40 16.60    106.0 42.2  7.50
Will Li 19/028/14 9/9/60 — — — 32.00 0.10 7.50 6.00 13.80    $8.0 419  7.50
01411 Ml 19/028/16 919/00 — — 2.00 55.10 0.18 9.90 6.60 13.80    106.0   1.10
Will NI 20/028/26 5/3/52 -. 2 1.00 67 .90 0.22 8.30 6.40 11.40    130.0 42.9  5.30
048b,ook 6011 201036/31 8/3/0.6 -. — — — 0.19 -

Cliv of Ticorn.
014811* 20/025/13*11w 1/31/56 -. — — 27.40 — 14.50 13,80 5.60  0.80 0.10  92.9  6.90
00012* 20/035/1801w 10/13/SO — — — 19.10 0.01 13.70 11.00 6.60  1.20 0.10  79.7  7.10
Will 3 20/035/1961w 1/28/53 — — — 26.40 0.01 9.80 3.40 5.40  0.30 0.30  379  7.30
Will 20/035/XNIw 10/39/57 — — — 35.80 0.01 ¶5.70 11 .00 11.30  1.10 0.20  $4.8  810
0044 21/025/34*1* ¶ 2/ 10/86 — 3 — 32.20 0.10 25.20 4.40 8.80  1.20 0.20  $1.1  6,60

Poll LIwIS WIll. 0.01.
5400, ¶91028/19 1/31/67 — — — 8.50 0.01 11.00 4.10 5.30 0.90 1.30  64.0 44.0 115.0 8.40

191025/la 3/17164 -. — — 9.80 — 10.00 4.00 5.40 1.00 1.10  660 42.0 109.0 6.00
6.41. ui.ll 19/028/306 ¶ 2/1104 12.2 — — ¶ 4.00 0.01 14.00 4.80 5,80 1.10 3.40  $7.0 MD ¶37.0 6.80
01.413 -. 2/8185 11.0 — — 31.00 0.13 11.00 6.40 5.20 ¶ 7 0  0.30  96.0 50.0 127.0 7.40
Well s — 2/1/86 ¶ 2.2 10 — 3989 280 6.00 4.70 2.40 6.20   $2.0 27.0 63.0 7.40
Will s 19/025/32*42 1/3/52 12.7 — — 26.00 0.73 1500 7.70 5.60 1.40 1.30  110.0 70.0 112.0 7.10
Will 19/028/3052 1/3/82 12.2 — — 17.00 0.02 ¶4.00 4.90 5.70 1.40 5.40  $1.0 55.0 140.0 6.40
Will S ... 3/20/64 11.7 5 — 44.00 1.50 7.00 6.40 610 3.00 0.1  105.9 40.0 ¶16.0 7.50
01.41 13 19/026/29 2/I/SI ¶2.2 — 29.00 0.05 10.00 0.20 5.90 1.50 0.70  86.0 50.0 139.0 7.10
Will II ... 1/31/51 13.9 — -. 27.00 0.02 5.39 3.30 5.10 2.60 — — $4.0 26.0 80.0 810

‘4.ocit.m 60*11 eli. Mill dhis.WWen 01114 ill, 01 11l *511 W. in morn. cwis. 01,1.8 Pm
.mir ~~l,, 301800130N1e k.4lcstis townilhIp 20,111 .03.60, Mctlo~ 30.4060. ~4ot N . gil 1k.
too w4841w1 010.1p4S1.

b41 ,oo. .4w. ivupo00lon it 1$siC (35600).

C~~~~,s,48 gi~~ 2siC 177°P ).
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PRESENT AND FUTURE NEEDS
The primary factors that determine water Municipal

requirements are population and industrial growth. Municipal average daily water require ments are
Since both population and industry are expected to forecast to be 85.5 mgd by 1980, 152 mgd by 2000,
increase at an accelerating rate in years to come, it and 266 mgd by 2020. By 2020, municipal water
follows that demands for water will increase at a requ irements will account for approximately 49 per-
parallel rate. Estimates indicate that demands for cent of total projected water needs for the basin. Per
water will far exceed the capabilities of presently capita water use is projected to increase from appro x-
developed sources. It is extremely important , there- imately 128 gpd at present to about 188 gpd in 1980,
fore , that accurate forecasts of fUture demand be 210 gpd in 2000, and 230 gpd in 2020. This
available so that rational decisions concerning the increasing per capita water use is in keeping with
source and extent of future water sources can ~ water use trends observed in other expanding urban
made . ApproxImately 30 percent of the present areas. See Table 8.10 for a sununary of projected
developed ground water under recorded rights in the rat es.
Puget Sound area is In the Tacoma vicinity.

IndustrialPROJECTED POPU LATION GROWTH
Industrial users are expected to continue to be

Production growth as measured by increased the major water consumers in the Basin. Estimates
value added , of the major water using industries in (Table 8.10) indicate that industrial requirements will
the Basin is expected to show an increa se of 550 increase by more than 500 percent , and will reach
percent between the present and the year 2020. The approximately 280 mgd by 2020, about 51 percent
chemical , petroleum, and food industries1 as shown in of total pr ojected water requirements . In 1965 ,
Figure 8-5, are forecast to become the major indus- indu ....y consumed some 48.6 mgd , or about 58
trial forces in the Basin. Food industry production is percent of the total amount of water consumed in the
predicted to grow rapidly through the year 2020, in Basin .
keeping with projected population increases in this
and adjacent basins. Rural-Individual

In keeping with the predicted population shift
PROJECTED WATER REQUIREMENTS to the more urbanized areas, rural-individual water

requirements are forecast to drop to abou t 0.25 mgd
Total wa ter requirements in the Basin are by the year 2020, less than one-fourth of 1 percent of

expected to reach 547 million gallons per day by the total projected water use. Rural-individual consumers
year 2020, representing more than a 500 percent present ly use about .05 mgd . Present per capita water
increase from 1965 requirements . Table 8-7 , 8.8, and use is 165 gpd.
8-9 detai l water use requirements for 1980, 2000 and
2020, respectively. Table 8-10 summarizes water use -

requirements through the year 2020. Figure 8.6
shows graphically the location of water needs.
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TABLE 8.7. Projected water use (1980).

Surfics wessr u~~~s (med) Qround tlstar u~~~ (med)
population Avs.ves Maximum Averup •Maxlmum

Sy*sm rved daily monthly daffy monthly

MUNICIPAL USE

Tscome Saivics Area 250,000 42.80 60.00 4.80 65.00
Fort L.vdis 75,000 — . 14.20 20.00
Puyallup 30,000 — — 5.70 8.00

~~siIacoom 3,000 — — 0.60 0.80
Budilsy. Sumner. OrtIn~,

Bonney die. Wilteson . and
other n~rsl community systams 90,800 170b

S btotsl 448.800 44 50 62.40 40.90 115.60

RURAL4NDIVI DUAL USE 1,000 — .— 0.07’ 0.10

INDUSTRIAL USE

Municipally supplied :
Tacome:
Paper and all ied — 49.50 54.50~ 5.50 6.00
Food and kindred — 2.40 3~ 0d 0.30
Ch.mlc.ls and petroleum — 11.80 10.60 1.20 1.20

Primary metals — 7.00 7.00 0.80 0.80
Lun*~sr and wood .— 1.50 l .00~ 0.20 O2O~
Stone, clay. glu e — 0.20 O3O~ 0.70 Q~~Q d

Puysllup:
Food and kin*ed — — — 0.02 003 d

Stone, clay, glass — — — 0.14 0,70d

Sumner:
Paper and allied — — — 0.24
Stone, clay, g1 — —. — 0.09

Stif..upplled:
Paper and allied Chambers Cr.) — 0.50 O.OO~ 9.00 9.9O~
Paper and allied (Sumner) — — — 1.80 1 .8O’
Prinesy metals (Kaiser) — — — 6.50 6.50
Stone, clay, glass — 0.10 0~16d 0.40
Food and kindrsd (Sumner ) — — -— 0.50

liMotal — 73.00 78.50 26.80 29.23

449.800 118.50 140.90 67.60 144.90

Ees~~usd nepaclty 0$ wells.
BVusImesed 10 ,~ercant served by turf Ic. wurcss.

‘11I,...as.Aof aeeraga.
Met avare s

on 70~~cd and 100 p,.enit 0$ rurul-Indlviduel population served by sound we*sr.

P’~ uius en rounded.
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TABLE 8-8. Projected water use (2000).

Estimated Surface wetar uusffa (modi C~round water us~ a (mod)
population Averega Maximu m Averags Maximum

System served daily monthly daily monthly

MUNICIPAL USE

Tacoma service area 423,000 80.00 124.00 8.90 70.0&
Fort Lewis 100,000 — — 21 .00 29.00
Puya llup 60,000 -.. .— 12 .60 17.60
Stellacoom 6,000 .— — 1.30 1.80
Sudcley. Sumner, Orting,

Bonn ey Lake , Wilketon , and
other rural community systems 130.500 2.7d~ 3.80

Subtotal 719 ,500 82.70 127.80 68.50 153.00
RURAL.INDIVIDUAL USE 1 .500 — 0.13’ 0.18

INDUSTRIAL USE

Municipally supplied :
Tacoma :

Paper and allied — 83.00 9.20
Food and kindred —. 4.80 720d 0.60 o.gd~
Chemica ls and petroleum — 29.00 27.60 3.10 3.10
Primary metals — 12.30 12.30 1.40 1.40
Lumber and wood — 1.60 l .lO~ 0.20 O.2O~
Stone. clay, g1 -. 0.35 050d 0.35 0,50d

• Puya llup:

Food and kindred — — .— 0.03 0•04d

Stone, clay, glass — .-. — 0.24
Sumner:

Paper aid allied — -- — 0.40 O.4t ~
Stone , clay, glass — — -— 0.16 0,24d

Self-supplied:
• Pap er and allied (Chambers Cr.) — 0.80 O.9O~ 15.00

Paper and allied (Sumner ) — — — 2.70
Primary metals (Kai,er) — — -- 11.50 11.60
Stone, clay, g l i  — 0.17 025d 0.70 lOO~
Food and kindred (Sumner ) — .— 1.00 1.5d’~

Subtotal — 130.60 142.45 46.58 49.88

Total t 721 ,000 213.30 270.40 115.20 203.10

‘Estlmat.d capacity of wells.

percant anved by urfuot sources.
0110parcent of aver~gs.

on 90 gsal and 100 percent of rural-Individual population rved by sound ves~~ .
tP lguirss —. rou nded .
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TABLE 8-9 Projected water use (2020).

Estimated 5urfac. water u~~ a (mod) qround water (n~~ )
population Average ~~~mum Aver age sewn

System ear~’ad dilly monthly dilly monthly

MUNICIPAL USE

Tacoma rvlce area 730.000 151.00 210.00 17.00 75.00’
Fort Lawi.e 125,000 — — 29.00 40.00
Puyallup 90,000 — — 21.00 29.00
Sisilacoorn 10,000 — 2.30 3.20
Buckley, Sumner, Oiling,

Bonney Lake, Wllkeeon, and
other rural community eystama 200.400 41.00 ___

Subtotal 1,155,400 156.60 216.50 110.30 204.20

RURA L-IN DIVIDUAL USE 2,300 — — O.26~ o.z
INDUSTRIAL USE
MunicIpally supplied~
Tacoma:
Paper and allied — 105.00 ll8.OO~ 11 .60 1210°
Food and kindred — 1~~~ d 1.10
Chemicals and petroleum — 70.50 88.00 7.80 7.60
Primary metals — 21.80 21.80 2.50 2.50
Lumber aid wood — 1.50 1.80° 0.20 0.20°
Stone, clay, gl — ~~~ 1~~ d

Puyallup :
Food and kindred — —

Stone, clay, gl — — — 0.80 0,90d

Sumner
•Piper and allied — — — 0.50
Stone,clay, gla — — — 0.36

ealfiupplied:
Paper and allied (ChainbersCr.) — 1.00 1.10° 19.00 21.00°
Paper and allied (Sumner) — — — 3.40 3.80°
Primary metals (Kaiser) — — — 20.20 20.20
Stone, clay, glass — 0.38 0,0d 1.90 2AO d

Food and kindred ~5umner) — — — 
LZ9~

Subtotal — 200.59 222.10 11.32 78.13

rot d 1,157,700 385.20 43S.80 191.90 2*2.70

‘Ledmated capacity of wells.

10 p.rC..A served by surf.,. eouroas.

°IlOpercaitI 0$

of orerup.

‘BassO or, I 10 aped aid 188 percent of rwul ndlvldu.l popula tion served by ground wetar .
tFIgUmS en rounded.
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TABLE * 10. Summary of projected wetur needs.

Estimated Surface water usage ( mgd) Ground water usage (mgd) Total usage ( mgd)
population Avsrsgs Maximu m Average Maximu m Average Maximu m

U. Year served daily monthly daily monthly daily monthly

Municipal 1965 344,455 21.1 28.9 22.4 98.3 44.1 127.2
1980 448,800 45.5 62.4 40.9 115.6 86.41 178.00
2000 719.500 82.7 127.8 68.5 153.0 151.2 280.8
2020 1,156,400 155.6 216.5 110.3 204.2 265.9 420.7

Industrial 1965 — 41.5 49.3 14.6 16.4 56.1 65.7
1990 — 73.0 78.5 26.6 292 99.6 107.7
2000 — 130.6 142.6 46.6 49.9 177.2 192.5
2020 — 209.6 222.1 71.3 78.1 280.9 300.2

Rural-Individual 1965 745 0.0 0.0 0.0 0.1 0.0 0.1
1960 1,000 — — 0.1 0.1 0.0 0.1
2000 1.500 — — 0.1 0.2 0.1 0.2
2020 2 300 — — 0.3 0.4 0.3 0.4

Totals 1965 345,200 83.2 78.2 37.00 114.80 100.2 193.00
1980 449,800 118.5 140.9 67.6 144.9 186.1 285.8
2000 721,000 213.3 270.4 115.2 203.1 328.5 473.5
2020 1,157,700 365.2 438.6 181.9 282.7 547.1 721 .3

Note: U~~~ figures are rounded to one decimal place.

MEANS TO SATISFY NEEDS
GE N ERAL production per recorded well of 0.7 mgd is quite

indicative of the quantity of ground water availab le.
The projected annual water use is expected to Several wells produce well over 5 mgd.

reach 550 mgd by the year 2020. This is an increase Most all of the remaining conununities in the
of approximately 450 mgd over the 1965 average use. basin , unless served by Tacoma, rely upon ground
Optimum or peak water requirements will- be almost water for supplying needs. The largest of these service
two times this average or nearly 2,100 rngd. Table areas are Lakewood, Fort L wis, and Puyallup.
2-12 and 2-13 , the Area Plans , summarize the Basins’
annual average and optimum requirem ent. Table 8-10 BASIN PLANS
M&I Water Supply Needs, reviews the needs of the
maior water systems and/o r users in the Basin . The Selected Plan , Table 8-12, shows the

The city of Tacoma , largest water purveyor in expected development for the systems within the
the Basin , uses both surface and ground water to basin :
meet the peaks of its municipal and industrial Tacoma is expected to continue development

4 consumers. They divert surface water from the Green of the Green River until approximately the year
River , to a settling reservoir southeast of Tacoma 2005, at which time they will also develop a aite on
where it is chlorinated and delivered to the storage the Puyallup River . The city’s ground water develop-
and distribution systems. The ground water , although ment will be expanded concurrently with the surface
very sustant ial , is used only for meeting peaks or water supply . This ground water source would aug-
during maintenance on the Green River transmission meat the surface water and be utilized during times
line or periods of high turb idity. of peak demand or unaccep table turb idity in the

Surface water is expected to supply nearly 67 surface supply .
percent of the total water used within the Basin, with The city of Puya llup in the Selected Plan is
the remainder supplied by ground water. The average propsed to connect to the Green River transmission
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line to Tacoma. This would require Puyallup to native Plans , respectively, include costs for supply
provide a reservo ir to be used for storage and and transmission, treatment , pumping, and chemicals.
turbidity removal. If this reservoir were large enough Projected annual income is also included. Tables 2-12
to be used for meeting peak demands and Puyallup and 2-13, the Area Selected and Alternative Plans,
could contract for a ~ rtain amount of water daily, respectively, list the storage and distribution costs for
Tacoma could wholesale water to the City, each Basin. These costs will remain the same for both

In the Selected Plan , Fort Lewis is listed as plans. Table 8-10, Summary of Projected Water
remaining on a ground water source. The city of Needs, shows the level of deed to 2020 from all
Tacoma Water Division does not anticipate supplying sources.
water to either Fort Lewis or M~~hord Air Force
Rue . M~~hord is presently served by Fort Lewis. FINANCE

The Alternative Basin Plan calls for the Tacoma
Water Diviaion to develop the Green River to opti- Annual income as taken from Tables 2-12 and
mum capacity. In 1985, however, it calls for a 2-13 for the Selected and Alternative Plans indicates
development on the Skokomish River in the West the amount of money available to apply for bond
Sound Basins. This would necessitate a transmission service (approximately 20 percent of the total annual
line approximately 50 miles long which would have income).
to cross the Tacoma Narrows Bridge. This source, The following figures indicate the monies avail-
hewever, would be able to supply Shelton and all of able for bond service and the capital expenditures
the Southern Kltsap Peninsula, presently an area with amotrized b r  30 years at 5% for the Selected and
inadequate water supplies. A promising plan (not Alternative Plans.
considered) would be another transmission line from Annua] Amortized
the Skokomish River to serve the area in and around Cost (x $1,000)
Olympia (Nisqually-Deschutes Basin) as the need Annual Bond Service Selected Alternative
arises. Year Available (x $1,000) Plan Plan

In the Alternative Plan, the remaining corn-
munities are expected to continue development of 1965 $1 ,620 $790 $ 670
present sources—mainly locai ground water develop- 1980 2 ,150 2,440 1 ,970
ments to meet local needs. 2000 3,840 4,420 4,750

- 

2020 6,350 6,980 7,440
Surface and ground water supplies can be

economically utilized by rural-individual or small Costs as indicated by the Engineering News
community effort water systems, such as wells and Record Index are presently doubling every 15 years.
small surface diversions and padcage treatment plants; it is projected that by 1980 or sooner the Puyallup
90 percent of this coming from ground water sources. Basin will be unable to bond for the required water
The m~or means are to enlarge the present pumping, supply development, and future construction would
treatment and distribution systems to handle the involve extraordinary financial burdenn in relation to
peak water demands. the Basin’s economic resources or a series of major

Tables 8-I2and 8-13, The Selected and Alter. value rate increases.
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TABLE 8-11. M & I Watar Supply-Capital lmprovsm.ntl
!UYIUU! Basin ____________________________

M.G. O.
Prassnt Funim

1956 1965-1580 1960~00O 20O~ 2O20

Popu lation Sirwsd 158,000 260,000 432,000 730,000
TACOMA

OptImu m 168.3 251.0 - 435.8 726.6
Copl~~~ Improvsman*s 81.6 92.7 184.8 290.8

Population Ssr.’sd 61)000 75,000 100,000 125,000
FORT LEWIS
Optimum 39.5 49.4 66.8 82.3
Capitti I .opivwsmants 24.5 9.9 18.4 16.5

Population Survad 15,000 30,000 60,000 90,000
PUVAL.LUP
Optimum 10.1 19.9 39.9 60.2
Copitti Impecvamsnsi 8.1 9.8 20.0 20.3

Popu lat ion Ssrvsd 111 ,456 93800 139,500 210,400
SMALL. & RURAL
COMMUNTIY SYSTEMS

OptImum 74.0 62.1 90.5 139.5
Copitti I nripeevamanti 53.4 — 16.5 49.0

P~~~~~onSs~ id - - - -
SELF SUPPLIED INDUSTRY

Optimum 10.6 20.4 34.7 51.8
• Copitd I mps ovsmsnti 0.6 9.9 14.3 17.1

Population Ssrvsd 344,455 448,800 728500 1,155,400
TOTAL

Capital I rnp.cvsmsnts 168 122 252 394

NOTE: FIgw~. —s roundad.

I
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P TABLE 8-12. U & I Watsr Supply Use Plannlng—Prssunt to year 2020 Sslactad Basin Plan Puyallup Basin
1967

OPTIMUM THOUSAND DOLLARS
CAPACITY AMORTIZED MAINTENANCE

_ 
P ictud M O D  CAPITA l. COIT h AND OPER .

p , ,  of Wit. U,, Supply S T,,sI• Iron Pu~pprng Am.u~
Lo~sl Saw,. O,,,I,pm,nt D.,.I. MOO Supp ly T,.nu’~ T,un,m. mint R.mon~ Poaw Chain In,..,,.

TACOMA
PI~ SM MA G.u.n NP...DM,,Io., £O~~~ 55 72 72 20 4.891
PISRM OW L M O a u , I MAN, I..~~~. 82 82 704
P,w,M MA *00: 2174~~ 1889 23 23 3.931 1.715

IMA MA G.w RuM is7s Ia 93 93 11.700 9.750 1315 52 7.475
2090 MA Op.,., AMi 1850 235 00 90 11.700 6.700 2.485 94 13.724OW La~~~Op.u,ofWiur ~~ 5.700

2030 MA •P III. .rnus, Ns uuu.u. 3500 400 210 210 ~~~~~ 4,210 ISO 23,415OW ~~~~~~~~~~~~~~~ 90 90 4 200

~
3 ~~5 5 80.151 929.979

TACOMA 93LIC7SU PLAN TOTAl. ~~~J5I

puYAI.u,
P...M OW ~~~~~~~~~~~~~~ E.~~. 2 2 2 20 234
Pui M MA A0O~5.lm s
1110 MA •~~~~~0i.II89.CIIpuIT. u. ius S 10 10 1.274 739 52 340IDhiui f,soT. ~UI.. Uu.~

2000 MA lOMn Sa,oT._ . i.Nu~ illS 13 20 20 3803 1 900 135 755

2000 MA (0l1Mt t,.MT._ - LIMb 3015 21 20 20 2.539 1.523 727 1.231

80 50 $ 7~g9~ $3~755

PUVALLUP LICTID PLAN TOTAL $11757

PORT LEWIS
P, .,i OW L.Mb01M.d MISM laM, a is is 54 937
Pu,~~us MA *00: 34.I~Id 111$ 20 25 1.470

1110 OW NIluu40y RNs,—I..udO.,undW.S.. 1975 14 tO ID 594 140 1.110

- - 
— 2000 GM NI.51Mby RN..—La.~ Ginwof 115$ 21 16 ii 054 720 1 735

2990 OW NNSuISy RIaw-LaMb0,ound~~~~~ 3010 30 IS iS 090 304 2.117

PORT LEWI S 93LICTSO PLAN TOTAL 82 82 $4 020

Au. S RURAl. CO~~~UNITY SYITEEM
4 P.,.nS OW L MbGrawMW r lof~~ Il Il i• 183 1.752

P~~~n. OW *00: 54,7m d IllS 54 54 3,352

1180 MA ~~~~ rDI,Wssi.C*pofTiin.n, 1975 a 62 52 7.593 4.207 III 7 1.011

3000 MA MAN, oIMmii. CIOp .4 T~~~~~ liii 25 25 25 3 145 3,237 307 12 1.011

2030 MA WMAOIOMSF..Clepof TMarr. 2010 49 40 45 6.370 3.575 512 20 2152

12$ 120 530.490 610.119

MAAU. S RURAL CO~~~~IMTv IVITEMA TOTAL $30 893

LF 1915USD INDIWR Y
P.su..~i GM L.s~~O~~~~~ laM. 10 II II • 105 3

1890 OW L.Mb O~~~~~ laID IS II Ii NO 189 S

2800 OW LaMb S W93v IllS 30 IS 1$ $00 315 ID

~~~0 MA LOUI O MAN, 2011 40 17 17 2,210 453 IS

54 54 5 3770

LP 19~~PUlD INOISTRY TOTAL $3 770

NLICTED PLAN TOTAl. 51*188

• I.M M . _ _  I

~ ON. nsa M j 0  MA~~ Sd 1IMOp~~ 8 N.. IN AIIS MASO 19 S~~~ t, MaMa 550511.

• Al lioN. a, MaMat
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TABLE 8-13. U & I Water Supply Us. Plannlng—Pr...nt to year 2020 Alternate Basin Plan Puy alkip Basin
1967

OPTI MUM T HOUSAND DOLLARS
CAPACITY AMORTIZED MAINT E NANCE

M G  D CAPITAL COSTb AND OPER . Total
ci Wit . U.. Supply 5 Tro.f . Inn Putuphig Ann ual

UMI Scum, Dsa.Io,.......t Da,l. MOD Supply Trswn. Trw,,,,. mint Ra,nov.l Po,Wr CIwm. Inca,,,.

TACOMA
Pin nt MA Gro.n RIM, OIm,Non 9aM. 67 72 72
Pm.nt OW Local Ground Wa,, 5,1w. 62 52 704 4,891
Pp...ni OW Local Op.und MN. ISIS 23 23 1.422

1590 MA Ginun RIM, 1970 121 95 95 11 .700 6.750 1.34$ 52 7.475

SW ‘Scull, Foil, Skohonilli R~~~ 3000 235 155 185 24.050 13,875 2.466 54 *3.724

2020 SW Scud, Pail, Sliatanid, RIM , 2015 401 155 156 15.500 10.900 4.210 ISO 23.415
2020 SW Grow. RIM , 139 136 16,200 9400

557 867 $72 172 $40 923

TACOMA ALTERNATIVE PLAN TOTAL $1 13.097

PUVALLUP
P,s.nt OW LaOl O,aufal WN. E .d.t 2 2 2 20 234
Pp..nI OW LOMb Ground WN. IllS 5 S 456

- 
- 1150 OW LoMb Ground WN. 1975 6 10 10 EN 62 350

2000 OW Local GniundWN. ISIS 13 20 20 1.200 125 750

~~~O OW LaMbGro und WN. 2015 21 20 20 1,215 227 1,226

PUYA LL UP ALTERNATIVE PLAN TOTAL 60 60 $3,492

PORT LEWI S
PWIS11I OW Locd Gmaund WaIsr Sal,t. 8 IS IS 64 567
Pp...nt OW I.ccal Oro uMb WsNr 1955 25 25 1.470

1110 MA ~ Nlp.uIIy RPa.r—lnMa. w,d TMarn.nt 1975 14 10 10 1.217 743 149 5 I~I50

2000 MA NI~ ualIy RIMr-Intalw s.d TMMn.n t 1190 21 16 IS 2.132 1.230 220 5 1.726

2020 SW Nl,qually R Iror—lntoh . .nd Tm,.Smsnt 2010 29 IS 16 2 145 1.237 204 12 2.117

82 82 $ 7.03* $ 3.210

FO RT LEWIS ALTERNATIVE PLAN TOTAL $10,244

SMALL & RURAL COMMUNITY SYSTEMS
Pm,snt OW LoMb Op.uMb MN. SaM. IS IS II ISI 1,752
PI~~~ OW ADO: 54.lnat IN. 54 54 3,292

1110 OW No AddIlland NMd 15 191 1,011

2000 GM Land Gnnnd Wa,, 1190 29 IS IS 090 307 1.554
3030 OW Land O,cuMb MN. 2Q10 49 49 49 3.940 512 2.092

SWALI. S RURAL COMMUNITY SYSTEMS ALTERNATIVE PLAN TOTAL $1,212

15LP SUPPLIS O INDUSTRY
(No P.~~~I. AI99~~~~ I $3770

ALTE RNATIVI SAIIN PLAN TOTAL $131115

~ ON. flOE kMaat .a.,~~ atONolls, inN. S.. Am, M u c  ~ Sadaly n.Ma a,tlin .

• Al lip... us

0:
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