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This appendix is one of a series making up the complete
Columbia-North Pacifi c Region Framework Study on water and
related lands . The results of the study are contained in the
several documents as shown below :

Main Report Brochure Report

Appendices

I .  Histo ry of Stud y I X .  I rri ga t i on

II. The Region X. Navi gation

III. Legal ~ Administrative XI. Munici pal I~ Industrial
Background IVater Supp ly

IV. Land ~ Mineral Resources XII. Water Qualit y E~
Pollution Control

V . Water Resources X I I I .  Recreation

V I .  Economic Base fT X1 V.  Fish fT W ildlife
Projections

V II . Flood Control XV. Electric Power

V I I I .  Land M easures  fT Watershed X V I .  Comprehensive  Framework
P r o t e c t i on P l a n s

Pacific Northwest R i v e r  Basins Commission
1 C o l u m b i a  R i v e r

Vancouver , W a s h i n g t o n
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This appendix to the Columbia-North Pacific Region
Framework Report was prepared at field level under the auspices of
the Pacific Northwest River Basins Commission . It is subject to
review by the interested Federal agencies at the departmental level ,
by the Governors of the affected States, and by the Water Resources
Council prior to its transmittal to the President of the United States
for his review and ultimate transmittal to the Congress for its
consideration.
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I N T R O D U C T I O N

PURPOSE AND SCOPE

The purpose of Appendix X , Navigation, is to provide a broad
picture of the important role water transportation has played in
the economic development of the region , an inventory of existing
waterway improvements and harbor facilities , projections of
future needs and some general indication of measures that could
be constructed to satisfy those needs . Measures to satisfy needs
include all facets of navigation improvements required by corn-
mercial deep and shallow draft vessels and smaller fishing and
recreational boats that ply the Pacific Ocean along the 500 miles
of the region ’s coastal front , the 2 ,500 square miles of almost
landlocked salt water comprising Puget Sound and adjacent waters ,
and the 2,880 miles of navigable rivers , lakes , and estuaries as
defined by Act of Congress or court decisions or as desi gnated by
the Ti. S. Army Corps of Engineers, for purposes of administering
the Act of Congress approved Marc}~~3, 1899 (30 Stat . 1151; 33
U.S.C. 403) and other Acts relatin~ to use of the navigable waters
of the United States. (19)

DESCRIPTION

The Pac ifi c Ocean , waterways of the Puget Sound area in
Washington , coastal estuaries and rivers of Oregon and Washington ,
plus the lower Columbia River and its major tributaries constitute
a network of waterways to serve the waterborne transportation needs
of the region . Development of channels and locks and dams on the
Columbia River and its major tributaries , the Snake and Willamette

- - Rivers , provides access to Pasco, Washington ; Lewiston , Idaho;
and Albany, Oregon about 300, 465 and 220 miles from the sea ,
respectively. (Future extension of navigation on the Columbia
River to Wenatchee , Washington would add an additional 125 miles
to the system.) Major waterways , ports of the region and sub-
regional boundaries are shown on Figure 1. Commercial navigation
is significant or could be developed in 7 of the 12 subreg ions .
Subregions 2 and 6, 7, 8, and 9 cover portions of the Columbia
River Bas in , Subregion 10 covers the Oregon and Washington coastal
areas, and Subreg ion 11 covers the Puget Sound area.

PRESENTATION OF MATERIAL - 
- -

The append i x is organ ized into a regional summary and 7
subregion chapters , which cover the areas pertinent to commercial

- - 
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navigation . The reg ional summary presents  a h i s t o r i c a l  p ic ture- of the role water transportation has played in the development
- 

of the region and its contribution to the region ’s growing
- economy . Existing navigation facilities , types of vessels and a

general description of the types and amounts of commerce are pre-
- sented . A broad range of the region ’s needs are projected for

the years 1980, 2000, and 2020.  Measures to s a t i s fy  needs cover
-

‘ 
all facets of navigation improvement s to accommodat e the future
fleet of vessels serving the region . Each subregion chapter is
similarl y organized but includes a minimum of historical coverage .

- For this appendix in discussions of navigation , the boundaries of
- - subregions 8, 9, and 10 have been modified to include all of the

- deep draft navigation on the lower Columbia River , including
Portland harbor, in a sing le presentation under Subregion 8.
Details are given in the subregion chapters .

AGENCY CONTR I BUTI ONS

- The Corps of Engineers was desi gnated lead agency for the
navigation study. Much of the data and information utilized in
the study were furnished by the Department of Transportation , the
States of Oregon , Washington , and Idaho and numerous local port
authorities.
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T H E  R E G  I O N

h I S t O R Y

Present day waterborne commerce has roots deep in Pacifi c
Northwest history as much of the exploration , settlement , and
development of the region was accomp lished by the use of w a t e r
t r anspor ta t ion . The P a c i f i c  Ocean provided access to t h e  coas ta l
bays and r ivers in the  early days and has been used since in the
establishment of significant coastwise and foreign trades. Trans-
portation on the Columbia and other rivers was vital to the open-
ing and settlement of the interior and has been important in
building internal and supplementing external commerce.

Exploration

A host of famous early exp lorers , i n c l u d i n g  C a b r i l l o , Cook ,
Dr ake , Heceta , Meares , and Perez sailed along the north Pacific
coast prior to 1785 and charted points along the Oregon and
Washington coasts. In 1792 Captain Robert Gray , an American ,
entered the Columbia River. In 1804, President Jefferson sent
the Lewis and Clark party to explore the overland route from
St. Louis , Missouri , to the Pacific Ocean . Their instructions
included the following: “The object of your mission is to explore
the Missouri River , and such principal stream of it , as , by its
course and communication with the waters of the Pacific Ocean ,
may offer the most direct and practicable water communication
across this continent , for the purposes of commerce.” (2)

- By 1810, fur traders , in dealing with the Indians , were
pioneering water routes into the interior with canoes and other
small craft . Interest in the fur trade led to the founding of
several trading posts. American fur traders established Astoria
at the mouth of the Columbia River. Later , the operation was
taken over by the British and moved to Vancouver , 100 miles
upstream , in 1825. Vancouver became the noted regional trading
and suppl y center and the port of call for many ships .

Settlement

After 1840, Americans came in even greater numbers to the
Oregon Country . Mos t of the early settlers were headed for the
Willamette Valley, and later groups spread out into the Puget Sound
and coastal areas . The main route of the “Oregon Frail’ followed

5
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the course of the Columbia River as far as The Dalles whence
many groups were ferried down river through the Columbia Gorge
while others detoured through the Cascade Range south of Mt. Hood .
As the region ’s population increased , agriculture , lumbering, and

-
• fishing became the principal industries . Products of these new

industries were shipped to California , the east coast , Europe ,
and other world areas. The period 1850 to 1900 was the colorfu l
era of the river steamboat . Sternwheeler service on Puget Sound
and the Columbia River system provided for the internal distribu-
tion of imported goods and the movement of products for export
through the major ports of Seattle and Portland . The first cargo
of export lumber was loaded from the wharves at Portland in 1851
and the first export shipments of ship spars orig inated from
Puget Sound ports in 1853. From the days of the first settlement
until completion of the transcontinental railroad in 1883, the
region was almost entirely dependent on water transportation for
the movement of commerce .

Development

Early navigation along the regional coastline was extremely
hazardous; storms were frequent , and coastal river entrances had
treacherous bars and many shoals. The only natural deep water
port areas that offered emergency protection were located in
Puget Sound waters .

Lower Columb ia

Until the Columbia River entrance was improved with con-
struction of the south jetty (1885-1895) and later with a north
jetty (1913-1917) sailing ships had extreme difficulty in cross-
ing the entrance bar . It has been estimated that about 2 , 000

-- vessels , from small fishing craft to deep-sea cargo ships , and
- 

‘ 1 ,500 lives have been lost at or near the Columbia River entrance.
- 

- Prior to 1900, the river had from one to three constantl y changing
channels at its mouth , so that shoaling and breakers were common .
In spite of these difficulties , commerce increased steadily.

The upriver route to Portland was tortuous and the channel
not well marked. As ships in the world fleet increased in si:e
and draft , Portland became more difficult to reach from the sea.
Dred ging of the river channel was initiated in 1873 , hut main-
tenance of a 25-foot depth was not fully effective until after : -1900.

6
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Coastal

A number of coastal entrances were also improved during
the period 1880 to 1900. Coos and Yaquina Bays , Coquille and
Siuslaw Rivers and Grays Harbor were all improved by entrance
jetty systems to serve the needs of navigation . Shipping from
these and other coastal points increased as products from logg ing ,
fishing , and agriculture developed .

Mid Columbia

The Columbia River and the larger tributaries were navi-
gated by river craft from the days of early settlement , but some
reaches of the river above Vancouver were very difficult or in-
possible to navigate. In the 1850’s portages were established at
Cascade Rapids and C e l i l o  F a l l s .  Fre ight  costs  were h i g h because
of the many loadings and unloadings associated with such port-
ages. Nevertheless river traffic developed and prospered until - 

-

1882, when a railroad parallel to the south bank of the river from
Wallula to Portland interposed serious competition . Short ly
afterward river service was abandoned. Sporadic attempts to
revive navigation were made later but difficulties of navigating
the river could not be overcome with profit to the operators
although considerable work was performed by the Federal govern-
ment to improve critical locations .

Cascade Locks , bypassing Cascade Rap ids , were comp leted
in 1896; and The Dalles-Celilo Canal , around Celi lo Falls , was
completed in 1919 , extending through navigation to Pasco—Kennewick .
However , major interest in navigation above Vancouver did not pick
up until about 1933, about the time that construction was started
on a lock and dam at Bonneville. Construction of other dams
great ly improved navi gation conditions on the middle Columbia ,

- and river traffic has increased with the completion of each dam .
The Bonneville Lock was opened in 1938, ~lc\arv in 1953 , The Dalles
in 1957 and John Day in 1968. On the Snake River four locks and
dam s , Ice h arbor , Lower Monumental , Little Goose and Lower Granite ,
(under construction), provide slackwater navigation to Lewiston ,
Idaho.

Willamette River

Steam vessels were introduced on the W illamette River above
the falls in 1851 , and regular runs were established to Salem and
Albany. Some traffic was extended all the way to Eugene. Locks
were constructed around the falls at Oregon Cit y in 1873 , but
traffic on that river also dwindled after comp let i on of the
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railroads in the 1880’s. However , commerce never completel y
stopped as on the Columbia although movement of rafted logs
is about the only commerce above Oregon City at this time .

Puget Sound Area

In the Puget Sound area , navigation has developed without
a great deal of channel improvements because natural deep water
,.)htains into the bays and inlets used for port development . Early

• channel work comprised primaril y clearing and snagging w i t h  minor
dredging at the mouths of the Snohomish , Skagit , and Stillaguamish
Rivers. Lake Washington Ship Canal , constructed in 1916 , connects
Lake Washington and Lake Union to deep water in Puget Sound . The
major port of Seattle developed along Elliott Bay and has been
extended to additional industrial areas along Duwamish Waterway
by dredg ing . Tacoma Harbor developed along Commencement Bay and
has been expanded onto the delta of the Puyallup River by dredg-
ing deep draft access channels and using the spoil to fill sur-
rounding areas . Other ports in the Puget Sound area that handle
significant portions of the waterborne commerce include Everett ,
Anacortes , Port Angeles , Belling ham , and Olym pia.

Stimulating Factors

Growth of waterborne commerce has closely paralleled that
of population and economic expansion in the reg ion . The dis-
covery of gold and development of the mining industry in California
and later at several locations in the region occurred when water
routes provided virtuall y the only means of transport . Growth in
the Puget Sound area was stimulated by the transcontinental rail-
wa system in the 1880’s, and the discovery of gold in Alaska in

- 1897 caused a dramatic increase in activit y on the Seattle water-
- 

I 

- 
front . Probably the most important single event in the long-term
development of navigation in the region , however , was the opening
of the Panama Canal in 1914. ‘-loch of the more recent increases
may be attributed to the general economic growth of the P a c i f i c
Northwest and to the improvements that have been made in rivers
and harbors. The following table illustrates the more recent
growth in volume of oceanhorne commerce and the contribution of
each of the three major areas of t he  region .
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Table 1 - Oceanborne Commerce , Columbia-North Pacific Region

Puget Sound Columbia R. Coastal Reg ional
Year 1/ Area System Area Total

(1,000,000 short tons)

1937 11.7 6.3 1.8 19.8

1947 10.2 6.6 1.1 17.8

1957 13.1 13.1 2.6 28.8

1967 18.6 16.6 5.1 40.3

1/ Three-year average .

9% 6%
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Figure 2. Distribution of Oceanborne Commerce ,
Columbia—North Pacific Region

REGIONAL ECONOMY

The Columbia -North Pacific Region has a young but maturing
economy. Ihe population has increased from about 13 ,000 in 1850 : -

to nearl y 6 million in 1970. This growth resulted from increasin g
economic activities based primaril y on the utili:ation of abundant
natural resources. Forests , farmlands , minerals , and fish have ‘- -

been the historical foundation of its development , increasing 1~’
supplemented by more intensive use of water resources for irr i e’ —
tion , hydroelectric power , and nayi~~at ion . In the recent p a s t
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the historical dominance of t h e  n a t u r a l  resource i n d u s t r i e s  has
been reduced by the  growth of other industries wh ich have created
a broader economic base.

Regional populat ion growth rates have exceeded the nat ional
rates in all but 2 of the last 10 decades. Between 1940 and
1965, the population grew by 70 percent compared with national
growth of 47 percent. 1he population density in 1965 was just
over 22 persons per square mile , a density well short of the
nat ional avcra~ e of 55 per square mile . The population is uneven-

• l~ distributed , how ever. Nearly two-thirds of the people live in
the one-fifth of t h e  re.~ ion west of the Cascade Range and the
populat ion densit y in that area exceeds the national average . The
greatest density is around Puget Sound and in the IVillam ette
Valle y where favorable factors of climate , rich soil , water trans-
portat i on , and timber resources have been conducive to the estaF -
lishment of centers of industry and trade. East of the Cascades
sma l l e r  populat i on concen t ra t i ons have developed in the  r i ch
irrigated agricultural areas of the Snake River Plain and the
Columbia Plateau and in the mining centers of the Rockies.

The forests and agricultural lands have been historicall y
the greatest wealth of the region . Forest lands comprise 86
million acres or approximatel y half of the total land area , and
wood products account for 35 percent of all manufacturing employ-
ment . Out of the 174 million acres in the region , 21 million
acres are crop land and 59 million are rangeland. Agriculture
production in 1964 amounted to over Sl .5 billion and production
is expanding . Because of rapid productivity gains , agriculture
employment declined from 18 percent of total employment in 1940
to 7 percent in 1960. Mining is important in some parts of the
reg ion . Copper , lead , zinc , and phosp hate are major mineral

; products. Anadromous fish populations in the Columbia River svs-
tern and coastal and Puget Sound stream s have supported a commercial

— fishing industry since the middle of the 19th Century , and sport
fishing for salmon , steelhead , trout , and other species is in-

% creasing .

The changing character of the economy has been most evi-
dent  in the changes in its manufacturing sector in recent STars.
Manufacturing grew from 19 percent of total emp loyment in 1940
to nearly 3 percent in 1960. During this same period , emp loy-
ment in the resource-based industries of food proces~ ing and
timber industries increased 40 percent . Growth of other manu-
facturing was so great , however , that food processing and forest
products manufacturing declined in relative importance , from 70 ‘ 

-

percent of total manufacturing emp loyment in 1940 to about ~~~~ : - -
~

pe rcen t  i n  1960 . P r i n c i p a l  among t h e  expand ing  i n d u s t r i e s  have
been transportation equipment , electronics , electrometals , and
machinery .
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U t i l i : at i o n  of w a t e r  resources for  t r a n sp o r t a t i o n  has  been
si g n i f i c a n t  in the region ’s economic development . Most impor tant
in t h i s  respect has been the region ’ s location adjacent to the
Pacific Ocean and the two major wat erways , Pugot Sound and Columbia
R i v e r , wh ich  provide access to a large part of the interior.
Fore ign  and c o a st wi s e  t rade have been e s s e n t i a l  in the  re~~ion ’ s
growth , permitti~ig export of its surp lus agric ul tural and fores t
product ion and impor t a t i on  of consumer goods and raw ma te rials
required for manufacturing. In addition to the Puget Sound and
Columbia River outlets , a number of coastal harbors have been
developed for the shipment of lumber and other forest products.
These and other smaller harbors provide a base of operations for
a large fishing fleet , supporting one of the reg ion ’s major
i’idustries. Recreat ional boating use in the reg ion is among the
hi ghest in the country , fostered by the abundance of navigable
waterways , both natural and improved .

EXISTING N A V I G A T I O N  IMPROVFMEN~ S

Navi gation facilities are discussed in the followine
categories: Deep-draft hahors and channels , shallow-draft harbors ,
interior shallow draft channels , port facilities , and small boat
facilities . \-‘essels with draft in excess of 18 feet are consid-
ered deep draft , h-harbors , channels , and facilities to accommodate
such vessels are referred to herein as deep draft. Vessels with
total draft of 18 feet or less are considered shallow draft .
Small boats include all self-propelled vessels other than tugs or
towboats less than 50 feet in overall length .

Deep-Draft Harbors and Channels
I

There are 16 harbors in the Columbia -North Pacific Region
considered as princi pal deep-draft ports capable of handling
ocean-going vessels. Puget Sound and the Columbia River are the
two most important bodies of ~ater in the reg ion ’s ocean trade ,
serving respectivel y its two largest metropolitan areas , Seattle
and Port land , and other important centers of industry and trade.
I:oreign and coastwise commerce of the Puget Sound and Columbia
River ports accoun t for approximately 86 percent of total reg ion--
al shipping in these two categories.

Puget Sound and the adjacent inland waters , w ith direct
access to the Pacific Ocean through the ytrait of Juan ~Ic Fuca ,
are essentiall y a huge natural harbor with depths capable of
accommodating the world’ s largest super carriers. Entrances to
most harbors within the sound permit unrestricted access and are
protected from ocean waves and storms . Depths at berths and docks

II
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vary f rom 25 to 70 f e e t .  There are seven m aj o r  deep draft ports
on the sound : Belling ham , Anacortes , Everett , Seattle , Tacoma ,
Olymp ia , and Port Angeles. Anacortes and Olymp ia have contro llin c
depths at the harbor entrance of 50 fee t and 40 fee t , respec t iv e ly,
while the remaining five have unrestricted depth. In varying
degrees of specializat ion , these ports serve the general cargo
trade , the export grain trade , foreign and coastwise shi pments of
lumber products , and receipts of crude oil and shipments and
receipts of petroleum products.

The Columbia River , together with the IVillamette River to
Portland , provides the princi pal waterborne outlet for a large
part of Oregon , W a s h i n g t o n , and Idaho .  I t s  en t r ance  channe l ,
improved to  a depth of 48 feet , and 40 - foo t  i n t e r i o r  channe l s
extend deep draft navigat i on service 106 miles upstream to
Vancouver , W a s h i n g t o n , and 12 m i l e s  on t h e  lower lVillam ett e River
to Po r t l and , Oregon . P o r t l a n d , at the head of t he  e x i s t i n g  Jt~~-p—

draft channel , is the p r i n c i pal  genera l  cargo  port on the  r i v e r
and the major trans-shi pment point for commerce moving to and
from the interior . Export grain and shipments of forest products
are among the principal outbound items of commerce. There are
no major refineries on the Columbia River; a large part of the
area ’s requirements for petroleum products is brought into the
Columbia River by deep-draft tanker and distributed by bar~ e and
truck into the interior . A lumina and other ores for the area ’s
industries are important import items of commeree. Other ma jor
ports on the Columbia River include \-‘ancouvcr , -‘hich handles
large quantities of grain , wood products , chemicals , and ores:
Longview ships large quantities of grain and forest products:
F— alama and Astoria are h-iportant in thc export grain and log trade ,
respectivel y. In addition , many industries along the river have • • 

-

specialized facilities for their par ticular shi pp inc needs.

Deep-draft ports on the Oregon and Washington coast h a v e
been developed primaril y to serve the forest products industry .
Princi pal among the lumber shi pp ing ports is Coos Bay , ~regon .
wh ich has a harbor depth of 30 f e e t .  Other lumber shi pp ing port~
are Yaquina Bay , (Jre gon , and Grays Harbor and ~V i  ilapa Bay,
Washington , with authorize d channel depths of 30, 30, and 2~
f e e t , respectivel y.

Shallo~ Draft Harbors

The deep-draft wat erwa s and  harbors on ‘uget Sound . in
the Columbia River , and along the Pacific (‘oa-~t crc extens ivel y
used by small commercial craft and recreational b ’~~t s. In  addi -
t ion , many other harbors in the reg ion , h~ t h natural and improved ,
are used e x c l u s i v e ly  b y s h a l l o w  d r a f t  c o m m e r c i a l  and rccrl ’!t iona l 
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t r a f f i c .  In t he  Eu g c t  Sound area , a p n r o x i n a t o l v  100 m i  n - c
and waterways are used pri~:ari 1-- for raft i n c  of legs , - e I

ments  of sand and g r a v e l , f e r ry  t r a f f i c , nd her f i s h  np  ~n
r e c r e a t i o n a l  b o a t s .

Side channe l s  a l o n g  the deep-draft channel in th e l o ce r
C o l u m b i a  R i v e r  p r o v i d e  h a r b o r s  for  tugs and harpes , f i s h i n  boa ’
and recreat ional craft . Oce an -go inc t ::~ts and h a rge s  u s .  ‘ is
section of the river and there is cons iJeri ~~1e harpe mov ement f —

sand and grave l , p e t r o l e u m  p r o d u c t s , and f o r e s t  “r o d i i c ~~ ul:

~‘at e r way . M ovement  and s t o r age  of lop r a f t s  con pr i  50  l a r p e  f l ec~
of i n t e r n a l  movements  on t he  w a t e r w a r . C h a n n e l s  and h ~s i n s  ~ ne-

c i f i c al l y for use of f i s h i n g  c r a f t  and  o t h e r  sPa I I boa t  s h a v e  -eon
provided at four  l o c a t i o n s  in t h e  e s t u a ry  of t h e  r i v e r .  Sor e or
9 s m a l l  t r i b u t a r y  s t r e a m s  and s l o ug h s  b e r -~- e c n  As : oria and Port : e l
have a l so  been improved in  t h e i r  l on e r  reaches , rn na
movement  of log r a f t s .

Several  s h a l l o w  d r a :  t h a r b o r s  a l o n g  :h  rego:: c e s t  h a t e
been improved for use by commer~ i a l  f i s h i n g  c r a f t  :ir~ r e cr e at  - p a l
boat s and for h iT- - c  m o v e m e n t  of l ur :h c r  i n  t h e  coastn ic~ t c a .
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These inc lude  en t rances  at Chotco , C o q u i l l e , Rogue , Umpqu ~~, and
Siuslaw Rivers; Port Orford ; and Tillamook Bar. Protecte~.~ moor--
age basins limited to fishing and recreat i onal craft are located
at Depoe Bay , Oregon , and the mouth of the Quillavute River ,
Washington . In addition , two natural harbors along the Str a it of
Juan de luca are used by sport and commercial fishing boats and
for shipment of rafted logs.

Interior Shallow Draft ( h a n i t c l - ~

The most important inland waterway in t h ~ r e c i o n  i s  t he
Columbia-Snake h a r e - c channe l which , upon comp letion in 1975 ,

I will extend from t~ head of deep water n a v i c a t  ion at Vancouver
to the Pasco-Kennewick area on the Columbia and to Lewi sto:- on
the Snake River , 4e3 mile s from the sea . A n  open r i v e r  channe l
is maintained t o  a m i n i n u n  d e p t h  of 15 feet fr om Vancouver to
Bonnevill e Dam . Ihe remainder of t - - - it erwav is a e l ac k w at er
channel with locks at eight dams on t h e  C o l u m b i a  and - n a k e  R i v e r s .
I.oc~ d i m e n s i o n s  are ~6 by 675 feet , with a minimu m sill dep th of
15 i e ~~ ’ , excen t  at t h e  l o w e r m o s t  dam . Honn evi lle , wh i ch has a
lock c h a m b e r  6 by 500 f e e t  and s i l l  d e p t h  of 4 f eet . Pin im ur -
c h a n n e l  d imens ions  are 14 b y 250 f e et  - This important watt-m y

conne cts the a g r i c u l t u r a l  h i n t e r l a n d  w i t h  t he  deem d r a f t  p o r t s
on the lower Columbia River. l) ownriver cove- r :tnt of g r ai n for
t ransshi pment to export markets is a major movement on tb
(‘o1umb ia-S n aI~e waters :. ; upbound commerce includes petroleum
products , fertilizer , and other supplies for the int erior ree- i on .

The W ill arrt tte River above Portland has an improved open
river channel with a depth of S feet to Oregon Cit y , 6 feet
thence to the confluence with the ~a n t  j a r - R i v e r , 5 feet  to  Alban y ,

; and 2-1/2 feet to Corvallis , and a series of four locks at
- Wi llam ette I - ails , 37 hr 175 f eet , w i t h  a minimum sill depth of 6

f e ~~~t. The channel is used pr imaril y for towing log rafts and ,
in its lower reaches , for barge movement of sand and g r a v e l .

An open r i v e r  channel in the Snake River extends 90 miles
above Lewiston. Commerce is not large kit  the channel is signif-
icant in that it provides the route for a r e g u l a r  mai l boat run
carry ing suppli es to isolated areas along the river . Other rivers
in t h e -  region are not used for commercial navi gation e x c e p t  for
l o c a l  movement s  of log r a f t s  and sand and gravel on t h e i r  tidal
reaches. Among these are the Snohomish and Siag i t  R i v e r s  i n  t h e
Puget Sound area as w e l l  as a number of inlets and channels in
Piig ct Sound wat ers. The tidal re -ache s of some of th~ Oregon
-coast 1 rivers are used similarl y , chief1 ~ the [Fmpqua , Yaq u ina ,
S iu s l aw , and S m i t h  R i v e r s .

14
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Recreat i onal boating enthusiasts in increasing numhers a re
t ak ing  advantage  of the  th roug h in land  esaternciv as it has been ex-
tended ups t r eam.  In ad d i t i o n , the  i n d i v i d u a l  r e s e r v o i r s  are used
e x t e n s i v e l y  for rec rea t iona l  b o a t i n g .  M a r i n a s  have  been e s t a b l i s h e d
or are being planned on many reservoirs. Small boat basins have
been built at many locations along t h e  Columbia River.

Por t Facilities

Port facilities are available throughout tie reg ion to meet
the requirements of vessel traffic and commerce at each port . The
major ports , such as Seattle and Portland , have extensive terminal
facilities , including general cargo wharv es , grain elevators ,
facilities for containerized cargo , petroleum and chemical storage
facilities , and bulk cargo handling facilities . Terminal facili-
ties along the Columbia-Snake inland waterway include grain ele-
vators , petroleum storage tanks , and facilities for storage of
bulk cement and fertilizer.

E x c e l l e n t  dry dock f a c i l i t i e s  are a v a i l a b l e  on u c e t  Sound
and at P o r t l a n d  for repai r  of m a r i n e  v e s s e l s  i n  c o m m e r c i a l  ser-
vice and the Navy maintains a repair yard j t  Bremertoti . The
f a c i l i t i e s  are capab le  of h a n d l i n g  t h e  l a r g e s t  v e s s e l s  w h i c h  c a l l
at the reg ional ports. Similar fa cilities ire - a v a i l a b l e  b - n  s a i l
oats at mo~ t port  c i t  i es in the region . Ade quat e bunkerin g

f a c i l i t i e s  are available th i - ou- h out the reg ion .

S m a l l  Boat F a c i l i t i e s

N e a r l y  25 , 000 s m a l l  boat n o e r a p e  s p a c e -s are it : i i l a h l e  on ~he
navigable - f  er  a ’s  t hnou : out the rep ion . Not incl uded ii ~

m a t  tended moor apvs at p a r k s  or r e c re a t i o n a l  a r c  i s , Il r i v :lt(- m o o r -
- ages at y a c h t  c lubs , or s i n e - i c — o w n e r  m o o r : I g c  s - ‘°ost  s m a l l  ho it

m o o r a g t - s also pro c  i d e  f u e l  , s t o r e s  , and o t h e r  m i n i  n o serv i c - ~ - Ir:
a~: d i t i o n  to  the  moorages t h e r e  ri- l a u n c h i n c  a c i  l i ~ i e s  for  red -

red b o o t s  n i e n i - - e r i n g  n e a r l y 600 l anes  of ran c- or - l u i v a  I — n t  ho~ st  s
i f t  v — s e v e n  pe r c e I : t  of t he moorage ~aci lit i e s and 3 :- cc - -  of

t h e  l a u n c h i ng  f a c i l i t i e s  a re  loc :i eel in  t h -  P u g e t  e iirt j - i r e - . In
1966 t h e r e  w e r e  21 p ee l ic and 1 lb  p r i  c a t  e : a r i  n e l s  in  t -c I’ t i g e t
Sound area to  serve t h e  n c - c - k  of s m a l l  f i s h in ~’ and p l e a s u r e  h-- i t  S .
I n  t h e  e~~St  e r r :  a r t  of t h e  r ep  ion , o at  l aunch  i n -  r am T~ z i r e  u sua l  v
assoc e a t  ed w i t h  p i c n i c k i n g  and c a m p  i i i  f o c i  l i t  i c S
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l.\ISTIN (; COMMERCE

In 1968, nearly 106 million tons of commerce were moved
over waterways in the region . This total comprised 2S .4 million
tons of foreign imports and exports (27 percent), ln .4 million
tons of coastwise shipments and recei pts (15 percent), and hLO
million tons of internal and local movements (58 percent).
-\lthough the region has only 3 percent of the Nation ’s population
and produces onl y 3 percent of the total output , about 6 percent
of the Nation ’s oceanhorne commerce moves over the region ’s wa t er-
ways. By like comparison , the reg ion ’ s share of foreign imports
was about 3 percent but it handled 10 percent of total foreign
exports; its share of the coastwise commerce was a little over 7
percent . The two principal ports of the region , Seattle and
Portland , ranked 9th and 10th national li’: handled 40 percent of
the reg ion ’s oceanborne commerce. Table 2 pr e s e n t s  wa t e r b o r n e
s t a t i s t i c s  for the  principal ports and regional totals for foreign
imports and expor t s , coasts-ise sh i pments  and r e c e i p t s , and in-
ternal movement of commerce for the  year 1968. A d d i t i o n a l d a t a
on tonnages  b y commodi ty  groups are shown in t h e  s u b r e g i o n  dis-
cuss ions .

F o r e i gn Trade

The export trade , 20 million tons , comprised p r i m a r i l y  for-
est products , 60 percent , and grain , 30 t-rcent . Although des-
t i nat i ons included countr ies  in a l l  pa r t s  of the w o r l d , t h e  m aj o r
proportion of the outbound cargo was destined for . lap an and south-
east A s i a .  ~~-1orts , totaling more than S million tons in 1968,
were more varied and a larger proportion was c l a s s i f i e d  as g e n e r a l
cargo. Ihe major hulk movement was m i n e r a l  ores , p r i m a r i l y  alum-
m a  and limerock . To these shipments were added iron ore slurry

- from Peru in liY’O . General cargo imports are  primaril y from Japan
and Europe.

Co as tw i se I rade

i n 1968 , 16.4 m i l l i o n  tons of domes t i c  c o a s t w i s e  f r e i gh t
wa s handled  by ports  in the  region . i h i s  t r ade  inc ludes  i n t r a -
reg ional port movements as well as movements  between Colum bia-
North Pacific ports and other reg ions- -California , Al as I~a , Hawa ii ,
and the  Last  C o a s t .  The p r i n c i pal commodi t i es are fores t ~roducts ,
petroleum , and chemicals for the forest and agriculture indie c t r i c s
There is some coastwise barge movement , primaril y to (el lif o rnia ,
A laska , and Hawaii.

17
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In te rna l  T r a f f i c

Internal  waterborne  commerce is movement of commodities
w i t h i n  and between ports on the same i n t e rn a l  waterway . In 1968 ,
t r a f f i c  along the region ’ s wate rways  t o t a l ed  61 million tons with
alm ost a l l  of this traffic moved b y s h a l l o w  d r a f t  tugs  and barges .
Traffic through Bonneville , the first lock on the Columbia-Snake
River system , exceeds 2.5 million tons per year. The p r i n c i pal
product shi pped downriver is grain , and petroleum upriver. These
comm odit ies , t o g e t h e r  w i t h  v a r i o u s  c h e m i c a l s  and fores t  pr o d u c t s ,
account for over 90 percent of the traffic . Internal barge
transportation on the lower Columbia River reach , including
P o r t l a n d ha rbor , amounted to 8. 7 m i l l i o n  tons  in 1968 and con-
s i s t e d  p r i n c i p a l l y of fo res t  p roduc t s , sand and gr a v e l , and
petroleum products. Nearl y’ 30 million tons of internal traffic
moved over waterways in the Puget Sound area; t h e  p r i n c i p a l  com-
modi t i e s  are t he  same as on t he  lower Co l u m b i a .  A d d i t i o n a l  da t a
on tonnages  b y commodity ’  groups are - shown in t h e  i nd i v i d u a l
subregion discussions .

V E SSELS AN D \ESS III. R - \LFI C

I h e  f l e e t  of vesse l s  t ha t  moved t h e  190-s sa te- rt orne corn-
rnerce of the region comprise about 1 , 400 d e ep - d r a f t  sh i p s; 1 , 100
tugs , towboat s and barges ; about 8 , 000 c o m m e r c i a l  f i s h i n g  v e s s e l s :
and 23 f e r r i e s .  C h e t r a c t e r i s t  ics of t h e s e  v e s s e ls  va ry  g r e a t  lv
as to type of cargo , t rade rou t es , and limitations of c h a n n e l s
and harbors. In a d d i t i o n  to the  c o m m e r c i a l  f l e e t , i t  is estima-
ted t ha t  there  are n e a r l y  423 , 000 r ec rea t i ona l  boat s in the region ,
see -\ppen di x X I I I , Rec r e a t i o n , of w h i c h  abou t  110 ,000 utilize t h e -
nav i gab le  w a t e r w a y s .

4
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Deep - D r a f t  V e s s e l s

Approximate l i ’  70 percent  of t h e  t o t a l  f l  c t  of l , 4P~ dee p --
draf t  vesse ls  are genera l  cargo s h ip s , 21) pe rcen t  ar c  b u l k  car-
riers , and 10 percent are tankers . Ihe genera l car .to shin -c .
i n c l u d i n g c o n t a i n er sh i ps , ra nge in c a p a c i t y  from less than  8 , 0011
to more tha n 20 ,000 deadwei ght tons (d.w. t. ), hu t  ‘:o t vessels
are from 10 , 00 0 t o 15 , 000 d . w . t . wit h loaded cr a fts ~ C l: 25 to  33
f ee t .  Bu l k  ca r r i e r s  range in s ize  from 12 , 000 d . w . t .  to  more
than 50 , 000 d. w .t.; the predominant class ranges from 16 ,nOfl
to  30 , 000 d . w . t .  w i t h  loaded d r a f t s  of 30 to 36 f e e t .  Tankers
range in s i z e  from 12 , 000 to  more t h a n  50,000 d. w . t . w i t h  d r i f t s
of 27 to 40 feet. Seventy percent are between 16 .000 and 22 ,000
d .w . t .  and have loaded d r a f t s  of 30 to  33 feet . ‘I’ah l e  3 shows
the  cha r a c t e r i s t i c s  of vesse l s  in  the  s e l f - p r o p e l l e d  d e e p - d r a f t
fleet .

19
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Table 3 - Self-Propelled , Deep-Draft Vessels ,
Columbia-North Pacific Region

Capacity Percent of
Deadweight tons 1/ Draft total vessels________________ — 

(feet)

GENERAL-CARGO VESSELS :
Less than 8,000 Less than 25 9.1

8,000-10,000 25-29 12.6
10,000-12,000 27-31 18.9
12 ,000-15,000 29-33 22.4
15,000-20,000 30-34 6.3
20,000 ~ over 32-35 .7

BULK CARRIERS :
10,000-16,000 27-31 3.2
16,000-20,000 30-33 7.6
20 ,000-25,000 32-35 3.2
25 ,000-30,000 32-36 2.6
30,000-35,000 34-37 1.0
35,000-50,000 35-49 2.2
50,000 E~ over 40+ .2

TANKERS :
Less than 16,000 27-29 .3

16,000-22,000 30-33 6.7
22,000-35,000 33-36 2.6
35,000 f~ over 37-40 .4

1/ Deadweight  ton- -The  gross carry ing capacity in long tons .

Tugs , Towboats , and Barges

The fleet of tugs , towboats , and barges is divided into
two general categories--a coastwise fleet and an inland fleet .

- 
I The coastwise fleet generally operates between the regional coastal

ports and southern California or between mainland ports and Hawaii
or Alaska. The inland fleet operates primarily in the Puget Sound
area and on the Columbia , Snake , and Willarnette Rivers hut also
includes the smaller tugs and barges operating w i t h i n  coastal  hays
and their tributaries. The coastwise fleet comprises approximate-
ly 30 tugs and 40 barges. Tugs range from 600 to 5,000 horse- 

- 
-

power with a typical tug having the characteristics of 1 ,400
horse power , 90-foot length , 25-foot  beam , and 11-foot  draft . 

- 
-

Barges range from about 2,000-short ton capacity to more than
10,000 tons. The largest in regular service is the Kenai , with a
capacity of 15 ,500 tons. It was specially constructed to haul
fertilizer from Alaska to Portland and Pasco. Typical barges used

20 
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to  h a u l  f o re s t  and p e t r o l e u m  p r o d u c t s  h a y —  abou t  a 4 , 0 0 l P — t o u
capaci ty . I h e  lar g er barges are U~ cd pr i mar i iv t o  h a u l  ra~ 1 cars
between l h i g e - t  Sound and A l a s k a .
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l’he i n l a n d  f l e e t  conr)r-is es i)C~~ o~ “ I t  c l v  4 ( l h  t u g s  and
t -Jw l l u It S and 600 har~ es. - i -  v : ir v  i n  s i :e  a c c o r d i n g  t o
u s e :  about e(l p r c e n t  w i t h  1c-~~s t b - u i 4 h f l  h o r s e - p n w i - r  a re  i o r r ; i l l v
used to p ull lo r a f t  or as wo r k h e a t  S . T ’hc -v -:c’ie: r~ I Iv ar  e
— o l e e t long, i s - f o o t  he ip , w i t h  d r a f t  l e s s  t h ; i n  f e e t  - t out
23 pe r c - n t  of t h e  t u g s  are in t h e  401) to 1 , 500 h ors -n n~~ r c - t H e e

arc  used no~ t lv in the a - ~- t  Sound ar t - a  . f t t -~~e u g s  en i cal ly
arc  u h o ~it  125 fe-yt Ion~ , 30— foot ear - w i t h  a . l i -  ft of I i  f e - C t  or
I- s - he ren i n i n g  13 ‘ r: - ~~~~~ , w E  i ~~~~ r a n e  c - - c-en I , ~-

3 ,wOO hor sepower  and i n c l i i . i c  ihn ~ t 10 to w u a t s , I r e  i sed  p r i —
t n ly ‘o pu-c h l i n g e r  h a r t n s h e t  en Por t l a n d  m d  t h e  i ’y e

l o lumh I a R i v e r  r e g i o n .  h e  l ar ~ er of t h e s e  v e s s el s  re - -
~~~~~ 122

fe ~~ t long. 4 -I t beam . i s j t h  i of 14 f l -c t . \ t c ’~ i c : i l  ba rge
used  in t h -  olur ’ Ia Rive r or L - ~~ Sound i r e -a h i s  i 1 , 1 1 ) 0 — t o n
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capacity, length of 204 feet , 35-foot beam , and a draft of 11
feet . Approximately 15 barges in use on the Columbia and Snake
Rivers above Port land are equipped with both h oppers and tanks
and can transport solid and li quid commodities separatel y- or
s imu l t aneous lc - . They are used p r i m a r i l y -  for h a u l i n g  f e r t i l i z e r
and petroleum products up river and grain down.
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F e r r i e s

Appro ximate ic- 25 ferries operate on Puge t Sound and adjacent
waters . ihev range in capacity from 35 to 160 vehicles and i n
d r a f t  from S to  17 feet . ‘l os t  are owned hr  tl a s h i n g t o n  ~ t 1 t
Fer r ies  and are used to carry passengers and hi ghwa y t r a f f i c
across the sound and to the many islands in tEn area. A nrivate-
l y owned l i n e  opera tes  across the  S t r a i t  of Ju an  de Fuca  b e t - . 
Po rt Angeles  and V i c t o r i a , B r i t i sh C o l u m b i a .  A f e - m i  srnu lle r
f e r r i e s  operate across r i v e r s  and on l ak e s  in  at h e r  port i ons of 1~~
r e g io n but such t r a f f i c  is not s i g n i f i c a n t  to  n a v i - . i t i o n .
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Commerc ia l  F i s h i n g  F lee t

The commercial fishing f l ee t of abou t 8 ,000 boa ts i n c ludes  - -

b oth  o f fs h o r e  vesse l s  that  use the coastal harbors and waterwac-s
and smaller boats that operate primaril y- on the inland waterways.
The larger vessels are from 40 to 100 feet long w i t h  d r a f t s  of 4
to  12 feet . Typ ica l  smal ler  boats are 20 to  40 fee t  l o n g .

Recreational Boat s

Recreational boat usage in the region , particularly in the
Puget  Sound Subreg ion , is among t h e  hi ghest in the  N a t i o n , I t  is
estimated that there are near ly 423 ,000 recreational boats of all
types located in the region of which 187,000 are registered w i t h  —

state or Federal regulatory agencies. Approximately - 110 ,000 of
the registered boats use the navigable waterways and account for
nearly- 95 percent of the recreational use of such waters . Over
half of this boat usage is in the Puget Sound area. Farther in-
land most of the recreational usage is on lakes and reservoirs not
connected  to the  nav i gab le  waterways . Such use is d e s c r i b e d  i n
Appendix X III , Recreation . In Oregon , about 88 percen t of a l l
boats are t r a i l e r ed  to the waterway for each usage; in t h e  Puget
Sound area , the  percentage is about ~0.

Vessel traffic

The number of trips b y com m er c i a l  vesse l s  r ep or ted on t h e
low- er Columbia and h ’ i l l amet te  Rivers  from P o r t l a n d  and V ancouver
to the sea exceeded 91 ,000 in 1965 including 54 w i t h  d r a f t s  of
30 feet or more. In addition , larger numbers of small fishing
and recreational craft increase the congestion on the w a t e r w a y
At the Port of Seattle , where commercial fishing vessels also are
reported , the total number of commercial vessel tri ps exceeded
121 ,000 and the number with drafts of 30 feet or more was 221.
Table 4 i l l u s t ra t e s  the t rend  of t o t a l  vesse l  t r i ps and the use

- 
- 

of la rge vesse l s .

• Ihe  need for additional channel widths , part icul arl e - in the
Columbia River sys tem , is t o  a c e r t a in  e x t e n t  r e l a t e d  to  th e  d e n s i t y -
of commercia l  vessel  t r a f f i c .  As t he  d e n s i t y  of t r a f f i c  and s i z e
of ships  increase , safe nav ig a t i o n on r e s t r i c t e d  c h a n n e l s  becomes
inc reas ing l y- d i f f i c u l t .  Shi p operators  in t h e  P u g e t  Sound area
also are bec oming c o n c e r n e d  w i t h  t he  h a z a r d s  of c o l l i s o n s  d u r i n g
i n c l e m e n t  wea the r  and poo r v i s i b i l i t y’ a l t h o ug h broad na tu ra l  deep 

‘ 
-

w a t e r  channels  ob ta in  and nav i g ; I t  i on i s  not as r e s t r i c t e d .
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Table  4 - Trends in  Vesse l  T r a f f i c

Number of Vesse lTotal number of -Trips with draft Total Ocean Commerce in
Vessel Trips of 30 feet or more 1000 short tons

— Ii)

~~~~ —‘H ~~ ~
—

C) leN t
>
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o — ~~ >- m 0 >-. 0
- — ~~ ( f ~ 

.~~l (/)
0 m ,~~

len ~ C) C)
0 — 0 ‘—‘

o o o o o

1920 2,000 65,000 0 3 0 379 1 ,529 5,463
1930 27,000 50,000 0 4 370 549 6,766 10 ,934
1940 51 ,000 81,000 0 7 77 4S4 6,625 9,681
1950 79,000 135 ,000 1 398 2 S4 927 10 , 594 9 , 216
1960 83,000 123 ,000 15 563 745 1 , 377 12 ,493 15 ,440
1968 91 , 000 121 , 000 30 754 522 3 , 304 16 , 786 17 , 937

1/ Includes commercial fishing vessels.
2/ Ports of Seattle , Tacoma , Everett , and Anacortes.
Source: Annual report , Chief of Engineers prior to 1960, subse-
quently Waterborne Commerce of the United States , Part 4.

Future FLect Composition

Only moderate increases are projected in the total number
of self-propelled , deep draft vessels callin g at the region ’s
ports. However , material increases are expected in the size of
vessels and in cargo handling efficiency and some increases are
expected in vessel  speed . The tug and barge fleet is expected to
increase in total number and average size. \lore and larger ferries
will inevitably be added on Puget Sound althou g h a t emporary- re--
duction would result from construction of a cross-Sound bridge.
Larger vessels will be incorporated into the f i sh i n g  fleet hut
the overall number  of vessels in the fleet will prohab l~’ not
change materiall y- in the immediate future . .-\ la rge increase  in
the number of recreational boats is antici pated.

Traditionall y ’, fleet operators have built some vessels to
the maximum size that could be accommodated at major ports with
the concept that these vessels could operate at somewhat less
than full efficiency a t  other ports. This trend is expected to
continue and to maintain a need for continued harbor and channel
improvements.
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Genera l  Cargo Ship~

Container ships are expected to replace a large share of
the general cargo vessels on trade routes that have rclativel~.-
balanced two-way cargo and speciali:ed port facilities . A new
t ype of con ta ine r  vessel  ca l l ed  LAS H ( l i gh t e r  aboard shi p) a l so
is expected in the  reg ional  t rade  routes . These vesse ls  are
designed to pick up river barges (ligh ters) of ab out 200- ton
capacity and carry them from one seaport to another. Towboats
move the barges to in land  ports at either or bo th des t ina t ions .

s The majority of the container shi ps are expected to be
about 600 to 700 feet long w ith beams of 80 to 95 f ee t  and loaded
d r a f t s  of 33 to 40 feet. LASH-type  sh i ps are a l i tt l e  larger ,
p r e s e n t l y up to  860 feet  long , w i t h  1OT’ -foo t  beam and a loaded
dra f t  of 37 f e e t .  Other  genera l  cargo vesse ls  are expected  to
range up to  700 fee t  in l e n g t h , w i t h  an 85-foot  beam and a loaded
d r a f t  of about 35 f eet . The m a j o r i ty  of these  shi ps w i l l  he less
than  600 fee t  long w i t h  loaded d r a ft s  of 2 to  33 feet .

Bulk  Ca r r i e r s

The t rend  in h u l k  c a r r i e r s , i n c l u d i ng  d ry  and l i qu id  cargo
types , is to  larger , f a s t e r  sh i ps w i t h  improved load ing  and dis-
charg ing equi pme nt . A typ i ca l  v e s s e l  is expected  to  be ‘f l ( i  to
900 fee t  in l e n g t h , 95 to  12:--foot beam , a loaded d r a f t  of 35 to
45 fee t  w i t h  a c ap a c i t y  of ab out 50 , 000 ~o 75 , 000 d . w . t .

P e t r o l e u m  t anke r s

The t a n k e r  shi ps b r i n g ing  crude o i l  i n t o  P u g e - t  Sound are
exp e c t e d  to  he t h e  l a rges t  s h i p s  of t h e  reg ion ’ s l~u tu r e  f l e e t .
these vessels are expected to range in si:c- from ~O ,O0O to more
than 100,000 d.w .t. with a loaded draft of 15 ta 55 feet . the
p e t r o l e u m  p r o d u c t s  t anke r s  s e r v i ng  n e - g  i oi al p o r t s  ai -a e xp e c t e d  o
be sna l  ler becau se- of channel limitat ons and t h e  r e 1)u i r em e nt s  ~f
the l o c a l  m a r k e t  a r ea .  P e t r o l eu m  p rod u ct  t a n k e r s  are  not  exp ec -
~eJ to exceed 40,000 ~l .w.t - w i t h  Ioad sd d r a f t  of ~i-

legs , ~ oia o a t s ,  and Barges

‘l’he reg ion ’ s f l e e t  of ‘igs , o~- h oat  s , and h a r m - e s  is ext -i c-ct —

ed to n e a r ly  -.Iouble in number  t o  aceoCCee nil a t e t h e  e x p e c t e d  in-
c r e a s e  i n  commerce. The ‘ i a x i m u m  si : e s  ~re not  e x p e c t e d  t o  n c r e -  se
signific antly , Hit ~he - a v e r ag e s  w i l l  i n c r e a s e  is  t i e  o lde r , sm a l l e r ,
and  l e s s  e f f i c i e n t  v e s s el s  ar e  re - n m  i c e d  -
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l ypical tugs in the coastwise trade are expected to range
from 2,400 hp to 5,000 hp, but no significant changes in sizes
are expected . ‘t ypical  c o a s tw i s e  barges are expected to have
capacities of 4,000 to 6,000 tons with loaded drafts of about 15
feet .

Of the inland fleet , no significant changes are expected
in the characteristics of the small tugs used as work boats and
for local movements of log rafts and gravel barges , but additional
boats will be needed for all types of traffic except log rafts.
The power of tugs used for longer hauls , especially of gravel
barges in the Puget Sound area , is expected to increase  to  about
2,000 hp. For the long haul on the Columbia Ri vc- r above \‘ancouver ,
more towboats of 3,000 to 3,600 hp are expected and t h e  new yes-
sels are expected to have improved rudder sy-stems and to make more
efficient use of their pow-er. The average barge- size on the up-
river run will increase to about 2,500 tons and more dual purpose
barges will be employed .

Lpp ovat _i ons

Industry spokesmen expect that some of t h e  t e c h n i ques t l - ~~t
are innovations today will have major impacts on future navi ga-
tion . One example would be that inland barge operators may’ soon
become involved in the Nat ion ’s export-im port container t r a f f i c
as a result of the recentl y established service of oceangoin e
barge-carry ing vessels (LASH) . The domestic i - s u r g e  indus ti- --
(nationwide) may need to increase its carrying cap a cit y fm -- 250
to 500 percent  w i t h i n  t h e  nex t  few years  to  accommoda te  ¶ h ~ L -tH!
ships present ly being planned , desi gned , and constructed.

Barges of the Kenai-tvpe also may affect t h e  inland navi-
gation of the  reg ion . Nationwide , many such  barges are in use or
under construction to haul hulk commodities directl y between in-
land ports and foreign or c o a s t w i s c -  origin or Je~~tination.

Ihe region ’s significant export of w h e a t  and other small
grains could he accommodated by either of these types of se -r \ ice.

Commercial Fishing Vessels

There is a t r end  to t h e  use of l a r ger  v m - s s e l s  in  some
regional fisheries w h i c h  in time m a e  reduce th -  overall n u r s ~’e - r  of
vessels in the fishing f l e e t .  An increased e~~fn n t on t u n a  C i t  cii
will r e qu i r e -  larger vessels capable of o l e r i t  ing - i t  sea for
extended peri ods . ihe re  is a re-cent and row ing int e -r e -~ t in
e x p l o i t a t i on of b o t t o m  f i s h e r y  resources  w h i c h  a re  f und in
abundance  in t h e  c o a s t a l  w a t e r s  of Oregon and I - a sh  i i s g i  o n .  t T s e  of
l a r g e  ves se l s  wh i ch w i l l  a c c o m m o d m t  v h e a ve  ge - s i r  h a v e  I v i i  f ed
operat ions in i i  s fisher y- . On h e ot h er h a n d , - s m a l l e r  n i l  s
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presen t ly used for sport and c o m m e r c i a l  s a lmon  f i s h i n g  a re  not
exp ec ted  to change si g n i f i c a n t l y in s i z e , hu t  im c r e -as ecj  ‘ici H - e - r~ - - f
boats can be expected with regional populat i on growth. The o:e-r-
all fishing fleet i-H 11 probab ly remain at p r m - s e - n t  h-eels for a
considerable period of time .

R e c r e a t i o na l  Boats

Recrea tional boating in the region will continue to in-
crease commensurate wi th the gro w t h in populat ion , income and
leisure time . The number of recreati onal boats in use on the-
navigable waterways is projected -to incrvase f r o ss s  110 , 000 it  t h e -
p resen t  time to 163 ,000 by 1980 , 310 ,000 by 2 01 1m1 , and 555 ,000 by ’
2020 .

P R O S P E C T I V E  COtNI;fCI

Detailed and exhaustive economic studie s would 0e required
to accurately e v a l u a t e  the many i n t e r r e l a t e d  forcer that w i l l
d e t e r m i n e  i s t u r m -  traffic levels and to a s s e s s  t h e  e f f e c t  of tech-
no lo g i c a l  changes in shipp in g and dis t r ibu t ion . studies of this
c o mp l e x i t y  were far  beyond t h e - scope of this hi-c - -st iga tion . n]v
t h e  genera l  f a c t o r s  a f f e c t i n g  commerce c o u l d  he c o n s i d e r e d  and
the projections are presented not as precise determinations by’
tine frame and location bu t  as broad approx i m ations of a genera l
niagn it ude.

I’otal waterborne commerce will he directl y related to the
economic d e v e l op m e n t  of t he  reg ion . I t  can he exp ected that
future shi pping needs w i l l  be governed in m any r e spec t s  h i~ e-conoiss ic
produc t  ion pat t eel s alre -ae l v established in the region . -\g ri -

c u l t u r a l  and f or e ~- t  p r o d u c t s  p r o d i c t  ion  s - i l l  c o n t i n u e  t o  l ’e
i rr or tsm nt facets of the reg ion ’s economm v , w i t h  c o s t  I n imat ion of
s:mipp 1l ~g requireme nts for exporting surp l uses to national and
world rark e-ts . h-s manufacturin g base of ti e  region w i 11 exp smne h
and become more diversified w i t h  i n c r e a s i n g  r e q u i r e m e n t s  for
i m n o r ta tj o n  of r a w  m a t e r i a l s  and e x p o r t  of f i n i s h e - dI erodu ct s.

u c u l a t  ion expands , t h e r e  w i  11 h e  a gr e a t e r  ele - e s e s m n d  f o r  p et  r o l  e u’m
n o e l u c t  s and o t h e r  consumer  goods w h i c h  mus t  be i - spor t  ed .  he-

na t i o na l  and reg i o n a l  p r o j e c t i o n s  of p o p u l a t i o n , emp lov s ’ ie- n t
income and p r o du c t i o n  wh i ch were  n r epa red  for w a t e r  p l a n n i n g  use
b y- t he  D c p s i n t s - m m - n t s  of on m e r c i -  and \ g r i  c u l t u r e  hi v e been Ut i i i  d
t o  p r o v i d e  t h e  broad e c o n o m i c  p a r a m e t e - r ~ for p r o j e c t  In c  f u t u r e
trends in pro duct ion and con~~esit t ion of m a n y  commodit ies p ert i n e n t
1 o —~at e r h o rn e  commerce. l’hese -i- . e been sim p l e-i-- i-nt - - as necesssir\-
1w general project ions from other source-s au - il h~ on I - i t  ai led
analv--ses of S a t u r n  t ri ffic movement .-s wherever m v i i lsf le from th e -r
s t i e l j e s .
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The projected levels of production and consumption of major
bulk commodities are shown in table 5. The projections were made
as a guide in estimating waterhorne commerce requirements and
according ly they cover only that share of the commodities expected
to move (in part) by water.

table 5 - Projections of ~laior Bulk Commodities Produced
or Consumed 1 Columbia -Nort h Pacific Region

Base
Year 1’ 19Sf) 2000 2 02 0

(1 ,000 short tons)

Agriculture Commodities 24,000 41 ,260 :4,260 71 ,700
Food ~1anufactures 5,600 13 ,500 19 ,100 26,000
Forest Products 108,500 115 ,000 129 ,500 152 .500
Primary lOetals 1 ,961 4,655 9,60 11 ,931

~linera1s 51 ,522 114 ,698 162,052 21l ,0~ I
Steel Scrap 667 733 1 ,100 1 ,500
Petroleum Products 12 ,300 17,300 28,800 46,000
Fertilizer 740 2,270 4,560 5 ,390
Totals 238,290 309,446 405 ,S42 306,092

— — — — — — — — —
— 

1/ 1964, except primary metals 1969 , and steel scr imp and petrol eum
products , 1960.

Estimate s of prospective waterborne commerce considered
total commodity production and consumption in each subregion ’s
sphere of influence , the historical trends in waterhorne commerce ,
locational factors of population and industry which would a ffect
the divis ion of traffic among transportation modes , and the
location of markets and sources of raw materials for the i ndustr ial
requirements of the region . h’here recent stud i es were available
which presented estimates based on detailed anal ysis of ori gin ,1 

- des tinat ion , and savings for existing or considered waterway
projects , these were used. Projections for t h e  Columbia and
l ow-er hi llam ette River , for the Columbia-Snake inland i~ a t c - n i s m i - ,
and for a prospective w a t m - r w a v  in the upper Columbia Riv e r were
derived from such studjes . Current comprehensiv e studies of theI~i 1 l a m e t t e  Basin and the Puget Sound area provided data for those

i11 ) r’i g i  outs
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Detailed information on prospective w-aterhorne commerce is
presented in the individual subregion discussions . A summary of
the region ’s projected waterborne commerce for the years 1980,
2000, and 2020 is shown in table 6.

Tab l e 6 - I ro-n n~~t i c e  Pa ni -ho rn, -  ( on unerce
C olum bi a- \o r ~ ’- I a o i i n ~ Region

- - 
1968 9- 2000

Fore i gn T’ - r ~ m - r 0i-~~~j~ 
- -

6 ii S 8
- - - - - - -o I nterna l  L o a s ta  i s -  Internal - 0 , s t , ,  I ~~ - Intern ; l c a n t  a, a -  nt Cr - - ± n t a  se

(I i ’S — ‘ oc t ton- ,

2 FO 4 , 300 6 , 1- 00

6 4 0  1 500 550 )

7 1 410 i , 00 2 , 100 19 ,300

11 ,500 16 ,800 11 ,600 29 ,405 i4 , i ’ S~ 4 5 ,~~~n 0 ,100 5~ .500

9 5 ,330 6 400 7 ,”90 14 , 1 _ fl

10 5 ,200 6 ,200 8 ,200 ‘ 300 8 ,200 - 
~~ 0 I -  0 , 20(1 ~~, 6 ’I)

11 25 ,200 2 2 ,300 3 1 , 800 35 ,000 5” ,800 6~~~00 l 1 a ,400 S~~~,60(1

lotal 52 ,300 45 ,300 2 ,800 ‘i , O 110 ,100 115 , 5 1  190 ,’-O fl 199 ,700

PRES[NT AND FUTURE NA\ 1(;ATION PROBLEMS

Large oceangoing vessels , which normall y operate in wide
open spaces , must move slowly and cautiousl y in restricted chan-
nels especially during periods of reduced visibility’ or when
numerous smaller vessels and recreational craft abound . Portland
and Seattle , the princi pal ports in the region are 11 (1 and 140
miles  from the ocean , respect ivel y- . Port land is on the 600-foot
wide Columbia and Willamette River channel; Seattle is reached
via thk less restricted Strait of Juan de Fuca and Puget Sound .
Other deep draft ports except Astoria , Coos Bay , and -\herdeen
are comparably located . Future navigation in restricted water-
ways is expected to become more difficult as vessel sizes and
speed capabilities increase and as small boats become more numer-
ous.

The navigation locks at IVillamette Falls are obsolete and
the lock at Bonneville is obsolescent. Problems at these structures
~~~ discussed under Subregions 9 and 8 , respectivel y . The locks
at t~i1lamette Falls are presentl y used at nearl y full capacity’ and
are a definite limit on expansion of navi gation on the waterw ay- .
The lock at Bonneville , together with its approach problems , delay’s
traffic but is not undul y restrictive at this time . The prob lems
will become more acute w i t h  a n t i c i pated i nc rea se s  in t r a f f i c  v o l u m e s . H

2~
)
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Two bridges should be altered to facilitat e navigation .
The problems at the railroad bridge across the Columbia River at
mile  323 , about a mi le  downstream from the mouth of the Snake
River , are described under Subregion 7. The railroad brid ge over
the Clearwater River at mile 0.6 is an impediment to port develop-
ment at Lewiston since the best site for development of facilities
in Idaho is on the north shore of the Clearwater River immediately
upstream from the bridge. Authority for Federal assistance in
reconstruction of these bridges is not clearly defined , and the
railroad company that owns them is understandab ly reluctant to
spend its money in favor of a competing form of transportation .

The problems of disposal of dredge material do not direct l~-
affect navigation at this time , but may have significant impacts
in the future. In inland areas , dredge spoi l is frequentl y’ used
to reclaim low- lying lands near navigat ion channels for industrial
or commercial uses . Along the lower Columbia River , dredge spoil
has been successfull y used with permeable groins to build up
shallow areas and thereby increase the flow velocities in the
navigation channel and make the channel self maintaining . After
these initial areas are filled and developed , subsequent spoil
must be transported greater distances at increased cost. In
estuarine areas , dredge spoil has been placed in diked areas , used
t o fi l l  in t e r t i da l  areas , or dumped at sea. Recent critical
examinations of these practices have revealed instances of
deleterious effects on water quality and greater care will he
required in the selection of future disposal areas . In all
probability, future costs for dredge disposal in estuarine areas
also will be greater than at present and the economic feasibility
of some future navigation improvements w i l l  he  i mp e r i l e d .

MEASURES TO SATI SFY NEED S

Navigation needs have been expressed in terms of increasing
quantities of corri’nodities wh ich must he moved to support a grow-
ing population and expanding economy and of the larger , more
efficient , and more numerous vessels that will be required to

* move them. ‘t he nav igation measures which would satisf y- these
needs comprise all facets of navigation improvements including
harbors , channels , lock s , port facilities , and aids to navigation .
The necessary measures including estimated costs in each subreg ion
are detailed in the respective subregion chapters . A summary’ of
the needed improvenonts is presented in table 7, and the following
paragraphs discuss the improvements from a reg ional aspect .

30
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Seaborne Commerce

Seaborne commerce --domestic , coastwise , and foreign--is
projected to increase more than 300 percent from about 45 million
tons to nearly 200 million by 2020. Much of this increase is
expected to be accommodated by larger and faster ships and improved
cargo handling techniques to the extent that the number of vessels
will not be greatly increased . However , the larger vessels will
have problems at most harbors and in the Columbia River unless
further improvements are made. In Subregion 11 , the Puget Sound
Area , 24, 21 , and 6 miles of channels leading from deep water in
the outer harbors to dockside will need improvement during 1970 to
1980, 1980 to 2000, and 2000 to 2020, respectivel y. Some of the
later work will be further deepening of channels deepened during
the early period . In the coastal area , Subregion 10, the harbors
of Coos Bay and Grays h arbor , comprising 35 miles of access
channel , will require improvement prior to 1980; the harbor at
Willapa Bay will require deepening prior to 2000. A total of
38 miles of shallow draft channels at other coastal harbors w ill
require improvement after 1980. The channe l on the lower C o l u m b i a
and IVillamette Rivers , Subreg ion 8, to Portland and \ ancouver
will probab ly require enlargement sometime in the 1980-2000
period .

Internal Commerce

Internal commerce is projected to increase from 51 million
tons in l9o8, to 190 million ton s per year by 2020. This com-
merce is :xpected to be accommodated by larger and more numerous
barges ard tows of four or five barges . tugs are expected to
be more :uwnerous , powerfu l , and efficien t , but  not si gni t icantl v

; larger. Improvements to support this commerce would include a
125-mile extension of the channel in the upper Columbia River ,
Subregion 2, including 3 new locks at existing dams ; a 62-mile
extension of slack water navi gat ion in the lower Snake River ,
Subreg ion 6, including completion of a dam and lock under con-
struction and construction of another; improvement of the open
river channel in the Willamette River for 96 miles above the falls
at Oregon City; and reconstruction of the locks at Oregon C i ty
on the IVillamette River and at Bonneville l)am on the Columbia.

Recreat ion

In addition to the increase in commercial usage the number
of recreational boat s on the reg ion ’s navi gable waterways is pro-
jected to increase from 110 ,000 in 1966 to 585,000 by 2020. Fhese
vessels will use the channels and locks improved for commercial

31
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vessels as well as other unimproved portions of the waterways .
However, they will need more than 200,000 spaces at supervised
moorages and 3,000 lanes of launching ramps to provide adequate

‘ shoreside support . These estimates concern only the recreational
usage of the navigable waterways . Other usage will be made of
lakes , reservoirs , and non-nav igable stream reaches and will
require similar facilities . Estimates of such facilities are
included in Append ix X I I I , Recreation .

This summary does not include port facilities which will
also be needed to support the projected commerce. Such facilities
have historically been provided at local expense in anticipation
of prospective commerce , and competition among ports for commerce
has maintained a slight surplus capability. This practice is
expected to continue . Discussions of future port facility needs
are included in the subregion chapters .

Table 7 — E s t i m ated  ‘leasuros to 0-~~ 1sf ’- \ c g , t  ion \ne3-  - 3!
Columbia-North P a c i f i c  Reg ion

SUB- 
- 

‘55 - il - \\\I F 
—

81 ( 11 0 9  ‘-yj I-r ~,t ( FHon, - o ( t  J~~~~~- ‘ ‘ ‘F  j O A S I S S  I I -
Year 1980 2000 2020 1(80 2000 2020 1980 2 0U 0  2020 1980 2000 2020 1990 2111 (1 21120

SUB 
— 

I --- M a’s~ : 1m11 , -o m oe-F ri

REGION

2 - - - 125 0 0 3 0 0 90 180 3 1( 1 - 11  50

6 - - - 32 30 0 1 I 0 150 390 711 ’ 20 50 9’

7 - - - 0 0 0 0 0 0 390 1 1 0 , 1  20111 ’  40 70 2 ’ -

8 0 120 0 0 0 0 0 1 0 0 3 4 1  j l ’ , (,fi~ I -:- 28:- 0 2 1

9 - - - 96 0 0 1 0 0 10 , 000 76011 9 , 1 11( 1 25 2 ( 1 4 1’

10 35 20 0 0 35 3 - - — 3 , 100 9101! 20 ,8 , 1 1  20 100 250

I I  24 31 6 0 0 0 0 0 0 31 , 500 30 , 10 0 83 , 900 190 F4 t ’ : -
a 

- 
TOTALS 59 171 6 253 65 3 5 2 0 4(1,190 57 ,870 106 ,810 i~~o n O -  1081

1 / Incremental measures required orior to nt at~- I v- -a, - .
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S U B R E G I O N  2

U P P E R  C O L U M B I A

GENERAL

Subregion 2 comprises 22,451 square miles in eastern
Washington and contains the main Columbia l~iver and all tribu-
taries except the Spokane River from Canada to the mouths of the
Yakjma and Snake Rivers . It is bounded on the west by the Skagit
and Snohomish Basins across the Cascade Range , on the southwest
by the Yakima River Basin , on the southeast by the Snake River
Basin , on the east by the Spokane and Pend Oreille River Basins ,
and on the north by Canada. The subregion is 145 miles wide at
the International Boundary and 190 miles long from the Boundary
to the mouth of the Yakima River . See figure 3.

Topograpj~y

Below the confluence w i t h  the  Spok ane River  t he  Columbia
River  f lows west , south , and east in a large s e m i c i r c l e  known
as the Big Ben d , and d iv ides  the topograp h y of the  subregion i n t o
two distinct parts. The section north and west of the Big Bend
is mountainous , with crests rising from 4,000 feet near Wenatchee
and 6,000 feet in the northeast corner of the state to over 10,000
feet in the north Cascades. South and east of the Big Bend lies
the Columbia Plateau , a lava-formed table land sloping gentl y
southward from 3,000 feet elevation near Grand Coulee Dam to less
than 1,000 feet at Pasco. The valley of the Columbia is a narrow ,
generally rock-walled gorge 300 to 2,000 feet below the surface of
the adjoining plateau . In the wider portions of the v a l l e y ,
benches and terraces are found at various hei ghts above the river
surface.

Climate

The climate combines features of both maritime and coat i -
nental types. Summers are dry and warm , and w-in t€- rs moderately’
cold and wet. Average annual precip itation decreases from over
100 inches along the hi gher Cascade slopes to less than inches - -

on the Columbia Plateau . About 75 percent of all precipit ation
falls during the period October throug h ~Iarch , mos t st t ons
recording maximum monthl y amounts in December. h owever , m a ns ’
stations record occas i onal heavy showers and thunderstorms during

-‘I ,‘l

- —  - 

~~~~~T - 1 ~~~ ~~~~~~~~~~~~~~~~~~



------ -- - - - —---
-~ - ---— - ---~ -—---- ‘ - - - - - - ------- - --- -------- -- - - ------_-----. ‘--- -

_

4~~~~~~~~~~~~~~~~~~~~
-

_

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

_ 

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

May and ,June. ‘lost wintertime precip itation falls as snow ,
remaining on the ground at hi gher elevations after mid-November.
.-\vo-rage annual  s n o w f a l l  ranges from 300 to 500 inches on the
highest slopes of the Cascades to less than 10 inches on the
Columbia  P la t eau . In an average  w i n t e r , max i mum t empera tu res
range from 25 0 to 35°F. in the northern valleys and 30° to 40°F.
in the southern areas. ~-linimums v ary from 5° to 15 °F. in some
areas to 20° to 30°F. in other s . Coldest temperatures occur
when continental arctic air pushes in t o the basin from the north.

l cmp e r a t u r e s  be low 0 ° !- . are not uncommon under  these  c o n d i t i o ns ,
and ice forms on lakes and slack w i t i - r  areas in streams to a depth
of about 4 inches. Ho wever , the dura t ion of such i c i ng  is seldom
more than a week or two and na\- i gation has moved during similar
ice periods on t h n ’ Co lumbia  R i v e r  t h r o u g h Suhr L- g ion 7 . Summer-
time temperatur es-s range from approximate ly 90°!- . in the after-
n oon s to n i g h i t t i r s e  lows of 50 ° F .  L-n :peratures exceed 100°F. 1 or
2 days each year.

St ream s

the  C o l u m b i a  R i s e r  f o l l o ws  a :i g:ag course for 4 1 7  m i l e s
throug h t h e  subreg ion . Ih roug hout most of i t s  l e n g t h  i t  is  con-
t a m ed in the pools behind a series of seven power  or m u l t i p le-
p u rpos e dams . P e r t i n e n t  da ta  on t 1

~e~ e dams a n -  shown i n  t a b l e  8.

Tab le  S - Hams on t he  C o l u m b i a  R i v e r , Subreg ion  2

Hei gh t
Su r f a c e  T a i lw a t e r

River A r i a  to
Dam yu le Acres Forehay Owner or A gency

Priest Rapids 397 7,200 ‘8 P110 , Gran t Co.

Wan apum 415 14 , 610 80 PUD , G r a n t  Co.

R ock I s l a nd 4 53 3 , 470 43 PU!) No .  1 , C h e l a n  Co .

Rocky Reach 4~4 9,800 92 Ph D No. 1 , Chelan Co.

Wells 516 9,700 75 PUt), Douglas Co.

Chief  Joseph 545 7 , 800 165 C or p s  of !-ngineers

Grand Coulee 397 83 , 000 341 Bureau of Reclam ation
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Franklin 0. Roosevelt Lake, the reservoir behind Grand
Coulee 1)am , extends to the Canadian border , and in Canada the
river is navigable  by means of a n a v i g a t i o n  lock at Arrow Dam
w i t h  clear dimensions of 50 by 290 feet t o the head of Arrow Lakes .
Below Priest  Rapids Dam , the  r iv er f l ows f r eel y for approximate l y’
57 m i l e s  wi th  a drop of 66 feet to the head of Lake W a l l u l a , the
pool behind McNary Dam (Subregion 7) .  In this reach , the river
is navigable but the channel dimensions are not adequat e for the
type of vessels engaged in commercial  navi ga t i on on th e lowe r
river . N avigat ion would be possible  on the  reservoirs but through
navigation is not ava i lab le .  A l l  of the dams below Chief  Josep h
have provisions for future locks .

The principal tributaries in Subregion 2 include the Kettle ,
Colv i lle , Sanpoil , Okanogan , yle thoi5- , and lVenatchee Rivers  and Lake
Chelan . All of these rivers and the Spokane River , which enters
the Columbia River  in th is  reach , are considered minor t r i b u t a r i e s ,
and none is navigable  b y modern s tandards .  Lake Chelan is nav i-
gable for 50 miles into the foothills of the Cascade Range but is
not connected by a navigation channel to the Columbia River , The
Okanogan River was navigated during the pioneer era and is legall~-a navigable  r iver .  Per t inent  dat a on Columbia  River  and Subreg ion
2 t r ibu tar ies  are g iven in table  9.

Economic Devel~ppent

The popula t ion of Subregion 2 in 1965 was 198 , 600. There
are three c i t ies  wi th  populat ions greater than 10 , 000: We na tchee ,
17 ,800; Pasco, 15,800; and Moses Lake , 10 ,159. Seven other cities
have populations in excess of 2,000. Since 1940, the population
h as inc rea sed by 52 percent , but the subreg ion portion of the
reg i on al t ota l  h as decre ased f rom 3 .8 to 3 .4  percent .  Total
employment in 1960 was 70 , 546. Employment  in bas i c  i n d u s t r i e s
i n cl uded 15 ,433 in agriculture and food processing , 3,520 in
lumber , paper and other forest products processing , and 1 ,032 in
mining and primary metal processing .

Economical l y ,  the subregion comprises 9 count ies  and
general ly divides along topograp h ic  l i ne s .  The count ies  in the
mountain sect ion are Chelan , Oka n ogan , Ferry and Stevens. Chelan
and Okanogan Counties  are noted for the  p roduc t ion  of f r u i t ,
apples being a specialty of the Wenatchee area. Has’, grains and
l ivestock are produced in Ferry and St L -ve ns  C o u n t i e s .  \ i net s--
ei ght percent  of the forest land of t he  subregion is a l so  in the
mounta in  count ies .  Lumber p roduct ion  consists princi pall y of
rough green ponderosa pine wh ich is shipped to manufacturing plants
outside the subreg ion for box stock and d i m e n s i o n  lumber.  These
counties are also rich in minera l resources including gold , copper ,
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clays, diatomite , limestone , pumice , epsomite , sand and gravel.
The availability of large blocks of hydroelectric power has
resulted in the establishment of an aluminum plant and an electro-
metals plant near Wenatchee .

On the Columbia  Pla teau port ion  of the subreg ion , w h i c h
includes Douglas , Lincoln , Grant , Adams , and Franklin Counties ,
wheat is dry farmed where soi l mois ture  pe rmi t s .  The Columbia
Basin I r r igat ion Project  has resulted in the p roduc t i c n  of grains ,
vegetables , seed , feed , and beef on irri gated farms . Food pro-
cess ing is expanding.

The subregion has tremendous natural resources of forests ,
agricultural lands , water , and unexp loited mineral deposits. Its
h ydroe lec t r ic  power developments  have an e x i s t i n g  capac i ty  of
more than 6 million kw , and planned future additions will bring
the total capacity to 13 million ki’.- . At the present time , the
counties of Chelan , Doug las , Ferry , and Okanogan are classified
by the Department  of Labor as areas of chronic and p e r s i s t e n t
unemployment. Depressing factors include limited local markets
and relatively high transportation costs , especiall y for l oi’.-
value  bu lk  commodi t ies .

Other  Forms of Transpor ta t ion

Rai l roads

Two major railroads , the Burlington Northern and the
Chicago , Milwaukie , St. Paul and Pacific , serve the area. They
are generall y oriented in an east-west direction and connect
with market and port areas on the west coast and throughout the
United States. A branch line of the Burlington Northern serves
the  Okanogan Valley and extends into Canada. -\nother branch
extends from Spokane through the Colville Valle y to Kettle Falls
where it forks ; one fork follows the Columbia River into Canada ,
the other  ex tends  along the  Kettle into Canada . crosses to the
Sanpoil Basin , and follows the Sanpoil to Republic.

Highways

Major east-west highways are U. S. 2 through Wenatchee and
Interstate 90 throug h Moses Lake. There is no through east-west
route in the northern half of the subregion . Msi io r north-south
routes include U. S. 97 through Wenatchee and the Okanogan Valley
and Ii . S. 395 from Pasco to Spokane and north throug h t i -cc’ Colville
and K e t t l e  River  Va l l eys . A network of state h i g hway s  and a l l
weather county roads serves all communities in the area.
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-\ maj or airline has scheduled f i  i ~l st s t o l e n a ’. c hLe , 1- as co ,
and li ph r at a  and c h a r t e r  f l i gh t s  can  be a r ra ne -d to many other
c i t i e s .  .-~i r  f r e i g ht  se rv ice  is a v a i l a b l e  at -los e s  L a k e .

~~~ elines

Refined petroleum products ar - c- transport ~ h n i r~e1in e fr o m
ThIt Lake CJtv , Utah , to  l asco , L a sh  infton , and f r o~- !‘sisco to
Spokane. Another petroleum P i ’ - 1 uc ’ 5  n i p e l i n e  fro s - B i I l i n f s , f
Montana , serves  Spokane  an d  a s m a l l  I s i - an c h  l i n e  was cons ’- i-acted
from Thokane to Moses Lake to s-cr5; -.- now in ~ct it -c  l a r s o n  \ i  r
Force Base complex .

\ I S J J \ L  N A : I C - \ I I O , \

x i s t in •~ ro~ L- - : t s

1
lcaterwa 1

5 a-r e  is no cu r r e n t  i: e s l y  i’s~ 1 nay  ig a t  ion ‘ r o i e c t  i n  S I r l - ! - e g i  ‘a
2. During the  c-ar 1-~ d e v e i s -j p : - c a t  of thc ; cr c a  - t he  m a r s - e a s i ly
nav i~~able reaches of the main r i v e r  -s~ a~e used for  t r -s ~ s~s r t : s t i o n
and some c h a n n e l  work was a c c o s - p l i s h e d  b y t h e  }:e d e ra l  its s r f l ” - i n t
bc- tse -~-n l’~:natchee and Kettle l u l l s .  T hi s  p r o j ct  , adop ted
‘-larch 2 , 1907 and Jun e 25 . 1910 , p r o v i d e d  for rock removal and
conStt i-action of dikes and w i n g  dams  - - tween -L :atch ee and hr i - I- ss - -
port , ‘9 miles (Act of I-larch , 19( 1 ’- ) ;  and for roc~ re ’ o;al to
obtain a low w i t - - c  r channi 1 7 L c c t  dc -p f ro s  s r i  ~l s ~s T - . ‘-t t o  c~i t le
ails , 163 miles (Act of June 25 . 1910), The pro iect , l’.ena ’ chcc

to Brid geport , isas comp leted in 1912 to t l - -~- e x t - c s s ~ h- c-s t i f i e d  by
comm erce at t h a t  t i m e . Cons tr act ion of Grand Con i~~c , Lb i c C  - J oseph ,
)~c - 1 i s , and Ro ck y Reach I ) am s at e r rup ted  t h r o u g h nav i -it i on  i n  t i s
reach of the ric er , bu t  fsic i i i  t - i t ed  n a\— i g :c t  ion 5 - t  is c e n  dam s  . kite

PC licenses for ~1l of the d ims from P r i e s t  Rapids to I~e l l s ,
inclusive , required pr- ss :ision for future lock facilities and s u c h
p rov i s ions  h a v e  been made .

Nsi vi ipit ion A ids

i h e  oust Guard maintain s 40 - - k a n n e l  markers and other
s lu t  i g a t i o n  a i d s  on R o o s c - v c - i t  lak , - , Channels are marked as far

- p 1 ream as ket  tie Pal is- , and m a r r  ems  arc.- b e i n g  ex t  - - n d e d  to t Is - .
Lana-h an Porijer-.
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Brid ges

Brid ges across ti -ce Co lumbia  R i v e r  in Subreg ion 2 w i t h
pe r t inent  data  on clearances t h a t  would  a f f e c t  nav i g a t i o n  are
listed in table 10.

1a 0 - . 10 - Bridges over- the columb ia R i v e r , Subreg ion 2

Riv er lion so ri tal i s  c r c - - s

M i l e  Descr i pt ion Cl s-ss r s i c e e  5 0 — c r  i - s o )

3S8 V ernita , Sta te  ili gh c - c -  24 , 1-ixed 2 50 feet  2 1 . 0  feet

412 B e ve r l y , i:MSn-6P R a i l r o a d , F i x e d  250 feet  4 5 0  feet

120 \ s c t c g e , In t e r s t a t e  Hi g hway  90 , 1- i x o d  390 fee t  70 .0 Is -v t

~.la1aga , B\ Railro ad , Fixed 350 feet 50,0 ft-c t

-11, - i W en at chee , U. 8 , Hig hway 2 , Fixed 3-10 feet ~2 0  feet

U t i l i ty Brid ge , Ii i gh .~ay Department i - c fee t 68 ,0 t t t - t

I Beebe , S t sc t s- Hig hs - cc ’  151 , 5 ixe d -leO feet 35.0 f t - s t

530 ir s - c - t i e r , S t i t e  Hwy 173 , Fix ed 200 feet 22 .0 feet

II B rid gepor t , State (Ic -sy 2 7 , Fixed 51) feet 38.0 feet

391c Grand Cou lee , State Hwy 155 , Fixed 530 f - - ’.-t  30 .0 feet

nOt) K ettle Falls , US Ic-v 395 , Fixed 301) feet 59 ,0 feet

7113 K ettle Falls , BNRR Fix ed 456 In-n t -P- ,O feet

73- 1 N orth port , $ t a te h wy 25 , F ixed 224 feet 75.0  f e e t

Commercial Port Facilities

Storage , distribution , terminal , and transfer faci liti e s
avai lable at Pasco and Kennewi :k are described with other such
facilities in Subreg ion 7. Numerous log ro l1i~ays and recei ’.-in g
stations adequate for the existing commerce are located on L
Franklin D. Roosevelt 1~ake and l a k e  Chelan . Moorage facilities
consist of floating xstlkwavs and rafts adjac c-n c’ to each of s

r e c e i v i n g  m i l l s .  M i n i m a l dock f a c i l i t i e s  are  l o c a t e d  at C h e l a n
and s e v e r a l  s m a l l  c o m m u n i t i e s  on t h e  l a k e .  Port a u t h o r i t i e s  on
t he reach of the  C o l u m b i a  R i v e r  h e - t - 5c - - st Pasco and Rock y Reach Dam
have development plans for land and facilities to support I c at er -
borne commerce whenever  the r i v e r  i s  improv ed  for  ba ri~e n : iv i g a -
t ion .
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Ex isting comm ercial Il avi p s its on in Subreg ion 2 i s l i m i t ed
to the m o v - - sss - csit of b y -. - ,~ i t  ~ 0fl F r a n k l i n  D.  R o o s c - v c - l t  Lake  and
Lake  C h e l a n , deli ver of small a m o u n t s  of gen c-ra l  cargo t o i so —
l a t c H  coissma nit ies on lake PLc- lan , excursion— pas senger traffic on
Lake Chelan , and ~i~l n c u t  of l u l L  conmodit Has to the ‘ton i c
I r i s r e  Commiss . i on  f a c i l i t y  ct h a n f o r d , .-\ p p r o x i t r ; t c l - c  ri~,0o0to ns of lop s ~5 c - r e  transported on Roosevv -lt l a k e  in 1. c f 4  , Hit t h e
traffic sas reduced to -~~~~ , 000 t o n s  by l l~L h  and i n d i c - ct  i ons  a r e
t ha t  f u r t h e r  reductions will occur. Log movemen t— on lake
Ch elan amounte to 20 ,0) o :ss in 1H P .  S ince  the form at ion of
t h e  I ,ak t -  Ch e l a n hat iona i  R e c r e a t  ion .-‘~i- -u , t in: Lore-st fe-r ’vi cc anti

I - a t  i onal  P u r l  Ser t - ice  Is at anhiounced t hat sale of t i mher s-i 11 be
disco ntinued and thc- mi l l wh ich moved logs on t l s v  I s ike i s  e x p e c t e d
t o  c l o s e .  B u r gc -  t r a f f i c  on Lake Chel an  has  mv - ’t ained f a i r l y
stead y at  ab o u t  1 , Sod t o n s  and is e xp e c t e d  o c - n t  nue st hi S
l e vel. Commodjt~ mov-. -- ca ts to Hanford amount to 85,000 tons
a n n u a l l y and no change is anticipated.

Vessel Tr a f f i c

Three  t u g boat s op e r at e  on R o o s e v e l t  L a k e  and l w s  on L a k e
c h e l a n . These v c - s s e l s  have d r a f t s  of (c to 7 f e et  and r ange  Cro p s
90 to  300 h o r s e p o w e r .  A self-propelled ha-c-p c w ith 165 horsepowi r
and 70 tons  c a p a c i t y  at 6-foot ioadc-d draft ore rates on LaI- c
C h el an .

Difficultie s \ttending Nav i gat ion

hhroug h navi gation is riot possible in Subreg ion 2 ~~
pr esen t  b e c a u s e  of s h a l l o w  l iars  in t he  c h a n n e l  be l ow P r i e s t
Ra p ids D arn and the  b a r r i e r s  c r e a t e d  by clams on t i - c- Co lumb ia  R i v e r .
Lake Chela n is isolated from the Colus-~b i a  R i v e r  h” a dam and - -I
m i l e s  of r i v e r  w i t h  a t o t a l  d r op  of nearl y 400 Ic -ct  - Raft i n sm
o p e r a t i o n s  on bo th  R o o s e v e l t  Lake  an d  Lake C h e l a n  are  hamp ered
b> insufficient dep ths at log r o l l s av s  and r e c e i v i n g  s t a t i o n s
when the lak s are drawn down t’or poser pro dti cti on. These nc- n od s

of drawdown occur h e t s e - c - n  D ecember  and ‘ lay  on R o o s e v e l t  L a k e  and
during the winter on Lake Chelan .

Recr’s - si t ional_ Boa t i n g

In 1970 , t i e r - c ser e  17 , 131 recr eat ional b o s i t s  i n  t h e  n ine
counties of Subreg ion 2 est  ~- ;i t ed from records of the Coast

- u u s c r c l  and iVash i n g t o n  S t a t e  l ax  C o m m i s s i o n  and t h e  n u m b e r  of
licensed boat  t r a  i icr-s - These boa t s represent a n r - r o x  -- - i t  e ly  90
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p er c e n t  of the  p leasu re  boat usage  in th y -  s u b r eg i o n , t he  h - t l an cc -
‘ d e r i v i n g  from t r an s i e n t s  and metr opolitan areas outside t h e  sub -

region . From a si lr t - c - v of p leasure  boa t  owner s macic - in  c o n n e c t i o n
w i t h  t h i s  stud> ’ , i t  is e s t i m a t e d  t h a t  t i-ic p r i n c i pal  usage  of
1,350 of these boats is on t i t c -  C o l u m b i a  R h - c r  and t h a t  the a n n u a l
number of boat-days usage on the Columbia Rh-er itself is ab ou t
60 , 000 . F a c i l i t i e s  on t he  Co lumbia  R i v e r  L a k e - s ahot -e Lake I V a l l u l a
(McNary Reservoir) include 33 b O u t  l a u nc h i n g  ramps , i~’ i t~ a total
of 44 lanes , and moorages with spaces for 150 b o a t s .

Boats used for recreation on t h e  C o l u m b i a  R i v c - r  are c h i e f l y
outboard runabouts , less t h an  18 P e n t  in l e n g t h  and h a v i n g  l e ss
than  75 h o r s ep o w e r .  About 91 pe rcen t  are c a r r i e d  by t r a i l e r  or
car  top and g e n e r a l ly  removed from t h e  ‘ L i t e r  t h e  same day t h c - v
are launched . t h e  p r imar >’  a c t i v i t i e s  are c r u i s i n g  and s i gh t s e e i n g
and water skiing.

W i t h i n  the  r c - s e r v o i r s , d c-nt h—s are g e n e r a l ly  more t i a n  ade-
quate for r e c r e a t i o n a l  b o a t s .  l s c r s -  are , how ever , a few h i gh

po in t s  w i t h i n  a few feet  of tlsc ~ normal  w a t e r  s u r fa c e  wh i ch are
haza rdous  dur ing  per iods  of r e s e r v o i r  dras-dos-n . t h e  r e ach  f rom
Pasco to Priest Rapids Dam , while not h a z a r d o u s  for  e x p e - r i  - n c s - l
boatc-rs , is not recommended for a not-ice. Mooring facilities
me t-I t h e  m i n i m a l  n c-c- ds  of boaters desiring rental moorages and
there is an ample number of launchin g ramps , but access is li m i t c - l
in some areas and better shore associat ed facilities would increase
the use of t h e  isater sav .

L 

PROJ E C I LI) P ON D I I  IONS -\ND N i l  i~~

Economic Outlook

‘the m a t e r i a l  for  the  economic  o u t l o o k  of Subreg ion  2 was
derived from pro j e c t i ons  prepared for A p p e n d i x  VI , Eco n o m i c  Base
and Projections .

Population , Emp loyment , and Income

t h e  p o p u l a t i on  is p r o j e c t e d  t o  grow at  a r a t e  s l i g ht  lv  l e s s
than reg ional to total 253 , 000 in 19~ O~ 334 , 000 i n  2 000 :  arid
431 ,000 in 2020 . A gricultural emp loyment is e\ p - c t e d  t o  d e c l i n e
s l i gh t l y ,  r e s u l t i n g  in the f u tu r c -  p o p u l a t  ion g r o u t h  b e i n g  i n
u rban areas .  t xcept  in  p r i m a r y  r - t a b s , e - ’ ” p I  ~ e-- at  i n  - n~yt of I H
present basic industries is projected to ]- - clin c or t o  cro s s i t  a
rate less than the total popul at ion , c olt e c - n l oc.’m c-n t in ancillar y 

--

industries is projected to expand . Fat ci  p c-r sonal income is
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pro jec ted  to  increase at about ti c- reg i o n a l  r a t e ,  T a b l e  11 is a
summary of estimated population and emp loyment tcc-n ds.

I ciCle 11 — Population and tiniptoymen t Cr o sc-e t ions , SuIsrs-g ion 2

1950 211111 ) 21120

l-s ~sc i1 c t ion 193 coo 253 ,00cl 334,000 431 ,000

I c r  C c p i t s c  Ineonic- ~ ) 2 ,2 71 4 , 112 7 , 1b1 12 , 41 1

lsc t ,i l Cs-r soc c cc l 1n~ ome (~~1 Iiilliofl ) 117 1 ,041 2 , 392 5,353

o t i l  Emp l smccs t 70,500 9S , 0(1 155 ,600 1’2 , SUiI

Agric ., I orestry ~ I5ishs- rv 14 ,7HcI 14 ,370 12 , 9 5(1 11 ,110

I - s i c - c t  Pr oduc t s \ i c c c s c f c e t  ure 3 , 52 (1  3 , 1 111 1 2 ,551) 2 , 130

t i m ing ti P r i m a r y  ck ’t a l s  I dO: 2 , 911 ))  3 , 3) 1) 1 3 , 5 ,

Source: Ap p e n d i x  \ I , I - o c s o ’ - i c  Base ais J P r o i s - : i c - c s s

Commodit >- Pro ie ct ions

M a j o r  b u l k  c o m m o d i t i e s  t h s c ’ mig ht he exnv -cted to mrovc - mt - v-n
a nav igable waterway are shown in  t a b l e  12. Ha~- accc l i t j e s  c i n c h
as a g r i c u l t u r a l  and fo res t  p r o c l a c t  s i n n -  p r o s i m u c e - cI l o c a l  lv  and t i n
quantities shown are t l~~- e n t  i nc sub rc- cm i on  a ro~lu :1 ion t h  s i t  i’ OIl Id
be shi pped to  o u t s i d e  n a i - k v - t s  b y s i l l  m odes  of ‘ 1 c - -  n a t  ion .

Other commodities such as n et  ro i c -u m ’ -  p r o d u c t s  and C C C I  i l i : e r  would
be shi pped in to sc - r v c  local needs ,

Agricultural Commodities

h~
j le agri cultural eurn b y - - v - n t  i s  pro l e c t c - d  cc s i c - c  l i n e , p ro-

duction of agricultural commodit i v - s w i l l  i n c r i - t i s e  d r a r -~~ i c a l l v  i n
the  forecas t  p e r i o d . 1 - s t i r - i t e s  of pro dtic~~ior  af th c.’ ma j or c ot’-:- H i-
ties (shown in table 12) in di csi t~ Har ry-a sses fi- oi’ 5 .9  to  11 .4  r i  1—
lion t ons  a n n u a l l y ,  an inc rease  of SHa p e r c e n t  , h c - a r l ’-  h a l f  of
the  t o t a l  t o n n a g e  m d - c-u se is  pi - o~ ect ~- I  t o  occur  b e f o r e  l2~~P -

Food p roces s ing  i s  p r o j e ct e d  t o  i n c r e a s e  i t  c o m p a r a b l e  r a t e s  -

t o r e s t  P roduc t s

Fo res t  p roduc t s  I c - x n c n ’ c-s sed  i n  - s of ra ic sood c o u s I n - -  c- c.l ( c v

p r o c e s s i n g  m i l l s )  i s  expect ed t o  i n c r c - ; i s e  iro n” 2 . 5 7 5  to  4 . 2 0  mu-
lion tons annu Ll I l y .  t h e  g r  a t  e t rat v of ’ j n c n - e~i - ~e s i l l  be i n  p m n l  p

and paper  p r o l i  n c t  ion . H-r- i n u u i  I~~ ct  un - c. o f I i lm i ’ v -r  and a I  ~wood i nt a
envt  i’rod~i c t  s w i l l  i n c r e a s e .

II;
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Minerals and Metals

ihe  m i n e r a l s  and m e t a l s  p r o j e c t i o n s  shown in  t a b l e  12
i n c l u d e  the raw m a t e r i a l  r e q u i r e m e nt s  and ingot output  of t he
metal industries presently operating in the subreg i on , t h y -  n eeds
on a per capita basis for sand and gravel and cement , and the
output  of scrap b y p o p u l a t i o n  and i n d u s t ry . No estimate is macic
of potential production of local mineral s s-hich are not p x - e s e n t l~-
mined .

5 e tr o l e u m  Produc ts

P e t r o l e u n  p roduc t s  to  m e e t  t h e  needs of ag r i c u l t u r e , t r a i t s -
por ta t  ion , and h e a t i n g  Lire p r o l e c t  ye1 to in c r c -a se  fro:-- t h e  t r e ° c ’f lt
457 , 000 tons  annuall c to 1 ,694 ,000 tons in 2 020 ,

I a b l e  12- -Pro j ect  I ot is of Mci i or Bu lk  Comn nodi t  ies  Croduced or Cun ~suncd .
s i n l c r e - g ion 2

Base Year l O s O  2 0 0 1 1  2°20
( 1  ,000 shcsi ’t t o n n s )

\ g r i c u l t u r : t l  C o m m o d i t i e s  3 , in cO 11 , 150 12 , 310 10 , 4Ol ~

Proce ssed  l oads ~~. I I Sc 0 ’ t) 1 ,010

i- c rest lro ~Ii cts 2 ,3 5  3 ,520 3 , 00 1)  1 , 20 0

l’ r i n l a r - y  \ !e t , i l s  143 3 (t) 71 (1 1 ,220

— ‘t ine r a  is  3 , 100 , y ( ) I I U , l e O  s3

St - - I S c r O c  23 23 t O SI )

• I’ c-t r e l c unn  P r o d u c t s  195 1 , 0 0 { I  I , U S Li

I - c t  t i i  2 c r  -~~0 100 d a c i  i t ’ d

It - 1 , c s~ ept - r i  m a r e t a b s  1001 ) , and st eel sc r i p  and
‘ct rot c - t i n ’  p r o d u c t  itO, - ,

The Role *JJii T9~~~~~
m
~

h a i l  t ad  h i g h s : i v  t’a c i l i t  i c - s  arc  t h c . -  on l y- means  1 ca t  i s f v —  :~
- - .

i n c  t h e  p r e sen t  needs for  b u l ’  t r a n sp o r t a t i o n  i n  t I e  in n -s i and are -
~~~~

e xp - :  - ed to  e x p a n d  0 n s e e t  t - s  ~~c- i i t  a I f i t  nr c  f l i  5 - 1 1 5  . llnwv -v c -r , - 
-

i i
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throug h navigation on the Columbia River sould add f Iex ih il i t~-
to the transportation system and benefit users and producers of
commodities that move in hulk. Specific commoditie s in the present
economy t ha t  mi gh t  move at lower cost on t h e  w a t e r w s i v  t h a n  b y - I
present  mode i n c l u d e  a l u m i n a , a l u m i n u m  i n g o t s , s i l i c a  rock , — s t e e l
scrap , f e r r o s i l i c o n - , p e t r o l e u m  pr oduc t s , coke , cement , fertilizer ,
grain , and miscellaneous agricultural products. °ther - -omnoocl ities
which mi ght  move if both shi pper and r e c e i v e r  nc er c - l oca ted  on t h e
w a t e r w a y  i nc lude  wood pul p and wood chi ps for  p u lp  and sand , g r a v e l ,
and crushed stone. In a d d i t i on , low cost w a t e r  t r a n sp o r t a t i o n
mi ght be the key that would encourag e developnrc -nt of sone of t h y ’
local minerals which are not now b e i n g  m i n e d .  However , t h e
Columbia-North Pacific economic projections do not i n d i c a t e  a need
for these  minerals in the foreseeable future.

Prospective h a t c - r b o r n e C o m i n e r c v

Deve lopment  of any r each of t h e  r i v er w o u l d  a f f e c t  some
but  not a l l  of t he  c o m m o d i t i e s  produced and used in t h e  suhreg ior .
‘I ’he 1969 s tud y ,  “Colum b ia  R i v e r  and T r i b u t a r ies , l C i s h i n g t o n , ’
(14) which considered extension of navigation to I~enatch ec- , foundtha t  such a p ro jec t  would  b e n e f i t  a 10-county area including
Subreg ion 3 , hu t  not Fer ry  County  in Su b r eg i o n  2 . Fh~ t st c ld \ -
found t h a t  the  commerce  on t h e  proposed p ro j ec t  w o u l d  am o u n t  t o
4.3 mi llion tons in 1980, 5 . 9  m i l l i o n  in 2000 , and 7 .8 m i l l i o n
in 2020 .  t a b l e  13 is a breakdown of this commerce by p r i n c i p a l
g roup ings .

a b l e  13- Prospective I’~aterhorne Corninteree , c o l u m b i a  R iver , Pasco to Scr t i t c h v - e-

lOSO 2 - t ’O)  2t)20
Commod i ty  UI 1:

( 1 , 000 shr i -t  tons) 
-
~~~~~~

[‘r i m i r s  t ier Is 830 110 1 , 11 1cc ( I I )  1 , 9 c c  l b

5~ C he m i c a l s  1 - Ill 2 1 ,  230

P e t r o l e u m  5 3 1  3 3 )  540

\~~ri c u 1 t  c : -  Products 2 ,100 2 , sSit 3,cSO

\ c c r i — 5 l c t t l l j ~ t I i r c e r c l s  190 Sit 2 - SI )  I i ’ s ’  m y )  1214

I- c cr csc t I r s- clc c e t - ‘ - i s ’  I_
_

I l

311 
— 

30 1 0

I c t  c s  I , I S O  2 , sOs) 2 • 31)11 3 , 1 c 1 5 9  . 2 11) I ,

Source: SI 112 , 91s t Cong . (i-I ,
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Extension of navi gation beyond henatchee would affect
c h i e f l y  a g r i c u l t u r a l  products , f e r t i l i z e r s , and p e t r o l e u m  p r o d u c t s .
Ihe proj ections indicate onl y moderate increases in forest pro-
ducts and none in extraction of local minerals. Forest products
most likely to move on t h e  w a t e r w a y  would  he wood c h i ps f rom ssiic -
mills and ply wood p lants to pul p mills located adjacent to thc-
w a t e r w a y .

Ex tens ion  throug h Rock y  kc- a ch and iV e l l s  Dams would  a t t r a c t
additional commerce from Chelan , douglas , and Okanogan Counties.
Evaluation of production in these c o u n t i e s  i n d i c a t e s  t h e  a d d i -  -t
t i o nal  wa t e rho r n e  t r a f f i c  that might be genc-rated w o u l d  amount to
no more than 05 ,000 tons in iPSO , 70,000 tons in 2000, and 80,000
tons in 2020. Further extension t h r o u g h  C h i e f  Josep h and ( rand
Coulee  Darns would  b en e f i t  L i n c o l n . l e t - n y , S t evens . and Spokane
Counties in the United S t a t e s  and t h e  area around l’ ra i l and
c :i s t l e g t i r  in B r i t i s h  C o l u m b i a .  Spokane  would  not g e n e r a t e  any
si g n i f i c a n t  cor nn merce as t h e  c i t y  is 35 m i l e s  from any p o s s ib l e
port development on Roosevelt Lake. Commerce that m i ght d e v e l o p
out of Lincoln , le- rr”~’, and Stc -vv-ns Counties w o u l d  amount  to  about
200 , 000 tons  in 1950 , 220 , 000 tons  in 2000 , and 250 , 000 tons  in
202 ) . R e f e r e n c e  i s  esa dc - t o  Sub r eg ion for f orecasts  of t o t a l
t h r o u g h commerce .

F u t u r e  Outlook of hc’ c t - e u t i c : r Bo ini ’

I o t u r e  r e c n e  t i o n a l  boat  in g  act  i v i t  w~is p r o j e c t e d  on t h e
b a s i s  of a n t i c i p a t e d  p o p i c l a t i on and i ncome . For s tud y purposes
i t  c sj s  c i S S i l n ’ e c I  t h a t  t l c- n u m b e r  c - f  b o a t s  s i l l  i n c r e a s e  i n  Propor-
t i o n  to  t h e  p t : i c l a t  ion  and per  c a p i t a  i n c o m e .  ‘the  p r o m -c t  i ons
of t o t a l  ‘ - o a t  ~l . i e  u s a g e  a l s o  i n c l i n d n -  a f a c t o r  for  i n c r e a s e d
m o b i l i t y  and l y - j s y i r y ’  t i n y - a n d  a h i gh e r  p e r c e n t  a g c -  of u-c e by
r c - -~ .1 . ‘ I s  01 n O r - - r o p u l c i t  Cci a re .. is  o u t s  i d e  t h e  subreg  ion I t  si 0 I e 14)

I s S c  Xp~- c t ed  h i t  c l -u i  s i n g  and s i e f i t  sec ’ i n g  and w a t  cr - c l. i i ng
- 

- 1 . 1 1 1  C O i l t i t u n ’ ‘0 d o m i - - t e  t 1 u s a g e  on t h e  r i v n - r .  T h i s  p i c t u r e
con hi ch in s i c if a more  f r u i t  f u l  r y - s i d c - a t  h i  sh c- r e- s d - n y - d ev e l o p e d .
\nc- ~~~ Jn-velopmen t w o u l d  r e - s t i l t  i n  i n cr e a s e d  b o a t i n g  act  i v i t v .

a l I i c ’ t h  of more t h a n  tOO m i l e s  and a s u r f a c e  ;irea of
120 , 000 ac res , t h i s -  C o l u m b i a  R i v s - r  c o u l d  e a s i ly  c c c o m a o c i a t i -  the
p r o i e~~t e d  500,000 boat  du v s  a n n u a l  u-c u sp - i n  2020 .  A s i m i l a r
ann  lvs  i s  of t h e  c . i p s i l  i I i t  y of t c ot ln  en cod ies  01’ s ; i t  c n  in the
subreg i on to  accommod i t  v- t h  ~

- h i l a n c e  of t h e  boat  i n g  d emand  r c v c - a l s
l b s  t us ag e- w i l l  he r a nch  more c o n c e a l  r a t e d , and some of t h e  dema n d
c ou l d  h i t t  to the Col nal - I ~i R i v e r .  ‘the  w a t e r  a reas  of t h e  C o l u m b i a
would  ‘ :~~t be o v e r l y  crowded i 1~ t i s - - i c t  ua I f:it lire u s igc - were  t o  he
double the c-lo nl )  t shown in ab l y’ 14.
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‘l ab le 14 - Recreational boating .-\~~t j v j t ,  ) ‘ r o in -ctions , 1- ’
Subreg ion 2

_______ _________ 
Year

I t e m  P r e s e n t  2/  1980 2000 20 2 0

Es t ima t ed t ot al number of 15 , 130 1-5 , 800 33 ,600 6 1 ,~~~Cc
boa ts in Subregion 5/

Est ima ted boats used on a 1 ,500 2 ,350 4 ,400 ~,000
full-season basis on the
con tiguous waterway

Annual boa t-day use 60 ,000 105 ,000 22 5 ,000 501) 000

~loorage capaci ty needs 150 3/ 240 42 0

Boat launching lane ne y ds 18 4/ 30 4 ,~ 55

± / On cont iguous waterwa y s usable for commodit y nav i c -at ion .
2/ 1966 except 1 9 0  for total boats in subreg ion .
3/ Presen tly available.
4/ Forty-four pre se nt ic avai lab I -  -

~~/ From A p p e n d i x  5 t h .

-: ‘ ‘
~~~~~,~~~~~~; -:~~~~- : ~~~~~~~~~~~~~ ~~~- 1
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SUM,’~1ARY OF NEEDS

Im mediat e Needs

There is a need to extend shallow-draft navi s ition into
Subreg ion 2 to aid in the economic development of the a rea .  Such
navi gat ion is i4ot possible at the present time because of the
shallow bars in the Columbi a Ricer below Priest Rap ids Dam and
barric-rs formed by dams across the river. The tributaries are not
navi gable by modern standards except t h a t  Lake Che l an  provides  the
onl y surface access to the developing recreational area at the
he ad of the lake.

The economy of the subreg ion is based on agriculture ,
c-xtraction and processing of t imber resources , and a m i n o r
amount of primary metals processing . -Ui of these activities
are dependent  on movement of la rge  q u a n t i t i e s  of hu lk  commodi t i e s
and would benefit from lower cost of transportation . The area is
rich in untapped mineral resources and has c-xtensive hydroelectric
develo pments , hut  contains four counties classified h~’ the
Department of Labor as areas of chronic and pers istent unemp loy-
ment . One economic depressant  factor is the hi gh cost of cart’- 

—

modi ty  t ransport  to and from o ther  marke t  a reas .

Ihe immediate recreational boating needs are primarily for
launching facilities adjacent to areas not now r e a d i l~’ accessible.

F u t u r e  Needs

Projections of future conditions indicate an expandi ng
economy with requirements for shipments of larger quan titie -c of
bulk commodities . these changes will intensif y the need for
th roug h sha l low-d r a f t  nav i gation .

‘[‘he projections of expanding economy and incre asing papa-
lation also indicate a future need for a d d i t i o n a l  f a c i l i t i e s  for
recreational boating .

~1EASURFS TO SATISFY N P I D S

C o m m e r e j i l

Recent  s t u d i e s  have found t h a t  e x t e n s i o n  of t h r o u g h s h a l l o w -
dra f t  nias’ i g a t i o n  on the Coluni’ a Ri ver to I t e n i t  chc’c’ w o u l d  illow
movement of more than 4 million tons of commodities by l P (~ L i t

costs  less than  h y land t r a n s p o r t . The report  c o n s i d e r e d i 12 / -
mile extension of the navi gsit ion c h a n n e l  on t h e  Col o r - - h i  a R I v e r

I -~
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f rom the  M cN a r v  pool t h r o u g h Rock I s l a n d  poo 1 to t’/sn i t c h e e  he
means of a channe l  14 fc - i - t  deep and 251) feet s-Ide i ron t l c \ a r
Dam pool , river mile 340, to Priest Rap ids Dam , river mile 397,
and locks 86 f ee t  wide , 675 feet long with 15 feet of depth over
the s i l l s  at Pr ies t  Rapids , iVana pum , and Rock I s l a n d  Da m s , and
such further modifications and fish and tcii d llf e miti gation
f e a t u r e s  as d e t a i l e d  s t ud i e s  may f ind  a d v i s a b l e .  The e s t i m a t e d
first cost would be about $104 ,000,000 for construction and
$710 ,000 annuall y for operation , maintenance and rep lacements ,
excluding aids to nav igation . The project would meet th5- present
navi gat i on needs of the subreg io n.

Othe r  costs which  would be a s soc i a t ed  w i t h  t h e  p ro j ec t
include aids to navi gation , brid ge alte l-Li ti ons , and port facili-
ties. The initial cost of aids to na-sii gation would he about Sl.l
million and the annual maintenance costs would  he about S120 ,000.

‘[‘he p ro jec t  would neces s i t a t e  immediat e ntodification of
the Washington State Hi ghway Brid ge at ‘ ernita at an c-stimated
cost of $550,000 for construction and about S40 ,000 annuall y for
operation and maintenance . The Chi ca go , ‘Iilwaukee , ~t .  Pau l and
P a c i f i c R a i l w ay  b r i d g e  at Bever l y would a l so  r equ i r e  m o d i t ’ i c a t  ion .

-: H o w e v e r , because  of g r e a t e r  v e r t i c a l  c l ea rance , t h e  b r i d g e  it
Beverl y would not require modificat ion until 2000 or 2b2() when
containerized b irges are expec ted . ‘[he e s t i m a t e d  cost of r a i s i n g
that structure is S750 , 000. ‘I’he annual cost of operating and
m a i n t a i n i n g  the \‘c-r lt ita B r i d g e  w o u l y l  be n o n - l e d e r a l :  t h e r e  w o u l d
he no increment il annual cost at Beverl y.

Port and transfer facilities to handle th y-  e s t i m a t e y l  c a rgo
in 1980 would be needed i t  Hanford , \‘ern i t a , V intage , It- in idad .
and h’ena tchec . ‘[‘h e part at Hanford would he repul red to handle
ge nc-ral cargo and ~ulk commodities. Ports at \‘erni t a , Vantage ,
and trinidad would handle p rimaril y fertili :ers and small grains ,
mos t ly wh eat . ,A comp lete port facility would he needed Lit

Wena t che e. ‘l’h ere is ample land suitable for port ele’c elopment
i t  a l l  loca t ions , hu t access roads will require impro \ ement.
Port district s have plans for development if the navigation
proj c- ct is built. Based on the cost of reed-nt dc-velopr tie nt L i t

Uma t i h a  and Psisco in Subreg ion 7 , i t i s  c - s t  m i t t - s i t h a t  port
f ac i l i t i es needed immedia t el y after comp l etion of t h e  pr oid ’ct
w o u l d  cost from $3 to $4 million and that subsequent expansion
sould cost another $1 million . All costs w o u l d  he non-Federal.

Ext s- r i s ion of through navi gation hevond i~enat chee does not
app ear  t o  he e s e s , - r t t i a l  un less  a need a r i s e s  to  d e v e l o p  m i n e r a l
r e sources  not  p r e s e n t l y being exp loited. Projc-ct ions in the
C o lu r n h i a — N o r t h  i 1 ic i f i c  s tuy l v do n o t  i n d i c a t e  such Li need , but
t ’i n t t n r y - s t u d i es shou ld  look i n t o  t h i s  p o s s i b i l i t y  i f  m i n e r a l
de ve l o t - i - - i t  o c c u r s .
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Recreat i on

R ecr c -a t  ional boating and associated act i v i t  ies  w i l l  r n s n u i  re
a d d i t i o n a l  moor ing and l a u n c h i n g  f a c i l i t i e s .  l o t s ~l moor age  needs
on the  ba s i s  of c o n t i n u i ng  present  usage  p a t t e r n s  would  he for
240 spaces in 1980 , 420 in 2 000 , an d 7 2 0 in 202 0 . It is estim:i t~-d
tha t  the  p resen t  cost of each be r th  in marinas that do not r e - u u i  re
e x t e n s i v e  p r o t e c t i o n  is  about $1 , 500. On t h a t  b a s i s  t he  cost of
p r o v i d i n g  r e n t a l  moorage spaces would be S135 ,000 by 1980: $405 ,000
b y 2000; and $860 ,000 b y 2020.  t lost  moorages are expected to  he
provided b y private concessionaire operators as demands develop .

A s i n g l e  lane of l a u n c h i n g  ramp can h a n d l e  as man e as for ty
boats into and out of th c- w a t e r ’  in a sing le d l i v . Assuming  tha t
no more than 40 percent of the boats in an area are  used in  any
one day and allowing an increase of 25 percent for distribut i on ,
each lane of launching ramp would meet the minima l needs of e i eftc -
trailer and car top boats. Based on the number of boats shown on
t a b l e  13 , the  t o t a l  number  of 1aun ~ h in g  ramp lanes  needed on t h e
Co lumbia  R i v e r  would be 30 , 55 , and 101’) in  1980 , 2000 , and 2020 ,
res p e c t i v e l y . Cons ider ing  t h a t  t he re  are p r e s e n t ly  f o r te - f o u r
ram p la n es , e leve n more w i l l  be needed b y 2000 and f i f t - 5’-six

by 2020. Based on costs  of e x i s t i n g  l aunch in g  f a c i l i t i e s , i t
will cost approximatel y $50,000 per lane for launching ramps
and essential lands , access roads , and associated sanitar y facili- -
ties. On that basis t h e  cost of adding t h i n  needed l a u n c h i n g
ramps will be $550 ,000 by 2000 and S2 ,800 ,000 by 2020. Annual
operating and maintenance costs would be about $1 ,000 per lane.

E f f e c t  of 1cat c-rwav Imp~~ ye~~~n~

l s xt e n s i o n  of throug h nav i ga t ion in to Subregion 2 , as needed
for commerc ia l  n avi ga t ion , is not an essential need for recrea-
t i o n a l  b o a t i n g .  However , a l l  tvp c ’ s of recrea t i ona l  boa t s would
b e n e f i t  from such a p r o ie c t  t h rough  i n c r e a s ed  u sage .  ‘I he  g r e a t e s t
b e n e f i t  would  he t o  t h e  l a rge r  c a b i n  c r u i s e r s  and  cr t n i s ng house-
b o a t s .  A t h r o u g h n a v i g a t i o n  p ro j ec t  w o u l d  greLi t lv ext end the
range of t h e s e  boats Lind allow e x t e n d e d  c ru i s e s  t h r o u g h o u t  t h y ’
le ng th  of t he  w a t e r w a y .  U s i n g  th e boat s present I~ main tained sit
moorages as an index , i t  is  e s t i m a t e d  t h a t  i f  l ocks  are b u i l t  as
far as Wenatchee , boats on ‘-xt en ded cruises would incr s -L i se t h e
t o t a l  number of boat s on the wat erncLly I c y  , d - o n t  10 percent . i’besy-
boat s would  be dependent  on l a u n c h i n g  rat-ins or rental 1~ n o r ; i y s -

spaces w i t h i n  t h e  subregion . ‘[he s m a l l e r  riinLibout s and t lae
cruisers t h a t  c omp r i s e  abou t  80 p e r c e n t  of t h e  b o a t s  on t he wa t  er-
way would  u s u a l l y  l i m i t  t h e i r  c r u i s i n g  t o  t 1 i c -  pools  a dj a c e n t  to
the pool where launched and t h y -  ~iv~i i  l a b - i l  i t y of locks would ‘‘ oh
si g n i f i c an t l y i n C r c - L i s e  I ! -  usa -c e of these boats.

5(1
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Summary of Costs

t h e cos t s of providing the navigation facilit ic -s and pri-
orities by time periods of the subregion are summari:ed in
t a b l e  15.

tab le 15 - 
~Iimmary of Costs , Navi g a t i o n  F a c i l i t ies , 1/ Subreg ion 2

1980 2Q00 2021)
(Si ,000)

F i r s t  Cos t s

Channe l s  f~ Locks 104 ,000 0 (1

Aids  to Navi ga t ion 1 ,100 0 0

Bridge ~‘todification 550 750 0

Port E Transfer Facilitie s 3,500 500 500

~doorages 135 2 0  355

Launching Ramps () 350 2,250

Total I : jr st  Cost 109 , 285 2 ,
Q’T fl 3 , 105

Annua l  O~~-l

Channe l s  €~ Locks l0 0 0

Aids  to \L ivigLi tion 120 0 - 0

Brid ges 40 0 0

Port ~ ‘t ransfer Facilities 250 /0 50

tlooring Facilities 27 / 4

t~a u n c h i n g  R a r i n s  0 i i

tot a l Annua l  Costs I ,147 113 lI -n

1/ [ t i c  r e r n e n t a l  coc t s in  l0 (c ’~ ho I l~irs prior to ~la t y -  sho ’- - n
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S U B R E G I O N  6

L 0 IV E R S \ A K E

t
The Lower Snake Subreg ion compr ises t h e  d r a i na g e  area of ‘~

the Snake R ive r ’  from the :~outh to  about 11 m i l e s  downstream f r o m
O xbow Darn (river mile 262). The ar ea is 33 , 081 square m i l e s , of :
which 24 , 562 square m i l e s  are in  c e n t r a l Idaho , 4 , 956 in  north-
eastern Oregon , and 3,562 in southeastern Washington . 5cc figure 4 .

V

[‘his subreg ion has t h r e e  dist m e t  typc’~s of topogranhe . ‘[he
northwest portion of the area , d - o t L t  10 percent , is characte -ri :ed
by icich e expanses of fairly flat land lying at  1 ,000 to 2 ,000 feet
in elevation and cu t  onl y b y s h a l l o w  canyons a l o n g  the  d r s i i n ~ice
courses . Adjoining the flat lands to the e c-e t , is h e n ch l a n d  area
t hat comprises another  10 percent  of the sobr- c- ion and c-xtends in
e leva t ion  from 2 , 000 to  3 , 000 fee t  l ’h i s  are -Li is charsc cteri:ed
b y narrow va l l eys , hi gher benches and bordering hills t5 at ‘ s n c r -
all y are capped by stands of timber. ‘the rema ining 50 p e r c e n t  of -~~~

t he  subreg ion is mounta inous , ex t  re crc- I -c ru- :g .  cI , and eeny ’ral ly
covered by t i m b e r .  lu cy t i o n s  r ange t i c : -  about 1 , 000 fei t i n  the
Snake River Canyon to over 12 ,000 feet in t he  Lo st  R i v e r  B - a n n e  of
t he  S a w t o o t h  ~- i ou n t aj n s .  In  t h e  eastern and sor t a s t e r n  p r t s  of
t he  subregi on many pea ks  r is d - to  e l e v a t i o n s  f m -  10 , 000 t o  12 .000
fee t . Pcai s along the -onthe rn and w - ? S t y - r - r i  r i m s  of t b -  s u h r e g i  an
range from 6,000 to nearl y 10 ,000 f ee t  in elcv ~~ ion ,

Cl i f f i L i t --

I r i s  ~ui reg ion  has Li c o n s i d e r a b l e  v a r i a r cv- i n  c l i ’ -  a t e  andl

le n g th  of g r o w i n g  season , c h i e f l y  I - ec a u s e  of - i ~-. i de  r a n g e  of e l i ’-
vations . L a s t  w i  rd mov i r i g  Nc it I c r an t inc aj  rrr s~sses , r o u :h  ‘ o d  I -

fied by intervening topograp hic h ,cr ’r’ ers , ha-:e s ; i t ’ l I C ~~y -l ; r ‘~o l s t u r - c
con tent to produce conside r- able pr- c i p i t ~i t  ion upon b e i n g  i i  f t c - sb
over the mountains; within the i t- -a. he C1e, 1-:~L t t e r  R i v c - r  B a s i n ,
i n  pa t icti la r , has r e l i t  iv e l v  h e avy  p r - e i r c i t  i t  i o f l  Occ ur - c e i t  i s
so on y-nt e~l t h:~t mos t  P a c i f i c  a I m asses ~ire sri! j d - e t  Cdl t -  - ‘

v e r t i c a l  l i f t i n g  and hon : on t a l  con c ’ - r gc ’nc s  - 0 i c  r p~Tt ions of
the  s r r h r c - g  ion , w h i l e  h a v i n g  less  et ’ f i c i  y’nt r L i  I n _ t c r o d ; i c  in g l et ures -

receive re:j-conahlv lar ge m o u n t s  of prec i p i  t u t i o n  bec s i se of 
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topograp hic vari~it ions . Of t i l e  e n t i r e  Snake River l t a s i r c , t h i s
subreg ion has t i l e  sr- i al lest percent a e  of arid ar’ea. A v e r s i n e
a n n u a l  pr eci p i t a t  i ons r a n g e -  fr-or:: : i h c o u t t  ~~— 1/2 in c h e s  n e a r  t h e  nu o i r t  1

of Snaky- R i v e r , whc -re  little uroct r-ar~h l i c l i h  i n n  oc cu r s , t o  ‘ ar c
than 60 inches  in  ti l e heah;c ijter~ of t h e  Clear-:c ate r Pj v e r .  -‘c c c  r a g -
annua l  preci p i t a t i o n  ovc- r t I ’ e e n t i r e -  a r e a  i s  abou t  2S i n c h e s .  l h ~ -

conbina tion of relat vel ’,’ gene - rod s s-inter preci p itation and h i g h
e l e v a t  ions produces  ex t e n s i v e  snow f i e l d s  u — h i c h  ~ 1 - , - 

~ s t summer
s t r u ; i i i , f l o w s . O c c a s i o n a l l y ,  cold continental air invades tt ue  a r ea
and produces  ‘ r i e f  p e r iod ; of severe l y l out h e  ‘ l i e r a t u r e s  a t  a l l
el evations. The continenta l influence also r e s cu 1 t~ in  o c c a s i s s n a l
period s c-f hi gh t emp e L - a t s u : ’e in t h c ’ suiu’n’ em. Storms a f f e c t i n g  ‘h
a r - -i are of sceve i ’ al  t y p e s .  ‘[‘he m o - h  s i g n i f i  n - a l t s e rr-s oc~ 

‘ u t

during t h e  a-inter ari d oric~inate in th~ Pacif ic O c e L i n .  b ut: ’ -” c r’
thunders torms in the foothills p r o du c e  h i g h i n t e n s i t y  l i e  i P i t  ;i-

ion for sh unt pex-iods , but  are lj m i t e y l  to  s : ’a l  1 areas :incl
l i t t l e  e f f e c t  on agri culture .

St reams

‘[‘he Snake R i v e r  flou- .~ nor thward thro ugh th c- west em half
of  Sub reg ion  6, then turns and f l o ws i n  a w e s t e r ly  d i r e c t  ion t o
i t s  c o n f l u e n c e  w i t h  t h e  C o l t r r i , -j a  R i v e r — — n  0 ui l  u l s ’ L1 ’lce i - f  - l t c i c i~~~

250 m i l e s .  ‘Ih e  r iver  en t e r s  th y ’  sub reg ion  at an e ly -va t  i i :  of
abou t 1 ,800 fe-ct ari d falls ab o u t  1 ,500 f e e t  to t h e  -ou ’H’, ‘‘ -an
annual flow for the period of reco il Itse el in .i’tue rmelix \.

‘
, b a t  ~ r

Resources , at Ice itarhor lO i l:- , riv er mile 10. I’ - —1 5 ,954 cf— :
observed flows ira - c e ranged from a maximum of ~1’0~ , 0 0f )  c f s  t o a
m i n i m u m  of 11 , 800 c fs  - 

‘[‘he pm i n c  i p a l  t i- i b u t t  s i r  es ~f t h - c  Sa ab  e
River in this subreut i on ar c  t he  Sa Irn on and C l~ -c ta t t y r  . i~h i cli d r L i  I ri
t h e  eas t  - ‘ - i - i :  t w o — t h i r d s  of t h e  s r l h r e g  i o n .  ‘t h y ’  n an i - . b - ’ on -J- , a n d
I m n a h a  R i v e r s  d r a i n  f r o ~ the se-st  and t h e  P a l o s l s e  R i v e r  e h r s i  i n s
from the north. Streamfiow s u l - - c s a r i c s  s i r e -  g i v e n  i n  t L l b l ;  16.

‘[‘li e Snaky- R i v e r  has  s l a c k  w a t e r  for  nay  i g L i t iOn t 0 t h y -
Lower granite damsi le , r i l e 107 .5, t h r ’ o n g h t h e  re~ e ’ r e o i r ’ s f
Ice [[arbor , Lower “l o in un ,ent a l  , and [it t  Ic ’ u t o o s e  D ar ts  and Oil

comple t  ion of Lower Gr a n i t e  lam , w i l l  h a v e  slack w a t  er t o  Lew i s t a i r .
mile 140, at a on y lam s across  t h e  n o - , i g s m b l e  st  re ams i n  Sui i rc~g ion  - 

- ‘

0 a r e  give n in table F’
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l a d l e ’  i i ’- - Streamf low Scnnmarv , Subreg ion 6

Iota 1 GaLin~ S t a t ion
Drainage Drainage Flow s , cfs

Area Area Annual 1/ Momentary 2!
Stream sq. mi . Location so. tO , Mean Max. “U n.  

~~~
imn ah a 950 I mn ah a 622 500 6 ,t~50 16

Salmo n 14 ,100 White Bird 13,550 10,690 15 ,891 5 ,732 Olt , ’ -e 5 i ,SSe

Grande Ronde 4,070 Rondowa 2 ,555 2 ,044 3,271 1,175 24 ,700 2:5

Asotin (‘ re -c -k 320 Aso tin 170 71 2 ,72 (1 13

Clea rwat er  9 ,640 Spaul d ing  3 , 570 14 , 573 22 , 44 9 , 32 1 1 ’7 ,000 500

Tucannon 510 Starbuck 431 164 7 ,980 15

Palouse 2 ,9i0 looper 2 ,500 543 1 , 072  2 56 3 , 500 0

Snake 109 ,000 Ice Harbor 108 ,500 45 ,984 66 339 31 ,029 298 ,000 1 1,800
Darn

1/ Regulate d value s for ba se period , 197(1 conditions
2/ Observed values for period of record ,

Sources Appendix V .

T a b l e  17 - D ams on N avi gabl e or P ot en t i a l l y N a v i g a b l e  btr y ’aj n s ,
Subreg ion 6

Surface 
- l l e i 3 h t

R ive r  Area or
Dam Stream M i l e  acres Head

Ice Harbor Snake 10 9,200 100

Lower ‘lonumental Snake 32 6,590 100

Lit tle Goose Snake  0 10 ,000 98

Low er Gr an i t e  2/ Snake 108 8 ,900 100

Hells C anyon Snake 247 1 , 864 21 3

rcashin g ton Water Power Clearwater 5 “30 .15 1/

[iworshak 2/ NI Clearwa ter 2 16 ,9t0 1 ) 4

1/ R ed u ced to head of 25 feet by Lower G r a n i t e  pool back water.
2/ Under construction ,

56
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,- \hove !, eu i s t on , s m : i l l  p l e a s u r e  c r : i f t  oper at e’ l Ie  c r l c ’  50 o r  les
un s t  rca:: to  near  t h e  m o u t h  of t h e  r L L n d e  koncl e i :ve’ r , I t h  Ic Ii
and s m a l l  - u o t s  sp ec i  a I l s ’  elesi gned f u r  r i s e  in  r , i : i d s  or ah i t  e
3011 er n o ’  I got  e as f a r  as ,Johnson Bar , a! o ir t  90 - i i  e-~ u1 1 - ov e -  l e a  i ~t dirt
Rap i d s  and the ’  t i e l ls Canyon I :im prc’c la de  n ov  i u , ’ i on h e v s ~i h  ‘J o h n s o n
f ar .

he C l e : i r w a t y r  R i v e r  is  n a v i g a b l e -  a t  t inle s is far as tls-
c a n t ’ luence ’  of t h e  N o r t h  t ork  t’or the sit e tv !ue of s m a l l  b o a t
use th e- ‘- l i d d l e  S nak e ’ t  h o w e v e r , t i n - ou gh nav i g L i t  i o n  fro- ’ - - -

R i v e r  is ha r l - ed b y a dat on I lie n, ’ l ear :  at  e r  ae~ r Lea i ston . t he ’
f~~r’t }i Fork  C le a  r - u at e r  is ar l’ eJ by  Li dat:  on the I I e a r w a l  er n e - :i  r
h e - w i  st On .  [h e  N o r t h  t o r i  C l c o r w a t  c - i  is  used for ’  log dt ’ i y es ,

t i  i s  t - ‘pc of U s e ’  a - i l l  he d i s con t  inued  whe ’n t h e ’  r i v e r  i s  c l o s e d  r e
t i w o r s h : ik  Dour . Log towi n g w i l l  be pos sible on t h e ’ 53—r - i le  Ion--
rc - ser ’ :oj r  and 1 i f t o u t  fo e  i i  i t  i es w i l l  by ’ p r o v i d e - I  m y - s i :  t i e  -, !517

for  n e - l o a d i n g  f r o m  t h e  pool A f e - u  h o : it e r s  in  spy -c  i~~l wit ’ - -- ‘ - r
s an d r a f t s  d r i  f t  doic n t h e  Sa l r , o t i  R i v e r  ‘ r~Ol’ by’ l ots- t h y ’  ‘ - - - Ti

of “~a l n n o n  , m i l e  2~~ , to Rigg ins , mile- s6 - Other stre:-tes it ~ t h e

s u b  region are not Ole - i  ga c le . 1-or add i t  I onal 1 for-- at  i on on st  r e ‘i ” -

See,’ ‘ np c ’n d i x
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Leon o m i c  l i e-v e - loymnen t

‘[‘he economic subreg ion comprises se e -en  counties in Idaho ,
three in Washington , and two in Oregon as follows: Idaho--
C l e a r a a t c - r , Custer , Idaho , Lat at , Lemh i , l e W I S , any ! be: Perce :
Washington--Asotin , Garfield . and te’h i t u n a n : l ) r e g o n -_ U n i o n  an,I
h’allowa . ‘[‘he poperlat i on in 1965 was 163 ,250 . A ge- ne -r:i li:ed
dis tribution is 45 percen t rura l  and 5 percen t e l r h : i n ,  \e- :irlv

two-thirds of the population is concentrated in the counties
wh ich occupy the flat and bench land Lir e-as :iroun i and  d ou n s t i ’ u - a m
from Lew i ston . Idaho , Lemh i , and Custer Counties , ‘a ith nearl y
4 percent  of the -  t o t a l  area , have o n ly  14 pe rcen t  of t h e  n o n r i l u n -
tion . ‘[‘he princi pal cities are La Grande , Ore - c on Pullman and
Clarks ton , Washing ton ; and Lewi ston and ‘Jo scow , Idah o , with
respec t iv e 1960 pop u lat i ons of 9 ,014 . 12 ,9F’, 6,209 , L2,oPl , an l
11 ,183 . Five other cities had populations in excess of ~~~~~
:-nei 25 betwey’n 500 and 2 ,500.

About 65 percent  of the land in tine subreg ion  is p u b l i c l y
ow ned.  ‘[‘he ap p r o x i n : i t e  p a t t e r n  of t o t a l  land use is  shown in
t a b l e  18 .

Table lb - Land Use , Subreg ion  0

1 ,000 Acres Percent of !o t i l  Area

Crop land 3,0’8 13 .5

Range and fores t areas 15,579 53.0

t-tiscellaneous areas 714 5.2

To tal 22 , 371 100.0 

- ____________________ —-—

‘ i ’ I t c -  princi pal basic industries are agriculture , food
processin et , anti i xtracti on of timber resources. ‘lining and metal
processing h av~’ been significant factors in t h e  n s i s t  , 

1
~~i t  i L .  rc

is l i t t l e  activit y at this t ime . Total e ’ ” n l e ’- - ’ r  t in 196 0 was
55 ,600 . Table 19 show s tile , emp l oymen t b e selected categor ies .

—
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‘Fable 19 - Employment by Selected Categories ,
Subreg ion  6

Category NuiN.h er Fmrjloved

To tal Employmen t 55 ,t-00

, \ n r i c .  , Fores tr y ~ ~~~~~~~~~~ (total ) 10 ,750 ~ 
-

A g r i c u l t u r e  10 , 229

M i n i n g  251

Manufacturing (total) 9,311 -
~ —

Forest products 7.0T~4

Food and kindred products 1 ,o40

Ar me d Fo r ces 25o

Non-C ommodity 35 ,032

Other Forms of t ransportation

Railroads

The subreg ion is served by bo th main and branch line rail-
roads , individual segments of wh ich are owned by the’ H~ j~~ P a c i f i c
Railroad and Burling ton-Northern , Inc. The Burlington Ncrthern
route extends along the north hank of the Snake River fror: Pasco
to Snake Rivcr ,Junction , river mile 42 , th,enc e n ortherly to ‘Z pok : i n e ,
‘[‘he Spokane branch of the Union Pacific Railroad extend s t i p
south bank of the Snake River from near the mouth at [callula to
the Joso Br id ge at r ive r m i l e  59 , thence northerl y to Snol ante- . ,A
branch line takes off from the Spokane line at the ,Toso Bridge and
ex tends up the Snake River to Riparia with a branch  line to serve
Pomeroy and from Riparla it e’~ t ends northerl y to ~p~k~ ne-• The
Camas Prairie Railroad , joint ly owned be U n i o n  Pacifi c and
Burlington Northern , starts at Riparia at a junction w i t h  t h e
Union Pacific Railroa d and extend s up the Snake R i v e r  to L e w i s t o n
with branch lines from [,ewiSton up th c ’ C l e a r a L i t e r  R i v e r  to  K oos k ia
and thence  to Cra igmont  and f r a n g e v i l l e .  .A B u r l i n g t o n  N o r t h e r n
branch  l i n e  ex tends  b e t n e e n  l. e ’ wi s t c o n  and Spokane .  [‘he Grande
Rondo Basin is s e r ve d  by the Union Pacific t’~ann line Li t  La Crande
a nd t inj o n . ,-\ branch line eNtends down the’ Gr any l e !/onde R i c e r  and
up the W a l l o w a  R i v e r  to Enterprise and ,Josep h . - \ Onion Pacific
b r a n c h  l i n e  runs f r o m  k e - i s o r  i n  Subregion 5 to N ew ‘‘ e’adow s , nea r
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the head of t he L i t t l e  Salm on R ive r , but there is no other rail
service  to Salmon B a s i n .

[Ii gh~~y,~

Majo r U.  S. Highways are shown on fi gure 4 . -b ne twork  of
state and county roads provides access to all agricultural areas
and parts of the timbered :ones. Large tracts of the m o u n t a i n o u s
timbered areas remain remote from all surface transporation
routes .

Scheduled airline service is available at the Lewiston-
Clarkston and the Pullman-Moscow airports. Charter fli ghts can
be ar r anged to many of the small towns throughout the subreg ion .

Pipeline

Re f ined pet ro leum products  are t ranspor ted  b y p i p e l i n e
from Salt Lake City, Utah , to Pasco , anc[ from Pasco to Spokane .
‘[‘he pipeline terminal at Pasco is located near mile 2 on the Snake
R i v e r  in Subreg ion 6. This t e r m i n a l  f a c i l i t y  has p rov i s ion  for
barge loading and unloading and also for truck and rail loading.
Petroleum products are transshipped from there by these other
modes , including barges , to areas not on t h e  pi p e l i n e .

[lb J S T J N I i  N A V l G .A~ J ON

I x i s t  i n g  F r o i c  ~t s

Icaterw~,y,

Federal projects provide for all present navig :ition im-
p rove m en t s  in Subreg io n 6. ‘[‘he Lower Snake River project provides
for a navi gation channel from t h e  mou th  of t he  Snake R i v e r  to
L e w i s t o n  w i t h  a dep th  and w i d t h  of 14 am id 250 fc - e’t , r e s p e c t i v e l y ,
at m i n i r r n u rmn regulated flow , and for four dams with navi gation
locks , each lock with clear dimension s of 56 feet wide and (~~S
f - i - I  l o n g ,  and with 15 feet r f  dept h r c e ’r t h y -  s i l l s .  ‘three of
t h e  dams , see t a b l e  17 , are c Ott’T’ l e - t r ~~~’ , ” d th y ’  f o u r t h , Lower ‘ l’:i n i t e
is unde r  c o n s t r u c t i o n  and s c 1l i ’ e l I n l e d  I~~” comp letion a c out 197 5 .
[‘he R i v e r  a nd [[arbor  , \ctg of 1902 and 19,t S n r o i - i dcd  for  o p e n - r i v e r
navi gsit ton improvement from I .e- wi ~ t on upst re-al’ to . T o~~n s n  Bar . No
channel  d i m e n s i o n s  have b c -en  sp e c i f i c ’ i  fo r  t l~ is reach of I h e ’ river
but an it ! Isp ! has been made 0 s-at n t a i n ii  n i n 1 r n n r ~ d u p t i . of 3 fe’e-t
at a l’lon~ ‘-f 10 ,000 ci ’s .
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Navi gat i on A ids

The U. S. Coast Guard m a i n t a i n s  c h a n n e l  r n - i n  ers and — c t h e r
navigat i on aids for the main channel on the Snake River to [.owe-r
Gra n i t e  L ) ams i t e  and w i l l  ex tend  th e - r n  to  L e w i s t o n  s oo n connie! ion
of the  eluil , ihe Corps of [ing ineers  m a i n t a i n s  channe l  -- , i r l  e n ’s
through critic a l reaches from t h e  d a m s i t e  t o  . J o h n s o n t  B a r .

Bridges

Br id ges over the  n a v i g a b l e  ns’a tert :ivs in Suh reg i o n  I’ , :15

l i s t  d b y t he  U .  S. Coast  Guard , ar e -  shown in table 20. I j -

1~ I
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Table  20 -  Br id ges over N a v i g a b l e  lsater w ays , SuI re ’ g ion (‘

Type and \ c r t i e j i l ’ l e ; i r a n c e ’ , } t
R i v e c ’ Purpo se H o r i z o n t a l  cc ,  H i g h  )~,ct c-I ’

M i l e  L o c a t i o n  of Br i d ge C l e a r a n c e , f t . hater 2, 10cc

Snake River

1 . 5  Burban k (under con— \ e ’ r t .  L i f t , 380 60 58
s t r u c t i o n )  R a i l r o a d

2 ,2 Pas co-Burbank Fixed - t i l l )  low End 61  60
H ighway Hi gh End ( 4  62 -~ -

9 . 7  Ice  Harbor Lock 6 F ixed  86 70 5 1 )
Darn Road

4 1 . 6  t e c , c- r  Mo num ental  F ixed  86 65 59
Lock 6 D arn Road

5 1 ) 5  Joso F i x e d  23 1) 15 2  152
Ra i l road

5 9 . 2  Lyons Ferry F ixed  400 d l  51
i l i g hc’.-as’ 200 10-st ra l  - r —

6 1 . 8  Sargent  I - i xed ls ’e 5 1 50
R a i l r o a d

70 .3  L i t t l e  Goose Lock Bas cu le , road 1)6 U n l i m i t e d  U n l i m i n - -
i Darn Basc u le , foot si U n l i m i t e d  I t n l i m c t c - 1  j

8 3 . 2  1 c - c t  ral  Ferry Fixed 5 10 1 ) ’  (-9
IJ i 1) h wa v

i s i S ,  S I user G r a n i t e  Lock B ascu i c , road ~~‘ u n l i m i t e d  t l n l r r - i t c d
6 11 am B,lscOlJC , t oc m ~i i n  O n

11) 1) .6  I cc, i s t o n — C I  c t ’ b c t - n  S y t’ t . l, i f t , 1 C c ’  r : 42
I I  icd c c~ ,1 1’

a S

C l c ’ a n ~s i t e ’r Rc v e ’ r

0,e L e W j s t c i u , I daho !/ S w i n g  100 I l r c l i m i t e d  i j n l i m i t e d
R a i l r o a d

2 . 0  Lowis ton , Idaho F i x e d  100 23 2 1
l l i C h w a V

!/ ‘Fh c b r i d g e  w i l l  he r a i s e d  p r ior  t e  f i l l i n g  of l c c , c ’ r  e r , , i c j t c  I i  in  1973.
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other br id ge s cross the lower reaches of the  Cle -a r i s i t e r  and
No r t h  Fork Clearwater Rivers , and 15 br id ges cross t h e -  Sa lmon
River  below the town of Salmon .

Commercial Port Facilities

Existing port facilities are listed in table 21. The
facilities at Pasco , East Pasco , and Burbank have been in use for
several  years . Grain facilities at Sheffler and IVindust are new .
Prior to 1950 there were several small port developments along
the Snake River and some grain was shi pped in barges on the  open-
river channel. Most of the-se facilities have been or w ill soon
be flooded by the reservoirs . Reconstruction has not been comple-
ted on the reach above Lower Monumental Dam . The grain terminals
sit Lewiston listed in table 21 w ill require modifications to he
used on the improved waterway .

‘ I , c l ’ i e  2 1 - Comm e r c i a l  Por t  and l ’e rminal  s i c i l j t j e s ,
Subreg ion  6

Av ai  lab Fe Type of -- “

R i v e r  A v a i l a b l e  Water Land Barge
Loca t ion  M i l e  Port Land r on t a,~e -\ ccess ( ‘sip~,~~ t v  D e v e t o s cr t

(a cres)  fi0-s —

Pasco 2 3 1)00 R R , Iwv , 3 P e t r o l e u m  st r , c c ’ -  
- 

-
Pi p e l i n e  2 m i l l i on ~a llo fls

2 65 2 , 500 Hwy 2 ~“ - r j f l  55 000 Ru

E a s t  Pasco 3 46 1 , 800 RR , Isv 5 P e t r o l c u s ’ , cc5 c’Tit ,
fer t i h  :e’r , , ‘ s h t t
and general cargo

S h e f f l e r  28 18 5 , 000 RR , I I c , v  2 : r ; r i n  - 41 ) 0 , 100 R u .

W indu st 38 , 5 5 3 ,000 BR , Hwy 2 Sr a i n  - 160 , 000 Ru ,

Lewis ton 140 2 350 RR , Iw~- 0 ) :r a i n  - 250 , 000 Ru ,

Lewis ton  140.5  5 3 , 000 PR , l l c , v  0 l r a i n  - 550 ,000 Ru ,

Commercial ‘t raffic

Commerce

Commerce on the Snake Riven’ amount y- el to  about 900 , 000 tons
in 1967. Most  of this tonnage moved! on the lower S miles of t h e
Snake R i v e r  w i t h  onl y 210 , 000 to n s b e i n g  dy-~ tin ed to or ori g in a ting
at points  above I ce  [I arhor Dam . A g r i c u l t u ral  p r o d u c t s  and f e t ’t  i-
lizers constituted nearly 65 pe rce n t  of the  t o t a l  t o n n : u g e . ‘Pi le ’
b a l a n c e  comprised !  n e t r o l e u m  pr oduct~~, cement , asp h a l t , and

0
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m i s c e l l a n e o u s  commodi t i e s .  More t I - an 80 perc e-n 1 of the  e t i ’ o 1 e s i ~
p r o d u c t s , ab ou t  200 , 000 to n s , we re shipped from t h e  p i p e l i n e  termi-
nal near the mouth of the Snake River dous’nriver , either t o  t h e
Po r t l and  market  area or to r e f i n e r i e s  for  r ep r o c e s s i n g .  Co mm y -r c e ’
above Lewiston amounts to l e s s  th a n  100 tons  a n n u a l ly  of supp l ies
to isolated ranches in the Snake River canyon . About 3,000 pas-
sengers are carried annually on the reach of ~na1.e R i v e r  ahove
Lewiston . ‘[‘he Clearwater River has been a c a r r i e r  of logs Dv
open r iver  drives dur ing spr ing f r e s h e t s .  ‘[‘he annua l log v o lu m e
ha s averaged near ly  SO m i l l i o n  board feet . l iw orshak  Da m w i l l
eliminate th e present log runs on the N’or th F ork , h: n t log towing
w i l l  he  poss ib le  on the poo i .

\ ‘ essel  T r a f f i c

Commerce below Lower Granite Dam under present conditions
and below Lewiston upon completion of that dat’- w i l l  be ca rr ied
in barges pot~en ’ed b y t o wboa t s .  ‘[‘he equi pr ’c - r t t  i s  d e s c r i b e d  i n
t he  reg ional  ssss t i t : s a r y  - In 1966 , the total numb er of barges enter-
i ng  the Snake River  was 590 of wh i ch  near l y 300 nce n t  t h roug h the ’
Ice [[arbor lock . [‘he number of t o wb o a t s  was 935 -i~ t h e  mouth and
225  at Ice [[arbor . ‘[‘he numbers were  s l i gh t l y h i g h e r  i n 1967.
‘the t r a f f i c  ab ove l . ewistor i  consi s t s  of w e e k l y  t r i ps Dv a r o t o r
launch buil t for use in swift water with a cargo c a p a c i t y  of
about 10 tons at a draft of 30 in-2he s . Frequent trips by ex cu r s i o n
b oats are made - l u r i n g  the  r e c r e a t i o n  season .

D i f f i c u l t i e s  \ t t e n d i n  Navi g a t i o n

‘[‘he f u l l  p o t e n t i a l  of t h e  Snake River  i s a t e  n’ t-:ao c s c n r s o t  be
a rea lj :ed  pr ior  to comp l e t i o n  of lower G r a n i t e  [lam and c-xt -o cion

of s lack  w a t e r navi gat i on to L e w i s s o n . Comp l e t i o n of Ice llsvr -1-
[Ja m (1962) ,  Lowe r Monumenta l  ( 1969) ,  a nd L i t t l e  Goose ( 19 7 0 ) ,  has
provided slack water nax- i gsution to the Lower Pn ’:i ni t e ’ S ite , river
mile 107.5 , but swift water and a shallow : s a r r - - -- channe l  l i m i t
navi gsit ion above that point . Above i .e-is I sleet swi ft c u r r e n ts  and
limited channel dimensions in th e Snake , Cle zurs~stte r , and Salmon
Rivers restrict navigation to special boats. Navi g ation from
t he Snake to  the  C l e a r w a t e r  is prec lud e - e l  be t h e -  l~a s h in g t o n  [Va t e O

Power Company dam at m i l e  4 ,5 on t h e -  C l e a r i s i t c ’r R j v y - i ’ .

Rec r e a t i o n a l  Boa t ing

Bas ed on State of Washin gton boat trailer license records
and boat r e g i s t r a t i o n  records of t h e  ( ‘ o s i s t  Lu s i r d  and the - 5 t - s l  Cs
of Oregon and Idaho , i t is est i~~: it e d  t h a t  t h e r e -  w e r e  L i l l i t  5 , ~0O
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recreational b o a t s  in Sub reg ion  6 i n  1966. [lf t h e s e , 3,530 are
considered t r i b u t a ry  t o  the Lower  ~n a k e  R i v e r .  O t h e r  boat s such
as kayaks  and ca r top  boats , w h i c h  are not repi—teT’e e l or csirri ed
on trailers , also make l i m i t e d  use of t he  n a v i g a b l e  s , s t e r a a e s ,
A s u e -y e - v  øf boat owners showed t h a t  l Is i tS are used an L i v e r : i g e  of
40 d a s  per y e - c u r  and tha t the p r i n n a r v  a c t i v i t i e s  are  f i s h i ng ,
c r u i s i n g  and s i g h t s e e i n g ,  and w at e r  skiing. O u t h o s c r e l  - o t o r h o a t s
p r e d o m i n a t e :  co s t  arc- s t o r ed  on t r ’ H ie ’r ~ L und  l aunched  each t i m e
at the scene of the clay ’ s act i v i  t - [h c i , e s ,’ v’r , t h e ’rc ir e  about  370
boat s in the L e w i s t o n - C l a r [ s t o n s - ‘ co t  in ar.- a th 5s are I cot at
moorages on a se a r - r o u n d  b a s i s ,
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Several  charter  boats  operate  in ti l e canyon reaches of t h e
Snake and Salmon P i v e n ’~. Most of these  are ie t  propel led w i t h
ca p a c i t i e s  of about 10 passeng c - r s ,  Non-powered boat s f l o a t  down
t h e  main Salmon River  from N o r t h  For - I  t o  Ri gg ins  and t h e  M i d d l e
Fork through the primitive area. The total annual boating day use
on the canyon reaches of t h e  Snake and Salmon R i v e r s  is e s t i m a t e d
to b e about 63 , 000. This a c t i v i t y  is i n c r e a s i i u g  l’L u p l d l v  ~t i s
too new to have accurat e growth rLates established.

F a c i l i t i e s  on t h e  n a v i g a b l e  ~-, , i t e r w av s  for  recreat i onal
b o a t i n g  i n clude five marinas w i t h  spaces for 370 boats , n i n e - m a r i n e
parks wi th  picnic  and camp ing f a c i l i t i e s  and a t o t a l  of f o r ty - t w o
lanes of lau nching ramps.  Other  f a c i l i t i e s  on land locked wate r
are covered in App en d ix  X I I I , Recreat i on .

PROJECTED CONDITIONS AND NIIEDS

Economic  Ou t look

P,~p,,u l a t i on ,  Emp loyment , and Income

Both popula t i on and t o t a l  employment  are p r oj e c t e d  to  grow
at rates s u b s t a n t i a l l y less tha n the  t o t a l  r e g i o n .  The et ’n iov-
me nt f i e lds  wh i ch now provide the  bas ic  support  for the  subreg i o n
eco n o m y - - a g r i c u l t u r e , food p rocess ing ,  and t i m b e r  and pa per oroc-
ess ing- -are p ro j ec ted  to  d e c l i n e .  E mp l o y t t t e n t  in o ther  i n i d u s t r i e s
and per capi ta  income are pro jec ted  to grow at rates above the

regional norm . ‘[‘able 22 is a sunis tIal ’y of p o p u l a t i o n  and emp loy-
ment projections.

d 
I’ t l :  c “ I’ - j -  i t s o n , ‘ . - - 1 c :’s~~l o y s c n t P r o i c c t i - n ~~,

1 1 6 5 1 1981) 2 0 0 0

i~~ t - c .  i O g a l a ’ s on 15n , , e lO t )  195 , 500  :54 , 61 ) 9  ~~ 4 , 30J

Oct  - i S F e ’  i~~o1la I I t c conc e -
(S  - c i i l l i u n )  3,. sc “ 29  1 , 556 3 , , 6 4
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Commodity Projections

Major bulk commodities that mi ght be expected to move
over a navigable waterway are shown in table 23. Commodities such
as agricultural and forest products are produced locall y and the
quan t i t i e s  shown are the en t i re  subreg ion production tha t  would
be shipped to outside markets by all modes of transportat ion .
Other commodities such as petroleum products and fertilizer would
be shipped in to serve local needs.

Tab le 2 3 - Projections of Major Bulk Commodities , Subregion 6

Base Year 1/ 1980 2D00 2020
(1 ,000 short tons)

Agr icul tura l  Commodities 2 , 300 3 , 060 3 , 545 4 , 150

Food Manufactures 110 200 280 310

Forest Products 6,075 7,150 7,875 7 ,775

Primary Metals - - - -

Nonmetallic minerals 2 ,125 2,840 4,470 5,100

Steel Scrap 20 20 25 30

Petroleum Products 350 495 740 1 ,055

Fertilizers 85 130 235 335

1/ 1964 , except pr imary meta ls  1969 , and s tee l  sc r ap an d
petroleum products 1960.

Agricultural Com”iodities and Fertilizers

Wheat and ot h er sm a l l  g ra ins  are produced in t h e  areas
around and downst ream from Le w is ton . Product ion  in 1964 amounted
to 1, 500 , 000 tons .  Other  commodi t ies  inc lude  I~av , 500,000 tons;
dry beans and peas , 150 ,000 tons ; potatoes and miscellaneous
fruits and vegetables. l’otal commodi t i es  are p r oj e c t e d  to in-
crease to 3,060,000 tons in 1980; 3,545,000 in 2000 , and 4,lSO ,000
tons in 2020. The raw material for the fertilize-ms shown would
ori ginate in petroleum producing areas outside the subregion and
be pro.essed here for shipment to the cropland areas of this sub-
region and others.

(1
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Forest Products

Most of the forest land is in the area upstream f ro n r
Lewiston . Processing plants are located at Lewiston and through-
out the upstream area. Finished products are shipped by rail ,
t ruck , or truck and ra i l  to markets throughout the Uni t ed  States
and to coastal ports for overseas shi pment.  Commodi t ies  i nc lude d
in the projection include lumber , plywood , pul p and paper , chin-
board , and waste material shipments from lumber and plywood plants
to pulp mills .

(
Nonmeta l l i c  Minerals

N o n m e t a l l i c  m ine ra l s  comprise sand , g r a v e l , an d ceme n t
projected to be used in t h e ’ subregion . Sand and gravel are
generally available and are usually produced close to the site
where used . Cement is produced in Subregions 1 , 5, 9, and 11 1:
and shipped to the subreg ion from these and other areas outside
the  region . The C o l u m b i a - N o r t h  Pac i f i c  economic and m i n e r a l
project ions do not s p e c i f i c a l ly  show any change in t h i s  pattern.
An independent stud y b y the Corps of Engineers  (38) showed that
an additional cement p lant  would be needed to serve  the l ’olumhia
Basin Area by about 2000 and at tha t  t im e , t h e  l og i c a l  sour ce o f
l imes tone  would be from extensive deposits in the vicinit y of the
mouth of Grande Ronde River. Approximately 1 ,050,000 tons of
limestone would be produced to support this p lant. These find-
ings are w i t h i n  the total needs as projected in the Columbia-
North  Pac i f i c  stud y and are accepted h e r e i n .

The Rol e of Trans 1corta t ion

Railroad and highway facilitie s meet the present needs of
the developed areas in the subregion and are exp -cte ’~l to expand
to meet fu tu re  needs.  However , t he re  is and will continue to he
a need for additional highway development in th e ’ re-rote timbere d
areas of the Salmon and Clearwater Basins. [‘he railroads are
or i en t ed  along the Snake R i v e r  from the  m outh to Lew i ston  and
farm produce moves toward the-  r iver  for  sh ipment . [‘his movement
of produce toward the  r iver  is expected to increase after comp le-
tion of the presently authori zed waterway to Lewiston . The
principal advantage that will accrue from the n a v i g a b l e  w a t e r w a y  

‘

is expected to be in the movement of petroleum p r 5 c~l u c t s , f e - n - i I li zer
and agricultural products. Other commoditie s that should move
include forest products , primary metals , and minerals. Economical
t ransportation could be the factor that would initiate’ use of the
extensive limestone deposi ts along the Snake River about 30 miles
above Lewiston .
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Prospect ive  Wate rbo mne  Commerce

Slac.k Water Project to Lewiston

Commerce expected to move on the  slack n~-ater project to
Lewiston when comp leted is listed in table 24 . Commerce that
would be attracted to the waterway by extension beyond Lewiston
is considered in the analysis of that reach . Major commodi t y
groups are discussed below .

Table 24 - Projected Commodity Movements on Snake Rive r  Waterwa y
to Lewis ton , Subreg ion 6

1980 2000 2020

~~~ ~ ~22~ ~(1,000 short tons)

Chemicals m d .  95 18 194 20 280 25
Fertilizers

Petroleum Products 296 210 446 150 560 30

Agric . Products 850 1 ,000 1 ,080

Forest Products 185 556 920

Miscellaneous 80 60 100 72 115 85

Totals  47 1 1 , 32 3 74 0 1 , 798 95 5 2 , 140

~,~~~cultural Commodities and Fertilizers

Cropland areas expected to be served by the- watert’.’av to
Lewiston i nc lude  the  f l a t l a n d  are as  a long t h e  Snake R ive r  belo w ’
Lewiston and the henchland areas in l : n t a h , Nez Pe rce , Lewis , and
Idah o Cour,ties, Id aho , and Garfield and Asotin Counties , Washington .
These areas include nearly 90 pe r c e n t  of t h e  c ropland area in
Subregion 6. The agricultural commoditi es expe”cted to move on
the n e a i e r t c ; i v  consist mostl y of w h e a t  and other  s m a l l  g r s i i n s .
Quantities are shown in table 24. Bulk fe-rti lizers I r e  n r o i c - e t e d
to he shi pped on t h e  i s a t e r i s s i t ’  to serve- t h e  sane areas . Quan~ it iesare i n c l u d e d  w i t h  o t h e r  c h e m i c a l s  in  table 2-1 ,

Grain from north central Mont ana h a s  been trucked to Pascri
and t r a n s s h i p p e d  b y barge  to  t i le  decp-e [n’aft ports on the’ Lower
Columbia  R i v e r .  So se of t !-  I s cn - a i n moves v l f l  11 . S . Hwy 12 t e r

(~~)
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Lewiston to Pasco. Upon completion of Lowe r Granite bar’, t l , e tru ck
hau l can t e r m i n a t e  at Lewis ton  and w i l l  he 130 miles s h e - r t e r .  One
of t he  companies  supp ly ing f e r t i l i z e r s  to  the  C o l u m b i a  B a s i n  ex-
pects  to  ship fertili:er from Pasco to t h e  M i d w e s t .  Some of t h i s
f e r t i l i z e r  a lso  could move v ia  t h i s  r o u t e .  No t o n n ag e s  t’rom t h e s e
po ten t ia l  movements are inc luded in the  estimate ’s in table 2 4 .
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[l i e  I _ e l c i s t o r i  c r e a  is po t ’. - r s t  i a l l y a P c I  n ’o lc um e l i s t  1. 1 1 011 ion

:‘.‘n t e r  for  s e r v i n g  \~~o1 in , - ‘ i r f i e l d  l i d 1  I T h i t - -  .n l ounr  s e s  i i ,
W ash i n g t  on and Ls i t ah , N e :  P er c e  , Cl e l  rw’ i I - - r , [.ew i s , s i n 1  Te l iho

Outti 11 ,5 i n  1_ i  ihn . l e t  r o l e t i n n  ~ l’O c l 1 i _  I S  al e ’ h a i i l t ,’ cl by I r io - h and
r u  1 to  Le i c i s t  on t rol l h s i r g e  a n d  p i p e l i n e  t e r m i n a l s  at  Pa~ co .
W ith co- ’ -p lc ’ t ion  of t h e  n a v i g , i t  ion  p r o i e c t  o . -~w i s t o n , P c -  n t ’  a l l
01 t h e -  supp l i e s  or  ‘,e i h c ~~e are -i sire’ C \ p e ’ C t  eel t o  move t v  b c r c e ’
t o  [ . e w i s t o n  or n e a r b y t e r m i n a l s .  l’ r o s p e - c t  i v e  c ornr e’ m’ cc in c - l adin g
asp h a l t  is  pr o~~’ct  eel t o  he -  2B6 , 0( ’O I o n s  i n  l ’ iSO , ~1, l0 , 0U0 i n  2000 .
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and 560,000 tons in 2020. The d o w n s t r ea m  shi p m e n t s  from t h e
pipeline terminal near Paseo are projected to decline to 30,000
tons  b y 202 ’) .

Other Commodi t ies

Some of the lumber and p lywood n r o e i u c t s  prese n t l y  sh ipped
b y r a i l  to C a l i f o r n i a  markets  and coas t a l  p o r t s  for  s h i p ~’e nt  to
Hawaii or foreign markets are projected to rove on the wate ross’ - ,
Depending on ownersh ip ,  log s or wood chi ps n 7l av a l s o  move from
Lewiston to plants near the mouth of t h ’  river. (tro t 1’, ra t e  in
movement of residue timber materials to processi ng p la nt s alon e
t h e  lower Snake and C o l u m b i a  R i v e r s  w i l l  i n c r e a s e ’  as demands  for
wood chips for manufa cturi ng pap er and con -tr action materials
increase .  Other  c o m m o d i t i e s  w h i c h  would  l c e i c a l l v  rove on t h e
waterway include chemicals for pul p and psun e’ r produc tion , and
miscellaneous general cargo.

Navig ation beyond Lewiston

E x i s t i ng  P r o j e c t  on Snak e  R i v e r  ~o_, !o h n s o n Bsi r  t c i t i  no
fu r t her improvement  of Snake R i v e r  for n a ’ e i g s i t i o n , t ’ut ure  nav i-
g a t i o n  w i l l  use the present type and size of cr 511 sun ~[ w i l l  0 e
limited to moderat e expansion ot ’ e s isti ng traffic , ht ecr-.’ s u t i s s r l a l
use of the river is proje ct ci t o  expan d  at the ’  r e - g i  - S d  ~rooth
rate for recreational activities . Commodity s hi p’ - i ’ :t ~~, w h i c h
support isolated ranches and re ese - ation al ic ’ V i t n e s  in I ‘- f l a k e
R i v e r  canyon , are projec te c [  to  grow -it a c o mp a r a b l e  r a t e .

Ixtension of Slack [Vater N a v i : , c t i o n  to Grande Ronde Rive r
Extensive limestone el e ’p o ’e it s  in  t 1-e  v i c i n i t - :  of 0 - C  m ou th  of
Grande R onde River  coul d be reached b y s l s i c t  w a t e r  nav i : ,o l t i on
which would be formed by the  au thor i : e c l  - \ s o t i n  [t am . h o w e v e r ,
the  authorization for ,-\sotin Dam does not inclu d e- si n a v i g a t i o n
lock , which would be required. This lime st esse w o u l d  t h e n  he
competitive as basic material for a cement p lant to serve th e

• Co lumbia  Basin ( e s s e n t i a l l y Sub r e g i o n s  2 , 3 , 6 , and 7 ) .  P opu lsu -
tion and per capita use projections indicate t l s s t  a p l a n t  w I t ,
an annual capacitY of about 5 m i l l i o n  b a r r e l s  of cc ’ s u t  would h~

,

n eeded by f O n t  2000.  ‘[‘he l i m e s t o n e  r e q u i r e- r e n t s  f o r  a p l - i u s t  of
this si:e would he about 1 , 050 , 000 tons per year.

Snakc R i v e r  from Grande R onde R i v e r  th r oug h h e l l s  (‘ In yi n

‘~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Ex tens ion  of t h e  w a t e r w a y  on t h e  Snake -  R i v e r

t h n ’o’ sg 1 s - e l  ] c  I inyon into th e - c e n t r a l  0n a k e  River valley of Idah o
und Oregon could a t t r a c t  2 t o  3 mi  llio n tons of c- - -  e r - C a n n u a l l y .
-\gricu l t ii’s- s u l n ’ O e l i i c ’ t S  w o u l d  (c 1 t h e  n n i n c i pa l  i t c - r e  ~h j ’’i’~ d , w i ’ h

L~ ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ - ; -‘ - -~~ ‘ ‘  — — - - ‘  ‘—-.‘-——— 
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other bulk products such as lumber and mill by-products making up
most of the balance. However , this extension of shallow-draft
navigation would be extremel y costl y and would not have a major
impact upon the subregion ’s economy as other forms of transporta-

- ‘ tion are already available.

Salmon River to Salmon, Idaho Transportation is now con-
fined to truck routes wh ich are limite d to the main valle ys of
the Salmon River except the main stem which is w i t h o u t  t h r ough
road travel. The commerce volume available for shi pment to

~~ co as ta l  areas is considered la rge .  In addition , much of t he
resource is not utilized to its full potential. Commodities would

~~~~
- include logs and other forest products , basic metal ores , and

some nonmetallic minerals. Area needs would icc- petroleum and
- miscellaneous consumer goods which could move upriver. Without a

waterway , most of these commodities represent resources t h a t  will
not be full y developed and those that w ill devel op will move at
cons iderable  cost  be other modes of t r a n sp o r t a t i o n . Thus the
project on the Salmon River would materi all y increase the tot al
traffic on the lower Snake and Columbia  R ive r s . However , t h e
projections do not indicate a need for deve lo p s ’ s u i t  of t he  resources
that would be used as a result of the Salmon River nav i gation

$ p r o j e c t .  In addition , this is one 01’ the streams under consiie-rsi-
tion as part of the wild river system .

/‘,
~~ Clea rwa te r  R iv e r to K o o s k i a  The C l e a r w a t e r  R i v e r  f rom i t s

mouth at Lewiston to Kooskia , a distance of about 80 m i l e s , could
- poss ibl y be utilized as a canalized waterway tv im provement w i t h

a series of dams . Such a waterway would attract an esti u ’- atc d one
million tons of commerce anld ua ll \’ , including agricultura l and

I-

forest products downstream and petroleum products and m i s c e l l a n-
eous consumer needs up s t r e a m . ‘- ( s i n e -  of these commodities are now

- moved by rail to d e s t i n a t i o n  or t rucked to  L e w i s t o n  or other
- 

- shipp ing centers . Of t h i s  one million tonn , approximatel y 300 ,000
- 

tolls would he shipped on t h e - l ower Snake o s i t e r w a v  t hroug h Lew iston

$ 

i f  the  C l e a r w a t e r  extens i on were  not  b u i l t . hu t  t h e  b a l a n c e - w o u l d
he additional to the conmerce show-n in t ab le  2 4. h o w ever , st u d ies
do not indicate that the volume of wate ’rhorne commerce’ would sup-

L port such a waterway d evelopment .

- h - u t u r e  O u t l o o k  for  R e c r e a t i o na l  B o a t i n g

I 

Growth factors for recreational boating are related to
— pop u l a t i o n , i ncome , m o b i l i t y , and l e i s u r e  t i m e , t i n e  same factors

that influence other forms of outdoor recre aton. Boating a ctivit y
-
‘ 

w i l l  increase i n i t i a l l y on the lower Snake ’ due t o  f o rm a t i o n  of
- - 

- a d d i t i on al s lack  t~s i t e r  areas sin c I  e ’ l i m i n a t  ion of dangerous ri n ds.
Emphasis on fishing on this reach will reduce us steelhead , t h e_____________

-



pr inc ipal  game f i sh , are  not e a s i l y  t a k e n  in t h e  r e s e r v o i r s .
This will be balanced by increases in cruising and sightseeing
and water  s k i i n g .  l’able 25 sh ows the number of boats  and b o a t i n g
days  a c t i ’ c it y  expected on the  w a te rway .

Table 25 - R ec r eat io n a l Bo at i n g A c t i v i t y P r o j e c t i o n s , i c

Subreg ion 6

Year
I t e m  Presen t  2/ 1980 2000 20 20

E s t i m a t e d  t o t a l  number  of 5 , 500 6 , 500 11 , 200 2t ) , 600
boats in subreg ion 5/

Estimated boats used on a 3,530 5 ,160 9,090 16 ,200
f u l l - s e a s o n  bas i s  on the
cont i guous water i-s ay

Annual  b o a t - d a y  use 143 , 000 220 , 1)00 456 , 000 93 , 000

Moorage caj acity needs 3 ’D  3/ 5 0  91~ l , 62 f l

Boat launching lane needs [ 3  4/  65 115 203

I / ) n n cant  iguous  w a t e r w a y s  u s ab l e  fccr com n ssod i t c ’ n a v i g e i n i on ,
- 1i4 6G ex c e p t  1970 fo r  total t- s sjts lul s u b r eg i o n .

3 / l ’ r e s e n t l y  a v a i l a b l e
4 , F o r t e -  ~~ p r e s en t  l y - u v a i  l a b l e ’ .
3/ [ rom t p ac- rs -i I X I I I

No pro J - c t  i ons  s i r e -  s~’,~ c~C for b o a t i n g  sot  i v i t i e c  i n  t~ie
— c m y - I n n  re : ic :h c - s .  [he se  - i - ’ t i v j t j e s  are  g n u - a l l y  ‘ e ’ l f  s s i f f i c i : n t

i n c h  lum e n ga t  n o n  i I i p r a - e e rns e - n i t s  -could l i t  n s u c  From t h i -  -it  i n  1
re~ re i t  i onal  e-~ p eu r i Cl i c d ’ S c l e -~ i red by p s u r t  i c i n : e n m t s .

- t i n m m a r v of N eeds

( eric - Iiat~ \ e - n c l s

he most pressi ng immedi ate nec is a re  for c cmnls- t i n n i of
t h e  s l a c k  w a t e r  s v 5 t e ’ ’s t o  L e w j s t ’j n i  , u s i ’ [  ih eve  l o t - s : i c n t  ct ’ ‘ ,l r t  in
t s ,s r n s i n a l  t ’ac 1 l i t  n e s  for  h a n d l i n g  g i  Wi , pet i n  ic- urn , fei 11 i :n -r ,
ans i other commodities thereon . Development of port - i n s - I terminal
t ’a c i lj t i e s  at [ , c ’w i s t o n  would  be t ’a c i l i t  a t e — I  he increa sing the
h o r i z o n t a l  c l e a r a n c e  of t h e  b r i d g e at m i l e  0 .6  on t h e  C lc - s i r s ca t e r
R iver . One of the best areas in Idaho  for  port ci e ’velopmcnt is
located on the north bank of t h e  C l e s u  rs - ,- it er River i m m e d i a t e l y

74
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upstream from this brid ge , but full barge tows could not reach
this the area through the present draw span .

Navi gation on the open-r ive r reach of the  Snake from
Asotin to Johnson Bar is dependent  upon adequate flow to maintain
depths on the many rap ids. A minimum release of 9,500 to 10 ,000
cfs from Hells Canyon Dam would assure an adequate d e p t h  of at
least 3 feet on all rap ids. However , t u e license for t h e -  op e r a t i o n
of the darn requires a minimum release of onl y 5,000 cfs.

Future Needs

Extension of a slack water navig ation to th e ’ m o u t h  of
Grande Ronde River and provision of port or term inal facilities
t o hand le  l imes tone  w i l l  be needed p r i o r  to  the Y e - a r  2000.  Addi-
t i o nal recrea t ion  f a c i l i t i e s  w i l l  be r equ i red  th roug hout  t h e ~
reach of waterway for l aunch ing  boats , moor ing  du r ing  b oa t i n g
season , and dry and wet s toraee  at Lewis ton  and C l a r k s t o n  t o  serve
increased boat numbers. Rae ~ities to accommodate the  p r o le c t e d
number of recreational boat - are show n in t a b l e  25.

Ml ,ASI )RES [‘0 S,- \ T I SFY NE E DS

Snake River , Mouth to Lewiston , Mile 140

Measures to sa t i s f y the  sub reg io ra l  needs w i l l  i n c l u d e  a
number of port te rmina ls  throug hout the  140- m i l e  reach below
Lewiston . In addition , there will also need to he shoal removals
and widen ing to al low mul t ip le  tow use a long s a i l i n g  channe l s
through reservoirs .

The port and terminal facilities ‘which will need to be
expanded or developed are shown in t ab le  26.

Snake River Lewiston , M ile 140, to Weiser , M ile 350

Asotin project , which is presentl y authorized for hvdro-
electric power only, would require the addition of a navigation
lock . ‘[‘he lock would provide n a v i - e sm t ion access to  v a l u a b l e  lime-
stone d e p o s i t s  near t he  mouth of (t rande  Ronde R i ’ - e r .  ‘I ’he unp er
s e c t i o n  of r iver  is cur ren t l y d e velop ed he a s e r i e - ~ of t h r e e  dams
w h i c h  c r e a t e -  pools aggregating 103 miles in length. To carry
na~~ g a t i o n  throug h these dams would require multi p le st a cec- locks
at each dam with a total lift of 602 feet . In addit ion , de~ e l o p-
ment of ’  t he 80 mi l e s  of Snake R i v e r  be tween  the  (t raf ld e Ronde and
[hells Canyon would require a lift of another 640  t ’c - c ’ t ,  ‘[‘h is

75
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i ci l l e Cc- - Port and Terminal F a c i l i t y  Needs , Subreg ion 6

Loca t ion R iv er klil e -~rea Needs (-\cres ) Terniinai Needs

‘ t c t t h c ’~~’c 40 l e f t  bank 100

c h l n t c c ,  42  R i g h t  147 G r a i n

R i p a r i a  6” R 400 G c , ~ j n

52 L 68 G r a i n

Tucannon (cC L 59 G r a i n

i ’ e ’n t r a l  Fe r ry , W h i t m a n  Co . S 3  Both 600 G r a i n , F e r t i l i : e r , P e t r o l e u m
C en t r a l  Ferry , G a r f i e l d  Co.

Penawaw a 92 P 160 G r a i n

lila 102 I. 27 51  Gr,cjn

.‘ii mota 103 R 80 Grain

Chief  Timo t hy 131 L 4- n G r a i n

tit an 174 P 700 nndus tri al

L e w i s t o n  Area 140 B 500 c r a i n , c r t i l i : e , r , P e t r o l e u m

\cco t in 145 I, 160 Grain

reach has been s tud ied  for i t s  power p o t e n t i a l , a nd several
possible dams are described in Appendix  XV , E l e c t r i c  Power.  N’o
cost estimates of navi gation facilities have been made and site
su i t a b i l i ty  at the e x i s t i n g  dam s an d pot e n t i a l  d a m s i t e s  has not
been determined. It is not considered that slack water navigation
from Lewiston to Weiser will become feasible , from either an
economic or eng inee r ing  aspect w i t h i n  t h e  Columbia -North Pacific
t i m e  f rame .

There is , however , some ca l l  to transfer recreational boats
around the  e x i s t i n g  dams , and deman d for  such s e rv i ce  is expe ’c tee (
to warrant installation of some facilities b~ 1980.

Clearwater River, Mouth to Kooskia

,-\ ser ies  of s m a l l  dan-~ w i t h  locks to  c rea te  s l ack  w a t e r
navi gation on the Clearwater River would involve a total lift of
550 feet to extend the waterway to Kooskia , a d i s t  s ince  of 50 m i l e s .
h our dams to develop the power potential of the reach below t h e ’
North Fork are listed in Appendix XV . I lectric Power , hut  n e i t h e r

_ _ _ _ _ _ _ _ _ _ _  ~~~~~~~
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the p o s s ib i l i t y  of i nc lud ing  navi ga t ion  locks  in those dams nor
of develop ing the reach from the North Fork to Kooskia has been
studied . The power potential , per foot of head , of the Clearwru t e- r
is roughl y one-third that of the Lower Snake . Cost of nav i gat i on
facilities would be greater because more locks m~ould he required .
It is , therefore , not considered that such structures would be
feasible within the Columbia-North Pacific framework time period .
[however , any power dams constructed on the  lower Clearwate r  R ive r
should inc lude  provisions for  adding n a v i ga t ion  facilities when
needed .

Sal mon River  to  Salmon , Idah o

The change in e leva t ion  between the mouth of Salmon Rive r
an d Salmo n , Idah o is more than 3 , 000 fee t . Several dams t h a t
would develop most of the reach for power and flow regulation
have been studied hut  nav iga t ion  has not been inc luded  as a func-
t i on . Most of t he  studies have considered dams with hi gh head
and large reservoir fluctuations that would not be easily adapt-
able t o n av igat i on. N o cos t es t imates  fo r a navi gat ion p r o j e c t
have been made , but  it is not considered to be economical l y
f easible  w i t h i n  the Columbi a-Nor th  P a c i f i c  t i m e  frame . Fur the r ,
the Salmon River from its mouth to the community of North Fork
has been designated for stud y fo r i n c l u s i o n  as a component of the
Na t i onal Wi ld  and Scenic R i v e r  System .

Summary of Measures and Costs

The s lack wa te r  navi g a t i o n proj e-ct to Lewis t on  and appurte-
nant fea tures  should be completed prior  to 19S0 t o  meet the  l ow-
cost t ransporta t ion needs of the  area.  The work remaining to be
done includes comp leti on of Lower G r a n i t e  l o c k  and [l am and con -

-
. 

- struction of appropriate port facilities . Between 1980 and 2000,
- - the project should be extended th rough  A so t in  da ins i te  to the

extensive limestone deposits in the vicinit of the mouth of
Grande Ronde River. Needed works will include .-\sotin Lock and Dam
and appropriate port facilities. Further extension of slack water
navi gation or improvement of t h e  swift water reaches for navi ga-
tion is no t e n v i s i o n ed , hut port f a c i l i t i e s  on til e slack water
projec t  w i l l  need to be expanded th roug h 20 20 as t r a f f i c  i nc rea se s .
F a c i l i t i e s  for recreat i onal boats  also will need to he ex n anded
as the number of boats  and usage the reof  increases. There is an
immediate need for control of releases at Hell s Canyon Dam to
insure adequate minimum flows at all times . h-sti s-- at ed total
costs for n a v i g a t i o n  f ea tu res  are as follows,

_ _ _ _ _ _ _ _ _ _ _ _ _  - - - - - - - 
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‘[‘able 27 - Summary- of Costs , Navi gation Facilities , 1/
Subregion 6

1980 2000 202 0
($ 1 , 000)

Fi rst Costs

Channels t~ Locks 27 , 420 25 , 113 0

,- \ids to -Navi gat ion 30 309 0

Port f~ 
‘[‘rans fer Facilities 6,680 4 , 238 3 , 092

Moo rages 2 25 585 1 , 065

Launch ing  Ramps 1, 150 
-_
2 ,500 4 ,500

Total Firs t  Cost 35,5’OS 32,745

Annual OE~M

Channels E~ Locks 120 113 0

Aids to Navi gation 2 55 0

Port E~ Transfer Facilities 668 424 309

Mooring Fac i l i ti e s  45 117 213

Launching Ramps 23 50 90

Tota l  Annu al  Costs 85S 761 6 12

1/ Incremental costs in 1968 d o l l a r s  p r i o r  t o  date shown .
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S U B R E G  I O N 7

M I D - C O L U M B I A

GENERA L

Subregion 7 , M id-Columbia , comprises the drainage area of
the Columbia River below the mouths of the  Y akima and Snake River s
to Bonneville Dam . In this appendix the navi gation discussion is
l imi ted to the reach from the mouths of the Yakima and Snake
Rivers  to bel ow John Day Dam . For cov erage of nav iga t ion  on the
river reach from John Day Dam to Bonnevil le  Dam see Subregion 8.

Topograp h y

M uch of the  perimeter  of Subregion 7 is rough and mountain-
ous . The Cascade Range on the west includes six peaks above 10,000
feet but is cut almost to sea level by the Columbia Gorge. The
Blue Mountains on the east have several peaks above 9,000 fr e t .
Foo th i l l s  from the mountain ranges extend into the subregion and
form the northern and southern boundaries . Gentle rclling plateaus
ranging in elevation from 700 to 5,000 feet occupy much of the
in ter ior .  Much of the rolling plateaus , particularl y in the John
Day and Deschutes basins and along the Columbia River , are sharply
cut b y canyons with  steep , rock y w a l l s .

C l i m a t e

; The cli mate , except the mountainous areas and the v a l l ey s
of the White  Salmon , Wind , and H ood Ri v ers , is sem i - a r i d  and

• 
- cha r ac te riz ed b y co o l - to-co ld  w i n t e r s  and warm , d r y summers .

About 75 percent of the p rec ip i ta t i on occurs from November t h r o u e s h
April , and rainfall during July and Augus t is genera l l y li m i t e d
to occasional localized convective storms . Winter storms gener-
all y result in heavy precipitat ion near the crc - s t  of t h e  Cascade
Range and on the western slopes of the  Blue and o the r  m o u n t a i n s .
Average annual preci p i t a t ions  range from 9 to  15 inches  on the
l owlands and in the ra in  shadow of the ‘ ascades to  60 to  120 i n c h es
on the h i gher mountain areas . A si gn i f i c a n t  part of the  preci pi-
t a t i o n  f a l l s  as snow at t h e  h i gher  e l e va t i o n s ;  as much  as 250 t o
350 inches oceur annuall y in t i m e  h i gher  Cascades  and from 100 to
150 inches in the Blue M o u n t a i n s .  At elevations above 5,000 fee t ,
snow normally remains on the ground from i)ecember throuCh Mae -

On rare occasions warm w i n t e r  S to rms  c ombine snowmelt , and h e a v e
r a i n f a l l  s i t  a l l  e l e v a t i o n s .  ‘[‘ he v a l l e y s  cf  the W h i t e  Salmon ,

‘ ‘ • ‘~~ 1”7L ~~~~~~~~~~~~~~~~ iriI r — —  ‘ - — -
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Wind and Hood Rivers , wh i ch l ie w i t h in the  Casc ade R an ge , have a
range of mean annual precipitation from 30 to 120 inches , increas-
ing with elevation . Temperatures are generally warmer in winter
and cooler in summer than those areas to the immediat e east.

Temperature characteristics throughout the subreg ion
generally vary with elevation but also reflect the maritime climate
controls as modified by the intervening Coast and Cascade Ranges.
Temperatures above 90 degrees are common at lower elevations dur-
ing the summer but decrease in frequency at higher elevat ions.
Subfreezing temperatures are common in winter except in the lower
Cascade valleys , where rainfall predominates .

Streams

The Columbia River flows west-southwest in the northern
extreme of Subregion 7 for a total distance of about 205 miles.
The river enters the subregion at about elevation 340 and falls
a total of about 330 feet through McNary , John Day , The Dalles .
and Bonneville Dams . The principal tributaries of Columbia
River in Subregion 7 are the Klickitat and White Salmon Rivers
to the north; the Walla Walla River to the east; limatil la River
to the southeast; and the Hood , Deschutes , and John Day Rivers
to the south. Table 28 lists pertinent data on the princi pal
streams . For additional information on streams and streanflow
characteristics see Appendix \ , Water Resources .
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The Columbia River has slack water navigation throughout
the reach considered herein in the reservoirs of John Day and
McNary Dams . Tributary streams are not nav igable except within
the backwater effects of the Columbia River .

Data on these two dams are g iven in table 29.

Table 29 - Dams on Col umb ia River , Subregion 7 1/

Surface Height
River Are a or

Dam Reserv oir Mi le acres Head Agency

John Day Lak e Umati lla 215 51,000 108 Corps of
Lock ~ Dam Engineers

McNary Lake Wallula  292 38,800 72 Corps of
Lock & Dam Engineers

1/ For information on Bonneville ~ The Dal les , see Subregion 8.

Econom ic Devel opment

The economic subregion includes Columbia , Klickitat , and
Walla Walla Counties in Washington ; and Crook , Deschutes , Gilliam ,
Grant, Hood River , Jefferson , Morrow , Sherman , Umatilla , Wasco ,
and Wheeler Counties in Oregon . The estimated population in 1965
was 210,500, with 147,100 in Oregon and 63,400 in Washington .
A generalized distribution is 47 percent urban and 53 percent
rural.  Cities with populations of 10,000 or more include Wall a
Wal la , Washington , and Pendleton , Bend and The Dalles , Oregon .
There are eight towns with populations between 2,500 and 10,000
and 20 between 500 and 2,500. Large areas in the southeastern
portion of the subregion are virtuall y uninhabited . The In -
Cities area, Pas co , Kennew ick , and Richiand , Washington , is
located at the junction of Subregions 2, 3, 6, and 7 . For

- ‘ econom ic study and projections , Kennewick and Richiand in Benton
County are included in Subregion 3, and Pasco in Franklin County
in Subregion 2. For navigation studies , the Tn -City area is
included in Subregion 7.

The subreg ion , with 18,947,800 acres , covers about 11
percent of the region . The approximate land us pattern of this
area is 20 percent agricultural crop-producing land , 33 percent
rangeland , 44 percen t fores t land , and 3 percent m i scel laneous •

(i.e. urban and barren areas, roads , etc.). Of the crop-producing
1•and, about 2.8 million acres are devoted to small grain
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produc tion , pr incipall y wheat. Other crops are feed grains and
forage , livestock , vegetables and fruit. Industries based on
fores t and agricul tural products form a substant ial part of the
subreg ion ’s economy . The 1960 total employment was about 73,000.
Of this total, 11,750 were employed in agriculture , 2,740 in food
process ing and 7,300 in lumber and fores t produc ts process ing .
Food and forest products processing make up over 80 percent of
all manufacturing . Table 30 shows the dis tribution of the labor
force.

Table 30 - Employment in Selected Categories , Subregion 7

Total employment 73,054

Agric., Forestry & Fishery 12,465

Agricul ture 11,753

Mining 187

Manufac turing 12,678

Armed Forces 217

Non-Commodity 47 ,507

Other Forms of Transpor tation

Rai lroads
.4

Rail service is provided by main lines of the Union
Pacific Railroad and Burlington Northern , Inc . and several branch
lines. A main line of the Burlington Northern follows the north
bank of the Columbia River through the subreg ion and the Un ion
Pacif i c fo l lows the south bank from Bonnev i l le  Dam to Boardm an ,
then proceeds eas terly throug h the Uma t i l la  Vall ey and into
Subregion 6 near La Grande . A major north-south route originates
at the Columbia River near The Dalles , extends southerly through

- • the Deschu tes Basin , and joins the main Southern Pacifi c line
near Chemult in the Klamath River Basin. Branch lines extend to
most major communities not on a main line.

~84~
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Highways

Highway facilities provide the basic transportation net-
work in the subreg ion. Interstate 80N (U .S. 30) follows the
south bank of Columbia River from Bonneville to Boardman , then

• continues easterly through Pendleton and into Subregion 6 near
La Grande . The subregion is also crossed by U.s. 20 and 26 in an
east-west direction and U.S. 97 and 395 in a north-south direction .
U.S. 12 crosses the northeast tip of the subregion through Walla
Walla. State and county roads provide all-weather access to all
populated areas.

~1L
Scheduled airline service is available at Pendleton ,

Walla Walla and Pasco.

Pipeline

Refined petroleum products are transported into the sub -
region by pipeline from Salt Lake City, U tah , to terminals near
Pendleton and Pasco. Both terminals have provisions for truck and
rail loading and the Pasco terminal for barge loading .

EXI STIN G NAV IGATION

Existing Project

The Federal navigation project for the Columbia and Lower
Snake R ivers prov ides for sl ack wa ter nav igation through Subregion 7
with minimum channel dimensions of 250 feet wide by 14 feet deep

‘1. at minimum regulated flows . Locks at the two dams have clear
dimensions of 86 feet wide by 675 feet long and 15 feet of depth

a over the sills.

• Waterway

The Columbia River is navigable for vessels with drafts to
14 feet and is used for barges hauling wheat , petroleum products ,
cement , and other commodities , with tows ranging to 10,000 tons
capacity. The waterway is being extended to provide some 460 . 

-

miles of inland navigation .

• •11
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Navi gation Aids

The Coast Guard maintains channel markers and other naviga-
tion aids for the main and side channels on the Columbia River .

Br id ges

Bridges over the navigable waters of the Columbia River in• Subregion 7 are shown in table 31.

Tabl e 3 1- Brid ges over Columbia River , Subregion 7 1/

Ver tical Clearance
Low I l igh

River Type of Horizon tal Water W ater
M i le Loca tion 

~~~~~~ Clear ance F t . 2% L i n e

215.6 John Pay lock S Dam Fixed , Hwy 86’ 91 83 
4

29(1.5 ll mat ill a Fixed , Hwy 335’ 88

292.0 U .S . Army Corp s of Fngrs Rascu lo , Hwy 86’ Unlimited ll n li mi t ed
51c ’(arv Lock S Pain

323 .4 Burbank Swing, RB 113 ’ Unl i mi ted Un limited

328.0 Pas co-Kenne wi ck L if t , RR 280’ 70

528.5 Pas co-K enne wj ck Fixed , IIwv 420’ 53 50

330.0 Pasco Fix ed , Hwy 500’ 62 58

!~ Abo v e • lohn Day [lam; for hri,1~~s below Job av flam see Subregion S . 
—

There are 21 other brid ges on .John [)ay and M c\arv  pro jec t
pools which cross t r i b u t a r y  streams . These brid ges g tn e r a l l v  have
a clearance of 20 feet or less above normal pool lev el , s u f f i c i e n t
to accommodate small pleasure craft .

‘3

Commercial Port Facilities

Existin g port facilities are listed in table 52. Port
facilities located on ~‘tcNary pool have been under developmentsince 1954, while those on John Day pool are now bein g developed
to replace facilities flooded out by the pool.

•
2
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Table 32- Commercial Port 6 Terminal Facilities , Subregion 7

H Type
Avail . Avail, of

River Port Water Land Barge Owner and
Location M i l e  Lands Frontage Access Capacity Development

(acres) (feet)

A r l i n g ton , Dreg 242 3 1,300 Hwy 2 Port of Arlington
Grain  300 ,000 Ru.

Morrow Grain 278 3 1 ,000 Hwy 1 Morrow County
Elev ., Oreg Grain  670 ,000 Ru .

Uma ti l l a , Oreg 292.5 18 2,000 Hwy 2 Umatil la Port Dist.
Grain 340,000 6 Petroleum

Kennewick , Wash Kennewick Port fist.
Hover 316 13 4,200 Hwy . RR 2 Fertilizer (Ain t unavail.)
Finley 319 140 3,800 Hwy . RR 2 Chemica l  150 ,000 Tfyr .
Hedges 323 75 5 ,000 Hwy. RR 2 Fer t i l i z e r  100 ,000 1 /yr .
Ivy Street 328 4.5 550 Street , RR 2 Gra in  3.75 M i l l . Ru .

Cemen t - storage

Port Kelly, Wash 312 14 1 ,000 Hwy 2 Wal la Walla Grain Growers
Gra in  1,700 ,000 Ru.

Wal l a  Wal l a , Wash 314 5 1,000 Hwy , RR 2 Walla Walla Port fist. -

Grain 1.06 M i l l . Ru .
Chemical 21 Mill . Ga’l/vr .

• General  cargo

Wallula , Wash 315 10 1 ,000 Hwy . tR 2 Wa lla Walla Port fist
• Pulp Mill

Pasco , Wash Por t of Pasco
Gen. Port Area 325 575 800 Hwy . RR 1 Warehousing

328.5 Hwy , RR 2 Grain 2.5 Mill. Bu.
328.5 28 500 Hwy . RR 1 Petroloum 17 Mill. Gal,
328.5 Hwy , RR 1 Cement 5.5 Thous Rh
328.5 Hwy , RR 1 General Cargo

.4

• Commercial Traffic

Commerce

Waterborne commerce on the Columbia River comprises
principally grain movement downriver to Port land , Vancouver ,
Longview , and Kalama. Petroleum moves upstream to Umatilla and
Pas co, and some petroleum products are moved downriver from a
p ipel ine terminal  at East Pasco , Washington . Commerce movement
from the Snake River has not yet reached a growth level where it
is stabilized . Table 33 shows waterborne commerce for 5 typical .

- 
-

years. Commerce as reported through The Dalles Lock was taken
as representativ.2 of the total traffic on the Columbia River
through Subregion 7.
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Table 33 - Waterborn e Commerce , Subregion 7

~~~~~~ “i958 1961 1964 1967 1970
(short tones)

UPBO UND

Petroleum Products 537,672 522.078 381 ,535 265,46] 287,367

Miscellaneous 65,209 175 ,956 177 ,688 163.608 244,646

Total Upb oun d 602 ,881 698 ,034 559 ,223 429 ,069 532 ,013

DOWN ROUN D

Petroleum Products 91 , 7 12 20 , 0 16 7 ,607 211 ,676 21 , 51.4

Grain  654 ,378 756 ,358 886 , 519 1 , 325 ,727 1 , 706 , 109

Misce l laneoua  9 ,541 38 , 860 2 9 , 437 37 , 32 3 28 , 2 57

Total Downbound 755 ,631 815 ,234 923 ,563 l , 5”4 , 726 1 ,755 ,950

TOTALS UP SOUN D S
DOWNBOUND 1, 358 , 512 1,513 ,2 68 1 , 482 , 786 2 , 003 , 795 2 , 287 , 963

Source : Lock Report , The Dal les  faa

II

Vessel Traffic

Commerce on the Columbia River is carried in barges
powered by towboats. The equipment is described in the reg ional
summary . In 1967, the total number of barges moved through th e

.4 reach into McNarv Lock was 1,738 upbound and simi l ar number
downhound . Towboats used in the towing operation were reported
as 2,190 craft upbound and similar number downhound . The traff~~
would be representative over the entire reach .

Difficulties Attendin g Navigation

The Union Pacific Railroad brid ge across the Columbia
River at mile 323, about a mile downstream from the mouth of the
Snake River , restricts barge traffic. Multi p le barge tows are
now broken up and moved through the brid ge as single-barge units.
When winds are strong, nav igation is halted due to ha:~rd of
passage through the swing span . The brid ge has a swing span
opening of 113 feet without benefit of guide walls to protect the
opened swing span or to prevent the tows from being swept beneath

87
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Obiion Pa aifi a Railroad Bridgc wit h aunken bargea , ri ve- —: Ze 323 , Colum bia R ’ ,’r .

the adjoining spans . In 1969, a collision of a tow attempting
passage through the bridge resulted in about S~.,00O ,0OO damage to -

tow , cargo , and bridge structure , and the waterway was closed 4
days for repair of the bridge and removal of the sunken barge.
Shoals in the upper reach of Lake Umatilla are a hazard to navi-
gation and necessitate reduction in barge loading when the pool
is drawn down for power peaking or when lowered for flood control
storage in advance of spring freshets.

.4

Recreational Boating

The total number of recreational boats in Subreg ion 7, as
estimated from records of the State Tax Commission of Washington
and the Oregon Marine Board , is 12 ,100. Of these , approximatel y
5,540 are used principally on the Columbia River , see table 38:
the others are used on lakes , reservoirs , and other streams .
Most of the boats are stored at the owners ’ homes and transport ed
on trailers to the waterways for each use. Surveys of pleasure
boat owners indicate that the number of boat days use on the
Columbia River is about 218,000.

Small boat harbors at Arlington , Umatilla , Kennewick ,
Pasco , and Port Kelley hav e mooring spaces for about 250 boats
where property protection is afforded. Two marinas are locat ed
in the Kennewick-Pasco area. Semi-protected moorage areas are
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I
located at Boardman , Plymouth , and Crow Butte. Altogether , there
are 26 harbors of refuge on the Columbia River through Subreg ion 7
with a total capacity of about 1 ,800 boats. There are 26 ramps
;~ith a total of about 50 lanes. Ultimate capacity of the existing
harbors of refuge is considered to be about 3,500 boats.

Because of periods of hi gh winds during the princi pal boat-
ing season , additional harbors of refuge are needed , particularl y
on Lake Umatilla , where distances between good harbors are as
great as 30 miles along one side of the river or the other. When
it is necessary to seek a harbor of refuge , it is also hazardous
to cross the reservoir. ~avcs 4 feet or more in hei ght occur
frequently.

I
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PROJECTED CONDITIONS AND NEEDS

Economic Outlook

Population, Employment and Income

The employment fields which now provide the basic support
for the economy are agriculture , food processing, forest manage-
ment , and timber and paper processing . The projections indicate
that employment in these fields will decline from a present total
of about 22,400 to 17,300 by 2020. hmp loyment in other industries
and per capita income are projected to grow at rates sli ghtl y
below the reg ional total. Table 34 provides a condensed summary
of population and employment trends.

lable 34 - P o p u l a t i o n , Income i Employment Projections , Subreg ion 7

I tem 1960 1980 2000 2(1 20
m 

—

Total  Populat i on 198 , 665 251 , 000 322 , 000 404 , 000

Total Personal Income
($1 million) 453 1 ,039 2,326 5,065

Per Capita Income 2,237 4,100 7,200 12 ,500

Total Emp loyment 73,0S4 100,600 128 ,700 161 ,700

Agric . , Forestry F, Fishery 12 ,465 10 ,863 9,149 7,521

Agriculture 11 ,753 8,900 8,400 6,800

Mining 187 90 100 110

Total Manufacturing 12 ,678 19 ,276 24,848 31 ,455

Forest Products 7,359 6,956 6,223 5,449

Food F, Kindred Products 2 ,741 3,047 2 ,931 2 ,846

Other Manufacturing 2 ,578 9,273 15 ,694 23 ,160

Non-Commodity 47,724 70,343 94,650 122 ,663

• Source: Appendix V I , Economic Base and Projecti ons
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Commodity Projections

Estimates of bulk commodities produced in Subregion 7 or
needed to support the population projections for the years 1980,
2000, and 2020 are shown in table 35. Agricultural , forest , primary
metal , and nonmetallic mineral commodities are discussed in the
following paragraphs; other commodities are self-explanatory .

Agricultural Commodities and Fertilizers Wheat , barley ,
and other small grains are grown on the dryland benches of eastern
Washington and north central Oregon . Production in 1964 amounted
to 1,175,000 tons . Other dryland crops are limited to a hand of
lands along the base of the Blue Mountains in eastern Washington
and Oregon where field peas are produced for processing into
canned food . The production of green peas in 1964 was 96,500 tons
out of a total vegetable production of 137,000 tons . Potato pro-
duction was an additional 139 ,000 tons. Livestock production is
often combined with grain growing to utilize the broken terrain
and forested areas adjacent to the fields for summer pasture .
Related to the livestock operation was the production of 564,000
tons of hay and forage . Berries and orchard crops grown on irri-
gated lands totaled 100,000 tons in 1964. Sugar beet growing also
provided an important input to the economy by supp lying 77,000
tons towards the Nation ’s sugar needs in 1964. Dry beans and
peas and miscellaneous crops accounted for the other 18,000 tons
of production , making a total agricultural production for market ,
including local consumption , of 2,210 ,000 tons for the base year.
Agricultural production and consumption for this subreg ion is
expected to increase by near ly 50 percent by 1980 , and to nearl y
double by 2000. Fertili:er consumption is projected to increase
from about 70,000 tons to 300,000 tons annuall y by 2020. Local
fertilizer production is expected ~o increase proportionatel y and
raw materials to be shipped in by barge and other means .

Forest Products Forest areas of the subregion are located
in the Blue Mountains in the eastern portion , on the east slopes
of the Cascade Range , and in the Ochoco Mountains along the
southern edge. These areas produce large volumes of timber , most
of which are processed in the subregion . Ihe timber products
and waste materials used for pulp and manufactured board are
moved both west of the Cascade Range and to eastern points by
rail , truck , and water. The forecast tonnage expected to be
produced wi thin Subregion 7 is estimat ed at 7,250,000 tons by
1980. Increase in timber products demands , including pul p products ,
would increase the volume to 8,400,000 tons by year 2000.
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Primary Metals A luminum production is now associat ed
with the waterside development on lower reaches of t h e  C o l u i ’ : h i a
R i v e r  b e t w e e n  the  mouth  and t h e  D a l l e s , Oregon . A n e w l y
announced l i ght  m e t a l s  p l a n t  is  now p lanned  on the Col u rhl a D i v ~ i

near The I)~i1le s to produce magnesium m etal and chlori ne . As
further new expansion , an aluminum plant is under construction
on the John Day pool about  15 m i l e s  from Coldendale , t::msh in~tton .
the requirement for raw minerals for reduction to primar y metals
is expected to reach about 150 ,000 tons annuall y by 1980.

N o n m e t a l l i c  M i n e r a l s  I t  i s  e~~t i m a :  YLI tha t C O f l S 1 1 7 1 p t  i I111 O~
cement will increase from 2. 4 b ar r e~ s per  cap i t a  in 1980 to  3 . 0
barrels in 2000 and 4.0 barrels in 02fl . The estimate ~~m r
cement consumpt i on is in accord wi th forecasls of population
growth and industrial needs in the subreg ion . Sand and cr av e l
are a v a i l a b l e  as na t i ve p r o d u ct s  t o  p r o v i d e  b a s i c  elc y ent s for
o t h e r  c o n s t r u c t i o n  m a t e r i a l s  w h i c h  w o u l d  i n c l u d e  p r e c a st  C O n c l e ’ c
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Table 35 - Projections of Major Bulk Commodities Produced
or Consumed in Subregion 7

Item Base Year 1/ 1980 2000 2020
(1,000 short tons)

Agricultural Commodities 2,210 3,285 4,035 5,240

• Food M,znufactures 450 750 1,040 1 ,430

Forest Products 6,425 7,250 8,400 8,950

Primary Metals 85 150 390 650

Nonmetallic Minerals 3,040 4,025 5,580 7,345

Steel Scrap 25 25 35 50

Petroleum Products 490 665 1 ,025 1,550

Fertilizer 70 100 185 300

• ¶ 1/ 1964, except primary metals 1969, and steel scrap and petrole-
urn products 1960.

members , forms and beams . Ihe total volume of this commodit y is
• expected to increase 30 percent from about 3,040,000 tons estimated

for the subregion at present to 4,025,000 tons hr 1980. Growth is
expected to continue to increase to 5,580,000 tons by the year
2000.

• I h e  Ro le  of Tran sp o r t a t i o n

The adequacy of t he  t r a n sp o r t a t i o n  sy s t e m  w i t h i n  an - I r e~
~~; is a la rge  f ac to r  in i t s  g r o w t h .  A l l  f a c i l i t i e s , r a i l , w a t e r ,

h i ghways , a i rways , and p i p e l i n e s , r u s t  :u n t i n u e  to  be e~ n :inded
and improved . In t h i s  subregion , all princi nil routes of land ,
water , and air commerce follow the same ~eneral e N t - t ~eS~ dircc-
t ion  a long t h e  C o l u m b i a  R i v e r .  Port land , (

~regon serv es as mn O~
the princi pal western focal points for shi 1~rre : 1 !  S ori g i n-i t ing ~ro
and moving toward Pacific domestic port s as well as i a s r i i i ,
A laska , and the Orient. Rail and hig hway ro~ t m s  to ! l Oim b~~t 1

banks of the 1~aterway from there to Pasco. Branch line rai lmerid s
and hi ghways fan out from this central artery to i f -  f r i n g e  - i n c a s  • 

-

of the subreg ion to serve the shipp ing needs of grain , l I l r~~I r , .
‘• , I

and other commerce. ~tajor rail lines move produc ts and rai~
;iterial s into the subregion from midwest points as well as fro-
the west coast. Interstate t - r e e m av SON serves as a major c a r r i e r

L 

of commerce I m t w m -en p o i n t s  in s o u t h e r n  I d a h o  and t h e  h a t  e rw a v .

93

~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •-

~~~~~~~
--

~~~~ 
-

~~



Competitive transportation between land and water carriers
has served to attract and expand industry as hell as to encourage
development of port transfer and storage facilities at is -ite r side.
Completion of near slack water conditions on til e Coluri ia River
in 1968 now provides a total waterway system of some 400 miles ,
includin g some TO miles on the Snake River. Products are now
movin g by oceangoing barge as far as Pasco.

I •
; mr , ?~‘a’~ ng ~1” mr- ~ , Co ? w’~ ~ m • r.

Prosp ective haterhorne Commerce

A g r i c u l t u r a l  C o m m o d i t i e s

A g r i  c u l t u r a l l ands  a l o ng  t h e  ( o l u m b  i a R i ver p r o d u c e  l a r g e
r volumes of grain , of which i t  is  e s t i m a t e d  a f o o t  630 , 0 1)0 t on s

would be available for downri ver transport h~’ 1980. The cr am

ml
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shipped from the subregion would originate in some 14 counties but
much of the volume would be from the counties adjacent to the water-
way . The combined tonnage would increase from 630,000 tons in 1980
to 940,000 tons by 2000. The present grain shipment s from sub-
region 7 also include grain now tr’mcked in excess of 100 miles to
the waterway from points in Subregions 6 and 2. With completion
of the authorized Snake River navigation project , more of the
waterborne tonnage will originate on the Snake River system and
move through Subregion 7.

Chemicals and Fertilizers

Present chemical shipping on the waterway is about 56,000
tons , primarily composed of caustic soda. Because chemicals are

• expected to be an expanding commerce , this volume is projected to
increase to 87,000 tons by year 2000, including products moving
both up and downriver. Bulk movement of fertili:er is present ly
about 19,000 tons , but is expected to reach 180,000 tons by 2020
as demands for agricultural production increase , making it an
important part of the commerce moving on the waterway . The com-
bined tonnage of chemicals and fertilizers is estimated at 226,000

• tons by year 2000 with continuing growth to 287,000 tons through
2020.

Primary Metals

The waterway provides an opportun i ty  for low-cost  movement
of raw materials to processing plants in the subregion . The
principal raw material now expected to move over the waterway from

• tidal ports is bauxite. Ihe volume of bauxite and other minerals
expected to move upriver by water by 1980 is 230,000 tons , increas-
ing to 370,000 tons by year 2000. Refined metals , such as processed
aluminum , are expected to move downriver in tonnages of about
40,000 by 1980.

Nonmetallic Mineral s

Building cement has moved on the waterway in the past and
a good possibility exists that such movements may he resumed .
Consumption in the subregion is projected to increase from about
76,000 tons at present to about 86,000 tons 1w 1980. Total con-
sumption in the entire area served by the waterway including
portions of Subregions 2, 3, 6, and is expected to he 148 ,000
tons by year 2000. At that time it may prove more economical to
produce cement locally from limestone deposits along the Snake ‘

River than to continue to ship it in from other production centers .
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• Other nonmetallic minerals comprise princi pally sand , gravel ,
and crushed stone for production of concrete and for highway
surfacing . These products are usually obtained locally and not

• transported more than a few miles .

Petroleum Products

Waterborne shipments of petroleum will continue to move
into the subregion from coastal ports , increasing in volume as
population and industrial demands grow . Petroleum will move to
Pasco-Kennewick storage terminal areas as the major distribution
point for some twelve counties in Washington and Idaho , most of
which lie outside this subregion . Petroleum shipments to iimatilla ,
Oregon , will continue to serve the needs of eastern Oregon extend-
ing to Baker and Wallowa Counties , also outsmde this subregion .
A pipeline terminal near Pasco distributes petroleum for various
companies. Some of these companies also shi p petroleum westward
over the waterway to tidewater for further refining on the west
coast. Prospective waterborne petroleum movements wh ich would be
required to meet Subregion 7 needs are estimated at 890,000 tons

¶ by 1980, increasing to 1 ,216 ,000 tons by the year 2000.

Forest Products

Forest products expected to move on the waterway consist of
lumber and wood by-products including wood chi ps. Lumber is an
early prospective commerce which would move out of the subregion
to coastal ports. The volume is expected to remain near constant
at about 50,000 tons annuall y through the period 1980 to 2020
based primari ly upon sustained timber yields . With greater

d utilization of by-products from timber harvest , the volume of
wood chips moved on the waterway is projected to reach about 8,000
tons by the year 2000 and remain nearl constant thereafter.

Miscellaneous

Miscellaneous other commodities are expected to move on
the waterway in both directions . Various types would include
fabricated steel and wood structural members , tanks , and miscel-
laneous other products not suited to hi ghway and railroad dimen-
sion limits. The volume is expected to reach about 232,000 tons
by 1980 and rise to about 316,000 tons by around the year 2000.

Projected types of commerce and volume which are forecast
to originate- on the Columbia River in Subregion 7 are shown in ‘~~• •

following table 36.
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Table 36 - Projected Commodity Movement on Columbia River Wa terway Ori g i n a t i n g
or Destined for Ports on John Day or McNary Pools , Subreg ion 7

1980 2000 2020
~~ Down ~~~ Down ~~ Down

(1 ,000 shor t t ons)

Petroleum Products 890 1 ,216 1,586
Agricul ture Commodities 630 780 940
Primary Metals 230 40 370 120 480 150
Chemicals Fm Fertilizers 132 201 25 262 25

• Nonmetallic Minerals 86 148 15j Forest Products 50 58 58
M iscel laneous  160 72 244 72 320 90

Totals

Forecast of Total Through_ Commerce

The total commerce on the Columbia River in Subreg ion 7
includes not only that which serves Subregion 7 hut  a lso t h a t  w h i c h
serves Subregions 2 and 6, th e Upper Columbia and Lower Snake ,
respectively. Reference is made to Subreg ions 2 and 6 for details
on waterborne commerce projected to move to or from those sub-
regions .

Table 37 shows the projected total waterborne commerce by
types and amounts.
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Table 37 - Projected Total Commodity Movements on Columbia River ,
• Subregion 7

1980 2000 2020

~� ~~~(1,000 short tons )

Petroleum Products 1 ,411 210 2 ,012 150 2 ,686 30

Agriculture Commodities 3,640 4,600 5,670

• 
Primary meta ls  1, 302 194 2,078 300 2,878 382

Chemicals ~ Fertilizers 367 18 635 45 772 50

Nonmetallic Minerals 1/ 276 80 428 100 455 120

Forest Products 815 1 ,254 1,648

Miscellaneous 270 132 374 144 475 175

Totals 3,626 5,089 5,527 6,593 7,266 8,075

1/ Limestone to move to Pasco , not on through subregion 7.

Future Outlook of Recreational Boating

Recreation boating on the Columbia River will expand as a - •
direct result of increased numbers of peop le and the continued
increase in normal spendable income and leisure time . Improved
highway access routes to the Columbia River also provide rapid

I: - - access from greater distances .

Growth factors in boating are related to basic expansion in
population throughout the subreg ion as well as in other adjoining
subregions which have limited boating waters . The trend in greater
travel distance of trailer-hauled boats will contribute to the
number of boats using the Columbia River. A prob lem of the
Columbia River in Subregion 7 re la ted  to John Day pool is  the
prevailing high summer winds which blow up the Columbia and
create waves too hig h for small craft during periods of the boat-
ing sea son.

The projected boating level antici pated to develop on the
Columbia River is based upon boaters being drawn to the Columbia
River from four counties within the subreg ion and surrounding
area. Reg istered boats in the subreg ion total about 11 ,140 , based
on 1968 composite records. It is considered that only about
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5,450 craft would use the river on a regular seasonal basis ms- ith
the balance using other water l)odies , some at greater distances.
Boating days on the waterway per boater have been reduced as a
result of occasional rough water conditions on the John Day pool
during the boating season . Table 38 shows boats available and
those which  would use the waterway along with estimated boating
days for the study periods.

Table 38 - Recreat ional  Boat ing A c t i v i t y  P r o j e c t i o n s , 1/
Subregion 7

Year
Item Present 2/ 1980 2000 2020

Estimated total number of 12 ,100 13 ,550 26,400 47,800
boat s in Subregion 5/

Estimated boats used on a 5,540 7,250 12 ,750 2,740
full-season basis on the
contiguous waterway

Annual boat-day use 218,000 290,000 510 ,000 910 ,000

Moorage capacity needs 250 3/ 360 (~5O 1, 200

Boat launching lane needs 65 4/ 90 160 285

1/ On contiguous waterways usable for commodity navi gation .
2/ 1968, except 1970 for total boats in subregion .
3/ Presently available.

• 4/ Fifty presently ava i lable .
5/ From Appendix XIII .

MEASURES TO SATISFY

L Immediate Needs

The completion of slack water on the Columbia River in
Subregion 7 to River Mile 340 fulfills the needs of a navi gation
system. Investment in port facilities will he needed throughout
the length of the subregion to serve the growth of industry and - -

shipp ing . Si te  locat ions have been reserved to meet these  fu tu re
needs of i n d us t r i a l  expansion in cooperation w i t h  pub l i c  port
districts. Extent of land site development and w a t e r w ay  approach
channe l improvements needed will depend upon types of industrial
uses. Ihe need also exists for additional terminal fa cilities
for handlin g grain , petroleum , fertilizer , and other agricultural

0
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commodities, Sites needed for development will be in areas serv-
ing agricultural lands with reduced land hau l to waterside
terminals. Investments would be largely by private capital in
cooperation with port districts. Channel deepening in scattered
shoals in the upper reach of John Day poo i is needed in order to
provide full project depth and to allow tows to operate at full
barge loading throughout the year. Modification of the Union
Pa cif ic Ra ilroad br idge over McNary pool at river mile 323 also
is needed .

j Harbors of refuge for recreational boats are needed on
Lake Umati lla , but present financial criteria prevent construction .

Future Needs

Additional port and terminal facilities will be needed to
meet the future levels of waterborne commerce. During the period
1970 to 1980, water shipping will expand to assume its norma l
share of total commerce. Following the initial period , further
expansion is projected at the growth rate for economic activity
in the subregion . The following table lists the locations where
port and termina l facilities will need to be developed or expanded .

Table 39 - Port and Terminal Development , Subregion 7

River Type of
Port Fac i l i t ies  M i l e  Area Need s Terminal Needs

(ac r es

Arl ington 241 6 F e r t i l i z e r  F~ Petroleum

ileppner Junction 252 23 Grain E~ I n du st r i a l

Alderdale 258 40 Grain

P a t t e r s o n  277 57 Grain

Plymouth , Kennewick 288 250 Grain ~ I n d u s t r i a l
Port District

Mooring basins for recreational boats will continue to
need development and expansion and more launch i ng facilities will -

he needed to keep pace with the increasing numbers of boats.
Locations for development are not as clearl y defined as for •

commercial navigation hut moorages generall y will he needed
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adjacent to communities and launching sites at more remote sites .
Small protected anchorage areas will be needed adjacent to over-
night campgrounds . Such areas would also serve as harbors of
refuge.

Summary of Costs

Table 40 shows a schedule of costs to meet the existin g
and future needs of navigation in Subreg ion 7 .

Table 40 - Summary of Costs , Navigat ion Facilities , 1/
Subregion 7

1980 2000 2~~ö
($1 ,000)

First Costs

Channels 4,740 0 0

Bridge Modification 5,670 0 0

Port G Transfer Facilities 8,600 5,300 5,400

Moorages 165 43S 825

Launching Ramps 1, 250 2 ,500 6 , 250

Total First  Cost 20 , 425 8 , 235 12 , 475

Annual  O~M

• Bridges 10 0 0

-
• 

Port f~ Transfer Facilities 860 0 0

Mooring Facilities 33 87 165

l aunching Ramps 25 50 125

Total Annual Costs 928 137 290

1/ Incremental costs in 1968 dollars prior to date shown .
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S U B R E G I O N 8

L O W E R  C O L U M B I A

GENERAL

Subregion 8 comprises 5,103 square miles in southwestern
Washington and northwestern Oregon and includes all of the drain-

• age into Columbia River from the north between Bonneville Dam and
Grays Bay on the estuary , and from the south between ‘~t . Helens
and Clatskanie , Oregon . For this appendix the navigation discus-
sion for Subregion 8 includes the Columbia River , from John Day Da’~
to and including the mouth , and Portland Harbor (figure 6).

Topography

The crest of the Cascade Range , wh ich forms the eastern
boundary of the subreg ion , rises to over 12,000 feet at ‘it . A~~ms ,
but generally ranges from 4,000 to 8,000 feet above sea level.
Elevat ions decrease westward to the Willamette -Puget Sound Trough ,
the major physiographic province , and are generall y helow 1 ,000
feet. The western boundary of the subregion is the low Coast
Range , which rises to about 2,000 feet elevat ion .

Climate

Climatic conditions of the subreg ion are similar to those
of the Pacific Coast , characterized by dry summers , wet winters ,

• and a comparatively narrow range of temperature. Average annual
precipitation ranges from 40 inches in the lower elevations to

- 

- 
over 100 inches in the hi gher mountain areas . About 75 percent
of the annual precip itation occurs in the period October tnrough
March . In the lower elevations , snowfall is lig ht , rarely exceed-
ing 10 to 15 inches , and seldom remains for more than a few days :
in the higher mountains , snow can be expected in October and to
remain on the ground from mid-Nov ember until June or July . -\t
elevations above 5,000 feet , the snowfall ranges from 300 to 500
inches. hinter mean temperatures range from about 30 to 40 degrees
in the lower valleys , and 20 to 30 degrees in the mountains.
Temperatures of zero and below occur occasionall y hut are usuall y
of short duration . Summer average temperatures range from about
75 degrees in the afternoon to nig httime lows of approximatel y 50
degrees at lower elevations.
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Streams

The Columbia River flows west-northwest about 215 miles
from John Day Dam to the Pacific Ocean . From John Day Dam to
Bonneville Dam it is in Subregion 7 but is considered herein for
navigation purposes . From Bonneville Dam (mile 145) to the mouth
of the Willainette River (mile 101) and from the mouth of the
Clatskanie River (mile 50) to the mouth of Grays River (mile 22)
it forms the southern boundary of the subregion . Between the
Willamette and the Clatskanie Rivers , the Columbia flows through
the southern part of the subregion . In pass ing through The Dal l es
and Bonneville Dams on this reach, the river falls about 150 feet;
pertinent data on the dams are shown in table 41. —

Table 41 - Dams on Columbia River in Subregion 8

River Surface Owner or
Darn Reservoir Mile Area Hei ght Agency

(Ac res) (W S to W S)

Bonnev ill e Lak e 145. 5 20,400 59 Corps of
Bonneville Engineers

The Da lles  Lake Cel i lo 191 .5 11 ,650 88 Corps of
Eng ineers

Principal tributaries in this subregion are the Cowlitz ,
Lewis , Washougal , and Kalarna Rivers in Washington , and the
Clatskanie in Oregon . Table 42 lists pertinent data on Columbia
River and streams . For additional information on streams and
streamfiow charac teristi cs , see Appendix V , Water Resources.

• Navigable waterways include the entire reach of the
Columb ia River, the lower reaches of the Lewis and Cowlitz Rivers ,
numerous sloughs and side channels along the Columbia River , and
the mouths of many minor tributaries within the backwater effects
of the Columbia.

.
‘
~~
.,
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Table 42 -Streamfiow Summary for Se1e~. tcd Sites ,
Subregion 8

Total Enter s at Gag ing Station Momentary f l o w
Drainage Ccl, River Drainage Annual ~~~~ of~ 1/ cfs 2/

St ream Area , sq mS Mile Location Area , sq n i Mean M an .  • A~~x.  
~~

Washougal 211 121 Washoogal 108 — — — 11 ,700 41

Lake 115 88 Nose — — — — - —

Lewis 1.046 87 An al 731 4,752 7,069 3,090 129,000 1
• Heisson 125 741 1 ,065 462 15 ,600 29

(alamo 205 73 Kalama 201 — — — 16 ,000 155

Cowl itz 2.480 68 Castle Rock 2,238 8,932 2 ,~~84 5 , 7 7 6  134 ,085 998

Cla t sk an le 9~ - 50 53 - — — 2,000 3

- 

- 

I Elochoman 73 36 Cathlanet 66 368 516 219 8.530 18

Gra8s 124 21 56 - - - 10,700 23

Columbia 259 .008 — Mouth — 235 ,123 329 ,700 170,200

1/ From \r-~-er djx V .
/ )h~ orve,I values t-- r  period of record.

Tides

Ocean tides are noticeable throughout the lower Columbia
River .  At Astoria , about r iver mi le  14, tides have been as hi gh
as +12 feet MLLW 1/ and as low as -3 feet M LL W . Th e mean hi g h is

• + 7. 2 feet and the mean low is +1. 10 feet . The tidal effect at
• low river flows is about 2.5  feet at Vancouver , about 106 miles

upstream , and about 0 .3  feet at Bonneville Dam , 145 miles up-
stream from the mouth.

Economic Development

• 

- 

Subreg ion 8 includes the counties of Clark , Cowlit: , Lewis ,
Skanania , and Wahkiaku m in W ashington and Columbia  County  in
Oregon . 2/ The populat ion was 240 , 100 in 1965 , an increase of

!/ See glossa ry.
2/ Al thoug h Port l and Harbor is included in Subregion 8 for

purposes of the n a v i g a t i o n  appendix , the economic develo pment
of the area is inc luded in Subregion 9.
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12.2 percent since 1950. Principal cities are Vancouver and
Longview . The 1960 national census recorded 32,464 residents in
Vancouver and 23,349 in Longview . Three other cities had popula-
tions in excess of 2,000 at that time .

Land use is classified by area as 83.7 percent forest land
6.1 percent crop land , 2.1 percent rangeland , and 8.1 percent other
(i.e. urban and barren areas , roads , and miscellaneous occupancy).
Nearly 2.5 million acres are classed as commercial forest lands.
The major species is Doug las fir; other significant species are
red alder , hemlock , and the true firs . Sixty percent of the com-
mercial forest area is in the sawtimber class. Only 65,000 acres
of the commercial forest land are in the reserved category; the
remainder supports over 96.5 billion board-feet of timber , supp ly-
ing raw material for a forest products industry which accounts for
two-thirds of the manufacturing employment in the subreg ion . In
1964 over 11 per cent of the total timber harvest of the Columbia -
North P ac i f i c  Region was taken from Subregion 8. Tn add i t i on  to
the  t imbe r harvest , the forest lands also supp ort h u n t i n g ,  f i s h i n g ,
and ot h er rec reat iona l a c t i v i t i es an d are the  sou rce of domestic
water  f or 68 percent of the urban popula t ion .

Nearly 95 percent of the 201 , 100 acres c l a s s i f i e d  as crop-
land is devoted to forage crops , with row crops , specialty crops ,
orchards and vineyards , and field crops comprising the balance.
Less than 10 percent of the cropland is irri gated ; however , grow-
ing demand for the hi gher value specialty crops will probabl y
increase the amount of irri gated farmland.

Some deposits of copper-gold-silver wi t h minor amounts of
associated lead , zinc , and vanadium are located in the subregion
but there are no known 1ar-~e ore bodies. o - n ~er cia l1v economic
deposits of sand and gravel occur in a w ide belt along t}-.e lower
Col umbia R ive r  and in the lower part of the Lewis R i v e r  Bas in  in
Co wl i t z  Coun ty .  Fer ruginou s  b a u x i t e  d ep o s i t s  cover a laree area
in Columbia  Coun ty ,  Oregon ; however , no c o m m e r c i a l p r o d u c t i o n  has

- 
- been made . M e r c u r y  has been the  most impor tan t  m et a llic mineral

-

~ - 
produced in the past . Whi le t h e r e  is  no pr esen t p r o d u c t i o n , some
p o t e n t i a l  e x i s t s .

Employment in 1960 t o t a l ed  7~~, 736 , of w h i c h n ea r ly one-
four th  were engaged in l umber and wood p r o d u c t s  and t h e  pul p and
paper industry . About 5~ percent of the employment is in t h e  non-
commodity c l a s s i f i c a t i o n .

1 (1
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Basic Transportation Network

Rai iroads

Three m a i o r  r a i l r o a d s - - B u r l i n g t o n  Nor the rn , In c . ,
Chicago , ‘di lwau k ie , S t .  Pau l , ~ F a c i f i c ;  and Union Pac ific--
serve the area. The Bur l ington N or thern  is g e n e r a l l y  or ien ted
in an eas t -west  d i r ec t ion  and connects west coast port areas
w i t h  eastern po in t s .  The Union P a c i f i c ;  Ch i cago , Milwaukie ,
St.  Pa ul , and Pacific; and connection lines of the Burlington -
Northern run in a north-south direction paral lel to Interstate 5,

• L linking all hig hl y populated areas from Portland-Vancouver to
the Puget Sound area. Branch lines connect coastal areas to the
principal north-south lines .

~~ghway s

The major north-south hi ghway , Interstate 5, goes through
the most hig hly populated areas; I S’•)N (I.i . S. 30) p ; i r i l l e l s  the
Columbia River on the south , and U. S. 12 extends east-west
through the upper Cowlit: Basin. A network of State and county
highways serves all of the communities in the subreg ion .

Airlines

Nine major airlines have terminals at Portland in
Subregion 9, but no regularl y scheduled airline service is
available in Subregion 8.

Pipelines

- 
. 

- The Portland area serves as a storage and d i s t r i b u t i o n
center for supp lying southwestern Washington and north-central
and northwestern Oregon with petro l eum products. The Ol ymp ic
Pipe l ine  C ompany operates a 14-inch p i p e l i n e  ori g i n a t i n g  at
r e f ine r i e s  in the Puget Sound area and t e r m i n a t i n g  at tank farms
in nor thwes t  Port land . The El P aso Nat ur al Gas Com p any h as a
main line wh ich comes down the Washington side of the C o lumbia
River , with a 20-inch lateral crossing the Columbia River near
Cainas and an 18-inch latera l cross ing  no r thwes t  of Po r t l and .

:‘
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EXISTING NAV IGATION

Navi gation Improvements

Channels and Locks

The entrance channel  at the mouth of the Columbia River is
maintained to a depth of 48 feet below mean lower low water over
a widt h of a ha l f  m i l e .  I t  extends  a t o t a l  d is tance  of about 5
miles  from deep water  in the ocean throug h an outer  bar seaward
of the ends of the j e t t i e s  and an inner  bar between the j e t t i e s
t o deep wa te r  inside the en t rance .  An au thor ized  40-foot  deep
b y 600-f oot wide channel , under cons t ruc t ion , p rov ides  fo r deep-
draft navi gation from the mouth to \-‘ancouver and Portland. A
cha nnel 27 feet deep and 300 feet  wide  is au tho r i zed  from

• Vancouver to The Da l l e s .  This  channel  is p resen t l y m a i n t a i n ed t o
a 15-foot depth to Bonneville Dam . A si n g l e l i f t  nav iga t i on  lock
76 feet wide and 500 feet long provides passage past Bonneville
Dam. Depth of water over the lower lock sill is 24.2 feet . Thi s
is based on an adopted low water elevation below the dam of p lus
8.2 feet MSL (known as the “Columbia River Datum”) and a sill
elevat ion of minus 16.0 feet \ISL. A sing le lift lock at  The D a l l e s
Dan , 86 feet wide and 6 15  feet long , extends the  navi gable  water-
way into Lake Cel i l o .  Min imum depth over the lower sill is 15
fee t .  A na vi gat ion channel  250 feet  wide  and 14 feet deep extends
upstream to and beyond John Day Dam .

At one t ime  a navigat ion channel  in t he  Cow l i t :  River
ex t ended to Toledo , river mile 35.5 .  h owever , in r ecen t years ,
it has no t been ma in ta i n ed above Ke l so , m i le  5.5 and the c o n t r o l l i n g
depth is less than 1 foot at low wate r ,  The c o n t r o l l i n g  depth he-

• . low Kelso is 9 fee t .  The Lewis River  is navi gable to  Wood l and , at
about r iver  m i l e  7 , and the  East Fork of the Lewis River is nav i-
gable to La Center , about 6 miles from the Columbia R i v e r .
Elochoman Sloug h , at the mouth of the Elochoman River , is navigable
to about r iver  mi le  1.5. A 6-foot deep 1w 40-foot w ide  n avi g a t i o n
channel extends from the Columbia R ive r  to the town of Clatskanie ,
Oregon , at about river mi le  4 on the C la t s k a n i e  R ive r .

The t r ibu ta ry  streams above Bonneville Dam are not con-
sidered navigable as the only reaches w i t h  s u f f i c i e n t  depths are
in the reservoir areas of Lakes Bonneville and Celilo.

Nav igation Aids

The Coast Guard maintains channel markers and other nav i-
gation aids for the main and side channels on the Columbia River
to provide adequate aid to ocean vessels and smaller craft . Nav i-
gat ion ~sids are provided , where necessary , for navigable streams
and sloug hs tributary to the Columbia River.
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Bridges

Bridges in Subregion 8, with pertinent data on clearance
that would affect navigation , are listed in table 43.

a Table  4 )  - Brid ges ‘<er Navigable Waterwa y s , Subr eg ion 8

River i o n  - - ‘ e r t  . a l  opor:
Stream Locat ion 7 < o s t a L

13 .1  - i - i o m l i , i R i u u ’ r :  A s t o r i a . U r e g .  H i g h aa >- -f ise d
- 

- Sta in oh i v r r o  1 1 , 0’ :r
Side  Ol :oOr I r y  1 20 : 1

66.0  Colua8 ,ia R ive r  Lon gv i en , W . i r i .  l U g h a a o - t i x r d  l Oin lbS
• l 0 5 . b  Col umb ia  R i v e t  Van couv er , h a s l .  o i . l r a a d - s .  ri g 200 UNI

106 . 1  Co lum bia R i v e r  h o n c o u v e r . W a s h .  H i g l i n a y - v e r t i . a l  l i f t  2 53 153 (open )
• 

- 
72 parallel i r i d g e a l

40 .3 Columbia Su er oo~~o . u J r  Loaks . Oreg. l l : g h a o .  - l i v i d  254 :21
169 .5 olo m l:u . i River Hood ku v er . ri-f ::g hu .u. out - cal lift 2lr- 134
191. 4 - - , l u o n n l - i . i  River hi ya l los - Oreg. : - i g hr .uS - l : . rod  23i1
200.2 j l o m i i  i.i R i v e r  t i - b r i m . W i s h <[i i r i d  i O n t 1 s  al lift 3 : lo  — s

2 08 .1  sL o s h  u s  River ‘tarvhi Il , 5 .  - ‘ • l i i  g hu .iu - S snd 3:1:, ~3
- S or. l : t l  R i v e r  Lvngv ice , Wash. kai lra. iJ -l u nosu l e 136 052

l . R s r . l u t s  h i s - e r  Longriien. , Wash.  l i g ’ .a:u . r sod 25: , 41
5 .5 l u s l u t :  O ; lv r - o l s o . Wa s h .  r l i g h u u r . o e r t : : . i L l i f t  I I ’’’ 4

5 .6 Co w l i t i  River b v l : o .  W ash.  S : 0 hu . u s - f i ned l ii  30
7 .1 -a l i t :  R i v e r  kelso , lash. ii ,r .:.ud-f: v -d 2 lii
5.9 W i ll ao ret te River St. Johns IPo r tl -uvd i h g ’ ‘- : - .- - . s : . i : ’  1 . 068 l~~~
6.9 W i Ilamett e River St. Johns ra n t jo ..l Sri  r -a  mg 230

11 .1 6 : 1 iou Tie River Frorao nt St - I I  I - m u g heoo - :,vJ (SC ) 1 .222
11 . 7 Wi l l u m e t t v  R i v e r  Or . ,  :31. 11 St - l i i- l i i i  lli g hi.:. -“ .i s i ol v 251
.2 . I s i l l  inn River ri l i v a v  St - lP ort lavd r Rh I. h a y—vertical l i l t  200 13 1

12. 4 ~. u :  I I  n i l  I , ’ R i ver Rurn su d e St. srI 1 cr3 llrg h eav -hascr u le 244 h’.h

12 .8 Wi l l . : m , - t t r  R i v e r  ‘ l c - r r r — O s ~~~t i o r t , u r . • i , . : . h I - a r s - l .u, i u l r  1 < -  151
13 .1 6 , -. R u . o r  -- ia  r h . -r , o  - I - - v t 1 . 5 1 00:  - - ill - - - I I  290 129
3.3 W r l l i s i -n I cr ‘1: r.,o.ir. . rt l.u,:-1 -2 - 6) ::: , i .  350 0~

1 1  I i  W i  I l o n n v t  i v  k i v v r  Ou t s I s  , . u r  .1 - y 1 r I  1 rid .1: , li v e d i39 il

Port and Terminal Facilities

Dee p-d ra f t  port and t e r m i n a l  f a c i l i t i e s  are loca t ed  at
Port l and , St.  Helens , and As to r i a  in  Oregon and Vancouver , Kalama ,
and Longview in W ashington . Several o ther  piers , each s e r v i n g

$ a s ing le  indus t ry , are located ad j acen t  to deep water  at at 1 - er
poin ts  along the r ive r .  Abou t 50 d e e p - d r a f t  vesse ls  could he
b erthed at one t ime . The t o t a l  length of her th i n c~ space w i t h

• depths of 30 feet or greater is about 40,000 feet . ‘host of the
berths have 35 to 40 feet  of depth . O f t h e s e  f a c i l i t i e s , lfl are
adapted to handle primari l y g r a i n  cargoes , 12 pr ima r i l y  pet ro leum ,
11 primarily ores and other dry h u l k , and 1’ gene ra l  cargo.  Some :
are capable of handling two or more types of cargo.

The Port of Portland owns and leases to private operators
a ship repair  f a c i l i t y  i n c l u d i n g  three  f l o a t i n g  d rvdo cks , one of
wh ich :an l i f t  vessels up to the SO ,000 dwt c l a s s .
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Docks for loading and unloading  barges are located at t he
above deep-draft ports and at many other locations along the river.
One par t icular  barge terminal is worth y of n ote . I t  has been
described (7) as having the largest single-level terminal ware-
house in the ~atiun and as being a unique , ultra-modern cargo
handling system . It handles much of the output of three large
paper plants with a combined annual output of nearly 900,000
tons of paper products. Over 1,400 stock items and several
thousand spec ia l ty  items are handled  at the  t e r m i n a l .  At peak
inventories over 40,000 tons of cargo are stored , From the
terminal , a complete range of paper products can he shi pped on the
day ordered . Seven barges can he unloaded simultaneously and as
many as 56 r a i l  cars  and 70 t rucks can be spot ted for s i m u l t a n e o u s
l~ ah ing.

i l l
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Additional information on port and terminal facilities
can be found in House Document 452, 87th Congress (11), Appendix I ,
Navigation of the Willamette Basin Comprehensive Study (6), and
in Port Series Numbers 33 and 34 published b y the Corps of E n g ineers ,
U .S. Army . (23 and 21)

Commercial T ra f f i c

Commerce

Waterborne commerce on the lower Columbia River is increas-
ing steadily as shown in table 44 and now totals nearly 30 million
tons per year. From 1960 to 1968, total waterborne commerce in-
creased from 21.9 to 28.2 million tons per year . Near ly all of
the increase was in foreign commerce , which increased from 5.9
to 11. 4 million tons. Export of agricultural products , princi pall y
wheat and other small grains , and import of primary metals ,
largely alumina , gained considerabiri . Domestic commerce remaint ud
about constant with increases in internal balancing decrea~-es in
coastwise. Internal movements of sand and gravel are increasing 
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rapidly and more modest increases are occurring in local movement s
of paper products and receipts of grain from upriver ports. Move-
ments of rafted logs are declining . The biggest decrease in
coastwise tonnage has been in the receipt of petroleum products ,
which decreased from an average of 6.5 million tons from 1955
through 1966 to about 4 million in 1968 when the pipeline from
Puget Sound refineries to Portland was completed .

In terms of total ocean tonnage handled , the major ports
in Subregion 8 rank in the following order; Portland , Longview ,
As toria , Vancouver , and Kalama. Portland handles about 56 percent
of the ocean commerce and the three Washington ports , Longview ,
Vancouver , and Kalama, about 32 percent .

Table 44 - Wa terborne Commerce , Subregion 8

Domestic Domestic
Year Foreign Coastwise Internal Total

(1,000 short tons)

1960 5,860 6,627 9,379 21 ,866

1962 5,645 6,744 9,869 22 ,258

1964 7,667 7,043 11 ,563 26,273

1966 9,579 5,917 10,573 26,069

1968 11 ,375 5,405 11 ,454 28,234

The movements of principal commodity groups are shown in
table 45. Petroleum and petroleum products are shi pped from
Puget Sound and California refineries and comprise largely fuels
for transportation and industry . Primary metals forei gn traffic
inc ludes imports of iron and steel products , export of scrap ,
and import of various ferrous ores . Alumina is the princi pal
domestic coastwise receipt. Nonmetallic minerals moved include
local sh ipments of sand and gravel , imports of limerock , and
domestic coastwise receipts of building cement . Forest products
in table 5 include export of logs , wood chips , paper products ,
and miscellaneous other products and internal movements of log
rafts. Export of wheat is the princi pal movement of agricultural
products. Fresh frozen tuna fish is imported for processing at
As toria , other fish products include dungeness crab , shrimp ,
bottom f ish largel y fed to mink raised for fur or prepared as pet
food , and salmonid fish.
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‘[able 45 - Waterborne Movements of Principal
Commodity Groups , 1968, Subregion 8

Domestic
Commodi ty Group Fore ign Coastwise Internal

(1,000 short tons)

Pet ro leum Crude F~ Products 50 4 , 054 869

Primary Metals ~ Ores 699 288

Nonmetallic Minerals 601 155 3,455

Forest Products 3,890 366 4,619

Agricultural Products 5,054 51 S92

Miscellaneous ~ Prepared Products 1 ,070 490 1 ,580

Fresh Fish ~ Shellfish 11 0 32

Totals 11 ,375 5,405 11 ,454

The fish taken in the Columbia River comprise salmonid
species such as steelhead trout , and chinook , coho , and sockeye
salmon . Also caught are smelt , shad and sturgeon . In good years
the catch runs about 8 million pounds with a value of about $3
million . Commercial fishing in the Columbia River has been
declining for some time and its future existence will depend upon
continuance of the salmonid fish runs and controls of fishing
ac t iv i t i e s .

Vessel Traff ic

Commercial navigat ion in Subregion 8 ranges from lografts
on the Columbia River and side channels to large oceangoing
cargo vessels. Liberty , Victory , C-2 , C-3 , C-4 , and C-S
cargo vessels , T-2 tankers , and foreign equivalents are the
principal types of deep-draft vessels presently serving the sub-
region . Drafts of these vessels vary from about 26 to 38 feet .
Bulk carriers and tankers in the 22,000 and 33 ,000 deadweight -ton
class call for export shipments of wheat and other small grain.

About 60 separate companies or operators of t r a n sp o r t a t i o n  1,,, •

lines operate about 200 tugs and 300 barges on the Columbia River.
Of this group , 34 operators move on the hitillamette River also and -
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a few engage in ocean hauling. Tugs and towboats range from 200-
to 3,600-horsepower with 4- to 18-foot drafts and from 35- to
150-foot lengths. Barge dimensions vary from about 110 to 500
feet in length and 33 feet to about 65 feet in width. Capacity
of the smaller barges is about 250 tons , while the larger ones
range up to 15,000 tons . Drafts of the barges range from 6 to 18
feet .

In 1967, the five major ports of the subregion (Portland ,
Astoria , Vancouver , Longview , and Kalama) accommodated 38,000
vessel-trips inbound and an equal number outbound . Towboats and
tugboats comprised 24 ,000 of the trips and 11 ,000 were by non-
self-propelled craft .

About 800 licensed gill net fishermen drift fish from
small boats in the lower Columbia River.

Nav igational Problems

Deep-Draft Vessels

Th e primary difficulty attending navigation in the Columbia
River by deep-draft , ocean vessels is the relativel y restrictive
channel dimensions. During periods of poor visibility, ships may
try to proceed at reduced speed , but have some loss of steerage ,
the danger of collision with another ship, or the possibility of
going aground outside the channel. If a ship anchors to await
better conditions , it may swing on the anchor chain with chang ing
tides and face similar risks. During periods of high water , ships
must operate at limited speeds to lessen the danger of hank erosion
caused by wave wash. Also , delays occur at the entrance to the
Columbia River which are primarily caused by poor visibility or
by heavy seas outside the entrance wh ich prevent the transfer of
bar pilots.

Bonneville Lock

Because of the size of Bonneville Lock , 76 feet wide by 500
feet long, barge tows that make full use of the upstream locks
must be disassembled . All of the locks upstream from Bonneville
can accommodate tows 650 feet long by 84 feet wide.

High current velocities for about I mile downstream of the
lock and often adverse wind conditions in the Columbia River
Gorge make entrance to the lock from downstream difficult. The
entrance angle above the lock also detracts from efficiency of the
locking operations .
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Fluctuations in flows actuated by rap id changes in power
generating needs at Bonneville produce adverse current conditions
which make entrance to the lock difficult. These fluctuations
are most pronounced during periods of low river flow when the
peak river traffic occurs .

Conflicts between Deep-Draft and Shallow-Draft Vessels

Various techni ques have been emp loyed to minimize dredging
costs and maintain project depths in the nav i gat ion channel. One
of the most successful has been use of permeable pi le-dike stru u .~~ u r L s
as constrictions across the shallower portions of the river to
obtain hi gher velocities in the main channel. Shallow draft ves-
sels , particularl y tugs with log rafts moving upstream , prefer
the shallow portions of the river where velocities are los er.
thus the maintenance of the deep-draft navi gation channel imposes
hardsh ip on the other traffic. The areas constricted by p ile-
dike structures have been used also by commercial gill net fisher-
men. Another problem develops during the peak of the fall salmon
runs when th.ousands of recreational fishing boats operate in the
estuary and interfere with the passage of ocean vessels.

116 

~~~~~~~~~~ , 8 m r i,. 
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- --~~~
-
~~~

- - —-~~~-— — -- , -
~~~~- -- ‘ 1 . .----—_ -- -— —~~~ -~~~~~.- - ‘ I-

Recreational Boating

Boating has become a prime recreational activity on the
Columbia River , with use also being made of tributary streams ,
lakes , and reservoirs . Oregon State boat registrat ion data for
1966 indicates about 1,000 boats in the Oregon portion of the sub-
region . Coast Guard registrations for the State of Washington
show about 6,000 boats in the Washington portion , for a total of
7,000 registered boats. Neighboring counties in other subreg ions
indicate a 1966 boat registration of about 23,000 of which about
70 percent are considered to use the navigable waters of this sub-
region . The 1966 report by the Oregon State Marine Board noted an
average annual boat usage of about 48 days . On that basis , the
the annual boat-day use of the navigable waters would be about
1 ,100,000. There are 106 boating facilities in the subregion
each with ramps and service locations. Ramps have at least one
lane each . Service locations include gas , repairs , marine supplies
and foods, al though each location does not necessarily supp ly all
the services listed . The existing moorage facilities have a
capac ity for approximately 6,000 boats.

About 95 percent of the boats used for recreation on the
Columbia River and its tributaries are outboards 21 feet or less
in length . About 75 percent of the boats greater than 21 feet in
length contain inboard power and are moored or stored at the
launching sites . The primary activities of the small-boat owners
are fishing and water skiing, with cruising and sightseeing the
main activity of the larger boat owners .

The most needed types of improved boating facilities ,
indicated by the owners of the smaller craft , are more and improved
launching ramps , camping areas near moorages , more and improved
piers and docks , and breakwaters to shelter mooring areas . Facili-
ties at the mouth of the Columbia River are presently overcrowded .

Maintenance

Annual maintenance dredging of the 40-foot channel from
Port land-Vancouver to the mouth involves the removal of about 10
million cubic yards of sediment at a cost of over $2,500,000.
In addit ion , the annual maintenance Cost of the pile-dike structures
used to stabilize the channel is about $50,000. Minor maintenance
dredging of the shallow-draft channel between Vancouver and
Bonneville Dam is required. Adequat e depths in the entrance are
maintained throughout the year by dredging. In the 5-year period
from July 1965 through June 1969 , maintenance Costs averaged
$622,377 annually.
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PROJE CTED CONDITION S AND NEED S

Economic Outlook

Population Employment and Income

The population of Subregion 8 is projected to total
277,906; 349,369; and 441,325 for the years 1980, 2000, and 2020,
respectively. The projected rate of population growth is less
than that of the region . Employment in the basic industries ,
agriculture , food processing and forest products processing is
projected to decline . Emp loyment in other industries and total
personal income are projected to increase at the regional rate.
‘Fable 46 summarizes the population and emp loyment projections .
More detailed figures are given in Appendix VI , Economic Base
and Projections .

Table 4o - Populatio n Income and Emp loyment F’roject ions , Subregion 8

item 1360 1980 200(1 202 ))

T o t a l  P o p u l a t i o n  2 2 4 , 500 277 , 900 3.1 0 , 4 ( 1 0  441 , 3)11)

Total Personal Income 502 1 , 115 2 ,437 5,125
)Sl million )

Per Cap ita Income 2 , 165 4 , 1) 12 7 , 1122 12 , 2 87

Total Emp loyment 77,736 108,295 l39 ,02~ 173 , 44 1)

Agriculture , Forestry ,
6 Fishing 5 , 101: 4,383 3,410 2 ,oOO

Agriculture 4,880 3 , e I ) ( (  3,300

Mining 75 230 230 2 2 0

Total Manufacturing 28,111 37 ,811 43 ,020 54 ,ln3 4

Food 6 Kindred Products 2 , 2 ) r - )  2 ,110 2 ,082 2 ,003

Fores t Products 19,207 17 ,781 lo ,390 13 ,560

Non-Commodit y 13 ,898 65 ,849 89,760 117 ,966

Source: Appen dix VI Econo m ic Base and O ro )uct inn o
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Projections of Bulk Commodities

Major bulk commodities that might be expected to move over
the navigable waterways are shown in Table 47. Commodities such
as agricultural and forest products are produced locall y and the
quantities shown are the entire subregion production that would
be shipped to outside markets by all modes of transportation .
Other commodities such as petroleum products and fertilizer would
be shipped in to serve local needs .

Agricultural Commodities

Production and use of agricultural commodities is expected
to increase. More extensive use of irrigation and intensity of
management are expected to increase productivity. Estimates shown
in table 47 show an increase from 180,000 tons annuall y to 390,000
tons annually. Food processing is projected to increase at a
comparable rate.

Forest Products

— 
‘ Forest products and forest products manufacturing (including

pu lp and paper production) are expected to continue to he the sub-
region ’s predominant industry . Forest products are projected to
total 20.8 million tons annually by 2020. The projected growth
rate of this industry shows a noticeable decline during the last
20 years of the projection period .

Minerals and Metals

The minerals and metals projections of table 47 include raw
materials and output of the metal industries presently operating
in the subregion ; the expected demand for sand , gravel , and
cement; and the output of scrap . No estimate is made of pot ential
production of local minerals which are not presently mined.

Petroleum Products

The petroleum products demand of the subregion is projected
to increase from the present 480,000 tons annuall y to 735,000 tons
in 2020. Fuel needs for heating and transportation generate most
of the petroleum products demand.
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Table 47 - Projections of Major Bulk Commodities Produced
or Consumed , Subregion 8

Year
Item Base 1/ 1980 2000 2020

(1 ,000 short tons)

Agricultural Commodities 180 260 310 390
Food Manufactures 200 310 430 590
Forest Products 13 ,575 15 ,975 20,240 20 ,850
Primary Metals 185 570 1 ,750 5,380
Minerals 2 ,205 3,320 6,100 13 ,790
Steel Scrap 15 15 20 25
Petroleum Products 1/ 450 630 1 ,000 1 ,600
Fertilizer 5 10 15 20

1/ 1964 , except primary metals 1969 , and steel scrap and petroleum
products 1960.

The Role of Transportation

Transportation plays a key role in this subreg ion ’s
economy . With its excellent ports accessible both to the Pacific
Ocean and the Columbia River waterway and the excellent rail and
hi gh~ av networks connecting to them , this subregion p lays an
important role in the collection and distribution of commodities
both foreign and domestic , not only for itself hut other sub-
regions as well. Rail , water , hi ghway , airway, and pi peline
facilities must continue to expand and improve to meet the needs
of a considerable and continuing expansion of both domestic and
foreign commerce. The agricultural , mining, forestry , and
fishing industries of the subreg ion and bordering subreg ions
are largel y oriented to the location of natural resource inputs
and are dependent upon transportat i on to deliver their products ,
often over great distances , to domestic and forei gn r arbets.

All forms of transportation have a role to play . In order
for the inland waterways to perform their function of moving hull. L
commodities , both dry and liquid , land transportation , rail ,
hig hway , and p ip e l i n e , mus t he l i nked  to i t i n  an effectiv e and
e f f i c i e n t  manner .  The commerc al  c a p a c i t y  of these  \- . , 1 t e T l ’a Vs  is
expanding rapidly in response to need and opportunit y . The
amount of growth in cargo tonnage moved over the satl r sa v - in  -~~

the future depends to a large extent on how w ell t he i n l and water-
way haulers and ~h~cp-draft shippers meet t0 c demand for more
e~ ficient and economical means of transshi pment.

Use of containerization in inland m~-aterhorne and mar iti n i e
commerce is increasing. This multi -ton nac h ag ing i n n o v a t i o n
may g r ea t  lv  i n c r e a - ~e g en e r a l  ca rgo  iio ~ 1-n -nt on inland wa ) av’~
the new con tainers c a r ry  about 30 t nii~- • are loaded by
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or carriers , and result in reduction of handling of commodities
in transit since a large package can be handled as a single unit.
The new ships serving the subregion ’s ports will be equipped to
handle containers , barges carrying containers , and hulk loaded
barges in any reasonable mixture or in shipload lots. Cap italiza-
tion on the potentials of t h i s  container  technique  will bring
about enormous change in existing patterns of transportation
methods .

Prospect ive Waterhorne Commerce

Projections of future waterhorne commerce are shown in
tables 48 and 49. For purposes of analysis , deep-draft (seagoing)
and shallow-draft commerce are considered separatel y.

Deep Draft

The projections of deep-draft waterborne commerce , which
include foreign and domestic coastwise as shown in table 48,
are based on the most recent navigation study of the lower
Columbia and IVillaniette Rivers (11). That study included an
in-depth analysis of the industries using and producing commod i-
ties moved by water , projections of markets and sources of supply
for these industries , and past trends in tcaterborne commerce of

Table 48 - Projected Waterborne Commerce (Seagoing), Subreg ion 8

Year
Commodity Group Base 1/ 1980 2000 202 0

~1 ,000 chor t tons)

Agricultural Products 4,700 6,400 8,400 9,000

~~ Petroleum and Products 5,400 10 ,000 13 ,000 13 ,600

4 
- 

Forest Products 2,400 2,900 3,500 4,700

Primary Metals 1 ,000 5,200 14 ,400 23 ,800

Nonmetallic ~tinerals 800 1 ,400 2 ,oO0 3, fl0

~!isccllaneous Commodities 
- 

400 800 l ,T00 2 ,”OO

Total 14 ,700 29,400 43,600 5 ,500

1/ Average 1964, 1965 , 1966.
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the region . I’he volume of deep-draft commerce as projected by
that study for 1965 compares reasonab ly well with the actual
commerce for the 3 years 1964, 1965, and 1966. This  3-year
average is the base shown on table 48.

Commodity groups comprise the follo’ing:
A gricultural products: Coffee , sugar , inedible molasses , grain
and grain preparat ions , anima l products , foodstuffs , seeds and
drugs , fertilizers .

Petroleum : Petroleum products and crude.

Forest products: Wood products , paper and paper products , nan :-r
and paper pulp.

Primary metals: Metals , alloys , ores , concentrates , and scrap .

Nonmetallic minerals: Salt , sand and gravel , limero ck , coa l ,
coke , and li gnite; and nonmetallic minerals n .e.c . 1/

Miscellaneous commodities : Machiner y , vehicles , chem i cals ,
textiles , and fibers; commodities n .e.c.

Shallow-Draft Commerce

The projections of shallow-draft commerce assume that the
Snake River improvement to Lewiston , Idaho , will he comp leted as
scheduled , and that the upper Columbia River improvement to
Wenatchee will he substantiall y comp leted by 1985. They include
traffic to and from Subregions 2 , 6, 7, and 9, and internal
movements of Subregion 8. Movements of rafted logs are not
included but are expected to average between 4 million and 5 mil-
lion tons annually .

Some commodities are moved by both river and deep-draft
carriers between their points of origin and  dest in ati on and

p 
- appear as tonnages in both tables. For examp le , between 15 and

20 percent of the export grain is delivered to deep-draft loading
facilities in barges from upriver ports and essentiall y a l l  of the
petroleum products shipped upriver arrive at Portland in deep-.
draft tankers.

1/ n.e.c. - not elsewhere classified.
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Table 49 - Projected Waterborne Commerce (Shallow-draft/inland),
Subreg ion 8

Year
Commodity Group Base 1980 2000 2020

(1,000 -hort tons)

Agriculture 1 ,300 3,600 4,600 5,600

Petroleum 1,000 2,200 2,800 3,600

Forest Products 1,100 1 ,500 1 ,900 2,300

Primary Metals 40 1,200 2 ,000 2,800

Nonmeta l l i c  Minerals  700 2 , 300 2 , 30 0 4 , 300

Miscellaneous Commodities 100 800 1 ,200 1 ,500

Total 4,240 11 ,600 14,800 20,100

Prospec t ive  \ ‘essel  Sizes

A recent study by the American Associat i on of Port
Authorities (1) predic ts use of tankers and hulk carriers of 5°
to 150,000 d .w .t., with drafts of 43 to 55 feet , in the United
States trade by the year 2000. In specialized cases , coal and
other ore vessels of 100 ,000 d.w. t. and over may serve selected
ports; the largest of these vessels will have drafts of about 53
feet . General cargo vessels and container shi ps are expected to
range in size from 950 to 1,000 feet in length , and have drafts
ranging from 33 to 35 feet. The nav i gation stud y of the lower
Columbia and Willamette Rivers (11) concluded that the future
tankers delivering petroleum products to the )olumhia River would
be in the 26,000 to 33 ,000 deadwei ght ton class hut that tan k1-r~
used for shipping grain would be as large as could be accommodated
on the river. The study further found that ultra large hulk ore
vessels probab ly would not call at the Columbia River ports and
that the size of general cargo vessels would not be as great as
other types of ships . Developments since that stud y was comnicted
do not point to any other conclusions except in the size of
general cargo ships. The containerization techn i que has con-
siderably increased the practical size limitation of general caroo
ships.
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Shallow-draft vessels , primaril y barge tows , are expected
to require channel depths of 14 feet in the main  channe l s .  The
multi ple tow flotillas will range in size up to the maximum
dimensions of the locking structures of the upper river dams .

- Indivli’ual barges are expected to range from 500 to 3,000 tons ,
- and tugs from 1 ,000- to 5,000-horsepower.

Future Outlook of Commercial Fishing

There has been a long-term decline in commercial fishing
activit y in the (olumbia River and the future number of boats
will depend upon the continuation of runs of salmonid fish .

Future Ou t look of Recreational B~~~~n

Future recreational boating was projected by g rowth  f a c t o r s  -

determined on the basis of anticipat ed population and income . The
number of boats was es t i m a t e d  to i n c r e a s e  a t a rate equal to the
population growth plus a factor for increased per-cap ita income . .

-
. 

-
~~~
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Boating activity was projected at a higher rate due to more
leisure time and greater mobility of the public. Above the
estuary , boat usage on the river is primaril y fishing , water
skiing, cruising, and sightseeing. Sports fishing at the mouth
of Columbia River and offshore generates many thousand boat-days
usage annuall y. No si gnificant change in the type of boating
activities is anticipated (table 50).

Table 50 - Recreational Boating Activity Projections 1/, Subregion 8

Yea r
Item Presen t 2/ 1980 2000 202 0

Es t . total number 4/ 15 ,700 29,700 57,400 106,200
of boa ts —

Est. number of 23,000 35,300 62,500 110 ,700
boats on contiguous
waterway

Annual boat-day use 1,104,000 1 ,906,200 3,906,300 7,948,800

Moorage capacity 6,000 3/ 6,000 3/ 9,400 16 ,600
needs

Boat launching lane 212 3/ 375 660 1 ,180
needs

!/ (n contiguous waterways used for commodity navi gation .
2/ 1~ 66, except 1970 for total boats in subregion .
3/ Presently available.
4/ From Appendix X III.

• 
- Based on the projections shown in table 50 above , the present

moorage capaci ty would be adequate until about 1982. However , a
survey by the Oregon State Marine Board (4) found that localized

S . shortages exist and that additional moorage spaces are needed in
the Port land metropolitan area and near the mouth of the Columbia
River. The needs near the mouth are for launching and mooring
facilities in clos e proximit Y to the mouth ; spaces are usuall y
available at Astoria. Assuming that one lane of launching ramp
should be provided for each 80 boats , approximatel y 40 additional
lanes are needed to adequatel y serve the existing boats.
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SUMMARY OF N~[DS

• For purposes of analysis and discussion , future navi gation
needs of the subregion are divided into commercial , non-commercial ,
and policy needs. Commercial needs are for channels and locks
of adequate widths and depths and expanded onshore support facili-
t ies , including ship berths , ship repair , adequate warehousing,
storage and trans fer facilities . Non-commercial needs are for
access channels , moorages , marinas , and launching ramps. Both
commercial and non-commercial navi gation need land-use and
waterway-use regulat ions and policies that are fitting for safe ,
efficient use of the river resource.

Commercial Needs

Oceangoing

Berthing areas are generall y adequate in size and number
at present . ‘t he trend in shipbuilding to longer , w ider , deeper
vessels having greater payload capacities w i l l  n e c e s s i t  te enc’th-
ening of p iers  and s l iy s  and deepen ing  of b e r t h i n e  areas . I b e
number of ship berths required is expected to double 1v  ~he end
of the projection period . This number w i l l  he greater if the
projected increase in tonnage is not par tiall y offset by inc r 1- --~1-d
payload per vessel. The land area adiacent to the waterfront
required for storage and transfer facilities is expected to
increase four to six times present r e q u i rem e n t s  although t Fis ne ed
also can he offset by more efficient handling equ i nr- en t .  B u l l
loading equipment , traveling container cranes and other cargo
lifting machines also will require improvement.

- Shallow Draft

Navigation channels and shore support fa cilitie s arc
generall y adequate at present with the exception of Bonnevill e
Lock. The lock will require rep lacement w ith a structure at
least comparable to the locks of the upriver dams.

N o n - C o m m e r c i a l

Recreational boating activit y is projected to increa -~ ~‘v - -

factors of l.~~, 3.5 , and 7.2 for the years 1980 , 2000 , and 202 (1 ,
respectivel y. To support the pro jected boating a c t i v i t y , launch- - - -

ing facility requirements will increase be comparable factors ,
and moorage requirements by factors of 1.5 , 2. 7, an i  4 7 .  Land
requirements arc expected to parallel increases in boat -da y u s e .
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Immediate needs are for more and improved launching ramps and
mooring facilities in heavy use areas.

Policy and Regulation

Conflicts between recreational and other users of the
waterway have increased in recent years and are expected to become
more numerous . Regulations should clear ly state the rights and
responsibilities of all users , and all users must be apprised of
such regulations.

Areas for disposal of dredge-spoil material are becoming
critical in some reaches . If patterns of land use in these areas
continue , dredged material must be hauled to more distant loca-
tions for disposal. This alternative would result in greatl y
increased channel maintenance costs. Policies should be adopted
that would insure availability of future spoil disposal areas as
needed at reasonable cost.

MEASURES TO SATISFY NEE D S

Commercial Navigation

Deep Draft

Port facilities are generally adequate for existing deep
draft navigation but will need to be expanded and improved to
accommodate the additional traffic forecast to use the waterway .
It is expected that port facilities will continue to precede the
actual needs through the competitive efforts of port authorities
and private industry to each improve its own proportion of the
total trade. On that basis , more than $500 million will be

- expended on improvement of port facilities prior to 2020 . For
lack of more definite information , a un iform schedule of expendi-
tures is proposed .

The continuing trend to use of larger vessels will probab ly
mean that a deeper channel will he needed in t he Columbia River
to Portland and Vancouver. Determination of the needed depth is
beyond the scope of this report , hut  it appears reasonable that
a depth of 45 to 50 feet would be desirable. The cost of such a
project would be in the order of $70 million for construction and
$2 million for spoil-disposal lands . Annua l  mainten ance costs
would he increased about 5 percent of the construction costs.
At this time it appears that the additional depth will he needed
shortly after 1980.
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An alternative to providing greater depth in the Columbia
River would be development of loading facilities at the estuary .
This alternative would entai l duplication of facilities existing
at upstream ports and expansion of land transportation facilities.

Shallow Draft

Navigation to Subregions 2, 6, and 7 and to the  reach of
Columbia River above Bonneville Dam considered with this subreg ion
would be facilitiated by replacement of the lock at Bonneville
Dam . The n ew lock shou ld ha ve d ime ns ion s c omme n su ra te  wi th the
locks at the dams farther upstream and both the upstream and
downstream approaches should be improved to enable towboats to
bring in tows that make full use of the lock. The new lock would
cost in the order of $50 million dollars and should he included
in the 1980 action program .

Recreational Boating

Moorage Basins

Facilities to meet the immediate needs for recreation al
boat moorages are being planned. The Port of Portland proposes
to build a moorage basin with a total capacity of approxi m atel y
3,600 boats as part of its airport expansion progran . It is
planned that half of the moorage spaces would accommodate ~oat~
larger than  25 feet in l e n g t h .  I t  is e s t i m a t e d  that nearl y 53-1/2
million would be required for landside facilities and another -

$5-1/2 million water-related construction . The airport expansion
program has been opposed because of the noise of the jet airp lanes
over the r iver  and because of possible effects on the flow of

- the Columbia River. However , permits have been issued and the
initial dred ging for the airport work is underway. Unless the
work is stopped in the court s , the expansion program including
the boat basin will proceed and the ha sin will he availabl e hefnre
1980. -\ cost e s t i m a t e  for the basin itself is not avail able.

I w o  developments are being considered at the mouth ef tb
Columbia River. One is for expans i on of the facilities at
liwaco , Washington , to provide for a total of ab ou t 2 ,000 boats.
The initial phase would add about 200 new berths for a total of
1 ,000 in the existing basin , a breakwater for a new h a c in , and
mooring facilities for 400 boats in the new bas in. -\ddi tiona l
berths up to 1 ,000 would be added in the new h a s i n  as needed .
‘Ihe cost for the initial phase is estir ~atcd to be $2.3 m illion :
the subsequent moorages would he financed from oe~ ra ti n t reycnncs .
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The other development would be a basin at llammond , Oregon , with a
capaci ty of abou t 300 boats. It would cost about $1 million and
is programmed for construction between 1975 and 1980 .

‘l’hese three projects would meet most of the imm edia te needs
for moorages in the subregion and the needs at the mouth of the
Columbia River to about 2000. Additional moorages are expected
to be provided by private operators in response to specific needs.

Launching ramps

An immediate need exists for an additional 40 lanes of
la unch ing  ramp . Some l aunch ing  f a c i l i t i e s  w i l l  he i nc l uded in
the above moorage basin development . However , to meet the needs
of the  sub reg ion a program should be initiated to provide an addi-
tional 15 lanes per year. Assuming a cost of 550 ,000 per lane ,
the program should he funded with about $750 ,000 annuall y.

Summary of Costs

p the costs of providing nav igat i on facilities for ~uhrccion S
and priorities by t i m e  periods are summarized in table 51.

Iab lc 51 - Summary of Cos t s , Navigat ion Faci lit ies 1/ , Subre g i on  ~

____________ 
S 1 , 000

l9S O 2000 20~ fl

F i r s t  Costs

Channels (, Locks 122 ,000 0 0
— Por t ~ I ransfer I-a ci l iti e s 100 ,000 200,01)0 200 ,000

‘- l oorages  14 , 300 2 /  5 , 101) 10 , 500

L a u n c h i n g  bamps 7 .500 13 ,000 23 ,000

Iota! First ost 243 ,800 220 .100 253 ,S00
Annual 01M

Channel s G Locks 350 0 0

Port ~ I r a n s f e r  I aci l i t  ies 10 , 000 20 , 000 20 . 000
M o o r i n g  a c i l i t i e s  1 . 500 1 , 000 2 , 000
I .au n c h i n g  Ram ps 150 300 500

l ot al .-\nnual Costs 12 .000 2 1 ,300 22 ,500

1/ Increm ental costs in 1968 doll ai’~ prior to dat chown.
2 Io  i mprove and m o d e r n i : e  e x i s t i n g  ~~~~~~ and : rd f aci l it ies .
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S U B R E G I O N  9

W I  L L A M E T T E  R I V E R B A S I N

GEN E RAL

Subregion 9 includes the drainage basins of the Wil lajnette
and Sandy Rivers and the small streams that enter the Columbia
River from the south between Bonneville Dam and St. Helens , and
covers a roughly rectangular area of 12 ,046 square miles in north-
western Oregon . -

The discussion on navigation in Subreg ion 9 is limited to
the shallow-draft navigation on the Willamette River and tribu-
taries above Portland . ‘l’he Ross Island Brid ge , which is generall y
considered the upstream limit of the Portland Harbor , is taken as
the demarcat ion line. Ocean shipp ing terminating at Portland and
activities in the Portland h arbor are discussed with Subreg ion 5,
Lower Columbia River. The discussion herein on small boats is
concerned only with recreational activities on the l’.illa me-t te
River below Eugene; boating on the lakes , reservoirs , and trihu-
tar y streams is covered in Appendix XIII , Recreation .

Topograph y and Climate

‘Ihe basin is generall y low in elevation , with the Cascade
Range to the east , the Coast Range to the west , the Calapooya
Mountains to the south , and the Columbia River to the north , corn-
prising its boundaries. Notable is the abrupt change from steep
mountains and foothills to the nearly level valle y floor wh i ch is
the principal topographic feature affecting the subregion ’ s climate
and characteristics of runoff. Other factors affecting the
climate include the proximity of the Pacific Ocean and generall y
prevailing westerly winds . All of these contribute to the annual
pattern of arid summers and wet winters. Annual preci p itation
varies from about 200 inches in parts of the Coast Range to less
t han  40 inches on the valley floor . I opographv and climate are
described in detail in \pp endix cs IV - Land and ~1iner a1 Resources ,
a n d V - Water Resources.
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Streams

• The Willamette River flows from Eugene , 175 river miles
south of Portland , to Oregon City, and from Oregon City through

- 
- Portland to the confluence with the Columbia River , without rapids

or f a l l s .  A f a l l s  at Oregon Ci ty ,  approximatel y 50 feet hi gh , is
circumnavigated through a canal with locks. Below the falls , the
river is subject to tidal influence and Columbia River backwater
effects. Above the falls it is essentiall y slack water for 25
miles to Newberg , and slopes about 2 feet per mile from Newberg
to Corvallis , 81 miles; 3 feet per mile from Corvallis to
Harrisburg , 30 miles ; and 5 feet per mile from Harrisburg to
Eugene, 21 miles . The lower reaches of several of the larger
tributaries are navigable but do not support commercial nav igation .
Many lakes and reservoirs are used for recreational boating ,
and sport fishermen drift McKenzie River and , rarely, some of
the other tributaries such as the Santiam and Clackamas Rivers in
specially designed white-water boats. Another major stream in
the subregion , Sandy River , drains from the high Cascade area
directly into the Columbia River. Table 52 lists pertinent data
on streams . For additional information on streams and streamfiow
characteristics , see Appendix V , Water Resources .

table 52 - Streamf iow Surv’-arv f~r Selected 5 7 - n , 4~~’ r 

Sage [:ru ’fla g e f n nu a 1 - “o — e n t a r v  In—-
Streat ,  S t e t i o r .  -I rea lean ‘I an , ~‘ - - -- , ‘Sr.

4,7 . fl’ 7  - C ’ ’ :1~

Sandy River Bul l Run 44 ‘ , c , 3 . 360 1 , 348 c4 , ,0~ - 4 6
Mid, Pb , Idil lame tte R. I~~-.p~-r 1 .340 l iii, 6 , 3 19 (.130 u ,
Coaat Fk . 5 ,lla ,nett e 1-ch, ’:~ 4 -42 1 , ~l _ ’ 2 .700 705  “ , 6
‘1 Ke,,a lv Riv e r Cnb urg 1. 3 37 S. “OS H . 4 3 .1 57 ‘~‘ , _ - - r- -

— 
L- n g Tom River M --n rn e 391 770 1 ,S 34 328 1” . On 0

— ‘t , r v ’ s River Phi lonath 159 4 . 1  7 5 4  2 3 7  1 3 ,v 7
Calapoo la River Halley 105 438 ‘4 .’ 2 11 15 ,n7 47 14
Will,, m et t r River Albany 4 .944 14 , 11 1 23 ,744 7 , 6. ’ ~‘ . - ‘ 4  I s-., 7

North Santi am River 5, ’~ -’ r,, 451 . 67 3 ,175 1, 1 24 ‘- ‘ 2  3
Sou th Santiam River 4 3 - 4 - - - 4-40 2 ,846 4 . 5 4  1 , 743 9 3 , 0(1 445

Sant ia~ River Je ff ,- ru - ,, 1 .790 , (~~6 11 , 7 12 4 ,6 5~ . 1 - ‘ 1 - 3 3  ;n

lu, k t,o 1,- Ricer Suver 241 , 903 3 ,4 1.. 44 -1 31 ,4(76 14
43a,e ,-tt ,- River 4 ,1, -c 7 , 250 22 ,uuI 34 , 33 4 13 .51 4 l..~~.Il1’ r 1 .70
Sourl, Y a n hi li River tThi teeen 511 7 l ,hll 2 ,~ 4-’ 744 4 7 514  5 ,5
Mola ll a River Canby 32 3 1 .135 i ’ll 4-3 3’ I I ,’ 7 20

Pudding River A u rora .74 1 , 15 ~~~~ u ’, 25 , .. -c :4-

Tu ala tin River 4,-ut Linn 710 , -.-.3 2, 6.3 - 1 1 5’, ( ‘ 1 -  13
W ill a n ette River - ‘ r.-~ - -n C i t y  71 . 7 7 0 4  54 ,4’ 711 7 ,69-, 17 .64-Il - —

I, , k,,v,s River Fetac ada 67 1 1,6 7 4  3 .71 0 1 ,712 4n ,u - -  SI)

~~.I ~ t , v u j vu  ~~~~~~ ; - i r io 1 412 aith ast imated 1 3 .  aizmc,c 1,~ C~C 5 7 7 .
- “ix ,n’t ,n and minimum o ( - s cr u n l  I nst  .,,‘t ,ne, ’ ,,— values E r  period - -I record -

‘ f ju ,vu r ’ ,  Jut’ to ,‘ ‘ ~‘ 7- i t  inn ‘ 3 1- ~ t r i  1 ~ ‘17 , m i nimum Jail,- is 430 ci’s ,
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H i s t o ry

Water transportation played an important part in the ea r ly
se t t lement  of the W i l l a m e t t e  Bas in .  The f i r s t  s e t t l e r s  loca ted  on
land adjacent  to the r i v e r , and the  fi rst t owns grew on t he  river-
ba nks .  Later s e t t l e r s  were forced onto  lands f a r t h e r  hack from
the river , and the ear l y s e t t l e m e n t s  became communica t i on  cen te r s .
It is estimated that nearly 15,000 peop le followed the Oregon
Tra i l  across t h e  p l a i n s  and m o u n t a i n s  d u r i n g  t h e  1840’ s and most
of them se t t l ed  in t h e  W i l l a m e t t e  \ a l l e y , p a r t l y  because  the  area
was readi l y accessible by water transportation . l a r l v h i s to r i c a l
w r i t i n g s  ment ion  the use of haiL- max and other flnt 3-ot tome d boats
on the W i l l a m e t t e  River  between 1840 and l~~~

) but stat~- th at t}Ie
service was cost ly  and unreliable. Ocean sailing ships came as f:~r
inland as Portland , and in 1849 a small —tea m er hm :i~an on l - r - i t i n g
be tw een  Port l and and Oregon C i t \ - . The f i r s t  s t - -:1r 7 -oIIt aL ove
Willamette Fa l l s  was cons t ruc ted  in 1851 , and by l~ 55 t~ rs were
three steamboats operating as far upriver as (‘orva l lis , Regular
service was extended to Eugene in 1856 , and tr affic on t h e  r i v e r
continued to expand rapidly until tb 6 1880 decade ~uhen railroa-1~
were extended through the ~-allev and connected to iF6 - trans-
continental Syster .

The early riverbank settlements that had not been d ’stroved
by f l oods were provided  w i t h  r a i l  service  and becal’Ie transportation
hubs .  I ssrly acce ss to  w a t e r  t r a n s p o r t a t i o n  was  t h e  n r i n c i p a l
i n f l u e n c i n g  f a c t o r  in the  loca t ion  and g rowth  of t h e  c i t i e s  of
Portland , ~1ilwauk ie , Oregon Ci t- s’ , Salem , Alban y , (.cm rva ll is ,
H a r r i s b u r g , Eugene and ‘-~c M i n n v i 1 l e .  The locks around W i lla- C - ti e -

Falls at Oregon City were opened to traffic in  1- ~Y 3 .  N av c a t i o n ’ s
portion of the total transportation in  t h e  I ’ i l l a m e t t e  Bas in  b e g a n
to decline short ly aft - r the r;i i i roads  were e st a b l i s h e d , hu t  r i  ~‘er

- packet  boa ts  con t i n ued t o ope r a t e  u n t i l  l~~3~i when service 1w the
last two sternwheelL-r74 was discontinued . From j~33~ to the end of
World War I I , traffic aaove Newherg was limited to the 7--o\ enei it
of log rafts. Following World War II . shi pmen ts of petroll - uI’I -

-

- 
- products from Portland to Salem and .-\lbanv increased to 7--c~rc t F :~ i

200 , 000 ton s pe r y ear ~ut dronpec! off  sha rp ly when a products
p i p e l i n e  was  c o n s t r u c t e d  i n  1P~~’ . ~1ore recent ly , wood c h i ps fsr
pu lp have been shipped in signif icant quantities on the lowei
river. .-\lso following World War I I , the dump ing of raw , domestic
sewage i n to  the  r ive r  was d i s c o n t i n u e d , and l o w - w a t s r  f l ows  h a v e
been supp l e r e nt e d  b y r e se rvo i r  releases. iht -se two item s have made
the river attract ive for recreational use , and the - -xt ra w a t e r
has assisted commercial navigation .
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Log ra f t s  con t inue  to be moved on the Wi ll amett i- River from
as far upstream as Corvallis. Supp lies are carried to the paper
mills at Oregon City, and pulp, paper , and paper products are
shipped therefrom . Sand and gravel are dred ged from t1i~ strcaL
between Portland and Oregon City and barged to processi ng p lants
in the Portland area and to other cities along the Columbia River
which do not have local supplies.

Economic Development

Subreg ion 9 includes the counties of Multnomah , Clackamas ,
‘larion , Linn , Lane , Benton , Pol k , Yamhi ll , and Washington in
Oregon . Population of the subregion was 1 ,338,900 in 1965 . (FL

urban population of about 918,000 was centered in t h e  principal
cities , Portland , Salem , Albany, Corvallis , Eugene , and ~pring~
fie ld.

Of the T . 7  million acres in the subreg ion , about 5 million
acres , or two-thirds of the land area , are classed as co-r :m- r c ia l

[ forest land , l imber stands in the basin contain 146 billion hoard
feet of sawtimber , about 10 percent of all softwood tinher in t h e
Nation . Doug las fir (69 percent) and western hemlock (15 rer-
cent) are the dominant species . Pro’essing these timber resources
accounts  for 4 percent  of the manufacturing emp loyment in t h e
subreg ion . Lumber output in 1963 exceeded 3 billion hoard feet
which was about 9 I~’,- 1-cent of the Nation ’ s total . . -\lso produced
were 34 percent of its softwood veneer and plywood and 3 percent
of the wood pulp. I’otal vaLis of out put in 1964 exceeded 5500
million . Of the 2.4 million acris used for agr icultu ral purposes ,
1.3 million acres are classified as cr’~rland . Nearly 60 percent
of this is devoted to small grains , hay , and g rass seed produc-

- tion , with vegetabl es and fruits and nuts comprising about 11
percent ; the balance being other crops and crop land pasture.
Ab out 244,000 acres of crop land lire classified as irr i ca ted .
Estimated value of production is g r e a t e c t  on t~~’ 11 percent
cr-owing vegetahle~ , fru its and nuts , amounting to about 50 ner-
cent of the  value  of a l l  crops .

hit i t h e  excep t ion  of a very  sm a l l  m ount of mercury ,
- - 

- 
the mineral resources and assoc i ated industr y in Su1— re~ ion 9 I r e
composed almost en t ir Ll v of nonmeta llics such as sand and gravel .
ba sa l t  and m i s c e l l a n e o u s  stone , limestone and c las s.

lot al -nplov”ent in  1960 exceeded 430 , 000. Emp l ovi-’I- nt
in Hasic industries was 34,60-u in agric ulture and food processin g :
lumber and o-ood products manufacture , 4~ ,lO0 : and mi ning and
pri~1’;iry me tals processing . 5, 200 .
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Other Forms of ‘Fransport ation

Railroads

Ihree major railroads provide service to the subreg ion .
Branch lines radiate east and west from the central corridor and
service most of the principal communities.

Highways

I ’here is an excellent highway network in the subregion ,
with Interstate S providing the central n o r t h - s o u t h  route  and
Interstate 80N linking the area with the rest of the Continental
United States to the east. Other Federa l and Stat e hi ghw ays

V 
enter or cross from east and west providing additional access to
areas outside the subregion .

~~ A i r  freight and passenger service is provided at Port land
International Airport hy nine domestic and overseas airp lanes.
Salem , Corvallis , and Eugene also are served by commercial air-

4 lines. Charter services available at the principal airports m at e
all parts of the subregion readil y accessible.

Pipelines

A majority of Subregion 9’s requirements for petroleum
products are redistributed from the Portland area , which also
serves as a storage and distribution center for suppl~’ing south-
western Washington , and north-central and northwestern Oregon .
Petroleum products are shipped to the Port l and area ~-ia deep-draft
tankers , barges , and a pipeline. A 14-inch pipeline ori g inates
at refineries in the Puget Sound area and terminates at tank
farms in northwest Portland along the lower reaches of the

- . Willam ette River. Products are redistributed throug hout the
- 

- 
subreg ion via pipeline , auto-freig ht , and rail. .-\n 8-inch
petroleum products pipeline extends from Portland to Eugene.
This line transports gasoline and distil lates , movin e about
500,000 barrels per month. Residual fuel oils are moved by
t ruck , ra i l road , and occasionall~’ by barge.

Bulk natural gas is piped to the Pacific Northwest from

~~~~~~~~~~~~~~~~~~~ the Southwest and distributed throughout the subregion .
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EXISTINO NAVICAT ION

Existing Projects

W aterways  and Channels

The present 1-ederal project was authorized by the River
and Harbor Act of 3 June 1896, and modified by the River and
Harbo r Acts  of 25 Ju l y 1912 and 30 June 1930; the Pe rmanent
Appropr ia t ions  Repeal Act of 26 June 1934; and the Flood (‘ontrol
Act of 1938. I t  provides for improvement of the W illamette River
between Portland and Oregon City (12 miles) by a channel 8 feet
dee p at low water , 200 feet wide belol- ’ Cedar Island and 15 (1 f- - C - i
w ide  thence  to Ore g on  Ci ty ; for such channel improvement and con-
traction works as may be necessary to secure wi th streamflow
regulation , controlling depths of 6 feet at low water from Oregon
City to the mouth of the Sant i am River (mile 108.5) and 5 feet
thence to .-\lbany (mile 121)); for a channel 2.5 to 3.5 feet deep at
low w a t e r  and of no p r e sc r i b ed  w i d t h  from A l b a n y  to  C o r v a l l i s
(mi le  13 2 ) ;  f or a channe l  2 to 2 .5  feet  deep from C o r v i l l i s  to
Eugene (mile 185). In 1904, the reach between HarrisNurg and
Eugene was determined unworth y of improvement and no work has
been accomplished . The project also provides for a channe l in
the Yamhill River 4 feet  deep at low m a t e r  and 61) f ee t  w i d e  from
its mouth to Mc~1innvi lle (mile 18) secured by means of a lock and
dam near Lafayette and by the removal of obstructions. I’h e Port
of Portland maintains the channel in the Willa nette River fr-or l
Ross Island Brid ge (mile 14) to Lak e Oswego (nile 20( to a 1eni h of
20 f e e t .  ‘[‘he project  is not be ing  m a i n t a i n e d  ab ove C o r v al l i s
( m i l e  132 ) or on Yamhi ll River above mile 4. ~taintenanc e of the
lock and da m on the  Y a m h i l l  R i v e r  at la fay ett e ( m i l e  8) was dis-
continued in 1954, and the lock and adjacent property were
declared surplus to the needs of the Federal govern ent and turned

- over to Yanhill County in 1959. The county  L i t ’  r destroyed the
dam as it had deteriorated with age and w a s  in danger of being
washed out.

Present controlling depths at adopted low i ;iter are 20 feet
• to Lake Oswego (mile 21), 8 ft - ct  to  m ) regon  City ( m i l e  2 6 ) ,  and 5 .5

feet  t o C o r v a l l i s .  Re l ea se of s tored w a t e r  f ro m t h e  cor’p let l-J
multi p le-purpose reservoirs provides additional depth during the
low-water season .

Locks

‘(he lock system around ~‘i 11llv ci te Falls at ltregon Cite
comprises four locks in series p lus  a guard l o c k .  I. ach lock
chambe r i s 17 5 11 -e l long and 37 feet wide. Fhe controlling d e p t h
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over the sills is 6 feet , but barges are limited to a practical
maximum of 4- 1/2 feet d r a f t . [he to ta l  l i f t  of the system is
50 .2  feet at low wate r .  The locks were constructed by private
enterprise and opened for business in 1873. They were purchased
by the Federal Government in 1915 an d ha v e been maintained , w ith
minor improvements , and operated by the Corps of Engineers since
that date, The Flood Control Act of 1938 and the River and
Harbor Act of 1945 au thor i zed  cons t ruc t ion  of a new s i n g l e - l i f t
main lock and guard lock to rep lace the existing structures .
Control l ing  dime nsions of the new lock would he 400 feet long by
56 feet wide by 9.5 feet minimum depth over the sills.

Naviga t ion  Aids

The U. S. Coast Guard maintains nav i gation aids on the
Willamette River.

— Bridges

The navigable  port ion of the Willam ette River above ~heRoss Is land Bridge is crossed by 23 bridges , 6 of which are rail-
road and 17 highway . These bridges are either hig h enou gh to
clear boat traffic , or are so constructed that they can be
opened to permit passage of river traffic. Table 53 lists the
bridges.

Commercial Port and Terminal Facilities

Between the Ross island Brid ge and Wil lamette Falls at
Oregon City, terminal facilities include privatel y owned mill
docks , sand and gravel wharves , a cement loading facility , a
small shipyard , oil-receiving stations , and a dock for receipt of
lirnerock. A wharf about 850 feet long located adjacent to the
canal basin between the guard lock and lock No. 4 at Oregon City,
is used to receive m i l l  supp lies and shi p paper and paper products .
A facility about 3 miles above the falls at Oregon City has rail
connections for transshipment of paper , paper products , and clay
used in proces3ing paper . Sand and gravel facilities are
located at Wilsonville (mile 38) and Newberg (mile 50). A
420,000-gallon fuel tank at Salem is serviced (occasionally) 1w
tanker barge. Numerous log rollways with rail or truck connec-
tions are located along the river as far upstream as Corvallis
(mile 132) for rafting logs to paper , plywood , and sawmills along
the lowe r Col umb ia and W i l lam ette R ivers .  The port and terminal
facilities are considered to he adequate for the existing commerce.
‘Fable S4 lists the principa l facilities.

L 
138

- 

--~ .-- i~~
-

~ —~~~~~~- :‘~~TI~~~~ -T ~~~~~~~:‘~~~~~ - 

-

~~ ~~~~~~ 

-
~~~



- -

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

-

‘ I t  

- - -—-— 

~

—--- “ - - - ———-——- -—- - - —----

~~~

—--- —-—---—-

~

Table 5 3 -  W i l lamette River Bridges , Subreg ion 9 (Above Ross Island Brid ge 1/)

Clear  Clear hei ght of
Width lowest point of

- 
. 

Normal superstructure
Miles Type and to ( i i  I C - c t  ur o v e
above Purpose of Channel ~le~ifl l o w  l i d
Mouth Locat ion Bridge I t’t - I Water Is t e r

16.6 SelIwood Fixed , hwy 270 “4 43

20.0 Oswego Fixed , RR 28U “4 .3 34

25 .5 Oregcn City- Fixed , h w~ 260 77 31
West Linn ,1-205

26 ,0 Oregon Ci~ v Fixwd , Isv 181 4 .O 25

35 . 5 l~ilsonvil1i- , I — 5  F i x e d , isv I - S 2 4 0  75 31

38.8 Wi l sonv i l le  Fixed , RR 1s7 75 31

45 ,4 Newberg Fixed ,hwy 24 0 68 17

84 ,8 Salem (Union Vert ica l  l ift , 118 87 52
St r c x- t )  RB

84. 9 Salem (Marion Fixed , hwy 240 69 . 2  33
St reet )

85 . 0 Salem (Center Fixed , hwy 120 68.6 33 , 2
Street )

97.1  Independence Fixed , hwy 90 68.0 36

119.6 Albany Swing , BR 110 - - - -  - -

120.0 Albany Fi xed hwy 195 54 .0 23

13 1 .5 Corval l is Fixed , hwi 184 4S .0 26
( h a r r i s o n  Street)

131.7 Co rva l l i s  Swing, hwy 102 - - - -  - -

(Van Buren)

162 .8 Harrisburg I- ixed , hwy 172 24 . 0 8

1e4 ,2 Harrisburg Fixed , BR 190 25.0 9

r
~, 164 .3 Harrisburg Swing, RR 103 Unlimii,”d Unl imited

— 178 .2 Eugene ( Be l t -  Fixed , hwy 180 16 .3 7 .1
line)

181.4 Eugene (“ Q’ F ixed , hwy 135 25.8 8
St .  interch .)

182.2 Ferry St. Fixed , hwy 250 27.0 18.0
Eugene

184.3  Eu 8ene Fixed , hw y 1 St  35.0 18 . 0

185.0 I N I )  OF F E DERA L PROJ ECT

183 . 2  HEAL) OF N A \ I 1 0 \ ’ l O N  - W ILL AMEIFE R IV L R

T1”~ ’Nce also Subregion 
—_______

139

~~~~~~~~~~ 
__

~~~~ 
—‘_I~~ i~~~

’.,_ ‘~~‘‘ 
, ,  -~~~~~_Tm~

. .., ‘ -~~~-~~~~----~~~~ 
‘.— - — _ — __,,__ ,,

~~~
,, 

— -  
-~~~ - - - -- ~~~~~~~~“------.. _ _ _ _ _



‘ - i c  Si - ~O iaaerv ia I  lersinal F acilit i es Subr ,giov 9 Above Ross island flnid gc

I ((LA at,. 111cC FICAT I,s lii ox I c E  (10 SPECIAL ( - - t 1 ’ O  VI O0JOl-L% I l’RASSPI(A 41 lOS( r n i I - v  abov e rnoiith( FACI L IIII5

1.8., 14 .0 rn . A h a e f - T a r t  sand - - p i l o s  One f io ed r e v
and Gravel  Go, Sc i t  yard- t y pe tra ce a ’’ I ll
0 — C  A operator f t .  boo, and 3 0 I.,

I f  shell b _ f,- ? ‘ca n te d  On— 
elevated I at  to  cm; ‘p.
serving a l - el’

L B . ,  IA rn . Loading Pier [a c - l a c e  33 f t . , low er Mappe r on t a n ?  served b y
tic B uildin g Mater- S upper sides 13$ 30 in - c - o r  - , ?ee or
ia in . owner 5 opera- i t .  t i c S

i _ s _ _ I  ft P0

Load a ac t .  per
a q ,f t . 300 lbs .

L B . .  14 .3 mi. d e c _ l og  Plee ac - pace ~o m I s - n  - I n- t acO eeno lv i ng - a ’ --
fi t B u i ld ,1 Maser- wi de ii i t - upper o t h  co ft boat and a cu
al t , one , opera- side 70 I? d - Ian~ e l I  hu d et  sec-

tor a g  3 - c . el s v onoe y or
Depth aioo, n’ ,,(e n ~~nt ern,
1, 0.20 ta - for face

Load capon tp per
sq 1,. 300 l bS .

5 . 5 pc e n  n -f Mo r n g-Bvn s Island ~~or i n g piles CO O One ,00j re o l o g  -
ti arta ci I - l a n d  SaOd and Gravel Co . - 

i t  non cod 4 ou.y da;- - ’ca Ii a ow ,’ A eperanov 
Sep 58 a g-i de cl a n -e l i  bu .kea ’enc g
l a , IC ft r r and 24 in belt

went tra nos a orth IA-
3 4 i d  l a I r ? .  from

i - I - re n t , ,  on Hard-
ta ck Inland to read y-
en OOflvr ete p lant ,

ta,( In l and at p r e nin -
Con _ re a r beam i- IIa ~ t 110
t t  boat c t ,  40 t i . —

L . B ..appro , .1 5 3  a,. Wharf- C apit al Invent- Pace ISO f t loom S ton -‘ I g derr . l l a ?  t r aJog in rear
meet Co., Owner 4 side 6 ft .a;’ pt- r a t ’ tc ft . lOOm c -f lo,-~~t’  0 0 ,  Si B ii
operator side I c - !  C ?

S - S used
Pc -tb alongs i de at

• I- ft . for ?v ~~’ v dum p-le a sed by A P .
- for their exclusive

Load - a . . N  per u,e -
sq. t t 0 - I ) - ’  -

a 
R , 8 . . appro, lg b ai , Log litamp.Pub iis he rs Face SO ii .0 Cf - damper r t  .0 s t P  SP 1Paper to, - - o n,- r -

L aff al l Bros ., Solid . ffrr i., n
lease S o perator  cn f l s t ru , t  on

a .  ‘.g. dc 18

1,5 . . 1? . ? a . Maor ng Wh arf. Pace 2 2 5  ft . St i t  - c - ‘  2 n-a -~~- m t , o f l s ,  F SI P 1Milnaak r Sand A - - i - t
(irate Ca ,. - .,sn ,-, O r ?i A I - - g ’  -
4 operator l . a IS ft

L . B - approx .21  .0 mi - Oregon Port l and Face ‘‘ ft O ifl. l~~i t . n r ( . r I at! t ‘nCement Ce .aam ee f r o m f a c e  - f a ’ arf r . - I 5— 1 1operator -Wh arf E r ; ? - . alon gside a’ I an’  in rear , a[’a, nr I. hit  I - 04 ! i’ 5 - ? , r , -• 35 fT - ‘- 4 .  t o n s  per hr

30 ton C l e at - 0  a? lon ercmi of 1-latf o r ,
Ip l ot, a at er . see g ln%sar ,r . 

- 
-
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l aS t ,, 5 4 ,, , f

- A. , 25 .4 ni - Soca n i t .  - - - i loan - Puce 451 ft - flovoin g ..vcionedi.it, -C - -  - a I ’ i 5 1  . .oh ,.,,
locks,

I (1 , 05 .1  ti - C __ c t sr. ,
1 , 1  A i l l , o  t n

P al Ii - I - I- - - - M U  tc nEC ti Ii  (in s Threr C i . J e a a l i c  ila d l O g  n K b , at Pul p,
i c e  on I~~~. ramp. -

--I lund . - b asin 
a ( c a - e d ‘ a o c o ln ‘. 1  b r i d ge -Id 1 - v ,  - C . ,  b . c  t - ,t(id s~ - 0 neon - In - - a — l a n

- 
( - s,-( bourn 4 vu l p hite 

I load I .qa oe p i p e l i n e

mi~~ r o I l .  ~, I
R b  

I 
P (Ct * 

d 
11 P 1 ( 1

O h :  4 .- l-i’r ,i t ar B rr ger oser h ead ,raoe

wa I - i f  0 i C  0 r i
t .  * . a r g e

A - n 1 p ~~ a - I ni - l o g  (‘ u’t p- laepc r i iaa-a - 30 ‘, - .1 - r t - - n .  rio, I -g .( i n l e t  lg l . c - I tee  inC - er c . - ?a,c - 
3I 

I t I  i i i  II
- - Ii t t  010 .  II - cap ac (t f Sb ’ tons.

R ( 1 a ~- p ni .o S o n  vi I - -
~~

. - : -
~~ ‘ SO I t  - i~i~~n 0 , i  n e ?  .11, 01, 0 , C iO ,

- - 
I-r at I . s  no tow c apavit 

-

1., in .? o,, iC~~ 0..g 0 . toutg , i. SO C ?  One  .,nnfai l I - , -  r i a d
ti ll e l - i - -  ;~ , i~,. . -‘ - 

C d , c~~pc c i i n  
-

- - . i t 0 I u ill C i
oj-eei?oi 

One f cot in0 clon abel -

HI and g c i  - - -
hopre r,

I Ii 31 3 ci - I - u  . 
~0 U - f . , , - , r l ,  - a darpa- i  , c .  - - anl

A - I - ’ ’ ? ’  I - , e , , I .Iei,.? ed o I ,lCr pt h - i  I s A - i _ 5  n - c, ,

R h ., KS C s i .  1 , - g  Ion ; O~~ sai f in- Ac i t  - n i n
~~t ,  FI

~~ ?e- a l l ,  ai- i r a tt - d b ’ ~~~’b ( 0 0 - i  0 ( 1 .  
4

i- i id O r , - - _ - - g a re., .,, . . - - - ‘ I ‘ t ? -- I at front
iii - s i  - C C , a - , datplvg C n S - I ,

at I .s ,3 it 30’ - n .
— R b ., 0 t iOcel Cg b o a s r c .,o - ic,crlnd 

~c 1 1 100. OiI i ç i , rd .ranr It- ad , Go , 

I I I ’ S ! 
- age’ (n ot Used -

In - °‘ ‘ - n  w - ‘ -~~~ n i l _ f ’  ~~~~r it , g  ( In; 05 i - a I l -  - .ip;’ I t ~5 Of K S - a p lant
s i r , - ? to ; ,,

K K ., I I ’ . ml - - i  nirnr A I ‘l 01’ C ’  t O n  ( . g  - t f f  leg  u - fra nc P 1  - _ i - ( leat , e 1  lo rd i s _ _ l i Si ‘i l -  !~ . a - i t . ? . O lC i c t . d i e o n l  , ‘ p n t i t i - j  .Un- - , -t  - - - I li -c t r o , ‘r o tr c’ . 1 0 l i i - - 0 0 1 0  0 ltump -s ’ .e ,C F, 1, . I -ii,r ;- ( i  n i- I
i- Pros,  ( ‘ - g
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Commercial ‘t raffic

Pr esent Commerce

C ommerce on the  Wi ilamette Piver above Port land Illint to
more than 4 million tons annuall y (table 55). t h e  1ar~ , .0st com-
modity groups are sand , gravel and crushed stone , and r- ,

~ ° ed locs
and piling. Sand and gravel are dred ged from the t’, l1 1 Il ~’ct te Rivyi’ . -

Most of it orig inates below Wil lamette Falls and is used in
Portland area. A small amount originates and is uscd above the
falls 0 and a token amount moves d~wflstr ,0a~I throu oh t~°~- loc1’~s .
Logs are dumped into the Cillam ette River as tar upstro-a !’- as
Corvalli s and towed in rafts to mills on the ~a i ll a r i.b tte and
Columbia Rivers. Most of the logs are destined for pulp and 1 .ir ° ’ r
mills : many of the r a f t s  are held in stora;’e before mov i n~ T o
destination. Other commo d i t i e s  shown in s i en i ~’ic ant qu ; Inh iti cs
in the  t ab l e  inc lude  l i m e s t o n e , was te , and paper and t~ap~~r
p r o d u c t s .  t h e  l imes t one is impor t ed  from an j s l I 1 n l ~ off Fri~~ish
Columbia to a cement p l a n t  at I a k e Oswe go.  is s h ip p e d  in
ha rge loads  of about 11 5 00 0 tons , and the company uses ~ o u t  ~hr 

- -

loads per month. Shipment of waste material was only a
I(L ’1AflS of d i sposa l  and has been discontinued. The T 1 0  r and

o ,..,mAi a ao.* a.odg*1 
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products and most of the miscellaneous commerce shown in the table
develop at the Oregon City and West Linn paper mills. Shipment of
wood ch ips for pu lp in significant quantities has developed since
1967 and does not appear in the table.

Vessels

About 25 small tugs and towboats and an equal number of
boom boats operate in the Willamette River above Oregon C i t y .
These boats have drafts of from 2-1/2 to 6 feet and range in
power from 100 to 600 horsepower. The tugboats are generally
used for the movement of logs from dumps to mills and to assist
in gravel-dred ging operations . A few barges are used above
Oregon City to supply dredges and other work crews on the river.
,-\n occasional bargeload of petroleum products is delivered to
Salem . Additional tugs and barges to 650-ton capacities (130
feet long , 36 feet wide , 8-foot draft) are used in the extensive
sand and gravel operation below Oregon City , and oceangoing
barges with cargo capacities of about 11 ,000 tons are moved up
the river as far as Lake Oswego.

Table 55 - Commerce on Willamette River above Portland , Subreg ion 9

Commodity Group 1963 1964 1965 1966 1967
(1 ,000 Shor t Tons)

Forest Products 1,753 2 ,028 1 ,022 815 1 ,046

Petroleum Products 14 12 12 9 14

Nonmetallic Minerals 2,437 2,508 2,821 2,980 2,746

Miscellaneous 1/ 400 410 600 569 453

Subregion !‘otal 4,60-1 4,958 4,455 4,373 4,259

Total Willamette Falls 1 ,184 1 ,091 1 ,018 1 ,053 1 ,292
Locks

Tot al Ton-Miles  55 63 60 32 44
(1 ,000,000)

1/ Includes 250,000 to 300,000 tons paper mill waste liquor ,
shipment of which has been discontinued.
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Difficulties Attending Navigation

The dimensions of the W i l l a m e t t e  F a l l s  Locks l imi t  the  s i z e
of equipment that can navigate the Willamette River , and channe l
sinuosity and river currents above the falls prevent the use of
multiple tows . [)epths of channel upstream from the falls also
prevent the use of larger sized equipment presently used in
Portland harbor and Columbia River. These limitations prevent
movement of bulk commodities in large consi gnments which  would
offset the advantage that competing forms of transportation have
in being able to reach more distribution centers . They also
prevent the use in the Portland area of sand and gravel from
extensive deposits along the Willaniette River above Oregon Cit ’i’.
Flood stages , which may go as high as 25 feet at Eugene , 35 feet
at Salem , and 45 feet at Wilsonville , complicate the developmen t
of shoreside facilities and add a further economic burden to
water transportation .

Navigation causes some pollution that will need to be
reduced through more stringent control measures or through
elimination of offending practices . Logs in the stream are a
serious problem . Loose bark and other debris are carried into
water with the logs , pollutants are leached from the logs: and
large rafts in storage prevent sunlight from penetrating into the
water. These prob lems are under study, but i t  is probable  t h a t
much greater care will be required in preparing the logs for
rafting and that in-transit storage will he sharply curtailed or
eliminat ed . Dredging for maintenance of the navigation channel
stirs up turbidity in the stream , but material is generally
coarse sand , gravel , and cobbles and the turbidit y quic kly sctt le s
out . In some areas , the sand and grave l operators can “fork in
pools separated by a berm from the river.

Maintenance is a problem because bars form each hi gh water
- and have to be removed every year. The stream cannot be stabilized

with pile dikes as can the Columbia River. Also , dred ging a bar
at the lower end of a pool lowers the water surface in the pool.

High velocities , slope , and limited water preclude open-
river navi gation (except extremel y shallow-draft ) above Harris- - 

-

burg to Eugene.

Recreational Boati~~

‘l’he primary recreational boating activities on the
Willamette River include fishing, water skiing, cruising and
sightseeing, and hunting . ‘the most concentrated usage is fishing
for spring chinook salmon in the reach between Portland and
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Oregon City . The Oregon State Game Commission estimates that
this ac t i v i t y  amounts to more than 35 , 000 boat t r i ps per “ear .
Abov e Oregon City, the predominant activity is water skiing. No
data are available as to the number of boats using this reach of
the river but a partial record at the Wallace Park ramp in Salem
gives an indication . In 60 days of the summer of 1964, more than
1 ,900 boats were launched; assuming that the boat season lasted
100 days , more than 3,000 boats would have been launched over this
one ramp . More recent counts are not available because the ramp
was destroyed b y the flood of December 1964 and onl y par t i a l ly
restored by 1967.

In 1966, approximately 700 boats were moored along the
Willamette River above Ross Island Brid ge. Of these , 65 percent
were along the reach below the falls at Oregon City. All were
moored at privately-owned moorages open to the public on equal
terms . Moorages are available at Port land , ‘lilwaukie , Oregon
City, West Linn , Wilsonville , Salem , Corvallis , and Eugene. In
addi t i on , many landowners along the river moor boats at their own
properties , and several clubs maintain moorages for their members .

Based on data from “Pleasure Boating in Oregon” (4) prepared
by the Oregon State Marine Board , the number of registered plea-
sure boats in the subreg ion in 1966 was 37,200. Of these , 21 ,700
were registered in Multnomah , Clackamas and Washington Counties
and are tributary to Subregion 8 as much as Subregion 9. No data
are available on the number of boats utilizing the I’,’illamette ,
howeve r, it appears to be increasing rapidl y. The survey does
indicate that approximately 80 percent of the boats are stored at
the owners ’ homes and transported to the water each time the~’ are
used . There are about 35 ramps open to the public where boats
can be launched into the h’illamette or the lower reaches of the
major tributaries.

PRO JECTED CONDIT I ONS A ND NEEDS

Economic Outlook

Population, Employment and Income

The population of Subreg ion 9 is expected to grow at a
f a s t e r  r a t e  than  t ha t  of the region . From a 1965 population of
1 ,218 ,000, OBERS projections are for populations of 1 ,727 ,000 in
1980, 2 ,398,000 in 2000, and 3,237,000 by 2020 , which represents
an average growth rate of about 1 .7 percent annuall y over the
60-year period . Corresponding f i gures g iven  in the  tn .’ i l l am et te  B a s i n
Comprehensive Study arc 1 ,339,000 in 1965, 1 ,~ 6S ,O00 in 1980,
2 , 4 2 2 , 000 in 2000 , 3 , 591 , 000 in 202 0 , and an average growth ra te

146



of 1.8 percent annually. ~‘ost of the growth is expected to occur
in the Portland , Salem , Albany-Corvallis , and Eugene-Spring field
areas.

Agricultural production is expected to increase si gnifi-
cantly; however , agricultuial employment will decline because of
improving technology, increasing yields , better labor utilization ,
and greater capital investment per worker . Increased output is
envisioned in many manufacturing industries. Growth in employment
is expected to occur in the chemical and allied products industries ,
in the primary metals  industries (both ferrous and nonferrous),
in nonresource-based manufac tur ing , and i n the  res ide n t i a ry
industries. The subregion is develop ing a diversified and expand-

C ing complex of manufacturing industries and provides numerous
residentiary services for much of Oregon and southern Washington .

Basic population , income, and employment data , as projected
for the Columbia-North Pacific Study and the Willasnette Basin
Comprehensive Study are shown in table 56.

71- - I’ opn i a t i o n , Income and E0p i0150111 P r o j e c t ions , 1 ii1 ’rir g iOfl 9

Cola mb ia—N o r th Pac ific W i l liarce tt o- Chasm Co,e(-r,-1 1I-CC sis-r
It - r n  1960 1980 2001) 21120 Present 1980 1 1111, 21120

Total P OpaiiA t hilCC (1 .000) 1 ,169 1 , 7 2 7  2 . 398 3 , 2 3 7  1 ,339 1 ,768 2 ,42 2 3 , 091

T r i a l  Pe r so n a l In co m e  2 , 1534 7 , 2 12  17 ,012 39 .775 2 , 792 5 , 4 78 13 , 72)1 31, ,1 ., l l

(Si mill ion)

Per I,,p it a  I r ome 2 , 328 -7 , 17 5  7 . 096 12 . 287 2 , 3 9 7  ( C - C ’) 4 ,1- C- S 0 ,75))
(lb l iars)

Total Emp loyment (1 111)111 431 680 940 1 ,280 532 633 403 1 , 3l 1

Ag r i . - l l t  - - Se , Fores try
F i s h I n g  23 ,336 211 ,489 17 .2 1 7 13 .987 27 , 300 18 ,70(1 Ia ,200 11 ,000

Tot a l la mi, C i -  t u r I n g  97 ,333 155 Eill 202 ,850 259 ,720 1(14 ,50’) 11 7 ,500 152 ,100 750,407
Lomb ,- r & Paper

p r oc e n n lng 4 11 , 11)11 0 1 ( 11111 2h ,S i i r r  23 , 700 411 ,11101 33 ,000 25 ,111111 2 1 .000
Foo d p ro c e ss ing  12 ,900 12 , 11111 11 , 900 11 ,911 1, 14 ,91111 l ao- ))  I ‘ 11111 1 11 , 7711

oth er lnda an tries (1 ,111 )1 )1 308 501 7 . 1, 1 11111 384 405 C C - I 1 . 011

“olirce l Appendix 51 , Ecoxoni c Oa ut ’  and ‘ i - I C C - . t io fl s

The basic differences between the two projections are that
the Willamette Study shows greater increases in population and
employment whereas the Columbia-North Pacific shows greater in-
creases in per capita and total personal income . Additional
information on population and economic projections is shown in
Appendix VI , Economic Base and Projections .
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Commodity Projections

Estimates of bulk commodities produced in Subreg ion 9
or needed to support the projected population for the ~‘ears 1980,
2000, and 2020 are shown in table 57. Projec t ions  of agricultural ,
forest, primary metals , and nonmetallic mineral commodities are
discussed in the following paragraphs; other commodity projec-
tions are based primarily on population growth. Since these
commodities are adapted to movement by water transportat i on ,
their growth is an indicator of increased water transportation
use.

Table 57 - Projections of Major Bulk Commodities
Produced or Consumed , Subregion 9

Year
Item Base 1/ 1980 2000 2020

( 1 000 short  tons )

Agricultural Commodities 1 ,300 2,050 2,590 3,300

Food Manufactures 1,510 2,240 3,090 4,320

Forest Products 23,275 19,600 20,800 2 1 ,850

Primary Metals 320 890 2,390 6,060

Nonmetallic Minerals 18,500 28,000 40,900 61 ,400

Steel Scrap 165 185 290 410

Petroleum Products 2,400 3 ,925 6,950 11 ,500

Fertili:er 145 175 320 390

1/ 1964, except primary metals i969, an~ steel scrap and
petroleum products 1960.

Agricultural Commodities Projections are that total
acreages in crop production will continue to decline , but yields
per acre will increase enough to more than offset this. ‘lanu-
facturing and proc ess ing of food and kindred products is projected
to increase 50 percent by 1980 and nearly three times by 2020.
In regard to the types of commodities produced in the subreg ion ,
volume is not a completel y accurate gage of the value represented .

1-
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Forest Produ 1-ts Projc:te- d changes in produ-.tion in the
b a s i n ’ s fo res t  proJsie ts indu stry r~re based on nat i onal and rec:on,l l
s u l C o ly  and demand e st i m: i t ’0~s ‘r ode- by the Forest Service. Growth
0f the indus try w ill he l imi te - , by  the econo rnicn1l~-’ ava il a h l L
supply of timber , henc e 11 larger  n a t i o n a l  grow th 7- - co ld  hatte onl y
a minor  e f f e c t  on t i .  s indu s t ry .

Prima ry ~1etais Output of pri mary metals in the suh region
is ma in l y the processing of i r ~rp o r t L - ii ra s ‘ at  e r i a l s .  Much of t h e
f i n i s h e d  produc t must be exported to ‘~~gio nal and nati o n al mar kets
and produc tion rates are therefore geared qui te closel y w ith
national population and C.\’F growth rates .

si3n~r et allic Miner ls Ne- hulk of the mi neral output
serves t 1i n  construct ion i 7’:Just r;; and road building and !‘roint in- - ce
p r o j e c t s , and in t h i s  rega rd i s  ex p e c t e d  to show continued ins
as population and the i i -e l at ed  needs c o n t i n u e  0 incre ase

The Role of I ransportation

An ride ii u~itc t r--ins port at ion syst em is large contrihut or
toward the growth of 7 117 area ’ s econom . - \ l l  f a c i l i t i e s . r o i l ,
air , hi ghway , and waters u’:, m u s t  eOl l t i nu e  0 irrprove and cX n o nr :

to meet the  needs of the c o n t i n u i n g  expans ion  in d o m e s t i c  com-
merce .  Agricul tural , minin g and forestro’ indu stries are oar-
ticular ly influenced b y transportat i on as they produce lan ce
vol umes of bulk y it ems which rust be transported lone distances
f ro m their point of origin to poi nt of ‘- n m n u f a c t u r ’ n or use.
‘there is g e n e r a l l y keen competition tie t ‘ -- c en rail , h i  ,2h\sa v , 7 ( f l g
watersay TrOd~ 5 for these lar:e volume custo~-rers .

si~
’.~t±ye~~’

.
~

l tcrhormc ._Lomnerec

The future need for navi1’ation dc-nerds r ri m or lv on “ - -

need to move large volumes of connodit ies ad ted to ~t ’  r i  rams-
portat ion along routes parallel o t h e  ri ’a i  lo l’ Ic water - - r e  -

Hi s t o r i c al l y ,  such c a r g o  ‘0 - 1re~rts ha- ; 1- been more econo’’i call s -
handled by  1-a t  er h a u l  than by any alt ei’1 (~m t ive ’ mode -f t l ’ a f l sP c ’l n t
Th is a d v a n t a g e  of (~‘at ’ . -r ’  ti’ I H ” ) r - o C t , ’i t ion is — x -  - - et ed t o  c o n t i n u e .
Project ions of future w a t er ~ o rn e cor -ner ce  are r a c e d  t o  a l a r g e
extent on studies mrs,L for re W ’ ii : te basin Comp’- e --h en < i v e
~t u d y (6) . Future tonnage’s of i- ,i tt e d logs , cood chins , roleur’-
produ cts , and a g ricult u r a l supp lies sc-r e- t rml ‘‘n d i r  1 fro~
t h a t  s t o i c ’ . P ul p ,  paper pr’ -udu~ s , and sui r s l i c s and Ii’ - - - ~t o l7 e ,
w h i c h  move o i l ~- on t h e  l u - e r  river’ ~elow Oregon Cit e , scm ri ot
p r o i o c t e d  in ~} e  ~ j 11~i p u t t  e - I i I S L f l  s t u dy , 1 — l I t  are included her’. —

in . Onl nominal savings would result from mov in g sand , gravel
and crushed st or e- f r - or l l l i O V C  t h e  ta I ls at Oregon Cit e ’ to 5cr ’, -.
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the Portland a r c - ri . F or  t h i s  reason , t h e  l’,’ j l l r a r r e t t e  b a s i n  S’~t r  P.:

did n o t  inc lude  t h i s  commodi ty  w i t h f u t u r e  ‘.‘, :&tcrhorne cor’ :- .erce,
Flos ever , si gnificant tonnages ‘ -c-r e- included . r e-rein , fo r T CI4 SOI’ S
c i t ed  be low . i .x n e c t e ’ d ss ;~t e r os c c ommerce in  t h e s e  con c d i  t i e s
is d i scussed  in t he  f o l l o w i n g  p a r a g r a p h s .  T ab l e  60 s r - - ” o r i : e s
i .e p r o j e c t  i o n s  of c O m m e r c e  t h~~~t w o u l d  move over t h e  1 1~i~” e’t t  C
R i - ;e r  p rov ided  an a d e q u a t e  b a r g e  c h a n n e l  were ay a i  la hie b etr- ,e-e rr
P o r t l a n d  and  ti °‘any .

P r e l i m i nary s t u d i e s  show t P at i ‘ - “ ) ro - ; e - r : e n t  of t h e  riv er to
prov ide  o p e n - r i v e r  n a v i g a t i o n  for  modern  L a r g e  t r a f f i c  in i f -
reach bet oseen Alban y r i nd  I r u g e n e  would  riot he ‘ r od  i c a l  wit! in t h e
t uce f r a m e s  cons id~ red in t h i s  s tude’  . P r o j e c t  ions t~ t o a t  er r ~a -

corrIn erce , therefore , cxc lude not en t  i al  t r a f f i c  t t at a c h a n n e l
wou ld  car ry  to  se r v e  t i r e  I .u gen c - area.

Forest Products

t nr ’. e s t i f l g  and p r o c e s s i n g  t h e  t i m b e r  r esource  i r r t  0 n r i ru - c
wood p r o d u c t s  is t h e  m aj o r  i n d u s t r y  of t ! .e  sut ~r cg i o n . uture
rr r o s i tP w i l l  he l i m i t e d  b y t h e  s u s t a i n e d - e u - I d  capa c ity of timber
r e s o u r c e s .  T h e  f o l l o w i n g  p r o )  ect ions  are based  on the hi li rir’ o t t  C

C B asin C o m p r eh e n s i v e  ~ t ad’: (6)  i s h i c h  used s t u d i e s  by t h e  P a c r  Cic
L or t hw e s t  V o ro - s t  and i’ a n g e  I:xr~e-rim ~ n t  e t a t  i on , P .S .  P . -\ . or e-st
Se-r y  u c e  . Logs , wood c h i t s  and o t h e r  b y — p r o d u c t s , nu i p  - m t  tame r
n r o 1- I u c t  s , and m i s c e l  lanc ’ous Oot - e- i-ru 11 s l I r t i  i es  are the m aj o r
f o r e s t  -p ro duc t  co mir r o d i  t i es e x r - e c t  ed to  m ove  over t h e -  rs ’ .ot e r - . se

R a f t e d  l o g s  Log r a f t s  are  e x p e c t e d  to  c o r t i n u e  t o  move
on the r i v e r .  E s t i m a t e d  c o n s u m p t i o n  of round wood was o5 ’ t a i n s - ~1
f rom p r o j e c t i o n s  by the Pacific Northis-est Forest and R a n g e
l . x p er i m e n t  stat i o n  (8~ . l I s t  ir ’ a ted  t o n n a g e  t o  be r r ov c d  over t h e
waterway is based on t h e  c o n s u mp t i o n  r r r o i e c t i o n s  and t h e -  record
of log movemen t  of t he  pas t l ( )  yea rs . ‘t o o t  of t b :  logs  r °r e -~~e n t l v
moved over the  s a t e - r o l l > ’  li re - J est m e d  for p u l p rini pap er  r i  u s
along the Lolumbia and loser t’,’ill amette Riv er’s . ‘ Se’ of t h e  logs
for  p u l p and paper  is expec ted  t o  c o n t i n u e  th i -orIght ’ )rI t t h e  proj e c-
t i o n  p er i o d . ,-\hout 20 percent of the tot l log tonnage ni c iv c ” c -nt
is up bound . ‘T h i s  p e r c e n t ag e  is i n c l u d e d  in  t h e  p r o i e : t  ions  of
tot al log traffic.

The prac t ice’  of s t o r i n g  tl ,e logs i n t h e  r i v e r  w i l l  hav e  to
he severel y c u r t a i  led or e l i m i n a t e d  i n  t he  i n t e r e s t  of \s ’ r i t e r
quality and it mae’ lie necessary to clear t ! r e  logs be fo r e  p u t t  in c
t h em i n t o  t h e  river. Ilowever , these re st rictions is ill not
s t a t e - r i  a l l y reduce t h e  t raf t’i c . Fri  f t  s w i l l  co r r p r  I se b u n d l e s  of
logs s-hen w a r r a n t e d  he n a v i g a t i o n — c l l ; l r n e ’l is - t i  Ps . I ot ri I est  im at  e~l
onnages  are shown in I ri le 60.



_ 
-

~~~~~~~~~~~

t~ood Ch~~ s and Other By-Products ‘ i r m i ’~ stable he-prod ucts of
lumber and pl ywood m i l l s  i nc lude  wood c h i n s , sawdus t , p l an - : r  shav-
ing s , and bark . Use of wood chi ps in the - production of p a p e r  has
developed dur ing the last 10 ears , and mos t mills now “rar~ c-t t h e i r
chips. More recent l y, use of sawdust for pub has developed.
Li m i ted  q u a n t i t i e s  of sawdust  pul p,  w h i c h  is composed of ‘- P o r t
fibers and is not suitable of itself for pane-P production , can he
used with other pulp to improve the texture of the pape r w i t h o u t
appr ec iab ly weakeni ng i t .  ‘The sawd ust  r e qu i r e s  ‘~ne ci a l handling
and , to  date , h as bee n sh ip p ed by t ruck  on ly hu t is expected to
he m ov ed by ot h er m ode s in t h e f u t u r e . Ba r k an d sos -dust n r c used
as soil conditioners and other landscaping practices , Sris ’.dus t
has been success fu l l y marke ted  in  p ressed- log  form for o p e n - f i r e
fuel. Planer shavings and sawdust also have been used for fla l e-
boa rd and fiberboard manufactures. ‘l ’hese hr-p roducts lire
ch arac te r ized  b y large  volume and low u n i t  v a l u e  and a d a p t  s’etl
t o water  t r anspor t a t i on . U n t i l  r e c e n t  years , mos t of these
materials were burned , but growing awareness of air pollut i on
and reluc tance to waste the resources are restrictin g this method
of disposal . Markets for better uti li:at ion are grois’i no, and
increased use of the material presen t ly wasted is e’xnected . trod-
chips and sawdus t expected to move on the wrs t c - rcay is’i ll he ni -n-
duced in the middle and upper areas of the basin and shi n ne d
p r i m a r i l y to the mills on the Columbia and lower TV illa’r e’t te’ Rivers .
I-s t imates of proj ected wat erhorne wood chip tmmnrra ’ e’ nrc dev e l ins - el
from pro j  ect ions of log c o n s i n n g r t  ion of the hi ll n .ine- I t e V -l as in
Com prehe n s ive  Ot u d y (o ) . P u b l i s h e d  da t a  show s a w m i l l  r i n d  plywood
opera t ions  average about 0 .~ u n i t  of w ood chip— per 1 ,000 fs - e t
hoa rd-measure  of logs p rocessed .  S h i p p i n g  w e i g 1’t per unit c- ar ies
I t imber species and moisture content and ranges h5 t s e e n 3 , 0( 1 0
and 4 ,000 pounds per uni t.

These average values were app lied to log-consumption pro-
j e c t i o n s  t o fo recas t  wood chin production . lr ’ecentl e’ , mOr’ c ’ than
70 percent of t h e  area ’ s pu lp-  and panor-nlant capacity is l o c a t e d
along the Columbia and lois - er lV illa j ’re ’t i e Rivers. ‘[‘h e s i t e -  ri d ’, t i n t  -

ages of thes e ’  p l a n t s  r e l a t i v e  t o  w r i t e r  s ri t s nl , a v a i l a b i l i ty of
lo i s -c ost isater and other transportation facilities , and avail-
ahi l i t > ’  of labor cannot  be m a t c h e d  liv a l te rrra t ive up r i v e r  b en-
t i o n s .  l-urther , the fni ct that the industr y as a whole is- i l l  n o t

- 
I expand i n d i c a t e s  t i  t p roduc t ion  i s i l l  c o n t i n u e  at t h e  e x i s t i n g

p lant : and fes new ones w i l l  be b u i l t .  H’.eret ’ore , i t  i s  as :u ” - e-d
the pres-  ni t distrib ution of produc tion ca pa bilit y is- i l l  remain
throug hou t t he f o r e c a s t  p e r i o d .  Based on p ro j ec t  ions of log
con sump t ion for  lumb er and WOOd! p roduc t s , p u b l i s h e d  he ’ t h e  !‘ or e - s t
~erei cc , S5 percent of I V i e  wood chi p rind isri s t e - residu e volun’-e
w i l l  he g c ’ r r e ’ r : i t  e l  in t h e m i d d l e  and upr ’c r  i - a r t  ions of t ’ r e
Icill amette Basin in t h e -  per iod  l9~ 0 to  2 0 2 (1 ,
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I’he middle and upper portions of the basin s-ill use’ o n ly
part of t h e i r  wood c h i p  and residue production : the remainder is
expected to be shipped to the lower t’ i lIan ’ -. I t e . s ’ol us’hia Piv e- r
or c o a s t a l  ‘al e r p l a n ts or to coastal ports. ‘[ n V - i c  60 sho ws
es t  i n -rat ed t o n n a g e ’s  of wood chips  t h a t  w o u l d  move from u n r i v e r ,
prima ry tim 5 -~- r p r o c e s s i n g  p l a n t s  t o pul p a n t  pa per p l a n t s  of
th e ’ l o s e r  W i l l a m e t t e  and C o l u m b i a  Riv e ’r s  i f  an a d e s n u n i t e  n a v i t t a t  ion
channel is available.

• ‘l’he p r o j  ec ted  \ s a t e r t m — o r n e ’  woOd! c h ip  t o l l i r a g e  r e p r e s e n t ’s
about 20 p e r c e n t  of the  t o t a l  produc t  ion expec t  — ci of the upper
ari d m i d d l e ’  basin areas . I t  is b e l i e v e d  t i - o t  more t h a n  ~he’’s e
n i e r o u n t s  w i l l  move to  t h e  lower areas  bu t  some is expected ! to
he carried by other modes of t r i n s p o r t o t  ion . The d e er e  ase in
p r o j e c t e d  w a t e r ’ o rne wood chi p v o l u - n i -  f o r  2000 and 2~) 2 f l  r e s u l t s
from an expecte d deere-use in roundwood consumn tion for saw logs
and t e c h n o l o g i c a l  advances  i n  p r o c e s s i n g  t h a t  w i l l  dec rease  by-
p r o d u c t  m a t e r i a l s .

P u l p ,  Parer P r o d u c t s ,__anc~~~~~~~~ i!~ Pul p, s u l f u r , d o e ,
and miscellaneous supp lies s i l l  c o n t i n u e  t o  he sh ipped  t o  t V ~
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[Vood Chi ps and O t h e r  By - P ro d u c t s  t t n i r h e - t a b l e  b y - p r o d u c t s  of
lumber  and p lywood mills include wood chips , sawdust , p l an er shav-
ings , and bark . Use of wood chi ps in t h e  p r o d u c t i o n  of paper has
developed dur ing  the last  10 ye ars , and most  mills now “ n a r t e t  t h e i r
chi ps. More recent l y ,  use of saw-dust for pul p has d ove-loped .
Limited quantities of sawdust pul p, ~hich i s  composed ~ f short
fibers and is not suitable of itself for paper production , can he
used with other pul p to improve the texture of the paper isithout
appreciably weakening it. ‘[‘he sawdust requires special handling
and , to date , has been shi pped by truck onl y hu t  is e \ T s e c t e d  t o
l ie  moved by o ther  modes in t h e  f u t u r e .  Bark and sawdus t  are  used
as soi l  c o n d i t i o n e r s  and o the r  l andscap ing  p r a c t i c e s .  Saw dus t
has been s u c c e s s f u l ly  m a r k e t e d  in pressed-log form for open -fire
f u e l .  P l ane r  s h a v i n g s  and sawdust also have been used for flake-
board and fiberboard manufactures . These by-products sre’
characterized by l a r g e  v o l u m e  and low unit valise- and a d op t  is’e l l
to  u n i t e r  t r a n sp o r t a t i on . U n t i l  r ecent  y e - a r c , most  of t V s e n - e
mat e r i a l s  were burned , P u t  gron~ing a w a r e n e s s  of air p o l l u t i on
and rel uctance to waste t i , e - r e sou rces  are  r e s t r i c t i n g  t h i s  me thod
of disposal. Markets for better utili :ation lire growing . and
increased use of the material presentl y wasted is expected . trod-
ch ip s  and sawdust  e x p e c t e d  to  move on t h e  uns ter u ni - ; w ill he pro-
duced in t h e ’ m i d d l e  and upper areas  of t h e  b a s i n  and sh ipp ed
prim arily to the mills on the ’  clolurtih ia and lower  h ’ i llnr n e tte Rivers .
l i s t i m at e s  of p r o j  eel  s - I  waterhorne wood c h i p  t n ’ n n a : e -  are deve l n e-e l
from proj ect ions of log eons unnnnnt ion of the 1’, h ornet t e V - h is in
Comprehensive ‘~tud y ( 6 ) .  P ub l i s h e d  d a t a  show sawm 11 and plywood
operat i ons average about 0.5 u n i t  of wood ch ips mc’-’ 1 ,000 fe - c t
hoard-measure of logs processed . Sh i pping w e i g h t  nc r  u n i t  v a r i e s
b y timber species and moist ure - c o n t en t  and r’ an ge ’s b et w een 3 ,000
and 4,000 pounds per unit.

These a v e - r a g e  va lue s  were a p p l i e d  to  l o g - c o n - - s s n ’ r p t  ion  pro-
jections to forecast wood chin production . ‘ rece ntl y , n - no re  t h i n
70 percent of the area ’s p u l p -  arid! pap er-p lant capa cit c - is located 

-
along t he  Columbia and lower h’illamette Rivers . [lie S i t e ’ advant-
ages of t h e s e  p l a n t s  r e l a t i v e  to  is - at r su n- p ie , avai l ahili iv of
low-cost cater and other transportation facilities, and  a v a i l -
ahi lit y of lahor cannot be matched iv a l t  c i  n a t i v e  upri \ s r loca-
tions. Further , the ’ fact tl ,at the industr y as a ishole s ill not
expand indicates t h a t  p r o d u c t i o n  w i l l  c o n t i n u e  n i t  t h e  e x i s t  ing
p lants and few new ones  t s j  11 be b u i l t  . [‘here l o r e - , i t  i s  a s s um e d
t h e  present distribut i on of production cnt p nit ’ i h itv i s i l l  i ’o” o in
th roug hout the forecast period . Based on pro ject ions of log
consumpt ion for lumber and wood products , pub li she’d by the I ore’st
Sore ice , S5 perce-nI’ of t h e  wood chi p and w a s t  - - r e ’ s i l u s ’ v o l u m e
will lie ge’n e’rni t c- cl in t h e  m i d d l e  and! upp e’r p o r t i o n s  of t m .e
l c i l l , i n e t t e  B a s i n  in t h - , - p eriod iPSO t o  2020 .
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‘[‘he m idd le  and upper port i ons of t h e  basin is - i l l  u se  o n ly
part of their wood chip and residue production : the remainder is
ex p ec ted  to be shipped t o  the  l ois-e r C i l l a m e t t e , Col umbia River
or coastal pape r p lants or to coastal ports. ‘[‘ab le  60 shows
estimates! tonnages of wood chips thn it would move from up river ,
pri mary tinr )-er processing plants to pulp anel pape r plants of
the lower  [V i l l a m e t t e  and Co l u n h i a  R i v e ’rs i f  an :i sl e -o ein it v n a v i g - s t  ion
channe l  is available.

The projected waterhorne wood chip tonnage repr esents
about 20 pe rcen t  of the total production expected of the upper
and middle basin areas . It is bel ieved t i - at  more t h a n  t V l , ,’:c’
amounts will move to t i l e  lower areas hut some is expected! to
be c a r r i e d  by o the r  modes of t r a n sp o r t a t i o n , The d e c r e a s e  i n
projected waterborne wood chi p volume for 2000 and I)20 result’s
from an expected decrease in roundwood consumption for saw logs
and technolog ical advances in p r o c e s s i n g  t h a t  w i l l  d e c r e a s e  by-
product  m a t e r i a l s .

~~~~~ Pa per P r o d u c t s ,  and Supp l i e s  Pul p, sulfur , cia” ,
and miscellane ous supp lies Will continue to he shi pped t o the
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paper mills at Oregon City and l~est Linn , and paper products will
be exported . Indicated changes in operat ion of these  plant s are
not expected to significantl y change total waterway tonnage in ‘1
these commodities within the time frame’ of this study . Tab l e 60
shows projected waterborne commerce in pul p paper and! related
commodi t i e s .  ‘[‘his is expected to remain constant from 1980
throug h 2020 .

Petroleum Products

Petroleum products expected to move parallel to the
l c i h l a m e t t e  R i v e r  inc lude  g a s o l i n e , f u e l  o i l , asp h a l t , greases  and
lubricating oils , and liquid petroleum gas (LPC). Needs for these
commodities in the area that could be served by the lVillarne’t te
waterway have been projected on the basis of population and per -s
capita consumption and are shown in table 58.

Table 58 - Projected Consumption of Petroleum Proe!ucts, 1/
Subreg ion 9

Year
Commodity 1980 2000 2 020

( 1 , 000 s h o r t  t o n s)

tasohine 1 ,053 1 .6-50 2 ,715

Fuel Oil  847 SS8 936

Asphal t l(s 242 (s Q

Greases and Lubricating Oils 28 36 50

‘~ Li qu id  Petroleum Gas 28 29 3-1

1/ In area served by navigation above Oregon City .

Rate studies show that gasoline and fuel oil could be
shipped as cheaply in the pipeli ne which runs from Portland t h r o u g h
5alem and Albany to Eugene as on the’ ,ter i sni v , but t 5 -ni t other
products could be harged at a saving-

b r  reasons of flexibility i t  is cons ide red  t h a t  10 percent
of the gasoline and fuel oils and 70 pe rcen t  of t I ne other products - ‘

required by the areas that could he servee! by distri but ion centers
at -\lhany O ne ’ Salem would be carried b y ba rge.  The l ow-er area  of ,

‘

t h e  basin ‘- ould be s e - r e e d  out of Port  land . A pp le ’ in g  -er cap i t a -
co n s u m p t i o n  e s t i m a t e - - - t o  t h e  p o p u l a t i o n  p r o j e c t i o n s  for  t h e  area
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to be serviced by the Albany and Salem distribution centers gives
the waterway tonnage projections of table 60.

Limestone

Shipment of limestone to the cement plant at Lake Oswego
will not be affected by any improvement of the waterway at or above
the falls. h owever , projected tonnages are shown to complete the
picture of total use of the waterway . Projections are based on
the assumption that production at the plant will grow at the r- ste
of consumption of cement in the region , which is projected to
increase at 1-1/2 percent per year. On that basis , total lime-
stone shipments would he as shown in table 60.

Sand, Gravel, and Crushed Stone

Sand , gravel , and crushed stone needs for the Portland
area and the total subregion are projected on the basis of popu-
lat ion and per capita consumption as follows :

‘[‘able 59 - Annual Requirements of Sand , Gravel , and Crushed etone ,
Subregion 9

Portland Subr eg ion 
—____

Year Area 1 ota l
(1  , 0O(~ short tops -

1980 12 , 000 20 , 000

2000 l” , OOO 27 ,000

2020 26 ,000 40,000

In the nire -a above hdl )as ’- c- tte Falls , local sources have been
dev eloped that arc’ believed en i p~i

5
~le of supp lying the needs through

tV. e project ion period , and onl y minor short -hau l movements are
expected on t h e  w a t e r w a y .

For many years t i l e  Port land area has been supp lied from
quarries e a s t  of t own and in  and a d j n i - : e n t  t o  t h e  ~illame tte River ,
Vast deposits underlie the entire east Portland i area as far east -

as the Sandy [liver and similar deposits continue non — iinderlvinc
east ‘ ancouver. However . these areas are now hecom in~ suburban 6
developments and the sand and gravel are not available for
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exp loitation . ‘[‘he deposits along the \~ill arn ette River are nearl~’
dep leted. ‘cow quarries are bei n g st ud i ed  and de v eloped . Severa l
deposits along the h’illaniette River above the falls are among the
most promis ing  from the s tand p o i n t of ease ’ a t ’ development and
q u a l i t y of m a t e r i a l .  [howev er , the l i m i t at i o n s  of the  locks nrc- -
d ude full development at this t ime . Other deposits along the
Columbia River and away from the river hut  w i t h i n  e c o n o m i c a l
truck-haul distance are being considered. Rate studies show that
these other deposits would be at least as economical to develop
as those along the (üllamette even with a new lock , hut  operators
continue to be interested in the upriver sites. One operator is
c u r r e n t ly t a k i n g  a t oken amount of g rave l  f r om a ba r a few m i l e s
upstream from Oregon City through the locks. For these reasons
and because some of the deposits along the Columbia River are in
exclusive ownershi p, it is believed that from 20 to 30 percent
of the Portland area needs will he derived from the i’illamette
River upstream of the locks. Expected quantities are included in
table 60.

-\ gricultural Supp lies

Fertilizer and lime used by agriculture are considered
pot en t i a l  r i v e r  commerce. F e r t i l i z e r  is p r e s e n t l y  bar g ed on t he
Colu n ’ni ia R i v e r  and could he barged on the I c i l l am e t t e  from the
sam e sources  of supply. Lime is needled throug hou t’ the b a s i n  t o
c ounte r  over -ac id  so i l s  hut has not been used e x t e n s i v e ly  in the’
past because of hi gh cost. Lime is presentl y distri but ed from the
ceme nt p lan t  at Lake Osw’ego and from sugar  r e f i n e r i e s  in Idaho and
s-astern Oregon and Washington where i t  is excess a f t e r  h a v i n g  b ee n
used in the refining process. Projections of potential tonnage’s
as developed for the h’illamette Basin Review and used herein are
based on the rate of usage during the period 1959 to 1964 in t h e
area tha t  would be served b y the waterwa y .

It is assumed that 70 percent of the tonnage expected to
he used in areas easi ly served by the distributi on centers of
Salem and A l b a n y  would he moved on the  w a t e r w a y . Pr o j e c t i o n s  of
waterborne fertilizer and lime movements are shown in table 60.
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Tab le  60 - Summary of Pr oj e cted IVaterh orn e Comme rce
on Willamette River above Portland

Year
Commodity 1980 2000 202 0

~l ,0O0 short tons~

Rafted Logs 933 1,164 1,264

Wood Ch ips 1 ,238 979 924

Pulp, Paper Products , ~ Supp lies 407 407 40

Petroleum Products 219 307 453

Limestone 375 505 680

Sand , Gravel , ~ Crushed Stone 3,000 4,000 10 ,000

Agriculture Supplies 240 310 345

Total 6,412 ‘,672 14 ,073

Prospective Equipment ç~~~~~s

The sizes of tugs and barges used on the [Villamette River
ab ove the f a l l s  have been l im i t ed  b y the si:e of the  locks , and
th i s  equipment w i l l  cont inue in use u n t i l  w’orn out or u n t i l  t h e
volume of commerce makes the smal l  equipment uneconomical.
However , upon completion of a new lock , use would  he made of

; other equipment present ly in use in Port l and harbor and on the
Columbia River. A wide variety of barges , rang ing from old wooden
barges of 450- to 800-ton capacity to modern steel , dual-purpose
barges of 3,000-ton capacity, is used on these w’ater s-- a v s .  Many

of the newer barges have been converted from World War II invasion
equipment; but significantl y, several all-new barges , desi gned to
completel y fill the locks above Bonneville i5 am when used in
multiple tows , have been constructed. -\lthoug h the improvements
envisioned for the tVillamette River is’ould not permit multi ple
t ow-s or possibl y even full loading , it is expected that , when
locks and channels allow and traffic demands , the equi pment avail-
ab le on the Columbia River wi ll he used on the iV illn ime-t te. [‘hese
barges s-ill range from 1 ,700 to 3,000 tons , w ill he 175 t o 225
feet long, 40 feet wide , and have loaded draft s of 12 to  13 feet .

ISo



Future Outlook of Recreational Boating

The Willamette River is a major recreational resource in
the subreg ion , capable of satisfying nearly half the total water-
related demand . At present , however , the  recreat ion p o t e n t i a l  of
the river is generall y undeveloped . In some lower reaches the
river is unsuitable for most recreation uses because of pollution .
As populat ion pressures on recreat ion facilities in the subregion
increase , there will be accelerated demand for additional accesses
and development of facilities along this waterway. Pressures also
will increase for continued improvement of water qualit y . ‘[‘he
number of pleasure boats in the subreg ion is projected to increase
from 37,200 in 1966 to 57,000 in 1980, 108,000 in 2000, and
204 , 000 in 2020. An increasing ly larger propor t ion  of these  w i l l
have to be accommodated b y the nav igable  wate rways . ‘l’his in-
creased usage by small boats could cause conflicts with commercial
navigation users . See Appendix XI II , Recreation , for further
discussion of recreational boating in the subreg ion .

Table 61 - Recreational Boating Activite’ Projections 1/,
Subregion 9

Y ear
Item Present 2/ 1980 2000 202 0

Estimated total number 76,100 117 ,900 233 ,600 439 ,100
of boats in subreg ion 4/

Estimated boats used on 4,200 6,500 13,000 24,300
a fu l l - season  bas is  on
the contiguous waterway

Annual boat-day use 168 , 000 222 , 000 427 , 000 800 , 000

Moorage capacity needs 700 3/ 1 ,100 2,150 4,000

Boat launching lane 35 3/ 80 loP 300 
- 

-

needs

!/ On contiguous waterways usable for commodity navigation .
2/ 1966 except 1970 for total boats in subreg ion .
3/ Presently available.
4/ From Appendix X I I I .
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SU~-t’-1A RY OF NEEDS

‘l’he need for navi gab le  wate r  is  reflected by the n-unn rnorv
of commerce that can be exp ected t o mov e over t ine W il l ame t t e
waterway provided the w a t e r w ay is improved to  meet t h e  r e q u i r e m e n t s
of modern barge-service operation . ‘I’he s p e c i f i c  needs are nen s
lock facilities at h’illamette Falls and greater channel di s-ensions
in the r iver  between Oregon C i ty  and A l b a n y .  A d d i t i o n a l  p u b l i c
access to the  r i ve r  is needed for recreational boating.

MEASURES TO SAtISFY NEEDS

Im provements to the h ’i l l am e t t e  R ive r  channel  and to
h’illamette Falls Locks will he required to meet the subregion ’s
fu ture  navi gation needs . ‘[‘he existing lock facilities must be
reconstructed and greater depth must he provided in the r i v er
channel. The authorized improvements to h ’illamett e Falls Locks
are considered adequate to meet the needs of projected equipment
and traffic.

Cost of reconstructin g the lock is e’stima ted to be about
513 ,600.000. Operation and maintenance costs would he about the
sam e as or s l i g h t l y less tha n of t he  e x i s t i n g  lock sy s t e m.
Modifications to the a u t h o r i z e d  plan of improvement  s h o u l d  he
studied prior to start of construction to determine the economics
of conforming the new lock to the s i z e  of t h e  locks in the
Columbia-Snake River system , and one’ justifiable changes Should!
be made at t h a t  t ime .

The channel between t he  f a l l s  and ,- \ lba nv can he improved
by open-river me thods. Water is available in m ulti p le-purpose

; storage reservoirs to augment flows during the low water season .
Increased  channe l  dep ths can be o t - tniined h e f low :su g ”~~s s t a t i o n ,
dr edgi n g ,  minor  a l i n e - s r e - n t  improvements , and bank stai~i 1i:ut ion
and contraction works. t~e-ve rn i l p lans for deeper channels as -re
s tudied du r ing p r epa ra t i on  of the  I V i l l a m e t t e  Bas in  C om p r e h e n s i v e
Study (6) for dep ths rang ing up to 9 feet. Costs for the various
channel depths studied ranged from S3 to S million , ~ut
determination of appropriate dimensions was not made.

The [V i l l a m e t t e  Bas in  S tu d e cons idered  an i s’sprovc” -cnt to
the channel between Alban y and Corvallis (about l t ’  m i l e s ) ,  ‘[‘he
slope of the r i v e r  and volume of wa ter are favorable , Hjt be n e f i t s
for improving this reach are no t  g rea t  and w o u l d  not ju st jfv ‘he
increased channel  c o s t s .  h n - t a e ’ en C o r v a l l i s  and Eugene , t h e
general gradient of th e r i v e r  is too st e ’e’p t o  nensi i t d e v e 1 s ~’-~- e ’i t
he the open channe l  method . Deve lopment  he slack water or he a
separate canal away from t In e rive’r is possible hut either
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alt ernati d e n w o u l d  he e’ere - expensive :n nsi not ju< t i Ci  a b l e ’  1w t h e -
potent jul commerce. Such deve lope s ni t also would  he possib le ’
between Wi ilamette Falls and Alban hut could not he just ified
by foreseeable potential comrnercc H o w e v e r , a r t I e r  stud >’ of any
or all of these alternative ’s may he n’, t rr :nn tc- d by significant
in cre a ses in t r a f f i c .

.-\cquisi tion of land and development of basic facilitie s
by public agencies will be required to ‘- ;i t islv recreational boat-
ing needs. [stablishment of a iV ill asn et te Partwoe’ or Recreational
Waterway has been propos ed . Over all coordination of r e c r e a t i o n a l
and commercial usages of the water way w ill he reeiuired .

Con tinued development and use of nav i gation will involve
unevaluated local expenditures for additional mooring, storage- ,
transfer , and rela t ed f a c i li t ies , as needs develop along th e
channel .

Tabl e 62 - Summary of Costs , N avi gation Facilities 1/, Subregion 9

1980 2000 2020

Fi r s t Cos ts
‘ Cha nn els  0 Locks 20 ,600 0 0

-\iei s to  Nav i g a t i o n  N ,-\ NA

Port 0 ‘[‘ rans for  Faci  l i t i es  S t  S t

>!oorages 600 l ,5 5  2,775

Launching Ramps 2 , 2 50 -1 ,000 , 000

lotal First Cost 25 ,450 5 ,5~ 5 9,~~~54

Annual OE~t 1

Ch annels 0 l ocks 1 ,401) 0 n

Aids to Naviga tion Nt ‘at S t

Por t 0 ‘[‘ r a n s f e-r F aci i i  ties NA “1 “~A

Mooring Facilitie s 120 315 335
[~a u n c h i n g  b an ns 45 80 14 1)

‘t otal  ,- \ n n u a l  Cos t s  1 , 565 395 niH

1/ I n c r e m e n t a l  cos ts  in  iOn S d o l l a r s  prior to sl u t. ’ Hoan .
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S U B R E G I O N  1 0

C 0 ,-\ S T A L

LNI:RA L

Subreg ion 10 comprises the coastal drainages between the
California-Oregon border and the Strait of Juan de Fuca , with the
except ion of the Columbia River (see Subregion 8), and drainage
into the Strait of Juan de Fuca east to , but not i n c l u d i n g , the
Elwha River Basin near Port Angeles. It is bounded on t he  w e ’-t
b y the P a c i f i c  Ocean , on the north  by the S t r a i t  of Juan  de I ’ ucn i ,
on the east by the [Villamette-Puget Sound trough and on the s o u t h
and southeast by California and the Klamath Basin. The area is
23,763 square m i l e s .  Oe n e ra l l y ,  t h e  n av iga t io n i n f l u e n c e  of the
coastal ports does not exte~d inland beyond the crest of the
Coast Range. Information on the ports on t i e Columbia River
estuary can be found in the’ Subreg ion 8 discussici . Fi gure S is
a map of Subregion 10.

Ph y s iogra p h y

[xce pt for the  areas in the Cheha l i s , Ro p u e ’ , and Umpqua
B a s i n s  which  lie easterly of the Coast Range , Subregion 10 occuri es
the  coas ta l  marg i n be tween  the  P a c i f i c  Ocean and the  crest  of t h e
Coast Ra nge .  ‘This coastal marg in is dominated throughout the
l e” igth of t he  subreg io n b y m ou n t a i n ous u p la n ds w ( t n nar row , deep ly
ent renched valleys and steep , forest-covered slopes. In most

- ar e a s  there is an abrupt change to the f o o t s l ope s , fan~~, t e r r aces .
and bottomlands that occur along the narrow coast olain and en tend
inland along the main  r ivers and t r i b u t a r i e s .  W h i l e  much of t h i s
lower area is also forested , it contains practicall y all of the
limited cropland and economic development in th e ’ coastal m ar g in.
In several places , the mountains extend to tine ocean and term inate
in abrupt headlands wh ich reach f r o m  several  hundred  f e e t  above to
10 to 50 fathoms below sea level. he ’ coastal m ar e in st rs- ,e~’shave short , steep headwaters and steep g rad i e i t -~ down to tid ea ter.
‘[‘idol reaches , extending inland from one to 2fl m iles , are gener-
all y nav igab l e’.

The interior of the Chehalis Basin occupies a portion of
the [“illamette -Puget [rough (see Subregions 9 an d 11) an d has  low ,
al most i n d i s t i n g u i s h a b l e  d [jvjdes s ep a r a t i n g  i t  from t h e  Pe s ch n t r c
and other Puget Sound d r a i n a g e s  on the  n o r t h  and the  C o w l i t :
Basin on the south. ‘[‘he rugg ed Oly m p i c Range to  t he  nor th  c r ad l e s
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the headwat ers  of a l l  the  m a j o r  t r i b u t a r i e s  of t h e  lower  C h e h a l i s ,
the l iump tu l i ps , and sev e r a l  short  c o a s t a l  s t r e a m s - - t h e  ‘~u in a l t ,
Queets , [[oh , and Q u i l l a y u te - .

‘[‘he Rogue and Umpqua Basins contain lur e- interior valle y s
loca ted  b e t w e e n  t h e  Coast  and Cascade R a n g e - s .  These v a l l ey s  are
a g a i n  surroundedi  and broken b y m o u n t a i n o u s  up lands with steep
slopes and forest  cover , h ut the f o r e s t s  are less dense  and are
i n t er sp ers ed w i t h  open , grassy, and brushy r a n g e l a n d .  There a re
gradual  t r a n s i t i o n s  from mountain slopes to v a l l e y  f loors , and
the lowlands  e x t e n d  to  severa l  mile ’s in wi d th.

C l i m a t e

‘The areas of Subreg ion 10 h a v e  two d i s t i n c t i v e’  c l i m a t e s .
.-\ l ong the coastal  marg in , the’ cli ma te is m o d e r a t e  and t n unm id.
t emperatures near the ocean seldom rise above Sn degrees in th~
summer , or fall below 2M deg rees in the winter , Annual precip i-
tation ranges from 60 to 110 inches along tie coast and to as
much as 200 i nches  a long  the  s u m m i t  of t h e  Olvnep ic and (east
R a n g e s .  Dur ing  t h e  w i n t e r  mon ths , t h e  p r e v a i l i n g  w e a t h e r  is
c h a r a c t e r i z e d  b y p e r s i s t e n t  r a i n f a l l .  R a i n  m a con t i n u e  a lmos t
u n i n t e r r u p t e d  for seve ra l  days , or modera t e t o  heave rainstorms
may produce 4 to 6 inches  at the ’ coastal towns in a 24-hour period .
A p p r o x i m a t e l y  80 percent  of the annual  preci p i ta t ion occurs rom
October  t h roug h March .  Summer p r e c i p i t n i t ion i s  g e n e r al l e  l i m i t s -h
to  o c c a s i o n a l  l i g h t  r a i n s .  S n o w f a l l s  var” : f r om a truce near t~~e’
coast to  s e v e r a l  fee t at abou t 3,000 feet elev ation , , ; t  i t  i s
onl y in t h e  hi gh e r  e l ev a t  ions of t h e ’ 01 > - n’ p i e  ‘ ‘ o ’ n n t a i n s  H a t  Snow
n o r m a l l y  r ema ins  on the ’ gr ound t h r o u g h  t i l e  w i n t e r .

‘[‘he c l i m a t e  of t he  Rogue  and hmnu,ua in t e r ic r 3-etc ins  i s
d r i e r  and more severe . A n n u a l  p r e- c i p i t w t  i o n s  r a n g e  f r o m  20 inch es
at - I ed fo rd  and A s h l a n d  to  as much as 1 0  inches in -c high er
m o u n t a i n s ,  t e m p e r a t u r e s  as high as 11 5 degrees and as low is
-12 degrees have -eer , recorded . [‘he average annua l  s n o w - f a l l  at
lower e leva t  ions r a n g e s  f rom 10 to  25 i n c h e s  and  i n c r e a s e s
f a i r l y  r ap id l y  w i th eleva t  ion . \t Lrat er Lake  Nat i onal Par)
heu lejuarters , at near l y 6 , 500- foot  e l e v a t  i on , t he average a n n u a l
sn o w f a l l  is 5’3 inches .

St ream s

‘[‘he p r i n c i  p a l  s t r e a m s  in  Sub re g ion  10 are l i s t  ‘ ,) i n  1 ah le
63. Wi t n few exce p t ions , I be- general ehn i rni c crist i ~~ of a l l  —

coa--- tal streams are rn- ma r t oi ly s m i  l a r .  Tlcnidw’ , t  er area s are
at ‘:ep , and rock f o r m a t i o n s  are r e l a t  i v e l v  i mp e r v i oiis . St i’ean”c
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ace steep gradients almost to tidewater. Summer flows are
scant .

The stream s which do not f t  this pattern include the Rogue ,
Umpqua , and Coquille in Oregon , and the C h e h a l i s  i n  W a s h i n g t o n .
The Rogue and Umpqua Rivers have substantial interior drainage
areas and derive much of their flow- from the Cascade Range. Sum-
mer flows are sustained by snowmelt and good aquifers. ‘[‘he l ow-er
Coquille and Chehalis basins are relativel y flat and tidal effects
ex tend  t o Myrtle Point , about 36 m iles from the mouth of the’
Coquille River , and to Montesano , about 10 miles from Lra~’s [[arboron the Chehalis River. Most streams are navigable to the he’~ d of
tidewater and some of the larger rivers are nav i gated above tide-
wa ter , mos t ly for fishing or si ghtseeing. Additional information
on streams is included in Appendix V , Water Resources.
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‘F ides

‘[‘ide’ s have t h e diurn al ine- n un i li t’ : t\ ”ica l of 1 - i C  e a s t e r n
Pacific Ilcean , Fhe dliurna l range varies f r o”  6 or feet a l o n g
the southern  Oregon coast t o  8 or 10 fee t  on t h e  W ash  in gt on coas t
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In most areas the extreme low t ides are about 3 f e e t  below- mean
lower low water !/, the plane of reference’ , and extreme hig h
tides about 10 or 11 feet above . ‘[‘he extreme tidal range is about
19 feet in W illap a Bay and 18 feet in Grays Ilarhor .

Eco n omic Develo p ment

For the purpose of economic studies , Subregion 10 includes
(;rays [[arbor and Pacific Counties in Washington , and Clatsop ,
Coos , Curry , Douglas , Jackson , Josephine , Lincoln and ‘[illamook
Count ies  in Oregon . Physically, i t  a lso inc ludes  the west half
of Jefferson and Clallam , the southwest corner of Thurston and
the most populated portion of 1,e’,’is Counties in Washington and
the westernmost portion of Lane County in Oregon . The 1965 e”zti-
mated population of the subreg ion was 405,500 of wh ich a p l n - r o x i r n l n i t e l v
83 percent were in Oregon and the balance in Washinc tton . .-t pnroxi-
ina te l  40 percent  of the population is urban , is it h one cite- ,
Medford , Oregon , having more than 25 ,0(1(1 population . [xcept for
Jackson and Josephine Counties , most of t h e  population centers
are along the coast with the largest concentrations on h a y s  or
natural harbors . The rural popu lation includes some 85 towns
rang ing from 250 to 2,500 residents. ‘Fhe economy is centered on
forest-oriented industries , which employ nearl y 30 percen t  of t h e
total work force. Other significant industries include agriculture ,
estuarine and deep-sea fisheries , and the processing of fishery
and farm p roduc t s .  ‘T our ism and sport fishing activities contri 1’ute
s i g n i f i c a n t ly  to the support of service industries .

The 1960 total employment was about 132 ,000. Of this
total about 8,000 were emp loyed in agriculture , 4,000 in food
processing and 37,000 in forest products manufacture. Forest
products manufacture alone makes up more than 80 percent of all
manufac tu r ing .  Tab le 64 shows the distribut i on of the l a n - o r  f o r c e ’
in 1960.

1/ Refer to glossary .

I ( t ,

________________ ~~~~~~~~ ~~~~~~~~~~~



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

— —

-- - -
-
t’ - - - - - - 

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

Table 64 - Emp loyment in Selected Categories ,
~~~ ~~) I

‘Total Emp loyment 131 , 780

Agrigulture , Forestry ~ Fishing 10 ,236

Agr icu l tu re  8 , 117

M i n i n g  467

Manufac tur ing  45 ,184

Forest Products 37 ,363

Food and Kindred  Products 3,973

Armed Forces 1 ,835

Non-Commodi ty  74 , 058

Source :~~ Appcndix VI , Economic Base and Projections .

Other Fo rms of T ransp or t a t i on

Railroads

The subreg ion is served hr four major railroad lines , the
Burling ton-Northern ; Union Pacific; Chicago , Milwaukee , St . Paul
and Pac i f i c; ane~ Southern  P a c i f i c , g i v i n g t ransconti cental ser-
v i c e .  Other  s m a l l e r  r a i l r o a d s  p rov ide  local  se rv ice - .

H ig hways

U. S. 101 runs the entire ’ len~ th of the subregion and
passes th roug h a l l  m a j o r  c i t i e s  on t h e  coast. rnterstate ’ 5 masses
throug h eastern port ions of the subregion both in Washin gton and
Oregon . There are seven principal east -we-st highwnts’ s w h i c h
are U. S. 12 , 30 , 26 , and 2(1 and Oregun State hi gl wavs (~ , IS . and
38. Many State and county highways also serve t 1 ’ e- a re -n i  t o  pro-
vide access to all small towns and commun ities.
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Air

Several  smal l  airports serve communities in the subreg ion
but scheduled commercial air service is limited to five cities .

Pipelines

A li ght oil pipeline originating i n Subreg ion 11 and sup-
pl ying products to ports in Oregon passes throug h the eastern
portion of the subreg ion located in Washington . Distribution
is made from this line to the Centralia-Chehaljs area.

EXISTING NAVIGATION

Harbors and Channels

Federal Projects

The present Federall y supported harbor s and channels are
listed in table 65. Except as noted , all harbor entrances are
secured by two rubb lemound jetties 1/ and are maintained to speci-
fied dimensions measured from mean lower low water , the plane
of reference . Four projects listed as deep draft actuall y sup-
port deep-draft traffic; two others , Port Orford and Umpqua River ,
hav e depths suitable for minimal deep draft vessels , hut do not
support any such traffic at this time . Two harbors , Depoe Bay
and Quillayute River are suitable for small boats only and do
not support any other traffic. ‘l’h e Coos and Smith River projects
are used for r a f t ed  logs onl y.  [‘he N eha lem p r o i e c t  is not suit-
able for commercial vessels. All other harbors are used for
commercial and recreational fishing , barge shi pments of timber
products , and minor amounts of other commodities .

T7~~~~Te~ ’’i~~ glossary .

- 

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



‘I’ ab le~~5 - Federal Navi gation I’ t’o k-~ ts , Subreg ion 10

Project Controlling Dimensions Remarks
Lfltrance In t e r i o r  — —

~~~~~~~~
Depth w i d t h  I ’ 5110 lc idth Len gth
ft ft ft ft mil es

Deep Draft Harbors

Coos Bay 40 1! 30 300 14
Yaquina Bay 41) 400 30 300 2
Wil l apa Bay 2t,  500 24 200 2I) no e ttie s
I;r,Iys Harbor 30 600 30 350 20

Shallow Draft Harbors

Chet co River 14 121) 14 121) 51 , 2
Rogue River 13 300 13 300 0.5

2/ 2/ 2/ 2/ 3/
C o q u i l l e  R 13 1/ 4~ 4 /  24 —

Coos River - - 5 50 2: Connects to Coos Bay
Umpqua River 26 2,’ 2 200 11
Smith R i i c r  - 6 100 16 connects to Jmp qua R
Siuslai , K ~ 300 16 200 5
Yaquin a K - - 10 150 12 Connects to Ya 5 uln a R
Depoe l o t  8 SO /- da Cu ,i t ,-r , no je ttie s
Till ,,n,oi k B 18 2 15 200 3
N e h -a l e m  R 2/ 2/ 2/ 2 / 2/

2 I/ l I t  l layute p To 116’ 10 75 oTh One I c - t i -
Nr,ah Bay 2/ 2/ 2/ ~,/ 2/ 3’

Suitable
2/  Not 0pc’cifi ed
2 , Federal i’ r t I l , ’ c t  provides only for break water
6’- Clearing h i d  snagging

N o n -P r oj e c t  W ate rway s

In add i t i on  to t h e  f ede ra l l y suppor ted  p r o j e c t s , t h e
following unimproved waterways also are used . Most of the traf-
fic on these waterways is recreational , but  some c o r ,r ’e r c i a l  f i s h -
ing is included.

Shallow-draft mail and excursion boats run t h e  Rogue R i v e r
from the mouth to Agness , ab ou t  28 n i . l es .

‘[‘he Umpqua River is used to the head of tidewater, about
15 miles above the Federa l project , by tugs , barges , and dred ges
procuring sand and gracel.

Several bays and tidal reaches includ ling \lsea , Si let1 ,
,\‘e’stucca , and \e’tarts are used by com merc i a l and recreational
fishermen some of whom cross the bar into the ocean when condi-
tio ns are ri gh t .
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Dories are launched and retrieved through the surf n t  Cape
Ki w a nda near the  mouth of the Nest ni cca River. ‘[‘his i s  l ar 0 e l \ ’  a
recreational activity but includes an occasional commercial fisher-
man and several charter boats.

Clallam Bay on the Strait of Juan de Fuca is used by com-
mercial and recreational fishermen and for rafted logs.

Navigation ,-\ ids

The U . S. Coast G uard m a i n t a i n s  navi g a t i o n a ids  a s needed
at all Federally supported harbors and marks ha:ards to navi gation .

Br id ges

Brid ges across navigable waters in the subreg ion are listed
in table 66.

l ,l ’ lt di - Itrid ges l iv e r  n - H  I g-tl’n ~ - I h , t , - r , Sol I regi r, I i ’

1 - - r i  ,~~~l
Il - t i  — . s ) ’ t ’ ~~,- 0 t, ,~ , i1

, t  rca, .  - t  ‘ ~~~~~ I u c , i t  i on  rurpose zo,,t il )ug )~ u , . t c  , - Sr ,d gt

Rogu e R i u , -r , Gold Beach Go ld Beach , Ort -g  l Iict,c,ii l a O  31)
Coqu ill e Ri ver Banjon , Oreg )iig h c,is - 25 -~ i e r t i c o l  - -
do o s Soy n- - i l l Rend • Greg  I ) , i t l  ro ,id l ” ~ -n i m ,  ed -c ogCoos Bay 0, ’ r t l - , Settd Sri, ’ g l0 g hco~ Sl i t  2 ’- ii si ’dcoos Rive r  ),,stn - t ji- , ti re-g Iti g ),c.i, 50 54 i - , t , , o  1 I i
I s t l , m , i - - Slough I t — t s , d t -  , Or,  Ht g hc.e 110 29 I - t i , - ,,
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Commercial  T r a f f i c

Wat~rborne Commerce

Waterborne commerce in 1968 is summarized in table 6T’.
Commodities include forest  products shipped to forei gn and
domestic markets , petroleum fuels to serve the needs of the mar-
keting areas around the major ports , and gravel  moving w i t h i n  t h e
harbors and between harbors within the subreg ion , raw fish and
shellfish being brought in from offshore fisheries , and small
amounts of general cargo.

Table 67 - Wateeborne dotmnerce , 1968 , ‘tubregm un t i

I , - r e t g t ,  i ’ , , , nr , t , , s , - ,otw,se — t  ,
I’ ,,rt,- ‘ti’P/2”~’i- ,,r,-O’i ” ‘I l ’ , I , O ~,~ot I , - t r H ,  mn - Son-met alli c t I ,  t i t ’’- ‘ i - -’ - ’ , i ~~, ‘l r , , d u s t s  I ’ r , , du , t ,  I’ t ’ -d ,, i s  M i n e r a l s  tsR I I’ e a d u c t s  “,r,v t iI e, sS I

o L , I - i

I h , - t , , ,  R i v ee  1 2 2  1 ,5
Rogue R i v e r  04

Iv Bu rr 182 - I 29,’
Coos Bay t~ .2 i 391 2 1  0 , 5 , 2  .‘, -l i H
Coos R i v e r  1 , 253
ilt’.~y,1c.i R i v e r  2t-  lv 95 — - 1 v - i t ,  ,0
l v , ? ) ,  River 500
‘I , , -  l a y  R i s e r  1 2 1  i i  3t .i
t a , 1t1m no S i ,  9 112 3,? ’ SI
Yliquina 8 lice  .iv 0)13
t)ejtoe lion- -
T i l l a s o o k  Ray  4

S t l i ~~- t  Bay I 134 2 SI  9
)ir , ,y , ,  Harbor 2 1 , 293 6 ’ 146 “s 3~ 5 v’ . l
Iloqaiatn River li ’  ‘5 .2
t 2 u i l l a y u t e  S i t - e r  1 , 2
n- e d t Ray 4 - — 119

Total 8 4 , 2 t 1  11 1 ,159 SO S 1St  13 ,3 ‘ 2 - t O  3”

a

Forest Products

Logs , lumber , and wood chi ps are exported to I n~r I ast
* m a r k e t s  ii , deep dr :i t ’~ v e s s e l s. l i m e  export of logs  has g e n e r at e d

some c o n t r o v e r s y ,  and r e s t r i c t i o n s  h a v e  b een p l a c e d  on the
• s h i p m e n t s .  l - . xpor t  of lumber  has d e c l i n e d  at most  p or t s in

recent  y e a r s .  I x port  of c h i p s  is r e l a t i v e l y  new and i n c r e a s i n g
r a p i d l y .  Specia l  shi ps are bei ng built for the tr ade . Lu Hier
shipmen ts to domr tc st ic markets ~‘ere made in self-propelled coast-
wise schooners and deep draft vessels u n t i l  r ecen t  v cnt r~ h~ i t

such t r a f f i c  has \ - L r t u a  l i v  c-a ’-ed . Lumbe r  p r e s e n t  lv  i s  ~‘eing
ba rged to marke t s  in southern C a l i f o r n i a  and [ l awa i i  . Some inZ t h -r-
port barge shipments of wood c h ip s  are b e i n g  made .  i’ r i o r  t o
World  War I I , l og r a f t s were moved on t 1 - e  ocean hut  such t r a f f i c
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has been discontinued. Log rafts are moved w i t h i n  hn t r ”-or s  and
from Neah and Clallam Lays to ports on Puget Sound .

Petroleum Produc t s

Gasoline and fuel oils are brough t into Coos Bay and I~ravs
h a rbor by deep draft tankers and t -itn~ ‘nlrces from refin eries on
Puget Sound and in California. Heavy fu e l o i l s  a re  barged  i n t o
Yaquina  Bay and Ump ciua R ive r s  to ser’: e p aper  m i l l s  in  t he  area.

Nonm etallic Minerals

Sand and g r a v e l  is dred ged f r o ~ d ep o s i t s  in t h e  Umpqua
R ive r  and Z ray~c Harbor for local c ons n l2 -n pt  ion . UZt’a ’uuni River sand
and ,~r a v e l  a lso  is ‘arfc-hl to  o t h e r  p o r t s  i n  t t m e  s u - r e g i o n  ,sZnd a t
t i m e s  to  po r t s  in n o r t h e r n  C a l i f o r n i a .

Fr esh F i s h  and S h e l l f i s h

F ish  and sheilfish are harvested offshore nits ~! in the bait’s.
Offshore fisheries include salmon , n~lhni co re tuna , b ett or fish .
and [)ungen ess  c rabs .  Oy s t e r s  are raised in iV illa pa Bait’, (r— ivs

Harbor , Fillamoo ln- Ita~’ , and Y a q u i n a  B a y .

\‘e ssel  ‘l’ r a f f i c

\‘essel movements throug h ~ubreg ion 10 ports nt re °nl2i’2’ n l r i : e d
in t ai)le 68. ijescri m ’i ions ot’ vesse is n IT’ c ’ i mcl uded in t ne  1’ei~ i ona l
S 11122111 a r ;
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Table  88- l e s t e l  ‘k ’mt ’tti-rt , Throug h Por t s , 1,11, ’, SuI t e g m a n  In

SeI f - I ’ ro 1le i lod ‘,~~ - - ,, -I’ e- tti_~~_~~~~- ,~~~~eItt-d
Passenger  or

D ry Cargo i o u l , , , t t
18’  d ra f t  or f ir ,

Port  I less ,I , ,o I t  ‘ a r a f t  I o r d e r  I ,g h , a t  Car go  l o t t ke r  I l l t ~ , r li,t,i 1

dh et v o R i v e r  
2 5 1  1 2)l,, goe R i v e r  19’d u q u i l l e  R i v e e  81,0 2/ 3,’ Do 1, 11013 —

duos Bay 102 r/ 22’S 21 - I I ” ’ Lv 8-I 4 ” iiSCoos R i v e r  2489 _ -i’ - l —
Uitt pqt ia River 94 ,1 51, 3 l _ iSIS 2 -Sm i t h  Riser  3 2 , ,  54 ’ 305 —- m t , v l a ~ River 

942 1’ 0
~~ l a q u i v a  Bay Sb 2/ 31 32 2 :1- 2 9 t - v t ~ 2 ’Suqti ina Rvver — 

Sd-S 313 9 n-~’2 
—

h t - p~,v Ia ,  3 .4llI i ,ir,,i,,k Bay 
0 2

S m  h a p , Ro,  7111,’ -1/ 18 ‘ 2 4  Si, 2 ‘241l e t , , ,  Ha r b o r  5710  4 25 23 3304 553 1 2  1I i - - 0 , , m , t ~ R i v e r  1188 1 21 1 1  L I’ 3590ln , l t  n l,i yotr River — 
IL’r I- ’ 4- - n-ca l, I to-  7558 4/ 15 1 9 S I l L  

—

1/ Breakdown not a v a i l a b l e
Does not i n c l u d e  v o i t t e te rc io l  f i s h i n g  I ’oo t ~T/ I v e l u d e s  towboa t s  and I I I , ’l ’ , , , a t s

1.- P r i i m a r i l v  co,,- i svecia l  f , o ) , i , i g  v e s s e l s

Deep D r a f t  Port Facilities

Coos Bay , Yaquina Bay, W i l l a p a  Bay , an d Gra ys Harbor  hai,c t
facilities for deep draf t  vesse l s .  In t o t a l , t h e s e  harb or s
ha ve about 35 deep d ra f t  b e r t h s .
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Coos Bay

Water f ront  f a c i l i t i e s  in Coos Bay comprise  numerous wh a r v e s
and docks throughout the harbor . The major deep-draft facilities
are located in upper Coos Bay near the  t owns of Coos Bay and
North Bend . Nine docks are equipped to h and le  lumber and one
d ock h an dles  gene r al ca r g o in a d d i t i on t o lumber . Six  of t he
docks have rail connections and the remainder are accessible be
highway . Two of the docks have inclosed storage areas. Three of
them are also equipped m~’ith wood chip loading facilities . A dock
exclusivel y used for wood chip loading has been recentl y con-
structed . No floating , heavy lifting equipment is based in Coos
Bay, so generally, heavy cargo is moved to and from the vessels

~s’ith ship ’s gear .

Five waterfront facilities are equipped to receive petroleum
products. Three receive shipments from barges and the other t15-o
from deep draft tankers.

Ya quina  Bay

Ya quina  Bay d e ep - d r a f t  f a c i l i t i e s  c o m p r i s e  one p ier is it im

three b e r t h s .  The pier  is equipped to hand le  logs , lu mber , p ly -
wood , and paper products .  Barge loading and u n l o a d i n g  f a c i l i t i e s
also are ava i l ab le .

W i l l a p a  Bay

Fac i l i t ies at W i l i a p a  Bay comprise two p iers at R nivr’ond .
One terminal , owned by the port  d i s t r i c t , is  600 f e ct  long with ,
a 60- ton  crals’le r crane and s eve ra l  30-ton cra l1~ -~ for  h a n d l i n g
general cargo. I t  has r a i l r o a d  connections and a separ 0t~ t a 1 ’ i~ c

unloading l ’c- rth. ftc other is a 5 )0-foot pier owned by a n r i v a t e
lumber company.

- 

- 
Grays Harbor

Seven terminal s in Grays h arbor are su i t nfl ’le for dec -p d 1 2  - ‘

commerce. ‘h’he larges t of these is the I-tort of Grays Ihlrl’ or
l c r m i n a l  N o .  1 in  Aberdeen , wh ich  p rov ides  , 4~ 5 fee t  o f n - ,-r ~i n~ space w i t h  a d e p t h  of 34 fel -t  and i s  used  f o r  gene  I’
log and ch i p ex p o r t s , and recei pt of pet ro leum produ ct
Termina l  N o .  4 . j u s t  u p s t r e a m , h i t s  (300 f e , - t  of 1’ert h i n~
and ~t 2d—a cr ’- ~ t oraOe yard • -\ pier owned isv 1 i-sn ip nih

L 

co mp any in lloquiam Ilas 546 feet of b e r t h i n g  se ac e  i t
30 I ’c-et ( ‘or Sb i pn me nt  of p u l p  and rcc~- i pt  of I

’
l l ,  - -
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Three piers owned by lumber companies in Aberdeen and South
Aberdeen prov ide a total of 2,347 feet of berthing space at
depths of 24 to 30 feet for shipment of lumber and receipt of
log rafts. One oil company pier at Aberdeen has 200 feet of
berthing space with a depth alongside of 50 feet .

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

-
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Barge and Raft Facilities

Barge and log rafts facilities are located at harh ors
throughout the subregion as needed for existin g commerce. In
addition to the docks for deep-draft vessels , approximatel y ~5 to
40 berths are available where barges can he brought alongside
a pier or quay for loading or unloading . Log raft faciliti es
vary from elaborate dumps ~chere trucks can he unloaded and rafts
assembled on a production-line basis to simp le moorin g dol phins
for tying rafts in storage. No inventory of these facilities
is available.

Fish h andling Docks

Fish handling docks are located at nine harbors on the
Oregon Coast and at five in Washington . Commercial fishermen

l7~
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move along the coast during the several fishing seasons and try to
stay close to the places where fish are being caught . They also
prefer the harbors which have easy access during all types of
weather . The mos t popular ports in the subregi on for offshore
f ishing are Coos Bay, Yaquina Bay, timpqua River , and Chetco River ,
in that order. Each of those ports has two or more fish handling
docks operated by competing processing companies . Most of the
other ports have only one. Mooring facilities for fishing boats
are included in the discussion of recreational facilities.

Difficulties Attending Navigation

Navigation is h indered to vary ing degrees at all ports by
lack of depth. The most serious problems occur at Yaquina Bay
and Rogue River where maintenance dredging has been unable to
keep the channels clear of shoals. The south jetty at Yaquina
Bay is being extended in an effort to correct the problems there
and the troubles at Rogue River are being studied . Inadequate
channel dep ths are under study at Coos Bay , Umpqua River , Siuslaw
River , Yaquina River , Wi llapa Bay , and Grays Harbor also. These
studies are concerned with the adequacy of the authorized channels
whereas the Rogue River and Yaquina Bay problems concern the
maintenance of the authorized channels. Although problems occur
at most other ports , the channels are generally adequate for the
existing traffic.

In addition, navigation is delayed at the entrances to all
• ports during periods of low visibility and when waves make the

entrances too rough. The percentage of time that such delays
affect navigation is dependent on conditions at each port.
Generally vessels have less trouble at ports with deep entrances
than at ports with shallow entrances .

Por t Orford , Neah Bay, and Clallam Bay do not have bars
across the entrances and vessels can enter to dockside during any
wave condition in which they are safe on the open ocean . However ,
these ports are only partially protected and waves from some
directions sweep through the harbors relatively unattenuated .

Recreational Boating

Oregon ’s pleasure boat registration as of January 1966
showed 13 ,390 boats in the eight counties of Subregion 10. A

L comparable number in the two Washington counties would be about
3,500 for a subreg ion total of 16,900. However , the number of
boats in the subregion is not a fair measurement of boating
activity in the area as the coastal waters attract many boaters

175
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from interior areas. No records of actual boat usage are avail-
ab le, but a survey of Oregon boaters (4) found that local owners
accounted for on ly 10 to 25 percent of the boat usage in Clatsop ,
Curry, Douglas , Lincoln , and Tillainook Counties. Additional usage
derives from outside the state of Oregon , particularl y along the
southern coast. Usage is similar in the Washington port ion of the
subregion . The inflow to the Washington coast comes not so much
from the Puget Sound metropolitan area as from interior areas
such as Yakima , Spokane , and Walla Walla and Lewiston , Id aho.
Boaters from the Portland metropolitan area also use Grays Harbor
and Willapa Bay for sport fishing.

_ _ 
_  

_
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Approximate ly 7 ,500 boats in Oregon are used predominantl y
on the ocean and coastal bays . Assuming that 25 percent of these
are used on the mouth of the Columbia River , usage on the other
coastal waterways in Oregon would be about 5,600 and considering
the smaller number of harbors in Washington , usage there would
probably be about 2,800.

Sports fishing is the primary activity engaged in by boaters
in the coastal waters. Cruising , sightseeing, and other miscel-
laneous uses account for approximately 10 to 20 percent of the
total. About 81 percent of boats 21 feet and over in length moor

• near the use site , whereas about 78 percent of smaller boats are
stored on trailers . However , many of the latter are moored in
boat basins during the period of maximum use. Boats 21 feet and
over are used on an average of 81 days per year and smaller boats
an average of 46. Assuming a weighted average of 48 days annual
use per boat , the total usage on the ocean and coastal bays would
be about 400,000 boat days .

In the Oregon portion of the subregion , excluding the
mouth of Col umbia R iver , public and private boat basins and
marinas have a total capacity to moor nearly 4,000 boats. Tn
addition , there are 41 launching ramps and 25 hoists , dollies , or
marine ways for launching and recovering small craft . In the
Washington area, there are about 375 moorage spaces available

• for private pleasure craft and an equivalent number of ancillary
facilities. However, the increase in popularity of offshore
recreational fishing and charter boat fishing expeditions has
severe ly taxed existing small boat facilities at harbors with good
access to the ocean to the extent that there is little or no
space available for mooring additional craft .

For owners of boats under 21 feet, the most needed types of
• . - improvements are more and improved launching ramps , camping areas

near mooring or launching sites , and sanitary facilities . Owners
of boats 21 feet and over need more overnight moorage facilit ies ,
more and improved piers and docks , more protected mooring areas ,
and also camping areas near mooring or launching sites.

The similarity between the coastal waters of the Oregon
and Washington sectors of the subregion and the usage made of
them are such that these needs can be cons idered appl icab le to the

• Washington coastal waters also.
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PROJECTED CONDITIONS AND NEEDS

Economic Out look

Population and Employment

The population of Subregion 10 is projected to increase to
a total of 465,500 in 1980; 575,401) in 2000; and 708,900 in 2020.
Agricultural employment is expected to decline slightly, result-
ing in the future population growth being in urban areas . Except

F- in primary metals , employment in most of the present basic indus-
tries is projected to decline or grow at a rate less than the
total population , but employment in ancillary industries is
projected to grow to support the population . Total personal in-
come is projected to increase to a total of $1,652,400,000 in
1980; $3,601,000,000 in 2000; and $7,794,200,000 in 2020. Table
69 shows estimated population and employment trends . More de-
tailed figures are given in Appendix VI , Economic Base and
Projections .

Table 69— Population , Income 6 Emp loyment Projections , Subreg ion 10

l960.i~’ 1980 2 000 2020

Population 381 400 465 .500 575 ,400 708 ,900

Total personal income 769 ,600 1 ,652 ,400 3 ,601 ,000 7 ,794,200
($1 ,000)

Per-cap ita income $2 ,034 $3 ,550 $6 ,258 $10 ,995

Total enp loym i-nt 131 ,800 182 ,100 232 ,200 289,100

A griculture , Forestry ,
S Fishing 10 ,236 9,562 8.533 7,284

F A griculture 8,117 7 ,100 6,500 5 ,400

Total Manufacturing 45 ,184 62 ,399 78 ,444 96 ,837

• Lumber A Paper
process ing 37 ,363 25 ,526 21 ,414 18 ,793

Food kindred prod. 3 ,973 4 ,21 1 4 ,034 3 ,715

Mining S primary
metals 700 2 ,700 5 ,500 5 ,600

Non-commodity ~4 , l00 108 ,300 143 ,400 183 ,200

!/ Estim ated from Census of Population and Office of Business Economics data.
1962 data for income ; 1959 data for earnings.
Source~ Appendix VI Economic Base S Projections .

Commodity Projections

Major bulk commodities that might be expec ted to move over
the navigable waterways are showii in table 70. Commodities such
as agr icultural and fores t products are produced locally and the
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• quantities shown are the entire subregion production that would be
shipped to outside markets by all modes of transportation . Other
commodities such as petroleum products and fertilizer would be
shipped in to serve local needs .

While agricultural employment is projected to decline ,
production of agricultural commodities is projected to more than
double by 2020 to a total of 660,000 tons . Food manufacturing
is expected to about triple by 2020.

Forest products are projected to remain about constant ;
however , a decrease of approximately e ight percent is expected
by 2020.

Minerals and primary metals are expected to show significant
increases by 2020. Minerals will increase from 5,580 tons to
19,990 tons, and primary metals will increase from 20 tons to
4,710 tons by the year 2020.

Petroleum products and fertilizers are expected to increase
considerably to meet the needs of transportation , heating, and
agriculture .

The output of steel scrap is expected to increase from 45
to 85 tons by 2020.

Table 70 - Projections of Major Bulk Commodities Produced
or Consumed , Subreg ion 10

Year
Base 1/ 1980 2000

- 
• (1 ,1)00 short tons)

Agricultural Commodities 300 385 500 660
Food Manufactures 320 530 730 1 ,010
Forest Products 25,550 23 ,900 24,300 23 ,750
Primary Metals 20 320 1 ,350 4,710
\l i nerals 5,580 7,510 11 ,345 19 ,990
Steel Scrap 45 50 65 85
Petroleum Products 810 1,065 1 ,680 2,535
Fertilizer 25 35 55 70

1/ 1964, except primary metals 1969 , and steel scrap and
petroleum products 1960.
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• The Role of Transportation

Rail , highway, and water transportation present ly serve
the needs of Subregion 10, but will need to be expanded and im-
proved to support projected population and economic growth. The
rai lroads which serv e the coastal areas , while adequate for the
existing economy, are all branch lines and would be inadequate
to support a major port or industrial development. Highway
facilities are equally limited . Water transportation has been
limited to movement of forest products , petroleum products , fresh
f ish and shellf ish , and sand and gravel and would require exten-
sive improvement to support major port developments or otht~r hulk
commodity industries . Coos Bay and Grays Harbor would be the most
eas i ly improved .

Prospective Waterborne Commerce

Future commerce is projected on the basis of population m d
economic growth and on studies of resource availability. Commod-
ity groups pertinent to navigation in Subregion 10 include forest
products , petroleum products , nonmetallic minerals , and f resh
fish and shellf ish. Projections of total foreign and coastwise
shipments of these commodities are shown in table 71. Internal
traffic is expected to remain about constant and is not shown .

Table 71 - Projected Waterborne Commerce 1/, Subregion 10

Commodity 1967 1980 2000 2020
(1,000 short ~ons)

Forest Products 4 ,132 5,500 4 ,750 4 ,000

Petroleum Products 571 750 1,200 1,800

Nonmetallic Minerals 490 1,000 1 ,500 2,600

Fresh Fish and Shellfish 58 85 110 150

!/ Total foreign and domestic coastwise except fresh fish and
shellfish which includes domestic internal , see table 67.

Fores t Products

Forest-products significant to waterborne commerce include
logs , wood chips , lumber , and other products.
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Logs Logs are moved in rafts on protec ted waterways between
forests and mills. This traffic fluctuates depending on the lo—
cations where logs are being cut but is not projected to increase.
Logs also are being exported to Japan . The total amount shipped
in 1967 was about 1,350,000 tons . The Japanese government esti-
mates that their needs for logs will increase through 1980 but
decline thereafter as their own National forests come back into
production . Projections of future exports of forest products
reflect this estimate.

Chips The export of wood chips has been the most rapidly
expanding segment of waterborne commerce in Subregion 10 in
recent years . At Coos Bay for example , the first export shipment
was made in April 1965, and by 1968 total exports through that
port amounted to 1.9 million tons. The present outlook is for
continued modest expansion to about 3 million tons from the sub-
region by 1980 and steady shipments of that amount thereafter.

Other Forest Products No significant change is foreseen
in the total amount of shipments of other forest products includ-
ing lumber, plywood , pulp, and bulk paper products.

Petroleum Products

Shipments of petroleum products by water are projected to
increase proportional to the total usage in the subregion as shown
on table 71.

Nonmetallic Minerals

Sand and gravel suitable for concrete or highway surfacing
is not available at all locations along the coast . The present

- 
• - commerce comprises shipments from the Umpqua to Coos Bay and the

- 
• Siuslaw River. Additional supp lies , not presentl y being used , are

- 
- 

available at the mouth of the Rogue River. The projections assume
a modest development of this source prior to 1980 to supply any
of several areas including Yaquina or Tillamook Bays or the
Portland metropolitan area. After 1980, the traffic is projected
to expand proportional to the subregional need for nonmetallic
minerals.

Fresh Fish and Shellfish t -

Current landings of anadromous fish , crabs , and shrimp
are expected to remain relativel y constant . l’he Fish and Wild -
life Aopendix projects an increase in the anadromous fish
resource through improved management techni ques , hut the

isi
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increase is expected to be absorbed by recreational fishermen .

Crabs and shrimp are presently harvested at about the maximum rate
that the resource can sustain. The production of oysters in

several estuaries is projected to increase in proportion to popu-

lation needs on the assumption that plantings will increase 
in

proportion to demand. Imports of frozen tuna will increase

proportional to population demands . Landings of scrap bottom f ish

for pet and animal food are projected to increase in proportion

to the overall regional economy . The use of bottom fish for
human consumption is expected to increase greatly with expansion

of prepared frozen dinners and development of fish-based frank-

furters.

Adequac~’ of Existing Facil it ies

Port and terminal facilities are generally adequate for

the existing traffic but a continual pressure exists at all 
ports

to use larger equipment . Problems and needs at each port are

discuss ed in the follow ing paragraphs.

Chetco River

Both water and land areas suitable for harbor development

are very limited at the mouth of Chetco River , and any major
expansion is unlikely . Facilities are adequate, however , for a

modest increase in lumber shipments and to accommodate the

anticipated commercial offshore fishery . The harbor entrance is
protected from most storm and wave activity.

Rogue River

The harbor at the mouth of the Rogue River is plagued by

large quantities of sand and gravel wh ich are moved downstream

by Rogue River and alongshore by littoral forces, Considerab ly

more tonnage would move through the port if adequate 
interior

and entrance channels could be maintained . The estimate that sand

and gravel will move from the port assumes that the 
channels will

be maintained.

Port Orford

Lumber has been shipped from Port Orford but none is moving

at this time and none is projected . The harbor is adequate for

commercial fishing boats and is being improved to 
accommodate

recreational boats. 
.
‘
~~
, —
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Coguille

Facilities at Coquille are adequate for the existing commerce
and no increase is forecast. However, the Coquille entrance is
rough during periods of moderate waves and impassible during storms.
Improvement of the entrance would facilitate the existing movements
and might result in increased tonnages.

Coos Bay

Dock and terminal facilities at Coos Bay are adequate for
• existing timber products traffic and are being expanded to meet

anticipated needs in the immediate future . However, some crowding
occurs at the petroleum terminals. Some of the larger vessels ,
especially those hauling wood chips when fully loaded , can use the
existing channels at high tide only and delays up to a day occur .
Delays also occur due to wave action at the entrance bar .

Umpgua River

Dock facilities and inside channels at the Umpqua River
are adequate for existing and anticipated traffic but the entrance
is dangerous under certain wind and wave conditious . A modifica-
tion of the jetty system is needed and a model study to determine
the best solution has been made . Whether the needed improvements
can be justified by current criteria is problematical.

Siuslaw River

The channel to Florence (mile 5) has been recently comp leted
but experience has not determined its adequacy. It should be

- extended to the head of tidewater at Mapleton (mile 19) to serve
several mills located along the river.

Yaquina Bay and River

The entrance and channel to dockside at Newport would be
adequate if maint ained to full project dimensions . An extension
of the south jetty, presently under construction , is expected to
facilitate maintenance of the channels , but full usability cannot
be guaranteed . Additional dock facilities will be needed . The
channel to Toledo (mile 14) is inadequate for existing traffic and
would need to be improved to support increased tonnaczes.
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Depoe Bay

Although Depoe Bay supports some commercial fishing , it
is primarily a recreational port. It is adequate for its present
traffic but the size of the harbor area precludes any significant
expansion.

Tillamook Bay

Facilities at Tillamook Bay are inadequate. Delays at the
entrance have prevented reliable service and traffic has not
developed to warrant construction of facilities. Conditions are
expected to improve after completion of the south jetty but
complete port facilities will be needed.

Nehalem Bay

The entrance at Nehalem Bay is inadequate for commercial
traffic . The bar is about 1,000 feet offshore and frequently
shoals to 2 or 3 feet at mean lower low water. Waves break over
the entire stretch from the bar to the ends of the jetties under
all but the smoothest ocean conditions . The entrance to Nehalem
Bay is only 8 miles from Tillamook Bay and a major improvement to
the entrance cannot be justified on the basis of transportation
savings.

Willapa Bay

Shifting of the entrance channel and exposure to storms
and waves are major problems affecting all vessels entering or
leaving Willapa Bay. Further , the authorized channel depths are

• -- inadequate for modern deep—draft vessels. The location of
Willapa Bay between the better harbors in the Columbia River and
Grays Harbor makes it problematical whether a major improvement
in the channels can be justified on the basis of transportation

• savings. Dock facilities are adequate for the traffic that can
use the existing channels.

Grays Harbor

Terminals in Grays Harbor are generally adequate for
existing commerce. However, larger ships are forced to wait as
long as 2 days for favorable tides to negotiate the 30—foot
channel with adequate clearance. Some delays are encountered
when high winds and waves make the bar channel impassible.
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Quillayute River

Commerce at Quillayute River comprises commercial and
recreational fishing . Facilities are adequate except that crowd-
ing occurs during the peak of the recreation season .

Neah Bay

Facilities at Neah Bay are adequate for existing and
prospective commerce , but additional breakwater protection would
im’ rove its usability and might reduce the amount of shoaling
adjacent to the docks.

Outlook for Recreational Boating

The number of recreational boats is projected to increase
from 30,200 in 1966 to 44,200 by 1980, 84,700 by 2000, and 156,400
by 2020. Future usage from outside the subregion is expected to
continue with local usage continuing to account for a small frac-
tion of the total . Assuming that usage on coastal waterways
increases proportional to the total number of boats , the number
of boats that will be used predominantly on coastal waters will
be 12,300 in 1980, 23,000 in 2000, and 41,500 in 2020.

Facilities are not adequate for recreational boats. Gener—
ally channels which can accommodate commercial navigation are
adequate for recreational boats. However , several harbors which
are adequate for hauling barge loads of lumber once or twice a
week , are not safe for small boats at all times and thus limit
the usage. Other harbors that are usable at all times when sea
conditions are safe for small boats are overcrowded in moorin g
and launching areas during peak—use periods. Operators of boat
basins at most of the popular ports report waiting lists of peop le
desiring mooring spaces. How much unsatisfied demand exists is
not known. Undoubtedly, some boaters are on such waiting lists
even though they are using less desirable moorages. Some m a y
even be on more than one list. However , it appears logical that
a 15 percent increase in the number of moorage spaces would be
promptly filled.
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Table 72 - Recreational  Boating A c t i v i t y  P ro jec t ions  1/ ,
Subregion 10

Year
Item Present 2/ 1980 200 0 2020

Estimated total number of 30,200 44,200 84,700 156 ,400
boats in subregion 4/

Estimated boats used on a 8,400 12 ,300 23 ,000 41,500
full-season basis on the
contiguous waterways

Annual boat-day use 400,000 530,000 1 ,040,000 1 ,900,000

‘b orage capacity needs 4,375 3/ 7,500 13 ,500 25 ,000

Boat launching lane needs 73 95 175 325

1/ On conti guous waterways usab 1’ ‘~or comm~~ it y n a v i g a t i on .
2/ 1966 except 1970 for total h ~n subreg ion .
~ ,/ Presen t l y ava i l ab l e .
4/ From Appendix X I I I .

Summary of \eed s

Greater entrance and channel depths are needed at Coos Bay
and Grays Harbor to accommodate deep-draft navigation . Yaquina
Bay is being improved for deep draft and if traffic develops will
require greater depths also. Willapa Bay is too close to the
Columbia River  and Grays Harbor to  warrant  improvement for deep
draf t  on the bas is  of t ranspor ta t ion sav ings .

The other ports in the subreg ion will remain shallow draft .
Of these ports , the entrances to the Rogue , Coquille , and Umpqua
need to be improved although the work may not be justified on the
basis of current criteria. I’he entrance to the Siuslaw has
recent ly  been improved and i ts  adequacy has not been de termined ;
the Siuslaw channel should be extended to the head of tidewater .
The channe l in Yaquina River to Toledo should he deepened . The
entrance to Tillamook Bay is being improved and should he evalu-
ated for adequacy and for its value to navigation .

A need exists for more and better facilities for recrea-
tional boats. Ports which have ready and relativel y safe access
to the ocean are overcrowded during the peak of the recreational
season , and boaters make their way to the ocean through other
en t ran ces th at are unsa fe during all bu t the most favorable
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conditions . The present number of ports may not suffice for the
projected increase in recreational boats. Optimum usage of the
ocean for recreational fishing would require safe harbors spaced
not more than 25 or 30 miles apart along the entire coast . This
would require three additional harbors in Oregon and three in
Washington . These harbors would also provide refuge for boats
cruising along the coast in case of difficulty or had weather .
Although such harbors might be desirable , actua l demand for them
is not foreseen . The ocean is not overcrowded around even the
most popular fishing pcrts and cruising along the coast consti-
tues a minor portion of total boating usage. A change in either
of these conditions , however , would create a demand for addi-
tional harbors .

MEASURES TO SATIS FY NEEDS

Deep Draft

Coos Bay

Improvement of the Coos Bay harbor by deepening the
en t rance  to 45 feet and the in te r ior  channels  to  35 feet would
accommodate the prospective commerce with a minimum of delays.
Such an improvement would cost about $12 m i l l i o n  and would in-
crease the cost of annua l maintenance of the prolect about
$200,000. This work has been authori:ed and is included in the
Corps of Eng ineers program for construction prior to 1980. Dock
and t e r m i n a l  f a c i l i t i e s  are genera l ly  adequat e hut congest ion
exis ts  at th e  o i l  t e r m i n a l s .  Add i t iona l  be r t h ing  areas and
underground p ipe l ines  to correct  t h i s  situation would cost about
$1 m i l l i o n .

a

Yaguina Bay

The channels provided for by the authorized project will
be adequate for the existing and prospective commerce, It is
expected that the work underway on the south jetty will assure
full project dimensions with a normal maintenance dred ging schedule.
The only remaining needs for deep-draft navigation will he addi-
tional dock and berthing facilities , It is expected that these
facilities will be provided locally commensurate with assured
commerce. No cost estimates are available.
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Grays Harbor

The entrance and interior channe l depths at Grays Harbor
should be increased to 45 and 35 feet , respec t ive ly .  Such deepen-
ing of the entrance might necessitate r ehab i l i t a t i on  and extens ion
of the north j e t t y  to avoid excessive dred g ing and to assure f u l l
project depths at all times . Preliminary estimates of costs are

• $33 million for initial construction and $1.2 million for mainte-
nance. Model studies are planned to assist in design. Dock and
terminal facilities are adequate for existing and projected com-
merce.

~c i i l apa Bay

The present entrance to Wil lapa  Bay could be made adequate
for ex i s t ing  deep-draft commerce b y constructing j e t t i e s  and
deepening the channels to about 30 feet . The j e t t i e s  would
s t ah i l i : e  the entrance , help mainta in  the entrance channel , pro-
tect vessels in the entrance against  high waves , and ass is t  in
control l ing erosion on the north side of the harhor en t rance .
Construct ion cost is estimated to be $200 m i l l i o n  and annual
maintenance to be $1.5 m i l l i o n . An a l ternat ive  to improvement
of the present entrance to the bay would comprise a 30-foot deep
channel from exis t ing f a c i l i t i e s  in Wi l l apa  Bay to connect w i t h
the Columbia River  channel . Construct ion cost is es t imated to
be $65 m i l l i o n  and annual maintenance to be near l y $2 m i l l i o n .
The project  would include a lock between the Columbia R ive r
estuary and Wi l lapa  Bay , but enough fresh water  mig ht  lock throug h
to af fec t  the oyster indust ry  i n W i l l a p a  Bay . Further  stud y is
needed before the project could be given an u n qu a l i f i e d  recom-
mendat i on . P re l iminary  es t imates  i nd i ca t e  t h a t  annua l  t r ansporta-
t ion savings that  could be reali:ed b y e i t he r  plan of improvement
would be about $ 2 . 5  m i l l i o n . An add i t i ona l  $1 .5  m i l l i o n  of anci l -
lary b e n e f i t s  would accrue to s t a b i l i z a t i o n  of the  e x i s t i n g
entrance.

Sh a l l o w  Draft

Rogue River

An extension of the north j e t t y  at the  mouth of the Rogue
River at a cost of about $2. 5 m i l l i o n  w i t h  an increase in annual
maintenance of about $40 , 000 would improve the en t rance  and 4
f a c i l i t a t e maintenance.  The pr oject wou ld als o ne ed additio n al
in te r io r  channels and dock f a c i l i t i e s  for which  no cost e s t i m a t e s
are a v a i l a b l e .  The harbor at Rogue R i v e r  is  very d i f f i c u l t  to - -

•m a i n t a i n .  The r iver  carries a heavy bed load of sand and gravel
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which moves extensively during high water. Tidewater extends less
than 4 miles upstream and there is essentially no bay or estuary .
Tidal exchange is insufficient to keep the entrance clear of sand
carried by littoral action . Ma jor floods on the Rogu e R iver are
capable of wash ing out any but the most massive structures within
the stream . In view of these difficulties , it is doubtful if a
satisfactory harbor can be developed within practical cost limita-
tions .

Coquille t(iver

A deeper entrance to the Coquille River , an extension to
the north jetty , and extension of the channel to the U. S. Highway
101 crossing (about mile 3) would accommodate the existing and
prospective commerce. Such a project was considered in 1965 and
found not economically feasible , Costs were estimated to be $6.5
million .

Umpqua River

The entrance to the Umpqua River would be greatly improved
by extension of the training jetty along a curved alinement to
the present end of the south jetty. The tidal exchange would
then maintain a deep water channel on an easy alinement along the
jetty. Northwest winds and waves would cross the channel causing
some navigational difficulties , but breakers would not normally
occur in the channel and the entrance would be usable during all
but the most severe conditions . Dock and terminal facilities
are adequate for existing and projected commerce but any major
increase would necessitate additional facilities . No cost esti-
mates are available.a

-
-
I
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Sins-law River

Ike  cost of ex t end ing  the channel to the head of tide~ater
in the Siuslaw River is estimated to be Sl . 1 mil lion and the
additional maintena nce cost is estimated to he $75 ,000.
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Yaguina River

A deeper channel from Yaquina Bay to Toledo wou ld co st in
the order of $3 to $4 mill ion. Unle ss carefu l l y con trol led , the
additional dredging to develop and maintain the deeper channel
could harm the oyster industry in the bay .

Tillamook Bay

The presently authorized channel and jetty project , now
under cons truction, is believed adequate for the existing and
prospective commerce. Additional dock and terminal facilities
will be needed but no cost estimates are available.

Intercoastal Waterway

A proposal for constructing a waterway between the Columbia
River and Puget Sound by way of Willapa Bay , Grays Harbor, and
Chehalis River , has cropped up periodically since the turn of
the century . Such a waterway would provide protected passage
between Columbia River , Wi llap a Bay , Grays Harbor, and Puget Sound
ports. Recent studies by the U. S. Army Corps of Engineers
found little feasibility for constructing the entire waterway
but the segments from the Columbia River to Willápa Bay and Grays
Harbor might be feasible. Increases in container shipp ing and
util ization of barges for intermodal shipment of commodities
could make the entire project feasible in the distant future .
Cos t of a deep draft canal between Willapa Bay and the Columbia
River is estimated at $65 million . A similar canal between
Grays Harbor and Willapa Bay is estimated at $104 million . A
barge canal from Grays Harbor to Puget Sound would cost nearly
$400 million .

Commercial Fishing and Recreational Boats

Channels

Channels adequate for deep draft or barge traffic are
generally satisfactory for small boats and the only channels
needed at commercial ports are for special access to small  boat
facilities . Locations of such access channels will depend on
future s iting of boat bas ins , and costs will be included in the
overall basin costs. .~~ -

191



Mooring Basins

An immediate need exists for about 600 additional moorage
spaces in Subregion 10. The additional spaces should he spread
along the entire ocean front , that is to say that an additional
basin with 600-boat capacity at one location would not necessaril y
meet the needs of the subreg ion . There will he a continuing need
for additional spaces and by 1980, a total of 7,500 should be
available; by 2000, 13,500; and by 2020, the total number of
spaces should be 25,000. This estimate is based on the assumpt i on
that ocean fishing will continue to draw its present proport ion of
the total regional boating activity.

The cost of developing boat basins varies widel y depending
on the amount of construction necessary to provide the basin and
the facilities provided. As an average , the construction cost
for access channels , noorage basins , and breakwaters at location
within an existing estuary is assumed to he about Sl ,200 per space.
The cos t of p iers , utilities , shore facilities , and parking areas
would be about $1 ,800 per space. On that basis , a program for
provision of small boat basins should be funded with about $900,000
a year through 2000 and $1.7 million thereafter. Current criteria
would ascribe about. 20 percent (half the cost of channels and
breakwaters) of the total cost to the Federal Government .

In 1968, the Corps of Engineers estimated costs of small
boat improvements at Neah Bay and Clallam Bay . Rock breakwaters
at the entrance to Neab Bay and removal of rock pinnacles to 24
feet below MLLW were estimated to cost $2,870,000, with annual
maintenance cost of $15 ,000. These costs were much greater than
benefits to accrue through storm damages prevented and more
intensive use of Neah Bay . This was not a typ ical small boat
basin development .

Cost of a rock breakwater at Clallam Bay to protect a 310-
boat basin was estimated at $1 ,930,000 and annual maintenance
costs at $13,000. The value of the protected moorage provided
and the probable increased rental boat business would make the
improvement economically feasible.

Launch ing Fac il iti es - 
-

The presen t number of launch ing ramps, hoists , and marine
ways for launching and recovering small craft is theoretically
sufficient for the boats using the coastal waterways. However ,
crowding occurs at many ramps and other facilities and most
boaters consider that additional facilities are needed . 11~is
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s it uat i on w i l l  pr ev a i l  whenever  facilities are ht r el~- udel l uate to
meet essential needs. A more reali stic approach would he to
provide an excess capacity of 25 to 50 percent , but each facilit y
must be carefull y located to insure that it meets a need . I h e
theoretical number of additional facilities or lanes of launching
ramp that will be needed is 20 by 1980, 100 h~- 2000, and 250 by
2020. Minimal costs would he $50,000 per lane.

Summary of Costs

The following table summarizes the measures needed to
provide for navigation in Subreg ion 10 including costs and time
periods .

Table 73 - Summary of Costs , Navi gation Facilities , 1/
Subregion 10

Project Initial Cost Annua l  Maintenan ce

1970 to 1980

Coos Bay Channel $12 ,000,000 $ 200,000

Coos Bay Docks and Terminals 1 ,000,000

Yaquina Bay Docks not available

Grays h arbor Channels and Jetties 33,000,000 1 ,200,000

Rogue River Channels and Jetties 2,500,000 40,000

Tjllamook Bay Docks and Terminal not available

Small Boat Facilities 10 ,000,000

— 1980 to 2000

Umpqua River Jetties not available

Siuslaw River Channels 1 ,100,000 75,000

Yaquina River Channels 4,000,000

Willapa Bay Channels 65,000,000 2,000,000

Small Boat Facilities 22 .000,000

2000 to 2020

Coquille River , Channels and Jetties 6,500,000 300,000

Small Boat Facilities 37,500,000

1/ In 1968 dol la rs .
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S U B R E G I O N  1 1

P U G E T  S O U N D

GENERA L

Subregion 11 lies in the northwest corner of the State of
Washington , between the Cascade and Olympic Mountains with near
sea level lowlands forming a trough about 50 miles wide as shown
on figure 9. It comprises 13,355 square miles of land and fresh
water areas and nearly 2,500 square miles of almost 1andlocked
salt water forming Puget Sound , Hood Canal , port ions of the Straits
of Georgia and Juan de Fuca , and contiguous bays and inlets. The
lan ds vary from bare glacier-covered peaks through forested slopes
to fertile farmlands and urban centers on river deltas and shore-
lands . The Strait of Juan de Fuca provides direct access to the
Pacific Ocean and the Strait of Georgia is the beginning of an
inland passage route to Alaska. Twenty rivers flow into Puget
Sound and adjacent waters.

~~pography

Mountain ranges occupy much of the peri phery of the sub-
region and ridges extend into the area and separate the river
basins. In the Cascade Range to the east , the hi gher ridges
generall y reach altitudes of 8,000 feet in the north and 5,000
feet in the south. Mount Baker (10,778 feet), Glacier Peak
(10,541 feet), Mount Rainier (14 ,410 feet) and other malor peaks
rise prominentl y above the main ridge lines . The Olymp ic Mountain
Range to the west is generall y lower in altitude than the Cascade

- 
I Range. The sharp peaks and ridges that characterize this mountain

range reach altitudes of 6,000 feet . The valley floors and low-
land areas are generall y a few feet above sea level rising gently
to rolling hills in turn givin g way to mountain ranges. The
straits of Georgia and Juan de Fuca break through the mountains
that generall y surround the subregion and the divide on the south
between the [)eschutes Basin in this subregion and the Chehalis
Basin in  Subreg ion 10 is low and almost indistinguishable.

Climate

The presence of the mountain ranges protects Subregion 11
from most cold Arctic airmasses and ocean storms . Maritime air
wh i ch enters from the west has a moderatin g influence on the
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climate in both winter and summer and makes the waters ice free
the year around . Mean annual precipitation varies from less than

— 20 inches in the lowlands of the Elwha and Dungeness Basins to
120 to 180 inches along the upper reaches of the Cascade Range.
Seventy-five percent of the precipitation occurs in the 6-month
period , October through March , with winter precipitation falling
as rain below 1 ,500 feet altitude , as snow or rain between 1,500
and 2 ,500 feet, and as snow at h igher altitudes. Although tern—
peratures as h igh as 95°F. to 100°F. have been recorded in the
lower val leys , summer daytime high temperatures usually range
from 85°F. to 90°F. Mean temperatures range from 70°F. during
the summer to 30°F. or 40°F. during the winter .

Streams

The rivers vary from a few miles to 135 miles in length.
Gla ciers , located at the higher elevations , are the source for
many of these streams extending stabilizing influences on summer-
time low flows . The upper portions of most basins are character-
ized by narrow mountain valleys with steep gradients which drain
forested areas . In the low lands, rivers follow meandering courses
across the f lood  p l a i n s .  The total annual runoff for the Puget
Sound area during the period 1931-1960 averaged about 38,865,000
acre-feet. Average annual runoff ranges from 15 inches in some
of the northern lowlands to as much as 140 inches in a few mountain
areas . The characteristics of the principal streams are given in
table 74 and additional information on streams is contained in
Appendix V , Water Resources . The lower reaches of several of the
larger streams and the tidal reaches of all streams are navigable
for shallow draft vessels. The only fresh water that is navigable
for deep-draft vessels is in Lakes Union and Washington .

Table 74 - Stre an f l ow SumTharv for Selected Sites , Subregion 11

Drainage Goge FlOw 0 c .f . s .  —
Stream Area ~~~~~ge A rea o r  ‘Ian ~rnu. ‘lisiman

(sq. mL )

N,oh$oc k 42 0 1/ DoMing 584 3 , 2 1 ’  45 . 200 502
Skag ,t 3 , 105 T/ Fit. Ver non 3 ,060 16 ,670 144 .000 2 . 40
St ,Ilagu am ish 684

North I-on Arlin gton 261 1 , 853 30 .600
south Fork Gran ite Fu lls 119 1 .5 1  32 ,400 55

Snohomash 1 ,708 Snoho02sh l S’20 - 156 000 -
Saamamish 24 0 - - - - -
Ce,Iar 188 ken ton 197 698 6,640 30
tirren-tluwanish 483 Auburn 399 1 ,306 28 ,100 8 1
Puya llup 9 7 2  Puya llup 948 3 ,292 57 ,000 400
Nis qu a ll y 712 La Grand , 292 1 .385 20 .700 0
Sescl,utes 02 Rainier 9(1 26 3 5 .620 16
Skokomish 240 I’otla t ch 230 NA 27 ,000 56
lIa~~ a Iluama 85 I Lane 87. 366 6 ,010 39
0u~kabunh 77 Brinnon 0 392 9 .400 45 -
lloseaallipn 116 - - - - -

Big Quilcene 68 - - - -
tlungen ess 19 8 Seqcum 156 3 1  9 .400
Ll aha 321 Mc bo na ld Bridge 260 1 .456 41 ,000 10

1 / 777 and 2 ,~~0S sq. mil es , rr n pr cI i r h , In U .S.
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Tides

The diurnal range of tides in the Puget Sound area varies
from 7.2 feet at Port Angeles to 14.5 feet at Olymp ia; the extreme
range from 14.5 feet at Port Angeles to 22.5 feet at Olympia.
At Seattle , in Elliott Bay , the diurnal range is 11.3 feet and
the extreme range is 19.3.

Economic Development

The economic development began with navigat ion in the earl y
1800’s with the arrival of settlers in sailing vessels , soon to
be replaced by steampowered ships . Sternwheelers operated on the

- - Duwamish , Snohomish , Skagit , and other rivers transporting set-
tlers , fre ight , and nail. Coastwise commerce began in 1848 with
shipments of piling to San Francisco and foreign commerce in 1853
with export of ship spars to China . Navigation and the economy
of the area received a major boost about the turn of the century
when Puget Sound ports became the support base for the Alaska
gold rush.  A phenominal economic growth has occurred during the
last 3 decades , and the population reached 1.9 million by 1965.
Studies indicate that the subregion popu lation will continue to
grow faster than the population of the region . Twelve counties
(Whatcomb , Skagit , Island , San Juan , Snohomish , King , Pierce ,
Thurston , Mason , Kitsap , Jefferson , Clallam ) comprise the economic
subregion .

Snohomish , King and Pierce Counties account for apnroximatelv
80 percent of the total population . An almost continuous metro-
pol itan area extends through Everett (50,500), Seattle (56” ,SOO)
and Tacoma (152,000), the largest cities in the subreg ion . There
are eleven other cities , eight in the ahove metropolitan area ,
with populations in excess of 10,000. The 1965 population
(1,904,100) was approximately 32 percent of the Columbia-North
Pacific reg ional total (5,876,100). The economy of the metropoli-
tan area is heavil y oriented toward activities in aerospace ,
shipbuilding, maritime trade , transportation and diversified
manufacturing . The Boeing Company ’s aerospace industry is the
leading industrial employer.

Government activities also play a major role in the economy .
The Puget Sound Naval Shipyard , second largest industrial emp loyer ,
dominates the economy of Bremerton and the Kitsap peninsula.
McChord Air Force Base and Fort Lewis are major sources of
personal income in the lacoma area. Activities providing govern-
ment services contribute heavil y to the economy of Olym pia , the
State cap itol , and vicinit y .
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In the remainder of the subregion , economic a~ tivities are
based on forest product industries , commercial fishing , farming,
and miscel laneous l ight indus t r ies .

Basic emp loyment data  from Appendix VI , Economic Base and
Projec t ions , is summarized in table  75.

Table 75 - Employment in Selected Categories , Subr eg io n 11

Total  Employment 667 , 745
Agriculture , Forestry ~ Fishing (Total) 20,973

Agr icu l tu re  17 , 824
Mining 681
Man u fac tur in g (Tot a l)  175 , 244

Transportation Equipment 71 ,016
F or est P roducts 36 , 546
Food and Kindred Products 16 ,994

Armed Forces 41 ,369
Non-Commodity 429,478

Source : Appendix VI , Eco nomic Base and P ro j ec t ions

‘I’he subreg ion has varied natural resourcu’~, the primar y
resource being vast t imber  reserves fo l lowed b y ag r i c u l t u r a l
lands , minerals , and fisheries . Tn 1966, approximatel y 6,429 ,000
acres was classifieJ as forest land , 591 ,000 acres as crop land ,
and 105 ,000 acres as rangeland . ~1inera 1 resources include lan-ge
deposits of coal , sand and gravel , clay and stone throug hout t b -
subreg ion . Peat is found in the lowland areas. the mountainous

; area in the eastern part of the area has a large potential for
producing limestone , copper , and other minerals.

The m a r i n e  water s  support  a w i d e  v a r i e t y  of f i sh , shel l-
fish and anadromous fish . The value to commerci al fishermen of
the  1967 f i sh  product ion was $16 , 414 , 094 (3) and an e s t i m a t e d  S50
to $60 m i l l i o n  is spent a n n u a l l y  by sport f i s h e r m e n .

Other  Forms of T ranspo r t a t i on

R a i l r oad s

Th ree major  r a i l roads :  l~ur 1 ing ton  N o r t h e r n ; C h i c a g o ,
M i l w a u k e e , St .  Paul  a nd P a c i f i c :  and Union  P a c i f i c  o f f e r  d i r e c t
rout ings and expedi ted  se rv ice  to m aj o r  c i t i e s  th ro u ll out  t h e
N a t i o n . Two of t h e  l ines  hav e  c o n n e c t i o n s  with C a n a d i a n  l i n e s
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to the north , and a l l  three have connections to the Port land-
Vancouver area and thence to the south and east . Branch l ines
run to Bremert on and the Grays Harbor area in Subreg ion 10.
A l ine  between Port Townsend and Port Angeles is served by
ra i l -barge  connections .

Hig hwa ys

A network of modern freeways , hi ghways , and roads serves
the area. The pr incipal  nor th -sou th  ar tery  is I n t e r s t a t e  5.
Pr incipal  highways crossing the Cascade Range include I n t e r s t a t e
90 and U . S .  2 and 12. The western port i on on the Ol ymp ic
Peninsula is served by U . S. 101. Over 150 t ruck l ines provide
common contract and special ized transport .

Air

The largest airport for both pa ssen ge r and car go t r a f f i c  i s
the Seattle-Tacoma Internat ional  Airport , but  a number of s m a l l e r
airports serv e other communities around Puget Sound . Domes t i c
service is provided by seven maj or a i r l i nes . Service to .- \laska
is provided by four a i r l ines . ‘I’here are two transpacific airlines
and two l ines provide direct service to Euro pe.  Major  airlines
handle  import air cargo (in connection with transpacifi c steam-
ship lines) on sea-air rates.

P ipe lines

The trans-mountain pipeline originating in Canada delivers
crude oil to refineries in the subreg ion . I ’he 12-inch line has
a capacity of 200,000 barrels dail y. A products pipeline origi- - 

- -

nates in the subregion and delivers refined products to areas
south of the subregion .

EN I SI INC NA V IC .-\TION - - -

Improvements for Nav igation

Exis ting_Projects

Th e St ra i t  o f Jua n d e E uca an d the connecting channels pro-
s-ide na tu ra l  deep water access from the Pacific Ocean to the many
bays and inlets of Puget Sound and a dj a c e n t  waters . The con-
trolling depth is about 200 feet in the strait and It the entrance
to  Puget Sound and 50 feet or more a t t h e  en t r a n c e  to all major

2 ( 1( 1
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harbors except 40 feet at Olympia. Under c-se excel lent natural
conditions , navig ation improvements have been limit ed to  a l l
b oat bas ins , short  c h a n n e l s  from deep  water to p iersi de . train ~ ne
di kes or j e t t i e s  to prevent s i l t a t i o n  from no - a r ev  st reams , and *

s h a l l ow draft improvement  of r ivers  or th l-oll fh is land  c h a n n e l s .
.-\ l ock sys tem connec ts  Lake W a s h i n g t o n  to  deep \~~(t  er in  Pu~ et
Sound . Existing navigation projects , e\ .-ent small pri v atel y-
owned small boat harbors , are shown in t at-I c 76.

Navi gat i on Aids

The U . S .  C oast Cuard maintains nav icsl ti on aids as needed
and marks  shoaled areas , rocks , sunken ships and other ha:~ rds to
nav i L~at ion .

Brid ges

Brid ges across nav i gable waters are li sted in tab le 7’ .

201 

- -_ •__ __
~7 -  —-——-- —-— . —-



- r ¶

Table 76 - Harbor and Channel Improvements , Subregion 11

Deep Draf t Channel s

Controlling Dimensions
Location Project Dc th Width Length

( t . )  T?~T (miles)

Belling ham Whatcom Creek waterway 30 363 1.0
Belling ham Squalicuin Creek waterway 26 21(t) 0.7
Belling ham I ~ J St. waterway 18 100 0.6
Lverett East waterway 30 700-900 0.5
Seattle Lake Washington Ship Canal 34 150-300 1. 2

below lock
Seattle Lake Washington Ship Canal 30 100 2.6

above lock
Seattle East waterway 34 750 1.2
Seattle East waterway 34 T h I l  0.1
Seattle (cest waterway 34 750 1.0
Seattle Duwamish River 1, 30 200 2.3
Seattle Duwamish River— 20 150 0.1
Tacoma City waterway 

1’ 19-29 230-500 1. 5
Tacoma (F ort Industrial ~~terway— 33 300-600 2.0
Tacoma Hylebos waterway— 30 20(1 2.6
Tacoma Middle waterway 23-34 200 0.7
Tacoma St. Paul waterway 25-34 100-S00 0.7
Tacoma Milwaukie waterway 30 150 0.6
Tacoma Sitcum waterway’, 2 3 - 4 0 400 0.6
Ol ymp ia Olympia Harbor— 3(1 300-500 1.8
Port Gamble Channe l 28 130 0.5

Shallow Draft Channels

Anacortes Capsante lnaterwav 12 150-250 0.6
Anacortes Swinomish channel 12 100 11
Everett Snohomish River 13 150-423 1.5
Everett Snohomish River S 150 4.8
Seattle Duwamish River 15 150 2.0
lfamersly Inlet Channel 13 150 0.3
Port Townsend Portage Canal 13 73 0.9
‘(its ~Ia t s Hay Channel 8 100 0.7

Navi ga t ion Locks

Controlling Dimensions
Lock (cidth Length

-; 
(ft.) (ft.) (ft.)

lake lash i ng ton Ship Canal , Main 29 80 825
Lake Washington Shi p Canal , Small 16 30 123

1/ p lus turning basin
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Table 77 - Brid ges Over Navi gable Waters , Subregion 11

M i les Type Clearance (feet~ Type
Above of IIoriz- Vertical of
Mouth Location Brid ge ontal I-lW Traffic

Skug it River
3 . 1  \er th Fork— -Ilexyilte Fixed 121) -(S )(i~y- (  B
5.5 South Fork--Fir S w i n g  115 UNL (wv
12.5 M t - l w -m on Sw i r i g  105 U N L ( ( w v - I - B
16.1) 1 Mi. N of Mt. Vernon (-i xe d 110 17 ( ( i s v - )  B
17 .0 1 Mi . \ of Mt. lw-nina - w i n y  108 WF L IIwy— FB
17 .8 N of M t. Vernon Swing 511 U(iL RR

0.1 C.inue Pass-Anacortes (-jaw- 3 100 Hwy-FB
0.5 i w - evption P,iss-Anac ortw- s I aw ~1 1 4  ((wy-PB
11 .2 Swinomish Sloug h near

\ I l , i y o r t w v -  awing  100 UNL
0.5 Swinomish Slough near

\insno rtvs l - -rt i y al l i I ~ 100 16 ( 1w, ’ - P B
5 . -I Swinomish Slough , LaCenner I ix ed -1. ((wv- I- B
0.5 Sainish Riv or--Ldi son ( xe2 30 7 is.—
0 . 5  Brown Sloug h , Conway Fixed 4- 1 5 Hwy
3.5 Tom Moore Slough--M ili town Fixed 60 5 (w v
0.5 (te-~t Pa ss-Stanwood t t x ~ -i S i l  39 IIwv-FB

S t i l l a g u a m i s h  Rive r
4 .6 Near Florence Swin g SE ~N i Hwy
5 . 1  Stanwood l-i x ed 28 1) ((wy-PB
0 .5  Civ is Slough-- Staiiso od Fixyd 16 5 ((wv-PB

Snohomish R i v e r
5 5  Lve rw - tt S w i n g  100 1151. RN
.,.6 ( v e r - t r  \e rt ic.ii lift 105 38 (Isv-PB
3.6 Everett Vertical 1 f ~ 105 3s (Iwy-FB
6 . 1  Everett Fixed Is-I 66 Hwy
6.7 Everett Fixed 150 55 Ivy
6.8 Everett , (cw i t t  Av e Ve rt i c a l  lift 103 37 ( w y — F l

14 .0 Snohorn i~ h Fixed 201 32 (Ivy-PB
15.0 Snohomish Swing 115 ( ( N t  I l wv - FB
15.3 Snohomish Swing 165 ( IN !  RB

L 15.5 Snohomish Swing 100 UNL RN

1 .4 Ebey Slough , Ma rynvillo Fixed 110 41 IIwy— FB
1.5 Ebey Slough , Marysville Swing 105 U N L RB
1.6 Ebey Sloug h , Marysville Swing 110 (‘wI . IIw y-FB
7.5 Ebey Slough , Fvemc- tt Fixed 235 15 Hwy-PB
1.5 Union Slough , Mary sville ( i x v d  4 7 Hwy

— 
1.6 Union Slough , Ma ry svill e I i x e d 4~ 6 I (wv -FB

1.0 S h i l s h o le  Bay,  Sw-jttle Bascule  150 CR1 RN
Lake Washington Ship Canal

1 
- 

F 1 .1 Seattle , 15th Ave N W Basculo 150 USI. (Isv- IS
1.). Seattle , 8th Ave NW Bascule 150 ( ‘R i  (<S

Open
2.6 Seattle , Fremont Ave Bascule 150 UNI. Hwy-Fl
2.7 Seattle , Aurora Ave Fixed 525 3 ((wv-PB
4.2 Seattle , Freeway Bri dge Fixed
4.3 Sea ttle , l (niversit v Bridge Bascule 175 ((51 Isv- PB

Open
5.2 Seattle , Montlakc Brid ge Basculc 150 ON L (wv-IS

Lake Washington
Seattle —-Foster Is.
Evergreen Pt - Removable S(s .~( 2112 (wy

Seattle- -Fest er Is.
— (.vcrgrecn East End Fixed 207 55 ( I s s

‘ss~~i t t  la —- I Q a t a r  Is.
Evergreen S w - St  End Fixed 206 (wv

Seattle— - ‘-k-m ar I sland Pontoon 2 ) l ~ ( (w ,~ - I ((
Mi-re ar Is——Ea st Channel
Bri dge Fixed 200 3S ( I w w  -
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Table 77 (Cont ’d)

Miles Type Clearance (feet) Type
Above of Horiz- Vertical of
Mouth Location Bridge ontal 11W Traffic

Ellio tt Bay--Seattle
0.3 East Waterway , W Spokane St Fixed 14 6 Hwy-PB
0.4 East waterway, Kljckitat Ave Fixed 14 8 RR

Duwamish Waterway 6 River
0 .3  Seatt le , W Spokane St Bascule 150 LJNL Hwy- FB
0.3 Seattle , W Spokane St Rascule 150 OWL Hwy. FB
0.4 Seattle , N. P . By. Bascule 150 UNL RR
2 . 5  Seattle , 1st Ave S Bascule 150 OWL Hwy-FR
3.8 Seat t le , 14th Ave 5 Baacule 125 UNL Hwy-FB
5.3 Seattle , Boeing Plant Fixed 90 20 PB
6.4 2 Mi . 5 of Seattle Fixed 180 5 Hwy-FB
6.8 Duwamish River Brid ge Fixed 202 5 Hwy-PS

Commencement Bay- -Tacoma
0.6 City Waterway , S 11th St Vertical lift 200 64 Hwy-FB
0.8 City Waterway , 14th St Swing 100 UNL RB
0 .9 city Waterway , 15th St Swing 100 OWL Hwy-BR
1.1 Hylebos Waterway, B 11th St Bascule 150 UNL Hwy-PS
0.8 Port Industrial Waterway ,

E. 11th St Baseule 150 UNL Hwy
Agate Passage--Puget Sound

1.0 Suquamish Fixed 520 35 ((wy-PB

Burkes Bay- -Puget Sound
5 

0.2 Brownsv ille Fixed 24 14 Hwy-FR

Case Inle t- -Puget Sound
10.0 Detroit Fixed 20 Hwy-SB
11.0 Grapeview Fixed 21 16 PR
0.0 Clam Bay--Manchester Fixed 30 40 Hwy
1.5 Dog fi sh Bay--W eyport Fixed 18 6 HWy-PB
3.0 Hale Passage--Fox Island Fixed 105 31 Hwy-FB
0 .1 Hamma Hamma River , Eldon Fixed 120 13 Hwy
0.0 Henderson Bay, Purdy Fixed 184 12 Hwy-FR
0.4 Henderson Bay , Raf t Island Fixed 21 17 PR

Port Wa shington Narrows
0.3 Bremerton , Wash . Fixed 231 82 Hwy-FB
0.5 Bremerton , Wash . Fixed 220 80 Hwy-PB

‘ — 0.0 Ola l la Creek , Olalla Fix ed 32 9 Hwy
• Puya l lup Riv er

0.8 Tacoma , E 11th St Vertical lift 150 29 Hwy-PB
0.9 Tacoma , B 11th St Swing 120 UNL RB
1.5 Tacoma , S 21st St Fixed 110 13 BR
2.0 Tacoma , Clevela n d Way 6 E.0. Fixed 124 12 RB

2.1 Tacoma , Hwy 99 Fixed 175 35 Hwy-PB
2.3 Tacoma , Wash Fixed 135 24 RB
2.5 Tacoma , Wash Fixed 150 14 RB
0.5 Days Island Waterway, Tacoma Fixed 48 23 Hwy-PB
3.5 The Narrows , Tacoma Suspension 2 ,565 159 Hwy -FB

Port Townsend-Oak Bay Canal
0.2 Port Townsend Fixed 236 58 Hwy-PB

Pug et Sound- -Hood Canal
5.0 Port Gamble Retractable Pontoon 602 Hwy

Por t Gamble , East End Fixed 239 55 Hwy
Por t Gamble , Wes t End Fixed 239 35 Hwy
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Termina l  F a c i l i t i e s

Essentially all of the terminal facilities in Subrei~ion 11
are located at seven princi pal ports. Cargo handling docks compri se
444 berths wi th  a combined length of nearl~- 28,5 miles , table .“S .

Of the se , 22 can accommodate vessels  w i t h  d r a f t s  of 40 feet or
more. Add i t i ona l  ber ths  are a v a i l a b l e  for c o n s t r u c t i o n  or repa i r
and for mooring whi l e  w a i t i n g  fo r cargoes.  Covered d o c k s i d e  ca rgo
stor age space compr ises 77 acres and open storage more than  250
acres . Water f ron tage  used for t e r m i n a l  facilities comprises 23 .5
m i l e s  for cargo h a n d l i n g ,  4 .5  fo r cons t ruc t i on  and r e p a i r , nea r l y
5 , 0 for mooring,  and 3 , 000 feet f or f e r ry  t e r m i n a l s , t a b l e  T9.  J h .
to ta l  w a te r f ron t  area amounts  to 2 , 688 acres , t a b l e  80.
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In addition to the seven principal harbors , more than 90
small harbors have facilities for local commerce , ferry “-ervi ce ,
and sma l l  boa t s .

Add i t i o n a l  i n f o r m a t i o n  on t e r m i n a l  f a c i l i t i e s  is a v a i l a l ’ - l e
in .-\ pp cnd ix  V I I I , Navi gat ion , of the Comprehensive ~ t u dv  of h . l t C T

and R e l a t e d I ,and Resources , Pu get  Sound and Adia cent haters (5)

L

and the  U.  S. Corps of Engineers  Port  Series N o s .  35 , 36 , and 3 ’
(25 , 22 , an d 2 4 ) .
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Fable 79 - Water Frontage (Terninal 1-ac i lit  e n  - i 9 €  I - Subregion I I

Bull. 3t 1er OtFe r t e l  terry ii o f l n t r u -
-len er al lul l Forest  P e t r s - ~ra l i ’ , s c i c l  t o r  Passenper t - s-.~.

Area Grain Products lowe B u l k  F u l l  ~ cr Cr ’--  c c  e~~~r 0 0 r 4 0 1

Port Ang e le s 1 .75(4 0 2 51111 1 .100 200 0 5 ,930 2(0 1 .300 2,tiOO

Anac ortes 3 0051 0 3 .050 2 ,900 0 0 s ,959 so boo i .~~si

Be lli ng h~Ln 3 ,210) 0 2 ,690 1 ,900 1 ,200 0 s , 900 0 1 ,41)0 2 .850 1
i v c r e t t  1 ,050 0 12 430 1 .000 600 20 0 14 550 0 1 ,050 3~ i~

S e a t t l e  16 ,300 1 .500 1 ,411(1 5 ,4114) ~~ 74i ) 1 ,800 41 , 150 L ( s O I ’  15 . 230 3 2 30

Tacoma 1(5 ,200 1. 00 16,200 4 , 43w 5 , 210  300 37 01,U 30i) 4 ,000 S~~~ 4 .0

Olympi a 2 , 200 0 2 ,600 500 600 0 0 200 it 550

iota ls 37 . 755 3,000 40 ,050 21 , 150 1-I , )- -i~( 2 ,300 124 8 ( i  3 0 0 4 24 .030 20 f i l e

Table 80 — W ater i r ne t Ar e8 (T er e in u l  F a c i l i t i e s , 19’ ) , Sahre~ ine 11

S u l k  O th s - r  0: ,-r 0 5 4 3  Ferr- , 1. ‘ u n . r r u c —
-en s - r aT  B u l l  Forest P t r o -  Sir ’s L icu id  or Pa sseneer t I o n  and

Area .crgc Grain Product q leum Bn cl k Bul k Carec --r I - isu s Repair “ fir 1O~
i l; r e s l

art A ngeles 241 0 2 7  2)) 1 0 08 3 IS II-

\ n .0 - s’ r t efl 45 0 3f l  370 2 0 345 I l  9 33

ih’I l i r i g ban 30. I )  29 i4  33 0 143 3 12 33

Lve rett l 0 101 10 7 2 l O t -  4 40

— S e a t t l e  200 24 03 133 5 3n I , l s  30 51 h I S

i 401504 114 6 III 80 0 308 3 - i 7

(i l ympi a 0 29 0 0 ii 0

C I c k - l o t a i s  4 4 . 30 419 ‘I l- 2 2 1  III l . 12 32 369 312

M i n o r  l I f t e r s  I 0 31 ‘3 11 I l~~ 2 0 33

101-tI S - h I l l -  30 1 , 1  (-38 232 i l l  I 5~ e 54 34.0 5 1 3

—I..,
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Minor Harbors

The following harbors have a lesser degree of commercial
activity:

Blam e, population 1,800, is at the Canadian border . A
Federal project provides for a small-boat basin of 14.7 acres
and 12 feet deep with a rock breakwater. Commercial fishing
supports several fish packing firms . The only facilities other
than small-boat moorages are the docks and wharfs associated
with the respective fish processors .

Port Gamble is an unincorporated community on a large bay
off the east side of Hood Canal. A federa l project consists of
a 3,000-foot channel 28 feet deep and 150 feet wide from Port
Gamble Bay into flood Canal.

Shelton , population 6,500, is 6.5 miles up a narrow inlet
at the southwesternmost reach of Puget Sound . The city is the
location of a large wood products manufacturing firm with severa l
diverse activities. The inlet is about 1,000 feet wide and
channel 10.5 feet deep and 100 feet wide is available. A Federal
project , adopted in 1910 , which provided for 150-foot channel 13
feet deep, has never been completed and is inac t ive .  Traf f ic
consists mainly of log tows .

In addition , there are 91 small harbors which are used for
local commerce , ferry service , or small-boat facilities. These
harbors are listed in table 81.
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Table 81 - Miscellaneous Small Harbors , Subregion 11

SAN JUAN ISLANDS

Friday h arbor , Roche h arbor and North Bay on San Juan Island.

Deer h arbor, West Sound , Orcas , and Olga on Orcas Island.

Reid Harbor and Prevost on Stuart Island .

Lopez , Richardson , and Upright h ead on Lopez Island .

Shaw I s la n d , De catur Island , Wald ron I s l a n d , Lurnm i Island and
Guemes Island.

WHIDBEY I SLAN D

Lake Crockett , Oak Harbor , Crescent h arbor , Coupeville , Lang ley,
Columbia Beach , San de Fuca , and Cornet Bay . -

EAST I3UGET SOUND

Tulalip on Tulalip Bay, 4 miles northwest of Everett.

Mukilteo on the east side of Possession Sound and on Elliott Point .

Meadowdale on the east side of Possession Sound in Browns Ba~’,
known locally as flam es Wharf.

Redondo on the east side of East Passage on Poverty Bay.

Du mas Cov e or Bay , 2 m i l e s  west  of Redondo ,

Titlow Beach - Day Island Anchorage , 4.5 miles south of Point
Defiance .

Steilacoom near Gordon Point at the north end of Cormorant Passage.

DuPont ~~iarf at the mouth of Sequal i t  chew Creek l l i $ : i r  the east end
of Nisqually Reach .

Bosto n Harbor in Boston Cove just east of hiofflenver 4oint.

_
‘

s_ -
~~
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Table 81 (Cont’d)

WEST PUGET SOUND

Bremerton and Port Orchard on Sinclair Inlet.

Vashon Heights Landing , Portage , Burton , Dockton , Tahlequah ,
Lisabuela and Cove on Vashon Island .

Port Madison , Winslow , Creosote , Eagledale , Port Blakely. , and
Manzamita on Bainbrid ge Island.

Kingston , Hansvjllc , Indianola , Manchester , Harper , and Southworth
on the west side of Puget Sound .

hladlock , ‘lats Mats and Port Ludlow on the west side of Admiralty
Inlet .

Diamond Point and Bl yn on the south side of the Strait of Juan
de Fuca.

Bangor, Seabeck , Brinnon , Pleasant Harbor , Holl y, Eldon , lloodsport
and Union on Hood Canal.

Ilahee , Keyport , Poulsbo , and Brownsville on the west side of Port
Orchard Channel.

Fragaria , Olalla , and Gig Harbor on the west side of Colvos Passage.

Sy lvan on Fox Islaid.

Vega on Anderson Island .

Ilorsehead Bay , Home , Lakebay , and Blencove on Carr Inlet.

Gertrude , Bee , and McNeil Island Penitentiary on McNeil Island in
Carr Inlet.

Ilerron Island .

A ll yn , Windy Bluff and Ilerron on Case Inlet.

Grant on Pickering Passage .

Carlyon Beach on Tutten Inlet.

Quilcene Boat Haven on Quilcene Bay .

Nordland on Marrowstome Island.
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Commercial Traffic

Ports

Ports wi th more than a million gross tons of commercial
traffic , exclusive of rafted logs , include Anacortes , Be 1lins~ham ,
Port Angeles , Seattle , and Tacoma . Other important port s Tdth
foreign and domestic trade are Everett , Port Townsend and Ol ymp ia.
A major naval shipbuilding yard and anchorage is at Bremerton ,
across the sound from Seattle. Several minor ports support local
traffic which remains in Puget Sound and adjacent i~-aters. Im-
portant ferry landings are located at tacoma , Seattle , Edmond s ,
Everett , and Anacortes on the east side of the sound and south-
worth , winslow , Kingston , and Port ‘t ownsend on the west . Ferries
provide the primary access to many islands including \ashon , fl rc -hs ,
and San Juan .

Commerce

tVaterhorne commerce thi-olI F Subreg ion 11 ports is k’scri h t~1
in Appendix V III , Navi gation of the Comprehensive t~ater Re~oi~i-c.
Study of Puget Sound and Adjacent haters . 15) that stud- ; showed
trends in movements of major commodity groups during 1952 thr ol1~-h
1966 and a breakdown of commerce at princi pal ports in 19f-43.
During that period total domestic coastwise and forei gn cor°m crce
increased about 50 percent from 11 to 17 milli on tons per year
and interport commerce within the subregion f l -c  about 20 to 25
million tons. The commodity groups shown in the study inc itided
general cargo , bulk grain , forest products , bulk petroleum ,
other dry hulk , and other li quid ~ l l i ~~ . t.ocal , intraport commerce
was not shown , hut  was stated to he ahou t four million ton s annu-

I 
. all y. Commerce at the major ports durin g 19tt~ is sIu~Sm3I r l :ed in

I — table 82. Ihe 1908 cors-s- ~ r i  C on t inh y il the incre asing t r e n d - S 5~~Olsfl

for 1952 to 19o6.
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i~~p c  I ~5i - - 2 4, - -

925 1 .961 13 t 1 2 3 I 2  3 2 32: - 51 45 54 U ’
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—
- I 1 . 1 , 1 - 3 3  . 2~~. Ii 4 - - 2 . ’! 4 — ‘  :4’

Oflao ort ,s 3 I ~ —— :2 4 ] 4 2 5  4)05 I I  _4~ j .3 .j  -

5,4 r. 1i54r 49 53n 1 94 I I I  51 4 .
_

IS ‘ ‘0.  40 - - t  - - -

O i l  Other : VS ISO Ito it 491  19 0 155 40 - -  -

1 ,599 SV4U 500 : 1 1 1  5 . 14; 1 ,160 545 2 5 0  12 0: ~— °‘ 0 , 1
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Ferry Traffic

Ferry traffic is not included in the above waterborne
commerce. Traffic on state-owned ferries has increased steadily
from 2.1 million vehicles and 4.9 million passengers in 1952 to
3.1 and 6.3 million respectivel y, in 1966 . Ferries also move
approximately 17,000 railroad cars annuall y, connecting Port
Townsend , Port Gamble , and Shelton with Seattle and tacoma . Not

• included in the above traffic are ferries carrying hi ghway vehi-
d e s  and passengers between Port Angeles and Seattle (summers
only) and Victoria , B.C. Table 83 lists movement hv ferries at
princi pal ports.
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Table 83 — Major Ferry Servic e , 1 9 ° , Subregion 11

Cargo Rstlrtoa d Cars ‘ e3 1 le~ ______

(shor t tons)

\ l s . l c o r t s - i, 0 0 111 2 .710 350 , t 3 S

Be l l ing hain 0 26 olu - 1ui i 1/ 33-1 .000 1 ,

Sea t tle 31l , b~l 1V 16 ,795 1 , 51i 9 , 2”2 3 ,530 , 32

Tacoma 16,040 300 SI 4 3  114 , 24

Por t Angeles 0 0 N A .  N A .  —

Por t Townsend 11 ,630 12 ,087 53 , Sls 30 ,113 1)

Por t Gamble 0 3114 0 0

Shelton 0 2 ,730 0 0

1/ llst inated , 19 66

Vessel Traffic

Steamship service is provided by thirty-two steamshi p lines
and eight tankership companies. In addition , six barge lines
serve Alaska , ten coastwise carriers of lumber and petroleum are
operated for privat e use , and local freight is handled by two
lines as well as the ferry system . The numbers of self-propelled
vessels calling at the major ports in 1963 are listed in table 84.

Table 84- Draft of Self-Propelled Vessels , 1963 , Subreg ion 11
4

Passenger ~i Dry Cargo Tankers

D r a f t  D r a f t
18’ Draft 18’ Draft

Port I Less 18’ - 40’ Total ~ Less 18’ - 40 ’ l o t a l

Port Angeles  2 ,656 20-1 2 , 860 b2 36 98
Anacortes 9,267 33 9,300 190 507 (o97
B e l l i n g ham 3,776 216 3,992 79 4 83
Everett 4,010 304 4,312 0 2 2
Seattle 50,410 1,809 52 ,219 356 (s -lI t 1 ,002
‘I’acoma 13 ,068 891 13 ,959 148 178 32 0
Ol ymp ia 103 81 184 32 13 45

2 1 - 1
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Diffic ulties Attending Navi ga t ion

Puget Sound provides natural channels of adequate width
and depth for the largest vessels. Only in or near the mouths of
rivers is maintenance dredg ing necessary . ftc major harbors
generally have adequate pi-otect ion fi-om waves and adequate depths
for commercial vessels ~ith litt Ic or no maintenance dred gi ng .
Floating debris , particularl y logs , occas i onalls- constitut es a
hazard to vessels moving at hi gh speed in the sound. Oil poll u—
tion from vessels is increasing ly causing concern . In gens - rIh l ,
there is adequate berthing space for commercial vessels. However ,
the trend towards larger deeper draft vessels w ill require
increased depths at berthing faci lities and aJJ tion~il backu p
areas to handle the cargo discharged by ti c larger vessels.

F e c r e a t  iona l  Beat lng

Hood Canal , Puget Soun-,~, ‘he St r a i t  of Ceor ~ i i i , and t h e
many i n l e t s , channels , and islanjs are i d e a l  for rec rl-;i ’ ion al
b o a t i n g .  Lake  h~h s h i n g t o n , wh i ch i s  1~ r i 1e- ~ lorl : and 2 !!lilCS
w i d e  and is  connec ted  Cv c an a l  ~ Pu - - -t ound , i s  h e a v i l y  used 1 v
r e cr e a t i o n a l  h i at er s  . r a f t  c~ a l l  ‘ ‘ -

~~~ fror ’  rouchout the
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region , ranging from sing le-man sailboats and outboard motorhoats
to large cruisers , ply t h e  waters of Subreg ion 11 . During recent
years , recreational boating has grown extensivel y and it is now
estimated that there are 94 boats per 1 , 000 populat i on in the
subregion as compared with the national average of 41. A studs ’
of recreational boating conducted as part of the Puget Sound and
Adjacent Waters Comprehensive Water Resource Study (5) found that
34 percent of the population engage in some form of pleasure
boating , as compared to a national average of 20 percent . The
study further found that the total number of recreational craft
in the subregion was 186,000 in 1966 but that 95 percect of the
total marine facility demand was accounted for by 62,100 recrea-
tional boats which are registered or documented 1/ by the Coast

O Guard . The study based most of its conclusions on a questionnaire
survey of a representative samp le of the owners of reg istered
boats. Eighty-one percent of the reg istered boat s are in the
Olympia-to-Everett metropolitan area , nine percent are north of
Everett , and ten percent are on the Olympic and Kitsap Peninsulas .
Recreational boats fall into the following categories.

Table 85 - Recreational Boats ,
Subregion i i

Reg i stered
or

Tot a l Documented

I nboa rd Moto rboats 18 , 200 15 , 600

Outboard Motorboats 94 , 400 45 , 300

Auxiliary Sailboats 1 ,400 1 ,200

Sailboats without Power 6,300 0

Miscellaneous 65,700 0

- - Tota l s 186 , 000 62 , 100

1/ A recreat ion boat of over five net tons may he documented h i the
owners option . All commercial boats of over five net tons
must be documented . All undocumented craft propelled h~’ an
eng ine of 10 hp or more and used on navigable waterwa ys must
be reg istered . See glossary .
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The survey questionnaire requested information on the needs
for both conventional rental moorage spaces and for rental dry
storage with appropriate launching facilities. ‘l’he returns indi-
cated a need for a total of 37,120 rental spaces of which 29,710
would be for moorage, located as shown on table 86, which  shows
also the available rental moorage spaces as of 1966 and the
indicated deficits. This report and the Puget Sound study show
only the needs for moorage spaces although it is recognized that
suitable dry storage may have to he substituted where development
of conventional moorages is too expensive.

A total of 167 publicl y owned boat basins and privately
operated marinas supp ly a total of 15 ,975 rental moorage or dry
storage spaces of which 12 ,297 are for moorage and are located as
shown in table 86. There are 98 boat hoists at established marinas
and 185 boat ramps with a total of 221 lanes locat ed throughout
the subregion . Twenty-three state parks and 14 state marine parks
are located along the 2,350 miles of shoreline. About 9 miles
of shoreline are occupied by pleasure boat facilities . In addi-
tion , there are several small public and private marinas and many
single-owner boat moorages throughout the subregion .

1 - o l -  1~- ~6 O h ’ o r I c t  9b ,I~~ 6 1140 .5112 S S I l  41- - 1 -  - 1104-1, , 5s) r I - g l . 11 I I
______ - —  

41 
- ______ — - —

‘! r 4 ~ 4 \r,’do 993 1 41 1, I l i - I  00 61
Boat S~~~ ,.o i i ~~~~ : jj . -

Sammer A ll  ~: 
- - 

-

lisle Sear L1131 - l o t - , I t  or T o t a l  - I l l  l ear 11143)

Port Ao~g - h t - ~ O i l )  )V i l  1 9 273 ,~~~- 114 393

I - l u l , 011 u- 4)35 51,3 1130 1 3 3

Bell ingham 459 1,- I ’ — l i t  0 . 191 I i i  v s - — 4 i t

. 5 0 0 6 1 )  3 1  2 .290 3 , 1)20 99 4 0)4 I i  I - I t  O , 15r

5 0 . 0 1 1 ) 9  I I  -i S’S ). “ I0  II S . ~ 9 0 , ~ l 1_ i 2) . 1 _ h I ~~ 1 , 1)09

130am ,, SIC I 2 ,t- 1) - - I . 3-10 1 , 1 I t  - )  31.1  I -
— Uh 4) C~~I 3 1 . 3 1 1  3 0  I ,~~l l l11  0 4)19 Iii 6 0 1 .  - 1i 1 l~ 1

~~ 55 rIgS 4 5 , 1111,1 4 131) S , 99I’ ar  1 ,1139 2 .900 0 , 40) l , -- ~~ 3 , 6 4)6

s)i~ j4)o-o b l o n d  2 1 4 1 1 1  1000 2 .~ l I O  h r  h l ~~ . 0 104 0~~ l

t~~,l 1 o n  I s  h anoI . 1 , 1-10 9 09’ 1.010 0~ 21 0 394) - S 1’’ h _ I - I A

1 , 1 1 . 1 1 - . 1 3 , 1191 ’ I . _ 3l1 9 _ 111 :1 13  I I _ . - I  12 I V  5 5 0 0 . -i - ia

- ‘ . I I a b l e o h to c es  In - 

!‘he study found a present need for F,3l3 additional
moorage spaces of which 4,02~ should be suitab ly protect ed for
year-around occupancy. It found also a need for 92 additional
l aunch ing  ramp s and for addi t ional  p i cn ick ing  and camping  t a c i l . i-
ties adjacent to salt water. Abou t 50 percent of all question- 

- 
-

-

naire returns indicated a need for harbors of refuge. Most
existing basins can provide harbor-of-refuge protection for a
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few t ransient  craft  during emergencies;  however , space has not
been designated for this purpose and additional havens are needed
adjacent to remote areas .

More than 200 miles of shoreline was found to he suitable
for development of small boat facilities considering such factors
as approach depths , dredging requirements , land access , parking
areas , beach material composition , and breakwater requirements.

PROJECTED CONDITIONS AND NEEDS

Economic Outlook

The economic outlook for the Puget Sound area has been the
subject of two recent studies ; one for the Puget Sound and Adja-
cent Waters Comprehensive Water Resource Study (PS and A1~) (5),
and the other a part of the Columbia-North Pacific Comprehensive
Framework Study . Since the water resource development plan for
Subregion 11 is taken from the Puget Sound and Adjacent Waters
Study, the primary emphasis herein is on the economic outlook from
that study . However , the projections for the Columbia-North
Pacific Study also are shown so that a comparison can he made.

Population, Employment, and Income

The PS and AW economic study projected the population of
Subregion 11 to increase from 1.87 milli on to 6.81 million by
2020 with employment to increase from 662,000 to 2.43 million .
in contrast , the Columbia-North Pacific stud y projected population
and employment to increase to 4.45 million and 1.77 million ,
respectively. Changes in the total income and per capita income
were projected in the Columbia-North Pacific stud y whereas changes
in gross regional product were projected in the PS and AW stud y.
Inasmuch as income is derived from production , it , too , is an
index of production . The per cap ita ratio of increase i-as similar
in the two studies . Table 87 is a summary comparison of these
data.
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lable 81’ - Populat ion . I p 15 , 6 6 1  - and Personal lncor’r i’r oio ~~~ 1 0ils ,
‘uo b r s 1 -uor 11

- -1’ 656110 I urn  ro 5 1. - - - 6
1962 199 - . 2316 2 3 1  1/ I I .1 

~~

PopulatIon (1 ,000’s) 1 ,s31 2 ,433 3 343  4 4 4 ~ 1 9 5  2 , 2 4 , ’ I  9 , °1’A

Employment (1 ,000’s) S6s 1/ 9 9  1 ,335 ~~~~ 
0 5  9~~

l 1 , 5 0 5  2 . 4’4

Por - a p l I a  income 5~~~ 2 , u l S  4 13. -5 ,44’ 1~ ( I i

Iota1 Personal l~ioore 4 ,825 IO ,6’6 24 912 36 14). 5 ,’ifl 1 1 , 35 ’ 2 , 4 6 68 . 0 5

or GRP 2/
91 ,0007000)

1/ 1960.
2/ C-NP income data is in 193- dollars - b5l ,SII I~ t a  i s  in  I ‘-r’- -

-
- 11 ’ 61155  r c j  on.oI - t~~ I . - I O p ~ (I- ° 1. l I a r s

— a me asure roughl y comparable to 1 0 1 1 0 1  rI-- rs o’- .ol ‘~~ 6

The Role of Transportation

Navigation will continue to play an important role in the
transportation network of Subregion 11 , but coastwise and internal
shipments by water of forest products and hulk petroleum are not
expected to maintain their current share of the total movements.
This is because of the recent completion of pi pelines for ship-
ment of oil products and because of the importance of the log
export market and the use of land storage and transport of logs.
Air freight will also ay sum e a gr eater  sha r e of commodit \- move-
ments. Ferry traffic is estimated to increase to approximately
5,800,000 vehicles for 1975 and 10,000,000 vehicles for 1990.
Construction of a cross-sound bridge sometime in the future would
reduce some of the ne i for ferry service , but some service would
still be required .

Prospective lVaterborne Commerce

Future commerce as given in table 88 has been predicted on
the bas is of past trends and forecast commodity production ,
industrial production , and consumption , as described below .
Projections are the same as those developed in connection with
the Puget Sound and Adjacent Waters Comprehensive Water Resource
Study. Al though local and intraport waterhorne traffic has
amounted to over 4,000,000 tons in recent years , this traffic
is not included in the p r o j e c t i o n s .  .-\hout 80 per ce n t has  bee n
forest products , mostl y rafted logs , and the volume of this
traffic is expected to remain relativel y constant for the fore-
seeable future.
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Forest Products Logs , lumber , wood products , pu lp ,  and
paper are included under forest products .  ‘I ’his commerce is  l i m i t e d
b y the ava i lab le  t imber resource. Forei gn and coastwise s h i p m e n t s

- . 

- decreased from about 1, 000 , 000 tons in 1952 and 1954 to 760 , 000
tons in 1957 and then  increased to approximatel y 2 , 700 ,000 tons
in 1966 , p r imar i ly  as a result  of the growing market for logs and
chips in the Far East. The trend in t h i s  period had an average
rate of growth of 107 , 000 tOns annually. On this basis , future
tonnages would be as shown in table  88. A po s s ib l e dec l i n e i n
foreign demand for logs could occur because of legal restrictions
on log export stemming from deple t ion of the domest ic  market
result ing in an increase of log prices to  the local consumer.
Domestic internal  commerce decl ined from about 12 ,000,000 tons in
the early l950 1 s to 10 ,000 ,000 tons in 1957 and about 7,500,000
tons in 1966. i’his  decrease resu l t s  par t l y from greater use of
land transport and part ly from the  be t t e r  prices offered in foreign
markets .  A l eve l ing  off at abou t 6 , 000 ,000 tons is expected .

Tabl e  88 - Waterbor n e Commerce Projections

ivpe of 1/
Commodit y Commerce Base 1980 2000 2020

(1 ,000 short tons)

Forest Products 2 ,700 3 ,600 5 ,700 7 ,900
DI 7 ,500 6 ,000 6,000 6,000

General Cargo FGC 2,500 3 ,400 6 ,300 11,100
DI 1,000 1,100 1 ,400 1,700

Bulk Grain F~C 1 ,400 2 ,100 2 ,300 2 ,700

Other Dry Bulk F~ C 2 ,900 7 ,500 12 ,200 16 ,800
DI 9 ,800 17 ,200 35 ,400 68 ,000

Petroleum F 1~C 7 ,600 13 ,900 26,200 49 ,000
DI 6,300 6 ,300 6 ,300 6 ,300

Other Liquid Bulk Ff,C 1St) 280 570 1 ,120
DI 50 70 160 280

TOTALS -11 ,900 tl ,450 102 ,S30 171 ,000

1/ F1~C = Forei gn and C o a s t w i s e ;  D I - I ) om e st i c  I n t e r n a l .
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General Cargo Although fluctuating in ye a r ly  volume , gen-
eral cargo in foreign and coastwise trade increased from 1 ,600,000
tons in 1952 to 2,500,000 tons in 1966. However , projections
at this rate would not fully reflect the recent effects of con-
tainerization and increasing trade with other nations , particularl y
the Far Ea s t .  A more r e l i ab l e  fac tor  is the  nat i onal whnle sale
and r e ta i l  trade index which  h i s t o r i c a l l y has paralleled general
cargo tonnage.  This was used to obtain the  fore ign  and coas tw ise
project ions .  Domest ic  internal  t r a f f i c  grew from 741 ,000 tons in
1952 to 1,010 ,000 tons in 1966 , an average annual compound r a t e
of growth of about one percent . This rat e was projected to
obtain the in ternal  volumes shown in t ab le  97. Compet i t ion  from
land t ransporta t ion and d i f fe rences  between subreg ional and
nat i onal markets made use of the trade index impracticable for
projec t ing  domestic internal  t r a f f i c .

Grain Grain movements consist almost entirel y of hulk
export of wheat from the western s tates . Th e ave rage  an n ual
increase in foreign grain exports has been about 3.4 percent  hut
is not expected to cont inue  at t h i s  rate in the subreg ion  be-
cause of l imi t s  to grain production . Projections are based on
forecasts of grain production prepared b y the  Eco n o m i c  Resea rch
Service , I)epartment of Agr i cu l t u r e .

Alumina Alumina recei pts increased from 5 , 000 tons  in
1963 to 392 , 000 tons in 1967 . This gain followed construction
of an a luminum smelter  at I e rndale  near Belling ham and the
development of bauxite deposits in Australia. Alumina received
in the subreg ion is destined both for local smelters ari d trans-
shi pment to p lants in Subreg ion 1. Future recei pts of this corn-
modi ty  are es t imated  on the bas i s  of t he  forecast  output  of
aluminum plants in Columbia-North Pacific Region , assuming that
approximatel y two tons of alumina are required to produce one
ton of aluminum . the aluminum plan ts in ’Suhrc’gion 11 are cxp -cted
to reach a capacity of (.20 ,000 tons in 1980 and then grow at an

• annua l  compound ra te  of three percent to 1 ,130 ,000 tons in 200M
and 2 , 060 , 000 tons in 2020.  Those i n  ~hI hrcIi on I are expected
t o expand at the  s ame r a t e  from a total capaci ty of 328 , 00 1) t ons
in 1970 to 440 , 000 tons in  1980 , 90 , 000 tons  in  2000 , and
1 , 420 , 000 tons in  02 0 .

Oth er Ores , Coal ,  and hrv C h e m i c a l s  In  1965 , fo r e i l z n and
c o a s t w i s e  r e c e i p t s  of ores o t h e r  t h a n  a l u m i n a , coa l , d ry  chem i-
cal s , and some o ther  dry  b u l k  c o m m o d i t i e s , amount ed to  ,i’ , .’)2 ’ , 000
tons .  Future  r ece ip t s  are e s t i m a t e d  on t h e  basis of forecast
growth of the primar y metals industry other than alumin un , wh i ch
provides  the market for most of these commoditie s.
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Sand, Gravel , and Rock M a t e r i a l s  froir q u a r r i e s  and borrow
pi ts  move by barge within the subreg ion . The volume of these
i tems va r i e s  from year to year , de pen di n g on construction activi-
t ies , but ha s i n creased f rom 4 ,~~OO , 000 tons in 1956 to 9 , 800 , 000
t ons in 1966. Pro jec t ions  are related to forecast c o n s t r u c t i o n
and industrial activity at a rate considerab ly greater than past
trends. Minor quantities of miscellaneous dry h u l k  commod i t ies
are i nc luded in the  p r o j e c t i o n s .

Petroleum Prior to  1954 , most of the petroleum ny-e6~8 of
the subreg ion was shipped in tankers from refineries in California.
Betwee n 1954 and 1964 , r e f i n ery cap a c i t y  was increased to 1$fl ,00fl
ba r re l s  pe r day along the shores of Puget Sound and ad j acent
waters  and a p i pe l i ne  was extended from o i l  f i e l d s  in  .\ l h e r t a ,
Can ada , to the area. t rade oi l  is now c a r r i e d  to  t he  refi n— -ri es
in the p ipeline and by tanker from foreign and domestic coast’osise
sources . )caterborne recei pts of crude oil amounted to 2.4 million
tons in 1968. Refined products are shi pped by tanker , barge , and
pipeline and received from outside the reg ion by tanker . Total
waterborne product movements in 1968 were more than 11 million
tons, including 5. 8 million tons of internal movements on Pu~et
Sound and adjacent waters . Future foreign and domestic coastwi se
commerce is projected to increase in r e l a t ion  to reg iona l  economic
growth.  No increase is projected for domestic internal.

Other Liquid Bulk Receipts of alcohol , li quid sulphur ,
su lphuric acid , coal tar , and vegetable and animal oils are
intended chiefl y for use in chemical industries. From about
100 , 000 tons in the  ear ly  1950 ’ s , fo re ign  and coas ta l  rece ip t s
increased to  about 150 , 000 tons in 1966 . Domes t i c  i n t e r n a l
commerce , about 1 ,000 tons in 1953 , subsequently increased to an
average of 50,000 tons . Projections are based on forecast output
of the chemical industry .

Prospect ive  Commerce Based on Gross N a t i o n a l  Product

‘t o t a l  p r o j e c t e d  t o n n a ~ es , as shown on ta1~le  5~~, fall well
below total tonnages projected on the basis of pr edicted increases
in gross n a t i o n a l  product . ‘t o t a l s  p r o j e c t e d  u s i n g  C’~l’ alone are
6 .6  percent  g r e a t e r  for 1980 , 23 . 2 percent  g rea te r  for  2000 , and
51.6 greater for 2 0 2 0 .  ‘this could indicate that the p r o j e c t i o n s
in table 88 are ov er l y con s e r v a t i v e  and do not r e f l e c t  a l l  pos-
sible factors. In table 89, commodit y pro jections have indivi du-
all y been increased by the above percentages. An exception is
forest products , for wh ich no increase appears ll - C ti f ie d . The
general cargo projection was increased  a d d i t i o n a l l y  1~v two m u -  •~ • -

l i on  tons for 19S0 to  r e f l e c t  above-average  g a i n s  w h i c h  cou ld
resu l t  from c o n t a i n e r i z a t i o n . 
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Table 89 - Adjusted t ’aterborn e Commerce P ro j ec t i ons

Type of 1/
Commodity Commerce Base 1980 2000 2020

(1 ,UuO short tons)

Forest Products FEIC 2,700 3 ,600 5,700 7 ,900
Dl 7,500 6,000 6 , 000 6 ,000

General Ca rgo FE~C 2 , 500 5 ,600 7 ,800 16 , 800
DI 1 ,000 1, 200 1, 700 2 ,600

B u lk G rain F~C 1, 400 2 , 200 2 , 800 4 , 100

Other Dry Bulk FI~C 2 ,900 8 , 100 15 ,000 25 ,600
Dl 9,800 18,200 43,600 103,000

Petroleum F1~C 7,600 15 ,200 33,700 77,500
Dl 6,300 6,300 6,300 6,300

Other Li quid Bulk F~ C 150 300 700 1 , 700
Dl 50 70 190 400

TOTALS - Adjusted on 41 ,900 66 , 770 123 , 4~’O 251 , 900
basis  of pr ed icted GNP

1/ F(~C = Foreign and C o a s t w i s e ;  D I - Domest ic  I n t e r n a l .

A number of circumstances in the subregion tend to support
the tonnages in table 89.

I

General Cargo With the advantage of greater natural water
depths and a shorter distance from the  N orthern Orient than any
other continental United States port , the Puget Sound area has the
long range prospects for g rea t ly  increased general cargo t onnages .
Containerization is expected to increase the tributary area served
by Puget Sound ports. -\ stud y in depth b y t h e Port of Sea t t l e
in 1964 analyzed cargo suitable for containerization from the
Far East in 1966 and estimated for the period 1967 to 1975 that
con t a ine r i z ed  import cargo w i l l  grow at a rate of 15 percent - 

-annual l y and export s at 10 percent annual l y .  t~ith rapid industri-
a l iz a t i on of Japan and poss ible  opening of other Pacific Rim .~~ 

-

marke t s  t he re  is a p o t e n t i a l  for an even grea te r  increase in con -
t a i n e r i z e d  genera l  cargo in 1980 to 2020 because of sav ings  in
cost and t i m e  of h a n d l i n g .
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the “land bridge ” concept which uses the Uni i ,-c ‘~t~~~~es
railroads to form a direct transportat i on route linking w a tL- r --
borne commerce of the .-\tiantic and Pa cific to serve the Far East
and lurop e , could result in savings of up to 2-weeks t i m e  and
overa l l  cos ts,  t h e  implementa t ion  of such a p lan i s  an o t h L - r
l ong r a nge  p o t e n t i a l  for gencr a ~ cargo in the Puget Sound area,

Bu lk  Gra in  The export of M idwes t  g r a in  t o  the g r o w i n g
markets of the Far Eastern countries has a potential for sub-
stantial increases when satisfactory unit train r-at -s are t-stah-
lished . this possibility together with the hi ghly automa ted grain
t e r m i n a l  constructed b y t he  Port of Seattle could result in
large fu tu re  gra in  exports  th roug h t h e Puget  Soun d area.

F or est Products  The constraints imposed on this commerce
b y level of output from the resource , legal and political con-
siderations , and future United States market demands , limit the
level of t h i s commerce. There is no apparent basis for increas inc
these forecasts.

Bulk Petroleum and Other Li quid Bulk The Puget Sound area
could undergo a large growth in refineries and associated water -
borne commerce as a resul t  of maj or oil d i s cove r i e s  in - \ l a s k a .
The transportation pattern would be altered so that the area
would become a net exporter of petroleum products. The expansion
of refineries would also result in growth of the chemical indus-
tries. .-\ll of these factors indicat e major upward trends in
both bulk petroleum and other l i qu id h u lk comme r ce .

Other Dry Bulk Alumina , a princi pal component of this
commerce , was forecast at a three percent annual rate of growth
as compared to reliable forecast of five percent for the Nat i on .
the advantages of large electric power blocks which can he pro-
duced by t h e rmal plants at low composite rates when combined w ith
e x i s t i ng l ow cost h yd roelect r ic , g i v es the Pacific Northwest a
long-term advantage for attractin g future aluminum p lant s . ‘the
Puget Sound waterborne commerce would , in turn , share this growth
because  of i t s  a t t r a c t i v e  t i d e w a t e r  p la nt  s i t e s  and i t s  l o c a t i o n
as a t r a n s s h i p m e n t  p o i n t  to  i n l a n d  p l a n t s .

Distribution of Commerce _Among _ Por ts

the proportion of total Puget Sound waterhorne commerce
which  each port handles is exp~-cted to change with time. Growth
of sh ipp ing at Belling ham is expected to increase more than
average , reflect i ng the increase of refining activities ~‘ased  on
A las ka crude o i l .  In c o n t r a s t , some of t i~e present domestic
i n t e r n a l  t r a n s p o r t  of r e f i n e d  o i l  from ~ea tt 1e will probably he . 
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carr ied by pipeline in the future . A f t e r  1980 , a shor tage of land
for new industry  and terminal  f a c i l i t i e s  at Sea t t l e  and Tacoma may
cause a s h i f t  of commerce to other areas such as [v c r e t t  and  the
N i s q u a l l y  de l t a .  Table 90 sh ows t he  perc en tage  of tot a l suhi - eci on
tonnage handled at each port in 1963 and proj ec ted  for the f u t u r e .

Table 90 - D i s t r i b u t i o n  of Commerce Among Po r ts , %uhrecion 11

1963 1980 2000 2020
Port (rierc - t i t  of t o t a l )

Port Angeles 3.0 2.11 2.1 1. 1 -

Anacortes 16.6 1Z.3 10 .1

Bel l ing ham 3.7 7 . 2  10 .1 1 1.6

Everett 6.8 5.8 8.6 19 . 3

Seattle 32.7 33.6 25.8 19 .3

Tacoma 12.7 13.6 18.4 14 .8

Olympia 1.9 1.3 1.7 2.4

Other !/ 22.6 22.6 23 .2 19.4

Total 100.0 100.0 100.0 100 . 0

i / P ort Townsend , Shel ton , P ort Gamble , and about 80 l and ing s  on
the west side of Puget Sound , Cchidbey and Camano Island ,

• 

- 
and the San Juan I s l a n d s .

Industrial Lands

All  ma jo r  ports have substantial areas of nearby water-
front lands a v a i l a b l e  for i n d u s t r i a l  expans ion . l iken together ,
and not count ing  r i g h t - o f - w a y  f or S t r ee t s  and h i g h w a y s , t hese
amount to ab out 27,000 acres plus 4 , 500 acres where develonl ’- nt
would be somewhat more d i f f i c u l t  and c o s t ly . C on s i d e r a b l e
additional space is available within a fes miles of t~ -r m i n ; t1
areas . These lands are more than sufficient to accomm odate the
industrial expansion necessary to support the pro jec t  in cre ses
in waterborne commodities described above. In 1966 . exi— tin i’
indu stries were utilizing 5,190 acres of sat erfront land. IC ’ the
demand for industrial l and  is assumed t~~ increase it tb (- san e
rate as the projected commerce shown in t — t ~--l e ~~~~~~ in a d d i t i o n a l
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3 , 000 acres would  be needed by 1980 , 10 , 000 acres h~’ 2000 , and
26,000 by 2020.

I rends in \‘essel Desi gn

Vessel types and si:es for future planning i~ere developed
from studies of recent trends in world merchant fleets , includi nc
shi ps under construction or desi gn , modified to :in~~l ’- - to con~~i-
t ions  in Puget Sound and the C o l u m b i a - N o r t h  P a c i f i c leg ion .
Information on vessel trends is contained in the Pegi -~ al -~tnrm:i rv.

Adequacy of Channels

For u n res t r i c t ed  access at mean lot ~er low w a t e r , chan nel
depths  should be 5 to 8 feet greater than salt ‘- - liter - -~~~ f t
depending on vessel  length  and d i s p l a c e m e n t . I b i s  a l 1 e~-.~ f r  liP

inc r ease of 2 or 3 percent of draft in fresh wat -r , unbal anced
t r im  fore or af t , and 2 to 3 feet  c l ea rance  ab ove t he  l o t t e - -  -

On the bas is  of t rends in ve sse l  desi gn , waterways in the  sub-
region should meet the dimensions shown in  t a b l e  91 to  acco rnm o d~ t e
vessels of maximum and average size in the future:

Tabl e 91 — Required Channe l P imens i ens ~uhreg ion  11

Vessel Type 1980 2000 - 2020
C d e n t  I - a nd  ~ i dt  0 i n  - c t

Frei gh t e r s
M axi mum 14 x20 0 4 6\321 )
Average 32x120 32x120

Bulk Carriers
Maximum 64x250 78~ 32O
Average 40xl80 los 2 flO

t a n ke r s
‘-~ax i mu m 106x420 l12x 450
Average 52x230 54x2-)fl

For comparison wi th r equ i  red d ep t h s , w at  er— - .iv - ‘ it

major  port s in the  s ub r e g i o n  arL- summarized in t :i i l e  9 2 .  table
92 shows t h a t  a l l  m a j o r  s a l t  l i t e r  ha r -or ~ of !‘n c - ~ cound ar
capable  of p r o v i d i n g  o f f ~ h or e  anchora g e  for  t h e  l a r c e ~~ ‘r i  ~~~~ er~
and h u l k  carr i  ers of the f u t u r e .  ti t tire c rt  i ght  P r :  01 :lveraee
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size will be able to utilize existing terminals and channels at
Port Angeles , Seattle , Tacoma, and Olympia with little or no
add i t i on al dred g ing .  Future bu lk  carriers of average si:e and
frei ghters  of maximum s ize  can be accommodated at existing piers
at Seat t le  and Tacoma , w i th  m i n i m a l  dred ging or pier extens ion .
However , e x i s t i n g  access channels w i l l  be comp le te l y inadequa te
for these vessels. The maximum size hulk carriers of the future
will well exceed in draft the depths available at existing p iers .
Future tankers , whether of average or maximum size , will be beyond
the  capab i l i ty  of ex i s t ing  piers because of depth requi rements .
Even the largest , however , could anchor in the harbors of Port
Angeles , Evere t t , Seat t l e , and Tacoma.

‘Fable 92  - Harbor Depths , Subregion 11

- 
Natural Harbor Depths I)redged across

Mid- Pierhead Channels
Port Entrance Point  L ine  ~~pth Vi id th  Leng th

( fee t  b e l o w  M1 t , W)  ( fee t

Port Angeles 120+ 120+ 30 1/
Por t Townse nd 80 75 2~ 1/
Anacortes 55 75 20 1/

(G u emes Ch an n e l )
Bellingham 80 90 10 13-30 100-360 12 ,500

(Belling ham Bay)
Everett 400 300 20 30 ~00-900 2,000 /

(Port Gardner)
Seattle

Elliott Bay 300 250 40 1/
Duwamish Waterway - - 30 30-34 200 1S , 000
Lake U nion 40 40 40 30 100-200 33 , 00 0 3/

‘t acoma 550 400 50 19-3 5 200 600 3S , 000
(Commencement Bay)

Ol ympia 90 35 5 30 500 13 ,000
(Budd Inlet)

1/ N o major  c h a n n e l .
2 / East wa te rway .
3/ Lake Washington Ship Canal.

‘-lajor approach channels to harbors are more than adequate
for all types of vessels from the entrance of the ~t r a i t  of Juan
de Fuca to Bellin g ham Bay in the north and Bud d m i t  (Olympia)
i n the so u t h .
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The degree of protection from storms for vessels riding at
anchor varies among harbors . ‘- lost severe storms occur in the
winter with southerly 1—inds . This condition favors the h arb ors
at Port Angeles , Port Townsend , ‘tacoma , and Olympia .

Channel  deepening is d i scussed  under  “M eans to Satisfy
- Needs. ”

The predic ted increase in waterborne commerce will necessi-
tate a continuing large expansion of por t f a c i l i t ies and th i s ,
in t u r n , ma y c rea te  a deh ,and for new or ex tended  access c h a n n e l s .
Such developmen ts cannot be forecast with accuracy as port growth
may take place at any of a number of optional locations .

i y~ of Terminal Facilit i es
f

-\s previously noted , in genera l there is ad . e u a t e  berthing
space for toda>- ’s watc-rl-orne commerce. ‘the predicted increases
in commod ities will necessitate either impro\ ed efficiencies in
hand l ing  equi pn en t , or expans ion  of t e r m i n a l  f a c i l i t i e s , or b oth .
Probable advances in handlin g efficiency for various commodit y
groups a r - shoi~n in table 93 under “Tons Per -\cre. ” Termin a l
area recuirements in acres were obtained by using commodit y
projections from table 89. No increase in terminal area is fore-
seen for forest and p e t r o l e u m  p roduc t s , the increase in traffic
being handled by installation of additional equi P--lent on existin g
terminal lands. For general cargo , a l thoug h l o a d i n g  and u n load i n g
rates w ill eontinuoiisl’~’ improve , the steady gain in traffic w ill
require a doubling of terminal land area by  2020 . Other h u l k
commod ity groups are expected to experience their major improve-
ment in handling effici ency by 1980. As a result , expansion in
area of bulk terminals may be delayed u ntil a f t e r  19Sf for  l i qu i d s
other than petroleum and after 2000 for grain.
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Table 93 - lem m a ! l a c i l i t i r s , Subreg i on 11

Bas e 1980 2000 
_________________

Tons Termin al TonC Terminal Tons lermina l Tons l~~r m i r a i
Per Area Per Area 6cr Area Ii r

Co~ nodi ty 0cr~- (Ac r r- s)  Acre \ cr c -s A c r c  ( A c r e s )  Ocre  lA cre s

Fores t Products 17 ,200 41- 4 2 1 2 )  454 25 ,900 -10 4 30 ,600 454

Gener al cargo 8,300 496 12 ,000 565 10 ,300 o25 19 , 4)))’ 1 ,000

Bulk Grain 40 ,000 30 100 .000 30 100 ,000 30 100 ,000 41

Other Dry Bull, 97,4),)) 21’ 356 ,000 2’4 301 ,00 583 356.000 1 , 1 9’-

1’et roleum 20 ,1)1 1’ 638 33 ,81)0 138 62 , ‘0) 638 104 500 636

Other Liquid Bulk 4 30) -10 9 ,t’1)l 41 9 ,000 100 9 ,000 23i

1 , 886 2 , 1) 0 2  2 , 13 3 , 0)_S

Increase in terminal
ar ea over base area 116 54-1 1 ,61’)’

1 -liI
The Future Outlook for Recreat ional Nav igation

Number of Boats In 1966, the number of p leasure craft in
Subreg i on 11 was est i m ated to  he 186,000. Total pleasure boats
ownership is projected on the basis of population and income to
increase to 291 ,000 by 1980, 551 ,000 by 2000, and 1 ,040,000 by
2020. Registered and documented boats , wh i ch account for 95 per-
cent of the need for nagation facilities , numbered 62 ,100 in
1966 and are projected to number 96,000 in 1980, 154 ,000 in 2000,
and 348,000 in 2020.

(
a

Moorage Facilities Existing moorage facilities will accom-
modate  12 , 297 boats , but  on l y 11 , 704 on a year-around basis.
‘ihe  in fo rmat ion  used in the Puget Sound s tudy (5) i n d i c a t e d  a
curren t deficit of 4,026 spaces for year-around moorage and an
additional deficit of 13,387 spaces for use during summers only .
t he s tud y projec ted  fu ture  needs on the  b as i s  of p r esent  needs
and anticipated future boat numbers and estimated that a t o t a l
of 143 ,440 moorage spaces would he needed by 2020. Fable P4 g ive s
a breakdown of future moorage space needs. Space requirements
for small moorage facilities average .056 acres of water and .025
acres of land per boat space.
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table 94 - 6u tur e scr t i1 ‘ ) r ,wc Ftequ i r e s s 1 t  -—- - 6’’~’’ 11

‘- O r ~ic c c,, i t ,  U t -

1980 
- 

2 -  -~ ________

Summer A l l  Summer \ l 1  Summer —‘- 1 1
On l y Year Only Ys,,r ,‘nl— - lear

l’ort An g e l e t  4~~ 610 810 1 , 1 1 - -  1 , 110

Anacortes 1 ,446 2 ,3tc: 1 ,5 1 1 3 , 920 2 , 6 2 1 -

Bel l ing ham 620 310 1 ,02)’ 1 , 1 ,000

1 ,190 3,730 2 , 19u ‘250 - i , 4 -

a a , t t l e  3,450 7, 3_ I (- .700 11 ,500 13 ,06u 21. 210

lacoma 1 ,320 3,030 2 , 1’9 1 - , s) , 5,0W) ll ,lul

Olympia 730 400 1 ,220 730 1 600 II ’

8, ’-,t I u g c t  Sound 1 (- - 10 5 ,260 10 ,21 1’ 9, SI’ ’ 16 , - _ - In , 100

Whid)’cc is land 2 ,810 3 ,300 4,820 2 ,200 8,2 70 3 ,921

San ,luan Islands 2 ,260 350 3 .690 910 ‘- 150 1 ,500

Sub-] - t. ,ls 19 ,]’I~ 23 ,800 33 ,700 1 -) ,170 n2 1- ’ 91 , 3-1. ’

To t als 43 , 7 9 I  9,S10 
143 44- -

Total r e qui r ene nt s inclusive i-f - - s I - - t i n g facili ties ,
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tlxistin g moorages in 1966 occupied about 9 miles of shore-
line. Future facilities may be expected to require about 3 feet
of shoreline per moorage on the basis of a samp ling of recently-
const ructed f a c i l i t i e s . Therefore , an a d d i t i o n a l  25 , 45 , and 82
mi les  of shore l ine  would be required to  meet the  es t imated  summer
moorage demands for 1980 , 2000 , and 20 20 , res pec t i ve l y.

Launching Ramp~ Present facilities comprise 98 boat hoists
at est ab l i shed  mar inas  and 185 boat ramps w i t h  a t o t a l  of 221
lanes .  ‘l’he ‘ Llgc- t Sound s tudy found a present  need for an addi-
t i onal 92 lanes of ramp . itur e launching ramp demands may he
assumed to follow the same growth rate as p leasure boat ownersh ip.
On t h i s  basi s , 190 , 524 , and 1 , 129 lanes in a d d i t i o n  to the
facilities now available w ould  he r equ i red  by 1980 , 2000 , and
2020 , r e s p e c t i v e l y .  ‘I w o acres  of land are considered necessary

— for each launching ramp lane to provide adequate parking , maneuver-
ing space , and access roads ,  t h e r e f o r e , t he  Puget Sound area
shore land s  r c-uuir c d for addit Iona l launching ramps in 1980 , 2000,
and 2020 would be 380 , l , i -4- - , a:.~ 2,25~ acres , i-es~ ecti ’,’ely . If
combined with “ oat as in  - l e ve lo p : - s -n t , launc~’ i n g  ramps would  r e q u i r e
onl y 1.5 acri’s of l and per l ane .  hLsc s}’oreland requirements do
not include parking space for car top  - o a t s  t h a t  do not requi re
launching ramps. Additional shorelands of at least 40 percent  of
the above requirements for boat launchings will be require ct for
car top boats .

Hui ’ or- of k- u - c  A need exists for harbors of refuge
wi th pr ot1-ctive b r e a k w a t e r s .  Several of the larger public boat
bas I ns are able to afford some prot ’ction to transient small craft :
however , moorages have not been set aside for this purpose. ‘Fhe
growth of pleasure boat activity w ill intensif y the need as more
boaters are subjected to adverse wave actions during periods of
high winds . Uncertainty of weather conditions and the man’- miles
of shoreline without protected harbors reduces the cruising radius
of many boaters .

Summary

In view ‘f t h e  p r e d i : r e d  increase in  slIt erborne commodities ,
port handling facili ties will have to improve in efficienc y and
expand in land area. ‘the deeper draft ships of the future can he
accommodated within the harbors of Fort Angeles , }i’e rett , ~— ea tt le ,
‘tacoma , and to some extent by existing piers at Seattle and

L 

Tacoma . ttowever , all existing access channl-ls will he inadequate
by I~J80 for anything more than average si:e frei ghters . Small
boat facilities in the subregion are overtaxed . ,- \ddi t iona l
fac i lities will he needed i f  t he  s u b r e g i o n  is to  keep pace w i t h  - 

-

the dramatic increase in small boat usage .
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Comn erc i al \av: gat ion

Harbors and ‘t erminals

In this sect i on , each major port of the subreg ion is
examined to determine what improvements are possible to accommodate
the projected increases in waterhorne commerce. Consideration is
given to pier extension , deepening of pier access channels , and
land availability for terminals and industrial development .

Port Angeles Althoug h the well-protected harbor of Port
Angeles has depths capable of accommodating the largest vessel
antici pated in the future , its remote location on the Strait of
,Juan de Fuca suggests that , as shown in table 25 , its share of
commerce will be comparative1~’ small. t~epths of 30 feet are now
available close to shore , hut pier extension may he desira b le as
vessel draft s increase. A 2,OOO-a~ re area of potential industri al
land lies on the strait about 5 miles east of the harbor .

,-\nacortes The removal of hi gh points in Cuemes Channel Ic—
assure continuous depth of 54 feet for average t ankers is esti-
mated to cost S600,000. ,-\dditiona l dredging of shoals to ~~ feet
would permit passage of larger tankers and hulk carriers at a Cost
of about $4,000,000. Padilla Bay and Fidalgo Ba~’, now ~-i rtu a l 1 v
undeveloped , together have a potential for 2 ,~~00 acres of indus-
trial landfill which could he accomp lished in conjunction with
channel dred g ing. .\ mile-long 52-foot channel i n t o !- i d a l g o  Ba~’ ,
costing about $900,000, could eventuall y he deepened to 4(’ feet
for the largest predicted freig hters for about fl ,500,0fl1) m ore ,
A 3.5-mile 46-foot channel into Fad i ll a J - Pi v , esti r- ut ed to cost
$4,500,000, would receive maxim llm -si :e ~rei]!:ter s and , for
ap p r o x i m a t e l y  $2 , 500 , 000 m ore , could  he deenened to  54 feet for
use by average-si:e tankers.

-
~~ Bel ling hai’ the ret r o l eum r e f i n i n g  industr y i s  yrect ed o

play a m aj o r  r o l e  in t h e  B e l l i n g har -  — ( r c a  a l s o .  ‘Fa nk c -rs of some-
w h a t  less  t h a n  ma x  in in r  d r a f t  c o u l d  an c h o r  o f f -ch o r e  i n  PcI  I i  n~~h a r
Bay . For use lv  average-si:e I - I l k  carriers and larger than
averace ~r1- i - ht ers , h’h:mtcom Creek lcate r~ a could he deepened to
40 fUel a t an c-SI i - - - i t  ed cost of 3700 ,000 and suhscauent lv t ’  4~
f1-1-t at an addi t iofla 1 cost  of about  5500,000. \ 4~~- loot channel
1 o il s - long, cor hi n ecl with a 1 .800-acre landfill development in
the ‘ oo~ sack River delta on Ft-I lingham Ba~’ is esi imated to cost
5900,000. -\n a u d i t  ion a l 300 acres of waterfront land is still
availa b le for industrial development in the immediate vicinity of
Bell ingham . On the ~1t ra it of (eorg i a , a short di -st ance  nort 1 of - 

— -~~

Bcl ii ngham Bay near t erndale , deep w a t  or close to shore and 4 ,700
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acres of industrial land are expected to support an expanding
petroleum r e f in ing  operation . - 

-

Everett Deepening of channels at Everett Harbor could take
place in the Snohomish River below the Interstate 5 bridge cross-
ing and in the east waterway . Initial dredging of 3.5 miles of
the river below the brid ge to 32 feet for average-size frei ghters
would cost an estimated $2 ,000,000. For about $3,500,000 addi-
tional , the depth could be increased to 46 feet for maximum-sized
freighters . Navi gation of large vessels above the brid ge is not
practicable. However, movement of large barges for 7 miles above
the bridge would he made possible by dred ging to 20 feet at an
estimated cost of $2 ,300,000. Ab ut 3,500 acres of industrial
land would be created in conjunction with this dred ging . An
additional 450 acres of undeveloped industrial land is still
available in the vicinity of Everett. The east waterway could
be deepened initially to 46 feet for about $300 ,000 and eventu-
al l y to 78 feet for an additional estimated 52 ,000,000 to pro-
vide adequate depths for maximum -size bulk carriers and freighters .

Seattle Deep water for offshore loading of tankers and
extended-pier handling of grain and other bulk carriers is avai l-
able in Elliott Bay . In addition , the Duwamish Waterway could
be deepened for use by maximum -size freighters , larger than
average-size bulk carriers , and average-si:e tankers . ‘this would
require deepening the east and west waterways to 54 feet at an
estimated cost of $1 ,200,000 and deepening the Duwamish Waterway
below 1st Avenue South to 46 feet at an estimated cost of
$1 ,750,000, and from 1st Avenue South to 8th Avenue South to 32
feet at an estimated cost of $300,000. ‘there are 720 acres of
pot ential industrial land still available adjacent to Elliott
Bay and the Duwamish Waterway plus another 400 acres on the Irs-sb
water waterways in the Seattle area.

Tacoma The Hylehos Waterway could he deepened initiall y
• to 46 feet for about 31 ,750,000 to accommodate max imum-size

frei ghters and eventuall y, for about 52 ,500,000, to 8 feet for
use by maximum size hulk carriers. Iven greater draft s could he
accommodated in the Port Industrial Waterway . Initial dred ging
to 52 feet at an estimated cost of S2 ,l50 ,000 would p er m it use
by average-size tankers , large h u l k  carriers , and m a x i m u m - s i z e
frei ght ers . At an added cost of about 52 ,000,000, the - 1 -n t h s
could be increased to 106 feet for use by all -ut the largest
tankers . Sitcum Waterway could be made availa b le to maximum-
size bulk carriers by deepening to 7$ feet at an est im ated cost
of $1 ,600,000. ‘there are 2 ,400 acres of industrial l and  st i l l
available in the vicinity of the Port of Tacoma.
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Olympia Deepening the channel  in Budd I n l e t  to 40 feet
at a cost of abo u t SI ,900 , O’ lb wo u ld  p e r m i t  use h l a r g e r  than
average-si:e freighters . ~taximum -size frei ghters could eventually
be accommod ated by dr ed g ing to 46 feet at an a d d i t i o n a l  estimated
cost of $1 , 400 , 000 . ,An a d d i t i o n a l  220 feet of 46 - foo t -deep  c h a n n e l
cou ld be dred ged on the east side of the  harbor for about
$2 , 400 ,000. There are about 400 acres of p o t e n t i a l  i n d u s t r i a l
la nd at the head of Budd In le t .

N i s gu all y D e l t a  Approx imate l y h a l f w a y  between Tacoma and
Ol ympia , t he de l t a  of the Nis qua l l y R i v e r , w i t h  su b s t a n t i a l
f l a t l a n d s  and deep water  clos e to shore , o f fe r s  an a t t r a c t i v e
s i te  for fu tu re  port development .  About 2 , 000 ac r es co u ld he
converted to indus t r i a l  and t e rmina l  use b y l a n d f i l l  in  con i unc-
t ion wi th  channel  dred g ing .  A 78-foot deep channe l , ab out o n e - h a l f
m i l e  long , su i tab le  for max imum-s i ze  h u l k  car r iers  is e s t i m a t e d
to cost $2 , 500 , 000. As the N i s q u a l l v  R ive r  is the  boundary 1 - t ’~een
the Tacoma and Olympia port d i s t r i c t s , t h i s  deve lopment  mi gh t he
a cooperat ive e f for t . C o n f l i c t s  w i t h  conservat ion  i n t e r e s t s  need
to be resolved , w i t h  bal anced land -use p la nn ing  to s a t i s fy  both
in teres ts .

Development Schedule

The t i m i n g  of nav i ga t ion  improvements w i l l  den end to a
cons iderable  extent  on the i n i t i a t i v e  of i n d i v i d u a l  p ort d i c t r i c t s .
Itowever , a possible  sequence of major  harbor  improvements  ~‘as
developed in the Puget Sound Comprehens ive  Stud y and is s u m m a r i z e d
herein in t ab l e  95.

a
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l a b l e  95 - Channel Improvements , Subreg ion 11

Exis t ing 198.0 2000 2025
Por t (dept h ~n fee t , 11LL)-~) 

—

Port Angeles  30 46 1/ - -

Anacor tes
F ida l go Bay - 32 40
Padilla Bay - - 4( 54
Guemes Channel 2/ 54 78 -

Belling ham
Whatcom Creek Waterwa y 31) 4(1 46 -

N o o k s a ck  D e l t a  - - 4 -

Everett
Lower Snohomish River 8-15 32 4s -

Upper Snohomish River 8 - 20 -

Las t Waterway 30 45 78 -

S ea t t le  (Du samish  I5atd- r w a y )
Last and Icc -st W a t e r w a y  3-4 54 - -

Duwamish below 1s t Avu-. S. 30 46 - -

Duwami sh  1st to 8th Ave. S. 20 52  - -

,(coma
ll y l e b o s  Icl i t s -r i - , ay  30 46 78 3/ -

Por t Industrial Watc-rway 35 5 2 106 3/ -

S i t cu m  Ica t s - rw : iv  2 5 - 4 ) )  78 — —

Ol ympia
Exi sting I~aterway 30 41) 45 -

Las t s id e  of h a r b o r  0-5 - 45 -

N i s q u a l l y  D e l t a  - - 78 -

1/ l’ i er  e x t e n s i o n
2/ Generally over 50 hut with irr e gular hi gh poin ts
3/ Below 11 th St.

Recreational Boat i ng

Potential Moorage Sites

The possibilities for developing additional moorage
facilities throughout the subregion are described in the follow-
ing paragraphs .  Estimated costs are for breakwaters , channels ,
and nav igation aids , hut do not include piers , bui ldings , and
utilitie s .

Port Angeles Five sites in the Port An geles -Sequim area
from the Elwha River to the Dungeness River would provide over
5.000 moorage spaces at an estimated cost of $4,500,000.
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Anacortes Six sites in the Anaco r tes  area wou ld pe rmi t
the development of 10 , 000 moorage spaces.  ‘t ’hese s i t e s  are located
in F ida lgo  Bay , at the north ex t r emi ty  of P a d i l l a  Bay , on Cuemes
and Sincla i r  Is lands , on t he  west shore of F i d a l g o  I s l and , an d at
the south entrance of Swinomish C h a n n e l .  Total  cost would he about
$12 , 000 ,000.

Bell i n gham A to ta l  of 7 , 500 moorage spaces could he pro-
vided by develop ing six sites in the Belling ham area . Three would
be located in the vicinity of Belling ham Bay , and one each at
Birch Bay , Bl a m e , and Po in t  Rober t s .  Total e s t ima ted  cost would
be $ 5 , 200 , 000.

Evere tt Twelve s i tes  in t he  Evere t t  area could be developed
to provide over 22 , 000 spaces . .-\ll are located on the shore of
Possession Sound ; five are north and seven are south of the
Snohomish River . Complete development would cost about $46 , 000 , 00 0.

Seat t le  Over 12 ,000 moorage spaces would result  from
development of eight s i tes  in the  Seat t le  area. Five si tes ,
including extensions of the e x i s t i n g  Shi l shole  boat basin , are
located on the shore of Puget Sound from E l l i o t t  Bay north to
Edmonds . Two s i tes  are wi th in  E l l i o t t  Bay , an d on e is to  t h e
south ab out ha l fway  to Tacoma . Total  cost of construct i on would
be about $25 , 000 ,000.

Tacoma Three sites in t he  Tacoma area of fe r  a po ten t i a l  of
ove r 4 , 000 spaces. One s i te is in C ommencement Bay and the  other
on Puget Sound a few m i l e s  each w ay .  Total cost is es t ima ted  at
$9 , 000 , 000.

Ol ympia Four si tes in the  Olympia area comprise two in
Budd Inlet , one in Henderson In l e t  to  the  east , and one at the
mouth of the N isqua l l y R ive r .  Over 3 , 500 moorages could be pro-
vided at a to ta l  cost of about $7 , 500 , 000.

Other Areas In addi t ion to smal l  boat harbors  in  the
v i c i n i t y  of the more populated port d i s t r i c t s , a large p o t e n t i a l
exis ts  for development on the  west s ide  of Puget Sound , around
Whidbey Is land , and in the San Juan I s l ands . On we st Pug et
Sound there are six known s i tes  w i t h i n  12 m i l e s  of Port Townsend ,
ei ght on the shores of Hood Canal , and n ine  c lus te red  in the
Bremer ton -Ra inh r idge  I s land  area , across the  Sound from S e a t t l e .
Over 26 , 000 moorage spaces could be provided at a t o ta l  e s t i m a t e d
cost of $53 , 000 , 000 .

There are ten s i tes  at t~Thi idh ey I s l a n d , th ree  on t6 e west
shore , f i v e  on the east , and two on nea r b y  Camano I s l a n d . Ove r
14 , 000 spaces could be developed at an e s t i m a t e d  cost of
$29 , 000 , 00 0.
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Another twenty sites are located in the San Juan Islands
which would provide 9,000 spaces for about $13 ,000,000.

Small boat moorage needs through 1980 could be met in most
localities by development of the above sites . However , by 2000
other developments will be needed for boat owners in Seattle and
Tacoma or some will have to go to Everett or Olympia for moorages .
By 2020, demand in the Everett-Olympia area will far exceed the
potential for developing new moorages even if excess capability
at Anacortes and Bellingham is utilized . The capacity of known
suitable sites will also be exceeded on the west side of Puget
Sound . Presumably greater use will have to be made of dry stor-
age and trailering.

Launching Ramps

By providing launching ramps as part of small boat basin
construction , the demand through 2020 can be met in all except
three general areas - Seattle , Tacoma , and west Puge t Sound . In
these localities , consideration should be given to construction
of launching ramps separate from those incorporated in boat
basins .

Harbors of Refuge

Some of the needs for harbors of refuge will be met by the
development of additional marinas and boat basins . However ,
boaters have expressed a current need for havens , solely for
refuge , in areas where boat basins will not be needed un t i l  af t er
2000 and in areas where no boat basins are planned . Additional
study is needed to develop a program for develop ing the harbors
necessary for public safety.

Summary of Costs

Estimated construction costs and related annual operation
and maintenance costs for the navigation program proposed in the
PS~AW report are summarized by time periods in table 96. Addi-
tional details can he found in that report .
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Table 96 - Estimated Construction Costs E~ Of~M , Subregion 11

Commercial Recreat i on
Time Period First Costs Annual O~M First Costs Annual 01M

Present to 1980 $15 ,150,000 $ 870,000 $ 57,000,000 $3 ,600,000

1981 - 2000 29,400 ,000 1,505,000 65,000,000 4,200,000

2001 - 2020 3 , 100 , 000 160 , 000 115 ,000 , 000 7 , 400 , 000

I
a
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Another twenty sites are located in the San Juan Islands
which would provide 9,000 spaces for about $13 ,000,000.

Small boat moorage needs through 1980 could be met in most
localities by development of the above sites . However , by 2000
other developments will be needed for boat owners in Seattle and
Tacoma or some will have to go to Everett or Olympia for moorages .
By 2020, demand in the Everett-Ol ympia area will far exceed the
potential for developing new moorages even if excess capability
at Anacortes and Be l l i ng ham is u t i l i z e d . The capaci ty  of known
suitable sites will also be exceeded on the west side of Puget
Sound. Presumably greater use will have to be made of dry stor-
age and trailering .

Launching Ramps

By providing launching ramps as part of small boat basin
construction , the demand through 2020 can be met in all except
three general areas - Seattle , Tacoma , and west Puget Sound . In
these localities , consideration should be given to construction
of launching ramps separat e from those incorporated in boat
basins .

Harbors of Refuge

Some of the needs for harbors of refuge w i l l  be met by the
development of additional marinas and boat basins . However ,
boaters have expressed a current need for havens , solely for
refuge , in areas where boat basins will not be needed until after
2000 and in areas where no boat basins are planned. Additional
study is needed to develop a program for developing the harbors
necessary for public safety.

Summary of Costs

Estimated construction costs and related annual operation
and maintenance costs for the navigation program proposed in the
PS~AW repo-rt are summarized by t ime periods in t a b l e  96. Addi-
tional details can he found in that report .
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Table 96 - Estimated Construction Costs ~ (Th M , Subregion 11

— Commercial Recreation 
—

Time Period First Costs Annual 014M First Costs Annual Of~M

Present to 1980 $15 ,150 ,000 $ 870,000 $ 57 ,000 ,000 $3 ,600 ,000

1981 - 2000 29 , 400 , 000 1, 505 , 000 65 , 000 , 000 4 , 200 , 000

2001 - 2020 3,100,000 160,000 115 ,000,000 7,400,000
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GLOSSARy

Adopted low water See low water.

Bunkering facilities Facilities for supp lying ships with water ,
fuel , and stores.

Columbia River Datum See low water.

Deadweight ton The measure in long tons (2,240 lbs.) of a vessel’ s
carrying capacity of cargo , fuel , and stores.

Deep draft Vessels having drafts in excess of 18 feet , also
navigation facilities for such vessels and commerce carried .
See also shallow draft .

Docujn -nted vessel A vessel carrying official documents or papers
manifesting ownership and cargo , and permit ting her to engage
in international trade . ,-\ll commercial vessels of over 5 net
tons must be documented and recreational boats of over 5 net
tons may be documented at the owner ’s opt i on .

Entrance jetty system The entrances to hays or estuaries that
discharge into the ocean through sand beaches shift along the
beaches depending on the direct ion and force of waves and
littoral drift . Jetty systems are used to stabilize the
entrances anci facilitate maintenance of adequate navi gation
channels. The jetties are constructed of large stones and
are called rubblemound jetties .

LASH Lighter Aboard SHip. A container ship equi pped to pick up
and carry river barges (lighters) of about 200-ton capacity or
other containers and carry them from one seaport to another.

Low water The depth of a navigation channel is generall y refer-
enced to the low water stage wh i ch coincides with the lowest
sustained flow over a 15-day period . On most stream s this is
referred to as ~‘adopted low water;” on the lower Columbia it
is the “Columbia River Datum .”

Mean lower low water ‘rides of the northeastern Pacific Ocean
are characterized as mixed , with two unequal hig hs and two
unequal lows daily. ‘the p lane of reference for navigation
channels is the long term average of the dail y lower lows ,
termed mean lower low- water.
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Open river channel A nav i gat i on channel in a natural river
with  improv ements l imi ted  to removal of obs t ruc t ions  and
dred gi n g t o obta in  adequat e d e p t h s .  c f .  Slac k -w a t e r  c h a n n e l .

Rubb lemound j y  See en t rance  j e t t y  system .

Shallow draft Vessels having a maximum draft of 18 feet or less.
Includes tugs , towboats, barges , and small boats. Also navi ga-
tion facilities for such vessels and commerce carried . See also
deep draft , snail boats.

Sill depth The controlling depth of a navi gation lock is the
distance from the water surface to the sill of the upper or
lower gate .

Slackwater channel A navigation channel ~n a canal or river
where the water surface elevation is controlled by a dam or dams
with locks .

Small boat basin A protected harbor for small boats--generall y
self-propelled boats less than 50 feet in overall length other
than tugs.

lowboats, tugs \-essels for propelling barges or rafts and assist-
ing larger vessels in close quarters and berthing . -\ towboat
is used to push a flotilla of barges and is generally limited
to protected waterways ; tugs work at the end of a line or hawser.

Tributary area The area served by a navigation project.

White-water boats Small boat s desi gned to operate in swift water
with turbulent rapids .
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i i  ci PATI NC 51.-V I ES .-\N D AId .N ( ‘ IES
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l . conomic  D e v e l o p m e n t  Adm . Bureau of M i n e s
Nat I on a l Oceanic (~ \ t m o ’~p h e r i c  Bureau of ~u t d o o r  Re crea t  ion

.-\ d m i n i s t r a t i o n  Bureau of Ceclama tion
Nat i onal  l o at h e r  Scrv I cc Fish and Wi i d i  i Ce Serv i CL
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Service Na tional Park Service
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