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386. Scveral mills for the production of vegetable oils from copra
(dried coconut), flaxseed (par. 205), and soybeans have become of
importance. Their materials are generally imported, although some
domestic flaxsced is used. Copra ranks first as to bulk among the
imports of Portland, Oreg. An important byproduct of the vegetable-
oil industry is meal, used as a stock feed. A large part of the oil is
taken by local paint and soap factories, while the balance 1s shipped
to other paint and soap factories and to margarine manufacturers
throughout the Nation,

387. There are several small leather and rubber manufacturers
making saddles and harness, shoes, trunks and valises, belting, leather
novelties, rubber buttons, half-soles and other products. Only a few
inadequate tannerics exist, most of the leather being brought from
the [ast. Steps are now being taken to establish a tannic-acid plant
to utilize the hemlock waste from paper mills.

388, Other industries include gas manufacturing, printing and pub-
lishing, baking and candy making, coffee and spice roasting and
grinding, and ice manufacturing. Manufacture of all agricultural
and live stock products have been discussed under Agriculture,
Stockraising and Related Industries, paragraphs 177 to 278.

B. NavigaTioN

(A) GENERAL

389. The entrance of the Columbia River was discovered by Cap-
tain Gray, who, in command of the American ship Columbia (83 foet
long; 212 tong), on May 11, 1792, sailed into the river and bestowed
the name of his vessel on the stream. I’rior to that date it was spoken
of as the “Oregon’” or “River of the West”’, but there was no definite
information regarding it and it was little known except to the Indian
tribes. .

390, In October 1792 Capt. George Vancouver of the British
Royal Navy, learning of the Columbia from Captain Gray, sent one
of his ships, the Chatham, in command of Lt. W. R. Broughton,
into the Columbia River. Licutenant Broughton explored the river
from the entrance to a point near Washougal, Wash., or about 120
miles [rom the mouth. (See Voyage of Discovery to the North Pacifie
and Round the World by Capt. George Vancouver, London, printed
1798).

391, The overland oxpedition of Lewis and Clark reached the mouth
of the river late in 1805, and spent the winter of 1805-6 on the coast
a short distance south of the entrance to the stream. Trappers and
traders, mostly of the Hudson’s Bay Co., were the first white settlers;
later, colonists came to make their permanent homes in the so-called
“Qregon country”’, which originally embraced all of the territory of
the present States of Oregon, Washington, and Idaho, and portions of
Wyoming and Montana.

392. The first white persons to navigate the Columbia River or
traverse any part of the upper Columbia River were members of a
party of the Northwest Fur Co. under David Thompson, astronomer
and surveyor of the company. They started from Canada in 1810
and wintered in the vicinity of the headwaters of the Columbia near
61
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the fifty-sccond paralle]l. In the spring of 1811 they built boats in
the viemity of Kettle Falls, and they arrived at the present site of
Astoria at the mouth of the Columbia on July 15, 1811. (See David
Thompson, Pathfinder, and the Columbia River, by T. C. Elliott,
member of Oregon Historical Society.)

393. Jurisdiction over the “Oregon country’” was the subject of
political difference with Great Britain, and between 1843 and 1846
there was much negotiation as to the boundary west of the Rocky
Mountains, resulting finally in the treaty of 1846, which defined its
northernmost limit as it exists today, viz., the fourty-ninth parallel of
north latitudo. Prior to 1846 the region was, in part, jointly occupied
by the United States and Great Britain. The discovery of the river
entrance by Captain Gray, as noted above, was an Important factor
in fixing the northern boundary as defined by terms of the treaty of
1846.

394, While the early colonists in the lower basin arrived, mainly,
by overland ““Oregon Trail” route, the basin’s carly agr‘multuml and
commercial development was due very largely to the navigation
facilities afforded by the Columbia and its tributarics. These trans-
portation facilities, particularly as afforded by the river's tidal reach,
remain today one of the most important factors in the economic wel-
fare ol large portions of QOrezon, Washington, and Idaho, which, topo-
graphically, are direetly tributary to the lower reaches of the stroam.

395. The first steamship to enter the river was the Hudson’s Bay
Co.’s steamer Beaver, a small side~wheel vessel 101 feet long; 109 tons.
It was built in England in 1835 and entered the Columbia on March
19, 1836, This vessel was also the f{irst steamship to navigate the
Pacilic Ocean. The first American steam vessel to enter the river
from the sea was the Caroline, in June 1850.

396. Vessels of about 20-foot draft could navigate the river entrance
mn its unimpwved condition, though the vast expanse of the ocean
bar at the river’s mouth, LOWGLILGI with the shifting nature of the
channels crossing it, gained for the locality much ill fame in ship-
ping circles t11101mhout the world. Vessels of about 15-foot draft
could ascend the river, prior to any improveinent, to the vieinity
of St. llelens, Oreg., but lightering of cargoes was often necessary to
carry this dralt to Vancouvel A\Y &sh, or to Portland, Oreg., on the
Willametto River.

397. The Hudson’s Bay PPost was established at Vancouver in 1821,
and Vancouver was the head of navigation for sea-going craft. The
head of navigation for occan-going vessels on the Columbia River is
still Vancouver, Wash., at a distance of 104.5 miles from the oce an;
and on the Columbia and Willamette Rivers it is Portland, Oreg,
located on the Willamette River, about 6 miles {rom its confluence
with tho Columbia. The tidal effect extends to W arrendale, Oreg.,
about 35.5 miles above Vancouver, The river has not been 1mproved
above Vancouver for sea-going craft. Warrendale is at the foot of
the gorge of Columbia Iuvm known as ““The Cascades.”  Above War-
rendale the river is obstructed by falls and rapids, and navigation is
lmuted to light-draft river craft.

398. The Imt river-type steamer to ply the stream, a side-wheel
vessel 90 feet in length, was named the Columbia. She was built at
Agtoria, Oreg., and Tmade her trial tr ip on July 3, 1850. The river
steamer Lot Whitcomb, also s side-wheel vessel, 160 fect long, was
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under construction at Milwaukie, on the Willamette River, at that
time, and was put into service shortly afterward. These Lwo pioneer
river steamers plied between Astoria and Vancouver on the Columbia,
and to Oregon City, on the Willamette.  I'reight hetween river points
on these first vessels was $25 per ton, and farc was $25 per passenger,

399. The carliest portages around the Caseades Rapids were made
by the use of wagons. In 1859 a tramway was built. In 1862 &
steam rallway was built along the Washington shore from the foot
to the head of the Cascades. .\ steam portage railway was also
built on the Oregon side.

400. The first steamer to navigate the river botween the head of
Cascade Rapids and The Dalles was the James I°. Flint, a small,
propeller-driven vessel built below the rapids and hauled up over
them in 1851, 1t was used between the (lascades and the town of
The Dalles, in connection with the portage road around the ra pids in
the gorge between Bonneville and the head of the Cascades Rapids,
Other early river steamers on the river between the head of the Cis-
cades Rapids and The Dalles were the Mary, a small, side-wheel vessel,
built in 1853; the Hassalo, a stern-wheel hoat, 153 feet long, built in
1857; and the Idaho, a side-wheel boat, 147 feet long, built in 1860.
All of these four vessels plied between the head of Cascades Rapids
and The Dalles, connecting with the upper end of the portage roads
around Cascades Rapids. The portage railroad operated until shortly
alter the completion of the railrond from Portland to W allula, in 1882,
when the boat service above the Caseades was discontinued.

401. The construction of the Cascades Canal began in 1878, but
the canal was not opened to navigation until Novemiber 6, 1806.
During the construction of the Cascades Canal the portage ratiroad
on the loft bank of the river was in use until completion of 1he rajl-
road on the left bank in 1882, In 1891 the State of Oregon con-
structed & portage railroad on the Oregon shore from the hesd to the
foot of the main rapids, with its lower terminus just below the present
entrance of the Cascades Canal.  This portage railroad discontinued
operations when the canal wes opened to pavigation in 1896. The
State portage railroad was used in connection with two boats owned
and operated by local interests at The Dalles, Orep. They had one
boat above the portage running as far as The Dalles and ono boat
operating below the portage. (See Lewis and Dryden, Marine TTis-
tory of Northwest.)

402. Owing to the obstructious to navigation between the foot of
Three Mile Rapids (about 1% miles ahove the town of The Dalles)
and Celilo, the head of navigation was at The Dalles, and freight and
passengers were transferred by means of wagons over a wagon road
constructed between The Dalles and Celilo. This wagon road did
not follow the river bank but went inland a few miles and returned to
the river about 1 mile above Celilo Fulls. It was used until about
1862, when a portage railroad was built between The Dalles sind
Celilo.  The ratlroad followed the left bank of the river to the town of
Celilo, located about 1 mile above Celilo Falls, where freight was trans-
ferred to boats. Tn 1882 this portage railroad beecame s part of the
main line of the railroad between Portland, Oreg., and Wallula, Wash.
(the present Union Pacific Railroad), and regular boat service above
Celilo Falls was discontinued shortly thereafter, though some boats
remained on the Snake River, operating above the railroad crossing
at Riparia.
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403. The first steamer on the river above Celilo Falls wis the
Colonel Wright, which was built at Celilo in 1858, and made her first
trip in 1859,  Due to gold discoveries on the Salmon River in fdaho,
in 1862, the next few years witnessed the greatest era of steamboat
activity on the river above Celilo, and 10 or 12 boats were in opera-
tion. Tn 1864, the steamers carried 36,000 passengers to and from
:d_\m Idaho mining regions on the Clearwater and Salrnon Rivers.
The hoats ran regularly as far as Lewiston; occasional trips were
made on the Clearwater and on the Snake above Lewiston. Naviga~
tion declined rapidly from 1866 to 1870, and during the high-water
periods most of the boats were taken to lower river pomnts. Soen after
completion of the railroad between Wallula and Portland, i 1882,
navigation ahove Celilo Falls practically ceased.

404. An cffort was made during the years 1891-94 to revive mavi-
gation on the Columbia above Celilo. A railway was built on the
Wu:shu_lgton shgre from the foot of Five Mile Rapids to the head of
Celilo ¥alls, The steamer Fred K. Billings was built (or rebuilt) at
Pasco, but the vessel was wrecked on her first trip down the river.
The operating company went into the hands of & receiver and the
plan was not revived.

405. In 1905 the Oregon State Portage Railway was completed be-
tween Big Eddy and Celilo, and in 1910 was extended downstream to:
The Dalles. Two steamers were built above Celilo to operate in
connection with the portage railway, and one was bult at Portland
to operate below the portage rajlway. These steamers ccased run-
ning in the fall of 1912, owing to lack of patronage. From the last-
named date to 1915 there was no commerce on the river between

telilo and mouth of Snake River, although two small steamers were
used on the Columbia between the mouth of the Snake and Priest
Rapids. Steamers on the Snake River continued to operate between
Riparia and Lewiston, transferring wheat from the south side of the
river, where there was no railroad, to the railroad on the north side.

£06. The Tralles-Celilo Canal was opened to traflic on May 5, 1915,
and another attempt was made to revive navigation on the river above
Celilo. Tt was unsuccessful {rom a financial standpoint and boat
operations were discontinued in 1917. Since then there has been no
regular service on the river above The Dalles, Oreg.

407. The opening of the canal at the Cascades in 1896 was followed
by & fairly large increase in navigation of the section of the river
between Portland and The Dalles. N avigation of this section de-
clined after the completion in 1908 of the Spokane, Portland &
Seattle Railway along the north bank from Kennewick to Vancouver,
Wash., but revived somewhat upon the completion of The Dalles-
Cllilo Canal in May 1915. Navigation of the section of the river
between the Cascades Canal and The Dalles continued until June
1922, when regular boat service was discontinued on account of lack of
business. Several attempts have since been made to revive commerce
and navigation of the river above Portland as far as The Dalles, but
have been unsuccessful, due it is said to lack of patronage. Nearly
all of the tonnage now handled through the Cascades Canal consists
of rafted logs.

408. The failure of the boat lines which have attempted to operate
on the river above Vancouver during recent years is sa1d to have been
due partly to the completion of highways on both sides of the river
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and partly to the lack of fixed rates for rail and water transportation.
The highways permit truck lines to operate from points away from
the river and to make direet delivery to the consirmee. This affects
railroad traffic as well as that which might otherwise be handied by
boat Iines.  The absence of fixed rates by State and interstate com-
misgions in the psst made it possible for the railroads to reduce rates
at will for a suflicient length of time to foree boats from the river,
whenever a stoamer company attempted to establish service.

409. Against the rapid decline of navigation on the upper reaches
of the river is contrasted the marked increase in traflic on the lower
100 miles between the mouth of the Willamette and the sea. This
lower section has been improved to meet the needs of the rapidly
expanding deep-water commerce of Portland, Oreg., located on the
Willamette about 12 miles above its confluence with the Columbia.
Local river traffic below the mouth of the Willamette, with the exce ption
of rafted logs, has shown a marked deeline sinee the completion of the
rajlroad ulong the left bank of the viver to Astoria, Ovee., in 1896, and
the later completion of improved highways on both sides of the river
below Vancouver,

(B) PREVIOUS INVESTIGATIONS AND RUPORTS

410, The Columbia River, {rom its mouth to the international
boundary has been the subject of many examinations and reports.
The following is a list of the more important examinations and reports,
including those upon which the existing projects nre based.

411. Moutlh of Columbic River.—Report of Janusry 24, 1903.
Report by Board of Engineers, United States Army, Annial Report of
1903, page 2275. This report recommended the existing project
which provides for a channcl 40 feet deep in the entrance, and for the
north and south jettics. :

412, Columbia and lower Willamette Rivers below Vancouver—
House Document No. 195, Seventieth Congress, first session.  Channel
35 fect deep and 500 feet wide, Portland to the sea. TRivers and Har-
bors Committee No. 6, Seventieth Congress, first scssion; modifications
of cooperative requirements mouth of Willamette to Vancouver.

413. Vancouver to The Dalles—There is no existing project for this
section of river, except for the stretch between Bonmeville and the
head of Cascades Rapids. A survey report for this streteh of river
was made under dute of November 20, 1922, "I'lie report was un-
favorable and was not published. This report includes provision
for a lateral navigation canal and consideration of development of
power. There are a number of printed reports on the canal st the
Cascades. The principal report is contuined in Senate Kxocutive
Document No. 72, Fifty-first Congress, second session: also in Annual
Report of 1891, page 3343,

414. The Dalles to head of Celilo Falls—There are a number of
reports on this section of river. The existing project, The Dalles-
Celilo Canal is based on a survey report published in Annual Report,
Chief of Engincers of 1904, page 3473. This scction of river is also
considered for power in a survey report under date of November 29,
1922, Columbia River, Celilo Falls to Snake River., This report
was unfavorable and has not been published.
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415. Celilo Falls to mouth of Snake River—This section of river
was until 1907 reported on under the caption of “Upper Columbia and
Snake Rivers.” The existing project which was completed in 1918 is
contained in House Document No. 440, Fifty-ninth Congress, second
session. The survey of November 29, 1922, resulted in an unfavorable
and unpublished report for improvement by locks and dams, and for
consideration of any proposition by local interests for the develop-
ment of power.

() EXISTING PROJECTS—WORK DONI AND PRESENT CONDITIONS OF
RIVER

416. The Columbia River below the mouth of Snake River is
divided by physical characteristics and by existing projects for im-
provement into scven sections, ag shown in the [ollowing tabulation:

Lll;)rllﬁ(’-e Fall Currents Remarks

Miles
1. Mouth of Columbin. ________|___._.--

Tidal oo _ Improved for sea-poing vesscls;
2 jettics at moulh; 46 feet con-
trolling depth.

. Mounih lo Vaneouver_ .. .-..| 1045 5,6 foeee O Improved, 25 feel; Vanconver to
mouth of Willamette River; 30
feet below mouth of Willum-

[

elte,
3. Vancouver to Warrendale. .| 38,8 7.0 7 Moderate current. .. Tldz%l, unimproved; 8-foot chan-
nel;
4, Warrendale to head of Cuag- 7.0 37.0 ) Rapids_____.oceceros (lascades Cansl and  Locks;
cades. open river improvement to
Fonneville, 416 miles,
5. Head of Cageades 1o The 41.0 4.0 | Moderate current.__| Natural 8-foot channel; no proj-
Dralles. ect for improvement,
. ’l'hp Dalles Lo head of Celilo 12,0 82,0 Tapids __________.__ Dalles-Celilo Canal and Locks.

Falls.
7. H%ﬂdoICulilo FallstoSnake | 124.0 | 185.0 | Swift, with rapids__}| Open-river improvemnent.
River.

Sec also plate 35.

The section of river from mouth of Snake River to International
Boundary is reported upen by the Seattle (Wash.) district.

The streteh of river from Pacific Qcean to mouth of Snalke River
is covered in this section of the report.

417. A full description of previous projects and those now in {orce
for the improvement of the river and the amounts expended are given in
the annual reports of the Chief of Engincers. The following extracts
were taken from. the above-mentioned reports:

Columbia River at mouth.—Prior to improvement there were from
one to three channels across the bar and these varied from time to
time both in location and depth. Depths were from 19 to 21 feet
at mean lower low water. The channels over the bar shifted between
Jape Disappointment on the north and Point Adams on the south,
a distance of about 6 miles, The existing project provides for a
channel across the bar 40 feet deep at mean lower low water and of
suitable width (not less than % mile), to be secured by dredging and
by converging rubble mound jettics, the south jetty being about 7
miles long and the north jetty 2/ niles long. The opening between
the outer ends of the jetties is about 2 miles wide. This improve-
ment, which was completed in 1918, resulted in a depth of 46 to 48
feet at mean lower low water for a width of 3,500 feet, and a depth
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of 40 feet over a width of about 8,000 feet. The improvement has
made it possible for the largest vessels operating on the Pacific coast
to enter and leave at any stage of tide and in any weather, except
during the most severe storms, A draft of 35 feet is practicable at
mean lower low water under ordinary conditions,

418, Mouth to Vancouver.—The channel between tho mouth and
Vancouver was obstructed by numerous sand bars, in which were
comparatively narrow channels with depths varying from 10 to 15
feet at low water, The existing project provides for a channcl 35
feet deep and 500 feet wide in Columbia River from its mouth to mouth
of Willamette River (99.5 miles) and 25 feet deep and 300 feet wide
from the Willamette River to Vancouver, Wash,, 5 miles, This
project was adopted in 1930 and is a modification of a 30-foot project
which was completed, as far as depth was concerned, several years
ago, but dike work was not completed until 1930. The deepening
of the channel to 35 feet is in progress and will be completed in 1932.
The effect of the improvement has been to permit groatly increased
draft and has cnabled sea-going vessels to operate on regular schedules.
Vessels now arrive and depart from Portland at all hours, In June
1930 & draft of 29 feet could be carried throughout the year at low
tide, and by taking advantage of the tide 30 to 31 fect could be carried.

419. Vancouwer to Warrendale.—There is no existing project for
the improvement of this stretch of river as the natural depth is suffi-
cient for river craft up to a draft of 8 {eet at low tide throughout the
year. This section of river is tidal, although the tidal effect is not
noticeable except at extreme low water. At Warrendale, Oreg.,
where a gage has been read for a number of years, there is a tide of
about 4 inches at low stages of river. There 15, however, no reversal
of eurrent above a point a few miles upstream from St. Helens, The
natural channel depth, except for some sand bars, is sufficient for light-
draft ocean-going craft as far as Warrendale,

420. Warrendale to head of Cascades—This section of river includes
about 7 miles of the river where it passes through the Cascade Range.
There is a fall at low water of 25 feet in the upper one half mile and a
total of about 37 to the head of tidal influcnce at Warrendale. The
fall of 25 feet in the upper 2,500 feet of the gorge effectually barred
upstream navigation at any stage of river and the lower 4 miles was
unsafe, due to obstructing rock ledges and boulders, The controlling
depth was 5 feet in the main channel of the rapids. The foot of the
lower rapids above Warrendale was the head of navigation, and freight
was transferred around the obstruction, at first by teams and later by
a steam railroad, until the opening of the Cascades Canal, in 1896,

421. "The existing project provides for a canal with one lock around
the upper Cascades Rapids and open river improvement below the
canal. The canal has a length of 3,000 feet and a clear width of 90
feet. The lock is located at the lower end of the canal and has two
chambers in flight. There are no dams in the canal. The lock
chambers have a clear width of 90 fect and a usable length of 462 feet.
The project depth over upper miter sill is 8 feet, but during the record
low water of 1930 there was only 5% feet on the sill. The canal can
operate to & stage of 43 feet at the lower entrance and 32 feet at the
upper entrance. The canal is then closed to navigation until the
niver recedes to the navigable stage. The canal is also closed by ice
during some of the winter months. lce conditions sufficient to close
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the canal do not occur every winter. This improvement, which
when completed permitted boats to ascend the rapids below the eanal
and through the canal as far as The Dalles, resulted in greatly reduced
freight rates,

422, Cascades to The Dalles.—TFrom the head of the Cascades to the
foot of Three Mile Rapids, about 1} miles above The Dalles, there is
no project for improvement and no improvement will be needed for
river craft.

423, The Dalles to Celilo~ Y¥rom the foot of Three Mile Rapids to
the head of Celilo Falls, a distance of about 10 miles, there is, first,
Three Mile Rapids, which has a length of one half mile; then, a narrow
rocky gorge about 1 mile in length to the foot of Five Mile Rapids.
From the foot of Five Milo Rapids to head of Celilo Falls the river
is unnavigable and The Dalles-Celilo Canal was constructed between
these two points.

424, The Dalles-Celilo Caual is about 8.6 miles in length and has a
total fall of 81 foet at low water. There are five locks in the canal:
Tandem Tocks (two locks in {light) at the lower entrance, with a
combined it of 70 feet at Jjow water; Five Mile Lock, 1% miles above
the lower entrance, with a lift of 12 to 16 feet, depending on the stage
of river; Ten Mile Lock, 5.2 miles above the lower entranes (this Jock
is used to regulate the level of the water in the canal during freshets
and is not used at low water); and Celilo Lock, about one half mile
below the upper entrance of the canal. (This lock 1s used at all
stages of river above 4 fect at upper entrance to the canal). Ten
Mile Lock has a clear width of 50 feet and all of the other locks have a
clear width of 45 feet.  The usable length of all of the locks 1s 265 feet.
The depth on loek sills is 7 feet at average low water, but during an
unusually low-water season, such as that of 1930, the depth on the
entrance sills is somewhat less than 7 feet for a short period. The
canal trunk has a bottom width of 65 feet with side slopes of 4 vertical
to 1 horizontal in rock cxeavation and 1 vertical to 2 horizontal in
concrete-lined scctions.  The depth in the canal trunk 1s 8 fect at low
water. The normal river freshets at the Jower end of the canal
reach a stage of about 45 feet, The highest flood (1894) reached a
stage of about 70 {feet above low water. At the upper entrance of the
canal the stage during normal {reshets is about 18 [eet and the maxi-
mum stage about 33 feet. The canal is designed to operate to a stage
of 18 feet in the upper pool, and is drowned out when the river rises
sbove that stage. The improvement in this stretch of river has
made continuous navigation possible to points on the Columbia as
far as Priest Rapids, 397 miles above the mouth of the river, except
during the high-water periods and when closed by ice.

425, Celilo Falls to mouth of Snake River.—This section of river was
navigable for light-draft boats at all stages of the river in its unims.
proved state. The controlling depth was about 3 feet and channels
were crooked and obstructed by boulders and projecting ledges. The
improvement worl under previous and existing projects has consisted
of open-channel work and of removal of rock pinnacles and other
obstructions in the existing channels without general increase of
depth. The prineipal obstruction to navigation is now tha swift
currentsin the rapids. The controlling depth is generally greater than
6 feot, except through YHomly Rapids, 5 miles below the mouth of
Snake River. llere the river is divided into several channels and
the pavigation channel has a controlling depth of 4% feet.
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426. The channels are generally wide but in a number of places are
crooked through the rocky reefs. There are only a few gravel shoals
in this streteh of river.  The rapids generally occur where rocky reefs
cross the river bed. Straightening and deepening of the channels
through the resfs, while possible, 1s costly, and no method of open
river improvement can reduce the current in the rapids sufliciently
to meake casy navigation at all stages of river, Tho improvement of
this stretch of river has, however, made navigation much less hazard-
ous than formerly, and has permitted deeper draft to be carried at
low water, but much more open-river work will be necessary to
clear and straighten the channels for other than self-propelled hoats of
high power,

427, With the completion of The Dalles-Celilo Canal in 1915 the
head of continuous navigation was moved upstream about 200 miles
to the foot of Priest Rapids, a distance of 397 miles [rom the ocean.
Priest Rapids has a fall of about 62 {eet in 9 miles and is urnavigable
excepl at moderate high stages and then not without danger.

128, The Columbia River from the mouth of the Snake to the foot
of Priest Rapids has a [airly slicht slope and there are no serious
obstructions to navigation. This stretch of river, which has no
project for improvement, is includad in the report ol tho Scattle,
Wash., district,

(D) LOwW WATER, FRESIIETS, ICE CONDITIONS, ETC., AFFECTING
NAVIGATION

429, Low water.—The plane of low water for the river from Van-
couver to the upper ond of the estuary at the mouth is low wator at
fow tide, and in the estuary, the mean of the lower low tides. The
oxisting project provides for & 35-foot depth at low water so that low-
watber conditions do not affect navigation below Vancouver. The
adopted plance of reference for low water in the river between Van-
couver and Warrendale is zero on the gage at Vancouver, but the
river in December 1929 fell 1.4 feet helow the zero of the gage. The
depth over the shoals 1s, however, sufficient, even at the lowest stage
of river, for river steamers. The adopted low water plane between
Bonneville and The Dalles is a reading of 96.0 on the upper gage at
the Claseades Canal, and this plane was used to determine the eleva-
tion of the lock sills. 'The river has, however, fallen as low as eleva-
tion 93.2 on the gage which limits the draft of boats to somewhat less
than 5.0 {eet during extremo low-water stages, The lowest stages of
river usually occur during the winter months when the river is ordi-
narily aflected by ice jams. In the winter of 1930-31, with no ice or
freezing weathier, there was, for a few days only, a depth of 5.2 feet
over the upper sill of the upper lock, and for 15 days the depth was
only 0.0 feet on the upper lock sill. Ifrom November 1, 1930, to
Mareh 2, 1931, except [or a few days, the depth on the upper sill was
lTess than 7 feet.

430. Between the hoad of the Cascades Canal and the foot of The
Dalles-Celilo Cenal, the natural channel is wide and deep, and naviga-
tion would not be affected during the low-water season. '

431, The adopted plane of low water for The Dalles-Celilo Canal is
a reading of elevation 89.0 on the Celilo gage. This gives 7 feet on the
lock sills. The stage at Celilo rarely falls below eolevation 89.0. For
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the lower entrance of the canal the adopted low-water plane is a
reading of 8.0 on the lower gage which gives 8 feet on the lower sill,.
but the river fell below this stage in the winter of 1930-31, and for a
few days there was only 5.8 feet on the lower sill. The low water
of 1930-31 was, however, the lowest of record in the length of duration:
and may not occur again for a number of yoears,

432. From Celilo to the mouth of Snake River, the adopted low-
water plane is 0.8 on Umatilla gage, but for a short period during the
winter of 1930-31 the river fell to zero on the gage.  Soundings taken
in January and February 1931 with the Umatilla gage reading about
zero indicate that there are three places in this stretch of river where
the controlling depth is somewhat less than 7 feet. At Homly Rapids,
6 miles below the mouth of the Snake River, the depth is only 4% feet
at low water.

433. Freshets—Below Warrendale the annual freshets do not seri-
ously interfere with navigation. The mean velocity in the Columbia
River below Vancouver is about 3.5 miles per hour, with a flood of
625,000 second-feet. The maximum surface velocities during ordi-
nary flood stages is about 5 miles per hour. The velocities above
Vancouver to Warrendale are somewhat higher than those below
Vancouver, but do not seriously alfect navigation. Detween Warren-
dale and the foot of the Cascades Canal, the maximum surface velocity
in the channel in the gorge below the canal is about 8 miles per hour
at low water. The current in the gorge decreases ag the river rises
to about a 1C- or 12-foot stage and becomes less than the low water
velocity, but as the river rises above a 10- to 12-foot stage the current
increases until at flood stage a velocity as high as 15 miles per hour
is reached. This limits navigation during high {reshets to high-
powered boats.

434. The Cascades Canal was designed to operate up to a 38-foot
stage of river at the lower entrance, but can be operated to a 42-foot
stage. Freshets above a 42-fool stage close the canal to navigation
until the river recedes to that stage. This delay to navigation does
not occur every year but when it does occur may continue from a
few days to a month.

435. Between the head of the Cascades Canal and the foot of
Three Mile Rapids, a distance of about 43 miles, there is a rather
quiet pool with a very flat slope and there is no high velocity at any
stage.

436. At Three Mile Rapids, about 1 mile below the Jower entrance
to The Dalles-Celilo Canal, during low water, the river {lows through
a narrow rocky gorge. This part of the channel has been widened to
give a width of 250 feet at low water. The depth is 10 feet where the
channel has been deepened along the shores and from 100 to 180 feot
deep in the center of the gorge.  The current is light at low water but
increases with the river stage. During high water, the river rises
above the rocky shelf on each side of the channel, and whirls, eddies,
and waves render navigation in Three Mile Rapids very difficult.

437. The Dalles-Celilo Canal was designed to operate to the same
high-water stage as the Cascades Canal and extreme high water would
delay navigation at both canals to the same extent. Steamboats have
navigated Three Mile Rapids to almost the limiting stage for The
Dalles-Celilo Canal without mishap, but navigation thrcugh Three
Mile Rapids at flood stage is hazardous, even for sclf-propelled boats
of fairly high power.
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438. From the head of Celilo Falls to the mouth of Snake River
the current is strong at low stages, and is generally less at moderate
and high stages of river. At low water the maximum velocity is
about 10 miles per hour in this stretch of river. DBoats which can
ascend the river (through the Cascades and The Dalles-Celilo Canal)

would have no difficulty above the Celilo Canal as the velocitics are
no greater for corresponding stages of the river above Celilo than they
are 1n the rapids below the Cascades Canal.

439, Iee—During some winter seasons the river is free of ice but
there is generally some ice in the river every winter., Qccasionally
the river has been filled with ice down to its mouth, and navigation
by occan-going ships below Vancouver has been interfered with.
Abovc Vancouvm lce conditions are sometimes very severe and close
the river to nfnlgauon for a month or two. A delay of 1 mmnth
annually can be expected for the river above Vancouver. The Cas-
cades Canal and The Dalles-Celilo Canal are sometimes closed by ice
when the river itself is not entirely closed to navigation,

440. Wainds.—The prevailing wind in the summertime from March
to October is upstream and assists upstream navieation when it is not
strong enough to cause high waves. It delays downsiream naviga-
tion when it is suflicient to cause rough water and boats have often
tied up on that account. It also affects boats going through the
Celilo Canal, but as the upstream wind usually subsides in Lho even-
ing, boats can go through The Dalles-Celilo Canal in the evening and
carly morning.  With an upstream wind it was not uncommon for
the boats going upstream to use a sail to assist them in stemming the
rapids below the Cascades Canal.  Downstream winds aflect upstroam
navigation, if they are very strong. There have been times when
boats could not pass thmugzh the gorge of the Cascades going upstream
when the downstream wind was bl(mmg Barges were “sailed up-
stream in the early days and sails were lowered into the water to
assist themn going downstream.

441. Fog.—At times there is much fog in the river below Warren-
dale but it does not greatly interfere with navigation. Above War-
rendale there are oceasional fogs but they do not affect navigation
geriously.

442, Summing up the difficultics of navigation it may be stated
that a loss of 1 m(m‘rh by freshets and 1 month by icc may be expected
annually, leaving a navigation scason of 10 months.  Delavs, 1 any,
by upstream winds oceur from March to September, and by down-
stream winds {rom November to March; such dolu‘ys are, however,
not serious.

(K) TERMINAL FACILITIES

443. Mouth to Vancouver.- The river from its mouth to the upper
limits of the city of Portland and Vancouver is well equipped with
water terminals and facilities for handling every kind of f{reight for
sea-going and inland vessels. There are e\ten%we public terminals at
Astoria, L(m(rvww, St. Helens, Portland, and Vancouver, and several
public terminals at smaller towns alono the lower river, A {ull
description of the water terminals from V{anonv(l Lo the seas 1s given
in Port Series No. 11, a revised copy of which is now ready for the
printer.  (See also annual reports published by the port of Portland,
port of Vancouver, port of Longview, and port of Astoria,)
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444 . Vaneouver to mouth of Snake Itiver.—There are no large water
terminals on the river above Vancouver, Wash., and there are no
industries above Vancouver requiring large water terminals. Camas,
Wash., a town of 2,500 population, located 14 miles above Vancouver
on a channel of the Columbia, known as Camas or Washougal Slough,
is the site of & laree paper mill, the chief industry of the town. The
only water terminal is o wharf with about 500 feet frontage on the
slough. This wharl is owned and used by the paper company and is
physically connected with the railroad (Spokane, Portland & Seattle)
along the north bank ef the river. There are no pubhc terminals or
other wharves at Camas.

445, Above Camas there are at present no water terminals remain-
ing on the river. A few wharves were built, probably 30 years ago,
on the river between Clamas and The Dalles, and these, when they
became unserviceable, were not replaced. At Hood River and The
Dalles wharf boats were used to handle the freight, They were taken
down river when teaflic was susnended about 10 years azo,

446, Between The Dalles snd the mouth of Snake River, there was
one szl wator terminal with incline track and a warehouse on wheels,
located at Umatilla, Oreg.  The track remaing but the warehouse
has been removed.  Pasco, on the left bank, 4 miles above the mouth
ol Snake River, has a small wharl, which has been unserviceable
sinee 1920, Kennewick, opposite Pasco, has an inclined whart con-
structed and used about the same time as the wharf at Pasco. It also
is vnserviceable.

447, No special type of water terminal can be recommended prior
to the installation of a water {ransportation svstem, It 18 believed
that wharves ehould be used as {ar as The Dalles, Oreg. Such
wharves shoukl be provided with storage warehouses, and if the
traflic develeps, should be provided with mechanical facilities for
londing and unloading eargoes, especially where wheat will be shipped
in lncge quantities, mlhm in bulk or sacked, Tf water-borne commerce
should ha revived, it is probable that for some time to come The
Dalles would be the terminal for the greater part of the tonnage
between Vancouver and The Dalles,

448, Thoere are large wheat-raising arcas on both sides of the river
between Celilo and the mouth of Siake River. In the event of any
extensive commerce on this section of the river, it would be necessary
to develop a fow central water terminals.  The pessible locations for
such terminals would be at Biges, h lington, Boardman, Umatilla,
and Wallula, on the south bank, and at Vl*nyhﬂl Roosc wvelt, and
Paterson, on the north bank.,  Small freight shelters would serve at
other points until business inercased sulliclently 1o warrant greater
development.  Pasco and Kennewick, 4 miles above the mouth of the
Snalce, would be the ny mu.d locations for water terminals to serve the
large farming secticns in areas adjacent to them.

() COMMERCE

449, From the date of discovery of the river, May 11, 1792, until
the present duy, the head of commerce and navwatum for sea. going
vessels entering the Columbia River has been Portland, Oreg.,
located on the Wllhm( tte River a few miles above its (Jonﬂuence w1th



COLUMBIA TRIVER AND MINOR TRIGUTARITS 1505

the Columbia, and Vancouver, Wash., located on the north bank of
the Columbia 104.5 miles from its mouth. The lecal commeree of
the river was carried in small boats, principally {latboats or bateauy.
Sea-going sailing vessels occasionally entered the river and ascended
to Vancouver on the Columbia and to Oregon Clity on the Willamet te.

450. Shortly alter 1836 the population of the Oregon country began
to merease and with it the commterce of the river below Portland,  In
1847 thw population wag from 4,000 to 5,000 and was located mostiy
in the Willamette Valley, The Columbia River and the Willarette
River were the only highways for commerce.  On the Colunibia there
was some river trallic below The Dalles, even in the carly davs. At
The Dalles transfer was made from wagen to boats, then down the
Columbia, to the Cowlitz River, and up the Cowlitz about 94 miles
to what 15 now known as Toledo, where a portage was made by paclk
trains or wagons through the Chehalis Valley to Olympia on Puget
Sound.  The principal commerce at that tinme consisted of supplies,
houschold goods, and furs.  The water-borne commerce of {ho rver
increased with the increase ol population. The gold rush of 1819
had a beneficial effect on the commerce of the Columbia ag Calilornia
was the prineipal market for Oregon farm products,

451. Until 1850 there were no river steamboats on the Columbia or
the Willamette Rivers. In 1850 two river steamboats wero built, one
at Astoria on the Columbia, and one at Milwaukic on the Willamette.
These boats operated between Astorin and Vancouver on the Clolum-
bia and to Portland and Oregon City on the Willamette River. These
were followed in rapid suceession by others.  As the population grow
the demands on water transportation were increased, for there were
no improved roads; in fact, until 1916, there was 1o continuous road
down the river from Portland to Astoria and up the river to The
Dalles.

452. Prior 1o 1896 there was no railroad along the Columbin River
below Goble, Oreg., 26 miles below the mouth of the W illamette, where
the Northern Pacific Railroad crossed the river by ferry to Kalania,
and went north up the Cowlitz River Valley to Puget Sound. After
the completion of the railroad to Astoria, local river {raffic gradually
fell off. At the present time the principal traflic is log ralts, but
some signs of a revival ol river transportation are appearing.

453. Ocean-horne commerce increased rapidly after 1850 and today
the Columbia River is one of the prineipal shipping ports of the
United States. The ocean commerce increased from g comparatively
few tons annually in 1850 to 7,096,332 tons in 1929 ’

454. 'The following is a comparative statement of commerce over
the Columbia River bar for the years 1925-29, inclusive.

Yreight
Year B — .

Tons Vulue |

&, 235, 882 $208, 146, 244 | 20,195
6, 297, 683 315,139, 879 16, 204
8,711,020 318, 624, hna

fi, 966, 340 S84, 306, 192
7, 096, 332 349, 457, 300

=
3
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455. The fol}owing_is a_comparative statement of the inland river
traffic on the Columbia River below Vancouver, Wash., for the years
1925-29, inclusive.

Freight t Rafted logs and piling

Year —
Tons Value Tons Value

2,421,350 | $42, 056, 366 2,200,055 | $21, 623,870 90, 268
2, 345, 923 41,776,936 2,324, 075 18, 563, 030 87,361
2,331, 859 40,914, 764 b, 436, 540 22, 068, 040 71, 009
2,013,775 45, 236, 888 5, 737, 846 33, 137,827 68, 6h5
2,221, 885 37, 548, 052 6, 529, 543 26, 244,712 61, 357

1 Exclusive of rafted logs and piling.

456. Complote commercial statistics for Columbia River below
Vancouver covering a long period of years may be found in the annual
reports of the Chicl of Engineers.

457 Prior Lo 1851 the commerce of the river below Vancouver was
carried in small boats and was mainly downstream. It consisted
mostly of houschold goods and supplies of the immigrants.

458, Vancouver to The Dalles—One large steamer was constructed
above the Cascades in 1853 and a second in 1857 to run in connection
with a portage road around the (ascades. The commerce of the
river above the Cascades was at its height from 1860 to 1866. From
1866 to 1870 navigation of the Columbia declined rapidly with the
decline ol excitement in mining. No statistics were collected for the
years 1&84-01, inclusive; however, the comimerce of the river during
the period was evidently very small, due to the completion in 1882
ol the Oregon Railroad & Navigation Co.’s railroad from Wallula
to Portland, Oreg., which practically suspended the river commerce
above Portland. The river traflic as far as The Dalles was revived in
Seplember 1892 by the Oregon State Portage Railroad, which was
constructed by the State of Oregon Lo portage freight around the
Cascades Rapids until the completion of the Cascades Canal.

159. 1n the early days (reight and passcngers were transferred
around the Cascades on a wooden tramway (constructed in 1851) and
around The Dalles to the head of Celilo Falls by teams, Later
(1860-62) steam railroads were constructed from the foot of the
gorge to the head of the Cascades Rapids, and from the town of The
Dalles to the head of Celilo Falls, These portage railroads were
discontinued upon the completion of the railroad along the lelt bank
to Portland in 1882, A portage railroad constructed by the State
of Oregon around the Cuscades Rapids in 1891 was used until the
completion of the Caseades Canal in 1896.

460, The following tabulation shows the commerce on that portion
of the Columbia Kiver affected by the Cascades Canal.  The tabula~
tion shows ell of the commerce of which there is a record.
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Commerce of the Columbia River above Portland, Oreg., passing through the
Cuascades Canal

Tonnage up | Passengers

and down |up and down Remarks

- No stalisties available,
25,330 9,365
65,975 No record
27, (00 No record
17, 000 No record
87, 000 No record
____________________________ No statistics available.

9, 724 6,071 | Oregon State Portage R.R. began operating around
Cascadoes Rapids,
8,712 6,949 | Carried by Oregon State Portage R.R.
6, 276 6, 261 Do.
8,122 10,675 Dao.
2, 630 3,371 T(ﬁNgv. B, 1806, carried by Oregon State Portagoe
8,134 5,886 | Cuscades Canal opened Nov. 5, 1895,
18, 119 20, 327
16, 699 23, 908
17,710 30, 639
22,425 34,762
149,709 52,720
36, 181 50, 821
31, 967 76,971
3a, 165 64, 403 | Oregon State Tortage R.R. from the foot of Five

Mile Rapids to Celilo revived navigation on the
river abave The Dalles, Oreg.

46, BR2 133,073
53,770 49, 239
04, 953 86, 615
3, 163 70, 482
32,7 93,360 | Beginning of hired labor work oo The Dualles-
“elilo Canal.
38, 063 045, 810
41,778 84,425 | Open River Transportation Co,, which had
steamers above Celilo, suspended operations
Oct. 31, 1912,
43, 904 74, 201
42,477 103, 380 | The Dalles-Celilo Canal opened May §, 1915,
Navigation above ['he Dalles resumed.
a7, 280 44, 500
40, 135 A8, BRT
25, T3 17,040
20, 721 «, 602
116, 557 8, 544
5,32 4, 523
15,518 #,113
5, 444 2,276 | Regular boat service to The Dalles was diseon-
tinued in 1923,
67% None
8O3 264
461 B, 554
2,762 87% 1 Tlegular bout service resumed to The Dalles In
September 1927,
17, 63 1,301
476 30 | Doat service discontinued.
1, 519 S95

L rior to 1920 no log rafts were taken through the canal; the tonnage shown above sinee 1919 does not
inelude pafted logs.

461. Most of the tonmage was bound upstream and much of it went
as far as Lewiston, Idaho, the head of navigation on the Snake (about
141 miles above its mouth). After the completion of the railroad
from Portland to Riparia, Wash., in 1882, and later to Spokane, navi-
gation and commerce on the Columbia River above Celilo practically
censed,  Only a few boats remained on the river above Celilo Kalls,
and they were taken to the Snake River to operate between its mouth
and Lewiston as feeders for the railroads which crossed the Snake
Kiver at its mouth, and at Riparia, 67 miles above the mouth.
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462. The following is a statement of the commerce above Celilo
Talls insofar as the records are available:

Calendar year Tong Remarks

First stenmer built above Celilo Falls,

| Noreeord. .
Over the river from Celilo to Lewiston.

No record.
Carried by Oregon Stato Portage R.R, Irom Celilo to foot of
Five Mile itupids,

Do,

Do

Do,

8, 421 Pa.
13, 530 Cm‘rilo:l by Oregon State Porlage R.R. from Celilo to The
les,

16, 411 Do,

7,241 | Carried by Oregon Stale Portage R.R. from Celilo to The
Dulles, to November 1, 1912,

[i] N() COTILINeTCe.

8] Do,

&304 | May 5 (opening The Dalles-Celilo Canal) to Txecetnber 15, 1915,
§, 681 | March 9-Decomber 20, 1910,

5,306 | March 3 Lecember 15 (regular bost service discontinued)

5 i far ns Arlington.

o Lewiston in June 1920,

N commneree.

127 ¢ Binall bhais,
0 | No commeree

7 1 Bmall boats,

75 | Special trip of hoal,
0 | No commercs.

Y] Do,

0 o

] 3o,

0 Do

174,127

Urihe Oregon State Portage 1814, was extended from the foot of Five Mile Rapids to The Tralles in 1910,

Of the upstream freight carried on this section of river in 1915 and
1917 about one half the quantity went up Snake River, but there
was very little downstream freight that originated on Snake River.
In 1916, 5,254 tons of freight, mostly general merchandise, passed
through The Dalles-Celilo Canal. The downstream freight amounted
to 3,430 tons, of which about three fourths consisted of grain and flour.

463. In March 1931 a shipment of 225 tons of paper products from
the paper mills at Camas, Wash., was shipped by barge up to The
Dalles and from that point the shipments were distributed by truck.
Although the experiment was considered a success, only one trip was
made because the railroad company immediately reduced the freight
rate on paper products to the boat rate.

464. In June 1931 a shipment of about 1,400,000 grain sacks, com-
prising about 525 tons, consigned to the Farmer’s National Grain
Corporation, was taken from Portland, Oreg., by river steamer to
soints on the upper Columbia River, separate trips being made to

ig Iiddy, Umatilla, and Wallula, Wash. As a result the railway
rate on grain sacks from Portland to Pendleton was reduced {from 51
to 42% cents per hundred pounds.

465. In July 1931 an attempt was made to move wheat from The
Dalles to Portland by steamer. The steamer Cowlitz on the [irst
trip, loaded with 100 tons of sacked wheat, encountered a heavy head
wind, overturned, and sank al a point about 5 miles below The Dalles.
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The Cowlitz, it may be stated, is a very shallow-dralt boat, and it is
not probable that the accident would have happened to a craft draw-
ing more water. Efforts are also being made to establish a boat
service to carry wheat from the Columbia above Celilo to Portland*

() LOCAL COOPERATION IN RIVER IMPROVEMENT

466. The local interests represented by the port of Portland, the
port. of Vancouver, Wash., and the port of Astoria, have assisted in
the improvement of the river below Vancouver.

467. The port of Portland and the port of Astoria have contributed
$500,000 toward the improvement of the entrance to the Columbia
River to date. On the Columbia and Willamette Rivers below
Portland, the port of Portland has cooperated in the improvement
work by dredging and construction of dikes under the previous and
existing projects, at a cost of approxiruately $6,000,000, and is
required under the existing project to improve and maintain the
channel in the Willamette River and to assist in the work of improv-
ing and maintaining the channel in the Columbia River below the
mouth of the Willamette River, by loaning to the United States, {or
a total of not exceeding 6 dredge months annually, hydraulic pipe-
line dredges, without charge other than operating costs.

468. The port of Vancouver has contributed about $27,000 under
previous projects for the improvement of the Columbia from Van-
couver to the mouth of the Willamette River and has contributed
about $82,000 under the existing project. It has a balance of about
$31,000 to pay to complete the required cooperation.

469. There is no project for the improvement of the scetion of the
river from Vancouver to The Dalles except between Warrendale and
the head of Cascades Rapids. Although no local cooperation was
required by law, the State of Oregon contributed a portage railroad
at the Caseades Rapids to portage [reight around the rapids during
the last 5 years of the canal construction work.

470. For the improvement of the river between The Dalles and
elilo, the State of Oregon furnished the canal right of way free of
cost 1o the United States and constructed and operated a portage
railroad to transfer freight around the obstruetion to navigation
during the 10-yecar period that the canal was under construction.

471. For the improvement of the river between the head of Celilo
Falls and the mouth of Snake River no local cooperation was required
by law, but the State of Washington contributed $25,000 toward the
existing project.

(11) VIEWS OF LOCAL INTERESTS FOR FURTHKR IMPROVEMENT OF THE
RIVER FOR NAVIGATION

472. Mouth to Vancourver.—Local interests representing Portland
desired a depth of 35 feet from the entrance of the river to Portland
and this was provided for in the existing project adopted by the
River and Harbor Act of 1930. The local interests at Vancouver,
with the existing project depth of 25 feet from the Willamette River
to Vancouver, desire an increase to 30 feet. This increase can be
secured by dredging and will no doubt be provided when justified by
commerce.

552—34.--vol. 2 62
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473. For the river above Vancouver the local interests desire a
channel 7 feet deep and 100 feet wide at low water to the mouth of the
Snake River. The present channel depth between Vancouver and
Celilo oxceeds 7 {ecet at extreme low water. From Celilo to the
Snake River there is now a depth of 7 feet, except in three places.
Two of these places have a controlling depth of 6 feet over gravel
shoals and could be increased to 7 feet, but the third place, Homly
Rapids (about 6 miles below the mouth of Snake River) has a con-
trolling depth of only 4} feet over a bottom composed of gravel,
boulders, and rocky reefs, so that a depth of 7 feet would be difficult
to secure. The depth at Homly Rapids could probably be increased
somewhat by closing secondary channels and deepening present
navigation channel or by developing one of the secondary channels
as a navigation channel.

(I) EFFECT OF DESIRED IMPROVEMENT

474. The eflect of the improvement desired by local interests for
the river below Portland and Vancouver will permit vessels of in-
creased draft to enter the river and ascend it to Portland and Van-
couver. At the present time a draft of 29 {feet at low tide can be
carried in the river to Portland throughout the year, and by tak-
ing advantage of the tide 30 to 31 feet can be carried. With a
depth of 35 fect in the project channel the draft can be increased
to permit all but a few of the decpest draft ships to enter the
river. The increase in depth of the channel from 25 to 30 feet at
low water between the mouth of the Willamette River and Van-
couver will allow vesscls with drafts up to about 28 feet to dock
at Vancouver.

475. A channel depth of 7 feet above Vancouver will permit drafts
up to 5 fect at low water and to about 7 feet (the depth on lock «ills
in The Dalles-Celilo Canal) at higher stages of river; such drafts can,
however, be carried most of the time with the present condition of
the channcls above Vancouver. Further improvement of the channel
by open-river methods will not greatly lessen the present cost of
operating river cralt as it will not reduce the currents in the rapids.
It will, however, lessen the dangers to navigation by removing
projecting rock ledges and by straightening existing channecls or
developing new channels, and will make navigation somewhat easier
than under the present condition of the channels. It will also permit
boats to navigate this section of river at night, which cannot now be
done without considerable risk.

(J) RIVER QRAFT—TYPES USKD AND SUITABLI

476. Trom the Pacific ocean to Portland, Oreg., a distance of 112
miles, the river has been used for sea-going eraft of all descriptions,
both sail and power, as well as river craft. The existing project
for improvement will permit the use of ships of practically unlimited
ocean ltonnage.

477. Above Vancouver, Wagh. (about 5 miles above the mouth of
the Willamette), only river eraft have used the river, as there are no
industries above Vancouver to furnish cargoes for sea-going craft.
Light-draft sea-going boats could now navigate the river as far as
Warrendale, 36 miles above Vancouver.
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478. Above The Dalles only river craft have been used. The
strong currents limit navigation to rather high power sclf-propelled
boats. A type of stern-wheel packet steamboat known as the
“(Columbia River” type was developed on the Columbia and Willa-
mette Rivers. This is a stern-wheel boat; hull generally 150 to 200
feet in length, with 30- to 34-foot beam, and 6- to 8-foot depth of hold;
two long stroke reciprocating steam engines, and one locomotive type
boiler. This type of boat is very eflicient for swift-water navigation
and was used almost entirely on the Columbia River above Portland.
At first several side-wheel steamers were used on the river below
Bonneville and between the head of the rapids and The Dalles,
before the Cascades Canal was in operation, but these were replaced
with the stern-wheel type. A few small screw-propeller boats were
also used on the river above Portland. During the past few years,
small twin-screw gasoline or diesel-tow boats have been used with
success on the river from Warrendale to The Dalles. These boats
are used mostly for towing logs.

479. Owing to the swift currents above Warrendale, barges are not
cenerally used above Vancouver, Wash. They were used to a
limited extent between Portland and Bonneville and above the Cas-
cades Gorge to The Dalles in the early days when there was a portage
railroad from Bonneville to the head of the Cascades Gorge. The use
of tow barges was discontinued upon the completion of the Cascade
Canal in 1896. They were not used for commerce on the Columbia
River above The Dalles at any time in the history ol the river, but
some flat boats were used in the early days above Celilo, and were
sailed upstream and drifted downstream.

480. The proper type of craft to use on a waterway depends upon
physical characteristics of the waterway. The size and power
depend upon the kind of cargo to be carried. To give prompt,
efficient, and economical service, the craft should have sufficient
power Lo handle its load without loss of time.

481, The principal downstream commerce, if developed, on the
Solumbia River, would be wheat. This commodity, if carried in
bulk, would require a special type of boat. Buarges with holds prop-
erly covered could be used and the wheat, cither sacked or in bulk,
could be loaded into the hold by gravity, and removed by clevators.
The other commodities likely to be shipped are wool, some garden
truck, and fruit. The last two items should be carried in fast-moving
cralt to prevent deterioration, or the boats should be provided with
refriceration. Most of the fruit is now shipped by rail to inland and
Atlantic points, though some fruit is sent to Portland by rail for ship-
ment to west coast and Ituropean ports. The upstream commerce
would be general merchandise, petroleum products, and lurober.
teneral merchandise going upstrean would be comparatively small
in quantity. The petroleum produets, such as fuel oil and gasoline
would have to be carried in barrels, if the earriers are to be used for
goueral cargoes, unless special tow barges were used for olls and gaso-
line. Merchandise should be carried 1 steel-box containers, in order
to protect it from the weather and frem theft.

482. There are two general methods of trapsportation for water-
borne freight- —that using the self-propelied hout or barge, and that
using the towboat with a flect of barges, 'Two Lvpes of towhoals are
in general use—one, the stern wheel, Mississinpl cpg Colerbia River
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type, and the other, the iwin-screw tunnel type. The stern-wheel
type generally permits of lighter draft for hich-powered boats than
the propelier type.  The maxizam size of any one type is fixed by
the usable s'ze of the locks throngh which the craft must pass, and
by the niin navigable depth of the channel.

153, Ou the Columbis River above Vancouver, there are two
canals.  The first is the Cascades Canal, 421 miles above Vancouver,
and the second, The Dalles-Celilo Cianal, 87% miles above Vancouver.
The Caseades Canal has lecl chambers 80 feet wide by 462 fect long
with 8-feot depth over the sills at ordinary low water and 5% feet at
extrene low stages.  The Dalles-Celilo Clanal has lock chambers 45
feet i vidth by 265 leet in length, with 7%-loot depth over sills at
ordinary low stages; somewhat less at extreme low water. These
dinensions govern the size of the eralt which may ply the Columnbia
to points above these conals,

484. The maximuni economical size of a fleet of barges with tow-
boat is dependent upen the power of the towboat, number of lockages
necesgary at ecach lock, time lost in breaking and making up tows
before and after lockages, swiftness of the current, minimum width
of channel, and eurvature of bends.

485, Were it not for the swift waler in the rapids below the Cas-
cades Canal, fleets of barges conld be taken as far as Tho Dalles, for
the river 1s tidal below Warrendale, and has a very flat slope botween
the head of Cascades Rapids and The Dalles, leaving only about 5
miles of the 84 miles from Vancouver to The Dalles, where navigation
is difficult.  During middle staves of ¥iver, boats of woderate horse-
power can stem the current, bat during higher freshet stages and
during very low stages, it takes a high-powered boat (without a tow)
to stem the current below the Cascades.  Most of the steamers used
on the river above Vancouver had about 500 horsepower, but
few boats had as much as 1,000 horsepower. Darge navigation to
points above Warrendsle would requite powerful towboats or cables
to get the barges over the swiftest places between Warrendale and the
lower entrance to the Caseades Canal. An experimental trip was
made March 30, 1933, taking a barge 130 by 36 by 8 fect loaded with
225 tons of paper, and with a draft of 3 feet, from Camas to The
Dailes.  One stern-wheel steam towhoat of 300 horsepower, and one
165-horsepower Diesel towboat, were used, and the two towboats
could not take the barge through the Summit Rapids. The barge
was pulled over the rapids after a delay of 2 hours by using a cabloe
fastened to the shore.  The stage of river was 5 feet above adopted
low water in upper pool of Cascades Canal.

486. The lock chambers of the Cascades Canal are large enough for
five ordinary sized barges and one towhoat. The usual size of barges
on the lower Columbia River is about 35 feet by 120 feet, but narrower
and slightly longer barges would probably be more suitable for towing
through the rapids. 1t is doubtful if more than onc barge at a time
could be towed from Bonneville to the Cascades Canal, so that the
size ol the locks does not affect the size of tows upstream, Going
downstream a [ull tow of five barges could be taken into the lock, but
it 1s questionable whether such a tow could be handled through the
rapids except at moderate stages of the river, without danger of
bresking up the fleet,
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487, Tow barges, if used for navigation of the river above The
Dalles, should be of shallow draft and have less beamn than barges
for the river below The Dalles, as the controlling depth in the channel
above the Celilo Canal, at Jow water, does not exceed 6 {feet.  Such
barges should have an easy rake for towing, since there is a large
amount of wave action in the rapids, cspecially when strong winds
are blowing in the open river.  Only one barge at a time can be locked
through The Dalles-Clelilo Canal, unless its beam over all is less than
22 ie('t, then 1t is }N)s%ll)l(‘ to pass through two barges abreast, with
a towboat behind. A few barges have been taken thr 011“‘]] The Dalles-
Celilo Canal with the towboat behind and pushing one b ATge.

488. While the Columbia River stern wheel t\'po ()t Cdei*mboat de-
seribed above is very eflicient, as fav as s concerned, it is
not an economical type of [reight carrier, as all freight must be]mndlod
by the boat’s erew auid is carried on the main d(‘cl\, which is already
oceupied by propelling enpires, hoilers, mess rooms for crow, and fuel
bunkers, leaving but little sps rce for freight.  The size of stern-wheel
boat 1()11\\011)* used on the upper river is Trom 150 to 170 feet in length
between perpendiculars, 30 te 40 [eet in width, and has 5- to 7-loot
depth of hold.  The usual sized upriver boat had a dralt ol not over
§ feet and carried from 200 to 250 tons of {reight.  The largest boat
used on the river above Portland could not carry more than 400 tons
fully Toaded to about 5 feet. It had a length of about 200 feet, &
brear: of 38 feet, and a hold 6 {eet 1 depth.

489. A packet boat with pessenger accommodations, recently
launched, s equipped with o Dicsel engine of 500 hersepower and
has a Q])eecl of about 14 miles per hour in sl water. (Ter semi-
tunnel stern and rudder system makes the boat eesy to handle.  ishe
has a length of 160 [ect, 30-foot beam, and is 10 feet § inches in depth
arnidshivs.  ITer draft is about 4 fect light and 6 fect loaded. she
carries 425 torg of freight and has accommodations for 75 passonugers.
This is said to be the first departure from the Colurabia River lype
in 50 vears. The beal s equipped with a freight clevator to elevate
freight to the deck level.

450, A boat similer to the boat described in the preceding para-
graph, but without passenger accommedations, is believed to be a
very suitablo type {or [reight services only on the Columbia River
above Portland.  The freight-carrying capacity of the boat described
could be increased to 500 Lons i no passenger accominodations were
provided. Such a beat could be arranged for hauling all kinds of
freieht and could ke unloaded and loaded mechanicaliy through
hatches in the roof of the deck house.

491. Packet boats of smaller size would, however, be required for
small consignments, lor passengers and for way business.  All bulk
freight and large shipments of cemmodities would go by freight boats.
With the present condition of river as to currents it is doubtful if
fleets of tow barges could be economically used, but single barges
might be used at times when river conditions arc favorable.

492. The port of Astoria (in 1915) made a study of pnqubﬂlﬂeq of
making water H]npmcnts, espocially of wheat, from the Columbia and
Snake Rivers ahove Celilo to As :toria, and as g result it was decided
that barges could not be used ecenomically above Bonneville (244 miles
above Warrendale), and the port made plans to use high-powered
freight boats of the Columbia River type above Bonneville and to
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transler the wheat to barges at Bonneville, below which point fleots
of barges could be towed to Astoria. The plans were not carried
out becauso the terminal rail rate to Astoria was made the same as
that to Portland in which case boats would get nothing for the 100-mile
haul from Portland to Astoria.

493. The port of Portland made a study of the physical possibilities
affecting commercial navigation of the upper Columbia and Snake
Rivers, Which covered a peuod ol 2 years (1929-31) and as a result
of the survey concluded that on account of the strong currents barges
could not be cconomically used on the river above Bonneville, and
that a stern-wheel packet steamboat of the Columbia River type of
500 tons freight capacity would be the most suitable. The type of
boat selected would have a length of about 210 feet and a bheam of
about 36 feet, with o l()n(r«btl()]\(‘ reciprocating steam engine of 1,000
horsepower.

(K) POBSIBILITIES OF FURTIRER IMPROVEMENT OF TIIE COLUMBIA RIVER
IN THE INTERESTS OF COMMERCK AND NAVIGATION

494, Mouth 1o Vancouver—From the PPacific Ocean to the mouth
of the Willamette, the Columbin River has been improved for ocean
navigation of practically unlimited tonnage,  From the mouth of the
Willainette to Vancouver, Wash., a distance of 5 miles, the channel
depth at low water is now 25 feet and will, no doubt, be increazed to
30, and later to 35 {eet, as soon as required by navigation.

495. Vancouver to Warrendale.—From Vancouver to Warrendale, s
distance of about 35.5 miles, the existing channel is adequato for river
cralt of drafts up to 8 feot and until industries that require ocean-
going cralt are established above Vaneouver, no further nnpmvemnnt
18 needed.  As this section is tidal and has very Yittle slope, the existing
channel can be deepened by dredaing,

496, Warrendole to Head of C wscades. -Krom Warrendale to the
head of the Cascades Rapids, a distance of about 7 miles, the river
bed is obstructed by falls and rapids and at low water the fall is
approximately 37 feet, of which about 25 feet is concentrated in the
main rapids and is overcome by means of the Caseades Canal.  Below
the canal the fall 1s concentrated in two place, at low water, and though
the depLh of water is sufficient for viver cralt, navigation is difficuit at
all stages ol river on account of strong eurrents.

497, Owi ing to the narrow gorge thluU“]l which the river flows from
below the main falls to B()rm"\'ﬂh‘ the dimensions of the river channel
through the gorge cannot be increased sufficiently to eive moderate
current velocities at all stages of river without a great quantity of
exeavation and oxcessive cost. “I'hie Tow-w ater flow of the Columbia
at The Dalles is about 50,000 second-feet.  The usual freshet fow is
about 600,000 second-fect with a maximuwn flood fow of about
1,200,000 second-fect.  The gorge is from 400 to 700 {eet in width
at low water and has steep side slopes. The area of the channel does
not inerease very fast as the river rises, hience high velocities result.

498. Canalization by mieans of a dom st the lower end of the ¢ Forge
would reduce the velocitios at low stages but would not ereatly reduce
the velocities ot high stages. A lateral canal is the (mlv method that
would provide slack water lhloufrhout the vear. 1t would be difficult
to construct a lateral canal along7 the left banl{. of the river, as the
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mountain slopes, which are of loose and unstable material, extend into
the river bed. A railroad and a highway parallel the high-water line,
A lateral canal could be more easily constructed on the right bank of
the river. 'To do this, it would be necessary to move the railroad and
the State highway which occupy the river bank. Such a canal would
have a total length of 7% miles, including about 4 miles of open
channel helow the lower lock. T'wo locks would be necessary, a lock
at the upper entrance to lock boats down into the canal as the river
rises and a Joek at the lower end. The upper lock would have a lift
of about 45 fect and the lower lock about 40 feet,

499, The following is an approximate estimate of the cost of a lateral
canal on the right bank following closely the high-water line through
the gorge [rom the river above the main rapids to Hamilton’s Slough
and via the slough (which would have to be deepened) to the mouth
of the slough into the river at a point about opposite Warrendale.
The canal would have a bottom width of 100 feet and a depth of 10 feet
at low water, side slopes of one vertical on one and one hall horizontal,
and a total length of 7% miles, including about 4 miles of open channel
in Hamilton’s Slough. Sullicient power could be developed at the
Jlower lock to operate the canal by using the canal as a headrace.

Dry exeavation, 12,000,000 eubic yards, at $1_.______________ .. $12, 000, 000
Dredeing, 2,500,000 cubic yards, at 30 cents________________... 750, 000
Clonerete lining, 150,000 cubic yards, at $12__________ e m———— 1, 800, 000
Riprap, 200,000 cubic yards, at $2__ oo 400, 000
Upper loek o e 1, 800, 000
Lower 1oek. - .. o e i 1, 800, 000
Upper entrance to canal 200, 000
Buldings _ _ ... ___.. 50, 000
Power house_._________._ 50, 000
Changing loeation of railvoad__ .o o _________. . 200, 000
Changing loeation of highway . .. .. . ceaeoooooooooo 70, 000
Lands, damages, ebe. o o o _alee-- 70, 000
MIsCellANEOUS . oo o o oo 2, 000, 000

Total . o aiac. oo 21, 160, 000

500, The above estimate, which is a revision of the estimato in
report of 1922, iy for a waterway skirting the hill in the right bank
of the river. This kill is apparently debris from a gigantic landslide:
from the mountains on the north side of the river. The general lovel
of the top of the hill is from 250 to 300 feet above the low-water
surface of the river. The whole mass is said to be moving toward
the river, but no serious movement has taken place along the high-
way and the railroad on the river bank. A canal straight through
the hill would be shorter but would cost much more on account of
the greater quantities of cxeavation.

501. The existing channel in the gorge below the Cascades could be
improved somewhat by widening the channel in Summit Rapids and
by removing pinnacles of the reef which crosses the river at Summit
Rapids. Only a very limited increase of channel dimensions eculd
be made without lowering the wsater surface pool above Summit
Rapids. Lowering the water surface in the pool botween the head
of Summit Rapids and the lower entrance to the Cascades Canal
would lessen the depth of water over the lower lock sill.  The project
depth over the sill is 8 feet at adopted low water but the river fre-
quently [alls below this plane. During the 3 months from the
end of November 1930 to the end of February 1931 the depth on
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the lower lock sill was less than 8 {eet. For about 1 week of this
period the depth was less than 6)% feet with a minimum of 6.1 fect
for 1 day. The period from September 1930 to March 1931 was one
of the driest of record. The widening of the navigation channel
through Summit Rapids would have to be so limited that the eflcct
would not be very beneficial to low-water navigation.

502. High-water navigation would be benefited somewhat by the
removal of a portion of Sheridans I’oint on the right bank of the
river, about 1 mile helow the foot of Cascades Rapids, where a rocky
point projects far enough beyond the general shore line to create
rapids and very swilt currents. lIlere the current is so strong at
stages of river above 38 feet on the lower gage at the Cascades Canal
as to prevent all but the most powerful boatls on the river from
passing the point,

503. The following is an estimate of the cost of the removal of
pointa of reef and projecting ledges and obsiruetive rocks in the
channel below the C'ascades Canal to Bonneville:

3,000 eubic yards subagueous rock at $12 percuble yard__ L. ______ §36, 000

5,000 cubie yurds dry rock exenvation nl %3 per cubie yard along river
bank L e ______. 15, 600
obal e 51, 600

504. Cascades 10 Three Mile Rapids—From the head of the Cas-
cades Canal to the foot of Three Mile Rapids, a distance of 43 miles,
the existing channel is wide and deep and no improvement would be
required for river craft. There are, however, several pinnacles, rocks
or reefs, not directly in the channel but a menace to navigation in
foggy weather. These could be removed to a sale depth by blasting,
if found neccessary,

505. Foot of Three Mile Rapids to The Dalles-Celilo Canal —Between
the foot of The Dalles-Celilo Canal and the foot of Three Mile Rapids
the river flows through a narrow rocky gorge nearly 2 miles in length
with almost perpendicular side walls,  The lower three quarters of a
mile of the gorge is known as Three Mile Rapids. At low water the
fall through the gorge is about 1 foot. At ordinary freshet stages the
fall is about 5 foet and mostly concentrated at the lower end of the
gorge.  During the higher freshet stages the river overflows its banks
at Three Mile Rapids.  Ifrom the foot of Three Mile Rapids to the
lower entrance of The Dalles-Celilo Canal sullicient rock excavation
was made along the sides of the gorge to give a channel 250 [eet wide
and 10 feet deep at the narrowest point.  This work made navigation
somewhat safer than formerly but did not reduce the current at
medium and high stages of river. The present channel below the
lower entrance to the Celito Canal flows hetween nearly perpendicular
rock walls and is fairly straight and deep and not less than 250 feet
wide from. the lower entrance of the canal for a distance of about 1
mile. It then makes a reverse curve into the head of Three Mile
Rapids. This condition is caused by an apparent offset in the
channel at the lower end of the rocky gorge. The reverse curve
makes navigation very diflicult during freshets.

506. To give slack water from the lower entrance of The Dalles-
Celilo Canal to the foot of Three Mile Rapids, an extension of The
Dalles-Celilo Canal downstream for a distance of approximately 12,000
feet would be required. For about 1,000 feet just below the lower
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entrance of the present canal construction of a canal extension would
he difficult on aceount of the steep slopes close to the river.  Highway
and railroad construction would be expensive. Below this section
the construction would not be diflicult.

507. Based on the cost of the present canal and locks, it is estimated
that the cost of this extension of The Dalles-Celilo Canal would be
about $2,000,000, including rights of way, moving railroads, and
making some change in the highway along the river bank., No field
surveys for this estimate have been made. '

508, Some relief could be afforded navigation during high water by
straightening the existing channel through Three Mile Rapids = This
would require the removal of a large quantity ol rock along the left
bank at the head of Three Mile Rapuls. If removed down to an
elevation ol 5 feet above the low-water piane, boats could pass over
the excavated portion of the shore line at about a 15-loot stage of
river, giving a channel of 600 feet at that stage. The present low
water channel width is 250 feet. The cost of this work would be
approximately $180,000 (for excavation of 120,000 cubic yards of
rock to elevation 5 fect above low water at $1.50 per cubic yard).

509, The removal of a portion of the rocky bench on the left bank
down to an elevation 5 feet above the plane of low water as outlined
above would remove the reverse curve in the channel and leave only
a slight curve not detrimental to navigation and would also reduce the
current to some extent, during high stages of river, so that boats could
navigate Three Mile Rapids during periods when the canals are open
to navigation.

510. Foot of Five Mile Rapids to head of Celilo Falls—The Dalles-
Selilo Canal, which extends from the foot of Five Mile Rapids, 3%
miles above the town of The Dalles, to the head of Celilo Falls, has
made navigation possible over this stretch of river at freshet stages
below about a 20-foot stage at Celilo, Oreg.  Freshets above a 20-foot
stage, which are lilely to occur every year, in the early summer months
close the canal from 1 day to a month. This canal was designed to
operate in connection with the Cascades Canal, which is also closed by
freshets at a stage corresponding to a 20-foot stage at the head of

Selilo Falls.  No further provision for navigation need be made in this
streteh of river until navigation conditions change at the Cascades.

511. Celilo Falls to mouth of Snake River.—The present condition
of channels in this stretch of 124 miles of river indicates a controlling
depth of 6 feet at low water, except at Homly Rapids (6 miles below the
motth of Snake River), where the low-water depth is only 4 feet over
pinnacles of reef rock, large boulders and gravel. Improvement of
this section of river began in the year 1872, was suspended in 1880,
and resumed under the existing project in 1908. The work consisted
of removal of dangerous boulders, rock pinnacles, and ledges of rock
projecting into the channels. The existing project which was com-
pleted in 1918 did not provide for additional depth or width in the
existing chanmnels. The results secured were greater safety lor boats
and an increase of draft at low water. Soundings taken in February
1931 at a very low stage of river and good weather conditions with no
ice in the river, show that the controlling depth at low water is 6 feet
up to Homly Rapids, where the depth is 4% fect at low water.

512, Local interests have expressed a desire for a straight, open
river channel 7 feet deep and 100 feet wide from Vancouver to the
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mouth of Snake River, except at Homly Rapids, They also claim
that, since many years must elapse before the river is canalized, the
existing channels should be improved to make navigation safe and
easy.,

513. The present condition of the channel in the shoals and rapids
from Celilo Falls to Snake River, is shown by the following tabulation:

: Con- f Lengih off Veloei-
;\gé)lsi Lxolling \g;g’;mr shoulless| ty of
Locality SR depth | 5T than current Remarks
Colilo at this -
Yeallg | at low depth 7-foot low
waler depth | water
Miles
Teet feet Feel  |per hour
Biggs Raplds________.. 32 [ 300 500 5 | (iravel shoal,
John Day Rapids. 18 6 196 f e 7 | Rock pinnacles to be removed.
Indian Rapids_ ... ___ 19 10 150 8 | Crooked.
8qually Hook Rapids. . 2 7] 100-200 |seauunoaos 7 | 8omo rock pinnacles to be removed
and channelstraightened.
Rock Creck____.__..__ 27 3 100 | oeeea - 8 | Channel should be straightened.
Four O’ Clock Shoal_.._ 32 6 300 600 4 | Gravel shoul. .
Owyheo Rapids.. _____ 38-40 7 200 | G | Gravel shoal. Bome rock pin-
nacles should be removed to
" straighien channel,
(in'{me, d Encampruent 64 8 200 ol 6 | Channel should be straightened.
apids.
Devils Bend_____ R 85 7 200 |l 7 | Rock pinnacles. Channel should
. be straightenced.
Umatilla Rapids 91 6 200 300 10 Do.
Bull Run $hoal_ 10944 6 300 500 &1 Gravel.
Homly Rapids. . 117 414 60 2,000 7 1 Rock pinnacles. Gravel.

514. The improvement of the existing channel to give a depth of
7 feet over a width of 100 feet in all places, except Homly Rapids,
would not require much work, as there are only 5 localities below
Homly Rapids with less than 7 feet, but straightening the channels
so that barges could be towed through the rapids would require a
large amount of work.

515. The following estimate is for a channel 7 feet deep at low
water over a width of 100 feet, fairly straight through the shoals and
rapids,

Biggs Rapids: The shoalest water is at the head and foot of the rapids and the
bed is probably all gravel. Closing the slough along the right bank would
probably relieve the shoaling at the head of this rapid.

Cloging slough in right bank with loose rock dike:
3,000 cubic yards stone, at $5 per cubic yard._.... $15, 000
2,000 cubie yards gravel dredging, at $1 cubic yard._ 2, 000
$17, 000
Lower John Day Rapids:
500 eubic yards subaqueous rock, at $10______________ 5, 000
Removal of geveral high points of reef would
straighten the channe! which now has a sharp turn
at its lower end.
Middle John Day Rapids: :
3,000 cubic yards dry rock excavation, at $2 per

cubie yard. ... $6, 000
500 cubie yards subacqucous rock, at $10 per cubic
yard o e 5, 000
w11, 000
Tpper John Day Rapids:
1,500 cubic yards subaqueous rock excavation, at $10____ 15, 000

Total for John Day Rapids. - coee oo e 31, 000
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Indian Rapids:

300 cubic yards subagueous roek, at $12 per cubic yard____ ... $3, 600
Squally TTook Rapids:
2,000 eubic yards subadqueous rock, at $10 per cubie yard________ 20, 000
Rock Creek Rapids:
1,000 cubic yards subagueous rock, at $10 per cubic yard________ 10, 000
Four ('Clock Rapids shoal:
4,000 cubic yards gravel exeavation, at $1 per cubic yard._______ 4,000
Owyhce Rapids:
300 cubie yards removal of rock pinnacles, at $12_ ... $3, 600
400 cubic yards subaqueous rock pinnacles, at $10______. 4, 000
— 7,600
Canoe Tineampent Rapids (bottom studded with pinnacles): ’
1,000 ¢ubic yards subaqueous rock pinnacles, at $10_____. wmem—eo 10, 000
Devils Bend Rapids:
1,500 eubic yards subagucons rock pinnacles, ab $10___________._ 15, 000
Umatilla Rapids:
Lower rapids, main channel:
3,000 eubic yards subacueous roek, at $10_...__ 330, 000
Middle rapids:
1,000 eubie yards subegueous rock pinnacles, at
B0 e e el 10, 000
Tipper rapids, opening channel elose to Oregon shore:
4,000 cubie yards subagueous rock, at $10_ ... .. 40, 000
Total, Umatilla Rapids_ ... e o 80, 000
Homly Rapids (closing secondary channels):
10,000 eubie yards piling, loose rock, dikes, at $4_______. $40, 000
1,000 cubic yards subaqueous roek pinnacles, at $10...-. 10, 000
2,000 cubic vards gravel, al $1. .- 2, 000
e — 52,000
Isolated recf points (nol specitically mentioned):
1,000 eubie vards subagueous rock removal, at $10. ..o _____ 10, 000
Removal of gravel shoals (not speecilically meutioned):
5,000 cubic yards, ab $1. . o 5, 000
Engineering and SUPVEYS - oo o Lo 60, 000
Pota) . L L e e m—— = 325, 200

516. The following is a summary of the estimates {for 7-foot open
river channel from Vancouver to Snake River:

Vancouver to The Dalles. - .o o o e oo i oo $51, 000
The Dalles to foot of The Dalles-Celilo Canal widening channel in

Three Mile Rapids_ . . e 180, 000

Celilo to 8nake River:

Biges Rapids_ oo $17, 000
John Day Rapids (3 pitehes) - oL .. 31, 000
Tndian Rapids_ . ¢ oo 3, 600
Squally Hook Rapids_ . imammo oo 20, 000
Roek Creek Rapids_ oo imiman o 10, 000
Tour (¥ Clock Rapids sheal - oo . 4, G00
Owyhee Rapids_ - oo 7, 600
Canoe Eneampment Rapids_ - oo ____ 10, 000
Devils Bend Rapids_ . - o oo o oo miaamno 15, 000
Tmatilla Rapids (3 pitehes) . - e . 80, 000
Tomly Rapids_ _ .o 52, 000
Reef Points, not specifically mentioned__ __._ ... _____ 10, 000
Gravel Shoals, not specifically mentioned... .. 5, 000
Engineering and surveying._ - _ - o eaomoo oo 60, 000

. 325 200

Total - o M mmmmm e mmam e 556, 200

517. The removal of rock pinnacles in the existing channels,
together with the removal of rocky ledges, which now project into
these channels, would eliminate all sharp turns and give a fairly
strajght channel through the rapids. This would make navigation
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by self-propelled boats much casier and safer and would also make
1t possible to tow single barges by the use of powerful towboats
This improvement would not decrease the strength of the current
but would remove, at least to some extent, dangerous eddies and
whirls which riake navigation difficolt, and would permit navigation
at night, which is not now possible at some of the rapids. The
towing of barges is mainly a question of power and if sufliciont tow-
boat power cannot be provided, the straichter channels would permit
the vse of cables in assisting Loats in the swift currents.

518, A lateral canal from Warrendale to the head of the Caseados
Gorge, a distance of about 7 miles, would give slack water through
the gorge and give continucus navigation throughout the year,
except when the river is closed by ice. The cost of such a canal
(100 Feet wide and 10 feet deep). with necessary locks, is estimated at
$21,190,000.  (Sea par. 489). Sich a canal would give easy naviga-
tion to the foot of Three Mile Raypids at all stages of river, 'To over-
come the dilficultics to navigation through Three Mile Rapids under
the present conditions of river, The Dalles-Celilo Canal would have
to he extended downstream for a distance ol 2% miles. The ostia
mated cost of this extension is $2,000,000, (See par. 507.) This
extension would permit casy navigation to the head of Celilo Falls.
Adding the estimated cost of the lateral ecanal at Caseades
($21,190,000), and the estimated cost of the extension of The Dalles-
Celilo Canal ($2,000,000), to the estimated cost of the open-river
improvement, Celilo Fualls to Snake River ($325,000), the total cost
would be as follows:

Lateral Canal at Caseades__. . _______ _________ $21, 190, 000
Extension downstream of The Dalles-Celilo Canal._________ o 2, 000, 000

Removal of dangerous rocks to straighten channel, Celilo Falls to ]
Snake River.. _______ . . ____T__ . ______ ... PR 325, 000
Votal . . 23, 515, 000

519. A series of low dams for navigation would be beneficial for
low-water conditions, but would not greatly assist navigation during
freshots. The power developed by means of such dams would be
small and of no great commercial value,

520. The cost estimates of high dams for combined navigation,
power, irrigation, and flood control is treated in the power section of
the report. The following paragraphs cover the extent to which pro-
posed high dams will improve the river for navigation in the section
of river between Warrendale and Snake River.

521. Inits existing condition there are a number of rapids and shoals
in the river which make navigation diflicult.  With a dam at Warren—
dale, one just above The Dalles, and possibly one or more above that
point, arranged so that the raised water levels produced by each dam
will extend to the next dam upstream, all rapids and shoals will be
submerged, channel arcas will be increased, and the velocity of current
reduced at all stages of the viver. The reduction of current velocity
will be large just above the dams and for a considerable distance up-
stream, but there will be less eflect as the upper end of raised water
levels is approached. And, in case the channel is comparatively deep
and narrow at any point near the upper end of the reservoir, the cur-
rents may be considerable during high stages of the river, even alter
the dam has been constructed.
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522. An examination of the channel conditions between Warrendale
and the mouth of Snake River indicates that the most eritical sections
for eurrent velocities, after the construction of the dams, are to be
found between Warrendale and the upper end of Cascades Rapids.
Any craft which can navigate this section of the river will have no
difficulty between the Clascades and the mouth of Snake River.

523, The construction of a power dam at Warrendale with crest at
elevation 54 will raise the low-water level in the river at the upper end
of Cascades Canal 12 feet or more above existing low-water level. 1t
will submerge Cascades Rapids and all rapids and shallow areas in the
river between Caseades Locks and the dam. Rock pinnacles, bars, and
similar obstructions near the main navigation channel will, generally,
be covered by a depth of water greater than the draflt of river boats
and barges, even at low-water stages. At The Dalles and Three Mile
Rapids the water Jevel will be raised 5 to 6 feet at low water. The
velocity of the current will be reduced at all points aflected by the raised
water levels, but the amount of reduction will grow less as the distance
upstream from the dam increases.  Transportation of freight in barges
will be practicable for a large portion of the year,

524. In the case of a dam at Wauend&le, it would be desirable,
although not absolutely cssential, to improve certain sections of the
river between Warrendale and head of Cascades Rapids where the
existing channel is narrow and velocities high in order to obtain the
grmicat benelit 1o navigation from the conqtruct]on of the dam. At
Tocationssuch as Sheridans Point and Cascades Rapids the raised water
levels produced by the dam will not reduce the velocity of the current
during freshet periods sufficiently for easy navigation. A study of
velocities at & number of sections indicates that the critical points for
navigation will be at the bridge below Cascades Locks at Sheridans
Point, and at Cascades Rapids. At the upper end of Cascades Rapids
the channel is wide but rather shallow, and because of its clevation the
increase in depth of water caused by the dam will not bo great. The
current here will be rather swift even with a flow not greater than
200,000 or 300,000 second-feet. Shightly less velocities will be en-
countered at Sheridans Point. The channel will also be somewhat
deficient in width at the hlwhway bridge across the river below the
Cascades Canal and in the vicinity of Summit Rapids. The current
conditions can be improved at all of these points by removing obstrue-
tions above existing low-water level and cutting back the shores on one
or both sides to such an extent that the channel cross section will be
fairly uniform. Removal of obstructions and widening of the channel
will be advisable at Cascades Rapids, at the higchway bridge, at Sheri-
dans Point, and for some distance above and below Sheridans Point.
At the Iatter point the Washington shore should be cut back from 150
to 200 feet, and considerable cutting should be done on the opposite
shore just west of the point. The total estimated cost for this work
is $1,500,000.

525. Velocities of current.—-Plate 36 % shows the average flow duration
at Cascades Locks for the 17-year period ending Apnl 1,1930. The
mean average flow is 225,000 sccond-feet or less For 9 months of each
year, and 4 30 ,000 second-feet or less for 11 months.

526. Plate 372 shows the estimated mean velocity for vartous rates
of flow beLwecn 100,000 and 600,000 second-feet at four of the most

NG il
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critical scetions of the river between the Warrendale dam site and
Cascades Locks, with dam installed.  In computing the values from
which to plot the curves, the cularged areas obtained by widening and
clearing out the channel have been used, except at the highway bridge
section, where the natural section was taken. Some increase in cross
section could be made at this point, with a consequent improvement
in current velocities. Plate 38 shows the duration of various mean
velocities at the four critical sections used on plate 37.2

527. These plates indicate that with a dam at Warrendale and the
river improved as previously described, the velocity of eurrent at the
swiftest location between the dam and Warrendale will not exceed 5.8
feet per second or 4 miles per hour during 9 months of the year, and
will not be greater than 8.8 feet per second or 6 miles per hour for
practically 11 months of the year at the worst point.  Velocities of the
magnitude shown on the plates will oceur for only a short distance at
any of the points. In the remainder of the river they will be less than
at the points selected.

528. The velocities given are mean velocities obtained by dividing
the given {low by the area of cross section below the water level at
that stage ol the river. The probable surface veloeities will be from
10 to 12 percent greater than these.  However, it is not likely that the
current will have equal velocity for the full width of the channel, and
an expericnced navigator will seleet the route offering casicst passage.

529. On plate 397 a comparison is shown betwoeen velocitics with the
river in its existing unregulated condition, and the reduced velocities
which will result from the construction of the dam and improvement of
the channel.  Two sections at Sheridans Point have been taken, The
currents ave reduced by more than 50 percent for the greater part of
the yoar at these sections,

530. Time during which currents will permit barge navigation.—-
Transportation by means of barges is practicable in currents up to 6
miles pee hour, and possible when the current considerably excecds
this velocity, ‘T'his study shows that the current at the locality of its
greatest velocity will be approximately 6 miles per hour with a flow
0l 410,000 second-feet. Flows ol this amount or greater have an aver-
age duration as shown on plate 36 * of little more than 1 month during
the year. DPlate 402 shows the maximum discharge for each vear
during the 17-year period from 1913 to 1929, inclusive. There were 2
years during the period when the maximum flow was less than 410,000,
and 4 more years when it did not greatly exceed that amount. For
the remaining 11 years the maximuin flows were greater than 410,000
second-lect for a short period in each year.

(L) ESTIMATE OF POSSIBLE BAVINGS IN TRANSPORTATION COSTS BASED
ON POTENTIAL RIVER TONNAGE
531. Navigation costs are estimated under the following conditions:
Condition (#): Open river with no further improvements.
Condition (b): Open viver with improvenonts to give a 7-foot channcl,
Condition (¢): Lateral eanalg to Celilo, abuve Celilo, condition (b).
Condition (d): Slack water secured by dams for power, as proposed under power
section of this report.
532. Condition (@)—Open river with no further improvements—The
river in its present condition has eontrolling currents between Port-

2 Not printed.



COLUMBIA RIVER AND MINOR TRIBUTARIES 1523

land and the mouth of Snake River of 10 miles per hour at low water,
and as high as 15 miles per hour at high water, at several critical
points. Under this condition no costs of former improvements have
been considered in estimating the navigation costs. The cost of the
river improvements above Vancouver to the mouth of Snake River
arc as follows:

(Operation
New work and majn-
tenance

_____________________________________________________________ $3, 903, 780, 450 $473, 000, 00
. 288, 000. 00
96, 826, 92

MOUBL e e 8,073,901.78 | 857, 826,92

533. Condition (b)—Open river with improvements to give a 7-foot
channel—Under this condition the channels would be straightened
by the removal of rock pinnacles and projecting ledges, and gravel
shoals dredged to give 7-foot depth at low water, as outlined in para-
graph 516, The controlling currents, even with these improvements,
would be the same as for the open river in its present condition, Ilow-
ever, due to the removal of many existing hazards and the straight-
ening and widening of the existing channel, the time consumed in
navigating the river above The Dalles-Celilo Canal would be reduced,
and in computing navigation costs under this condition, it is cstimated
that, due to this saving of time, the ton-mile costs would be approxi-
mately 10 percent less than under open river with no further improve-
ment.  The estimated costs of the additional improvements under
this condition (b) are $556,200; the annual charges, consisting of
interest and maintenance on this smount, would be-about, %55,000,
not including any charges for improvements completed beiore 1931,

534. Conduition (¢)—Lateral conals.—Under this condition there
would be a lateral canal from Warrendale to head of Cascades Gorge;
an extension of The Dalles-Celilo Canal downstream to foot of Three
Mile Rapids; and open river improvement (as in par. 533) from The
Dalles-Celilo Canal to Snake River. With these improvements the
controlling currents below The Dalles-Clelilo Canal would be the same
as for slack-water conditions under condition (d). For the section of
the river above Celilo, the controlling currents would be the same as
those for open river above Celilo Canal under condition ().

535. It has been assumed in estimating the cost of navigation under
this condition of improvement that barge navigation would be prac-
ticable to The Dalles, and would have the same operating costs as
under slack-water conditions, and that above The Dalles the costs of
navigation would be about the same as under condition () above.
It has been estimated in paragraph 518, of this veport, that the
improvements for this condition (¢) would amount to $23,515,000.
The annual charges, consisting of interest, operation, and mainte-
nance, would amount to about $1,025,600; of this sum $35,000 con-
sists of operation of the present Cascade Canal and of The Dalles-
Celilo Canal.

536. Condition (d)—=Slack water secured by dams for power, as Pro=
posed under power section of the report.—Under this condition the con-
trolling currents, on an average, would vary from 3 miles per hour
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for 8 months of the year to between 3 and 6 miles per hour for 3
months, and over 6 miles per hour for the remaining I month of the
vear. During the flood period averaging about 1 month per year
barge navigation would be very difficult, if not entirely suspended.
Ice conditions would occasionally render navigation impossible for
not to exceed an additional month per year. The cost of the naviga-
tion features only, of the power dams, that is, the locks necessary to
carry boats through the dams, has been estimated at $14,600,000. The
annual charges comprising intevest, operation and maintenance for the
navigation features would amount to $884,000.

537. Plates 412 and 422 show for the years 1928-29 the actual
freight movements by rail in and out of the counties sclected as the
probable origin of river traffic. A total of 392,707 tons moved east,
or upstream, by rail, and a total of 1,563,585 tons moved west, or
downstream, by rail. The average length of rail haul was about 200
miles. The total rail freight charges on the above tonnage was
$9,239,414.46 with an average rate per ton-mile of $0.025, which
includes all terminal and similar charges that the shipper had to pay.

538. A detailed study of wheat movement was made by this office.
A summary of this study showing the tonnage of grain marketed in
zones of the Columbia and Snake Rivers, Oreg. and Wash., 1926-30,
is shown on plate 43.2

539. Appendix B, page 1751, presents traffic data compiled by this
office covering the fiscal year 1928-29 taken [rom a tonnage study
conducted by the Columbia Valley Association, the University of
Oregon, and Martin’s Shipyard, Inc., Portland, Oreg. The area
embraced assumes a water haul as far as Lewiston, Tdaho, and there-
fore is not identical with that considered in this study, which assumed
no water haul above the mouth of Snake River. Plates 442 to 47°*
covering detailed cost analysis for tonnage, assume a water haul only
below the mouth of the Snake River.

540. In estimating the probable costs of river transportation, two
features are considered, the cost of operating the boats themselves,
and the cost due to terminals and overhead. These costs apply only
to points on the river bank. They do not include the charges due to
river improvement or the cost of hauling freight {from inland points
to the river. It is assumed that the boats would be fully loaded
downstream and carry a 25 percent load upstream. This corresponds
to the proportion of total rail traflic moving in each direction. Wheat
moves westward downstream and js the largest single commodity
moved. It constitutes about 60 percent of the total west-bound rail
tonnage.

541, Freight rates per ton-mile by rail and water for moving wheat
were used as a basis for determining transportation costs for other
commodities. It was -assumed that the cost of moving other com-
modities by river would bear the same ratio to the charges of moving
these commuodities by rail that the cost of moving wheat by river bears
to the charge of moving wheat by rail, The cost of moving all of the
tonnage shown on plates 41 and 42 by water was then worked out
using these rates.

542, The boat costs per ton-mile were estimated for each of the
four conditions of river improvement stated in paragraph 531 abovoe.
The method of estimating costs iz described in the paragraphs
following.

2 Nol printed.




