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APPENDIX JJ.

ANNUAL REPORT OF MAJOR JOHN M. WILSOXN, CORPS OF
ENGINEERS, FOR THE FISCAL YEAR ENDING JUNE 30,
1877,

UN1TED STATES ENGINELR OFFICE,

Portland, Oreqg., June 30, 1877,
GENERAL : I have the honor to transmit herewith my annnal reports
for the fiscal year ending June 30, 1877, upon the works of river-im-
provement under my charge.

Very respecttully, your obe(hent servant,
Jorn M. WiL SON,

Major of Ln‘/meem.

Brig. Gen. A. A. HUMPHIREYS,
Chief of Iingineers, U. S. A.

JJr.

IMPROVEMENT OF THE LOWER WILLAMETTE AND COLUMBIA RIVERS.
FROM PORTLAND, OREGON, TO THE SEA.

The difficulties to be overcome in opening the channel for deep-
draught vessels through the various bars from Portland to the sea
were fully set forth in my annual report for the fiscal year ending June
30, 1876, and the subject of the improvement of this stretch of naviga-

tion has been carefully considered by the Board of Engineers of the -

Pacific coast.
The report of the Board having been submitted to the Chief of Engi-

neers, and approved by him, it is not deemed necessary to again describe
the various bars in the Lower Willamette and Columbia Rivers.

OPERATIONS DURING THE FISCAL YEAR.

By the act of Congress approved August 14, 1876, an appropriation
of $20,000 was made for this work, which it was determined to expend
in excavating channels through the bars at Swan Island, Post-Office
Bar, mouth of the Willamette, and Saint Helen’s.

The extraordinary freshet of 1876, which.reached a height of 28.2
feet above low-water on June 24, 1876, commenced to abate on that
day, and on August 11, 1876, the river being still 10 feet above low-
water, the work of e\mvdtlou was commencul with the United States

; dredfre at the bar at the

MOUTH OF THE WILLAMETTE RIVER.

Careful surveys made at this locality show that the fall in the Willa-
mette from the head of Willamette Slough to the mouth of the river, a
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distance of 32 miles, is absolately nothing at ordinary low-water. The
consequence is, that when the Columbia commences to rise the whole
volume of the Willamette passes through the slongh while the Colum-
bia water runs up the Willametre, a large portion passing down through
Coon Island Slough, and a still greater portion down the Willamette
Slough.

The bar at the mouth of the Willamette is formed by the Columbia
freshets, and the filling this year was greater than usual, being from 3
to 6 feet.

Work was commenced with the dredge on August 11 and continued |
with various interruptions from breakage, &e., until September 1, dur-
ing which period a channel 700 feet long, 100 feet wide, and 16} feet
deep at low-water was opened by removing 5,875 cubie yards of sand;
no trouble was therefore experienced by vessels on this bar throughout
the year.

The dredge was then towed to

POST-OI'TICE BAR,

about 3 miles above the mouth of the river and just below the entrance
to the Willamette Slough, where work was at once commenced and was
“continued until October 12. During this period a channel 3,000 feet
long, 40 feet wide, and 17 feet deep at low-water was opened by remov-
ing 10,935 cubie yards of mud and sand. The cause of this bar, and the
proposed plan for removing it, are fally set forth in the report of the
Board of Engineers; the filling during the winter and spring had been
slight compared with that at the mouth of the Willamette, but was suf-
ficient to require the dredge to work for the period mentioned, and had
circumstances permitted, the deep channel would have been made 100
feet wide instead of 40 feet.
The dredge was then towed to

SWAN ISLAND BAR,

© 2% miles below Portland, and operations were continued until Novem-

ber 15, when they were suspended for the season on account ot the
freshet in the Willamette River. Much delay occurred here from break-
age arising from heavy drift-logs which had lodged in and on the bar;
the channel was, however, widened and deepened at various points;
4,475 cubic yards of mud, sand, gravel, &e., having been removed from
the bar.

On November 16 the dredge was placed in winter quarters, and the
crew, with the exception of the engineer and watchman, discharged.

The river fell again early in December, and work could have been
carried on during a portion of that month and January, but the freshets
at that season rise so suddenly, that it was not deemed advisable to ship
a crew and start work for fear it could be continued only for a day or
two. In March, 1877, the Willamefte at Portland rose to a height of
19 feet above low-water. With the exception of some slight trouble on
Swan Island Bar during the extreme low-water in January, no difficulty
was experienced in the Willamette River below Portland with any ves-
sel that could cross.

SAINT HELEN’S BAR, COLUMBIA RIVER.

In the last annual report reference was made to a cut that had been
dredged through the upper end of Saint IHelen’s Bar, and the possibility
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of maintaining a channel at that locality. Upon the subsidence of the
freshet of 18706, it was found that not only had this cut been filled, but
that also the main ship-channel at the lower end of the bar hitherto
used by deep-draught vessels had been closed, the deptb being reduced
from about 16 to 13 feet at low-water; the same freshet, however,
opened a new channel a few hundred feet below the cut dredged in
187576, at the narrowest portion of the bar, and increased the depth
for a width of about 300 feet from about 12 to 16 feet at low-water.

Buoys were placed at this locality, and the channel was used during
the fall and winter of 187677 ; an examination in the spring of 1877
showed that the line of deepest water had shifted slightly during the
winter ; considerable change is expected from the freshet of 1877, now
in progress.

SURVEYS DURING THE YEAR. .

In accordance with instructions from the Board of Engineers of the
Pacific coast, extensive and elaborate surveys have been made during
the year, under my direction, of the Lower Willamette River, the Wil-
lamette Slough, the Columbia River, in the vicinity of Saint Helen’s,
and of Snag Island Bar, above Tongue Point. These suarveys include
the shore-lines, soundings, volume, velocity, &c., and the results are
fully set forth in the interesting report, transmitted herewith, of’ Assist-
ant Engineer R. A. Habersham, to whom I am indebted for able, ener-
getic, and earnest assistance not only upon this work, but also upon
others under my charge.

The survey of Snag Island Bar gave a depth of not less than 15 feet
at low-water, with two flood-tides daily of from 6 to 8 feet.

BAR AT THE MOUTI OF THE COLUMBIA.

There is presented with this report a chart of the bar at the mouth of
the Columbia River, Oregon, prepared from surveys made under my diree-
tion during the summer of 1876 it is hoped that this chart will be pub-
lished for the benefit of mariners. It will be observed that there is a
wide channel over the bar with a depth of not less than 204 feet at low-
water; there are two tides daily, with a rise of from 7 to 9 feet. This bar
has, I believe, an undeservedly bad reputation ; properly buoyed, I think
it no more dangerous than that at Sandy Hook, New York; of course
there are occasions when, from violent southwest gales, it becomes furi-
ous and breaks clear across, but the occasions are seldom when a vessel
cannot cross with safety.

SURVEY OF SAND ISLAND, MOUTH OF COLUMBIA.

The annual survey of Sand Island was made in May, 1877, and showed
an erosion of about 200 feet on the weather face and a gain of from 200
to 400 feet on the lee face since the survey of I876; this island has
moved about 1,800 feet, nearly, due north in the last nine years, its super-
ficial area remaining about the same and its shape being slightly
changed.

THE UNITED STATES DREDGE.

This dredge has been steadily engaged during the last five years,
whenever the freshets would admit, in excavating the channels through
the various bars; it is of the Morris & Cumings pattern, and while ex-
cellent for mud, the bucket holds with difficulty the very fine sand of
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the Columbia River bars; it seldom, if ever, on this work, excavates
more than 350 cubic yards per day.

During the coming season it is proposed to continue work as soon as
the freshet will admit, dredging the channels through the various bars
between Portland and Saint Helen’s; this is necessary in order to keep
open navigation, the funds available not being sufficient to constract
either of the dams recommended by the Board of Engineers; whenever
funds are available, the first work to be undertaken should be that of
partially closing the Willamette Slough. Surveys will also be continned
for the further investigation of the regimen of the Willamette River in
the vicinity of Swan Island Bar, and of that of the Columbia at Saint
Helen’s Bar.

The following information, required by the act of Congress approved
June 23, 1866, is respectfully submitted :

The appropriations for this work have been as follows:

Act of June 23, 1866, Lower Willamette .o oo oo i coaaniaiann $15, 000 00
Act of March 2, 1867, Lower Willamette. ... .. .cocueocmeinnnscaon vanann 30, 000 00
Act of July 25, 1863, Lower Willamette. oo oo oo ooooe s iiaaae caen 21,000 €0
Act of April 10, 1869, (allotted) .. on o o i e 13, 365 00
Act of July 11, 1870, Lower Willamette.... ..o .ooo.. ... $15 B @ 8 S B 8 31,000 00
Act of June 10, 1872, Lower Willamette ... ..o . . oo aan 50, 000 00
Act of March 3, 1873, Lower Willamette and Columbia.................. 20,000 00
Act of June 23, 1874, Lower Willamette and Columbia ... .o.o.ooo. .. 20,000 (0
Act of March 3, 1375, Lower Willamette and Columbia.. ... ... ........ 20, 000 00
Act of August 14, 1876, Lower Willamette and Columbia...... ... S 20, 000 00

TOBAT 1w 1ozt Sruring o wsnlis it o e v 1 o1 gl v e i e e 57 3, 370 0 i e 240, 365 00

Of this amonnt $221,780.46 has been expended to date, building dredge,
scows, and dike, and in dredging and surveying bars.

The project now submitted calls for the construction of dams at Swan
Island, Willamette Slough, mouth of the Willamette, and Saint Helen’s
Bar, the estimated cost of which is $298,974; of this amount $150,000
can be profitably expended during the next fiscal year.

COMMERCIAL STATISTICS.

There are two ports of entry on these rivers: Astoria, 12 miles
from the mouth of the Columbia, and Portland, 12 miles from the
mouth of the Willamette, or about 120 miles from the mouth of the Co-
lumbia. '

Astoria statistics.

I am indebted to Mr. J. D. Merryman, (1‘eputy collector of customs at
Astoria, for the following information, showing the commerce of that
port from July 1, 1876, to June 1, 1877 :

The amount of revenue collected during the period mentioned was $26,378; the
value of the imports was $24,315, and of the exports $1,433,929. The number of vessels
entering on the coasting trade was 153, with an aggregate tonnage of 176,793 tons, and
on foreign trade 27, with an aggregate tonnage of 23,303 tons. The number ¢f vessels
clearing on coasting trade was 144, with an aggregate tonnage of 171,039 tons, and on
foreign trade 50, with an aggregate tonnage ot 41,475 tons.

Tortland statistics.

To Mr. S. N. Shurtleff, deputy collector at Portland, Oreg., I am in-
debted for the following information in reference to the commerce of this
city from July 1, 1876, to June 1, 1877:
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The amount of revenue collected during the 11 months of the present fis:al year was
$125,317.10. . .

The value of the imports was as follows :
By American vessels .. oo oo oot it i i ieieemie iacee ceeaeeaeeee $193,274 00
By foreign vessels 195,202 00

338,476 00
These were divided as follows :

Tree CommMOAItIes - - n o eece e e e e et e e e amemmn aamaee 5245864 00
Dutiable commodities 142,612 00

TObAL e o e e emeee e e eee emetmecme e aeaeam e aean 388,476 00

‘The value of the exports was as follows :

- By American vessels $248, 5
By foreign- vessels . 2,260, 5

75 00
4 00

{
2
lo!

2,500,159 00

The exports were as follows:
Wheat, 1,840,133 bushels, valued at &1, 965, 381 00
llonr, 93,126 barrels, valued at......s:coseensscseononssss ssnmmnmens 484,521 00
Bran, 174,856 pounds, valued at.. ... ... ..o il 1,812 00
Middlings, 48,378 pounds, valued at 1,007 00
Chops, 9,987 pounds, valued at 146 00
Other commodities 56,292 00

Total 2,509,159 00
The number of vessels entering this port was as follows :

With cargoes. Tn ballast.

Number. | Tonnage.| Crews. | Number. Tonnage.‘ Crews.

PR IS0 s ssssemms snsmes sepmame o s - 109 | 104,549 3, 939
American vessels, foreign .. .. . 10 4,223 179
Foreign vessels, foreign 14 9,317 237

133 t 118, 089 4,405
|

The number of vessels clearing was as follows :

With cargoes.

Number. | Tonnage.| Crews.

Coastwise ar : 85,470 3,433
American vessels, foreign 2 12, 864 541
Foreign vessels, foreign . i 45, 962 1,132

5,106

LRecapitulation.

Total amount of revenue collected at Portland A $125,317
Value of the iImports eeeeeoee coe i cae e U 388,476
Value of the exports 2, 509,159

One hundred and seventy-seven vessels, with an aggregate tonnage of 152,961 tons,
and crews amounting to 5,255 entered, and 153 vessels, with an aggregate tonnage of
144,296, and crews amounting to 5,106 cleared. The value of the exports exceeded
that of the imports by $2,120,683.

GENERAL SUIPPING STATISTICS.

From the.report of D. C. Ireland, clerk of the board of pilot commis-
sioners of Oregon, submitted in the report of that board to the legisla-
tive assembly at its ninth regular session in 1876, I quote the following:
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During the period of 2 years from the date of this report, September 1, 1874, to Sep-
tember 1, 1876; (ab which time 23 vessels, with an aggregate tonnage of 13,382 tons,
were in port,) 457 vessels have arrived from sea with an aggregate tonnage of 340,907
tons, and the various fleets that have departed for sea within this period have carried
an aggregate of 310,961 tons of O.egon’s products, embracing wheat, flour, fish, fraits,
&e., valued at $11,845,590.27.

This very interesting report gives detailed statements showing the
name, tonnage, draught, and value of cargoof each vessel crossing the Co-
lumbia River Bar, daring the period named, and shows plainly the ex-
tensiveand growing commerce of this magnificent section of the country.
Attention is invited to the fact that on April 21, 1876, the ship Samuel
Watts crossed the Columbia River Bar, going to sea, dvawing 23} feet
water and having a cargo of 2,034 tons of wheat. :

The following table, prepared by Mr. D. C. Ireland, clerk of the board
of pilot commissioners, shows the export of breadstuffs from the Colum-
bia River to all ports, by seasons, from 1868 to 1877, each season is from
September 1 of one year to August 31 of the next.

Table showing the exports of breadstuffs from the Columbia River to all ports, by seasons,
Jrom 1868 to 1877.

iSeason,
| 1868-1869.

Season,
1809-187C.

Season,
1270-1871.

Number of centals of wheat exported

Number of barrels of flour exported

|
|

67, 489
182, 998

238, 198
195, 624

Season,
1871-1872,

506, 373
167, 908

Total number of bushels” of wheat represen tri |

ed in exports of wheat and flour.......... | 600,212 | 935, 972 1,277, 304 1, 599, 541
Total value of wheat and flour exported ..... | $589, 812 ‘ 81 059, 522 $1, 546, 947 $2, 125, 352
Season, Season, Season, Season, Season,
1872-1873. | 1873-1874. | 1874-1875, | 1875-1876. | 1876-1877.

Number of centals of wheat exported.... 664,359 | 1,394,310 & 1,402,871 | 1,953,018 1, 481,790
Namber of barrels of flour exported..... 145, 293 230, 211 255, 868 230, 974 195, 785
Total number * of bushels of wheat rep- |

resented in exports of wheat and flour.| 1,761,083 | 2,359,799 | 3,489,525 | 4,294,413 3, 350, 682
Total value of wheat and flour exported.| $1 747, 124 | $4, 037, 093 i $3, 000, 500 | §5, 769,240 | $3,759, 170

*(entals, reduced to bushels, and in reducing barrels of flour to wheat 44 bushels is estimated to
make one barrel of flour. The season of 1876-'77 not yet being closed the estimate is approximate.

There are two light-houses and two works of defense at the mouth of the Columbia
River.

Abstracts of proposals and contracts, a statement of funds, the report
of Assistant Engineer R. A. Habersham, and charts ot the bars at the
mouth of the Columbia, Saint IHelen’s, the mouth of the Willamette,
Post-Office Bar, and Swan Island, are transmitted herewith. !

Money statement.

July 1, 1876, amount available.. oo ooaoi oo e iie i $9, 093 24
Amount appropriated by act approved August 14, 1876 ... ... oo . 20, 060 00

29, 093 24
July 1, 1877, amount expended during fiseal year.........ccoooooooeoo. 10,508 70
July 1, 1877, amount available.... ccccceecaenononn S . emceenns-a-.. 18,584 54
Amount (estimated) required for completion of existing project...... 7 et 298] m@

Amount that can be profitably expended in fiscal year ending June 30,1879, 150,000 00
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REPORT OF MR. R. A. IIABERSIIA)I, ASSISTANT ENGINEER.

UNITED STATES ENXGINEER OFFICE,
DPortland, Oreg., June 8, 1877.

Sir: I have the honor to submit the following report of my surveys on the Lower
Willamette and Columbia Rivers, made in accordance with your instructions, during
the months of September, October, and November, 1876, and April, 1877, with maps
and sections of the work, which consisted of surveys of the shore-lines of the Willa-
mette, and included islands from Portland to its mouth, and of the so-called Rocky
Plateau on Saint Helen’s Bar, Lower Columbia, including soundings, gaugings, and
borings of the Columbia and Willamette Rivers and sloutrhs, at fifteen different points
bereafter to be enumer, ated, and determination of the high and low water profiles of
the two rivers between Portland and Saint Helen’s.

The sextant and transit were used to measure angles, and the latter instrument also.
in measuring distances, being furnished with two pdl‘dllbl horizountal hairs, by means.
of which the distances were read on a gradnated rod to which was attached 2 target
with a vernier reading to tenths and Irundredths of a foot. This method of md]\ino‘
measurements in oulmar y geodetic work is free from the defects attending the use of
the chain or tape-line, such as variation in length caused by change of tunpu‘ vture,
liability to break, errors from rough ground, and in counting chuins, gives at one ope-
ration the distance between two points, without the delay of measuring the interven-
ing space, dispenses with the services of two chainmen, and in many cases of one or
more axmen, and is consequenfly reliable, rapid, and economical. Its accuracy may
be seen by the close approximation of the following measurements, verified by a metal-
lic tape-line :

TFeet.
Distance measured with metallic tape 300. 00-
Distance ascertained by graduated rod read to hundredths 299, 93
Distance ascertained by gradnated rod read to hundredths . 300. 01
Distance ascertained by graduated rod read to hundredths 299, 99
Distance ascertained by graduated rod read to hundredths . © 299, 97

And again:

Distance measured with metallic tape ...... oo ool 1,644. 60
Distance by graduated rod read to tenths 1, 644. 00

This method is much used by French and German engineers and surveyors. Whero
the ground has an inclination along the line measured of more than 10¢, a correction
is applied to the sights to obtain the true distance.

BORING.

Gas-pipe, one inch in diameter, in sections 10 feet long, screwed on successively as
required, was used in this part of the work. When, as was sometimes the case, hard
bottom was encountered, a steel drill was attached. The instrnment was worked
down by hand, the rod being too slender to stand the blow of a hammer without bend-
ing, and a larger pipe meeting too much resistance to admit of its being forced down
without machinery.

While boring, the upper end of the pipe was left open to allow the material from the-
bottom to enter. As soon as the drilled depth (generally 21 feet below lowest water-
level) was reached the pipe was closed with a cork, then withdrawn, and its contents-
taken out. The specimens thus obtained, with others from the shore at various points,
labeled, are in your possession. Three kinds of materi ial appear: sand of different de-
grees of fineness from the bed of the Willamette River and Slough and Saint Helen’s
Bar; gravel also from Saint Helen’s Bar, and clay from the. banks at several points
where gaugings were made. The gravel was obtained from the so-called Rocky Pla-
teau, a map of which accompanies this report, and is identical in kind with that com-
posing the gravel bars of the Upper Columbia, containing fragments of granite,
gneiss, uartz, agate, basalt, &e.

The * plateau 7 of gravel covers an area of 7 ,200 by 1,800 feet to a depth of from 2 to
6 feet, resting on a bed of hard material, the exact nature of which could not be deter-
mined without bormtr apparatus specially adapted to this work. It resisted the drill
worked by hand, but did not feel like solid rock ; rather like cobble-stones and shingle
in this p(utlculdr; aleo resembling the bars above the Dalles. I consider the (rleat
width of the river at this point (5, 000 feet, or 50 per cent. greater than the aver x«re) as
an indication that there is rock in p()smml at no great depth below the surface of the-
gravel, because, the left side of the channel bunfr walled in by a vertical basalt elift
500 feet high, the natural effect of the current during freshets would be to cut out a.
narrow and deep channel were the bottom formed of soft material, as at Warrior-
Rock, 2 miles above, where the channel is from 50 to 105 feet deep and only 2,000 feet
wide.
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We know that the basaltic-rock formation common to this section of the Pacific coast
underlies the bed of the Columbia throughout at various depths, also that it is not far
from the surface in this locality, as it crops out at several places near Saint Helen’s,
The depth of water on the plateau varies from 2 to 18 feet. The velocity of current is
from 1 to 1} miles per hour during the low stage, sufficient to carry the small pebbles
with which the botton is covered, so that the surface is continually changing shape,
the two bars near the lower end moving steadily down stream, deepening the water at
this end of the bar, and thus increasing the difficulty of keeping open the ship-channel
at the upper end. This constant change in the form of the bottom made it useless to
take soundings at the usual short intervals.

Saint Helen’s Bar is 2 miles long, crossing the river diagonally from the foot of Saw-
vie’s Island to a point nearly opposite Columbia City, a landing sitnated 13 miles below
the village of Saint Helen’s. The east bank of the river from opposite Warrior Rock
to the lower end of the bar is low, from 5 to 10 feet above low-water, and is composed
principally of sand, with occasional veins of clay. It hasno stability, and yielding each
year to the floods, widens the channel, lessening the depth of water on the bar, and
hastening the necessity for improvements at this point.

In the bed of the Willamette, at all points where I made borings, I found only sand
to a depth of nowhere less than 21 feet below lowest-water mark. In some places the
drill entered 30 feet. Occasional layers of gravel from 1 to 2 inches thick, not compact
-enough to impede the progress of the drill to any extent, were encountered. I found
no hard bottom at any point except on the “ Rocky Plateau.”

GAUGING. ’

The apparatus selected was snbstantially the same as that used by General Ellis in
gauging the Conneeticut River. It consisted of two floats, surface and subsurface, made
of tin; the former a double-convex disk, water-tight, and having a socket in the center
for holding a small flag or other signal ; the latter an anunulus, weighted with lead, to
be submerged to any required depth, the two connected by a copper wire .036 of an
inch in diameter, of a length varying with the depth of water. A full description of
the apparatus is given in the report of the Chief of Engineers for the year 1875, vol.
D)

The points selected for gauging were generally (always, when practicable) about the
center of a reach, the width, depth, and general direction of which were sufficieutly
uniform to insure x steady flow of the current. The operation was performed in the
following manner:

Having first measured the distance from shore to shore on a line at right angles to
the general direction of the current, and fixed solid stakes on the edge of the water on
each side, and range-stakes, easily seen from any point on the gauge-line, on shore,
100 feet were measured out into the stream, on the gange-line, with a line, the distance
marked by a small anchor with buoy attached, and the depth measured.

Two boats were then anchored, one above, the o her below the gauge-line, at the
center of the section, or 50 feet from shore, and connected by a non-elastic cord, on
which were tags 50 feet apart, this distance being maintained by one oarsman in the
lower boat pulling gently down stream, keeping the line taut. The floats. the wire
having been adjusted so as to give the required depth to the lower, were then dropped
into the stream ahove the bow of the upper boat, to enable them to attain the full
velocity of the current before reaching the upper tag, and allowed to drift down stream,
the moment of passing the two tags being noted by an observer in each boat. This
operation was repeated without ehanging the position of the boats until a sufficient
number of observations had been taken at various depths to give a close average of the
velocity of the volume of water passing through the section at the time of measure-
ment. Another section of equal length was then measured and its velocity ascertained
by the same process, and so-on until the entire river had been measured; the sum of
the volumes of all the s®tpons giving the entire discharge of the river.

In some cases the width of the channel, as measured by sections, did not correspond
with that previously a-certained, known to be correct. The discrepancy was found to
be due to the necessary tightening of the line in measuring, pulling the boats out of
position, and was corrected by distributing the difference among the sections in pro-
portion to the depth of water. Insuch cases the measurement by sections was always
less than the first, and the amount of difference varied with the dept.

Where the channel was narrow and the bottom irregular, the depths and velocities
were taken at intervals of 50 feet or less. The depths measured while gauging were
corrected from an hourly record of the rise and fall of the tide, kept for that purpose.

At some points near the mouth of the Willamette River and in the Willamette
Slough, where the current is controlled to a great extent, if not entirely, by the tides
of the Columbia, the flow was so vacriable as to make it impossible to make a connected
measurement of the volume discharged, and I was forced to mark the sections on the
gauge-line by small buoys anchored, and take the velocities every hour for a day or
more, in order to ascertain the greatest uniform flow. Uncertainty as to the continu-
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ance of fine weather, necessary for this kind of work, decided me to adopt this plan in-
stead of waiting for more favorable tides. The season was far advanced, and the win-
ter rains liable to commence at any time, raising the water and bringing down quan-
tities of drift-wood, the former defeating my principal object, which was to gange the
rivers at the various points selected during the same stage of water, while the latter
would have made it dangerous, if not impossible, to work at all in boats.

The operations above described are slow and tedious, and subject to many interrup-
tions, such as up-stream winds and the regular changes in the direction of the tides, ne-
cessitating a suspension of the work at times, drift-wood carrying away anchors, or
floats, waves from passing steamers, &c. But the plan of dividing the channel into
sections, and ascertaining, by careful measurement, the volume passing through each,
is, upon the whole, the least liable to undetected error.

The questions which belong to this subject have been fully discussed in the report
above referred to, in which the various systems and methods in use for gauging streams
have been minutely explained, and their respective advantage' and defects com-
pared, and I can add little except in the particular of experience 1n the working of the
double-float method. During the last fall I made gaugings at 13 different points, re-
quiring over 1,000 current-measurements, at depths of trom 2 to 30 feet, and found that
1 could determine the speed of a current so slow as to be almost imperceprible to the
eye, as, for instance, of 5 feet per minute, or 1 mile in 174 hours, with almost absolute
accuracy ; repeated observations at the same point giving within 1 per cent. of the same
result. Of course such accuracy can only be expected under the wost favorable con-
ditions, such as a smooth channel of uniform area and cross-sections, calm weather,
and steady flow of the tide. But the results obtained demonstrate the capability of
the apparatus. Its greatest defect is that the suriace-float is liable to be retarded or
accelerated by waves or wind, affecting the speed of the lower float so much that reli-
able results can only be obtained when the water is smooth and the weather calm. In
case of error, the existence of which will be shown by discrepancies between results
of different measurements of the same volume, the cause can be traced, and, if not re-
movable, allowed for.

"The gaugings were made during the low stage, the water ranging from 3 to 44 feet
above zero, and the current being slow and irregular. The results are shown io the
Aollowing table :

Willamette River, one-fourth of a mile below the northern boundary of Port-

land : discharge in cubic feet, per minute .................. ....(1) 786,478

Opposite Swan Island, through the south echannel.. ... ..o oo ... (2) 530,934
And through the north channel (3) 284,531

Through both channels..
Deducting the volume due to rise in the river, as shown on the section-sheets
anuexed ceea. 24,042

Leaves ) 701,473

A difference of 4,995 ; due principally to the increase of velocity attending the greater
height of water, which cannot be stated accurately without more complete current-
mezsurements than I could make. Six weeks later, the water having ris-n to a height
of 6.2 feet above zero, I found the discharge to be—

ceeceee e eea. 3,095,400
1,802,470
ofsin sisins 1,369, 133

The increased volume being due almost wholly to accelerated velocity.

During the first week in April last I made additional carrent-measarements at Swan
Island, the water at that time ranging botween 10.5 feet and 8.5 feet above zero at
Portland. .

On the 17th of March the Willamette had been swollen by a freshet, the gauge at
Portland indicating a height ot 19 feet above zero or low-water mark. From that date
it fell at the rate ot 1.2 feet per day, until, on the morning of the 24th, havingreached
9.5 feet, it commenced rising again, reaching 13 feet on the 26th and 14 feet on the
20th, when the water again commenced to fall slowly at a rate of less than 1 foot per
day. '

During this high stage, the water at Vancouver, on the Columbia, four miles above
the mouth of the Willamette, reached the height of 12.9 feet above low-water, while
the gange at the head of the Willamette Falls, 12 miles above Portland, showed a
steady fall. The water of the Willamette was clear, almost entirely free from drifs,
and with no perceptible tidal changes. It is plain, therefore, that the high-water
which prevailed on the Lower Willamette when these measarements were made was
due to the rise in the Columbia.
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I commenced in the north channel at Swan Island, 200 feet below the Old Wharf
shown on the map of my surveys last fall, marked “ Lower Willamette, Sheet No.1.”
The depths and velocities of the river at this point are extremely uniform, as you will
see from the atnexed section-sheets. Mesasurements to ascertain the velocities at dif-
ferent depths, taken in the center of the channel, the water being 35 feet deep, gave
the following results :

At 3 feet mean of 6 measurements, 75.9 feet per minute.
At 18 feet mean of 6 measurements, 75.0 feet per minute.
At 30 fees mean of 6 measurementss, 65.9 feet per minute.

The danger of the lower float becoming entangled among snags on the bottom
deterred me from attempting to measure the current at a greater depth than 30 feet.
At this depth the combined pressure of the water and atmosphere flattened the convex
side of the lower float, giving it the shape of an imperfect hexagon. This did not, of
course, affect its buoyancy.

On April 4 simultaneous measurements of the two-channels being impracticable,
in the necessary absence of my assistant, the volume in the so uth channel was meas-
ured accurately and the north approximately, the volume in the latter being obtained
by the formula v X 83 = ¢! in which v represents the surface velocity at the centre
and o' the mean velocity of the entire volume. Of course the result thus found was
only approximate. It is seen, however, to accord very nearly with those obtained in
the usunal way. During this day the water feil 0.2 foot.

On the 5th and 6th the two channels were measured simultaneously by two parties
under the charge of myself and an assistant respectively. The current was measured
at intervals of about 100 feet from 3 to 6 times at each point, the cross-sections having
been previously taken by careful soundings, and the distances marked by buoys. A
strong breeze from the northwest on the morning of the 7th prevented a fourth mess-
urement of the south channel, which is exposed and rough in windy weather. The
north channel is protected by the promontory back of Wand’s Landing.

The volumes and velocities from the 4th to the 7th of April, inclusive, were found to
be as follows :  (See section-sheets A and B.)

* g | 2o, H
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. Feet. Feet Cubic feet.
April 4, 1877, north chanmel. . ... .cccvniimnan e, . 10% 1,347,802
April 4, 1877, south channel . 104 1,223, 167
April 5, 1877, north channel ... 9% 1, 311, 965
April 5, 1877, south channel ... 9% 1, 076, 308
April 6, 1877, north channel . 9 1, 201, 891
April 6, 1877, south channel . : 9 1, 027, 366
April 7, 1877, north channel ........cooiimmaenan.as — 8% 1, 142, 004

The weather was generally good, and the water smooth during the progress of the
work. On the 5th, however, an up-stream wind made the water in the south channel
so rough as to affect the speed of the float considerably, the waves causing a bobbing
motion, or ratter a succession of stops and plunges. IExperiments with a wooden float,
loaded to s'nk just below the surface of the water, and started at the same moment
with the tin float, showed that the latter lost from 5 to 10 per cent. of the speed
of the current when the waves averaged from 2 to 3 inches in height, and a much
greater percentage-when the water was at all rough; and in the table of results aboye
given it is seen that on the 5th the mean velocity was less in the south and greater in
the north channel than the general ratio of decrease shown by the zbove table. It
appears, therefore, that the effect upon the south channel of an up-stream wind is not
only to retard the float, and thereby give an observed velocity lower than the actual,
but also by backing up the water to lower the actual velocity and reduce the volume,
causing a corresponding increase in the north channel, which is, as above stated, pro-
tected from northerly winds, and gains in volume and velocity what the-other loses.

The general result shows:

1st. That the mean velocity at a high stage of the river is greater in the north than
in the south channel.

2d. That while the mean velocities in both channels decrease as the river abates, the
rate of decrease is greater in the north than in the south channel, and it follows that
at a certain lower stage they will be equal.

My measurements, made during the lowest stage last fall, showed the south channel
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to be the more rapid of the two. Itwill be remembered that some dredging was done
through the bar at the head of the north channel after the relative velocities were de-
termined in September and before the rise of October 24, the time at which the veloc-
ity in the north channel was found to have increased so much. Assuming, as is prob-

able, that the greater velocity found in the south channel during low water was in -

part due to the existence of this bar, and consequently that its removal in part before
the occurrence of the October freshes contributed to the excess of velocity found in the
north channel during that freshet, the ratio of velocities in the two channels during
the coming low-water stage (should the cut now again filled with sedimentary deposit
be dredged) will be different from that found last year at the same stage, the routh
losing in proportion as the north gains.

Should you decide to make further examinations of the current and general condi-
tions of the Lower Willamette and Columnbia Rivers during the approaching low-water
stage, I would suggest that at all points where there are two channels the current-
measurements be made in both simultaneously. The relative velocities thus obtained
may be accepted as absolutely correct.

Willamette River, half a mile above the head of Sawvie’s Island, was.....(4) 739,514
Allowing for difference of height of water, and consequently of velocity as

shown on section-sheet, the volume discharged would be 794,013
Willamette Slough, quarter ot a mile below its head.. .......... ... ... 5 950, 235
And one mile lower down (6) 1,040,255

The measurement at (5) was made during the first and at (6) during the last half
of ebb-tide. The difference in volume is partly due to the great acceleration in the
rate of flow which always occurs in the slongh during the last quarter of ebb, for
reasons which I will explain under-the head of “ Velocity of current.”

Columbia River, just above Saint Helen’s Bar, (7). .cccve ceece coaecnneaann 9,163, 805

And just below the bar, (8) 10, «:15!), 446
Deducting from the latter the volume passing throngh Willameétte Slough,
which enters the Columbia a short distance above, in round numbers... 1,000, 000

Leaving for (8) .. ccoo oo ioioiniaaan e e e 9, 859, 446
Being a difference of about 7 per cent. between the results found above and below

the bar. I consider the latter to be the most accurate, the work having been done in
perfectly calm weather, which was not the case with the former.
Willamette River, 1,000 feet above Three-Tree Island, during spring tides,
at three-quarters eob, (9) .oceee iomoe i i e iiicce ia e e I 392,033
And at the same point at three-quarters flood v 548, 846
Showing an excess in the volume carried by the flood-tide over that of the ebb of
156,813 cubic feet per minute, about equal to the excess of the volume of the Willamette
Slough over that of the river proper as shown above.

R Mouth of Willamette.
Coon Island Slough, (10) 234,125

This was measured during neap-tides, and includes the entire volume of the Wil-
lamette, there being no current through middle channel and Nigger Tom Slough at that
stage.

Middle Channel during spring tides, (11) <. .o ooe o ian i i iiiaee e e 309, 453

Very little water then passing through Coon Island Slough.

Nigger Tom Slough.—Here L made several attempts to ascertain the volume, but with
no result.  The current was scarcely perceptible, and so variable that at no time during
the low stage could I find the water flowing in the same direction on both sides of the
channel.

Columbia Slough discharges during the spring tides....................... 23,200
On the 22d of November, the water having risen 6 feet in consequence of heavy rains
in the Willamette Valley, I returned to the mouth of the river and measured the
velocity of the current in the three channels, from which, with the cross-sections pre-
viously taken, I obtained the following results: .
Coon Island Slough, 10 feet above low-water mark, velocity of current 120
feet per minute ; discharge in cubic feet per minute
Middle Channel, velocity 174 feet per minute, discharge 3, 304, 603
Nigger Tom Slough, velocity 160 feet per minute, discharge 640, 000
Making in all 4,666,336 cabic feet of water per minute discharged through the three
mouths ot the Willamette at the existing stage of water, the tide-gauge at Portland
indicating 11.5 feet- above zero, while a still larger voluine passed through the Wil-
lamette Slough at that time.

e =7
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You will see from the above statement of the results obtained by gauging that the
volume of water passing through the Willamette Slough during the low stage of the
river is greater than that brought down by the river proper, and that the amount of
this excess is about equal, allowing for error in measurement, to that ot the flood-tide
over the ebb from the Columbia, as shown by the gauging made just above Three-
Tree Island; from which it is apparent that durirg the low stage a volume of from
150,000 to 170,000 cubic feet per minute from the Celumbia enters the mouth of the
Willamette during flood-tide, and runs out through the Willamette Slough, re-entering
the Columbia at Saint Helen’s.

In fact, at that stage of the water the Willamette between its mouth and the head
of Sawvie’s Island is norlung more than an arm of the Columbia, and upon old charts
made 20 years ago, the Willamette Slough is called the Lower Willamette, showing
that it has, ever since the country was settled, been known as the principal channel
of the river in this locality. I am satisfied, therefore, that any plan for the improve-
ment of Post-Office and mouth of Willamette Bars, in which the erosive force of the
current is to be utilized, should include the closing, in part at ]mst of the Willamette
Slough.

DEPTH OF WATER.

During the lowest stage indicated on the gauge at Portland by zero, the depth along
the channel, exclnding Swan Island, Post-Office, and mouth of Willamette Bars, (where
a constant dcpth of 17 feet is maintained by dredging) varies as follows:

From the northern limit of the city to the head of Swan Island, in the north chan-
nel, from 20 to 25 feet; and through the south channel from 5 to 7 feet.

Through the north channel to the foot of Swan Island, from 20 to 54 feet. Thence
to Saint John’s from 20 to 32 feet, except for a distance of about 400 feet at a point 4
a mile above Saint John’s, on the west side of the channel, where there is a bar on which
only 18 feet is found at lowest water. IFrom what I can learn the river is gradually
shoaling here, and may require attention within a few years.

From Saint Johw’s to the mouth of the river the depth is from 20 to 47 feet.

At the head of Sauvie’s Island, just within the Willamette Slough, I found a pool 75
feet deep and about 50 feet across its deepest part. This pool is caused by the scour re-
sulting from the sndden change of direction which the current of the Willamette takes
on striking the head of Sauvie’s Island, where the bank is nearly vertical from 18 to 20
feet high, and formed of tough clay; 1, 1500 feet lower down the dcpth diminishes to 24
feet.

The above are the depths at low tide during the lowest stage of the river, which oc-
curs only at intervals of several years, at the end of unusnally long dry seasons. Gen-
erally the gradual abatement of thu water, which continues through the summer, is
checked by the early winter rains at a height of 2 or 3 feet above zero. The lowest
point reached durm(r the present fiscal year, so far, 1.2 feet above zero, occurred on
December 23, 1876.

VELOCITY OF CURRENT.

The general velocity of the current in the Lower Willamette during the low stage is
from 20 to 30 feet per minute, or from one-fourth to one-third of a mile per hour, and
when at 6 to 8 feet aubove zero, from three-fourths to 14 miles per hour.

The current throngh the Willamette ~lough during the low stage runs at from seven-
tenths to nive- -tenths of a mile per hour.

Through the mouths of the Willamette, during the low stage, it is very variable, de-
pending on the winds and tides from the Lower Columbia, never during the low stage
exceeding 55 feet per minute, or six-tenths of a mile per hour.

In the Willamette Slough the current is nearly uniform, varying from 60 to 80 feet
per minute.

The depth varies with the stage of tide; but the current flows outward at all times.
This is due to the following conditions:

The fall of the iiver from the head of Sauvie’s Island to Saint Helen’s, at low water,
is 1.2 feet. The height of the tidal wave is also 1.2 feet during neap tides, and during
spring tides from 2to 3 feet. The distance between the two 1)01ms by the slolwh is 23%
miles, and by the mouth of the Willamette only 18% miles. By the latter 10l1u, there-
fore, the shorter by 5 Iml(,s, the channel being from 3,000 to 4,000 feet wide, th(, tide
reaches the head of Sauvie’s Island much sooner than by the mlmer which is narrow
and crooked and runsout through the slough, maintaining its :mu,n(lcucy with the aid
of the current of the Willamette, all of which ﬁo“s bllrouuh the slough, as I have shown
above.

The velocity of the current of the Columbia River at Saint Helen’s Bar was from 39
to 158 feet per minate, or from 0.45 to 1.7 miles per hour, during the low stage, the
greater velocity being Just below the bar.
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INCLINATION.

I ran a line of levels from Portland down the west shore of the Willamette to its
month, and thence along the east bank of Sauvie’s Island to Saint Helen’s, for the pur-
poss of determining the comparative elevations of the high and low water marks at
the extreme and intermediate points of the line. The high-water profile, representing.
the freshet in the Columbia of June, 176, the highest on record, is as follows:

Calling zero of the flood-gauge at the foot of Yamhill street, Portland, 100.000, the
elevation of high water at Portland, due to back-water from the Columbia—

June 24, Was . ... . et i e e e 128. 200
At mouth of the Willamette 127. 999
At Willow Bar, Columbia River

And at Saint Heleu’s

Daringlow-water, the flood-gauge at Portland reading 3.0, the following are the eleva-
tions at different points, ascertained by means of tide-gauges graduated to feet and
tenths of a foot, their bases or zeros being connected by my line of levels:

At Portland ... 103.000
At head of Willamette Slough . 102. 200
At mouth of Willamette River . 102, 200
At Saint Helen’s 101. 500

During intermediate stages of the Willamette the fall is much greater than during
either high or low water, as shown by the heights of the surface of water at the fol-
lowing points on the 22d November:

At Portland .50
At head of Willamette Slough 9. 94
As mouth of Willamette River ... ... ... ..o . it it iiiaecaaan oo 109,80

I think it probable that the difference of 0.201 foot in the heights of the freshet-
marks at Portland and at the mouch of the Willamette, which appears above, is due
to my having disregarded the correction for the curve of true level, a portion of the
line between these two points having been run over a mountain road where I could
not equalize the sights, the length of fore sights being in several instances considerably
greater than the back sighs, causing the observed level, or line of sight, which is a tan-
gent, to deviate so much from the true level curve as to make a difference appear where
none exists. The high-water in the Lower Willamette is due solely to the snow-flood
of the Columbia, and, as no current is perceptible during its continuance, I am satistied
there is no fall.

DISTANCES.

From Portland to the head of Willamette Slough, 94 miles; thence to the mouth of
the Willamette, 21 miles; thence to Willow Bar, 6 miles; thence to Saint Helen’s, 9
miles; the distance from Portland to Saint Helen’s, via the Willamette Slough, being
324 miles.

OTHER ITEMS.

The ridge between the Lower Willamette and Columbia terminates abraptly in a
rounded spur 200 feet high, 14 miles below Saint John’s, as showa on the map.

During the June floods the flat lands along the banks of the two rivers, including
almost the whole of Sauvie’s Island, are overflowed to a depth of from 10 to 20 feet.
The seasons at which these floods occur render the bottom-lands almost valueless
except for pasturage.

The lower end of Coon Island is being rapidly worn away by the current of the
Columbia River, which washes the east side of the island, carrying the eroded material
around into the slough, formerly a ship-channel, but now shoaling rapidly at its mouth.

Three-Tree Island, 1 mile above the mouth of the Willamette, is also yielding to
the force of the winter floods of the Willamette, and there will probably be very little
of it left above the low-water line should any considerable freshet occur during the
coming winter. Its highest point is now about 6 feet above extreme low-water mark.

Percy’s Slough has no current at low-water, being closed by a sand-bar, which has
formed a short distance above the remains of the pile-dam built three years ago. At
higher stages, the direction of the current depends upsn the relative heights of water in
the two rivers. Columbia Slough heads near the mouth of Sandy River, which enters
into the Columbia 20 miles above the mouth of the Willamette. Its general direction
is parallel to that of the Columbia. At its mouth, at low-water, it is 60 feet wide and 6
feet deep ; its width and depth thronghout its length vary considerably. When clear
of drift and other obstructions, it is navigable for small steamboats from its mouth to
Love’s bridge, a distance of about five miles; it carries the water of several small
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brooks from the northern slope of the ridge between the Columbia and Willamette
and runs through a level meadow country, interspersed with numerous lakes and
sloughs, overflowed annually by the summer flood of the Columbia.

I omitted to state that I spent several days trying to gauge the Willamette between
the head of Sanvie’s Island and the foot of Post-Office Bar, but without success, the
current being variable and sluggish.

On the section sheets annexed I have allowed for the difference of height of water at
various points gauged, in order to wake a fair comparison of the results

Respectfully “Submitted.

ROBERT A. HABERSHAM,
Assistant Bngineer.
Col. Jou~ M. WILSON,
Jl(gor Corps of Engineers, U. S. A.

No. 1.—Gauging the Willamette River, Oregon, one-quarter of a mile below Portland, Sep-
tember 12 and 13, 1876.

Mean height of water, 3.6 feet above zero.

|

Section. Section.

Area,gquarefeet,
Mean velocity,
feet, perminute.
Volumein cubic
feet per minute.
Area, square feet.
Mean velocity,
feet, per minute.
Volumein cubic
feet per minute.

114 10,924 |
17.2 24, 768 |l
20. 4 29, 836
21.0 32,025
19.2 33, 984
21.1 41,672 |
22.6 50,172 |
2.5 55, 687
93,4 62,244 | Total.... . 786, 478

DU 1T UL WD
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Average velocity, 23.9 feet per minute.

—Gauging Swan Island Channel, (south,) September 15, 1876—last half of ebbd tide.

Mean height of tide-gauge, 3'. 9 above zero.

ity,

Section. Section.

feet, per minute.
Volumein cubic
feet per minute.
Area. square feet
Mean velocit,
eet, per minute.
Volumein cubic
feet per minute.

Area, square feet.
Mean velocity,
1

22, 200 34.8

48, 399 N X 23.8

58,473 Y < . 5 | No current
60, 794 i 3 No current
60, 342 e K 5 No current
52, 658 - . B No current|.
55, 804 . F ] No current|.
49, 959 560 | No current,
39, 772
33,136
42.8 25, 630 | 14,045 | Av. 45.54 [Tot'1530, 984

=
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13003<.3=390X45.55=17,764 to be deducted. Correction for difference in height of water=513,220
cubie feet per minute.
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No. 3.—Gauging Swan Island Channel (north)—last half of ¢bb tide.

Surface of water, September 18, 4. 5 above zero.

i
|
i
|

Section. Section.

Area, squarefeet.
Mean velocity,
feet, perminute.
Volumein cubice
feet per wminute.
Area, squarefeet.
Mean velocity,
feet, per minute.
Volumeincube
feet per minute.

143 | No current - 2,507 30.0 75, 210
420 | No current .. . 2, 632 23.4 61, 589
718 14.9 11,592 || 9.. - 2,093 23.1 48, 343
1,315 14.3 18, 805 | 86 | No current|
1, 813 15.0 27,195 |
‘2,223 18.8 41,792 14,010 | Av. 19.95 |Tot’1284, 531

350¢.9=315.0¢19.95=6.278 cubic feet per mile to be deducted. Correction for difference in height of
: 278, 253
513, 220

791,473

A T A T

A correction for increase of velocity will still further reduce the difference.

A.—Current measurements in north channel, Swan Island, Lower Willamette River.

above zero, in
feet.

Area of sections,
square feet.
Mean velocityin
feet per minute.
Discharge in
feet per minute.

&
<
2
=
B
o
3
=
=
2
5
=

April 4, 1877 ; . 21,142 .75 | 1,347, 802

April 5, 1877 . 5,775 . 388, 484
. 8 259 57. 553, 462
6, 503 5. 360, 745

Total 20, 537 v. 63. 1, 302, 691

April 6,1877 . 5, 644 . 327, 961
. 8 115 ) 525, 365
6,375 . 0: 348, 569

20, 134 .50, 1,201, 895

5,535 5. 361, 993
7,995 . 6 461, 232
6, 269 . 85 318,779

19,799 | Av.57.68 1,142, 004
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B.—Current measurements in south channel, Swan Island, Lower Willametie River.

- o e -~
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S E e 58] & o

s =90 =2a 29

g o8& S e

Date RN %o = &2

' g |+2. v-1-] ) =8

= = 2 2 @B =& Sr

ER it g% g3 28

® | B < =& =)

DN S O £ 1 10.5 3,895 4L.09 160, 046
2 10.5 3,140 41. 09 129, 023
3 10.5 3, 927 41. 09 161, 360
4 10.5 5,113 LOL T2 264, 444
5 10.5 5, 544 54, 54 302, 370
6 10.5 3,707 55. 55 205', 924
Total..oeuecananecacscocansionscassasaneananas|sannns|aons.ane 25,326 | Av.48.29 i 1, 223,167
APTIL B IBTT: comenwns s swumamns semmmainns sassmenss sams 1 9.6 3,517 39. 41 138, 605
2 9.6 2, 857 37.99 108, 537
3 9.6 3, 644 43. 47 158, 405
4 9.6 4, 830 50. 00 241, 500
5 9.6 5, 261 46. 15 242,795
6 9.6 3,419 54. 54 186, 466
B 07 2 ) ) ) PSP 23,528 | Av.45.75 1, 076, 308
NG K Ly ¢ S 1 0.0 3,265 41,67 136,033
2 9.0 2, 668 40. 00 106, 720
3 9.0 3, 455 44.12 152,435
4 9.0 4, 641 46. 09 213,904
5 9.0 4,915 53. 57 262, 997
6 9.0 3, 067 50. 85 155, 957
LT 7 DR IR I 22,011 | Av.46.67 | 1,027,366

No. 4.—Gauging Willamette River, 4 mile above slough.

Surface of water, September 29, 3.0 feet above zero.

Mean veloc-
ity.

Ft. per min.
20. 4
25.3

Volume in cu-
bic feet per
minute.

£6, 802
243, 487
115,895

Section.

Area.

Mean veloc-
ity.

Volume in cu-
bic feet per
minute.

Ft. per min.
24.0

2L 6

136,104
157,226

739, 514
21, 420
760, 934
33,079

794, 013

No. 5.—Gauging Willamette Slough, 1 mile below its head.

Surface of water, September 22, 4.2 feet above zero.

Section.

e 00 10 =

Area.

Velocity.

B

Volume dis-

Section.

Area.

Velocity.

Volume dis-

Ft. per min. | Ou. ft. per min.
5.0 51, 000

71. 4
5.0
4.1

charged. charged.
Ft. per. min. | Cu. ft. per min.
. SO 1,740 8.1 36, 9
124, 950 6. B 85.5 144,922
156, 000 T 8.7 134, 970
8 8.7 68, 075

133, 380

|

i
)

S
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No. 6.—Gauging Willamette Slough, 13 miles below its head.

Surface of water, September 22, 4.2 feet above zero.

Volume dis-
charged.

Volume dis-

Section. Velocity. sharsed Section. | Area. | Velocity.
ged.

Ft. per min. | Ou. ft. per min. Ft. per min. | Cu. ft. per min.
62. 4 17,724 72.0 123, 264
62.4 73, 008 . .. b 67.0 107, 535
0.0 138, 000 g — 35 50.0 76, 750
82.0 147, 600 . 50. 0 60, 250
20.0 142, 000 . R 50. 0 20, 000
p 125, 064 9, 000

1, 040, 255

64.8

No. 7.—Gauging Columbia River above Saint Helen’s Bar.

Surface of water, October 5, 4.0 feet above zero.

Volume dis-
charged.

Volume dis-

Section. Velocity. charged

Section. Area. Velocity.

1

Ft. per min. | Cu. ft. per min. . Ft. per min. | Cu. ft. per min.
66. 8, 001 | 103. 713,150
748,171
670, 270
548, 447
505, 296
456, 527
342, 351
231, 766
141, 470
54, 761

123, 901
218, 478
343,133
419, 072
582, 954

6.

96.
115.
122.
133.
136.
103.
115.

S 00 =1 S TV = 0O 2D =

300 W M O DT 00 10 =2
SO DO L.
WU OIS A

—_

9,163, 805

Average velocity of current in feet per minute............... ... R R 99. 6

e

No. 8.—Gauging Columbia River below Saint Helew’s Bar, October 6 and 9.

Surface of water 4. 0 above zero.

i
Volume dis-
charged,

Volume dis-
charged.

j Section. | Area. | Velocity.

Section. Velocity.

o gl =P Wy

Ft. per min. | Cu. ft. per min. Ft. per min. | Cu. ft. per min
100. 175, 500 3, 33: 142, 276, 286
130. 549, 245 > o 3 136. 475,278
136. 41, 472 | 5. % 125. 407, 625

5 555, 150 . g ] 121. 334, 357

488,218 - - 125. 283, 250

436, 557 8. B 130. 241, 631

395, 560 . 2 115. 162, 252

348,470 | 30. .. ¢ 127, 201, 480

216, 400 - 31 - i 92, 148,234

142, 518 32. 8 103. 174, 022

107, 545 - 103. 192, 738

75, 665 . 183, 568

173, 500

193,738

188, 496

161, 973

153, 307

159, 200

163, 805

123, 322

65, 945
17, 505

SR OROWE

OhR R rlIOrRORWNCORLIORTWROWERO

, .
[ Re JU=R— B8 § U B SIS FT N )

10, 859, 446
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No. 9.—Gauging Willamette River, 1,000 feet above Three-Tree Island.

Surface of water October 18, 4.2 feet above zero.

Section. | Area. Velocity. V‘éll‘lg?&%l‘s' Section. | Area. Velocity. V(éllg,?rlge%‘.s
Ft.per min. | Cu. ft. per min. | Ft. per min. | Cu. ft. per min.
L | 3.8 20, 755
° 21. 8 102, 547 10.7 19, €06
18. 4 90, 197 0.0 |eowsowawavili®
19.0 63, 631 0.0
18.1 35, 114 0.0
2.2 25,175 | x ———
3.7 16, 448 | Total ccfucsnsssnfimense smmevane 392, 033
20.0 18, 360 |
Average velocity; in feet, por mInute: ;. coccisorrvsmscs ssompme s o cwmonus sovews swmmen 18.6
Average velocity, during Eood-tide, in foet;per MINNGO sswwicw s somames sovmns ¢ powmmas 2. 60

Measured during spring-tides only. The outward current during neap-
tides is so variable that it cannot be aceurately measured.

No. 10.—Gauging Coon Island Slough.

Surface of water October 13, 3.2 feet above zero.

i : Volume dis- . ‘ y . Volume dis-
Section. Area. Velocity. l charged. Section. | Area. Velocity. charged.
|
Ft. per min. | Cu. ft. per min. Ft. per min. | Ou. ft. per min,

104 37.5 3, 8000 . || 4. cimanei oy 940 36. 34,216

950 66. 7 63, 365 925 55.5 51, 337

990 55.5 04, 945 475 35.5 26, 361

............................................................................ 234, 124

Average velocity during neap-tides, in feet, per minute . ........ ... ... i 51.2

nel.
No. 11.—Gauging mouth of Willamette.— Middle channel.
Surface of water October 16, 4.0 feet above zero.
. N . Volume dis- . . Volume dis-
Section. | Area. | Velocity. charged. Se(?tlon. Area. | Velocity. charged.
Ft. per mun. | Ou. ft. per min. Ft. per min. | Ou. ft. per min.
oy 11 58, 867 1,650
.| 1,920 1,285
.| 2,285 870 20. 0 91, 300
o } 21.9 94, 498 g )
- 1,700 200 )
1,695 } 16. 4 84,788
1,715
Total during spring-tides only. .oeee oo om oo 3_09, 453 i
Average velooity, ifi feet, Por MiNtte iva mewsmsns s sumwes vwsmseis sesses s sEsmRaae » Ko 18; A N0iaE

During the spring-tides there is very little current through this ¢chan- -

:
1
t
i

e ——
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Abstract of proposals for furnishing the United States with a tug-boat, when required, during
the year 1877, opened by Maj. John M, Wilson, Corps of Lngineers, February 8, 1877.

v

Names and residence of bidders. Remarks,

Furnishing boat
when required
during the year
1877, per month.

Bailey & Taylor, Portland, Oreg. .. . Contract awarded.
S. 8. Douglass, Portland, Oreg .
C. R. Wilson & Henry Wilson, Po:

Abstract of contract for the improvement of the Lower Williamette and Columbia Rivers, in
JSorce during the fiscal year ending June 30, 1877.

per

Date of con-

tract. Subject of contract.

Names and residence of contractors.

month.

Price

: |
Bailey & Taylor, Portland, Oreg Teb. 12,1877 | Hire of steam-tug as tender | $585 00
to United States dredge,
| when required. during the
i year ending June 30, 1877.
|

REPORT OF THE BOARD OF ENGINEERS FOR THE PACIFIC COAST.

OTFFICE BOARD OF ENGINEERS PACIFIC COAST,
San Francisco, Cal., April 9, 1877,

GENERAL: In accordance with instructions from the Chief of Engi-
neers, dated July 26, 1876, the Board of Engineers for the Pacific coast
met in Portland, Oreg., in August last to consider the project of Maj.
John M. Wilson, of the Corps of Engineers, for the improvement of the
Lower Willamette and Colambia Rivers, from Portland to the sea.

After personally examining these rivers and Major Wilson’s charts
and project, the Board presented a preliminary report under date of
Aungust 24, 1876, wherein it was recommended that, before final action
was taken, certain further surveys and examinations should be made, in
order that the Board might be fully informed upon the subject under
consideration. :

These examinations and surveys were made and charts prepared dur-
ing the fall of 1876, and oz January 17,1877, the Board reconvened atSan
Francisco, Cal., all the members being present, including Maj. John M.
Wilson, Corps of Engineers, who, in acecordance with Department letter
of July 26, 1876, became a member of the Board while this subject was
under consideration.

The Board has examined the plans of Major Wilson, and, after careful
consideration of all the data laid before it, respecttully submit the fol-
lowing

REPORT.

The project of Major Wilson embraces plans for the improvement of
Swan, Island Bar, Post-Office Bar, and the bar at the mouth of the
Willamette, (these three being in the Willamette River,) and also for
the improvement of Saint Helen’s Bar in the Columbia River.
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In presenting its report the Board deems it best to discuss each bar
separately, beginning at Portland and proceeding toward the mouth of
the Columbia.

Opposite Portland the channel of the Willamette River presents a
depth of from 20 to 40 feet at low-water. Lower down the river widens,
giving a consequent decreased velocity. It begins to shoal a short dis-
tance above Swan Island, 3 miles below Portland.

At this place there are two channels: one, north of the island, the
present ship-channel, being about 600 feet wide, and from 20 to 50 feet
deep; the other, south of this island, is about 1,900 feet wide, with a
depth of from 4 to 7 feet at low-water.

About three-quarters of a mile above the island the bar commences
to appear, and through this a channel, about 100 feet wide and 17 feet
deep, at low-water, has been cut, connecting deep water in the river
above with the deep channel north of Swan Island; and dredging has
continued annunally for the past nine years, each year’s freshet partially
filling the cut.

Major Wilson’s plan proposed to close one of these channels, and he
presented projects for both, favoring, however, the closing ot the north,
or present, ship-channel.

The gauging of the Willamette River, a quarter of a mile below Portland, Septem-
ber 12 and 13, with the water 3} feet above zero, showed an average velocity of 23.9
feet per minute, and a volume of 786,478 cubic feet per minute.

September 15, the river being 3.9 feet above zero, the volume passing through the
South Swan Island Channel was found to be 530,931 cubic feet per minute, with an
average velocity of 45.54 feet per minute.

And September 18, the river being 41 feet above zero, the volume in the North Swan
Island Channel was 267,261 cubic feot per minute, having an average velocity of 19.93
feet per minute.

Thus showing the quantity in the south channel to be nearly twice as
large as that in the north ehannel at this stage of the river.

These determinations are somewhat anomalous, but, being the results
of actual measurements, we suppose they must be accepted as correct.

We say anomalous, because while the areas of the sections of the two
channels south and north of Swan Island do not greatly vary, (that of
the north channel being the larger, however, and having a greater
depth,) yet the mean measured velocity of the water in the south chan-
nel was more than twice as great as that in the north ¢hannel, giving as
a result twice as muach water throungh the south as through the norsh
channel, at the stages above mentioned. The usually accepted hy-
draulic formule for the flow of rivers would give directly contrary re-
sults.

Again, it seems strange that, if the water in the south channel has
twice the velocity of that in the north channel, the south is not the
deeper channel of the two.

Aceepting the determinations as correct, however, we must conclude
that there are certain conditions governing the flow of water through
these channels which remain, as yet, undiscovered.

Some six week later, the level of the river being 6.2 feet above zero,
it was again gauged, and the discharge found to be as follows:

Cubic feet

per minute.
Just below Portland 3,095, 400
South Swan Island Channel 1, 802,470
North Swan Island Channel. ... .. .l aias 1,369, 138
the increased volumes being attended with accelerated velocities.

This result is again anomalous, for, while we have added much more
area of cross-section of water-way to the south channel, on account of
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its greater width, than to the north channel, yet, although the flow of
water through both channels has been greatly increased by the addi-
tional height of the river, the relative increase of flow has been in favor
of the north channel. This is contrary to all preconceived ideas on the
subject, and contrary to the result given by all formulae applicable to
its determination.

This leads us again to conclude that there must be some unknown
factor bearing on the solution of the relative flow throngh these two
channels. Perhaps future researches may discover it, and we recom-
mend further investigations.

Borings were made in each channel to the depth of 21 feet below the
plane of low-water.

Thematerial in the south channel was found to be sand, with occasional
layers of gravel from one to two inches in thickness.

In the north channel the bottom was blue clay, sand, and gravel at
various localities; the filling in the channel already cut through the
bar being a coarse sand and gravel, the latter sometimes as large as a
pigeon’s egg.

After caretul consideration, the Board deems it best to close the south
channel by a dike of brush and stone 7,000 feet long, running from the
upper end of Swan Island to the south shore, the top of the dike to be
at ordinary low-water, or about two feet above the level of the river at
dead low-water.

In the opinion of the Board such a construction would cause the north
chanunel, through Swan Island Bar, to be scoured out, and would render
furtlier dredging unnecessary.

The reasons of the Board for selecting the north channel for naviga-
tion and closing or partially closing the south channel are:

1st. The north is the present navigable channel, and it can be more
easilv and cheaply improved than the south channel.

2d. A dike across the south channel will not interfere with the com-
merce of the river, whereas one across the nortb channel would interrupt
that commerce, for, if it be decided to close the north channel, it is evi-
dent that this closure cannot be completed until a navigable passage is
opened through the south channel. This would necessitate a very large
quantity of dredging, and consequent expense, in opening and keeping
open the south channel for commercial purposes, before closing the north -
channel. .

If the difference of the cost of the two projects be left out of consid-
eration, (and if we could be sure that the sand and gravel to be washed
out of the south channel if the north channel be closed would not event-
ually give trouble in the river below Swan Island,) the Board would pre-
fer to make the south channel the navigable one, being led to this choice
by the fact that it is the shorter of the two channels, and the river-bot-
tom here (being mostly sand) would be more easily eroded than in the
north channel, where it is of blue clay in certain portions.

The estimated cost of the dike across the south channel, 7,000 feet
long, is 34,000 cubie yards, at $1.50 per yard, amounting to $51,000.

From Swan Island to the head of Willamette Slough the river presents
an excellent channel, with a depth of from 20 to 47 feet at low-water,
except at one loeality, aboat a mile below the island, where, for a dis-
tance of about 500 feet, there is a depth of only 18 teet at low-water.

Just below the head of the Willamette Slough Post-Office Bar occurs,
and in order to remove this it was proposed to partially close this slough.

A careful examination showed the following to be the case here:
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The fall in the Willamette River during low-water is as follows:

Calling the zero of the gauge at the foot of Yamhill street, Portland, 100,000 during
low-water, the gaunge at Portland reading 3 feet, the elevations at different points are
as follow :

AL POTtland ;oo se s s sn o v wm o5 55 s s s eime.s & mioms srem 5 556 S0e 8 65 S 59 10 618 5 S50 5 5 103, 000
At head of Willamette Slough, 9% miles below Portland...... .....o........ 102,200
At mouth of Willamette River, 122 miles below Portland.. ... .. .. .......o.0 102,200
At Saint Helen’s, 274 miles below Portland, by the rivers ... ... ..o ... 101, 500
At Saint Helen’s, 324 miles below Portland, by Willamette Slough............ 101, 500
Showing the fall, at this stage of the rivers, to be:
From Portland to the head of the slough .. . ... . oo iaoiiiiiinaaa, s foot.
From head of slough to mouth of Willamette ... . ... .ooocoiiiiiaaa. oo None.
From head of slough to Saint Helen’s.. oo i oo inoiin iiiiir ciian cee et -5 foot.

The borings showed the material foriring Post-Office Bar to be sand,
similar to that in the Willamette River near Swan Island.

The gauging of the Willamette River 2 half mile above the head of
the slough, on September 29, the level of the river being 34 feet above

Zero, show od a volume of 15‘) 514 cubic feet per minute, while that of the
slough, the gauge reading 4.2 5 dbove zero, shows a volume of 1,040,255
(,ubl(, twt per minute.

Further observations in ganging the Willamette River below the head
of the slough showed the volume of the flood to exceed that of the ebb tide
about 150,000 cubic feet per minate, and that a large amount of water
at this stage of the river, from the Colambia, runs up the Willamette
River and then escapes down the slough.

As the distance from Saint Helen’s, by way of the rivers, which are
wide, to the head of the slough is about 18 miles, and by way of the
slough, which is narrow, is about 23 wiles, the flood tide by way of
the rivers reaches the head of the slough and begins to run down it be-
tore the flood reaches that point by way ot the \slou"h.

The facts thus presented show that during 01‘([1[1&[‘3 low-water the
entire volume of the Willamette, in addition to a large quantity from
the Columbia, passes down the Willamette Slough.

In the opinion of the Board, the best plan for removing Post-Office
Bar would be to entirely close the Willamette Slough by a (l(un near its
head ; but as this 1s a navigable channel, and has many settlers on its

‘banks, and as it is used by steamers running to Astoria when the Co-

lumbia River is closed by ice above Saint Helen’s, the Board recommends
that a dike of brash and stone be built to the height of ordinary low-
water, or 2 feet above the zero of the gauge, on the shoal in the slough
about 2,300 feet below ltb head, leaving a channel 100 feet wide in the
middle \\lth a depth of 6 feet at low-water, the sides ot this channel to
be cribs 50 feet long by 25 teet wide, the bottom well paved to prevent
erosion.

It is estimated that by this plan at least seven-eighths of the water
now passing down the slough will be kept in the Willamette River and
will be sufficient not only to cut and keep open a channel through Post-
Oftice Bar, but also to materially aid in removing thé bar at the mouth
of the river.

Such a dam or dike, 800 feet long, with an average height of 15 feet,
except where the opening is left, would contain 17, OUU (,ubl(, yards, aud
would cost as follows :

17,000 cubic yards, at $1.50 per yard...vee e ieeis iomamn cimat ia e i s $25, 500 00
100 feet of erib-work, at $25 perfoot.cooue ioiann iiiaes vieeee i e aaaas 2,500 00

Total ..... e e e e e e e 98,000 00
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It is believed that after the completion of such a dike further dredg-
ing will be unnecessary at Post-Office Bar.

From the lower end of this bar there is a channel with a depth of
from 20 to 45 feet, until we reach the mouth of the Willamette River,
about 2} miles distant, where another bar is found.

The river again widens here, and during low-water on the ebb-tide a
large volume of water passes through Coon Island Slough, just above
the bar.

A careful examination shows this bar to consist of a fine sand almost
identical with that of Saint Helen’s Bar in the Columbia, showing
plainly that it comes from that river.

During the freshets in the Columbia River a l(n'we volume of water
pours bhxough Percy’s and Columbia Sloughs, opposite the bar, meeting
another volume passing up the Willamette River, part ot which escapes
down Coon Island Slough, still more down the Willamette Slough, and
the remaining portion of this upward flood assists in raising the Willa-
mette River to a considerable height as far up as the falls at Oregon
City, a distance of about 25 miles from its mouth. '

During neap-tides it was found that 234,125 cubie feet per minute
passed out through Coon Island Slough, w hllb there was no percepti-
ble current through the main clmnm,l ot the Willamette River. This
occurred when the water was 3.2 feet above zero. At a later date when
the water was 10 feet above low-water mark the discharge through the
main channel was 3,304,608 cubic feet per minute; that through Coon
Island Slough, 721,728 cubic feet per minute.

It is the opinion of the Board that the partial closing of Willamette
Slough, as above recommended, will deepen the water over the barat the
mouth of the Willamette River, but if’ sufficient depth is not thereby
obtained, then it will become necessary to contract the river here so as
to hold the water at the low stage within such limits as will secure the
necessary Scour.

To do this it is recommended—

1st. That Coon Island Slough be closed at its head by a dike running
from Sauvie’s Island to Coon Island, the face of the latter island being
revetted.

2d. If this construction does not obtain the required depth of water
over the bar at the mouth of the river, then a dike should be con-
structed on the opposite side, as shown on the drawing, from Nigger Tom
Island to the main shore just above the mouth of Columbia Slough,
the face of Nigger Tom lsland being revetted, and, if necessary, a dike
run from its lower end into the Columbia River for a distance of about
600 feet.

These dikes should be carried up to the height of ordinary low-water,
or say 2 to 3 feet abovezero. They will at that stage hold the water of
the Willamette River within them, and will, during the season of fresh-
ets in the Columbia River, keep behind them and turn into the Colum-
bia the sediment in the water from Percy’s and Columbia Sloughs below
the plane of the top of the dike.

In the opinion of the Board such constructions would, beyond doubt,
keep open the channel at the moath of the Willamette, dnd would go f'u‘
to, if not entirely, prevent the deposits now annually occurring on this
bar during the freshets in the Columbia River.

Such constructions would cost as follows :

Coon Island dike, 1,400 feet long, 38,000 cubic yards, at $1.50 $57,000 00
Coon Island revetment, 1,100 feet long, at $4.50 per foot
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Nigger Tom upper dike, 2, 300 feet long, 12,000 cubic yards, at $1.50 ...... $18,000 00
Nigger Tom lower dike, 600 feet long, 8 1000 cubic vards, at $1. 50 cean... 12,000 00
nggel Tom revetment, 2,000 feet, at \1 50 per BODT e oo rm mrm w wiein'aim i om0 e 9,000 00

TDOEAT so c s smin s o s @ b Wi i i B oo 50 s i o B s s 15 e o 58 0 s o 100, 950 00

Leaving the Willamette River we pass down the Columbm with a good
channel until we reach Saint Helen’s Bar, about 27 nnles, by the rivers
from Portl(md

This bar is 2 miles long, crossing the river di wonall\ from the foot
of Sauvie’s Island to a point nearly opposite Colmnbm City, with deep
water on each side.

The east bank of the river from opposite Warrior Rock to. the lower
end of the bar is low, from 5 to 10 feet above low-water, and is composed
principaily of sand, \\1t11 occasional veins of clay ; it has no stability,
and, yielding each year to the floods, widens the channel and lessens
the depth of water on the bar.

As we approach the foot of Sauvie’s Island, coming down stream,
Lewis River and Vancouver Slough empty mto the Columbia from the
east side, while Warrior Rock, a bold point, juts out from the west
shore like a wing-dam, just before the bar is reached. Here the river
is only 2,000 feet \\1de, but has adepth of from 50 to 105 feet, and
the volume of discharge, when the river was 4 feet above low-water, on
October 5, was found to be 9,163,805 cubic feet per minute. Below
Sauvie’s Island the Willamette Slough pouars out, giving a wide and
deep channel on the Oregon side of the bar. The river below Saint
Helen’s, October 6, the water still being 4 feet above zero, showed a
volurne of 10,859,446 cubic feet.

Allowing in 101111(1 numbers 1,000,000 cubie feet for the discharge of
the slouoh, there is a dlﬂexen(e of ‘about 7 per cent. in the measure-
ments. The latter is considered the more accurate, the weather having
been perfectly calm when it was taken, which was not the case in the
former.

On the Washington Territory side, near the lower end, is a platean
covering an area ot about 300 acres, having upon it a depth of from 1 to
15 feet of water. The bottom, for a depth of from 2 to 6 feet, consists
of gravel containing granite, gneiss, quartz, &e., similar to the bars in
the Upper Columbia, resting upon a bed of hard material supposed to
be rock.

The ship-channel, until within the past year, has been at the lower
end of this bar near the plateau just mentioned, with a depth of about
17 feet at low-water. This has been the best channel over this bar until

_the fall of 1876. Under ordinary circumstances the Board would have

preferred to maintain this channel, but the freshet of 1876 iilled it in
places about 4 feet and opened another at the upper end of the bar,
bringing at the latter place the 18-feet curves within 400 feet of each
other, where in 1875 they were 900 feet apart, and gaining a depth of
from 154 to 18 feet at low-water, where in 1875 it was from 12 to 16 feet
deep.

Doubtless a good ship-channel may be created by suitable construe-
tions either at the upper or lower end of Saint Helen’s Bar, but in view
of the recent change the Board considers it-best to locate two dikes
across the bar on each side of the present ship-channel, about a half
mile below the lower end of Sauvie’s. Island; the dikes to be each about
950 feet long, flaring at the upper end to a width of 800 feet, and nar-
rowing to 300 feet at the lower end. It is possible that eventually it
may be necessary to connect the one on the Oregon side with Sauvie’s
Island.
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The Board, Lieutenant-Colonel Stewart dissenting, presents this plan
as the best under present circumstances, believing that it will cut out
and keep open a channel through the bar at this its narrowest and deep-
est part. At the same time it deems it possible that future freshets may
make such changes before work can be commenced as to prove the
lower end of the bar to be the better place for the dikes, the cost and
extent of which would be about the same in either case.

The cost of this improvement would be as follows :

1,900 feet dike==58,000 cubic yards, at $1.50 per yard = $37,000.

From Saint Helen’s Bar to the sea the only bar now existing that
gives trouble is that below Snag Island at the junction of Woody Island
and Cordell Channels. As there is a depth of not less than 15 feet on
this bar at low-water, and two flood-tides daily, with a rise of from 6 to
8 feet, the Board deems it unnecessary at present to recommend farther
%ction here than to scrape the bar occasionally and to have it thoroughly

uoyed. At

It is thought that if funds were available, the whole of the work above
mentioned could be executed in two seasons.

The estimated cost of the foregoing project is as follows:

Swan Island dike 51,000 00
Willamette Slough dike g s 28,000 00
Mouth of Willamette—dams and revetments 100, 950 00
Saint Helen’s dikes 87,000 00

32,024 00

208,974 00

Four charts, showing the extent and location of the proposed dikes,
are transmitted herewith.
Respectfully submitted.
G. H. MENDELL,
Major of Engineers.
R. S. WILLIAMSON,
Lieutenant-Colonel, Corps of Engineers.
C. SEAFORTH STEWART,
Lieutenant-Colonel of Engineers.
B. S. ALEXANDER,
Lieutenant-Colonel of Engineers, President of the Board.

I coincide in the views of the Board, except in reference to closing
the sonth Swan Island Channel, believing, from all the information be-
fore me, that the north should be closed and the south left open.

Fuarther investigations will be made at this place in reference to vol-
ume and velocity, and, should similar results be obtained as in Septem-
ber, 1876, I will present my views in full upon the subject.

Respectfully submitted.

JoEN M. WILSON,
Major of Engineers.

~ Brig. Gen. A. A. HUMPHRETYS,
? Chief of Engineers, U. S. A.

LETTER OF THE CHIEF OF ENGINEERS.

OFFICE OF THE CHIEF OF ENGINEERS,
Washington, D. C., May 21,1877,
SIR: The report of April 9 from the Board of Engineers for the Pacific
coast, which had under consideration your project for the improvement
65 E
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of the Lower Willamette and Columbia Rivers, is approved, and the

conclusions of the Board concurred in. Future appropriations for these
works will, therefore, be expended in accordance with the plans and rec-
ommendations therein set forth.

In adopting the recommendations of the Board, as to the propriety of
closing the south channel of the Willamette at Swan Island, it is not
intended that you should discontinue the observations you havein view
for the further investigation of the regimen of the river in that vicinity,
nor to deprive you of the opportunity of further presenting your views
in favor of the closure of the north channel.

By command of Brigadier-General Humphreys.

Very.respectfully, your obedient servant,
JouN G. PARKE,
Major of Engineers.
Maj. JouN M. WILSON,
Corps of Engineers.

JJ 2.
IMPROVEMENT OF THE UPPER WILLAMETTE RIVER, OREGON.

In my last annual report I described fully thisriver, its floods, and the
causes of. the various bars that are impediments to navigation, and will
now take up the subject by sections, as then discussed.

1. THE UPPER SECTION FROM EUGENE TO CORVALLIS.

This section of the river, comprising a length of about 56 miles, is sub-
ject to constant changes, so much so that even within the last 20 years
pilots say that they have never run the same continuous channel in
reaches from 5 to 10 miles above Harrisburg for two consecutive sea-
sons. Between Eugene and Harrisburg, a distance of 23} miles, the
fall is 105.9 feet, or at the rate of 4% feet to the mile; between Harris-
burg and Corvallis, a distance of 35 miles, noline of levels has ever been
run, to my knowledge, but I believe the fall to be over 3 feet to the mile.
No steamboat has ascended to Eugene since the spring of 1876, not on ac-
countof lack of water, because the freshets in the winter and spring of 1876
and 1877 filled the stream, rising to a height of over 30 feet above low-
water at Salem, but because nearly all the freight from Harrisburg and
Tugene had already been sent by railroad. I therefore deterniined to
descend during low-water from Eugene to Albany, a distance of about 68
miles, in a skiff, and made the trip on June 11 and 12 of the present year.

A careful examination showed that many changes had occurred above
Harrisburg since the survey of 1875, and that others had taken place
since last season. At several points above Corvallis the river separates
into two or more channels, its capacity being correspondingly reduced,
and bars and shoals being formed. These bars are composed of loose

gravel washed from the drift formation of the banks, and are constantly -

changing their shape. In approaching one of the rapids, my skiff, draw-
ing only a few inches, grounded, and the gravel rolling down stream
rattled against its sides like hail. The slope of this section of the river
is entirely too great to render it permanently navigable at all seasons by
contracting the channel, and I believe that the only plan of permanent im-
provement for it would be by a system of locks and dams, and until the
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regimen of the river becomes nearer fixed, I would not recommend that
this plan be adopted. I think, however, that if the water should be par-
tially controlled by cutting off certain sloughs and by building a few
wing-dams in the vicinity of the worst bars, so as to confine the river
as much as possible during low-water in one chaunel, then, with a self-
propelling snag-boat, with a seraper and pile-driver attached, I could
keep the river open for light-draught steamers for at least three-fourths,
and perhaps the whole year.

I would start this boat from Bugene as the freshet commences to
subside, and by the time of low-water the bars would be scraped and the
worst snags removed. With the pile-driver the erew could easily and
quickly build temporary dams to sluice out a channel where scraping
would not be sufficient. The localities in this section where the greatest
waste of water occurs, and which first require attention, are at White’s
Rapid, Saw-mill Bend, Trout Bar, Ohio Chute, Bromley’s Bend, Alford’s
Chute, Wilson’s Chute, Peoria, and Centennial Slough ; at Ohio Chute
and Centennial Slough the channel has vastly improved since last year.

In addition to these troubles snags and drift-logs are numerous, and
each freshet adds to their number; annnal appropriations will be re-
quired to remove these, and will continue to be necessary until the tim-
ber shall have been removed from the immediate banks of the river.

Tor this section I would therefore recommend the construction and
maintenance of a steam snag-boat with scraper and pile-driver attached,
and that about 6,000 feet of cut-off dams and 8,000 feet of wing dams be
built at the localities already mentioned, where the greatest waste of
water and the most trouble occurs.

After the construction of these dams, and of the new snag-boat, I think

that an annual appropriation of $6,000 will be sufficient to keep this sec-
tion of the river open for light-draught boats for at least three-fourths,
and perhaps the entire year.

Up to this time the ouly work done above Corvallis consists of the
removal of drift and snags at different points, the greater portion having
been taken from Booneville Slough, Centennial Slough, mouth of Long
Tom, Wilson’s and Ohio Chutes, and Harrisburg Bend.

2. THE LOWER SECTION—CORVALLIS TO PORTLAND.

As stated in my last report, but little ¢change has occurred in the gen-
eral direction of the channel in this section for a number of years; light-
draught boats can generally run to Salem at all seasous of the year, and
to Corvallis at all times except during lowest water.

The difficulties in the way of navigation consist of numerous gravel-
bars, some rocky ledges, and various accumulations of drift and snags.
Many of these bars have been greatly improved by constructing wing-
dams, but there are several still very troublesome; these will be ena-
merated in another portion of this report.

I believe that the channel in this section of the river may be main-
tained so as to be navigable the entire year for boats drawing 24 feet.
To do this, I think, after removing some rocks, the present snag-boat,
if supplied with propelling-power, a scraper, and a pile-driver, will be
sufficient for the present; the boat can be laid up at Corvallis during
high water, and, as the freshet recedes, can drop down, scraping bars,
removing snags, and building short dams where necessary to sluice out
a channel that cannot be improved by scraping. I do not consider it
necessary to continue the construction of extensive dams after this
season, but prefer to wait until I can have a complete and accurate sur-
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vey made of the whole river between Corvallis and Portland before
offering any detailed and elaborate plan for the permanent contraction
of the channel. After the eompletion of work this season, and removing
certain rocks above Oregon City hereafter, I think a good snag-boat
can keep the river open throughout low-water season by promptly pro-
ceeding to any point where trouble may oceur. The cost of supplying
the present snag-boat with propelling-power, scraper, pile-driver, &e.,
would be $6,500. A complete survey of the river between Corvallis and
Portland, a distance of 114 miles, would cost about $12,000.

BARS, ETC., BETWEEN CORVALLIS AND OREGON CITY.

As previously stated, obstructions to navigation exist at various points
in this section of the river. Proceeding from Corvallis down stream we
find the first at

HALF MOON BEND, UPPER BAR,

four miles below. The Yiver at this point is 440 feet wide. The left bank
is about 15 feet above low-water, nearly vertical, formed of sand and
clay, and yields readily to erosion ; the right shore is a shelving bank of
gravel, of which the obstructing bar is a continuation. During the sum-
mer of 1876 two wing-dams of nearly equal length were built just above
the bar,one oneachside. The good effected by these dams is shown by the
fact that the depth over the bar has been increased from 22 to 51 inches.
During the high-water last winter the bank on the left side and the
gravel on the right, upon which the shore-ends of the dams rested, were
cut away, leaving gaps which were closed this season.

The lower bar is situated one-third of a mile farther down. The river
bere is 450 feet wide, very crooked for some distance above and below
the bar, and for several years has been shoaling, until at length a bar
has been formed. A survey of this locality was made in June, 1877, and
a dam constructed which it is hoped and expected will sluice out a chan-
nel very soon.

BOWER’S BAR.

This obstruction, next in order, is situated about 7 miles below Cor-
vallis. A crib-dam was built here in 1872, and a channel obtained 100
feet wide and 42 inches deep, too narrow to afford sufficient water-way
at the low stage of the river. The water being unable to erode the hard
bottom on which the dam was built, cut a passage through the loose
gravel-spit 500 feet above and thus diverted about one-third of the vol-
ume of the river from the steamboat-channel.

As this cut was enlarging rapidly, it was decided to close it in the
summer of 1876 by means of a dam, to prevent the whole river turning
into a circuitous channel. Soon after the completion of the dam and
before its acceptance, it was ruptured by the water and a length of 20
feet carried away, causing such a sluice through the opening that in a
short time the depth in the gap was inecreased from 6 to 11 feet; this
was speedily repaired, but was again badly injured by the freshet in the
fall of 1876. The volume passing through tke gap was, however, found
to be much less this spring than last year, the greater portion of the
river being retained in the straight channel. In June, 1877, the dam
was strengthened and repaired and the shore above revetted.

PINE TREE BAR.

The next difficulty heretofore has been encountered at this rapid about
14 miles below Corvallis. The river is 480 feet wide; on the right side
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(concave) the bank is 15 feet high, and of sandy soil, overlying gravel
which is from 3 to 5 feet thick; under this is a hard-pan, a ledge of
which extends out into the river. On the opposite side the bank is low
and shelving, composed of loose gravel thinly covered down to the low-
water line with willows of recent growth. Dams were built on each
side last year, by which the depth was increased from 24 inches to 43
inches. One of the dams was somewhat injured by heavy drift-logs last
winter, but has been repaired this season.

UPPER FICKEL’S BAR.

This obstruction is 19 miles below Corvallis. Previous to the con-
struction of the dams at this locality last season, the steamboat-channel
was close under the left bank, and so narrow as to make the passage
difficult. By building a dam across this channel, and closing a narrow
slough which made off from the river half a mile above, the entire volume
was made to flow over the middle of the bar, and the consequent erosion
produced a channel 4 feet deep, which it is hoped will be permanent.

LOWER FICKEL’S BAR

is one mile lower down, and almost identical in shape and general char-
acter with the upper bar of the same name. A subordinate channel,
called Black Dog Slough, formerly left the river half a mile above, divert-
ing considerable water. This was closed by a dam last summer, and
another dam was built on the left side of the bar, which has greatly
improved the channel, increasing the depth from about 2 to over 4 feet.

BUENA VISTA BAR.

The next impediment is 24 miles below Corvallis.

This has always been one of the worst places on the river, if not the
very worst. A gravel-bar, 5,000 feet Jong, extends diagonally from the
right toward the left shore. It is from 200 to 800 feet wide, and from 1
to 3 feet above low water. It divides the river into two channels, the
left of which is the principal and only one navigable, carrying the whole
volume of the water, except a small portion flowing through two streams
which come over the head of the bar into the right channel, which is
nearly slack-water. The river is from 600 to 900 feet wide, the lett shore
steep, the bank formed of stiff clay, which resists erosion; the other
shore is low, of sand and loam, and subject to overflow. At the lower
end of the long bar the obstruction occurs. The surface of the water
at the low stage is nearly 2 feet lower in the right channel than in the
left, and the tendency of the current is to flow across the whole bar
toward the right side. _

Last season it was determined to build a dam along the crest of this
bar near its lower end, beginning at the point where the water com-
mences to flow over, and running it parallel to the general direction of
the stream as far as might be necessary to scour a channel through the
lower end of the bar.

The work was staked out and the contractor instructed to commence
at the upper end and rapidly build down stream, completing the dam
as he progressed. Instead of this, he undertook, against the advice of:
the inspector of the work, to build from both ends toward the center,
leaving the deepest part for the last, and, as a consequence, the current
commenced cutting throungh the gravel, running at the rate of about 5
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miles an hour, and before the gap could be closed made a cut 11 feet
deep, and damaged his work very much. Assistant Engineer Haber-
sham was at once sent to the locality, and with his energetic assistance,
after changing somewhat the general direction of the lower portion of
the dam, the work was completed. It was an exceedingly difficult job,
and had Mr. Habersham not been on the ground I doubt whether the
contractor would have succeeded.

The plan adopted was as follows: A line of piles 5 feet apart was
driven to hard bottom throughout the length of the proposed dam.
Just above the piles a course of gunny sacks, about three-quarters filled
with gravel, was laid close together with their ends up and down stream.
Next came a course of fascines of fir boughs, 20 feet long, their batt-
ends down stream, resting on the sacks, and each weighted down with
2 or 3 sacks of gravel. Then a second course of sacks doubled ‘the in-
tervals filled with loose gravel. This process was repeated until the
dam was built up to within a foot of the surface of the water. Then a
line of stringers, logs about a foot in diameter, held by ropes to piles
driven about 30 feet up stream, was laid on the crest of the dam and
weighted down with fascines and gravel, the latter about 2 feet thick
and raked smooth. The ropes holding the stringers were then cut.
By building the dam in layers, the water was gradually diverted, but
incessant watchfulness was necessary to prevent cutting the gravel
around the piles. A scow-load of sacks of gravel was kept ready for
immediate use, and this saved the work, as the gravel commenced wash-
ing out three times during the construction. This method of building
cheap dams in swift water appears to be quite satisfactory. The effect
of this dam was to wash away the lower end of the long bar, removing
two smaller islands covered with young willows which projected above
the water, deepening the channel and lessening the inclination over the
bar. The winter flood did not injure the work, but in May, 1877, a raft
of logs carried away about 60 feet, causing a sensible waste of water
through the gap. This will be repaired, and additional work added this
season. Two short dams were also built above the bar, cutting off
minor channels running behind islands.

The next obstruction has hitherto been found at
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LONG-CROSSING BAR,

twenty-seven miles below Corvallis. This is simply a wide portion of
the river where the loss of velocity causes a bar. The steamboat-chan-
nel, where there was only about 24 inches depth at extreme low water,
was formerly under the west shore. Inthe middle of the river there was
only 12 inches. Last summer two wing-dams were built, concentrating
the water in the middle of the stream, and sluicing out a channel 4} feet
deep at low water.
HUMPHREY’S ROCKS,

thirty-one miles below Corvallis, is the next obstruction. There are two
channels here. The eastern is obstructed by a bar, showing gravel on
its surface, and is only navigable during the high stages of the river.
Several years ago an attempt was made to divert sufficient water from
the west channel to remove this bar, by constructing a wing-dam. The

-object in view was not accomplished. The west channel is, and will

probably continue to be, the best for navigation, and it is possible
that it may be necessary to entirely close the other. It is obstructed
by aledge of rocks, which, from all appearances, is the same on which




APPENDIX .J J. 1031
the gravel-bar at the head of the east channel rests, while the island
between the two channels is a deposit of gravel and alluvium dropped
below the ledge by the current, and afterward overgrown by vegetation.
The gradual growth of this island has contracted the water-way, causing
considerable erosion of the banks on both sides of the river. Forty-
seven cubic yards of rock were removed from this ledge during the past
summer, greatly improving the west channel.

ROCKY RAPID,

about 39 miles below Corvallis, was the next obstruction. A ledge of
basaltic rock crops out from the east shore at low-water mark with a
dip of about 4 degrees, running under water. On top of the ledge were
a namber of" loose fragments of rocks of various sizes, which had from
time to time injured steamers. These pieces were broken up by blast-
ing, and a rough wall built with them on the ledge near the shore. An
isolated rock was also removed from the channel. The bar is now in
good condition, and has a depth of over 4 feet at low water upon it.

EOLA BAR,

forty-two miles below Corvallis, is the only obstruction between Rocky
Rapid and Salem. The channel is shallow and very crooked, and gen-
erally gives trouble toward the end of the low-water season. No work
has heretofore been done upon it, but wing-dams will be constructed
this season.

Salem, the capital of Oregon, is 45 miles below Corvallis, and about
58 miles above the falls at Oregon City.

The first obstruction below Salem occurs at

M'CLOSKEY’S CHUTE,

nine miles distant. The river here divides into two prineipal channels,
the eastern and western. The latter, after losing a large portion of its
volume through an arm which leaves it a short distance from its head,
spreads over a shallow bar, and the difficulty occurs at that point.
Although the volume of the east channel, which is the straighter and
must eventually be the main one, has increased somewhat within the
last two years, still, as yet, the western carries by far the greater amount
of water, and will be used probably for the next two years. As the
snag-boat was being towed up the river, it was left here for a day or
two and raked the channel, improving it somewhat, and showing what
can be done if the boat should be furnished with sufficient power. Dur-
ing the present season wing-dams will be constructed here, which it is
hoped will assist materially in sluicing a channel through the bar.

LONE TREE BAR,

eleven miles below Salem, gave a great deal of trouble previous to the
fall of 1875. The river is 900 feet wide during ordinary stages, and 400
feet during low water; a wing-dam 1,430 feet long was constructed,
under the supervision of my predecessor, which increased the depth on
the bar from 18 to 36 inches; the dam was somewhat injured by the .
freshets of the winters of 1875-776 and 1876-"77, and will be repaired
during the present season. '
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GERVAIS SLOUGH,

about 18 miles below Salem, is now the only channel at low water, the
crooked arm formerly the principal channel, known as Biterman’s Bend,
having become closed by drift and gravel-bars. During the past winter
the floods stripped the vegetation from the lower end of the island,and
caused a great deal of erosion at the same point; the next high water
will probably complete the removal of this tongue of land, and greatly
improve the river here.

BENNETT’S DREAD SLOUGH.
-

This slough is 22 miles below Salem; the volume of water passing
through it is more than triple that of two years since, the minimum
depth having increased from 6 to 24 inches; erosion of the bottom is
progressing so rapidly that in a year or two more this will probably be
the steamboat-channel; the change is due partly to the removal of
snags, and partly to the dam constructed at Union Bar in 1875, whereby
a greater velume of water passes down the slough ; should it become
the main channel, as is expected, 1,800 feet in distance will be saved
and two difficult bars, ¢ Union” and “Bennett’s Dread,” avoided. At

CAREY’S BEND,

thirty-six miles below Salem, the channel is more direct than it was last
year, and it is probable no work except the removal of snags will be
required.

POLALLEY BAR,

fifty-three miles below Salem, gives trouble this season ; there are two
channels, one in the middle of the river, the other along the west side;
two minor channels leading from the main stream above the bar will be
closed this season, and a wing-dam constructed so as to deepen the
channel in the middle of the river.

A short distance below Polalley Bar basaltic rock again appears, and
we find

BISSELL’S ROCK.

The removal of about 100 yards of rock would greatly improve the
channel here; hitherto buoys have been located on the rocks, but all
have been carried away ; new ones have been made which will be placed
in position during the present season.

Just below Rock Island, and about 3 miles above Oregon City, we
find

DOVE’S ROCK,

a dangerous obstacle at certain stages of the river. This rock is nearly
level, and stands about 6 inches on an average out of water, at the
lowest stage, but at all times when it is covered with from 1 to 5 feet
water the current sweeps over it with such force as to make it very diffi-
cult for descending steamers to make the sharp bend in the channel
necessary to avoid it ; one steamer has been wrecked here, and others
injured; at low-water and during floods there is no trouble. I think it
best here to widen and straighten the channel so that steamers descend-
ing will pass between Dove’s Rock and the ledge to the right of it, in-
stead of making the sharp turn now necessary to pass to the left of it;




APPENDIX JJ. 1033

a channel 75 feet wide can be obtained by removing about 300 cubic
yards of rock, which can be blown off into deep water, and the channel
raked.

The foregoing completes the list of impediments to navigation be-
tween Corvallis and Oregon City.

A careful observation of the river during its lowest stage for the past
two years has shown how the obstructions at the gravel-bars occur;
take for example McCloskey’s Chute, 9 miles below Salem, which always
gives trouble during the early part of the season. During the higher
stages, the depth of water and the velocity of the current are nearly
uniform all over the bar, the small irregularities not affecting sensibly
the general flow of the current; but by the time the water has nearly
reached its lowest stage, the surface of the bar presents several dry
ridges, separated by shallow channels, neither of them deep enough to
be navigable; erosion continues most rapidly where the gravel is ﬁnes’c
and here the Volume and current increase, the other chauuelb being in
proportion, until nearly the whole body of the river passes through one
channel, after which there is plenty of water for the rest of the season.

The first flood, however, fills up the new channel, and every season
the two processes are repeated from one to three months, each spring
and summer being consumed in forming a new channel, navigation
during this period being seriously interrupted. A small steamer pro-
vided with a seraper and pile-driver could in a few days open each of
these channels, and the current following the scraper would keep them
open throughout the season.

OPERATIONS DURING THE FISCOAL YEAR.

Work has been in progress during the fiscal year, constructing win g-
dams and removing rocks under contract, and removing trees, stumps,
and snags with the United States snag-boat. The work done under
contract in the summers of 1876 and 1877 has been as follows:

Name of locality.

Distance from Port-
land, in miles.
Cubic yards of rock
excavated.
Totallength of dams
built, linear feet.
Former depth of the
steamboat-channel.y
Present depth of the
steamboat-channel

Half-Moon Bend, upper bar
Half-Moon Bend, lower bar ...
Bower’s Bar

Pine-tree Bar

Upper Fickel’s Bar
Black-Dog Slough

Lower Fickel's Bar

Above Buena Vista Bar ....
Buena Vista Bar

Long Crossing Bar
Humphrey’s Rocks

Rocky Rapid

(*) Dam built in June, 1877,

The two last columns show the actual increase of depth gained by the
improvements at all bars, except Buena Vista and Lower Fickel’s, where
it is much greater, the channel at these localities having been entirely
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changed, crossing the bars at points where formerly there was from 6
to 12 inches of water only. The total work under contract consisted,
therefore, in construeting 4,732 feet of dams, and excavating 71} cubiec
yards of rock.

THE UNITED STATES SNAG-BOAT.

The opening of the fiscal year found the snag-boat engaged near what
is known as the ¢“Turntable” in the Centennial Slough; alarge quantity
of drift had accumulated here, so thick that, in the words of the master
of the snag-boat, ¢ it was almost as bad as going through thick woods.”
The boat was continually engaged on the river until November 10, be-
tween Peoria and Oregon City, and on that day was laid up for the
season on account of high water. During this period 552 trees, logs,
roots, &e., were removed from the vicinity of various localities, as
follows:

Centennial Slough

Foot of Palmer’s Prairie ..... 3 o s o 1 i v smime: il v i oy i e B pm S5 o
Hogue’s Slough and Corvallis .. oo e iiecae i i it i it iicecdce e e ae s
Half-Moon Bend and Bower’s Bar

Buena Vista

Eola Slough .o i it it i i e e cme e e e i nmae e

Mouth of the LiucKIamUbe . - cc o am s sum s 5 mieim mie smmiss o am & 5 5 5058 55 508 & 55 5600555
Independence and Gervais Slough

Below Salem

552

Total cucn ccee i iecccecaccmacaec e vacscacccace caccancccecnce saceons

Many of these were enormous trees, necessitating blasting with giant
powder before they could be removed. In November, the river being
too high for work of removing snags, the boat was sent to the assistance
of the wrecked steamer Bonanza, and succeeded in saving her when she
had been almost given up as a total loss; the services of the crew while
engaged upon this work were paid for by the owners of the steamboat,
the Uunited States being at no expense in the case.

After the close of the season, the snag-boat was beached at Portland,
and an examination of her hull showed it to be so badly decayed as to
render a new one necessary. By authority of the Chief of Engineers,
an agreement was made for the construction of a new hull of very light
draught on plans prepared in this office, the builder to receive the old
hull and $1,800; the work was commenced early in Mareh, and by April
30 the new snag-boat Corvallis was completed, the machinery and the
upper works having been transferred to her from theold one. On May
1 the boat was put in commission, and early in the month towed up the
Willamette to the vicinity of Peoria, from whence she dropped down
stream, removing snags as she descended. At the Centennial Slough,
last winter’s flood had brought down a large quantity of dritt, which
had formed a jam about 1,200 feet below the head, filling the steamboat-
channel and forming an almost solid raft from the point of obstruction
to the head of the slough; beside this, the river for about 1,000 feet
above the slough was almost closed by drift; the boat cleared a chan-
nel through this about 100 feet wide, and at the close of the fiscal year
was at work in the vicinity of Corvallis. During this period 349 snags,
roots, trees, &c., were removed, making a total of 901 removed during
the fiscal year. During the present season it is proposed to continue
operations, removing snags, trees, &ec., from the channel, and to con-
struct about 4,000 linear feet of wing-dams at Buena Vista Bar, Eola
Bar, McCloskey’s Chute, Lone-tree Bar, and Polalley Bar. Should
improvements be needed at other bars, as we descend the river, they will
be made.
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The project now presented consists of the following :

To build 6,000 feet of cut-off dams and 8,000 feet of wing-dams, and
construct a snag-boat with scraper and pile-driver for work above Cor-
vallis ; to add propelling power, scraper, and pile-driver to the present
snag-boat for work below Corvallis; to remove portions of Bissel’s and
Dove’s Rocks above Oregon City, and to make a complete survey between
Corvallis and Portlaud, a distance of 114 miles. The estimated cost of
this project is as follows:

6,000 feet of cut-off dam, ab $3..occue ioeirirmenr somecarmeaacatacacacans $18, 000 00
8,000 feet of wing-dam, at $2.. ceeeeriiai o cii i eaa oo 16,000 00
New snag-boat above Corvallis. .o coceeeeo oo civacecncacans cemaeenaaaaaa 12,000 00
Improvement of snag-boat below Corvallis...ooeooeoorcaimaiiiaa i as 6,500 00
Survey between Corvallis and Portland, 114 miles......comoiaaaaaan oo ot 12, 000 00
Maintenance of two snag-boats, each six months, at §300 per month, each
VA0S £ 2.ee iecimim mooorm oim oo i e imim o mim i mrmimim e 2 o i m o o i S b s s gesmes  J05800 00
Removing 100 cubic yards Bissel’s Rock, at $9..ccee ceeeaeaimmae et 900 00
Removing 300 cubic yards Dove’s Rock, at $5. - e ceveoeeceaneecieeeeaaee 1,500 00
Contingencies and engineering....c.vaveseeeceiocmcecacoecaccaeanemcnns 2,300 00

S DY X

An annual appropriation of about $12,000 will be required to keep the
snag-boats in order and run them.

The following statistics required by the act of June 23, 1866, are re-
spectfully submitted :

The appropriations for this work have been as follows :

Act of March 3, 1871 .o e e e e ee ceeeceeecmcecmccce e aeaeaneeaaaa $16,000 00
Act of March 3, 1873 . o0 oo it i it ciciceeaececetceenceeeee e eeee 3,000 00
Act of June 23, 1874 L. o i e i e e citeccce e teee e taemeeeaeeae 1,500 00
Act of March 3, 1875 -« o e e came e ccee cmceccce e i smceon cecaae caea - 25,000 00
Act of August 14, 1876 . ccon e ce e ce e ie celececcce e ceeecseennneae e aae 20,000 00

71,500 00

Of this amount $57,258.22 has been expended to date. The project
now submitted calls for the construction of certain dams, and building,
and maintenance for one year, of snag-boats at a cost of $80,000; of this
amount $50,000 can be profitably expended during the next fiscal year.

This river is in the collection-district of the Willamette ; Portland, Oreg., is the
nearest port of entry, and the nearest light-houses and works of defense are at the
mouth of the Columbia River..

The amount of revenue collected at the port of Portland, Oreg., during the eleven
months ending June 1, 1877, was $125,317; the value of the imports was $388,476, and
of the exports $2,509,159 ; 177 vessels with an aggregate tonnage of 152,961 tons entered, -
and 153 with a tonnage of 144,296 tons cleared during the same period. There are four
companies now running boats on the Upper Willamette River, as follows: the Willamette
Transportation and Lock Company, U. B. Scott & Co., the owners of the 8. T. Church,
and the owners of the McMennville.

During the eleven months from July 1, 1876, to June 1, 1877, the Willamette Trans-
portation and Lock Company carried through their locks at Oregon City the following :

Seven thousand six hundred and seventy-seven up-passengers ; 7,141 down-passen-
gers; 6,008 tons of up-freight ; 57,452 tons of down-freight; of the latter, 49,699 tons
was wheat and flour.

] The steamer 8. T. Church ran only a few weeks during the year, and carried the fol-
owing :

One hundred and twenty-five passengers up-stream; 150 passengers down-stream ;
100 tons of up-freight; 3,000 tons of down-freight; of the latter, 2,900 tons was wheat.

I was unable to procure information from fhe other companies in refer-
ence to the amount of business done by them.

The commerce of this river is increasing, but I cannot give an estimate
of the amount that will be benefited by the completion of this work;
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the navigation to be improved extends from Portland to Eugene City,
a distance of 172 miles.

Abstracts of proposals and contracts, a statement of funds, and 9
charts, showing location of work done during the year, are transmitted
herewith.

Money statement,

July 1, 1876, amount available «cococoeiiiii i iaas vnaaas $8,038 25
Amount appropriated by act approved August 14, 1876...... 20,000 00
———— $28,038 25
July 1, 1877, amount expended during fiscal year ........... 13,796 47
July 1, 1877, outstanding liabilitieS.cccee ceeeen vamaaennanana. 2,157 45
' —_— 15,953 92
July 1, 1877, amount available.... .o aeanaaa. .l e e o e ms i, K e 12,084 33
Amount (estimated) required for completion of existing project.......... 80,000 00

Amount that can be profitably expended in fiscal year ending June 30,1879. 50,000 00

Abstract of proposals for building wing-dams in the Upper Willamette River, Oregon, opened
by Maj. John M. Wilson, Corps of Engincers, February 8, 1877.

more

No. Names and residences of bidders. Remarks.

or less, per
linear foot.

5,000 feet wing-
dams,

1 | Grant & Stone, The Dalles, Oreg ........ $1 90 | Contract awarded.
2 | Joseph Paquet, Oregon City, Oreg....... 2 40 | No guarantee accompanying proposal. Bid
3|

thrown out.

| Peter Paquet, Oregon City, Oreg........ 2 40

Abstract of contracts for the improvement of the Upper Willamette River, Oregon, in force
during the fiscal year ending June 30, 1877.

Class 1. | Class IT. | Class III.
coedei - Vi
¥ . g o8 3 E E-:
Names and residences of contractors. Date of contract.| . 5~ o 2« Z- = gi
SHH oot 5]
= 2 & | 385 | 8=
o <@ % P =D S@d .
= =g g c 2 S Ege
= cozag g o.n cz28
= SSEE | §HA | 8=24
& = = 5
1 | Peter and F. X. Paquet, Oregon City, Oreg..... Sept. 6,1875..... 81 80 $15 00 |.../cvame
2 | Grant & Stone, The Dalles, Oreg.. . cecaveeeaans TAbSS6IRTY. b A ST NNEs | N &1 90
|
JJ 3.

IMPROVEMENT OF THE UPPER COLUMBIA 'AND SNAKE RIVERS, OREGON
AND WASHINGTON TERRITORY.

The portions of these rivers to be considered, and for which appro-
priations have heretofore been made, consist of the Columbia River from
Celilo, 240 miles above its mouth, to its junction with the Snake River,
a distance of 117 miles, and the Snake River from its mouth to Lewis-
ton, a distance of 149 miles, making a total length of 266 miles to be
improved. Within this stretch of river-navigation there are 25 rapids,
nearly all of which will require improvement before the river can be




APPENDIX JJ. 1037

navigated with safety, and many of which require immediate work in
order that steamers may ascend to Lewiston, Idaho, during the low-
water season. A careful reconnaissance of all these rapids has been
made by myself, and surveys have been made of some of them under
my direction during the past fiscal year, and I am now able to give a
general description of them, and to present a project for the improve-
ment of these rivers from Celilo, Oreg., to Lewiston, Idaho.

THE COLUMBIA RIVER.

Starting from Celilo, the terminus of the railroad around the Dalles
of the Columbia, the first difficulty is encountered at

FIVE-MILE RAPID,

about that distance above. This place requires skillful navigation, but
is not considered by pilots very dangerous. To improve it would re-
quire a large outlay owing to the length and massive character of the
rock. No work is proposed here at present.

LOWER JOHN DAY’S RAPID

is 10 miles further up. At this locality two rocks in the channel, esti-
mated to contain about 100 cubic yards, require removal. One and one-
half miles above is

MIDDLE JOHN DAY’S RAPID.

A rock which formerly greatly obstructed the channel here was re-
moved in 1874, and no further work is required at present.

UPPER JOHN DAY’S RAPID

is about a mile above. There are two channels here, one on the north
and one on the south side. The improvement of this locality is of first-
class importance, and the removal ot about 400 cubic yards of rock from
the channel is necessary to render it navigable without danger.

INDIAN RAPID,

three miles above, does not require attention at present. At some fu-
ture day it may be deemed necessary to remove some rock lying at the
head of the rapids.

SQUALLY HOOK RAPID

is next in order, and 3 miles above. The lower portion of this rapid
has been much improved during the past season. At a low stage of the
river loaded boats descending will be obliged to drift around the bend
which the channel makes, but this can be done with safety and but
little delay, and no trouble will be had by boats ascending. Any fur-
ther improvement will require the removal of a large quantity of rock,
and is not recommended at present.
Four miles above is
ROCK CREEK RAPID,

a place where there are three channels. The main one, which should
be used for running down stream, is obstructed by a single rock in mid-
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channel; this channel is on the south side, and has too swift a current
for running up stréam. The middle channel is used by boats ascending,
and is good for that purpose, but has too sharp a bend for coming down.
The north channel is used at present for boats descending, but is narro'v
and very shoal at low-water. The rocks to be removed here are the one
in the main channel, one which divides the middle from the north chan-
nel, and a small one on the lower side of the middle channel, aggregat-
ing in all about 100 cubic yards.

OWYHEE RAPID

is 10 miles above. A large rock was removed from the channel here

during the winter of 1876’77, and, although the rapid requires skillful

navigation, no further work is deemed necessary at present.
Twenty-three miles above we find

CANOE ENCAMPMENT RAPID.

No material difficulty is experienced in passing this by daylight, and
no work is deemed necessary at present.

DEVIL’S BEND,

20 miles beyond, is a difficult and dangerous place, requiring improve-
ment; five rocks should be removed from the channel here, aggre-
gating in all about 150 cubic yards. Iour miles above Devil’s Bend is
the town of Umatilla, from whence a line of stages run, crossing the
Blue Mountains and connecting, via Pendleton, Baker City, and Boise,
with the Central Pacific Railroad at Kelton, Utah. Six miles above
Umatilla we find the

LOWER UMATILLA RAPID. .

The channel here is very crooked and its improvement of primary im-
portance ; at least 225 cubic yards of rock should be removed ; the work
can be easily accomplished, as the current at the stage at which it should
be dene is comparatively slack, not exceeding 4 miles an hour.

A short distance above is

MIDDLE UMATILLA RAPID,

where the channel is difficult and dangerous to navigate; two rocks lie
abput 60 feet apart, one on each side of the channel at the head of the
rapid ; the one on the left ascending should be removed ; it is about 80
feet long and 10 feet wide, with a depth of about 14 feet upon it at low-
water; there are two other roeks lying directly below-it, at a distance,
of about 200 and 300 feet respectively, both on the same side of the
channel, which require removal ; the total to be removed from this rapid
is about 150 cubic yards.

UPPER UMATILLA RAPID

is a short distance farther up; work has been in progress here for the
past three years, improving the high-water channel so as to render it
available at all stages of the river; it has now a width of 70 feet at low-
water, which should be increased to at least 100 feet; the former low-
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water channel is long, crooked, difficult, and dangerous, expecially with
a large boat, and a variation of 15 or 20 feet either way from the narrow
channel would result in disaster. To complete the high-water channel
so as to render it available at all stages of the river will require the re-
moval of about 300 cubic yards of rock in addition to the work now
under contract. About 10 miles above is a locality known as

MILL ROCK.

This place is difficult to pass after dark, and requires skillful naviga-
tion at all times. . It is not, however, considered dangerous by pilots,
although in descending with a well-laden boat very careful handling is
required. No work is proposed here at present.

The town of Wallulais located 9 miles above. It is the terminus of
the Walla-Walla and Columbia River Railroad, a narrow-gauge road,
32 miles long. The only remaining obstruction between Mill Rock and
the mouth of the Snake is

HOMLY RAPID,

6 miles above Wallula. The larger and more serious obstacles were re-
moved from this rapid last year, but the river is shoal and bowlders are
liable to accumulate, being brought down by floating masses of ice.
“To open this channel so as to render it safe at all times will require
the removal of about 75 cubic yards of rock. Irom Homly Rapid the
river presents a good channel to the mouth of the Snake.

THE SNAKE RIVER.

Entering this river we find some bowlders a short distance above the
mouth which lie in the deeper portion of the channel, and although
their removal is not immediately necessary, still at some future day it
will be found advantageous to take out at least three of them, and thus
permit steamers to pass over a deeper channel than they now use. The
first serious obstacle is encountered at

FIVE-MILE RAPID,

situated about that distance above the mouth. This calls most impera-
tively for improvement, and is not only dangerous, but almost impass-
able at low-water. There are four rocks requiring removal, aggregating
in all about 350 cubic yards.

Five miles above is a locality known as

THREE ISLANDS.

_ About 60 yards of rock could be removed here with advantage, but
as it is not deemed absolutely necessary, it is not recommended for the
present.

FISIH-HOOK RAPID,

16 miles from the mouth of the Snake, is about 1 mile in length and
consists of three belts or reefs. One rock at the head imperatively de-
mands immediate removal, and work is required on each of the reefs,
aggregating about 300 cubic yards in all.

The next obstruction is at
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LONG CROSSING BAR,

about 15 miles above Fish-Hook Rapid. The channel here is shoal,
with a bottom of rock and large bowlders. Two rocks which stand in
the channel opposite to about the middle of the island should be re-
moved, and some of the bowlders should be taken from the edge of the
reef at the upper end. The aggregate amount to be removed here is

about 200 cubic yards.

Two miles beyond is
PINE-TREE RAPID,

. a very long and dangerous rapid, exceedingly difficult to navigate ex-
cept at high-water. While endeavoring to pass this in the autumn of
1876, the steamer upon which I was traveling, although drawing only
about 2 feet of water, struck twice and filled four compartments of her
hull, and in spite of urgent effort was obliged to return without eross-
ing. The channel, however, was greatly improved during the winter of
1876’77 by making a cut through the massive reef at the upper end,
hitherto impassable at low-water, and removing about fourteen other
rocks. Much work is still required here ; many bowlders must be re-
moved and the chute through the upper reef widened. The aggregate
amount to be taken out is about 650 cubic yards.

| MONUMENTAL ROCKS

are about 8 miles above Pine-Tree Rapid. A reef stretches across the
river here over which steamers must pass, and at low-water it is a dan-
gerous place. The channel is broad, but crooked and shallow. Sowme
high points of rock on the reef, principally from the right side of the
channel ascending, require removal, the aggregate amount being about
250 cubie yards.

FALSE PALOUSE

is about 12 miles farther up. The channel lies between massive rocks
and is narrow, but deep and straight. It should be widened by the re-
moval of about 150 cubic yards of rock. Five miles above False Palouse,
and nearly opposite the mouth of Palouse River, is

PALOUSE RAPID,

a wild, dangerous place, where the river, at low-water, dashes through
a narrow channel, forming a natural canal through the rocks; the cur-
rent is rapid, and navigation dangerous; at least five rocks, agaregating
about 300 cubic yards, urgently call for removal at this place.

About 10 miles above Palouse we find,

TEXAS RAPID.

The river here has the strongest current and greatest fall in a short dis-
tance of any place below Lewiston. The rapid is about 1 mile long, and
the fall is said to be over 15 feet. No really distinct channel exists at
low-water, the river being so much divided by ledges of rock; one line,
more distinct than the rest, will be selected for widening, and its im-
provement will require the removal of about 700 cubie yards of rock.

From Texas Rapid to Lewiston the river is in a favorable condition for
navigation, with a good gravel bottom, although shoal, and is tolerably
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free from obstructions, except at a point about 4 miles below Lewiston,
where several rocks in a bend of the channel may ultimately require
removal. This is, however, not immediately necessary. At

STEPTOE RAPID,

20 miles below Lewiston, there is a gravel bar where the construction of
a wing dam may eventually be necessary. There are numerous other
gravel bars, but they do not give much trouble.

The foregoing shows the various obstrnctions to navigation between
Celilo and Lewiston. To recapitulate, the work required will be the
removal of rocks about as follows:

Upper Columbia River. Snake River.

Name of rapid. Amount. Name of rapid. Amount.

Cub. yds. Cub. yds.
Lower John Day Rapid.. : 100 || Five-Mile Rapid 350
Upper John Day Rapid. . 400 || Fish-Hook Rapid . 3 300
Rock Creek Rapid .. : 100 || Long Crossing Rap : 200
Devil’s Bend Rapid ... - 150 || Pine-Tree Rapid.... 650
Lower Umatilla Rapid . 3 225 || Monumental Rocks . 250
Middle Uwmatilla Rapid .. ’ 150 || False Palouse 150
Upper Umatilla Rapid... : Palonse Rapid 300
Homly Rapid LoxXaBRADIA . & foiie S5 sad s weiats = £ 700

Total | ’ 2,900

Of the places mentioned there are six demanding immediate 1:1\])1‘0\*6-'

ment on the Snake River, namely, Five-Mile, Fish- Hook, Pine-Tree,
Monnmental Rocks, Palouse, and Texas Rapids, while on the C olumbm
additional work is much needed immediately at the Umatilla and John
Day’s Rapids.  Upon the completion of work at the six places named
on the Snake, the rivers may be pronoanced open to Lewiston, but the
navigation of the rapids will still require skillfal and careful pilots.

OPERATIONS DURING THE PRESENT FISCAL YEAR.

Owing to the river rising earlier than usual in the spring of 1876,
Messrs. Grant & Stone were unable to complete their contract of Octo-
ber 29, 1875, within the time prescribed, aud, in accordance with author-
ity from the Chief of Engineers, it was extended until April 1, 1877,

In July, 1876, proposals were invited for removing 200 cubic yards,
more or lesb. of rock from the channel at the Upper Umatilla Rapids,
and on Anfmst 30, the work was aw: arded to Mr. J. B. Montgomery, of
Portland, Oreg., th lowest bidder, at the rate ot $31 per cubic u'd '

By the act ot bomness approved August 14, 1876, an dppmprmtlon of
15,000 was made for the 1n1provenmnt of the Upper Columbia and
Snake Rivers, and it was determined to apply it to the improvement of
Squally Hook R apid, Columbia River, and Pine-Tree Rapid, Snake
River, and to remove about 100 cubic. yz ards of rock from the former
and about 480 yards from the latter. As the season for operations was.
near at hand, by authority of the Chief of Engineers, instead of adver-
tising, letters were at once addressed to the various contractors who had
hitherto bid upon work of this character, requesting them to inform the.
engineer in charge by November 10, 1876, at what rate per cubic yard-
the§ would remove the amounts nlenuou d from Squally Hook and Pine-
Tree Rapids.

66 B
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Proposals were received from three parties, and the work was awarded
to Messrs. Grant & Stone, the lowest bidders, for Squally Hook, at $23,
United States currency, per cubic yard, and to Mr. J. B. Montgomery,
the lowest bidder, for Pine-Tree Rapid, at $24.75, United States cur-
rency, per cubic yard, and contracts were made with these parties
accordingly.

Operations were commenced under the contract of  October, 1875, of
Messrs. Grant & Stone, at

OWYHEE RAPID, COLUMBIA RIVER,

early in December, the contractors having been on hand for two or three
weeks previously with their men and plank awaiting the necessary fall
in theriver. The work to be done at this rapid consisted in the re-
moval, to a depth of 6 feet below dead low-water, of a large rock on the
south side of the channel. On December 11 this rock was carefully
surveyed, and found to contain 67.57 cubic yards. The work of drilling
was at once commenced, and was progressing well when, on the 16th,
the contractors, who had met with many misfortunes under their con-
tract, were again subjected to a fearful accident, caused by the explo-
sion of dynamite while being thawed, resulting in the killing of two
men who were in the powder-house and the entire demolition of the
building. The cause of the accident cannot be explained, as the only
men in the building were killed. The man in charge of the powder had
had counsiderable experience in its use, and had been employed by the
contractors on that account. Operations were temporarily suspended,
but again renewed the latter part of the month, and the removal of the
rock completed early in January. The crew and plant were then taken
down the river, and work commenced at once at

SQUALLY HOOK RAPID.

A ledge of rock extending into the channel at this place rendered
navigation difficult and dangerous, steamers descending being obliged
to drift very close to the ledge. After a careful survey it was deter-
mined to apply the remainder ot the work to be done under the old con-
tract of Grant & Stone (about 50 yards) and that under their new con-
tract to this locality, and to widen the channel about 40 feet. The
work of drilling and blasting was commenced on January 22, 1877, and
by the close of February 150.06 cubic yards had been removed, the in-
creased width desired obtained, and, the contracts having been com-
pleted, operations were suspended for the season.

The channel here has been greatly improved. DBoats descending are,
however, still obliged to drift around the bend during low-water, but as
this can be done with safety and but slight delay, and, as any further
improvement would necessitate the removal of a large quantity of rock,
the continuance of work here is not recommended for the present.

The work of improvement at the

UPPER UMATILLA RAPID,

which consisted in widening the high-water channel, was commenced
under the contract with Mr. J. B. Montgomery on the 18th of October,
1876. Rocks knownas Nos. 18 and 19 were measured, and the work pro-
ceeded well, when, on the 24th, the river suddenly rose and rendered it
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very difficult to work. Operations were, however, continued until the
latter part of November, by which time 50 yards, the greater part of
rock No. 18, had been removed. The water being still very high, the con-
tractor asked authority to suspend work until a later date, when the
river would be lower, in order to commence upon Pine-Tree Rapid, in
the Snake River. This request was granted with the proviso that both
contractsshould be completed within theallotted time. Work was accord-
ingly suspended, and, after the completion of operations at Pine-Tree
Rapid, was renewed in the latter part of February. It was presumed
that low-water would continue until the last of March, but the Snake
River suddenly rose, raising the Columbia several feet and increasing
the velocity of the current at Umatilla Rapid, so that it was impossible
to work the drills; the contractor made every effort to continue opera-
tions, but finding the river still rising, he suspended work about the
middle of March and secured his plant from danger for the season. In
consideration of the circumstances, the time of completion of this con-
tract was extended until February 28, 1873.

PINE TREE RAPID, SNAKE RIVER.

A careful reconnaissance of this rapid, made by the engineer in charge
daring low-water in the latter part of September, 1876, showed it to be
impassable at that stage for steamers drawing over 2 feet water. The
channel used even at a much higher stage was narrow, crooked, intri-
cate, anil filled with hidden rocks. It was determined toopen a straight
one through the rapid, which could be navigated at all seasons ot the
year. To do this required the removal of numerous rocks and the
opening of a chitte through the ledge at the head. Navigation on the
Snake having been suspended for the season, the contractor’s agent
started on November 25, 1876, from Wallula, Washington Territory, for
Pine-Tree Rapid, Snake River, a distance of about 43 miles, with the
crew and plant, the scow being towed by mmules on shore. Assistant
Engineer R. M. Tabor started across the country about the last of No-
vember, following the trail to the rapid, which he reached after two days’
ride, spending one night without shelter on the banks of the Snake. The
scow reached Pine Tree on December 2, after a hard trip, during which
the party had to contend with ice and snow. Shanties were at once
erected, and preparations made for a winter campaign. The nearest
post-office was at Wallula, about 30 miles distant by land, and the near-
est ranch from which supplies could be obtained was that of Mr. Mar-
ion on the Touchét River, abont 22 miles distant. With the assistance
of Capt. II. W. Baughman, a thoroughly efficient and reliable pilot of
many years’ experience on the Snake River, the worst rocks were at once
located, and drilling and blasting commenced. Operations were contin-
ued until February 22, 1877, being more or less interrupted by heavy
floating ice, and on that day were suspended, 477.57 cubic yards of rock
having been removed, and the contract completed.

The work done comprised the removal of 20 rocks, excavated from a
length of 850 feet of the worst portion ot the channel. Seven of these
rocks being a portion of the ledge at the head of the rapid, the channel
through which is now 49 feet wide and well marked by the current.

The actual amount of rock removed was as follows:

Cubie yards. Cubic yards.
Rock No. 1 ..... 5 SO O 65.56 | Rock No. 4 ..cccavanne...... ol e 3.54
Rock No. 2 IO bHEROCKEN O H TR ST : Sece 1Rl
ROCKNO. 3 . ccoioeacicanccacn.nao. 44.88 | Rock No. 6 LAY
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Cubic yards. Cubic yards
Rock No. 7 et it icaaae e 23. 71 | Rock N0« 15 ccie vuw e o s vis oe onns 9,77
Rock No: 8 :vucis sonssncmas s smmsna 31.41 | Rock NO. 16 eooeeaooon coin el 23,54
Rock No. 9 voeoeeiiiiee i cea. 41,40 | Rock NO. 17 ceocae ceeiacceee eaeeen 3. 64
Rock No. 10 ecoot i caccee e 41.59 | Roek NO: 18 jguce ov cnew wassivs s il 4.99
Rock Nou 11 i m e s ic sii s o 515 = ama 17.56 | Rock N0. 19 oo it aen .. 49,51
Rock No. 12 oo ciicii i oo 3.86 | Rock N0. 20 .o iiiii e 52.45
Rock No. 13 cove vnceatvennnneanaas 0. 87 -
Rock Now 14 i s i s s cimem as 5 550 5% 65 2.39 Total .-.ccmeoicoi it LR 477.51

Although much has been done, much yet remains to be accomplished,
as the chanue], although stmwht is still narrow and dangerous; the
chiite at the upper end should b(, widened to at least 80 feet iy dnd all
rocks below, for a width of at least 100 feet, should be removed to a
depth of 6 feet below the level of the lowest low-water.

The work accomplished, therefore, during the fiscal year consists in
the removal of rocks from the rapids, as follows:

COLUMBIA RIVER.
Cubic yards.

From Squally Hook RaDIA: suwes s sowms wosmee o soss sm sias 6,55 50 656556 02 60 0 oniad 150. 06

From Owyhee Rapid .. .o oon i OT.BT

From, Tatillo: RAPIQ o v o sim moi onin o vis o svin v s wisis sibie s sits was B 2w 3 0 e 50. 00
SNAKE RIVE

From Pine-Tree Rapid ...ou oo i i i eiceececcee eean 477.51

TOLAL e fiom idemss o miin o7 51 i & 6005 516wl bid o6 orh e wdie wmin'e: wrole oloas 3 SU LT 745,14

Mr. R. M. Tabor, assistant engineer, deserves credit for the energy,
care, and attention he has shown in the progress of the work.

During the coming season it is proposed to complete the work at the
Upper Umatilla Rapid, under the contract of J. B. Montgomery, by re-
moving 150 cubic yards of rock. The work will be confined to rocks
19, 20, 25, 26, and 27, on the north side of the upper end of the channel,
Buoys will be permanently attached to the rocks on each side at the
head of the channel. It is hardly necessary for me to again call atten-
tion to the necessity of continuing this work, as so much has already
been said. The country east of the cascades is rapidly becoming a mag-
nificent wheat-garden, and the export of grain during the coming season
will be enormous. If farmers could only be certain of getting their grain
to market in the fall, the vicinity of the Snake River would soon be
fully settled, and extensive wheat fields, yielding from 30 to 40 bushels
to the acre, would cover the whole country. The population of this sec-
tion has been greatly increased during the pasy year, but the fear of not
being able to send their crops to market at once, on account of the im-
possibility of navigating the Snake River Rapids during low-water, has
deterred many settlers from locating there.

The following information, required by the act of Congress approved
June 23, 1866, is rebpccttum submitted:

The dppl()plhltl()ljb for this work have been as follows:

Act of June 10,1872 ... ool PYSTIMNY. (3 % NP 16 $50, 000 00
Act of June 23, 1874 .. caman o sow sww moc swie miwn s 0w wois o milililie /e s mais wes s 20,000 00
Acct of MareR 3, 1815 . cuiw o m v0m = o5 wvs 5 w0 5 00 wwin 5 5 5 D25 S0 451618 .81m = o 1o aim = 35, 000 00
Act of Angust 14,1876 .o ooon i i e e e e e enaea . 15,000 00

Totalcics oi wsn s’ wvms vme sme s o & 5w o wm mews ve om o om b o o § nsmee o s e i 1202000RI(

Of this amount $114,249.91 has been expended to date—$101,694.62
on the Columbia River, at John Day’s, Squall\ Hook, Owyhee, Devil’s

Bend, Umatilla, and Howmly Rapids ; and $12,555.29 on the Snake River,
at l’m ‘Tree Rapids. The project now submlttcd calls for the mmoval
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of 1,500 cubic yards of rock from the Columbia River above Celilo, and
2,900 cubic yards from the Snake River, between its mouth and Lewis-
ton, the estimated cost of the whole of which is $132,000. Of this
amount $66,00i can be profitably expended during the next fiscal year.

These rivers are in the collection-district of the Willamette ; Portland, Oreg., is
the nearest port of entry ; the nearest light-honses and forts arve at the mouth of the
Columbia River, but troops garrison the posis of Walla-Walla, about 32 miles from
Wallula, and Lapwai, 12 miles from Lewiston. .

I am informed that the number of passengers and the amount of
freight carried by the Oregon Steam Navigation Company over their
portage road at the Cascades during the first eleven months of the pres-
ent fiscal year, was greatly in excess of the amount transported by them
during the same period in the last fiscal year, the excess arising to a
areat extent from the increased emigration to the vicinity of the Snake
River, and the rapid development of the country east ot the Cascade
Mountains.

The amount of revenue collected at Portland, Oreg:, during the eleven months
ending June 1, 1377, was $125,317 ; the value of the imports was $333,476, and that of
the exports was $2,509,159.

The number of vessels entering was 177, with an aggregate tonnage of 152,961 tons ;
the number of vessels clearing was 153, with an aggregate tonnage of 144,296 tons. I
is impossible to give an estimate of the amount of commerce that will be benefited by
the completion of this work, as it will increase as the country is developed. The navi-
gation improved will eover the whole of the Columbia and Snake Rivers, from Celilo
to Lewiston, a distance of 266 miles.

Abstracts of proposals received and contracts made during the year,
astatement of funds, and a chart of Pine-Tree Rapid, Snake River, show-
ing rocks excavated during the year, are transmitted herewith.

Money statement.

finly1, 1876, amonnt.available. ... ... ... . .. ..oiooo. $16, 007 10
Amouut appropriated by act approved August 14, 1876...... 15,000 00
—_—— 31,007 10
July 1, 1877, amount expended during fiscal year -.......... 25,257 01
July 1, 1877, outstanding liabilities .oco.ooceeiemaaniiaa.ns 155 00
_— 95,412 01
July 1,.1877, amountiayailable: ..ol s coAoitoiisa i calal Ll T i 5,595 09
Amount (estimated) required for completion of existing project.......... 132, 000 00

Amount that can be profitably expended infiscal year ending June 30,1879. 66,000 00

Abstract of proposals for excavating rock from the Upper Columbia River, Oregon, and Wash-
ington Territory, opened by Major John M. Wilson, Corps of Engineers, August 30, 1376.

Excavating 200 cubic
yards rock.

Remarks.

Names and residences of bidders.

Price per
cubie yard. Total.

Number.

J. B. Montgomery, Portland, Oreg.......cc.can.. $31 00 | $6,200 00 | Contract awarded.
Grant & Stone, The Dalles, Oreg ..coeveeeaan... 31 50 6, 30!

0 00

0 -
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Abstract of proposals for excavaling rock from the Upper Columbia and Snake Rivers, opened
by Major John M. Wilson, Corps of Engineers, November 10, 1876.

&5 O =
@R =} =
2 ]
- )
g% 2
o8 2
= =
Names and residences of bidders. E ° ‘ ° Remarks.
: FEE n
El §2=55 2
= ERH A ]
7 n
1 | Grant & Stone, The Dalles, Oreg ............ $23 00 ‘ $28 00 | Contract for Squally Hook
awarded.
2 | J. B. Montgomery, Portland, Oreg........... 27 50 | 24 75 | Contract for Pine Tree
| awarded.
3 | Thomas J. Stump, Wallula, Wash. Ter......|..cc........ | 28 50 | No bid for Squally Hook
| received.

Proposals for this work were invited by letter, without advertising, owing to the
lateness of the season, as per letter of authority from the Chief of Ingineers, dated
September 15, 1876.

Abstract of contracts for the improvement of the Upper Columbia and Snake Rivers, in force
during the fiscal year ending June 30, 1877.

|

é‘g o [ ;;3 3
FEE | #.n EE
SN 228 5%
t =S == Pl
=08 =i 5
Names and residences of con- | Date of con- | Subject of con- |E5° | SE 7 EE
tractors. tract. tract. ERZ S | 0ol e
P=zZ2Z | £ ol
2 52 m|H o =]
5] SEdo | 2% 2
= 20 =5 59-1 £ 2
Z |
1| J. B. Montgomery, Portland, | Sept. 2, 1876] Excavating rock..| $31 00 ‘ .......... " ..........
| Oreg. | |
2 | J. B. Montgomery, Portland, | Nov. 11,1876 | ...... 40 . sessewesss |oses issasn | $2475 |.omnnnnns
g A% , i ‘
reg. | .
3 | Grant & Stone, The Dalles, | Nov. 20,1876 |..-.-. A0 2 ¢ sparitoniase ¢ fupiuisvgm D | #2300
Oreg. i | |
{

CONSTRUCTION OF A CANAL AROUND THE CASCADES OF THE COLUMBIA
RIVER, OREGON.

By the act of Congress approved August 14, 1876, an appropriation
of $90,000 was made for the construction of a canal around the Cascades
of the Columbia River, in the State of Oregon, and by telegram of Ge-
tober 24, 1876, I was instructed to ¢ proceed at once with survey, plan,
location, and project of construction.” y

A preliminary reconnaissance was made in November, and early in
December aparty was placed in the field, in charge of Assistant Iingineer
C. M. Bolton, with instructions to make a careful and elaborate survey
of the country on the Oregon side of the rapids—upon which side the law
required the canal to be constructed—an accurate and rapid reconnaissance
of the Washington Territory side, a hydrographic survey of the river
above and below the rapids, with current-observations, &e., wherever
the work could be done without danger to life, and a close examination
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of the underlying material upon the line which should be finally selected
for the canal.

These instructions were carried out with great energy and skill by
Mr. Bolton, who, in spite of the inclement season, kept his party-at work
steadily, and by the early part of January the field-work was completed,
the party disbanded, and the work of preparing charts, plans, and es-
timates at once commenced.

On February 5, 1877, I submitted a preliminary report, which was laid
before Congress on February 26 ; and on April 12 I forwarded a full
report, with estimates, and a chart showing the proposed location ot the
canal.

PROPOSED ROUTE OF CANAL. ‘

As the law plainly states that the canal shall be in the State of Oregon,
the line was at once settled within certain limits by its terms, as the
prineipal conditions wonld require that it should be upon the shortest
available route, have the least number of locks possible, and be fed en-
tirely from the Columbia River,

The route selected, as stated in my report of April 12, commences on
the Oregon side, just above the main rapid, ruans through a plateau cov-
ered with heavy bowlders, mingled with sand and gravel, resting upon
bed-rock, and closely hugging the Oregon shore, is.continued after the
fall is made in the river proper by a crib-work breakwater about 5,000
feet long.

DIMENSIONS OF PROPOSED CANAL.

The dimensions of the proposed canal will be as follows:

Total length, including crib-work breakwater........... BRI TN T

Width in cutting at surface at Jow-water...a.ooecomsiois it iaeiiicann iaann 53
Width in cutting at bottom at low-water..ce .oee coen ciiniiin iiaeiie e naan 50
it s T e o A R A A R R S o S e 8

The fall at low-water, 26 feet, will be overcome by two locks; these
locks will be 250 feet long, 46 tect wide, with a’” depth of 8 feet on the
miter sill at dead low-water; the lifts w111 be 12 and 14 feet; there will
be a guard-gate at thé upper end of the canal, to be closed when repairs
are necessary or large quantities of drift ranning, or for a few days in
case extreme high-water equal to that of 1876 should again occur.

Estimates have been presented for a canal navigable at all stages
when the river is not closed by ice, and for one navigable when the
river is not higher than 25 feet above low-water; in the last nineteen
years there have been only two summers—those of 1868 and 1869—when
the freshet was not lnghu than 25 feet above ordinary low-water.

The estimated cost of the high-water canal, as previously submitted,
is 81,544,545 ; that of the canal navigable only when the water is nos
higher than 25 feet above ordinary low-water is $1,188,680.

SURVEY FOR CANAL ON WASHINGTON TERRITORY SIDE.

By telegraphic instructions from the Chief of Engineers, dated May
18, 1877, confirmed by letter, I was informed that while the act of Con-
gress approved August 14, 1876, upon which my project of April 12,
1877, was based, confined the canal to the Oregon side, still the act of
June 23, 1874, wqulrul an examination of both sides of the river,and that
et l)etou, uudutaklug an improvement of such magnitude a Lhorough
examination of the locality should be made, so as tu be possessed of all
data bearing upon its most advantageous location,”
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An allotment of $1,200 was made for a survey on the Washington
Territory side, and I was instructed to present a project in detail, with
estimates, for a canal on that side at the earliest practical moment.

The telegram reached me on Satarday, May 19, and on Monday, May
21, a careful preliminary reconnaissance on the Washington Territory
side was commenced.

As the Columbia River was rising rapidly, being 23 feet above low-

vater at the Lower Cascades, the object of this recounaissance was to
determine the most available route to be surveyed for a canal as soon
as the freshet should subside.

The ereek emptying into the Columbia River near the upper steam-
boat-landing, just above the falls, which was the only apparent available
route in this vicinity, was found to have but little rise for the first half
mile, but then divided into three smaller streams, which rose to lakes
about a mile farther, at heights from 225 to 300 teet, the ridge which it
would be necessary to cross being about the same height ; a canal by
this route was, therefore, deemed impracticable, except at a great ex-
pense, necessitating a high summit-level to be fed from the lakes.

The high water prevented an examination of the lower portion of the
slope bordering immediately upon the river; but the tendency to slide
of the material of which it is composed would render it a dangerous ex-
periment to cut a canal near the base.

From this reconnaissance it was thought that the best plan for a canal

. on the Washington Territory side would be to build a dam at the narrow

part of the river, abont 6,000 feet below the head of the main rapid, and
to cut a canal about 800 teet long through the land extending out into
the'river on the Washington side near this locality.

As a plan and estimate for such a work would necessitate a careful
and elaborate survey of the river with soundings on the proposed line
of the dam, no work could be done on account of the freshet and the
consequent increased velocity of the current.

On June 9 telegraphic instructions were received from the Chief of
Engineers, directing the suspension of the survey on the Washington
Territory side for the present.

During the season of 1877-1878 it is proposed to-continue the prepara-
tion of detailed plans of locks, gates, crib-work, &e., and to take such
action in reference to commencing construction as may be ordered by
the Chief of Engineers.

In the survey and the preparation of the plans and estimates for this
work, I have been greatly indebted for earnest, able, and energetic as-
sistance to Assistant Engineer C. M. Boltou, who has displayed zeal and
ability in the discharge of the duties assigned to him,

The following statisties required by the act of Congress approved June
23, 1866, are respectfully submitted:

Up to this time §90,000 has been appropriated for this work, being
the amount named in the act of August 14, 1876; of this sum $4,616.65
has been expended to date in surveys and preparation of charts, plans,
estimates, &c.

Theestimated cost of the project submitted is $1,544,545; of this amount
8300,000 can be profitably expended during the next fiscal year.

The Cascades of the Columbia River are situated in the collection-dis-
trict of the Willamette. The nearest port of entry is at Portland, Oreg.,
G5 miles distant ; the nearest light-houses and fortifications are at the
mouth of the Columbia River, about 160 miles distant.

Taminformed that the number of passengers and the amount of freight
passed over the portage railroad at the Cascades by the Oregon Steam
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Navigation Company daring the first eleven months of this fiscal year
are largely in excess of the number and amount transported during the
same period in the last fiscal year.

The amount of revenue collected at the port of Portland, Oreg., from
July 1, 1876, to June 1, 1877, was $125,317; the value of the imports
was $338,476, and of the exports $2,509,159;5 177 vessels, with an aggre-
gate tonnage of 152,961 tons, entered, and 153, with an aggregate ton-

nage of 144,296 tons, cleared. At the port of Astoria, Oreg., during the
same period as above, the revenue collected was $26,378, the valne of
the imports $24,315, and of the exports $1,488,929; the number of' ves-
sels entering was 180, with an ageregate tonnage of 200,136 tons; the
number of vessels clearing was 194, with an aggregate tonnage of 212,564
tons.:

By the construction of the Cascade canal, direct navigation of the
Columbia will be opened to the Dalles, a distance of 50 miles beyond
the Cascades; the amount of commerce to be benefited cannot be given
in figures, but its great increase is anticipated from the fact that the
very extensive wheat-growing region east of the Cascades is being rap-

! idly settled. i

Charts showing the line of the proposed canal and the river in the ”

vicinity, and also a statement of funds, are transmitted herewith.

Money statement.

Amonnt appropriated by act approved August 14,1876 ... ... ... ... $90, €00 00
Jaly 1, 1877, amount expended during fiscal year. .. ... ... ..o ... 4,616 65
-

3 35

July 1, 1877, amount availalle

Amount (estimated) required for completion of existing project......... 1,459, 136 40
Awount that can be profitably expeudedin fiscal yearending June30,1879. 500 000 00

JJ s

EXAMINATIONS WITH A VIEW TO ESTABLISHING A HARBOR OF REFUGE
ON THE PACIFIC COAST. .

REPORT OF THE BOARD OF ENGINEERS FOR THE PACIFIC COAST.

OrricE BoARD OF ENGINEERS FOR THE PAciric COAST,
San I'rancisco, Cal., February 14, 1877,

GENERAL: In compliance with the instruetions of the Department of
May 9, 1876, enclosing a resolution of the House of Representatives of
April 29, 1876, ¢ asking for an examination of the harbors of Mendocino,
Humboldt Bay, Trinidad, and Crescent City, in the State of California,
with a view of establishing a breakwater and harbor of refuge, with
1§ estimate of probable co=t,” the Board of Engineers for the Pacific coast
has the honor to submit the following

REPORT.

The Board sailed from this city on the 9th of August last in the Coast
Survey steamer IHassler, and carefully examined all the so-called har-
bors where it has been thought a harbor ot refuge might be constructed,
’ between here and the mouth of the Columbia River, viz: Drake’s Bay,
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