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all probable contingencies in completing the work, the officer in charge
asks for an appropriation of 8112,000.

Amount available July 1, 1872.. .. .. oo e e $170,197 43

Amount apprepriated Mareh 3, 1873 ... . ... __. e ceccee e . 50,000 00
Amouné expended during fiseal year ending June 30, 1873. .............. 126,162 19
Amount available July 1, 1873..._. e e e eemmte e et s e aabaan 54,035 24
Amount required for the fiseal year ending June 30, 1875... ............ 112,000 00

(Sce Appendixes I 6 and I 7.)

5. Improvement of Illinois River.—No.appropriation having been made
sinee 1870 for this work until March 3, 1873, operations were confined
during the fiscal year to closing the work under old appropriation and
preparing a project for resuming work under that recently made. This
last appropriation will be applied to payment for lock-bottom and foun-
dation at Copperas Creek, and about one-fifth will be reserved for ex-
penses of supervising work, and particularly for such dredging as will
best relieve the immediate wants of the navigation.

Amonnt availuble July 1, 1872 . .. o e e, 812,542 53
Amount appropriated by act of Mareh 3, 1873.......... Secemenaariae e 100, 000 00
Amount expended during fiseal year ending June 30, 1873 ... ... ... . 13,820 34
Amounnt available July 1, 1873, e i e cnaes e OR 719 19
Amount required for fiscal yearending June 30, 1575, .. .. ... ... 150,000 00

See Appendix I 8.
Pl
EXAMINATIONS AND SURVEYS FOR IMPROVEMENT.

Colonel Macomb was charged with and has completed a survey of the
Miunesota River above the mouth of Yellow Medicine, to comply with
provisions of the act of June 10, 1872, (See Appendis 1 10.)

MPROVEMENT OF THE MISSISSIPPI RIVER BETWLEEN THE MOUTHS OF
THE ILLIROIS AND O TIIE OIITO—OF OSAGE AND CURRENT RIVERS,
MISSOURLI—OF LITTLE MISSOURTRIVER, ARKANSAS—OUACHITARIVER,
IN ARKANSAS AND LOUISIANA, AND OF YAZOO RIVER, MISSISSIPPT,

Ofticers in charge, Lieuf. Col. W. T, Raynolds, Corps of Engineers, to
January 1, 1873, since which time Col. J. IT. Simpson, Corps of Bagi-
neers, having under his immedinte orders Capt. C. J. Allen, Corps of.
Eugineers.

Colonel Simpson was relieved of the charge of” the improvement of
the Ouachita and Yazoo Rivers May 9, 1873, and those works turned
over to Capt. W, IL I, Benyaurd, Corps of Bngineers. TFor this officer’s
report of operations to end of fiscal year June 30, 1873, see Appendix
K12, '

1. Improvement of the Mississippi River betwceen the 1llinois and Missowri
Rivers,—The work under this head has consisted in the closing of the
slough behind Xllis Island, opposite Alton, by a dam raised to the
hieight of 6 feet above low water, constructed of brush and stone, and
designed to throw that portion of the low-water discharge thus inter-

- cepted into the main channel in front of Altou landing. The materials
were furnished by coufract. The estimate for a low dam and for the
necessary protection of the head of Illis Island against © wash?” is
540,000, :

Amonnt appropriated Juno 10, 1872... ... ..o iiiiiaian.. .. §25,000 00
Amount expenderd during fiscal year ending June 30, 1873..._.. ceevnsa.e. 21,978 18
Amount on hand July I, 1873 .. . i 3,021 82 -
Amount required for fiscal year ending Jnne 30, 1895, oo viennane.oo.. 15,000 00

(See Appendix K 1.)
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2. Improvement of the Mississippi River from the Missouri River to the
Olio River.—The act of Congress approved March 3, 1873, appropriated
the sum of 200,000 for the improvement of the Mississippi River within
the above-named limits, Of this sum 850,000 was allotted to the works
in the immediate vicinity of Saint Lonis, which had been commenced
under the appropriation made June 10, 1872, of $100,000. The $150,000
remaining after the allotment of the 850,000 it is proposed to expend in
the improvement at Horse.Tail Bar, below Saint Lounis.

A survey of the river from Kimswick to Cairo was made last season,
which, in connection with previous surveys, reaching from Kimswick
up fo the Missouri, would, it was thought, enable projects to be sub-
miftted, with estimates of cost for the improvement of the stream. The

-survey from Kimswick down was not as complete as was desired, but
enough is known from it and from the examinations made this season
to demonstrate the existence of numerous and formidable obstructions
to navigation. The officer in charge estimates that the sum of 600,000
can be profitably expended for this improvement during the year ending
June 30, 1875, and in this sum includes the balance necessary for com-

- pleting the work in the vicinity of Saint Louis Iarbor. Ile also recom-
mends an appropriation of 850,000 for further surveys between the Illi-
nois and Obio Rivers. The estimate for this sum, however, is embraced
in his report on the examination and survey of the Mississippi River
from the Missouri River to the Ohio River.

Amount appropriated March 3, 1373 ... ... .. ..o .o oo, §200,000 O
Amount expended during the fiscal year ending June 30, [S73._.__.___.. 1,450 060
Amount available July 1, 1873... .. ... ... ... . eeeereeceeaaan 192, 550 00
Amount required for fiseal year ending June 30, 1375, for improvement of

the Mississippi River from the Missouri to the Ohio River...... Teeeaen GO0, 00 00

(See Appendix K 2,

3. Improvement of the-Mississippi River from the Missouri to the Mer-
amee.—This work has consisted in the protection of a poriion of Saw-
yer Bend, above the city of Saint Louis, and the raising and extension
of the long dike in Venice Bend, (harbor of Saint Louis.) IFourteen
hundred and seventy-five linear feet of Sawyer Bend have been pro-
tected, of which 1,118 feet consist of a longitudinal retaining-wall with
bank sloped and reveted ; for the remaining 357 feet cross-dikes abut-
ting against the longitudinal dike have been used. The materials, consist-
ing of brush, stone, and piles, weve furnished by contract.

In the Venice Bend about 430 linear feet of the long dile were raised

- 7 feet and the dike exteuded about 130 feet, Cold weather the latter
part of November put a stop to operations. The materials of the
dike were brush, stone, and piles, and were furnished by contract. It
is proposed to continue the work during the present season.

Amount appropriated June 10, 1872..... vreerene smreravenenn anneoeaoo-te S100,000 00
Amount expended during the fiseal yeur ending June 30, 1373, ... veees 42,018 67
Amount of per centage due to contractors ab close of fiseal year ending

Juned0, 1873 . ... e i . eeecn e canae . ann R, 712 35
Amount available July 1, 1873 . ..o il i i it e eee e e e 5h, 263 9=
Amount allotted from appropriation of Mareh 3, 1273, for improvement of

Mississippi River from the Missouri to the Ohio.u.o....... e ertnaan 50,000 00
Amount of total availe s July L 1873, ... ... .. ........ ceeenesianeaan 105, 263 95
Amount required in addition to the above for the fiseal year ending June

B0, 1875 e it cee e P SO F.31 M % {5 1

Which sum is included in the estimate for the improvement of -the Mis-
sissippi River from the Missouri to the Ohio, given in the report of that
section, , ‘

(See Appendix K 3.)
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K 2

IMPROYEMENT OF THE MISSISSIPPI RIVER BRTWEEN THE MOUTHS OF
MISSOURI AND OHIO RIVERS.

A survey from Kimmswick (about twenty miles below Saint Louis) to
Cairo was undertaken during last season for the purpose of developing
the condition and needs of this portion of the river in the interests of
navigation and the conduct of the survey given to Mr. Clement Smith,
whose report, together with that of my predecessor upon the same, were
duly forwarded to the Department, It was thought that the previous
surveys above Kimmswick, in connection with those by Mr. Smith, would
be sufficient.

My predecessor’s estimate of funds necessary to ecarry out this im.
provement was 82,006,044, which is certamly not in excess of what
would be necessary,

The last Congress appropriated, by act approved Mareh 3, 1873, the
sum of 8200,000 for the improvement of the Mississippi River between
the Missouri and the Ohio. It was recommended from this office, April
28, and approved by the Department May 3, that 850,000 of this sum be
allotted for the further protection of Sawyer Bend, and $150,000 for the
improvement of the river at the locality known as Horsetail Bar, and
as the plans for the prosecution of this latter work during the coming
season involved the necessity of constructing dikes and dams, I was
authorized to proceed af onee with the preliminary steps of advertising
for proposals for material and labor.

Bids were opened on the 26th of June, and contraet for both sections
awarded to Mr. Thomas Hackett, he being the lowest, as per abstract
appended hereto,

Preliminary examinations and surveys to enable the location of the
‘works to be defined were commenced in March and continued untit
June, when the maps were projected, and plans having been drawn up
the project was submitted to the Chief of Engineers for his approval on
the 9th of July and approved the 22d of the same month.

.[I .

ISOMETRICAL PLAN SHOW/NGDETAILS OF CONSTRUCTION
OF BRUSH RAFTS TO BE USED IN THE IMPROVEMENT OF THE

MISSISSIPF/ RIVER

Scale. 20_.f(’-‘1i nch

This project involved the construction of four jetties at certain points
approximately indicated upon the map submitted therewith, for the
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contraction of the water-way,and a dam to close Carroll’s Island slough,
and recominended that work be commenced this season upon the damand
jetties 1, 3, and 4, _

An additional feature is proposed to Le introduced in the construc-
tion of dams and jetties, when nceded, viz, the use of brush rafts or
mattresses, a sketch of which accompanies this report. (See sketch H.)

The Board of Iingineers convened here in IFebruary by Special Orders
No, 20, ITeadquarters Corps of Iinginecers, dated February 7, 1872, re-
commended that the sum of £30,000 be appropriated for a survey of the
localities, when the general navigation of the river requires an increase
of depth at low water, hetween the Missouri and the mouth of the Ohio,
and added that it was not improbable that an accurate survey of the
whole distance would hecome necessary, when an additional appropria-
tion would be needed. .

The sum of $22,584.79 was expended, from an allotment made from
the general appropriation for examinations and surveys, &c., in making
this survey, but the deficiencies ot the survey made last fall are so ap-
parvent that an additional sum is necessary with which to carry it on,

Previous to the fiscal year just closed, a large amount of data had
been collected pertaining to the portion of the river between the Mis-
souri and the Meramee.

Surveys have been made at various times, which, if collected, would
cast much light upon the changes which have taken place ; but in mak-
ing such camparisons we meet, at the outset, the. difliculty, that for
want of common points no exact comparison is possible, and we fail
to derive the information which the surveys ought to give, and are
thrown back upon uncertain traditions when we should have positive
facts. To obviate this difliculty in future, a triangulation of the river
has been undertaken, to fix definitely the course, main features of the
river as it now is, and to establish a series of permanent points to which
all surveys can be referred, The party for this work is now in the field,
having commenced the latter part of May. . )

The funds required, in the absence of a special appropriation, are
taken from the general fund for improvement.

The triangulation in progress will have great value in the future, but
cannot aftford all that is requisite, as it includes only the river-bed, and
many of its points must be lost as the river changes.

A triangulation of the valley proper, from bluft to bluff, is very de-
sirable, and special appropriations to execute it are earnestly recom-
mended. The estimate for this latter survey I give in my report of the
examination and survey of the river, herewith submitted.

The party spoken of commenced the work of triangulation of the
river, from bank to bank, between this point and Cairo, after the con-
clusion of its special examinations at Horsetail Bar,

It is my design, with your approval, to cause special examinations to
be made, when the low-water season sets in, at such points as first need
improvement, below Horsetail Bar.

Basing my opinion upon reports of previous examinations, I am of
the opinion that the sum of $600,000 cau be profitably expended during
the year ending June 30, 1873, between Missouri- and the Ohio, includ-
ing in this the work at Sawyer Bend, Saint Louis Harbor, and further
work, i’ necessary, at Horsetail Bar.

_In prosecuting the works of improvement, surveys, &c., the neces-
sity for the possession of a light, swift steamer, with accommodations
for engineers, surveyors, inspectors, draughtsmen, &c., is daily rendered
apparegg, and will be much greater another year, as our work is carried

<V E
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further from Saint Louis. The cost of such a steamer as is needed
would be not less than 830,000.

Assuming that in answer to the demands of the commercial. and pro-
ducing interests the improvement of the navigation of the Mississippi
is to be undertaken, it would be advisable on the score of economy to
adopt the policy that the United States should own the principal work-
ing appliances which must be used, such as pile-drivers, dredges, and
possibly barges and tow-boats for the transportion of materials, Even
if the contraect system is adhered to, it is found much more economical
to provide the equipment, which as representing a fixed capital must be
paid for either in inereased prices for work or by direct purchase,

Governmentowning the equipmentan extended competition may always
be expected. In the other case the amount of fixed capital required
will restrict the competition to very narrow limits, and put the work at
the merey of combinations.

The following shows the financial econdition of the improvement at the
close of the fiseal year, and the amount recommended for the year ending
June 30, 1875

Amount appropriated March 3, 1873 ..o ooii ittt i, §200,000 00
Amount expended during the fiseal year ending June 30, 1873........... 1,450 60
Amount available July 1, 1873. ... ciieii i i i aernes 193, 650 00

Additional amount required for the fiseal year ending Junc 30, 1875, for
improvement of the Mississippi River from fhe Missouri to the Ohio
River.oooiueronriiniiieiis civiinnen fh berecticesasbanarsannenieas S000,000 00
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K3

IMPROVEMENT OF THE MISSISSIPPI RIVER BETWEEN THE MOUTHS OF
THE MISSOURL AXD MERAMEC RIVERS.

The work was undertaken in accordance with the recommendations
contained in the report of the Board of Iingineers, dated April 13,1872,
and concurred in by the Chief of Bnginecers, The Board recommended
the protection of a portion of Sawyer Bend, and the raising an extension
of the two Venico Dikes and the Long Dike within the limits of the
harbor of Saint Louis. '

It was decided to do the work mainly by contract, and advertisements
wero issued inviting proposals. Bids for furnishing and delivery of ma-
terial in Sawyer and Venice Bends were opened on the 10th of Septem-
ber, and contract awarded to the Grafton Stone and Transportation.
Company, they being lowest, as may be seen by the abstract of propo-
sals given below.

It was intended to perform all the grading necessary, by hired labor,
but as the workmen of the Government would then be working under
the 8-hour law and those of the contractors would not be within its pro-
visions, it was deemed best to do this by contract also, and proposals
were therefore invited for the removal of 75,000 cubic yards, more or
less of earth, spreading of 3,300 squares of Macadam and other labor,
as well as unclassified labor, The contract was awarded to Mr. Willard
Johnson, of Fulton, N. Y., as per abstract accompanying this report, he
being the lowest hidder. .

The nature of the work as well as its extent for the year is given in
the following, quoted from the report of Mr. R. I8, McMath, principal
civil assistant on this work, dated July 10, 1873:

Preliminary surveys were made during August, to determine location of lines and
detail of plans.

For tho work at Sawyer Bend it was decided to commence at the foot of Grand ave-
nue, and carry the protection up stream as far as the means will allow. The use of
brush in foundations to prevent the stone from sinking indefinitely in the underlying
sand was thought best, thongh such use for this purpose and ab such a place -was to
some extent an experiment. Before cxamination of the locality it had becn proposed
to protect tho bank by a system of spur-dikes below low water, and a continuous re-
vetment of the slope ahove. As that system still has its advocates it may be well to
stato the grounds for the preference of a continuous longitudinal dike as a foundation
for the revetmeont,.

The spur-dikes as proposed were to be 150 feet apart, 50 feet in length and 6 feet
high, each spur being expected to protect three times itslength, an expectation founded
on experionce, but not considering that these dikes would he submerged, and thereforo
very unlike jetties when the current sweeps around the end but does not run over,

In the case of snbmerged wiers, the action of the eddy below is well known to be

suflicient to require an extension of the abutments down stream, and this is a similar
case.

Another fallaey in the theory of spur-dikes, as suggested for this locality, is appar-
ent on consideration of the effective length which is a horizontal line, therefore if the
dike be of uniform height, resting on a slope, the expression for the cficctive length

would be effective L = §—-"——- or wholly independent in the length of dike, which

only can cuter as a limitation, when sino slope becomes very small, showing that the
theory is only applicable in cases of level bottom.

The underwater slope at Sawyer Bend was found to be about 2 horizontal to 1 per-
pendicular until a depth of 18 feet was reached, when it hecame nearly level, conse-
quently the spur-dikes, asido from the first objection, would have to be at least 18 feet
high at the outer end to make their cfiective length answer the conditions, and in that
caso tho cost would exceed that of the longitudinal dike adopted.

The }ﬂnn adopted was to excavate, where necessary, a treuch to the depth of 8 feet
below lowest water, and fill it with brush in erossed courses, the tops reaching out-
ward as far as practicable, to form a mat to protect the base from scour ; on the brush,
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riprap is placed until it appears at mean low water, which was assumed at 5.6 above
lowest low water, the rip-rap forming the baso of the revetted slope,

After a discussion of various slopes, that of 2 horizontal to 1 perpendicular was
adopted, chiefly as that furnished material for the ‘gmding better than any other,

TLO detail of plan is tho same as for the wings of the abutinents at the Alton dam.

Work was begnn October 13, 1872, and except when suspended on account of ice, or
delay in furnishing material, continued until June 30, 1873, when it was completed so
far as is practicable at the present stage of water.

The lenﬁth protected is 1,475 feet, of which 1,118 feet is revetted; tho remainder is
protected by oross-dikes.

The latter mothod was adopted as a temporary expedient to proteet the work, but
having proved itself a complete protection of the hank, equally efticacious and less
costly than revetment, it is proposed to continue the prolection by cross-dikes in
future and abandon the revetment,

Of the original distanco of {wa miles 1,475 feet are now complete ; 1,450 feet has
been undertaken by the board of water commissioners for tho city of Saint Lonis,
leaving 7,635 fcet to be done, towards which we have an available balance of 813,833,983
from allotment of §50,000 of appropriation by act dated June 10, 1872, and £50,000 from
appropriation dated March 3, 1873,

A contract has been recently awarded to Thomas M. Hacketh for continnation of the
work under the late appropriation.

The balance of the former is to he relet.

. VENICE BEND,

Raising and extension of Long Dike is in continuntion of an old work begun by the
city of Sainft Louis, the old dike being 1,460 feet long and generally 6 feet above low-
est water., Work was begun Qctober 4, 1872, and progressed slowly until about one-
third of the length was raised 7 feet, when the contractor ceased delivering stone, as
the depth of water at the dike was insufiicient for his barges.

In November an cftort was made to extend thoe dike, but the contractor did not de-
" liver any material until the 12th, and then a severe storm, followed by a run of heavy
ico, provented its use until the 22d, when the brush was laid upon tho ice as a last
resort, a dangerous experiment, but being favored by good weather the riprap was
put on and the brush sunk ; the section put down was 130 feet long Ly 30 feet wide;
it being at the end of the dike, whero usually the sand is secoured out in the winter to
a depth of 30 feet or more, it has been exposed to a severe test of tho efliciency of brush ’
foundations. When oxamined in February last, after the ico ran out, it was uninjured.

Thoe sand accumulating at the end of the dike in high watér, and scouring out at
low, (a chunge of 20 feet being shown from Aungust to November,) it is scarce to he
regretted that we did not succeed in accomplishing more last season, as if resumed in
August this year the extension will require but a fraction of the material which would
lave been used last fall, and the portion done is meanwhile being tested.

The extension proposed is essentinlly the same in plan as the Alton dam,

The amount expended on account of' this work has been §8,615, leaving a halance of
1341,?85 available for further work out of the £30,000 allotted for the work at this
ocality. .

i Forn{er contracts terminating July 1, tho work is to bo relet under amended speci-
cations,

The balance just stated is all that can he profitably expended this season, and so far
as I can now judge will he more than sufficient to complete the raising aid extension
of Long Dike,
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PLAN OF IMPROVEMENT AT SAWYER BEXND,

No, /
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The board estimated as follows:

Protection of two miles of Sawyer Bend

....... fermremernessreenannnoayr  S142,211 62
Extepsion and raising of dikes in northern harbor of Saint Louis. ...... 197,323 90
Total ...... camemes e aaumamsnaane suesareaeaneanaenean ooy cenese 339,635 52

As before mentioned, Congress appropriated the sum of $100,000
toward this by act approved June 10, 1872, and out of the appropria-
tion by the next Congress of $200,000 for the improvement of the
Mississippi River, between the Missouri and the Ohio, $50,000 were
recommended fo ‘be expended in Sawyer Bend; subtracting, then, the
sum of the two, viz, $150,000, from the estimate subnitted by the

beard for this work, « deficiency of $189,535.52 exists, which can be prof-
itably expended during the year ending June 30, 1873,
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Accompanying this are two sheets, I and G, of sketches showing plan
and sections of work in Sawyer Bend.

The following shows the financial condition of the work at the close
of the fiscal year, and the amount recommended for the year ending
June 30, 1875
Amount appropriated June 10,1872............ O - £100, 000 60

Amonnt expended during fiseal year ending June 30, 1873.. g4%, 018 67
Amount of pereentage due to contractors at elose of fiseal

yearending June 30, I873. ... il eiiiiiiiicii i ireaa, 2,712 35
— 44,731 02
Balance available July 1,1873....... e eseamensarnsesaerssanannan. H5,263 93
Amountallotted from appropriation of Mareh 3, 1573, for improvement of
Mississippi River from the Missouri {o the Olioseceeecevercrenan.... 50,000 G0
Total amount available July 1, 1373.......... boveosrnenn bieacaenons 105, 263 93

Amount required in addition to the above for the fiseal year ending June
30, 1875..... Ctmecerresiesen mmecenses cmensesetarsesasnsanesannasacn 189,535 52

Respecting the amount named in the above statement as required for
the fiscal year ending June 30, 1875, I would state that this sum is em.
braced in the estimate of 8600,000 recommended to be appropriated for
the improvement of the Mississippi River from the Missouri to the Ohio,
as stated in my report upon that work.
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K 8.

EXAMINATION AXD SURVEY OF THE MISSISSIPPI RIVER FROM THE MIS-
SOURI RIVER TO THE OHIO RIVER.

Under the requirements of the act of Congress approved June 10,
1872, a survey of the Mississippi River from Kimmswick to Cairo was
made, during the fall of 1872, by Mr, Clement Smith, assistant engineer,
and report made by him to my predecessor, who forwarded it to the
Chief of Iingineers December 18, 1872, The report constitutes Ex. Doc,
No. 25, Forty-second Congress, third session. '

The survey being found incomplete, permission was asked March 11,
1873, and obtained April 4, to renew the surveys. Accordingly a party
was organized for this purpose, commencing, however, with the examina-
tion of that loeality known as Horse-tail Bar, This being completed in
May, the party started down the river for the purpose of carrying on the
triangulation towards Cairo, and on the 30th of June had reached as far
as Herculancum Island, about twenty-eight miles below Saint Louis.

The result of the examination of Horse-tail Bar has already been given
in my project for the improvement of that locality, submitted July 9,
1873, and approved by the Chief of Ingineers under date of the 22d of
the same month, The above survey, however, is only of the river bed,
and as many of the points of reference will be lost in the changes of the
bed of the river which are counstantly going on, it is very important, that
the immediate valley of the river should be triangulated as far as it may
be done from bank to bank. K The valuo of this survey is only too evi-
dent, and as carly as Iebruary, 1871, it was recommended in report of
Capt. Charles J. Allen, Corps of Engineers, and also that it extend up
the Missouri to the blufts, a few miles above its mouth. The amount
required for this purpose is estimated at 350,000, which I recommend
may be appropriated by Congress.

The following shows the condition of the funds allotted for the above
surveys from the appropriation for examinations and surveys with a
view to the improvement of rivers and harbors, at the close of the fiscal
year, and the amount required for the triangulation of the main valley
of the Mississippi River, from the Iflinois River to the Ohio River, for
the year ending June 30, 1875:

Amount allotted from appropriation of June 10.1872..........cceo...... §23,200 00
Amount of unexpended balance of allotment from former appropriation.. 1,795 59
Amount available July 1,1872.. ., ccrveeen i aeaean, « 924,995 59
Amount expended during fiseal year em'ling June 30, 1873 : =
On account of Gasconade River—
By Lt. Col. Raynolds ....vcvceeiinnnennnnnnn.. §766 30
By Colonel Simpson «.c.oovvveeevncnnrannnnn. 180 00
— 2946 30
Ou acconnt of Saint Francis River—
By Lt, Col. Raynolds ..........coevveneeo ... 722 50
By Colonel Simpson .......ccceveoeeernnnnnn.. 104 80
) -— 827 30

On account of Yazoo River—

By Colonel Simpson ........oe.... et s e e T 345 80
On account of consideration and report upon locition, plans,
&e., of bridge at Nebruska City, Nebr.—
By Colonel Simpson ........ ccoeeiiiniiiiiiieiiannn e, 201 40
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On account of Mississippi River, from Missouri River
to Obio River—

By Lt.Col. Raynolds ...... ccocoeeeiiiain... £11,523 93
By Colonel Simpson .......covvevveeececenna. 11, 060 86
—_— 822,584 79
Total oxPODAeR . cuccs covs v smn anmnsarssns i boos inssaiasesansnie §24,9095 59

Amount required for the fiscal year ending June 30, 1875, for triangulation
of the valley of the Mississippi River, from tho Illinois River to the Ohio
s P o W e £50, 000 00

SNGINEER OrFrIcE, UNITED STATES ARMY,
) Saint Louis, Mo., June 13, 1873,

CoroNEL: I have tho honor to submit the follawing, relative to the improvement
of that portion of the Mississippi River known as Horse-tail Bar in continuation of re.
port submitted by me on the 18th of January last,

Tho surveying party of Mr. McKown, owing to the unusually tomllest-uons weather
of this.epring, wore dulayed much longer than was anticipated, in making their exami.
nations, deferring the completion of the maps until the present.

This iocnlit-y having been deseribed in my report referred to, I will passon to a gen-
eranl discussion of the points involved in its improvement.

Looking at the subject from a Purcly engineering point of view, the object would be
to shorten the low-water channel as little as possible, and, if allowable, on the contrary
to eclongate it; to proportion the discharge of water for every stage to the area of
cross-secetion so as to secure a stable regimen and at the same time not oppose too
greab a velooity to ascending boats, and to lead thoe gravels and heavier deposits into
thoe high-water channels, leaving the lighter inaterial fo be dealt with by the low-wa.
ter volume, or, rather, leaving the low-water discharge only the lighter and more
yielding material to deal with.

The interests of goneral mavigation only requirs that a good stage of water be
secured during the year throughout the length of the bar. .

The interests of commerco at this point require, or will require, not only a navigable
stage for the passage of steamers and barges throughout the length of the bar, but in
addition, the same or nearly the same depth ncross it. I will not at present attempt
to draw the line between them, lenving that for future discussion.

Accompanying this is an outline sketeh of the river and both banks from Lesper-
anco street, above the arsenal, to n point below the fool of Carroll’s Island.

Horse-tail Bar may be said to be anywhere between the mouth of the Des Peres and
the foot of Carroll’s Island, its size and position varying from year to year, so that,”
generally, until tho foot of the island has beon passed some distance, obstructions to
navigation may bo looked for at low water.

In 1870 the position of the har was, as shown in the sketeh, just below the Des Peres.
In 1872 it had shifted lower down and nearer to the barracks. What i{s exact position
will be this year ean only be known when the low-water season scts in. But as the
entire distance from the Des Peres {o the foot of Carroll’s Island is subject to shoalness
moro or Jess throughout its length, constituting one of the worst ohstructions to navi-
gation below Saint Louis, the work of contracting the low-water channel cannot stop
until the foot, at least, of this pieco of river is reached.

Since my reporb was written last January, I have learned that the city engineer has
proposed to the council a change in the wharf-line from a point in the vicinity of Les-
perance street to the Des Peres, the southern boundary of Carondelet.

I obtained tracings from the engineer showing the location of the proposed line, and
had it transferred to our maps in this office. It is shown, on the accompanying outline
is_ketch, in full red lines ; the inshore being the building line, the other the low-water

ine.

Some slight disagreement between the city maps and oura renders the Iocation of
‘this line on our map only approximate where it approaches nearest to Arsenal Island,
but the degree of approximation is near enough for the present purpose of discussion.

This line, if approved by the city and constructed as laid down, will so contract the
channel to the west of the island as to wash away the greater portion of its western
bank, or, failing to do this, the channel will be diverted to the east of the island, ren-
dering it necessary to bring the wharf-line out to its eastern edge. The former cau bs
effected by closing the enstern channel; the latter, obviously, by entirely closing that
to the west of the island. This matter, properly speaking, pertains to the city, butf a8
the shape of the wharf from the island down to the Des Peres River bears upon the
improvement of Horse-tail Bar, it is necessary to give it more than a passing notice.

It is apparent that the proposed wharf-line will sumewhat shorten the low-water
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channel, although the degree of shortening will be small, yet a much better line could,
it scems to me, bo obtnined by following more closely the contour of the shore, and yet
encroaching enough upon the river to enable the city to gnin the wharf-room it scems
to need at the foot of the blufis, along which runs the Iron Mountain Railroad.

The filling up the nbrupt coneavity in tho Carondelet wharf-line and stmi;ﬂxtening
it at that point will bo evidontly lecally heneficial, but in order to follow out that line,
or to mako a shore-line below the Des Peres conform to it, it will Lo necessary to
straighten and shorten tho course of the low-water chaunel over the bar, which is
ohjectionablo if it can bo avoided. e

Should the channel, however, bo thrown by the civy to the east of Arsenal Island,
its courso will bear directly upon tho middlo point of the concavity above spoken of],
which should be then brought to a regular and casy curve, allowing the water to flow
off somewhat in the manner indicated by the arrow-line in the sketch; the shore-lino
below the Des Peres should then bo convex toward the river, projecting as far into the
river as possiblo without cut-tiu;i oft the landing at Jefferson Barracks, which is a limié
in ono direction of any proposed line of improvement. ‘I'he dotted indigo line on the
gketch is as sharp a curve as ean well be laid down without cutting off the barracks
landing; tho tangent-line C B ns it approaches the shore above Jefterson Barracks will
conform to it as shown by the dotted free-hand ecurve, This arrangement of the shore-
-Jino is not, it must bo confessed, pleasing to the oyo when taken in connection with the
proposed city wharf, but it is advantageous, if we regard the improvomeont of this bar
solely as bonefiting the navigation of the river, The low-water channel gonerally
trends towards tho Illinois shoro as it leaves the Vulean Iron-Works, and, in rectilinear
dovelopment, is nearly fiwice as long as the bar itself, striking the right bank again
above tho barracks, ‘I'he bar on the Missonri sido is of hard compact gravel, with somo
sand and rock. No borings have heen taken to determine the lny of the rock, but in
tho joint report of Messrs. Homer and Moulton, to the convention of civil engincers
held hero, in 1867, it is stated that the rock along the lino of the Iron Mountain Rail-
road dips to the northeast about 1 in 100. ‘T'he presence of this gravel and rock would
alone l{lrnish a strong argument against training the low-water channel close along
the right bank weroe it not superseded by other ongineering facts st.ront;er of. In my
former communication I mentioned the possibility of tho channel getting behind Car-
roll's Island, if it were trained along the right bank. Even if Carroll’s Island slongh
wero closed by a dam, the river would undoubtedly erode a corresponding curve out of
the Illinois shore somewhere in the vicinity of the upper part of Carroll's Island, and
leave in all probability a bad bar in front of Jefferson Barracks landing, and the bar-
racks must of necessity, so long as it is an important Govermment station, be easy of
access from the river.

The object, then, should be to shorten the conrse of the channel as littlo as possible
although any plan that may be adopted will shorten it more or less above the barracks,
and so _hold it, by means of jetties and dams, as to necessitate whatever change may
ba produced in tho bed taking place below Jefferson Burracks landing, whore it can be
met in tho interests of general navigation by means of other works.

1t seems to me that wo are to be limited in the loeation of our works at Horse-tail Bar
cither by an approximation to the dotted indigo line, or by the dotted red line WX,
which, whilst it presvnts a more pleasing appearance to the eyo, and may be, perhaps,
more advantageous as a wharf-line, produces a further shortening of tho low-water
chaunel, which, however, as I have already stated, will obtain, at this point, under
any plan. Tho United States magazines are, at present, shut out at low water from
dircet communication with boats, and the proposed plan will not alleviate this matter.
Training tho channel along the right bank would undoubtedly deepen tho water in
front of the magazines ; but, in view of the continﬁeucies mentioned above, in case
this line wero chosen, would the benefits derived be suflicient to pay for the risks or
increased exponso of diking, when ammunition can be easily taken to any point by
means of the Iron Mountain Railroad1 It is also apparent that a certain amount of

_laud will be made whatever plan may beadopted, which will accrue to the benefit of those
proprietors whose lands happen to lic in the immediate vicinity of the works. The
accrotions on the right bank would result in the formation of considerable wharf-room
between the river and the railroad, which, if within limits, would be an advantage.
The astonishing development of the industries of south Saint Louis, and the supplies
of iron, coal, &o., brought iu by the roads from the south, and from other points, make
it more than probable that this front will be occupied before many years with exten-
sive works, warehouses, &o., &c., calling for deep water throughout its length. So
that, in considering a plan of river improvement in this vicinity, it seems necessary to
avoid any plan that may have to undergo, in future, serious modificatiouns.

Having touched upon the general outline of im rovement, it is next necessary to
inguira into the form and dimensions of high and low water channels.

he highest water on record hore was tho flood of 1844, which reached a point 7.58
feot above the city directrix. The lowest water was that of 1863, which was 33.81 feef;
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below the directrix; the oscillation being 41.39 feet. In 1851 another flood accurred,
though it was much lower than that of 1844, only rising 2.£0 feet above the directrix,
In 1858 the river rose 3.28 feet above the directrix, being 4.30 foet below the level of
the flood of 1844.

The flood discharge of 1844 was not measured ; neither was the low-water discharge
of 1863 ascertaincd, so far as I can learn.

In Colonel Merrill’s report upon the harbor of Saint Louis, it is stated that the dis-
chargo of wator past the city, as mensured by City Engineer Homer, was, August 4,
1865, when tho river stood 12.70 feet above lowest water, at the directrix, equal to
211,073 cubio feot, and, on the 24th of October following, when the river-surface stood
19.67 feet above low water, at tho same point, the discharge was 384,075 cubio feet. |
made an approximate gauging of the river, from a point opposite Carondelet, in May,
1872, whenr the surface of water opposito the directrix was 20.40 feet above low water,
and the river falling, and found the discharge to be 314,859 cubic feet, with mean
velacity of 4,49 feet and aren =70,124 squaro feet, -

Mr. McKovwn, in charge,of the surveying party this apriu;i, measured the discharge
bolow Jefterson Barracks, on tlio 16th and 17th of May, when the Saint Louis gauge
road 21.80 feet above low water of 18G3, the river falling at the time, and obtained
discharge = 368,747 cubie feot, for a mean velocity of 5.005 feet, and area of discharge
73,664 square feet.

On page 79 of the Mississippl Rivor report it is stated that the dischargo of the Ohio
River in June, 1858, conld not have been less than 700,000 cubic feet per second. On
page 357 the flood dischargo samo year past Columbus is given as 1,403,000 cubic feet,
80 that the flood of 1858, which was greater than that of 1851, musi have carried past
Saint Louis more than 700,000 cubic feot per second.

In the report of the chiof engineer of the Quiney bridge, the oscillation of the Mis-
sissippi at that point is said to bo 20 feet, the flood discharge = 466,740 cubie feet, and
tho discharge at a stage of 12.40 feet abovo 16w water = 201,185 cubic feet, and for-a
stago 1.08 feet above low water, 46,796 cubic feet.

The low-water discharge of the Upper Mississippi River, at Keokuk, is stated in
General Wilson’s report of January 1, 1467, to be 24,883 cubic feet per second, though
it was afterward placed at 30,000 cubic feet per sccond.

Betweon Keokuk and the mouth of the Missouri nre several tributaries, the most im-

rtant of which, and the largest, is the Illinois River, whose low-water dischargo is—

am informed by Mr. R. E. McMath, formerly in local chargo of its improvement—less
than 2,000 cubic feet. The mean discharge of the Upper Mississippi, as given in the Mis-
sissippi River report, is 105,000 cubic feet, and that ofp the Missouri is 120,000 feet; mean
discharge past Saint Lonis is, thercfore, 225,000 cubic feet. In Appendix E, p. 116, same
roport, the discharge of tho Mississippi River at Columbus, Ky., on the 16th of October,
is given at 128,670 cubic feof, this being the united flowago of the Mississippi and Ohio
Rivers. In same appendix, p. 114, the discharge of the Ohio River, at Cairo, December
3, 1857, was 183,260 cubic feet, tho gauge at Cairo reading 36.18 feet below plane of
high water of 1858. At Columbus,same date,it was 220,000 cubic fect, making the
dischargo of the Mississippi River above Cairo 36,740 cubic feet.

I am informed by C. Shaler Smith, president and chief engincer of the Baltimore
Bridge Company, that with the lowest water obtained during hisstay at Sanint. Charles,
the measnred area of cross-section of the Missouri River at that place was 4,705 square
feot, with a mean velocity of 4.1G5 feet per second, from which the discharge is 19,59
cubic feet. My informant states that the surface of the Missonri River has been, sinco
that time, two feet lower, but, as no soundings were taken for this latter stage, it is
possible that more water than the above quantity may have been passing Saint Charles
for this lower level, on account of the remarkably shifting nature of the bed of the
Missouri. Supposing tho Upper Mississippi, and tho tributaries between the Missouri
and the Ohio, to add an equal amount at a stage of the Mississippi corresponding to .
that of the Missouri for the discharge of 19,596 enbic feot, wo should have for this
supposition 39,192 cubic feet passing through the river just above tho Ohio, and this
agrees closely with the figures from the Mississippi River report, and it also agrees
fairly with the Quiney measuremonts. .

It is to bo regretted that the assistant in charge of the surveys between Saint Louis
and Cairo last fall did not gauge the discharge of the river at the low stage that ex-
isted during the greater part of his survey.

Taking all the nbove figures into consideration, I think we may take the following
as discharges past Saint Louis to reason upon :

Cubic feet.
FIooR Of IBHL. .. .ccciiociicoccionons commnrsonsmssrsmmn soemns sseses snesms 1,200,000
D50 G g 1 A———————————————————— A - 700,000
21.80 feet above low wator, falling river. ... .....oooiiieieiiiiinannnnn. 368, 747
20 feet above low water, falling Fiver.......... v iiivieiitvoreneeennnnn. 315, 000
13 fo0k ADOVE JoW WBEEE. . ccscsiars cons mons suns asvsbnes spes poenss sxns pows 215, 000
Mean disehnrge. ... ooo e et eee e s 225, 000

Lowest diseharge...ocu voveeeiiieininmt it i cieiee i eeee e - 36, 000
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The high water of 1844 endured the greater part of June and the early part of July.
Without going into too great detail, a statement of the average stages of water at
Saint Louis for the past two years, or 8o, will be suflicient for our present purposes.

Alovoe low water Abovo low water
of 1863, " of 1863,
"
Month. o 3 ! Month, = e
b4 7] ! o ]
= 4 <= o
B E g E
=] IS B =] =
1870. Feet. Feet. 1872, Feet, Feel,
September....oooveicieiinnaae.. 11.81 LR 1 R —— 7.10 3.40
(07011 R —— 12. 46 9.16 Felmuary...oocovviivevnnnn.... 11.30 7.10
B, T SRS —— 17. €3 8.3 3 MATeD . cevvsrciossnsiossocnven 10.92 G. 40
DecemUEr e eennennniiienennann. £.36 595 % Apetleccoesn cssmrs RN 17.65 ) 12,75
B MAY o ccemmsmassmrsmennsmmens 2180 | 13.00
L L N 23.00 18.00
187l. HE L 21. 60 15.50
) August... - 18.00 9. 50
JANBALY . oo cvesovserssssssavnsss 10. GG 3.41 . September 9. 50 6. 80
Februaty...ccoceveernniiacan, 19, 14 .02 Y| Octaber .. 6.95 | 4,85
March . cosvsonsossosessssssonss 21.82 15.66 ;1 November..................... 7.15 3.90
B, 1L 1 I 17.95 11,49 - December covvevnnerennnennn... 1.10 2.50
L L S —— 18, 11 1360
T P 16.15 | 12.a7 i 1873,
JUIY  ssessrsmsenvorve orssnsmus 14,03 £ R 11 F1115:1 o 10. 90 6. £0
7,0 T2 S —— 883 6.47 || Febraary ... coeveivannns.n... 15. 50 6,00
September. ... 6.2 .45 4 March. ..ccuceovnosssvanencs s 16. 11 7.90
Qctober ... g3 | @aslf Apet. . IUIIIIIIIIIITN 26,60 | 1210
November... G. 69 BT o MAY . coosssnsimnsnssssosssosss 24. 50 1R.20
December..o.vvnrneeirennnnnne. 802 284 4 Juno..... T *25.30 | 1922.90
*Up to June 3, 1873. f Up to June 13, 1£73.

The following average stages of waler, at city directrix, above low water of 1863,
may also be stated:

Feet. Feet.
1571—April coaonooe PR — 14,00 | 1872—Marel ... ... .. 8.06
B 1L R —— veee. 14,07 AP coccoicics crsorinonss 15.30
TG s sscm o5 000 TP 14.07 BRY oo rnn wsvnssmsmes spssss 18. 14
1 Sy — 11.75 1) T 20. 62
AV < o u00 s om s ummms mans 7.62 IMY covins cnsvcviosesnoncs LLES
September ................ 4.70 Aungust ....... R 12, G6
October.....c.co0cciscnaic .55 September c.covoeeen .o . 813
November................. 6.21 Qetober. -.....cco00ms00... 5,68
December...c.oooeeaa..... 5. 43 NOvember. ... vosns sens suss 5.67
1&2—January ...oc.o.... — 4.79 December............ .... 3.59
February ................. 8.29

Averaged from reports of city engineer and signal officer.

During the progress of the surveys in the spring of 1872, gauges wero placed at Ca-
rondelet, and as a point below Jefterson Barracks. Their zeros reforred to the lovel of
the city direetrix, and the gauges read daily and at the same hour by competent
observers, thus enabling tho slopes of water-surface between the two to be ascertained
by mere inspection of the gauge-records.

The distanco between the fwo gauges, measured along the right baunk, was 4.489
miles, or 50 within, probably, 100 feet.

A mean of 134 gauge comparisons, when tho surface of water ranged from i8 to 30
gee:, below tho level of the directrix at the lower gauge, gave a slope per mile of 0.517

eet. .

A mean of 16 comparisons, when the surface maintained an averago of 30 feot below
at same place, indicate a slope of 0.700 feot per mile.

A mean of 22 comparisons, for surface from 30 to 32 feet below, indicato a slopo of
0.724 feet per mile,

.ll"ort.y-four comparisons, for an averago of 32 to 34 feet below, indicate 0.695 feet per
mile,

Ten comparisons, 34 to 36 feot below, at same point give 0.737 feet per mile.

A grand mean of 226 comparisons, for stages between 18 and 36 feet below, gives an
average slope of 0.675 feot per mile.

Thirty-six feet below level of directrix at lower gauge corresponds to a stagoe of about
4 fe‘et above lowest water at city directrix.

From an inspection of the above datn, some idea may be obtained of the requisite
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dimensions of channel for different stages, although any calculation would be, at best,
approximate, from the nature of the river we have o deal with.

In a roport made by the committes, to whom was roforred the subjeet of the regimen
of the Mississippi River at Saint Lounis, by the convention of engineers before alluded
to, there are stated, amorgst other facts, that the minimum width of the river at Saint
Louis at extrome low water is 1,620 feet and nt extreme high water about 2,000 feot;
that it would be safe to contract the low-water channel to 1,200 feot, and the high.
water channel to 1,800 feet; that the period of floods varies from April to July, though
the Erent floods usually oceur in the latter part of June, and are caused by the meltin
of the northern snows meeting the late spring rains on the lower tributaries, and tha
the coincidence of these conditivns caused the great floods, particularly that of 1844;
that the maximum velocity of the current in the main channel, at a depth of 3 feet
below the surface, varies from 4 feot per second at the lowest stago to 12} feet per sec-
ond for the flood of 1844; and that in surveys covering a space of thirty miles, from
tho mouth of Missouri River to Jefferson Barracks, tho width of the river at extrems
low water is found to vary from 2,500 to 900 feet, and that whero it is moro than
1,200 feot wide a bar exists, either in the middle or at one of the sides,

‘T'ho conclusion drawn by the committeo scems to be that a contraction to 1,200 feet
at least at low water is nocessary, in order to destroy the bar which obstructs either
the middlo or one side of the channel. Without, at present, discussing this point, I
would merely say that contraction, of itself, does not always alleviate the troublo, for
there may be deep water all around the bar, though flowing in a narrow channel; for
the discharge is dependent upon the two factors, velocity and area, the latter, in tum,
being o function of width and depth, so that a mere contraction may be followed by
a loeal deepening and-the bav yet remain. Recent experiments by hydraunlicinns have
shown that in a perfectly regular channel, with banks straight and parallel, it is very
genorally found that the fillet of maximum velacity is much nearer to ono sido than to
tho other; and, ns the deposit is generally formed where the velacity is least, wo may
still look for irregularities, oven where tho greatest pains are taken to make the bed
of the river perfectly regular.

A low-water cross-section of the river, taken at the Pittsburgh coal-dike, whero the
contraction of the harbor is greatest, made from soundings taken at a mean stago of 7
feet above low water and reduced to plane of low water, contains 24,971 square feet,

A section just below tho bridge, reduced as above, gives 23,395 square feet. The
mean of the two is, say, 24,000. Of course, these figures are little better than surmises,
on account of the mevable nature of the bottom, and its change from high water to
low water, and vice versa. 1If, however, they are anywhere correct, and the low-water
dischargo can be taken at 36,000 cubic feef, the mean velocity for the section must
reduce to 1.5 feet per sccond—a figure which could only result from the formation of
bars somewhore below, or from a very elongated channel.

For a width of 1,200 feot the produet of the velocity by the mean depth wonld be 30,
and supposing the mean depth to be 10 feet, the mean velocity would be 3, sufiicient to
move along very fine sand at tho bottom. (I'his for a discharge of 36,000 cubic feet.)

A mean discharge of 225,000 cubic fect, with a mean velocity of 5, would call for a
cli;)s&?ection of 45,000 squarc feet, or, supposing a mean depth of 22 feot, a width of
2,045 feet.

The discharge measured by Captain McKown this year, viz, 368,747 cubic feot, was
based upon an area of 73,664 square feet; or, say, for convenienco of calculation,
74,000 square feet. The width at the point of %numug was 4,100 feet, giving a meau
dopth of 18 feet. Wereo the width reduced to 2,000 feot, the mean dopth for this dis-
charge, supposing the velocity to romain the same, would be 37 foct.

Taking the discharge of the flood of 1858 at 700,000 cubic feet, and a width of 2,000
feet, the product of mean depth and mean velocity would boe 350; and, if tho mean
velocity were taken at 7 feot, the depth would be 50 feet; and, if the width were re-
duced to 1,800, as suggested by the committeo above mentioned, the depth required
would be still greater.

Now, assuming that the flood of 1844 discharged 1,200,000 cubic feet, and the width
of river is redunced to 2,000 feet, for this stage, the product of mean depth by mean
velocity would be 600; or, supposing a mean velocity of 8 could be obtained, a mean
depth of 75 feet would be required ; and, if the width were reduced to 1,800 feat, as the
committee suggested, the depth required would be still greater. These figures are
merely taken for the purposes of discussion.

Now, in addition to the immense volume of water of floods, we have the enormous
quantity of matter brought down in suspension in addition to that carried forward
upon the botfom, or scoured wherever the chanuel is uunaturally contracted.

Where the channel is not contracted, however, the genoral effect of floods is to silt up
the bottom to a certain extent, instead of, as is generally supposed, increasing the
depth directly in proportion to the elevation of its surface. This depoesit begins to cut
out, as the river falls, the scour also depénding upon other conditions that cannot
always be foreseen. It is only too evident, thereforo, in looking at the flood-discharge,
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that its flow must not be impeded ; on the contrary, it should be nssisted. It is com-
monly remarked that the flood of 1844 passed Saint Louis without undue destrnotion
of property. This may be true,but Saint Louis and her neighbors had not then cramped
the aren of water-way by closing up Bloody Island Slough, by leveeing the opposite
bank, by the construction of the Pittsburgh Dike, .nd by ridging the American Hot-
tom with high-water lovees, and railrond-embankments, &o., &c. The flood-waters
had freo passage over the bottom, nithough, from the forest vegotation, which could
not but check the volocity in some degree, I am inclined to believe that less water
flowed over the bottom per second than has been claimed by some.

It then remains to be seen if the floods can pass Saint Louis restricted to the narrow
widths sought by many.

They can: ouly do so in safety to the structures on the banks by scouring out the
bottom, which scour depends upon tho nature of the bottom. Suppose the flood-scour
near the bridge went to tho bed-reck. 'I'he section, for a width of 2,000 feet at highest
water, would be about 180,000 to 200,000 squaro feet. Assuming tho greatest flood-dis-
charge te be 1,200,000 cubic feet, the formor figuro would require o mean velocity of 6.7
feet, and a mean depth of 90 feet; the latter a mean velocity of 6 feet per second, and
a mean depth of 100 feet. Would this velocity keep the Lottom eclear of materinl ¢
and where would the material go? To carry tho scoured materinl further down
stream would require a uniform section throughout, provided thoe same velocity were
required throughout. It seems hardly necessary to go further, the problem being too
uncertain for calculation. Saint Louis may yot find that, in consequenco of the con-
traction of the channel in the immedinte vicinity of the coal-dike, and at other points,
it will be necessary to provide a flood-weirage behind Bloody Island.

So in the projection of works for tho contraction of the channel in the immediato
vicinity of Saint Lonis, it is better, to my nind, to proceed ecautiously, rather under-
confracting than over-contracting, and raising the dikes and dams to a moderate
height at first.

Where lovees are used, as steamboat-landings, &e., the slopo Las to be taken into
consideration for the placing of gang-planks, &e., but, for the upper or higher portion
of the leveo, where gang-planks would only be thrown during extreme high water,
which oxists but a short time, it sececms to me, that convenienco of steamboats can be
well sacrificed to the general good, and a much flatter slope put in. In fact, the float-
ing wharves in quite general use at the present, obviate, in great part, the inconven-
iences arising from too flat leveo slopes.

Sketeh A shows a semi-cross-section starting from middle of chaunel, where both
banks are fo be leveed and brought to within 1,600 feet of each other at low water,
which would, it is estimated, pass an 1844 flood with a mean velocity of 11.50 feet per
sccond, supposing that, in addition to the area shown in the sketch, the bottom would
still scour out at floods 8o as to give a further addition to the area of discharge of
12,000 square feet, provided such a velocity could exist for any length of time without
tearing up everything in its path, to say nothing of its efiects upon floating structures.

0,7

A

750 lw.line

And, if it does not attain sufficient velocity to carry it through this section, will it
gain the necessary space by an elovation of its surface, or by scouring and undermin-
1ng structures f

Such o flood as that of 1844 may noever again appear, on account of the progress of
a‘;ricultm'e, &e., but it is not within the province of man to predict what may take
place as regards floods.

'The two plans are indicated on the sketch. For either ono, I have approximately
located four jetties and one dam, to close up Carroll's Island Slough, numbered, includ-
ing the daw, from 1 to 6. No. 1 is on the Missouri shore, and is the key of the system ;
the others are on the Illinois shore, s

Possibly a t,jet»t,y may be required in future below the foot of Carroll’s Island, and
the position of one is dotted in on the sketch. The low-water way, as defined by the
Jotties, is about 1,800 feet  wide for the present, the structures to be raised to a height
of about 6 feet above extreme low water, a necessary height in order that the current
may act with sufficient force before the advent of low water, and for sufficient $ime to
prepare the channel for its low-water discharge. It is not presumed that the volocity
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for either plan can be excessive, for although the length of the main channel will be enr.
tailed, yet the fall, which al low water has heretofore been measured along a coneave
bank, will be distributed along a convex one, the two being about of equal length,
unless the line W X is adopted, when the chaunel will bo shortened somewhat more ;
bué the channel must be made to regain its Jongth after passing tho barracks. For the
convex shore-line the jetties are shown in full blue lies, For the line W X the jetties
2 and 3, on the Illinois shore will belengthened, as shown by the dotted red lines; and
joetty No. 1, on the Missouri side, will be shortened by the distance G II.
For the first plan, the length will be—

Feet,
JEULY N0, Lo soncsomnroonmnns wmmmns s wwes o o e s i oo S 55 S50 &6 6 2,250
JOY 0. Bosio cossoscnmmmacnss woms s psissnssmons s sis g w5 sme o5 5556 Fass 900
JOELY NOL Be cniccismnssoimoss sncsis oomomn 856 sms s aas 5.8 00 5 ormmase i 5165 878 6 5151510 1,350
FOUEY NG B e mimse s i s i i 97 s S5, ST S s 0S50 o o 808 B i S 2,610
A come s ansssrscctsnasss sass o ses680BPEREet coese SRaSHLEsaEabIes 7,110
AW BRUE (NOs B = c0im simmis im0 5500 simim om0 o5mim 0 55,5 556 5055 55 S50 58 515 e B 5158 5 ok 0 1,950
For the second plan, the length will he—
JOHY N0 Do son somnns sosimaca mecmmsmssnns oo s g s e sas 5668 5585555 5
Jetty No.2.. 3
L8 N
FOEEY T i 505 5icemisnimion s oo 5.5 0060 S s i o (8 s 5 e .1 S, 8

TOA oo oo vom o vmins v s s mim s s s 358 59 S0 0 B B G0 6 W 5 B B
Add dam (No. 5)

In either case, it would bo as well, I think, to limit work at the outset to jetties 1and
3 and dam 5.

Some revetment at head of Carroll’s Island may bo needed in future, and I have in-
dicated it in the sketch.

‘The discharge of tho Des Peres and its contributions of material will have to be
eventually met also, but this subject is discussed in my report of last January to you.

The skotch accompanying this is a mero outline. Moro and full information is con-
tained in the completo topographical and hydrographieal maps mado from the surveys
of 1872 and 1873.

I am, Colonel, very respectfully, your obedient servant,

Cnas. J. ALLEN,
Capl. Engincers, and Bet. Maj., U. 8. 4.
Col. J. H. S1MPsox,
Corps of Lnginecrs, U. S. ., Saint Louis, Mo.

I’ S.—The flat slopes in skeich A are made more to show how flat a leves we can
have and then not have cnough ilovd-area, thau to indicato exactly what they ought
to be at present.

K 9.
EXAMINATION OF THE SAINT FRANCIS RIVER, MISSOURI.

ENGINEER OFFICE, UNITED STATES ARMY,
Saint Louis, Mo., February 11, 1873.

GENERAL: I have the honor to forward herewith report of J. D.
McKown, civil engineer, upon an examination of the Saint Francis
River.

The law provided for the examination of the “Saint Franecis River
from Greenville down, Missouri.” Mr. McKown carried his examina-
tions considerably below the Missouri State line into Arkansas, con-
necting with the examinations made upon the Lower Saint Franeis by
Mr. Koons in 1870. As the party had to pass over this ground below
the State line, in order to get out of the river, the additional examina-
tion involved no extra cost of any consequence, and had the advantage
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Amount appropriated by act approved June 23,1874...... ... ... ... ..., £50, 000 00
Amount expended during the fiscal year ending June 30,1874 ............ 51,694 04
Amount available Inly L, IBTE oo cccr cocvicrcinssissonsassassns somsssnoms 62, 340 70
Amount required for the fiscal year ending June 30, 1876 ................. 80, 000 0V

(See Appendix I 3.)

4. Improving Illinois River.—Owing to the earnest request of the
governor of Illinois, and others interested in continuing this improve-
ment in accordance with the approved project of a lock and dam navi-
gation, some four-fifths of the last appropriation were set apart for put-
ting in the lock-bottom for the second lock ; this is just below Copperas
Creek. The remainder of the appropriation was devoted to dredging
at those points most in need of such improvements, in advance of extend-
ing the lock and dam system below Copperas Creek.

The amount of $150,000 is asked to be applied to this work in coming
fiscal year.

Balance in Treasury of United States July 1,1873. ..o veeeenoan... e §95,000 00
Amount in hands of officer and subject to hischeck ... ... ... ... .. 3,719 19
Amount. approprinted by act approved June 23, 1874 .. ... ..ol ... 75, 000 00
Amount expended during the fiseal year ending June 30, 1874 ... ......... 52,796 75
Amount available July 1, 1874 . ... . i tee i 118,104 44
Amount required for the fiseal year ending Jane 30, 1876 ... ... ... .. ... 150, 000 00

(See Appendix I 4.)

IMPROVEMENT OF MISSISSIPPI RIVER BETWEEN THE MOUTIIS OF
THE ILLINOIS AND OF THE OHIO, AND IMPROVEMENT OF OSAGE
RIVER, MISSOURI.

Officer In charge, Col. J. IL. Simpson, Corps of Engineers, having
under his immediate orders Capt. Charles J. Allen, Corps of lngineers.

1. Improvement of Mississippi River beticeen the mouths of the Illinois
and Ohio Rivers.—\Work between the Illinois and Missouri Rivers has
been limited to the completion of the dam closing the slough behind
Ellis Island, opposite Alton, to the height of 8 feet above low water.
The materials were purchased in open market and the work done by
hired labor.

No specitic appropriations are asked for the fiseal year ending June
30, 18706, the amount required being included in general estimate for
improvement of Mississippi River between the Illinois and Ohio Rivers.

Amount in hands of oftficer and suhject to hiseheck ... .o oo ool iol. £3,021 82
Amount appropriated by act approved June 23, 1874 ... ... ...l 15,000 00
Amount expended during the fiseal year ending June 30, 1874 ... c..... .. 3,021 82
Amount available July 1, 1874 ... ......... BT BEe s SRR S SR 15,000 00

Between the Missouri and Ohio Rivers work has beeu continued at
Sawyer’s Bend, of which 5,445 lineal feet is now safficiently protected.
The protection will be extended 600 feet the present year, leaving 4,615
feet to be done. -

At Venice, what is known as Long Dike has been raised to the height
of 14 feet above low water, and the dike extended westwardly 600 feet.
Work on the extension was incomplete at the close of' the year, but its
early completion was assured.

Work was begun at Horsetail Bar, and at the close of the year a de-
cided improvement was obtained, though the incomplete state ot the
works did not then assure a permanence ot decided results. g A dike
1,171 feet in length had been completed on the Missouri side, and two
dikes on the Ilinois side were in an advanced state of progress. The
experience gained during the last two years renders the construction of
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dikes in the Mississippi a certainty at moderate cost compared with the
value of the results attained. The system of counstruction is no longer
experimental, but can be applied generally with assurance of success if
skill, eare, and forethought be exercised in the location of works and
management of construction. :

Having passed the experimental stages, the improvement of the Mis-
sissippt can hereafter progress as rapidly as the means furnished will
permit. The officer in charge estimates that $600,000 will be required
for the year ending June 30, 1876, the appropriation of which sum is
recommended. } -

The triangulation of the river-bed from the Missouri to the Ohio, which
wag in progress it the beginning of the year, has been continued, and at
the close of the year was nearly completed. In addition to the triangu-
lation special surveys were made at the several points where work is
contemplated the present year. The extension of the triangulation to
cover the valley proper, mentioned as important last year, is again recom-
mended. The estimated cost is $50,000,

Balance in Treasury of United States July 1, 1873. ... .................. $239, 000 00
Amount in hands of officer and subject to his check, (inclading §2,712.35

percentage due ou contracts not yet completed). ......oeeveeie oo ... 17,531 33
Amount appropriated by act approved June 23, 1874........ ... ... ... 195, 000 00
Amount expended during the fiscal year ending Juune 30,1874............ 215,347 62
Awmount available Jaly 1, 1874 .. ... ... ... ... 2306, 183 71
Amount required for the fiseal year ending June 30, 1876 _..........._... 600, 000 00

(See Appendix K 1.)

2. Improvement of Osage River, Missouri.—Operations upon this river
were carried on at Dixow’s, Round Bottom, Burd’s, Lockett’s Island,
Lockett’s, General Bolton’s, and Shipley’s Shoals, the mode of improve-
ment being the same as that followed during the preceding year, namely,
the contraction of the stream by cross-dams, training-dikes, &e., and by
excavating the channel. The materials used in the dams and dikes
were logs, brush, and stone, and were purchased in open market. The
work was performed by hired labor.

Work thus far has resulted in an improvement of the river at the
points named, a depth of 2 feet and more at low water having been ob-
tained at most of them.

The further sum of 825,000 was appropriated by the act approved
June 23, 1874, 1t is proposed to expend the greater part of this amount
in continuing the work upon the plan now in progress, using the bal-
ance, (say, $5,000, or so much of the whole as may be necessary,) for
the thorough survey from Tuscambia—to which point it had been car-
ried and suspended—up the river toward Roscoe, a distance of 173
miles, with a view to the permanent improvement of the river by locks
and dams, if such method should be found practicable.

Estimates for the further prosecution of the work are delayed until
the completion of the survey referred to for slack-water navigation,

Balance in Treasury of the United States July 1, 1873............. & semsop $40, 000 00
Amount in hands of officer and subject to hiseheek .......ovenvennnn.... 10,604 74
Amount appropriated by act approved June 23, 1874 ..... o B S B A 26, 000 00
Amount expeunded during the fiscul yeur ending June 30, 1874 ........ ... 47,332 77
Amount available July 1, 1874 ..o iiiian it iiacnt ceicenanns o ceesa.  2%,201 97

(See Appendixes K 2 and K 3.)

IMPROVEMENT OF THE OUACHITA AND YAZOQOO RIVERS,

Oficer in chaige, Capt. W. H. H. Benyaurd, Corps of Engineers,

- 1. Improvement Ouachita River in Louisiana and Arkansas.~—Certain
amounts of lnmber, &c., intended for the foundations of locks at Buffalo
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COMMERCIAL STATISTICS.

Statement showing the amount of business done by the St. Louis and Naples Packet Line of
steamers on the Illinois River.

1268, 1869.|1810. 1871. | 1872. | 1873.

Number of tripembade ....c.ccconcscmssosmsssosonce ssosss sssmss 99 { 130 ' 105 96} 93 101

It may be remarked here that we have kept up this trade constantly and regu- -
larly since the year 1849, the uumber of trips made being governed by the length
of the season and stage of water ; the greatest number of trips beiug in 1869, when
there was a good stage of water the entire season aud no failure to make threo trips
per week occurred.

Statement of amount of freight carried in 1872 and 1873, and articles lransported.

Grain | Grain Meat {Cooper-| Live | Sun-
Year. |; bulk. |0 sacks,| Flour. | Pork. { Lard. !Applea.l Hides. |; 2k ag';? atock. | deien.

Bushels.| Sacks. |Barrels..Barrels.| Pkgs. !Barrel:. Pkgs. | Pieces. | Pieces. | Head. | Pkgs.
I1872...... 139,650 | 175,950 | 16,400 | 8,595 3,115 | 20,000 ] 1,086 | 66,480 | 3,477 | 11,400 | 8, 604
1873...... 128,330 | 212,356 | 15,638 { 4,846 | 2,087 | 12,310 4,254 | 27,700 | 4,706 | 10,545 | &, 185

In 1872 was about the first of bulk-grain shipments in this trade, and would have
been largely increased in 1873 had the stage of water permitted.
C. L. RoGEens,
President Naples Packet Company.

APPENDIX K.

ANNUAL REPORT OF COLONEL J. H. SIMPSON, CORPS OF
ENGINEERS, FOR THE FISCAL YEAR ENDING JUNE 30, 1874,

UNITED STATES ENGINEER OFFICE,
St. Louis, Mo., Lugust 1, 1874,

GENERAL : 1 have the honor to submit herewith my annual report of
operations for the fiscal year ending June 30, 1874.

In addition to my duties in connection with the works of improve-
ment under my charge, I bave been engaged during the year upon mis-
cellaneous work, as follows :

President of board of engineers convened by special orders No. 169,
War Department, Adjutant-General’s Office, dated August 20, 1873, to
examine the construction of the St. Louis and Illinois bridge across
the Mississippi River at St. Louis. Original report submitted Septem-
ber 11, 1873, and supplementary report January 31, 1874,

President of the board of engineers constituted by special orders
No. 4, paragraph 1, headquarters Corps of Engineers, Washington, D,
0., dated Jauuary 6, 1872, which assembled in New York City on the
10th of December, 1873, in accordance with Special Orders No. 160, .
" headquarters Corps of Eugineers, dated December 3, 1873, to consider
and report upon questions relating to the improvement of the harbor of
Mobile, Alabama. Report submitted December 12, 1873.

President of the board of engineers coastituted by special orders
No. 65, headquarters Corps of Engineers, dated June 1, 1874, to con-
sider and report upon the plans submitted by the St. Clair and Caron-
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delet Bridge Company for its proposed bridge across the Mississippi
River at St. Louis. The meeting of this board, having been deferred,
has been fixed for the 3d of August, 1874.
Very respectfully, your obedient servant,
J. H. SIMPSON,
Colonel of Engineers, U. 8. A.
Brig. Gen., A. A. HUMPHREYS,
Chief of Engineers, U. S. A.

“ KI.

IMPROVEMENT OF THE MISSISSIPPI RIVER BETWEEN THE MOUTHS OF
THE ILLINOIS AND OHIO RIVERS.

i 4

ALTON HARBOR.

This improvement consisted in the continuation of the construction
of the dam between the head of Ellis Island (opposite Alton) and the
Missouri shore; the object being the concentration of the water of the
river in the main channel on the east side of the island, and thus the
erosion of the shoal in front of the city of Alton at its lower portion.

The work at this locality having been fully described in former re-
ports, it is nnnecessary in this report to do more than to report the
work done during the fiscal year.

No further appropriation having been made for the year, the opera-
tions were confined to the expenditure of the balance of $3,021.82.

The work done was the raising the body of the dam to the height of
8 feet above low water. The work was begun September 20, the ma-
terials being purchased in open market, conditional upon delivery in
the dam. Favorable progress was made until October 21, when opera-
tions were necessarily closed, the means having become exhausted.

The dam was then at the proposed height of 8 feet above low water,
except for a distance of about 200 feet, which settled after being brought
to height. This settling was local, and must render the body of the dam
more compact, if confined to the body of the material ; and if due to scour
underneath the foundation, the settling can only bring the dam nearer
to a condition of stability. As no examination of the work has been
made since operations were suspended, no report as to its present con-
dition can be made, except that the break of the water over the dam is
continuous, which indicates a good condition. Exact information is
not obtainable until the water falls so as to bring the cresf of the dam
in sight, which wi:l not oceur before the latter part of August.

The work done during the fiscal year was the placing—

1,609.04 cubioc yards stone, CoBliDg..ccve cioccecnmrmiacaenaecnencocananann $£2,333 11
23 cords BRUBR . .cccoo socvivisissnonsssis ssosios sssess sesss susaeee wEBEeS SEsE 66 00
FRDOE .55 s semman svesss sensss SHSEHE FHARSPSS SHSE SSIEETTERESS S8 SEosESSTE 421 75
Engineering and contingencies......... (e see P ne RS s S s e ¢ e *70 96

Total covcvevsns R RN SRR  ST— . 3,081 82

The original estimate by the board of engineers for the construction
of the dam was $40,000. There was appropriated July 10, 1872, $25,000,
all of which has been expended. :

By the terms of the act approved June 23, 1874, appropriating
$200,000 for continuing the improvement of the Mississippi River,
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between the mouths of the Ohio and Illinois Rivers, $15,000 of this
amount are to be expended between the mouths of the Missouri and
Illinois Rivers, which will doubtless prove amply sufficient for the com-
pletion of the dam and its protection at the island. This makes up the
full amount of the estimate. -

Financial statement,

Amount in bands of officer and subject to his check............... T— $3, 021 82
Amount appropriated by act approved June 23, 1874, to be expended be-

tween the Missouri and Illinvis Rivers, from the appropriation of

$200,000 for the improvement of the Mississippi River from the Ohio to

the IHDOoIE BIVOIS. ..cccscviiis sinvis crns sosoesaness sons varsssssesen 15,000 00
Amount expended during the fiscal year ending June 30, 1874. ........... 3,021 82
Amount availableduly 1, 1874 ... .o ceer e riereeernccercooeseneensens 15, 000 00

NORTHERN HARBOR OF SAINT LOUIS.

Operations at this locality have been in continuation of the work of
the preceding year. The contract awarded to Thomas M. Hackett, for
the work at Sawyer Bend, under the appropriation of March 3, 1873, at
the opening of bids on the 26th of June, 1873, an abstract of which is
contained in the Report of the Chief of KEngineers for that fiscal year,
page 451, was duly entered into by him on the 16th of July, and closed
by payment of retained percentage on January 23, 1874.

Previously-existing contracts under appropriation of June 10, 1872,
having expired with the fiscal year, a reletting was authorized May 21,
1873, to cover the unexpended balance of that appropriation, and pro-
posals were opened on the 9th of July, in accordance with an adver-
tisement inviting the same, the contract being awarded to Messrs.
Martin Keary & Brothers, the lowest bidders. (See abstract of pro-
posals herewith.) They entered into contract on the 21st of the same
month, but after many promises and excuses on their part concerning
the commencement of work, I fouud it necessary, on the 6th of October,
to annul their contract in accordance with its terms; and, with the
approval of the Chief of Engineers, the work from the 27th of October -
was carried on under this appropriation, both at Sawyer Bend and
Venice dikes, by the purchase of material in open market and the hire
of the necessary labor.

Work on Long Dike, at Venice, was delayed so long waiting for the
performance of the agreement of Martin Keary & Brothers, that a
great part of the working-season was lost, whence the work is still in-
complete. The results are: the old dike is raised to 14 feet above low
water, and of the extension the foundation is all in; the construction of
the dike well advanced, and the upper branch of the T built. It is ex-
pected that the extension of the dike will be finished by August 1, 1874,
leaving a residue of the appropriation unexpended.

The report of the board of engineers, dated April 13, 1872, included
the extension of two dikes between Long Dike and Bischoft’s Dike,
which may ultimately be necessary; but I judge it best to delay the
prosecution of additional works at this locality, since, in the interest of
economy, it is well to allow the effects of the raising and extension of
Long Dike to develop before extending the others, and if any consider-
able deposit results in the space between Bischoff’s and Long dikes,
the intermediate dikes will be much less expensive than now. To ex-
tend the dikes as proposed, would now cost $100,000.
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Mr. Hackett commenced work at Sawyer Bend, under his contract,
August 21, or as soon as it was practicable to do 8o on account of the
high stage of water prior to that date. The result of the season’s opera-
tions under his contract, combined with the work done by purchase or
material and hired labor, is 2,620 feet of longitudinal dike, which being
added to that previously built by the United States and that under-
taken by the board of water commissioners of the city of St. Louis,
makes 5,445 feet of the two miles recommended by the board of United
States engineers in their report of April 13, 1872,

[t is now proposed to devote to the continuation of the work at
Sawyer Bend whatever balance of the appropriation of 1872 may remain
available after the completion of Long Dike at Venice.

The work at Sawyer Bend during the fiscal year ending June 30, 1875,
may with advantage be restricted to the continuation of the protection
for a distance of 600 feet. That distance, if the curve be continued,
will reach a salient point, which would have to be dredged away this
year, but if not touched would be removed by the current by another
season. I propose to draw from the appropriation of 1874 sufficient to
complete this distance if the balance of the appropriation of 1872 isin-
sufficient.

There will remain, besides this 600 feet, a distance of 4,515 feet to be
protected, to carry out the recommendation of the board of engineers,
which will require $84,535.52, all of which can Le profitably used the
coming fiscal year, 1875-1876.

The board of engineers, in their report of April 13, 1872, ,

estimated the cost of protection of Sawyer Bend at... $142,211 62

And for the extension of the Venice Dikes............. 197,323 90
Making a total for the locality now designated as Northern

Harbor of 86 LoWiS .- .. .ccovese . srscsvssnsssonsanss 339, 535 52
There has been allotted to these works for use up to June

L ATID .o ccon nnsananannna P R —— 155,000 00
Balance to be appropriated ............ e s 184, 535 52

This sum is judged to be sufficient to complete the works recom-
mended.

For further details of the work in the northern harbor of St. Louis,
I refer to the report of Assistant Engineer D). M. Currie, and accom-
panying tracings herewith.

HORSETAIL BAR.

The work at this locality, being the first undertaken with a view to
the improvement of the navigation as a principal object, a detailed de-
scription of the plan and the effects designed is given.

Horsetail Bar has always been one of the worst obstructions to navi-
gation at low water bhelow St. Louis. The river then flows over the
bar in a broad, shallow sheet, with but little more depth in-the channel
than elsewhere over the bar. The channel generally trends from the
Vulcan Iron-Works landing toward the Illinois shore, thence, returning
to the Missouri shore a short distance above Jefferson Barracks, follow-
ing this shore until the foot of Carroll’s Island is reached, when it bears
again toward the Iilinois shore. The bar is mostly composed of sand
and gravel, the latter, with some rock, obtaining on the Missouri side,
while the former constitutes the bed of the river on the Illinois side.
The formation of the Illinois bank is light alluvion, while the Missouri
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side is a rocky bluff from the Des Peres to the Meramec, excepting a
comparatively small area of alluvion at the mouth of the Des Peres.
This latter area, however, is underlaid by limestone rock, which crops
out in one or two places at the low-water line.

The bar is subject to change in size and position, varying with differ-
ent years, although it is always an obstruction to mavigation at low
water. In the consideration of a plan for the improvement, the entire
stretch of river from the lower portion of (Carondelet to the foot of Car-
roll’s Island was included.

Obviously,inorder to secure the required depth of channel atlow water, .
a contraction of the width of the stream, by means of jetties, dams, &ec.,
must be resorted to, and the amount of contraction should be sufficiens
to secure the ohject in view, and yet not so great as to impede the free
discharge of floods. The exact amount of contraction will have to be
determined by observation as the work progresses, and on this account
it seemed better to limit the lengths of the jetties at first, and push them
out from time to time as experience may show to be necessary, rather
than to construct them of such lengths at the outset that future neces-
sities may call for their curtailment, The minimum width of the low-
water channel between Bloody Island and St. Louis is about 1,500
feet, and it now seems likely that this width will have to be eventually
adopted wherever the necessities of navigation and commerce demand
deep water all the way across. 1f, however, both banks of the river
are to be leveed and brought to this distance from each other, the slopes
of the levees will be matters of the first importance, in order that suffi-
cient cross-sectional area may be secured for the flood discharges. The
projection of any shore-line on the right bank below the river Des Peres
must be governed greatly by the proposed wharf-line of Carondelst,
and the necessity of keeping open the landing at Jefferson Barracks.
A line meeting the conditions thus imposed was adopted, departing by
easy curvature from the proposed wharf-line of the city of St. Louis,
where it ends at the river Des Peres, and falling into the natural cur-
vature of the rocky shore about one-half mile above the barracks land-
ing. The river will have to be held to this line by means of jetties on
the Illinois side of the river, and further held along the Missouri bluff,
until the foot of Carroll’s Island is passed by closing the slough behind

_the latter, if a tendency to re-open should be developed. At present it
is closed at low stages by a sand-bar. The channel will probably regu-
late its length by erosion below the island. ’

The first work will be limited to giving the low-water channel a width
of 2,400 feet, and watching the effects, instead of bringing it at the out-
set to the width stated by the board of engineers of February, 1872, as
that which may ultimately be demanded for the harbor of St. Louis
when extended over this locality, viz, 1,200 feet {0 1,500 feet, and for
the reason that no present necessity exists calling for deep water all
the way across.

The jetties, as originally proposed, were numbered from 1 to 5, inclu-
sive. No, 1, on the Missouri side, 1,300 feet in length, the outer end of

.which defines the shore-line on that side. Jetty No. 2, on the Illinois
side, may possibly not be needed, but of this more can be told as the
work progresses.. Jetty No. 3 is to be 1,600 feet in length, and is to
serve the double purpose of coiftraction and shore-defense, and also, in
contection with jetty No. 4, which is to be 2,600 feet in length, to
force the water against the Jefferson Barracks front. The dam (No. 5)
for- closing the slough behind Carroll’s Tzland would be 2,000 feet in
length, and may be required to secure the maintenauce of the low-water
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channel to the right of the island ; jetties aud dam to be raised to a
height of about 8 feet above low water, which experience shows to be a
favorable height for influencing the low-water channel without interfer-
ing with the discharge in times of high water. It is possible that short
jetties may be required between jetties 2 and 3 and 4, the approximate
lengths of which are respectively 300 feet and 690 feet; but as their
necessity would arise solely from the insufficiency of the larger jetties to
protect the shore properly, a fact which can only.become appareut from
the effects of the work, their construction is not now contemplated. The
same remark may also be made in regard to revetting the head of Car-
roll’s Island, which may eventually become a necessity.
The estimated cost of the works proposed was:

L N Y R ———— $23, 400
Jotty No. 3,1,800 Teet, at 818 .. oet covece iovevneriiosoosrscacnssvcsssonscns 28, 800
Joty Wo. 4, 2800 ook, St BB ... . ......cn0rs crvs ezpsremecs sose snsses pass aewas 46, 800
Dam No. 5, 2,000 feet, abSIB ... ceueereeere vernvrnn cneenevonennn Y e npess a8 36, 000
135, 000

Contingencles, add 10pereent ....coveeeeevvenervriiinnrviocervacnnecacnns 13, 500
' 148, 500

, Operations were commenced on the 15th of August, or as soon as the
high water would permit, under a contract with the lowest bidder, Mr,
Thomas M. Hackett, authorized by your letter of July 3, 1873, (For
abstract of bids, see Report of Chief of Engineers, 1873, pages 451, 452.)
The work was carried on by the contractor, Mr. Hackett, until the 6th
of October, when, he proving incompetent to go on with the work satis-
factorily to the Government and agreeably to the terms of his contract,
the same was annulied under the authority of the Chief of Engineers,
dated September 20 and 29, 1873, and the work prosecuted by the pur-
chase of material in open market and the hire of the necessary labor.

Authority also having been obtained from the War Department, the
stone was quarried from the Government tract at Jefferson Barracks.

The plan of the dikes in general is the same as that illustrated in last
year’s report on the dam or dike for closing Alton Slough, (see Reportof
Chief of Engineers, 1873, page 442,) and like that for Venice Dike, (see
sketches annexed to report of Assistant Civil Engineer D. M. Carrie,
herewith,) namely, a riprap of stone built 8 feet above low water, and
superposed on a foundation or platform of brush from 2 to 5 feet in
thickpess, and of varying width to suit the height of the dike, held in
place by piles until loaded ; an apron of brush about 2 feet thick, also
held in position by piles and stoue, having been previously laid below
and alongside the dike, though not connected with it, to prevent the
dike from being undermined by the fall of the water over it. The banks
at the lllinois shore, which is of an alluvial character, were protected
from wash around the ends of the dikes by a small dike 250 feet long
built parallel fo the shore and at the foot of the bank ; and, further, by
a spur-dike being built from each end of the dike back and over the
bank for a distance of about 100 feet. In addition to this, the main dike
itself was carried back over the bank not less than 200 feet.

The main dikes at top have been left 5 feet wide, and the stone, when
thrown in, was allowed to take its natural slope.

The work during the year, the details of which will be found in the
report of Assistant Engineer Charles S. True, herewith, may be summed
up as follows:

Dike No. 1, extending from the Missouri shore 1,171 feet, and 8 feet
high above the low water of 1863, completed. _ -



REPORT OF THE CHIEF OF ENGINEERS. 329

Dike No. 3, extending from the Illinois shore 1,408 feet, and 8 feet

high above low water, nearly completed.
lDike No. 4, extending from the Illinois shore 1,126 feet, mainly com-
pleted.

The dikes in progress will be completed during the present season,
and when their influence is developed at low water, it is probable that
another dike will be located and commenced to extend and secure the
results obtained.

NEW WORKS PROPOSED.

Improvements at other points are contemplated during the present
fiscal year to the extent of the means available, selecting the localities
where the qbstructions to navigation are most formidable. Following
the general principle that the first step in the improvement at any
locality is the collection into a single channel of the whole low-water
discharge of the river, the work for this season will chiefly be confined
at new points to the closing of island chutes. In my report for last year
(page 430, Report of Chief of Engineers, 1873) I suggested that it would
be advisable, on the score of economy, that the United States should
own the principal working appliances which must be used. Experience
of the past year has demonstrated this course to be a necessity to the
efficient conduct of the work.

Having been compelled to purchase for use on the work a tow-boat,
several barges, three pile-drivers, and the tools required in quarrying
stone and bandling material, it is the intention to use this equipment
during the present year, and to make such addition thereto as may be
required for the efficicut prosecution of the work. The act approved
June 23, 1874, providing only $185,000 applicable to the improvement
of the river from the Missouri to the Ohio, the number of new points
where work can be undertaken this year will be limited to two, namely,
Turkey and Devil’s Islands. These places are now the worst obstrac-
tions between St. Louis and Cairo. The present appropriation, it is
hoped, will secure as decided an improvement at these points as has
been gained at Horsetail Bar, where, though the works already pro-
jected are incomplete and others are yet to be located, the depth of"
water in the channel is considerably greater than was found at the same
stage of water last year. -

SURVEYS AND TRIANGULATION.

At the beginning of the fiscal year a party was in the field, in charge
of Assistant Engineer I. D. McKown, and had carried the triangulation
about thirty miles below St. Louis. The work continuned until the
latter part of October, when the triangulation was suspended for the
season, and the party directed to make special surveys at Devil’s, Lib-
erty, and Turkey Islands, Horsetail Bar, and Twin Hollows. These
special surveys were completed November 30, 1873, when the party was
withdrawn from the field and the survey-boat Arkansas laid up.

The assistants were occupied during the winter in completing and
making a projection of the triangulation, giving as the present resulf, a
skeleton map filled in with sketched topography, except where the
special surveys afforded the detail. - ’

The party was re-organized on the 1st of May, 1874, and at the close
(())fhii:he_ﬁscal year had arrived within seven miles of the mouth of the

o. % . »
A special survey was made during May and June, 1874, fo determine
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the facts, and to correctly econnect the present and proposed wharf-line
of the city of St. Louis with our surveys. Questions of considerable
moment to the general interests of navigation and the exercise of the
right of conservancy may be required on the part of the United States.
The surveys are complete, and are being plotted in the office. It is
deemed advisable to defer the discussion of the subject until tLs water
affords an opportuaity to make additional observations.

The surveys ordered during the present season, under the allotment
of 10,000 from the appropriation, approved June 23, 1874, for surveys
and estimates for the improvements recommended by the Senate Com-
mittee on Transportation-Routes to the Seaboard, will be of the char-
acter of detailed examination of points where obstructions to navi-
gation are known to exist.

The nccessity for a triangulation of the valley proper of thie river was
shown in the report of 1873. I would respectfully renew the recom-
mendation of the appropriation of $50,000 for this purpose.

Estimates of the cost of completing the improvement of the Mississippi
River between the Illinois and Obio rivers cannot be given. The sur-
veys of the present season will enable me to submit estimates of the cost
of removing present obstructions to navigation, but such estimates can-
not be expected to cover all that will be required to complete the im-
provement of a river subjec. to so many changes as is the Mississippi.

The detailed surveys made during the past season enable me to ap-
proximately estimate the cost of works now required at several of the
worst places on the river. To improve the navigation at the points
where improvement is most urgently demanded, and to carry.on the
works heretofore undertaken, will require, for the fiscal year 1875 and
1876, the snn of $600,000, the appropriation of which sum is recom-
mended for the improvement of the Mississippi River between the
mouths of the Illinois and Ohio Rivers, the distribution of the sum to
be at the discretion of the Chief of Engineers.

I am indebted to Hon. Jobn F. Long, surveyor of customs of the port
of -St. Louis, for certain statistics given in his letter of the 28th of July,
1874, accompanying and forming a part of this report.

Referring to the letter of Mr. Long, I would call attention to the in-
crease of tonnage as conclusive refutation of the oft-repeated assertion
that the tonnage on the Mississippi is diminishing, the total increase
being 39.7 per cent. of the tonnage of 1870. The steamboat tonnage
having increased from 71,489 in 1870 to 76,829 in 1874, or 7.4 per cent.,
and the barge tonnage during the same period increased from 25,634 to
68,860, or 129.6 per cent., shows that while steamboat tonnage is in-
creasing, the growth of the barge interest is in a much greater ratio.
The demand for cheap transvortation is doubtless the cause of the ratio
being so greatly in favor of barges; but the improvement of the navi-
gation by the removal of dangerous obstructions iaring the last six
years or more, has furnished the opportunity for the change, by render-
ing barge navigation safe.

The works now in progress and contemplated in the portion of the
river under my charge will still further facilitate the cheapened trans-
portation by removing the occasion of delays. Removing the causes of
danger and delay, the result will be a safe and expeditious transporta-
tion, which is synonymous with cheap transportation.

It is impossible to state in detail what amount of commerce and navi-
gation would be benefited by the completion of the above improvements.
Suffice it to say that the whole Mississippi Valley would be greatly bene-
fited thereby. .
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Financial statement.

Balance in Treas’nry of United States July 1, 1873:

On account of appropriation for improvement of Mississippi
River from the Missouri to the Meramec,. approved June
10, IB72. cucom o is sogrinisis ssdsnspas susssnssspspasnsssscs  §25,000 00
On account of appropriation for improvement of Misaissippi .
River from the Missourl to the Ohio, approved March 3, .
IBTB v o un s s sunanmuess snanssnesnives s sisvsssssssossss 190000 00

On account of appropriation for improvement of Mississippi

River from the Missouri to the Merameo, approved June

(1) -7 g — e Ty 15,981 33
On account of appropriation for improvement of Mississippi

River from the Missouri to the Ohio, approved March 3,

IBTB inevvs cosvssmassvsens . S — 1,550 00

Amount appropriated for improvement of Mississippi River

from the Ohio to the Tllinois, by the act approved June 23,

1874, $200,000, less $15,000, to be expended between the Mis-

souri and J1linois......coeceeceeccevceccaconcs O p— 185, 000 00
Amount allotted from appropriation, approved June 23, 1874,

for surveys and estimates for the improvements recom-

mended by the Senate Committee on Transportation-Routes

to the Scaboard, &c., to be expended in the survey of that

portion of the Mississippi route lying between the mouth of

the Illinois River and the mouth of the Ohio River....... . 10,000 00

Amount expended during the fiscal year ending June 30, 1874 :

On account of appropriation for improvement of Mississippi

River from the Missouri to the Meramec, approved June 10,

B2 cccccevscnns snonsnanss socasssassonsssssn sonses sadsns $40, 360 09
On account of appropriation for improvement of Mississippi

River from the Missouri to the Chio, approved March 3,

BBI8 .ocoovsonss snsorssnsnss serars soesosasnnss I —— . 174,987 53

Amount available July 1, 1874:

On account of appropriation for improvement of Mississippi

River from the Missouri to the Meramee, approved June

10, 18720 o« soisawsnn soms sxms sspesemasessn s sivs Sess oo 17,621 24
On account of appropriation for improvement of Mississippi

River from the Missouri to the Ohio, approved March 3,

-7 ¢ SR ———. s e s s S S e R S B S 23,562 47
On acconnt of appropriation for improvement of Mississippi

River from the Ohio to the Illinois, approved June 23, 1874,

$200,000, less $15,000, to be expended between the Missouri

and INliDois ... coeecececcccneiarcoreccececnceccncens 185, 000 00
On account of allotment from appropriation, approved June

23,1874, for surveys and estimates for the improvements

recommended by the Senate Committee on Transportation-

Routes to the SBeaboard, &c., to be expended in the survey

of that portion of the Mississippi route lying between the

mouth of the Illinois River and the mouth of the Ohio

RIVOE .z 05 ssmoss puenmos suses . R —— 10,000 00

Amount reqnired for the fiscal year ending J ane 30, 1876, for
improvement of the Mississippi River between the mouths

of the Illinois and Ohio Rivers....coccerevecceececccencn. -
For triangulation of the valley of the Mississippi River be-
tweon the mouths of the Illinois and Ohio Rivers.........

Report of Mr. D. M. Currie, Assistant Engineer.

331

$239, 000 00

17,5631 33

195,000 00

215,347 62

. 936,183 71

600, 000 00
50,000 00

8t. Louis, Mo., July 15, 1874,

Sir: Ihave the l'z‘ouor respectfully to submit the following report of progress made
upon works for the improvement of the Mississippi River at Sawyer and Venice Bends

during the fiscal year ending June 30, 1874 :

The contract that was awarded to Thomas M. Haokett at the opening of bids in this
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office on the 26th day of June, 1873, and of which the abstract was published in the
raport of the Chief of Enﬁlnoen for that fiscal year, page 451, for-the continuation of
the work for improving the Misslssippi River at-Sawyer Bend under the allotment
made for that purpose from the appropriation by act of Congress approved March 3,
1873, was duly entered into by him on the 16th of July following.

Burveys were made of that part of Sawyer Bend lying between the upper end of the
works constructed last year aud the mouth of the Gingrass Creek in the latter part of
July and first. part of August, to determine what, if any, chunges were nocessary to be
made in the location of the works or details of the plans. The only change that was
made wae aslight revision of the lucation of the longitudinal retaining dike, to make it
conform as nearly as possible to the contour of the river-bank, upon which the river
had encroached about 30 feot since the surveys were made in August, 1872,

The plan followed in constructing the protecting works was the same as adopted in
the construction of similar works at that point during the year ending June 30, 1873,
namely, to build a longitudinal retaining dike parallel with the direction that it was
intended to give to the bank below mean low-water, and connect this dike with the
top of the bank by cross-dikes, built at such intervals as would protect the interven-
ing bank against erosion.

’f‘he interval betweon the dikes that have been built is 120 feet, and, so far as can be
seen at this tiine, they furnish all the Xrotectlon desired, but if the sams system of
protection is continued on the remainder of Sawyer Bend, it will become necessary
to determino anew the spaces that will be protected by the cross-dikes, because the
current impinges against that part of the bank more directly. They vary directly as
the product of the length of the dike into the natural cosine of the angle included
between the axis of the impinging current and the bank.

To illustrate, lot u = the space protected, x — the lemi,th of the cross-dike, y = the
natural cosine of tho angle included between the axis of the impinging current and the
bank, and ¢ = a constant whose value is equal to the space protected per unit of dike
when the axis of the current is parallel to the bank,

Thenu=c x y. If we make y =1, the axis of the current becomnes parallel to the
bank, and the space protected varies as x. If we make y =0, the expression ¢ x y
reduces to 0, which shows that when the axis of the current is perpendicular to the
bunk the spaces between the cross-dikes reduces to 0, and that the system of protection
becomes a continuous revetment.

The formula u =¢ x y furnishes an easy method of determining the space that
cross-dikes will proteet when the value of ¢ is known.

Mr. ‘fhomas M. Hackett commenced work under his contract on the 21st of August,
which was as early as was practicable to do so, on acecount of the high stage of water
that prevailed prior to that date. Even then the water was too high for the dredge
to open the trench deep enough for the reception of brush in the foundation of the
longitudinal dike, which, according to the plan adopted, was neccessary to be done
before the construction of the dikes could be commenced; therefore, this operations
were necessarily confined to removing a salient point of the bank that projected across
the line of the longitudinal dike, near the upper end of the works constructed during

.the preceding year, while- the water remained too high for the dredge to reach the
bottom of the trench. It was evident that to enable one dredge to open sufficient
length of trench during the season it would have to be pushed to its utmost capacity,
and the contractor was permitted to rum it night and day. It was unsafe to work all
night, however, under a caving bank, and he was able to make only about 16 hours of
actual work per day. The dredge with which he commenced work, the Sam Vansant,
was hired from H. 8. Brown, and completed its term of service on the 6th of September,
and from that time to the 16th, when he purchased one, no work was done.

The water reached a stage sufficiently low to render it practicable to commence con-
structing dikes on the 13th of September, but the contractor was not ready to commence
delivering brush and stone in the work until the 3d of October, and then not in such
quantities as was desired or that would indicate that he would be able to accomplish
any considerable amount of work before the approaching winter would close all our
operations on the river for the season. .

He was at that time dividing his time and means between this work and that at
Horsetail Bar, and was thus trying to carry more work tban his means justified.
About that time, however, you relieved him from further responsibility of the work at
Horssetail Bar, which enabled nim to concentrate all of his means and energies here,
131%0 ml beneficially upon the progress that he made with this work after the 15th of

e s

The United States furnished him a Xile-driver for the work done during October, one
driver being used at both S8awyer and Venice Bends, but after that he was required to
farnish one to work under his contract, because one driver could not drive piles fast
enough to keep the work moving without interruption at both places. .

The.progress that was made with the work in the latter part of the season exceeded.
our most sanguine expectations. This was due more to the unusnally fine weather for
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working that prevailed in the latter part of November and first of December than to
any special effort on the part of the contractor, who, though probably doing the best
that he could under the circumstances, was so cramped in his movements for want of
means that be could not prosecute the work with any great vigor, and frequently the
dredﬁo had to stop working because he was not able to furnish the materials n
to follow up the opening of the trench with the construction of the longitudinal dike.

The dredge was discharged on the 23th of November, and the last brush of the soa-
son placed and sunk ou the 1st of December. The contractor continuned delivering
stone and constructing the longitudinal and cross dikes until the 16th of December,
when the river rose to 15.5 feet above low-water and submerged his quarry. Before ft
fell again sufficiently for him to resume work, the navigation became so hazardous that
it was found necessary to suspend for the ssason. Soon afterward he was pald the re-
tained porcentage and other dues on account of his contract, and relioved from its fur-
ther responsibility. The result of the saason’s operations is: 2,520 feet of longitudinal
dike built, as shown on accompanying map, (A B,) which, being added to that built
during the preceding year, end that undertaken by the board of water-commissioners
of the city of 8t. Louis, makes 5,445 fect of the two miles recommended by the board of
engineer officers.

The following statement: shows the cost of labor and materials used in constructing
2,520 feet of longitudinal dike:

Items and quantities, C;r;it‘r;.ot Amounts,
1.9:17* honrs of actual work of dredgo and Crew......cccveeeecrnerrverenceceranen. $900 | $11,135 25
6,498 linear feet of pile-timber....coevricvinner cuvevrrecncoereecnrereoccesonnnns a8 388 88
124 piles driven 6 feet, (driver furnished by United States).......... S — 200 248 00
185 llne;r feet of piles driven in excoss of 6 feet, (driver furnished by United 20 37 10
tes.

120 piles driven 6 feet, (driver furnished by contractor) .....c.o.covvuureeevuennn... 400 ‘480 00
6 linear fest of piles driven in excess of 6 feet, (driver furnished by contractor). .. 30 180
8,510.99 cubjc yards of stone 88 Wet TiPrap....c.ceeeeeccarereneraronerronresenenens 140 11,915 39
443.73 cubic yards of stone as dry riprap .. - 150 668 59
15.9 oubic yards of earth, (dry excavation)....c.c.cceveeeenunon... S 20 318
3,642.36 corda of looee brush, second imde ...................... . 2 40 8,741 66
86 hours’ labor of men trimming bank preparatory to dredging ................... 25 21 50

EARL AL .o o conroms s sramsnsnmsrssmisoos srrsmssdsssmbonsmesssooassors|sentaems 33,642 35

Bids were received and opened in this office on the 9th of July for furnishing and de-
livering materials, and doing all the work required for the improvement of the Mis-
sissippi River at Sawyer and Venice Bends under the unexpended balance of the appro-
priation for the improvement of the Mississippi River between the Missouri and the
Meramee, made by act of Congress approved June 1C, 1872, and the contract was.
awarded to Messrs. Martin Keary & Bros.; they being the lowest bidders. They en-
tered into contract on the 21st of the same month. No work was done under that
contract, however, although it was in force until the 6th of October, when you found
it necessary to annul it for non-fulfillment of its terms on the part of the contractors;
after which the work at Sawyer and Venice Bends under that appropriation was car-
ried on by hiring labor and purchasing materials in open market.

SAWYER BEND,

The work was commenced at S8awyer Bend on the 27th of October, and continued,
with slight interruptions, until the close of the year, and consisted in completing and
repairing the work done during the year ending June 30, 1873, and in building cross-
dikes for the protection of the bank, stone for which was obtained from quarries on
the river, and transported on barges while navigation remained open, but r its close
it wl:;s obtained from a quarry on Broadway in this city, aud bauled on wagons to the
work. v

The results of the operations during the year are: -

The works left unfinished at the close of the preceding year were completed ; those
that were damaged by high-water were repaired; and 21 cross-dikes were built for
the protection of 2,520 linear feet of bank, shown on the accompanying map between
the points marked A and B.

Protection by cross-dikes instead of by continuous revetment, was adopted on ac-
count of the satisfactory results obtained when they were tried as a temporary expe-
dient, and has stood the test of two high-water seasons, proving itself a sufficient
protection at a less cost. .

The amount of money expended for labor and materials used in the construction of
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21 cross-dikes, and the repairs and the completion of works, is shown in the following
statement:

Items and quantitics. Price. | Amount.

3, 581.17 cubic yards of stone as dry r;_llpnp ........................................ $1 39 | 4,077 82
3, 875.22 cublc yards of atone as wet Fiprap c.cceceveeeccoceroccecrcnreccncconcnnns 1 4,921 52
203.37 cublc yards of spalls .......ccoci coeercineiiiirronrrenrococrronnnncasnes 1 :ni 211 16
2 190} BOUTS JADOF OF MG . o000 srsvinmmnsnssin sosmsmnasod bsr s sERsssvssmpssss -, 2 478 01
s T T | S 10, 648 51

VENICE BEND.

The work at Venice Bend was raising und extending Long Dike, and was in con-
tinuation of that commenced there during the fiscal year ending June 30, 1873.

Peculiar interest attaches to the extension of that dike, on account of the difficulties
which had to be overcome in its construction. I therefore submit with this report
diagrams showing the plan of its construction in detail. This plan is slightly modi-
fied from that originally intended, in this, that whereas the original contemplated
having the cross-dike or T extended below as well as above the main dike, the
upper branch only has been built; and as there is no scour below now, it is hoped that
it will not bp necessary to build that branch. Of this, however, nothing very defluite
can be said until after a low-water season shall have passed. If no scour exists, then a

reat saving will have been made in the cost of the dike by leaving off the lower

ranch of the T, and if scour sets in we will have only to build it as originally con-
templated, and with no more dificulties or expense than would attend its construction
now.

The work was commenced on the 14th of October and pushed as rapidly as materials
could be procured, and the necessary labor performed with the means at hand, until
the 15th of December, when the high water rendered it impracticable to work ; and be-
fore the flood passed the navigation became so hazardons that we had to suspeud op-
erations, not, however, until we had completed the foundation of the extension, includ-
ing the upﬂer branch of the T.

g‘ha work was resumed on the 10th of April, but, on account of the tempestuous
weather aud high water, very little progress was made uutil after the 1st of May, when,
the weather and stage of water being favorable, the work wa spushed and good prog-
ress made until the 10th of June, when the high-water and consequent strong current
caused a suspension until the 26th, when it was resumed.

The results are: The old dike is raised to 14 feet above low-water, and of the exten-
sion the foundation is all in, the construction of thedike well advanced, and the upper
branch of the T built.

The following statement shows the expenditures made for labor and materials used
in raising and extending Long Dike during the year:

Items and guantities. Price. | Amount.

12, 557 linear feot of pile-timber ..cccvveieernnmieeiiiriirieiiireciiiarocrnasonrens $0 06 $353 42
1, 660.65 cords of Joose brush, second grade......coceeneneerininoiiiiaiieceinanan. 210 3,487 36
3,155 cublo yards of stone as wet riprap ..... " 127 4, 006 85
6, 112.39 cubic yards of stone as dry riprap... 139 8, 496 22
4,202 5 linear feet of piles driven............. 25 | 1,050 63
15.5 hours’ JADOT Of MIBR.- cccccovcss ssssssissssce Sssssneraversasssssonsssnsssvissess 2 3 41
164.5 hours'1aborof MeD ...cceeeernierreinnierireerecrrreecoiccanaecccerieacanas 22% 37101
™ NPT WSS RIPESPT. SE— I 17,834 90

Accompanying this report are two tracings, one a map of part of 8t. Lonis Har-
bor, showing location of the works referred to at S8awyer and Venice Bends, scale
soboo; the other, plan and sections of the extension of Long Dike, Venice Bend
showing details of construction ; scale of plan showing eutire dike, yyy; scale of
detail %an and sections, v}y. ’

ery respectfully, your obedient servant,
D. M. CURRIE,
Assistant Engineer,
Col. J. H. 81MPSON,
Corps of Engineers, U. 8. A.
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Report of Mr, Charles S. True, Assistant Engineer.

St. Lovis, Mo., July 14, 1874,

Sir: I submit to you the following report of work done under my supervision
during the fiscal year ending June 30, 1874, for the improvement of the steamboat
3111;:::;1;! (;fgt':m Mississippi River, at Horsetail Bar, which work was placed in my charge

uly 18, 1573,

On the 22d of July, 1873, the day your plan for the year’s work was approved, the
river was too high for work to be done advantageously, but about that time the water
commenced falling rapidly.

A reconnaissance of that part of the river, including Horsetail Bar, made on the 11th
and 12th of August, by Maj. C. J. Allen, Mr. R. E. McMath, and myself, showed that the
water of theriver at that time was too much diffused over the broad sandy bottom to
mark out for itself any well-defined low-water channel. The water divided into threo
principal parts just below the southern limit of St. Louis, one portion following the Mis-
souri shore into the bend below the mouth of theriver DesPeres, a larﬁr part crossing
the gravel head of Horsetail Bar in a broad sheet too shallow for steamboat navigation,
then flowing in a deep channel near the Illinois shore to the head of Carroll’s Island,
whers it divided into two parts, one to go down the chute to the east of the island, and
the other to again join {he main river below Jefferson Barracks, while the main and
only navigable part of the river passed between the bigh sand of Horsetail Bar and
the rocky Missouri shore on which Jefferson Barracks stands.

The river had fallen to 12 feet above the low-water of 1863 on the 12th of August,
and material conld be profitably used in the construction of the proposed dikes. The
contractor, Mr. Hackett, was therefore ordered to begin work imme ia.te‘lly and oo the
15th of August he commenced operations. The first rock was pat into iko No. 1 on
the 19th otg August, and dike No. 4 was begun Soptember 5.

Three pile-drivers, bailt for work on the improvement of the Mississippi River, wero
turned over to the contractor at Horsetail Bar August 22, and on the 8th of September
pile-driving at dike No. 1 was commenced. Three hundred feet of the western or Mis-
souri end of this dike is founded on solid rock, while all the outer portion rests on
sand. The part founded on rock was built in a narrow ridge raised 8 feet above low-
water, the top finished 5 feet wide, and the sides sloped a6 an angle of about 45°. On
the sand foundation, where piles could be driven, an apron of green brush, 2 feet thick
and 25 to 30 feet wide, was laid just below the dike, to prevent the overflow of water
from undermining it. To hold this brush in the current and admit of its being sunk in
its proper place two rows of piles were driven, 10 feet apart, and with the piles 7 feet
apart in the rows; the brush was then placed on top of the water, interlaced amonﬁ
the piles, and loaded with rock till it sunk to the bottom, and enough additional roc
was put on to hold it in Klace. A heavier mat of brush was put in as a foundation for
the main part of the dike, and held in place by one row of piles. Rock was put on
this foundation till the dike was raised 8 feet above the low-water line of 1863, and fin-
ished 5 feet wide on top.

At the outer or channel end of dike No. 1 a cross-dike or T-head, 75 feet wide and
210 feet long, was built on a foundation of brush. To lay this fonndation, piling was
driven in rows across the T-heud, beginning at the down-stream end, and the brush
was put in in sections. This part of the work was done in a strong current of water
from 12 to 20 feet deep, and the brush was put in and sunk in thin layers, as the piling
wounld not stand against the pressure of a large body of brush. '

During the monuth of September the weather was fine and the stage of water the
best that could be had for successful work on the dikes. Eyerything that could be
done by the officers of the Government in charge to hasten the work was done, yet the
progress made was not as great as was desirable. Before the foundation of the T-head
was in, or that of the main stem of dike No, 1 finished, it became evident that the con-
tractor could not carry out his contract, and that sooner or later he nust suspend work
entirely. Foresecing this, you had asked for authority to annul the contract and to
continue the work by purchasing material and labor in open market, if it should be-
come necessary to do so. At the close of September it was decided to annul the con-
tract, but Mr. Hackett was allowed to continue work till the 6th of October and until
arrangements could be perfected for continuing the work by the hire of labor and pur-
chase of material in open market.

By application through the Chief of Engineers anthority of the Secretary of War to
quarry rock for the work on the Government reservation at Jefferson Barracks was
granted October 2, 1873. On the 7th of October a steam tow-boat was chartéred, with
the privilege of purchasing her, and two barges were bought and six hired, to transport
- brush and stone; and on the 8th work was resumed by the United States on the main
stem and T-head of dike No. 1 and on the shore ends of dikes No. 3 aud No. 4.

. 'The eastern ends of dikes No.3 and No. 4 were built on a steep banl- of alluvion, and
the bodies of the dikes were founded on sand. To prevent the water v: ashing ar-und
the shore ends, a small dike 250 feet long was built parallel to the shore at the foot of
the bank, and three spur-dikes were built from this over the top of the bank.
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The main parts of dikes No. 3 and No. 4 were carried out in line with the central
spur-dikes, and were built with aprons and foundations of brush similar to dike No. 1.

As necessity for more barges arose, two were hired and four bought for the work,
and on the 1st of December the steamer Anita, which had been chartered for a tow-
boat, was bought by the Government. :

In the latter part of November the outer end of dike No. 3 reached the deepest part
of the eastern channel, where the water was 25 feet deep and the current quite strony,
The work of putting in piling and brush there was slow, and it was decided to con-
tinue the dike of rock only. An apron of small stone, somse two feet thick and axtend-
ing 70 feet below the line, was first laid, and the dike raised by putting in rock on line
and letting it find its own alope.

A rapid rise in the river began December 10, and on the 13th the water was so high
as to stop all work. The chartered barges were returned to their owners and the Gov-
ernment boats and barges all laid up in a safe winter-barbor.

The work done during the season of 1873 was: Dike No. 1, completed. Of this dike
416 feot was built wholly of rock and 755 feet was built with a brush fouudation.:
Dike No. 3 had its shore end bnilt of rock, 400 feet of the main dike finished on a
brush foundation, and a foundation of small rock carried out 250 foet further. Dike
No. 4 had shore end built of rock, 525 feet of brash apron, and foundation put in, and
the dike on it nearly completed.

During the winter some work was done on the steamer Anita, and barges No. 1, No,
3, No. 4, and No. 5 were docked and recaulked. The river romained opsn all winter.

Work at the quarry was commenced again the 7th of April. The foundation of dike
No. 3 was extended to tho sand-bar, of rock only, and the dike has since been raised to
nearly its full height. Work on dike No. 4 was begun May 20, and a reck apron was
built out 400 feot. The stage of waterduring the spring and thus far during the sum-
mer has been uncommonly low for the time of year, and favorable for work in the
river.

The condition of the dikes June 30, 1874, was: No. 1, completed ; and it stopped the
lower currents from following the Missouri shore, and thus concentrated the water in
the main channel. Dike No.3 joined the main Illinois shore and the sand-bar, and had
assumed the nature of a dam. "It was not raised to its full height, but it had the
effect of stopping a large part of the water that otherwise wonld have gone down the
chute and foreing it back into the main channel. Dike No. 4 had not been extended
far enongh to have any action on the main channel, and acted only as an auxiliary to
No. 3 in stopping the channel next the Illinois shore.
thThe lengths of dikes built and the total amount of material put into them during

6 year are : 2

Dl’im No. 1, 416 feet, of rock only, and 755 feet of rock on brush foundation, using
1,766.25 cords brush, 11,149 linear feet of pile-timber, 12,323.78 cubic yards rock for
riprap.

Dike No. 3, shore-end 208 feet, built of rock, 400 feet of main dike of rock on brush
foundation, and 800 fect Knrbly built of rock only, using on the dike 371.80 cords brush,
7,053 linear feet pile-timber, 16,983.35 cubic yards rock for ripra;r. . .

Dike No. 4, shore-end 201 feet long, of rock, 525 feet of main dike nearl? completed,
of rock on a foundation of brush, and 400 feet of rock foundation pus in for extension
of dike, using 792.26 cords brush, 8,064 linear foet pile-timber, 10,278.68 cubic yards
rock for rip-rap.

I have the honor to be, most respectfully, your obedient servant,
- Cranrces 8. TRUE,
A-sistant Engineer,
Col. J. H. SixpsoN,
Corps of Engineers, U. 8. A.

Commercial statistics.

CustoM-HousE, St. Lous, Mo.,
: Surveyor's Office, July 28, 1874,
Sir: Respeotfully acknowledging receipt of your communication of 24th inatant,
I would reply to its inquiries as follows :
1. 8t. Louis is & in the collection-district of New Orleans, though entirely in-
dependent of that py ..
The revenue ¢olls through this office for the year ending June 30, 1874, was
$1,434,924.75, from the following sources: :
m ‘“n’““’ . -.;."':.?'i';..... 5000000000000 0U00 000D 00ECEP S 000000 6006 cne0’ ’1, 407' 910__33
gmpﬁa ‘mionﬂo-;n-,-uu-_ cecsss -----; ssoosw co0OwOs conD s ToRE 15,47!. 62
Hospital foes (rom §6aMeN oeoucerceoet cororeor crsnciccnne canenoconnes 10, 842 80

WUE
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The tonnage of this port at this time is as follows: _
No. Tons.

SLORI-VEBIBIR oo coo 0 sncoms smam ssmsms somamssmEs o6 SHEBHE HoE e iR 170 76,829
BAEEEB. o consonnos roosse pons ipsess sasss bmis Gsmssnmms s s e wass 161 68, 860
TotRl cocovrrersme sonsesvsons B A ——— 331 135,089
Which compares with the tonnage in the year 1870 as follows :

No, Tona,

BEORINEVEBIBIB - oo cisissivi savsssinsses parmmbnens s suss s smes aas s 166 71,489
T 70 25,034
BBl ssicssinassss sassminminbins cabd Suumesss sdduss snssm Shs s 236 97,123

This comparison is interesting, too, as showing the ﬁrowt.h of barge-transportation ;
a growth which will, in my opinion, be more rapid still from this time forward.
Trusting the foregoing may be of some slight service,
I amy, very respectfully,
: Jonx F. Loxg,
Surveyor of Customs,
Col. J. H. 8imMpsox, U. 8. 4.

K 2.

IMPROVEMENT OF OSAGE RIVER, MISSOURI.

The plan of operations for improving the Osage River during the
fiscal year ending June <0, 1874, was the same as that followed during
the preceding year, viz; the construction of cross-dams and training-
dikes, together with the excavation of the channel, with a view to ob-
tain at all times, if possible, a depth of water at the shoalest parts
of at least 2 feet at the lowest stage of the river. ) -

As stated in my report for last year Mr. Howard Cook, the contractor
for dredging, having procured a dredge which he felt confident would
perform the work under his contract, asked for an extension of time in
which to execute the work. This was granted under the authority of
the Chief of Engineers, to include the 31st of December, 1873 ; but
after diligent efforts upon his part to carry on the work, he found that
he was unable to do so, and asked to be relieved from his contract.
Being assured that the retirement of Mr. Cook would not be det-
rimental to the interests of the Government, as hired labor could
do the work more snitably, and, as I believed, at a cheaper rate
and with more economy, and as the current caused in the channel by
the erection of d ams was expected to erode the bottom, and thus dimin-
ish the amount of dredging, I recommended that he be relieved from
the obligations of his contract. This was granted nunder date of Sep-
tember 2, 1873, by the Obief of Engineers, and payment made of the
amount due thereon. v

The entire work then was prosecuted by the hire of labor and pur-
chase of material in open market. ’ .

Operations were carried on under a balance of '$50,594.74 of the
three appropriations of $25,000 each, approved respectively March 3,
1871, June 10, 1872, and March 3, 1873, and the work confined - to the
improvement of Dixon’s Round Bottom, Burd’s, Lockett's Island, Lock-
ett’s, General Bolton’s, and Shipley’s Shoals. Sp g ® L et

At Dixon’s Shoal the work previously commenced was continued, and
resulted in the completion of & training-dike 2,003 feet in. length, 3}
feet above low-water, and with -a slope of 1-to1, on the channel-side,
and on the opposite side a slope of 2 to:1, and & flat surface on-top of
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The eanal commissioners speak in most favorable terms of the work
~ which was done for them by the United States Government,

The project for continuing the work ol improving the river, by dredg-
ing and building dams for contracting the low water width, was satis-
tactorily earvied ont during the last fiseal year, and has already aftorded
greatly-inereased facilities to the navigation,

The s of X122,000 i3 asked for completing this improvement, with
the recommendation that 220,000 thereof be applied to the purchase of
a dredge and equipment, for the purpose of aflording immediate relief
at points liable to sudden obstruction, and also to be used in widening
channels heretofore opened of merely practicable width,

Balanee in Treasury of United Statos Jaly 1, 1874 ..., 575,000 00
Amonat in hands of olicer amnd subject to his cheek (inelading 32315 per-

centige die on condriaets not vet completed) July [, Isid ..., ... ..., 15,922 44
Amount appropriated by act approved Maveh 3, 1375..... e P 7o, 000 00
Aot expended during the fiseal year endivg June 30, 1975 ... . ... 2,706 02
Amonnt available July 11575, including 31155708 due on contraets. ... 113, 126 42
Awount requived for the fiseal yoar ending June 30, 1577 ..o oL 122,000 00

(See Appendix K L)

IMPROVEMENT OF MISKISSIPPI RIVER BETWEBN THE MOUTHS OF THE
TLLINOIS AND OHIO RIVERS, AND IMPROVEMENT OF 0SAGYE RIVER, *

Onicer in charge, Col. J. 11. Simpson, Corps of Engineers, having
under his immediate orders Capt. C. J, Allen, Corps of Bngineers,

1. Improvement of the Mississippi River beticeen the mouths of the
llinois and Ohio Rivers.—The dam opposite Alton has been repaired and
raised to the height of 10 feet above low water, and is now considered
complete, but will require repairs from time to time.

The unexpended balance of the 315,000 required by act approved
June 23, 1874, to be spent between the Ilinois and Missouri, shown in
the accompanying financial statement, together with $15,000 similarly
appronriated by act approved March 3, 1875, will be expended in a dam
at Piasa Island,

Below the Missouri the protection of Sawyer Bend has been extended
750 feet. No work is contemplated here the present year exeept
repairs. _

Long Dike, near Venice, has been completed, but, having been
injured by the heavy ice of the past winter, will require repairs.

Work has been continued on the dikes on the Ilinois side at IHorse-
tail Bar with favorable resalts. The chanunel daring the last low.water
season was materially deepened over the crossings, from 5 to 7 feet;
but as the chaunel had not at that time reached its permanent shape
and position, the improvement is reported incomplete, though progress-
g satisfactorily.  Work will be continned the present season.

Dams at I'ort Chartres, Towhead and Turkey Island, were commenced
during the year; a good depth of water, 8 feet, was maintaived during
low water on the bar at Turkey Island. These dams will probably be
finished the present season.

Adam at Liberty Island will be commenced this year, which the
means available will not complete.

At Devil's Island, a dike in the Missouri Chute was consiruefed, with
the view of re-opening it for navigation, by deepening the water on the
obstructed crossing to 9 feet, which was accomplished in October, 1874,
when, the dams closing, the Hinois chutes were commenced.

Satisfactory progress was made on these dams, which will be contin-
ued the present year,

1 M
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Sarveys and estimates for the continuation of these improvemnents
were made, and the results reported as part of the third subdivision
of Mississippi transportation voule to the seaboard. ‘The improvement
already accomplished under the comparatively limited appropriations
heretofore made for this important work induce the recommendation
for the grant of means adeguaiv to a vigorous proseeution of it through-
out its whole length,

The officer in charge estimates that 31,000,000 could be profitably ex-
pended during the year ending June 30, 1377, the appropriation of which
sum is recommended. -

The triangulation of the river from the Missouri to the Olio has been
completed. A similar triangulation from the IHinois to the Missouri is
much needed, as also the triangulation of the valley proper, recom-
mended in previons reports. The estimated c¢ost of this survey is
$50,000, the appropriation of which sam is recommendesd.

Balance in Treasury of United States July 1, 12374 ..ol L.. . 200,000 (0
Awmount in hauds of oftieer and subject to his check July L 1=id. ... ... . 4L 133 71
Awonut appropristed by act approved Maveh 3, 12375 ... ... ... ... ... 200, 00O 0
Awanut expended durving the fiseal year ending June 30, 1575 ... ... ... HERAEE (Y]
Amwonnt available July 1, 1~95 ..o oo .. PR ) b 1 7 8
Amount required for the fiseal year ending June 30, 1577 .o ... ... 1, 050, 0m) ()

" (See Appendix 1 1)

2. Improvement of the channel of the Mississippi Rirver opposile Suint
Louis by closing Cahokin Chute.~In consequence of a resolution of the
Committee on Commeree of the House of Representatives, communi-
ated to the Seeretary of War January 12, 1875, Colonel Simpson, as the
officer in charge of the viver improvements in that loeality, was directed
to communicate any information in his possession upon the guestion of
closing the channel east of Arsenal Island, known as Cahokia Chute, in
consequence of the probable effect of the construction by the eity of Saint
Louis of a dike projecting into the river.  The desired information was
accordingly trapsmitted, and printed in 11, R. Ex. Doe. No. 163 of the
last session of Congress,

Colonel Simpson makes no recommendation, but reports the subjeet
as deserving the attention of Congress and of such legislation as will
define the rigivis of the several paities interested,

The harbor lines of the city o Saint Lonis should conform to the re-
quirements of the improvementsin that harbor and the channels leading
to it, now being made under appropriations of Congress for that object ;
and I would recommend that Congress anthorize the Seeretary of \War
to establish the harbor and chanunel lines of the Mississippi at and near
the city of Saint Louis,

(See Appendix 1 3))

3. Dmprovement of Osage River, Missowri.—\Work was carried on under
an unexpended balanee of the appropriztion of Marceh 3, 1873, amount-
ing to 23,261.97, and the appropriation of 25,000 made by the act of
June 23, 1874, and contined to the improvement ol Sugar Creek, Schiel-
fer’s, White Oak, Bois Bralé, Bolton’s, Rice’s; Prinee’s and Shipley’s
Shoals.  The work ot Sngar Creek and Bois Bralé Shoals consisted in
removing the snags from the channel and entting the leaning timber
from the banks, and (hat at Sehicller's,White Oak, Rice’s, and Prinee’s
in the excavation of the channel to secure a depth of 2 feet, At
Burd’s Shoal the dam wis repaired and the channel excavated. A
training wall 1050 fect, and a eross dam 775 feet in length, were built
at Boltow’s Shoal, and at Shipley’s Shoal the eross-dam was repaired
amd o bar removed by exeavation at the foot of the shoal.
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Lrism of canal from guard to middle loc:.

150,000 cubic yards rock-exeavation, o8 8250, ... ... . ........ 275, 000 00
10,000 cubic yards earth-exeavation,ab 50 cents. ... ... ..o . 5, 000 00

Channels al entrance to canal.
22,700 cubic yards rock-exeavation, ab St ... o o .l a0, 200 00

Channel at Monlrose chain.

42,000 cubic yards rock-excavafion, at 83 ... oL il 336, 000 00

66, 485 00

Ald 10 per cent, for contingencies...... .o iiiin il iiiin ... e 86, 643 50

Total cost of inerease of 1 foot indepth ... ..o ... 933, 133 50

The work has already cost, up to the present time, and inclading the ap-

propriation of June 23, 1874 ..ot i 1,571,000 00
Amount estimated to completoib...ooooo ool L (R 470, 000 00 -

Total cost, according to present plans .. ... ......oiiaa ... 4,051, 000 00

Increased cost for 1 foot additionaldepth.... ... i iaiaai.... 953, 133 50

I confidently expect to bring this work to such a stafe of completion by the fall of
175 as to allow of the passage of stemmboats; if; however, the plan is so changed as
to requive the additional foot in depth, the completion of the work will be delayed at
least two years,

Very respectfully, your obedient servant,
AMOS STICKNEY,
Caplain of Engincers, Bri. Major.
Col. J. N. Macowuun,
Corps of Engir.cers, U. 8. .

CC 4.
PART OF THIRD SUBDIVISION OF MISSISSIPPI TRANSPORTATION-ROUTE.

REPORT OF COL. JAMES IL. SIMPSON, CORPS O EXGINEERS,

ENGINEER OFFICE, UNITED STATES ARMY,
Saint Louis, Mo., January 20, 18735.

GENERAL : In accordance with your letters of June 29 and July 22,
1874, 1equiring me to survey that portion of the Mississippi River lying
between the mouth of the Illinois River and the mouth of the Ohio,
River, under the act of Congress approved June 23, 1874, containing an
appropriation for surveys and estimates for the improvements recom-
mended by the Senate Committee on Transportation-Routes to the Sea-
board, &e., and to submit for approval a project for the improvement of
the river between the points mentioned, I have the honor to present the
maps herewith and the following

REPORT.

The Mississippi River, between the Illinois and Ohio, is divided by
natural characteristics into three sections.

The first, extending from the Illinois to the Missouri, a distance of
twenty-four and s half miles, is distinguished from the other sections by
comparatively clear water, discolored by earthy and vegetable matter,
but not sufficiently charged to afford a sediment when the river is below
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the mean stage, so long as the water is in motion ; becoming turbid as
the river rises, sand, clays, and fine gravel are borne along in consider-
able quantities ; the alluvial banks are eroded, and this portion of the
river becomes assimilated to the seetion below the Missouri when that
section is below the mean and approaching the low stage.

The average slope of this section ab low water is 0440 foot per mile,
and the carrent strong. The slope and current depend very much on
the relative stages of the Upper Mississippi and the Missouri Rivers,
increasing or diminishing as the relative volume of the Mississippi
increases or diminishes.

From the mouth of the lllinois to Alton, a distance of sixteen and a
half miles, the eastern shore of the river is a rock blufl rising to a height
of from 75 to 150 feet, except where broken by ravines and the narrow
valleys of unimportant ereeks. On the west the bank is continuously
alluvial, and the bottom-lands are common to the Mississippi and Mis.
souri Rivers, hiere separated by a neck of land from two to four miles
in width, .

The second section extends from the mouth of the Missouri to Com-
merce, a distance of one hundred and sixty-two miles. This section
derives its distinguishing features from the Missouri; turbid waters,
shifting bars and channels, rapid erosions of alluvial banks, and exten-
sive accretions, building up and removing islands, tow-heads, and bat-
tures, with great rapidity.

Seen ab the higher stages, the erumbling banks falling in masses, the
spoil of’ the forests covering the surface, and the boiling, swirling cur-
rent show the power to be encountered; and seen at low water, the
wide wastes of sand-bars, bristling with snags, and drifts of every size
and shape, with here and there the dismembered skeletons of man's
work, memorials of disaster, as forcibly suggest that to underiake the
control of the forces here developed is no light task.

From the mouth of the Missouri to Saint Louis, a distance of fifteen
miles, the river does not touch the blufl on either side. A prolongation
of the rock-formation of the west side is exposed at the chain of rocks,
where a ledge extends about one-third of the distance across the river-
-bed. The rock probably underlies the alluvium on the Missouri side, at
no great depth, for a considerable distance below the chain. With
these exceptions—nand the latter is not positively proven—there is noth-
ing to check erosion on cither side ol the river from the mouth of the
Missouri to Saint Louis. .

Below Saint Louis the river follows the Missouri blufl’ ¢losely for fifty-
five miles, the only exception being at Rush Tower Bend, where a former
island has become connected with the Missouri shore. Above Saing
Genevieve the river leaves the blufly returning to it near Saint Mary’s.
Below Saint Mary’s it trends to the eastward, meeting tho Illinois biuft
at the mouth of the Kaskaskia, and follows this bluff to Liberty, wheneo
it again is turned toward Missouri, reaching the blufts at Big IEddy, and
follows close at their foot to Cape Cing’ Ilomme.

Here the valley is at its narrowest, and rock appears on both sides.
The main Illinois bluft recedes from the river near Liverpool, and the
river continues along the Missouri bluff. A few miles below, the isolated
blufis near Grand Tower are found, on the Illinois side. Low grounds
to the eastward of these isolated islands of rock indicate that the river
once flowed to the eastward of them, and that the opening through
which the river now flows is the result of some unknown operation of
nature. - :

Below Grand Tower the river follows the Missouri bluffs closely for a
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long distance, receding from them near Bainbridge, touching again at
Cape Girardean, Iere the main Missouri bluff recedes from the river,
and appears no more. A short distance below Cape Girardeau a de-
pression allows the Mississippi watersin floods to eseape into theswamps,
and thencee into the Saint Francis.  Bluffs again appear on both sides
of the river af Cape La Croix, continuing for several miles, and termi-
nating at Commerce, but the blaff on the west is isolated, and appar-
eutly has heen detached from the Hlinois highlauds,

Near Commerce the blufls recede, and the valley expands into the
greal alluvial basin of the Lower Mississippi. )

Throughout the second section the river is, as a rule, hield ine on one
side by roeky blufls, and is remarkably direct in its general course ; only
when it leaves the blufls, as noted, does it work out the long, sweeping
curves to be expected in great rivers, .

Below the junction of the Missouri and Mississippi the waters of the
two rivers flow for many miles side by side with a distinet line of divis-
ion, As far down as Carondelet, mnddy water from the Missouri may
be dipped on one side of @ boat, and the comparatively clear water of
the Upper Mississippi from the other.  Long after the line of division is
lost to the eye, the difference in thie water obtained from different sides
of the stream is strongly marked, *

The river receives in this section two tributavies of considerable size,
the Meramee from Missouri, and the Kaskaskia from Ilinois. But their
contributions to the volume are too small at low stages to have much
practical influence upon the navigation, and but little upon the im-
provement ol that navigation. The contributions of sediment, though
considerable at times, are usually so small, compared with the immense
quantities brought in by the Missouri, and excavated by the river itself
from its banks and bed, that its effect is not discoverable.

The valley throughout this section, except near Graud Tower and at
the Grand Chain, is from three to eight miles in width, Nearly the
whole of this arvea is subject to overflow in time of floods. The ground
generally slopes back from the river to the sloughs and lagoons with
which the hottom is interspersed; and, as in like manner the ground
slopes from the farther bank of the slough or lagoon, the probability
that these Jagoons have at some time been channels carrying large vol-
umes of water is established. Many think it proves them to be sites
of old beds of the river, a conclusion which is possible but not neees-
sary, since any considerable volume of water, escaping over the banks
of a minor channel, would explain the terraced formation which char-
acterizes these river-bottoms. .

The third section, extending from Commerce to the mouth of the Ohio,
a distance of' thirty-seven and a half miles, derives its distinguishing
characteristics from the entrance into the alluvial region, where the uni-
form texture of the soil allows the river to shape its course without
restriction ; and, secondly, from the inflaence of the Ohio.

The times of flood of the Ohio and Mississippi are very different; and
as the Ohio alone is able to cause a rise to a stage 40 feet above low
water, when the Mississippi is comparatively low, the phenomena of
back-water are of frequent occurrence, and its ordinary influence ex-
tends as far as Commerce, frequently farther. When the Ohio is high
and thoe Mississippi low, the current through this section is slack, but
when the conditions are reversed the current becomes very rapid. Owing,
in a great measure, to these excessive changes of velocity, the channel
is very unstable and the erosions extensive, as also the aceretions.
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The foregoing are the prineipal distinctive features of the sections as
they present themselves to the eye. _

It must not be understood that the description above refers to the
navigable channel, when the river is spoken of as following the bluils,
or in stating that the course of the river is remarkably direct. The hed
of the river is so broad that the channel meanders from side to side
within the bed just as the bed itself meanders in the valley from bluif
to blufly and as by crosions and deposits the bed of the river, in long
periods of time, traverses the valley, so the channel traverses the bed
from bank to bank, justifying the remark often heard, that ¢ not a square
rod of #he bed could be pointed out that had not, at some time, been
covered by the track of steamboats,”

The movement of the bed is ordinarily so slow that the impression
to a casual observer would be that, as a general rule, the changes of tho
river were comparatively slight and of no great importance, as they do

.hot, within short periods, so completely alter the contour of the bends

and reaches as to attract notice. TLocal observers, on the other hand,
noting the disappearance of landmarks, realize that the changes are
great, and, keeping no exact record, naturally take an exaggerated idea
of the extent and rapidity of the changes.

The shifting of the navigable channel is continual, sometimes in pro-
gressive movement; often in sudden leaps; the water forsaking one
course and cutting out a new channel, in a very different direction, with
very little warning. -

‘The unstable character of the bars and channels renders it impracti-
cable fo execute surveys and maps giving in detail the hydrography of
the river or the exact form of the bars, If, by elaborate survey, these
features were determined, by the time the maps could be executed the
changes would be so greatas to render them useless for any practical
purpose. Ior this reason maps, descriptions, and plans relating to the
Misgsissippi must of necessity be confined to general features; details
would tend to confuse and deceive rather than assist in comprehending
the real character of the river, and the mode of dealing with it practi-
eally.

The surveys executed under the aet of Congress of June 23, 1874,
furnished only part of the material for the construction of the maps sub-
mitted herewith, and could not do more beeanse of the limited amount
of the appropriation. The map from Alton to the mouth of the Meramec
is constructed from surveys made in 1870, 1871, and 1872, and does not
show the present river as faithfully as could be desired. Very impor-
tant changes have taken place at and below the mouth of the Missouri
since these surveys were made, Below the Meramec, the shore-lines, at
all points where improvements are desirable, were determined by actual
survey during the season of 1874, At such parts of the river as are now
unobstructed by bars, the shores are taken from the best data of former
surveys, corrected by reference to the points established by the trian-
gulation made in 1873 and 1874, Although not strictly accurate in
matters of detail, the fixed triangulation-points forbid errors of sufficient
importance to vitiate any conclusions that will be drawn from these .
maps. The small scale of the maps submitted, and the fleeting charac-
ter of hydrographic features in a silt-bearing river, prevent any attempt
to show soundings. A dotted line shows in important localities the
chanuel as it existed at the f{ime the surveys were made, and does not
profess to show the channel during the season, nor as it existed at any
specified date for the whole length of river shown. A considerable por-
tion of the survey was made when the water was at the mean stage,
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another partat a stage approaching low water, but none at extreme low
water. Consequently it must be borne in mind that the echannel marked
out is more direct than a low water channel.

Detail-maps of the several localities have been prepared for special
studies of localities.

The surveys already executed afford much valuable information as to
what the tendencies of the river are, but do not give any information as
to what has been or what will be, It is essential that a continuous
series of surveys should be made henceforth, as long as the improvement
of the river is incomplete; and it igto be regretted that no surveys were
made previous to 1873 ‘which can be made available in the study of the
physies and hydraulies of this portion of the Mississippi. Regretting
the omission of the collection of data in the past, the neglect of obser-
vations and {ull records now would be inexcusable,

The value of the triangulation lately made in fixing points of refer-
ence, by whose aid each special survey can be located in its proper placo
and relations, and tho exaet changes of the river indisputably deter-
mined, has been very great., The necessity for a triangulation, including
the whole valley from biuff to bluff, at an carly date, is appavent, to
secure and verify the position of points along the river, the greater part
of which ave liable to destruction,

In addition to surveys, as ordinarily understood, full records of obser-
vations of stage should be kept, frequent measurements of the disecharge
made, especially at the extreme stages, and special investigations of the
movement of silt, in bodies and in suspension,

Discharge-measurements were made during 1873 and 1874 whenever
the surveying-party should find a suitable place and opportunity to take
the necessary observations without too great saerifice of other duties,
The series is short, and observations were never taken twice in the same
locality; consequently the results must not be considered final nor the
conclusions indicated as anything move than approximations.

Table of approximale discharges, .

ts : 5
¥, = .’",_:
g5 3 -
£ g ; X
wk ] g . | €2
Loenlities. E . 2 g Z |2l g Remarks,
g €31 S Z g |ER| B
9 5P 3 g 3 S| Ry, d
] £5 e S o g g8 |
8 £28 2 3 |28 |58] 3
] Z] A s |EBE AR A
Feel. Bq. feel. | Feet. | Feet, | Feet. |Ou. feel.
1 Blnlim' f"ootof Carroll's| 91.8 | May 17,1813 | 73, 664 2,500} 29, 4; 5. 005! 368, 747
sland,
2 | Brickey's mill ....... 19.6 Jul-iv 23 and | 54,152 1,850/ 20,9, 5,200 262, 103
24, 1873,
3 Unip(r;g}m}lt}iovemouth IERTIng ul_\,: 13,1874 39,508 2, 425] 16,3; 5. 13 | 202, 524 I{ii\'cr‘rlislng 0.2 ft.
0 o Rivor, n 24 houra.
4 | Philadelphia Point. ..{ {175 Juna5and 6, 42,187 3,740 11.2 3.51 | 148, 103 I{iivcr;fxlllliug 0.5 ft.
1874, 1n 24 hours.
5 Th‘ree-qar‘lrt(}m milo | 10. 25} Aug. 23,1873 | 26,912 1, 740] 15, 5} 3.69 | 99,312 River ga}llhlg 0.18 ft.
above Chester. in 24 hours.
[ I\'I(-t;r ﬁiut of Arsenal| 6.0 D:;g._l ?I and 5,1 26,281} 2,500 10, 5{ 2.80 | 72,487 Rii\'ex;' 1fi'nllllng 0.25 ft.
aland, . n 24 houra, -
7 | Capo Girardeait...... 6.9 1 Oct. 23 and| 20,756, 1,730] 12,0 3.44 | 71,413 Rivor falling 0.2 ft,
24, 1873, , in 24 houra.

None of these measurements affording an extreme low-water discharge
between the mouths of the Ohio and Missouri Rivers, we are compelled
to deduce it approximately from the observations made at compara-
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tively low stages. Relerring to the table and comparing the two obser-
alions numbered 6 and 7, when the stages of water were, respectively,

G feet and 6.9 feet above low water, it w lll be observed that the amount

of the first was 72,487 cubic feet, and that of the latter 71,413 cubic.

feet, the former exceeding the latter by 1,074 cubie feet, dlthmwh taken
pp.n'ently ab a lower stage of water.

Accepting these u,su]ts as approximately correct, they suggest the
t.wt that the bottom rises and falls to a certain extent as well as the

sater-surfuce; hence, it is not possible, having a true cross-section at
onc stage of water, and knowing the velocities at much lower stages, to. -
obtain a (h&;ch‘u'gt, for those stages by making the proper reduction in
depth and corresponding 1'e(luct|on of sectional are: 1; for the area may
be lessened by deposits or inereased by the scour (hu'uw the interval,

Now, if a section of river could be found having an llll('h‘lll{.’,‘lll“ bot-
tom, Ly the proper reduction of cross-scction to the low-water stage, we
might be able to obtain an approximate discharge for extreme low

water. This condition is approximately fulfilled a6 the Chester section,
whu'e the beéd of the channel proper is solid rock. The proper redue-
tion being made, the sectional area becomes 14,986 square feet.

The velocity at this section for a low-water (llscluu'gu is arvived at in
the following mauner:

Cowmparison of the stages of water when the Cape Girardean and
Chester discharges were t.nl\un, shows that there is an apparent difter-
enco of elevation of 3.35 feet. The Chester section reduceil to this
stage gives a scctional area of 21,805 square feet. Comparing this
area with that obtained at Cape Gir: wdeau, by observation it was found
to be 1,049 square feet in excess. Now, since this area obtained by
1edu(,t10n is greater than that obtained bv observation, the velocity must
be less at Chester than at Cape Girardeau. Dn’idiug the discharge
obtained by observation by the sectional area obtained by 'edu(,tion, we
obtain for a velocity at this stage (6.9 above low water) 3.98 feet per
second.  Assuming that this velocity continues to diminish in the same

rt U
ratio V. _—\d) (fgl;._.fl ) e VIV 0 a low- water stage, we obtain 2.4
feet per second as the velocity for a low-water discharge at the Chester
seetion,

We now have the probable Jow-water area, 1.£,986 sruare feet; and
the probable low-water velocity, 2.41 feet per se(,ond their product,
36,565 cubic feet, is the probable low-water dlsch(u'%. We can now
assumc any mean depth of water as a minimum; 10 “feet would prob-
ably bo most desirable, By using this depth (or :my other desired) and
the low-water discharge as (,on.stants, we can ascertain the proper width
of water-way at different localitics where different velocities exist,

The following table is presented as an application of this:

Pischargs - veloeity == geetional aren — menn depth = width water-way.
36, 565 2 feet per second. 18, 932 10 fect. 1,828 feet,
36, H63 J feet per second, 12, 13 10 feet. 1,218 feet,
36, 565 4 feet por second. 0141 10 feef. 1 914 feet.

The f‘dllacv in the reasoning by which the above conclusion is reached
lies chiefly in the assumption that a stage of 6.9 feet above low-water at
-one point corresponds to the same stage at a point seventy miles dis-
tant. The exact low-water reference being unknown as yet at the locali-
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ties where these discharges were taken, the conclusions reached are far
fromn satisfactory, but are the best approximations now available.

No observations having been made during an extreme high-water
stage, no data exist for determiniug the proper width between outer
levees; therefore no attempt ean be made to determine this until more
extensive observations have been made bearing on the subject,

Tfrom such observations as are on record, it is believed that ata bank-
full stage, about 25 feet above low water, 3,300 feet is the proper ap-
proximate width,

The unstable character of the Mississippi has its origin in the vapidity
of the currents, the excessive variations of volume, and in the loose
texture of the soil through which the river works its way. Since none
of these causes of instability can be changed or modified essentially, it
is necessary to aceept this character as an absolute condition, and study
its plienomena, in order to gain acquaintance with the laws or general-
ized facts, and thus be able to obtain the assistance of nature’s forces,
rather than contend against them,

Soundings, taken at various times and localities, prove conclusively
that the depth of water in the river does not follow the rise and fall of
the surface as given by gauge-readings, While one would not be justi-
fied in asserting it as a fact nniversally, it is abundantly proven that the
bars, at least, rise and fall with the water to a degree that ean best be
expressed in the statement that a wave of sand accompanies the wave
of water in a rise, Lut moving at a slower rate.

If a cross-section of the river be taken during high water, the sound-
ings, reduced by the known height of the surface above low water, will
become zero, or even a minus quantity in many sections, and always
much smaller than the depth known to exist at the same locality at low
stages. .

Again, comparing the depth at various low stages upon the same
bar, it will be found that the depth upon the bar does not increase or
diminish in the same ratio as the water rises or falls, but, contrary
to what would be expected, the depth often increases as the river fally,
and diminishes as the water rises on the gange. In the language of
boatmen, the bars “cut oub ” in a falling and “ flatten out?” in a rising
river.

Since we know that, at ordinary high waters, the low-water channels
are completely filled with sand, or very nearly so, the question is sug-
gested whether in great floods the same is not true in a greater de-
gree; in other words, whether a considerable part of the ordinary
river-bed is not oceupied by sand instead of water? If this be so—and
facts, so far as observed, indicate that it is—the height reached by
floods depends upon the amount of sand accumulated in the bed as much
as upon the volume of water passing; and, moreover, it becomes prob-
able that the influence of tributaries, in raising the river, often exceeds
the ratio of the volume of water they contribute. As they come in at
times very highly charged with sediment, especially the Missouri, a
portion of this sediment is deposited, occupying and obstrueting the
water-way, The remainder, borne along mingled with the waters, and
thus diminishing their finidity, and therefore the velocity of the flow,
also assists in the heaping up of the waters.

At first thought the discussion of flood-phenomena may not seem per-
tinent to the subject of improving the channel. Since navigation is not
impeded at floods, many hold to the opinion that, so far as navigation
is concerned, the river at its higher stages may be left to itself, and that
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practical operations for improvement should be limited to the low-water
bed, and look only to deepening the water over the bars.

Jut if the sand-wave fills the ordinary bed at times of flood to any
great extent, there is reason to apprehend that an entirely new chaunel
may be made, flanking the works of improvement, and disturbing the
channel above and below for considerable distances. Moreover, there
must always be a period, during the decline from a flood-stage, when
the channel maintained by the flood must change, to adapt itselt to the
diminished volume; for the foods, following the straightest cuts and
along the shortest lines, convey the heavier and harder materials with
them. The low-water volume, small in quantity and possessing less
power, generally works its way through the softer portions of the bed
along the bends, &,

The shifting of the channel, due to the varying volume of water, is a
fact observable in all rivers, and the Mississippi differs only in that the
changes are more radical. During this transition period, the channel
must be uncertain and eomparatively shoal; and the only remedy is to
control the flow at all stages, at leagt to the extent of keeping the per-
manent low-water channel within the width of the channel at ordinary
high water. As the high-water channel i3 always much wider than the
low, this would seem to be practicable, the main difficulty arising from
the fact that the low-water channel is much more tortuous than the
high, ,

Considered as to hydrography and the direction of the currents, the
Mississippi, when low, is not the same river as when high, and obvi-
ously the problem of a permanent and complete improvement involves
tho reconciliation of these diversities.

The bars in the Mississippi are chiefly composed of movable sand,
and travel down stream at a rate in proportion to the velocity of the
current, changing their shape as they pass the bends of the river or meet
with obstructions that lessen the velocity, or defleet the current from
its natural direction.

These bars overlap each other so that a longitudinal section of the
river-bed would show inequalities similar to the surface of a shingle-
roof, as shown by the full lines in Tig, 1.

The dotted line shows the changes that are constantly taking place
in the surface of the bars. The material from ¢ « @ is deposited in the
dead angle b b ), the bars preserving substantially their shape, but
traveling down stream. A plan of sand-bars upon a perfectly straight
reach of river, which presents a cross-section approximating the trape-
zoidal form, the crest of the bar being the highest about midway be-
tween banks, is shown in Iig. 2, -

Of course we do not find this regularity in all parts of the river. In
fact, if it wero possible to make the river perfectly straight, it would
not long remain so, unless the banks were protected from erosion.

We usually find reaches, which are straight in general direction,
broken up into very short curves and approaching the form presented
at well-defined curves, as shown in Tfig, 3.

The introduction of any foreign substance, such as snags, drift-piles,
&e., will change materially the shape and movement of the bars; so -
also will the curves of the banks., When the river rises the movement
of the bars is more rapid, and as the bottom of the river also rises and
falls again with the water, a channel is then formed in a new place as
the water recedes, the crest of the bar giving way at its lowest point,
which is usually nearest the shore, generally leaving a pool of water
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below each bar, and the low-water channel windiug from side to side
under the crests of the bars and through the pools.

Fig. L. Fig. %.
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The foregoing is given as a generalizéd statement of the form of the
bars, and suggests that the position of the bars is determined by the
outline of the banks. The frequent apparvent exceptions found in the
Mississippi are reconcilable by keeping in mind a distinetion between
the banks of the low-water river and those of the river at high stages,
The dry bars form seeondary banks at low stages, and to these banks
the extreme low-water clunnels conform,

It is a fact well known that in the case of rivers flowing through
alluvion the channel follows a suceession of curves, convex mmncctmw
with eoncave, and that the (lvvpoxt water ;.;'(‘ll(‘l'l”\ follows the coneave
bank. 'The slv unboat-crossings are along dingonal lines, running from
near the lowest point of one coneavity to a pmu( above the apex ol its
alternate opposite conceavity,

rom some observations made upon the Garonne, the point of deepest
water in @ bend was found to be several hundred feet below the apex of
the curve, and the shoalest water along a convexity, at about the same
distance bhelow its apex; even where bounded by rocky banks, this eftort
ab cnrvatures is apparent,  Uwo instances of it may be pointed out,
viz: at Cape Cing Howme, where the right-hand blufl’ above the
point is slightly concave towawrd the river,  The channely following
this DIufl closely, makes, after passing the point, a reverse curve of
considerably smuller radius, evidently limited to this degree by the
rocky Fountain Bluft. At Cape La Croix the case is still’ analogous,
though the channel curves sharply round the point and straightens down
to the Grand Chain,

Even in rivers flowing through alluvial beds, the apparent anomaly
of the channel being (uuml dnc(,ll) under the point oceasionally obtains,
and can be v\pl.mwd by the faet that the velocity carries the grav el
and other hard materials past the point, the inertia of the mov inn mass
being so great as to keep it in its direet path until arrested by the
opposite .shm e.

The chanuel through the section between Commerce and the mouth
of the Ohio is subject to greater varviations than the other scetions
because the soil is more uniformly alluvial, and the variations of velocity
very great,  Asalready stated, the carrent is slack when the Ohio is
l(,ld[l\'(!l,\ higher than the Mississippi; at such times much of the sedi-
ment brought to this seetion must necessarvily be deposited by the ¢om-
paratively still water; to be removed in whole or in pari when, the
conditions heing reversed, the current through this section becomes
more rapid than Lat any other part of the river. The changes consequent
upon these vatiations of velocity differ in degree only from those oceur-
ring in other sections, and will require g‘ro'ltm‘ are and expense, in any
works for its improvement, than elsewhere, hul; there is no reason to
doubt that sueceess ean be assured in the lpphc ttion of the same general
system,

The banks of alluvion in all the sections arve light and movable, with
strata of quicksand underlying or outeropping in many places. These
banks are coustantly oh.mg,lng from the action of the currents upon them,
In addition, the water, when high, saturates the bank, while, at the
saine time, it aids in supporting it.  As the water falls, the saturated

carthy under its inereased weighty, and its tenacity lessened by satura-
tion, fulls oft in large Hasses, and is taken up by theteurrent. The
quicksand, scmi- Aluid as it is, when it moves I.nl«:rlll.\, rentoves the sap-
port of the superincumbent mass, another canse of’ slides,

Another potent eause of action upon the banks comes from the waves
of passing steamers, and their action has been found energetic enough
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to affect the bank, even when revetted with stoue, the wave action being
propagated through the interstices of the revetment-stone.

At what depth the bed-roek underlies the sand, gravel, &e., of the
river is only known for a few places where borings have been made.
Bat the question cannot have much practical bearing, since the depth
to the rock is usually so great as to forbid the idea of seeking rock-foun-
dations. o

The trausportation of sediment by rauning water is a topic that has
been often discussed, and wany theories advanced to explain the facts,
The diserepancies of the theories even now held by different writers is
proof that the facts have not been collected and studied to a degree
justifving any statement being put forward as absolute trath.

It is recognized that the power to abrade and transport is velated to
the veloeity ; also to the character of materinl.  Besides these obvious
elements there are others—continuity and change of divection and
depth—which have an undonbted influence ; but the relative power of
each element in producing the result is wholly nndetermined ; nor is it
certainly known whether all the elements have been discoveresl.

A shade of the truth probably pervades all the theories, but mixed
with much errvor, avising from their having been based upon the study
of asingle stream, and that presenting probably extreme conditions.
From France comes the theory of the controlling influence ol breaks
in the continuity of the direction or in the changes of direction ; from
India, the theory that water, flowing between banks or over beds of
loose materialy carries a load of sediment, bearing a fixed ratio to the
velocity, subject to modifications by depth, and, of ecourse, the character
of the material carried, Briefly stated, in a river lowing in a bed whose
material is vniform, the amount of sediment borne varies directly as
the velocity and inversely as the depth; and that the water passing
any section is always charged with the full amount of matter which it
is capable of carrying. Consequently, the load borne varies with every
change of velocity, however slight; dropping a portion of the load when
velocity is diminished from any cause producing sand-bars, and reeover-
ing its load Ly attack on the bottom or banks when the velocity in-
ereases resulting in erosions; while with a uniform velocity, neither
erosion nor deposit can take place.  According to this theory, uniform
motion, with_its attendant saturation with sediment, should be the
object. _

According to the impaet and friction or change of direction theory,
deposits are inevitable it sediment is borne, and erosions must occur if
the angle of impact exceeds a limit proportioned to the resisting power
of the soil; consequently, according to this theory, the ohject is to dimin-
ish the amount of material in motion, to prevent deposits, and to check
erosions by protecting the banks exposed to attack, and to prevent the
oceasion for injurious action by securing an unbroken continuity to diree-
tion, and reduction of the angle of impact by regulating the outline of
banks to a succession of osculating curves.

Iixperienee has shown that practice under the latter theoryds attended
with success, The former theory rests upon observations, but has not
been tested by practieal works for the improvement of rivers based upon
the principles given, One prominent fact observable on the Mississippi
is contradictory ‘of the practical part of tho equilibrium or India theory,
for, as has already been stated, the waters of the Mississippi and Mis-
souri Rivers flow side by side for many miles, with a distinet line of
division between clear and muddy waters. Where the waters of these
rivers first come in contact, the clear water of the Mississippi is prossed

31 BEXG
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against the alluvial bank on the Illinois side, which it euts into rapidiy,
and in the clear part of the river is found the deepest water and most
rapid eurrent. Passing into Sawyer Bend, on the Missouri side, the
Missouri water comes in contact with a bank similar to that previously
pressed by the Mississippi waters, and, although thick with sediment,
the erosion at this place fully equals that above; continuing past the
city of Saint Louis, the water comes to the bridge with the line of divis.
ion 'yet distinet, and immediately below the clear Mississippi water’
presses upon a bar upon the Illinois side without any remarkable attack,
Thus it may be traced until the difference in the waters fades out, but
without developing anywhere the marked erosions of the Illinois bank,
or the alternative extensive deposits on the Missouri side which the
theory would demand ; for, aceording to it, it should be impossible for
two neighboring fillets of water to flow over the same bed, and with
equal velocities, without carrying an equal load. The case has been
traced so far that each kind of water has undergone both increase and
diminution of velocity, and many changes of depth and direction,

Many facts are required to establish a theory ; one, if unreconciled, can
disprove it. When the attention of the author of this theory was called
to the fact here presented, he replied :

¢ * * Intheexamples of the large Ameriean vivers you rvefer to, where the Mis.
souri brings down water quity turbid, while thoe Mississippi is nearly a clear stream, I
would observe that, where the load of solid matter held in snspension is not probably
the onc-thousandth part of the weight of the water flowing down, it may be practically
impossible to observe any retarding of the veloeity on aceonnt of the load (ransported’;
but with such torrents as above deseribed,” bringing down a largs percentago of solid
matter, and with water loaded with sewnge, I helieve it is possible by experiment to
diseover a difference in the velocities, as compared with pure water with the same slope
and transverse scction,

The examples ubove given of water flowing at great velocities pitching about howl-
ders shows that a certain power must be exerted which offers somne resistanco to

~the flow of the water, and if ro with roeks or howlders foreed to bound forward, so with
shingle, sand, or the finest particles of clay will the flow of every stream be somewhat
rotarded in somo proportion, due to the quantity and quality of the load transported.
In the ease of the Missouri River, I believe that i6 will bo found that the rock and soil
of which its catehment basin consists is composed of materinls that have already
undergone the abrasion of water, while that of the Mississippi will be found more crys-
talling, and sand will predominate instead of mud. In proof of the power ofs flowing
water picking np its load, I may here state that in the cold season the waler is quite
clear, and a rupes ean bo seen at depths exceeding 10 feet at the head of the Ganges
Canal; af the sixth mila the rupes is lost sight of at 5 feet below the surface; at the
twelfth mile, about 4 feet; at 3 feet depth tho rupee can be seen somo twenby miles
down the cnual ; and so on did the muddiness of the water go on inereasing till about
thoe fortieth mile, when a saturated load of solid matter was attained, It was there-
foro in these first forty miles that all serious aetion on the eanal bed and banks toek
place prior to the timo I hield up the surface of tho water at the falls; and in my report
of November, 1861, I estimated the catting that had then taken placo in the first forty
miles at somo eighty or ninety millions of cubic feot of earth.” 1t was by observing
this euftiug in the upper portions of the canal, and the tendency of the stream to
change its channel lower down, which led me to think of this abrading aud transport-
ing power of water; and it was my native foreman, Sahib Sing, who first drew my
attention to the fuct that this abrading action on the Led only took place whon tho
water admitted into the eanal was comparatively clear, and not when the Ganges was
in flood, passing down turbid water, which can only be compared to pea-soup, for nearly
six months in the year. ’

The writer of the above, in dwelling upon the turbidness of the water
in question, seems to have lost sight of the fact, or at least does not
seem to attach much importance to it, that large quantities of matter
may be held in solution, the capacity for whiel varies with different
8oils; also, of the fact that the capacity of a stroam to abrade is mainly
due to its living force, (M V2,) a function of its mass and velocity; and

* Certain mountain-torrents in Indin, here referred to.
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that the factors may change and the product remain the same. The
resistance to abrasion depends upon the nature and shape of the banks
and bottom. The matier becomes complicated when taken up in this
ghape; and while Mr, Login’s statement of facts is entitled to full
respect and belief for the locality to which he refers, it does not follow,

by any means, that the theory is applicable to the Mississippi River.

In the first part of the foregoing extract Mr. Login is det‘ending(y;eiii
proposition that the transportation of sediment, bein g work, must be at ~
the expense of force, and, in the ease of running water, gravity being
the moving force, its expenditure must diminish the veloeity., Whether
this be accepted, or the view taken that mixture of foreign matter
diminishes the fluidity of the water, is practically immaterial; the--
veloeiby would be less in either ease than for pure water, though, as he
says, the effect would Le inappreciable exeept in extreme cases, The
proportion of sediment in this part of the Mississippi River under dis-
cussion has been stated, in & report made to the public-school board of
Saint Louis, to Le gzl part in volume. Noting that Mr. Login likeis —
the sediment-saturated waters he observed to pea-soup, and remember-
ing that his idea of pea-soup is Wnglish, it is evident that the waters of
the Mississippi do not approach such saturation; consequently, the
theory does not apply practically to the Mississippi.

Mr. Login’s observations show that the point of saturation is some-
times reached; and he does not assert that water flowing over an unsta-
ble soil is always so saturated; rather the contrary ; for he says that it
required the active erosion for a distance of forty miles in the Ganges
Canal before the point of saturation was reached. ‘he violent and
unwarranted assumption that a given current is always charged with
the full load of solid matter that it is able to carry has been added to
his statement, and is abundantly disproven.

Passing from_theory to the practical question of securing the ohject
definitely placed before us by the order of Congress requiring this survey
to be made, which was to obtain plans and estimates for the im provement
ofthe Mississippi,soastoseeure a navigation affording a depth of ut least6——
feet, at the lowest stages of water, from the mouth of the Illinois to Saint
Louis, and 8 feet from Saint Louis to the mouth of the Ohio, the first
inquiry is concerning the character of the navigation. desired. Sinece
the requirement specifies the lowest stages of water, it must be under-
stood that the same or a greater depth is expected at all stages above
the lowest. The lowest stage known does not occur when navigation is
practicable in the section of river under consideration, being a conse-
quence of ice-gorges above the point of observation, acting as dams in
cufting off for a time the supply of water to the river below, which,
therefore, drains out. Such abnormal ocenrrences cannot be provided
against.

Taking thelowest stage to mean the lowest ocenrring when navigation
is not suspended by the rigor of the season, the obtaining of the depths
specified at that stage does not necessarily imply the existence of that
or a greater depth at all higher stages; for, as has already been stated,
the channel-depth sometimes inercases as the river falls.

The depth of a river depends upon the form as well as upon the area
of cross-section, and a large area may, from immoderate width, afford
less depth than a smaller but narrower section--a consideration of great
importance in determining the plan of improvement. .

Another requirement of improved navigation is, that it shonld be re- -
liable, The possibility that an improved navigation, after being avail.
able for one or more seasons, may deteriorate, would forbid the invest-
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ment of eapital in floating stock and the other facilities requisite to the
transaction of business. Commercial relations ave so extended and deli.
cate, that an inferior and more costly route of trausportation will be
preferred to one having the advantage in these respects, but which can-
not be relied on for future engagements. This quality being in some
degree wanting in the Mississippi route, is one of' the principal reasons
why the business of {ransportation upon this route has not kept pace
with the development of (he territory it drains,

The demand, then, is, first, that a good navigation be obtained; sece.
ond, that it be maintained.

I'he magnitude of the riverand of the interests at stake, which oceasion
the demaud for its improvement, measure, the one the task, the other
the means of accomplishing it. Ilow great these are, it is not the de-
sign liere to consider; bnt it is assumed that they are in due proportion,
and that the only questions before an engineer are, what can be done,
the plan of operations; and the mode of conducting these operations,

The first demand, that a good navigation be obtained, is satisfied with
depth of channel.  Combined with the second, that it be maintained,
the continued existence of the channel is required, or the provision of
ample and eflicient means for its restoration, whenever impaired, so
quickly, that practically nd interraption shall oceur, The first alterna-
tive implies permanent works; the latter may be satisfied by tempo-
ALY, ;

Many persons, as before adverted to, old tothe opinion that atten.
tion shionld be eonfined to the amelioration of the low-water chaunel, as
it defines itself year by year, Therefore, a consideration of the various
modes of cflecting a temporary benefit is necessary to a fair discussion
of the subject before us.

The effort for this purpose must be directed to opening a passage
through each bar as required, and as the bars, or reefs, are comparva-
tively short in the direction of the channel, it is supposed that all that
is needed is to make through the crest of the reef an opening wide
enough for navigation, and that the increased strength of current will
keep it open for the remainder of the low.water season. If it were
possible to consider the reefs as abiding in nearly the same position
throughout a season, this mode of opening a channel would be simple
and apparently easy; as the appliances used, after accomplishing the
end at one locality, ecould be moved to another, and thus, in succession,
a single equipment would answer for a considerable extent of river,
But as the sand-reefs have a progressive motion in many cases, oblique
to the line of deepest water, the channel is crowded out of its first
position, and a new crest is formed, a process which can repeat itself
many times in a season, This tendeney, in connection with the shifting
of the channel already mentioned, as attending deerease of volume,
will make frequent’ returns of the equipment to- the same locality
necessary, and instead of maintaining a good navigation over a long
extent, it will be found in practice, that, to be effective, an equipment
would find full employment upon two or three crossings, and while an
opening is being made the appliances must occupy the ¢hannel ; which
is o serious objection. In order that these opened passages may main-
tain, themselves, it is necessary that the additional area obtained in the
channel should be compensated by the filling, or obstructing, of an
equivalent area from some other part of the cross-section, outside of
the channel; otherwise, we expect the impossibility that a certain
volume with unchanged or increased velocity, should fill an increased
area.
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These remarks apply with equal pertinence to two classes of appli-
anees, viz, seraping, dredging, or agitating machinery, and portable
dams. Comparing the merits of these classes of devices, the advan.
tage would be in favor of porfable dams in first cost and operating ex-
penses.  Both classes have been tried, and have demonstrated their
ability to open a way through a reef; bub the results have not been satis-
factory, hitherio, beeause not lasting. It may be objected to this state-
ment, that the permanency of channels opened by portable dams has
not been {ested, as the only extended series of experiments on the plan
of opening bars has been with the Long seraper; but it must be admitted
that the permanence of an opened channel c¢annot depend upon the
means by which the opening was made when the means are removed
from the sceire. The competition between devices for this purpose is
limited to cost and eficiency in opening, and it is not the purpose here
to discuss the relative merits of dovices, but to consider the results
which may be attained by their use, lixperience indicates that to
maintain a channel in this way would require an equipment for each
section of 10 miles; to be kept in aetive operation during the low-water
season of each year for all time; and the results then uncertain, and
a serious disadvantage attending the application of the system,

A permanent improvement must of necessity be designed and exe:
cuted in entire harmony with the natural laws of the river, A mighty
river is impatient under restraint—can be led, but not driven. 1In one
sense, the diflienlty of executing a plan of improvement increases much
more rapidly than the size of the stream; in another sense, the potent
forces, judiciously handled, can be made to do no inconsiderable part of
the worl. .

Permanent works may be considered as serving a twofold purpose:
first, to obtain and maintain a good navigable channel; second, to
profect.the adjacent lands from erosion and overflow. The navigation
interest is withont question the only one now to be considered; but the
landed interest will certainly derive important incidental advantages
from the permanent improvement of the channel,

The maintenanee of a good navigable channel requires—

Ist. Suflicient depth at all stages,

21, A judicious loeation.

3d. Stability in position.

4th, Tacility of approach to landings, .

5th. Easy changes of direction.

6th, Moderate velocity of current.

“These requirements stand above in the order of their importance.
The first is a condition-precedent, and must be satisficd. Insolving the
problem of securing depth of “water, we have to deal with certain ele-
ments, all to some degree varviable, either natorally or artificially, and
the combination of the whole fixes the depth at auy given time and
place, Thesoe elements are width, velume, and velocity ; and the latter
term depends upon the slope or descent, and distance, as its controlling
clements, Of the terms of this function the slope is fixed naturally, if
we compare the elevations of geographical points connected by fixed
lines; buf if the length of the lines can be varied, then to that extent
slope is an clement subject to control; also the samo result may be
reached by producing a different distribution of the fall. T'o deepen a
channel, by changing its slope, would be equivalent to lengthening the
river, (The chango of distribution of fall involves its concentration by
dams, a mcihod clearly inapplicable to a large silt-bearing river.)

Yolume is an element which, for periods of time, is fixed naturally ;
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but the discharge may be distributed artificially, so as to be more nearly
uniform than the sapply. The propesition to feed rivers at low stages,
from reservoirs filled at the higher, is practicable with small streims,
but for large rivers, the areas required for reservoirs, and the cost of
retaining-dams, become so cnormous. as to render the proposition
impracticable,

The element of width is so evidently within the range of control, that
no argument is required to establish the position, that contraction of
widths is the easiest and most practieable mode of increasing the depth
of channel in all cases where the volume is practically beyond our abil-
ity to control; in some cases, in addition to contracting width, it would
be advisable to lengthen the channel. 16 will be seen that shortening
must be avoided, as a rule; for the efiect of a shortened course is to in-
crease the slops and velocity, which would require an inovdinate con-
traction of width to obtain the desired dapth, and the inereased velocity
would endanger stability,

The second requirement, the jndicious location of the improved chan-
-nel, includes the purely engineering consideration of following the natu-
ral tendencies of the river, or ab least the negative proposition, that no
unnatural changes of position should be made, or unstable natural con-
ditions be accepted; and also due consideration of the convenient use
of the chanuel for all the purposes incident to navigation and commerce,

In the consideration of this topic, we come in contact with many
local and individual interests; also, with the opinions of many persons
who have from' observation and reflection arvived at fixed opinion
coneerning the course to be followed. Conflict with the former isto
be avoided as far as possible. The latter may be considered, but
cannot be allowed to govern. There are two opinions (held by
many who glory in calling themselves practical men, and delight to
cast contempt upon what they eall scientific theories,) which have
their foundation in very poor theory, beeause unscientifie,.  One is that
the channel should be straightened and cannlized ; the other, that it
should, in all eases, be held along the foob of the bluffs, where such
exist, Without entering into any extended discussion here, it is proper
to recognize the existence of these opinions, and state briefly why they
must be rejected.

The logical objeetion to straightening the channel has already heen
given—tho velocity would be increased thereby, and inereased destrue-
tive energy be brought to bear upon the banks and bed. It may be
said that such increase of velocity would be temporary, as the river
would adaptitself to tho new condition, and, in time, regain its former
slope. This can only be done by regaining its original length, or by a
lowering of the bed, proceeding from the lower part of the river toward
the upper, But where the bed is composed of material too hard to be
readily moved, the accumulated fall must produee a rapid, The cut-offs
that have taken place in the Lower Mississippi have not permanently
shortened its course, and many which were made in urope, especially
upon the Rhing and Danube, with the purpose of shortening the dis-
tanco between points of commercial importance, have defeated that,
design, by creating a current which proves a serious obstacle to ascend-
ing boats; and the lowering of the level in the reaches above the cut-off
develops many now obstructions, while the deposils in the pool Lelow
cause similar difficulties there. Tho idea of the advoeates of straight-
oning is thaf, with a shorter course, flood-waters will pass without
entailing injury, and that the increase of current will not impede steam-
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pavigation in a greater ratio than woulid be compensated Ly the deerease
of distance.

The suggestion that the channel should be made to follow the bluff, is
made simply beeause tho bluff presents an unyielding bank, against
which 16 is supposed to be an easy task to hold the current. As the
bluff*lines are very straight, this proposition is similar to the first-
mentioned, and liable to the same objections, To hold the river to
straight lines would be a work of great diffienlty, and the difficulty
would increase with increased velocity, One fear entertained by those
favoring the bluf-line is, that if the channel bo allowed to make a sweep
out into the bottom, it cannot be controlled, forgetting that it is easier
to control a current following its natural course through alluvial soils
than it would be to foree it from that course by works which must rest
on the same unstable foundation as the lighter structures required to
restrain it within reasonable, bounds, Anwnother consideration, which
would be fatal alike to both propositions, arises {rom the disturbance of
existing business relations by the destruction of landings, which musé
result from their adoption. Moreover, if (he bluff is followed, the land-
ings would be chiefly limited to the side whose broken character forbids
the expectation of much agricultural produce being raised ; and, in any
case, the landing would be difficult of aceess from the back country. In
addition, the opposite alluvial side would be cut off' {rom access to deep
water almost entirely.

Iixisting business relations have adapted themselves to the natural
course of the channel; and,in order to avoid individual claims for com-
pensation, it will be neecessary {o make the improved channel follow the
natural course as far as possible, on the privciple that riparian rights
and benefits, which have been destroyed or changed by the action of
natural causes, furnish no ground of claim in equity, if the privation be
rendered permanent.,

Policy, then, would determine the advisability of following the
existing channel in all cases, and the same course would logically
follow from a train of scientific reasoning, for the law of a stream is
the expression in general terms of the fucts presented in nature, and
is neeessarily abstract.  To reconstruct the stream aecording to condi-
tions imposed or assumed, can be done snccessfully if we know all the
facts and relations which entey into the problem. The omission of one
may be fatal to success; hence aii arbitrary changes are to be avoided.

Jut nature overlooks nothing, and we may counfidently assume that the
position and direction of the river at any time is the resultant of all the
forees, and consequently isa concerete expression of thelaw of thestream,
which wo may modify and preserve, but may not safely destroy or radi-
cally change, To accept and follow nature is, in this case, the beginning
and end of science. o atlempt either to straighten the river or to com-
pel it to fullow the rocky shore would be alike presumptuous.

The third requirement—stability in position—is a natural consequence
of permanent improvements, and essential to the establishment of facil-
ities for tho traffic. To insure this quality, it is necessary that the ve-
loeity should be sufficient to earry the lighter material brought into the
channel to a suitable place for deposit, but not great enough to cause
crosion: of the bank.

The fourth requireinent—facility of approach to established landings—
is an important consideration, and since large towns cannot follow the
river in its changes, the conditions presented are often antagonistic to
the natural bent of the channel; and in such cases the demand is abso-
lute that the natural be changed. At times the conditions border upon
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the impossible. Take, for instance, the ease of a town situated upon the
convex bank of a river; it ix well-nigh impossible to maintain the chan-
nel on the convex side, becanse unalterable natural laws forbid., If we
try to contract the width to such narrow limits as to obtain a required
depth on the non-channel side, which is the best, and, indeed, the only
thing that can be done, we endanger not only the works themselves,
but also the property, and lives even, of the people, when the waters of
a mighty flood demand passage throngh the narrow gate-way; and no
safe contraction can assure the desived depth on the convex side. In
this connection it may not be out of place to remark that the injudi.
. cious acts of individuals, or municipalities, may often endanger the im-
provements made by the General Government for the benefit of the
whole people to serve some local praject, and that the establishment of
regulations defining riparian rights and the privileges of town author-
ities is a subject demanding the altentisn of Congress. The consery-
aney «" navigation being nndeniably vested in Congress, the exereise of
that power, in defining the limits of encroachment upon navigable
waters, is proper and necessary.

The fifth requirement—that changes of direction should be casy—is
mainly in the interest of stability, but also has a practical relation to
the convenient use of the channels. A diseussion of the bearing of the
direction of currents in relation to the banks, if entered into, would ex-.
ceed the limits of this report. The result reached would be, that the
current should be parallel with the banks whenever possible, and abrupt
changes of direction avoided. Practieally, it would not be proposed to
make many changes in the present contour of banks by active interfer-
ence, but rather to secure a favorable alignment when its exists; and
wlien it is imperfect to patiently wait for nature to work out the prob-
lemof a good line. Accurate surveys of stablebends will determine the
degree of curvature most favorable. When the character of the soil
does not furnish suflicient resistance, some form of artificial protection
must eventually be resorted to. '

During this past season partienlar pains were takén to survey and
delineate upon maps the strongly-developed curves or bends known as
Rush Tower, Saint Mary’s, and Cape Girardeau, the latter being consid-
ered a good example of a curve of stable regimen, These three curves,
it carefully studied by means of resurvey for several years, may develop
laws, the knowledge of which will be of the greatest importance in con-
ducting the improvements of the river,

Dafontaine, who devoted a number of years to eareful study and
improvement of the Rhjne, expressly said, that the degree ol curvature
to be given to the bends on ariver could only be predicated upon obser-
vation of existing ceurves of known stability on the same stream.

Mahan, in his work on civil engineering, (edition of 1867,) says:

From observations mado upon the Rhine, it is stated that elbows with a radius of
curvalure of nearly 3,000 yards preserve a fised regimon; and that the banks of those
which huve a radins of abourt 1,500 yards ure seldom injured if properly faced.

The fact that the natural course of a river, flowing through an allu-
vial bed, follows a series of direct and reverse curves, merging into
each otlier, is universally admitted by all engineers of study and obser-
vation, and the expediency of maintaining them in such course, where
local interests of magnitude do not demand and warrant departure, is
equally admitted. ’

A cross-section in a bend will, generally, approach in shape a right-
angled triangle, the right angle at the bottom and near the concave
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bank. Consequently, in a bend, the width may be greatly increased
beyond that admissible for straight portions of the river, yet maintain-
ing nearly the same avea of cross-section, and suflicient depth in the
channel.  In bends, therefore, protection of banks is the improvement -
required, and, considering navigation only, the work is by no means
wrgent,

The sixth and last requirement, moderate.velocity, has been discussed
incidentally already.  There arve loealities, especially below Commeree,
where the velocity is at times exedssive, but beyond possibility of being

-changed for the better, The condition must be accepted and met by
stronger works to insure permanence.

ITaving in the preceding discussion shown that a system of temporary
expedients would fail to secure the end, and also defined what a perma-
nent system would aceomplish, the question arises, ean the superior per-
manent system be carried out upon sueh a rviver as the Mississinpi 2 In
auswering this question we have the henefit of the experience of Bu-
ropean engineers, who have successfully improved silt-bearing rivers
traversing alluvial valleys, and subject to great variations of volume,
and the Mississippi differs only in degree from some of these suecessful
precedents, That this difference in degree does not present insuperable
difticulties, is proveu by aetual experience in works of the eharacter pro-
posed, executed during the last three years upon the Mississippi, which
have proved suecessful,

The prablem, then, is solved as an engineering question ; the execu-
tion is a question of time and money. »

The adoption of the permanent system is but a question of time ; for,
as the country becomes older and more densely populated, aside from
the requirements of navigation, the products of the fertile alluvial lands
will be essential to the welfare of the country, and the state reasons
which have led to the regulation-of European rivers will demand the
same for the Mississippi, and, in time, its principal tributaries also. The
completion of these works will require many generations; but as the
neeessity is clearly foreseen, it would be inexeusable to ignore it now,
since it is entirely practicable to make every step iu the interests of im-
mediate wants a step, also, toward the final end, without adding to the
cost or delaying the realization of the benefit desired, Assuming that
this course is to be pursued, it remains to consider the steps that come
first in the system propused, which will be the work for the years imme-
diately before us.

In the interest of navigation the improvement of the worst bars is
first demanded, and this consideration decides each year the points
where work is to be done. As the worst bars now are at or very near
islands, or high bars that are as effective as islands in dividing the
waters, the most useful work at present is the closing of the chutes,
which, we may be coufident, will materially help the navigation, as the
cases are rare where a serions obstruction oceurs when the water all
flows in a single channel, After the closing of the chutes, the contrac-
tion of width in wide reaches comes as the next step, and, when com-
Dlete, good navigation is obtained, and must he maintained, by the pro-
tecetion of caving banks. '

The closing of chutes often involves more or less confliet with local
and proprietary intevests, and in some cases with matters which rise-
into the importance of state questions.

The definition of the boundaries of States by the channel of the Mis-
sissippi gives the jurisdiction over islands to the States to which they
belonged at the time the boundary was defined, as decided by the
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United States Supreme Court in thg Wolf Island case, (Missouri vs,
Kentueky, Wallace's Reports Supreme Coutrt United States, volume 11,
pp. 395-411.) Several cases are known where the present channel
divides the island from the State to whieh it belongs, and if the old
channel, now but. an insignifieant chufe, is closed, the island will be
territorially annexed to a State having no jurisdiction over its soil,
It will readily be seen that serious complication may arise in such cases,
Such annexations are likely to oceur from natural causes, and several
will necessarily be made it the improvement continues, and the closing
of chutes is {o be detesmined upoun engineering considerations alone,

It may not be ont of place to mention hero the general belief preva-
lent among owners of land adjacent to island chutes, that the construe.
tionr of a dam 4across the chule or slough will insure aceretions of land
fo their beneflt.

This is true to some extent. In the case of a single dam, the acere.
tions generally {ake place in the shape of a bar across the foot of the
slough or chute; another in the prolongation of the island; and a de-
positat the head of the chute, extending some distance above the dam,
frequently negleeting, however, the immediate vicinity of the dam al-
together. A high dam just below the level of ordinary sediment-bear-
ing floods would insure more deposit; but expericnce on the river Rhine,
where, in most; cases, the objeet was to make land, demonstrated the fact
that three or more dams were generally necessary to insure sufficient
depth and extent of deposit. In the caseof asingle low daum it was found
better to Jocate it al a considerable distance below the hiead of the chute,
in order to allow as much of the gravel and other material to enter the
chute as possible, not only to aid in the formation of land, but in addition
to prevent the material being swept into the channel.

The formation of land not being an object of present consideration,
we may say that as a general rule low dams and dikes should alone be
used. In general terms, none of the works erceted should interfere with
the free discharge at high stages, but should begin to act at some inter-
mediate stage. This should be before the want of depth is felt, and will
probably vary for different loealities. :

The meaning of the words ¢ intermediate stage,” in the last para-
graph, requires definition. The idea is, that the dikes and dams should
be of such height as to produce action upon the bed when the river is
frst approaching the low stage, so as to prepare the channel, in some
degree, for the less powerful effect of the diminished low-water volame.
Yet it must not be inferred from this that violent action upon the bed
is by any means advocated.

As before stated, the path of the heavy materials of floods is gener-
ally along the most direct course. The low water, having to cut for
itself a channel, secks the line of least resistance, through the lighter
and softer material, and this is one reason why the low-water channel
is, in nature, more tortuous than the high.

Referring to what has Leen said on the subject of the partial filling
of the bed at high water, and the prineciple universally aceepted, that
depth of channel is easiest seeured by contracting the width, the query
arises, is it not possible to retain the high-water deposits in place as_the’
water falls over a parb of the width, and thus contract the width at low
water? Two modesof accomplishing this suggest themselves: first, to
protect the areas which it is desired to convert into dry bars by inclos-
ing them with barriers quickly and cheaply constructed; second, by
attacking the crests of the reefs upon the line it is desired to have the
low-water chaunnel follow, and thus concentrate the geour upon that part

»
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of the bed which is to be the low-water way. In practice it might be,
found advisable to combine the two methods, and thus open a field for
the use of some of the devices disenssed under the head of the tempo-
rary system,

If, on trial, these suggestions should be found practicable, the benefits
to navigation whiceh would follow a regulation of the river could be more
quickly and cheaply attained than in any other way, for we have but to
secure the areas laid dry from being washed away, and the opposite
bank from caving, to vender the- improvement permanent. I'reated in
this way, the immediate and temporary improvement would be entirely
consistent with the system of permanent improvement,

The mode of constrnction having been deseribed in my annnal report
for the fiscal year ending June 30, 1873, (sce Report of the Chief of 1n-
gineers, page 44t el seq.,) it is not necessary to enter info details bere,
as in all essential featuves the plan there discussed is still followed,

Variations in the minor features, of course, must be made, as cireum-
stances demund,

‘In constructing dikes and dams upon the unstable foundations found
in the Mississippi, the diffienitics Lo be encountered arve the strength of
the current and the liability of scour arvound and under tho works dar-
ing construction and after completion. The strength of the curvent is
a difficulty to be overcome, and must inerease with the progress of the
works until they arrive at or near the surface of the water, Tho scour
must be arrested ab an early stage of the work, or the additional ex-
pense incurred of placing foundations in deep water, and of the greatly
increased prism ol material required to reach a determined height.
Settlement of the works duaring construction and even after completion
is to he expected.

Various modes of construction have been tried and most carefully
studied, and deecided preference is given to tho general plan of brush
foundations and riprap superstructures as adapting itself to any shape
of bottom, and being able to endure settlement without injury.

Brush fonndations, besides flexibility, have the merit of distribnting
the weight of superstructure over a considerablo area, while the body
of brush presents, when compacted by the superincumbent weight,
small interstices for the passage of water close to the Lottom. This
material being found in large quantities along the river, can be obtained
and handled at moderate cost.

Iixtended operations would soon exhaust the present supply, aud it
may be found advisable to encourage the growth. Under moderate
appropriations, the natural production would probably suffice,

Material suitable for riprap is obtainable at many points along the .
river, insuring its procurement at very reasonable rates. It would Le
good policy for the Government to acquire, by purchase or long lease,
several quarries, to be operated under contracts or by hired labor, as
may be found most desirable.

In construction the utmost rapidity of progress is essential to econ-
omy, and it has been found practicable to carry the foundations across
channels and bars so rapidly that no considerable deepening took place
as the work advanced, by limiting the first work entirely to putting in
an apron to protect the site of the proposed work.

In closing chutes this class of work must be done when the river is at .
a low stage, and in any case cannot be done when drift is running,

This limits the possibility of preliminary work to the fall season, and -
renders any loss of the favorable season a serious disadvantage. The
postponement of appropriations to the close of the session of Congress
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js unfortunate in that every alternate year a considerable part of the
season is consumed in preliminaries, a loss which could in a measure be
avoided if the amount to be appropriated could he certainly known as
carly as March of cach year.

As already intimated, it is not practieable to present plans in detail,
owing to the great (,hann'u, which must occur between the time repor ts
are made and_ the commencement of work. In so extensive a field as
the Mississippi from the IHlinois to the Ohio the simultaneous prosecu-
tion of works at all the points where improvement is degirable is not pos.
sible under the system of yearly appropriations, but might be done it
the full amount estimated were granted at once.  As this course is not
supposed to be possible, it is Lou(mnpluted to prosecute the worksin the
order of their importance to navigation, seleeting those places which
present the most formidable obstruetions for the first operations, the
number undertaken cach year depending upon the extent of work re-
quired at the several plices and the means available,

The estimate of this report is based upon the present condition of (he
river. It is probable that some of (he items included in the estimate
will be found unneeessary, the desired end being reached naturally;
others not estimated will as probably be found neeessary; it is, there-
fore, thought best to name the aggregate sum for each locality, without
specifying the items of the estimate,  As the estimates are made upon
the b.m.s. that certain Iengths of dams and dikes will be required, and at
a cost per unit, taken from the actual cost of such works already con-
struefed, the ngfrregdte cost will probably not be materially ehanged by
the (,h.mﬂ'cs in the position and length of individual proposed works.

The list of localitics is not final, if we consider the probability, almost
certainty, that new obstructions will be developed hereafter. The esti-
mateo given by loealities may be taken as the cost of obtaining the navi-
gation desired. “Po maintain that navigation will require the revetment
or other protection of caving banks. The estimated sam of $4,000,000

is intended to cover the cost of such works—to preserve the chmmel atb
those points where the necessity is likely to oceur.

IFurther examination would be necessary to determine where works
of this character are most needed. The greater part, we may safely say,
would be required between Commerce and the Ohio. The estimated time
for the exccution of the immprovement of the channel is four years; the
work of maintenance will never be complete.

One million dollars could be judiciously used the coming year, and the
appropriation of this sum is recommended. With such an appropria-
tion, work would be continued at Saint Louis ITarbor, Horsetail Bar, Tur-
l\ey and Devil’s Islandsy and new works commenced at Piasa Islan(l
(above Alton,) Perry’s Towhead, Liberty Island, Power’s Island, dlld
Greenleaf’s, Lh(‘ bars at these loc 1Iitics heing thc ones which now most
seriously obstru(-t the navigation.

. ESTIMATE,

Locality, Estimated cost.
From the Hlinois to the Missonri River. .. ..., ... Cereinaan. eveesananan 600, 000
From the monthef the Missouri to Saint Louis. oo iiiii i aa.. 150, 000 -
Upper seetion of Baint Lounis Harbor.. ..o oo i i i iiie e o 185, 000
Avsenal Island............ Cemnersieans et f e s eceae e aaas 100, 000
Torsetail Bar ..o oo i i e Ceremcnenaan PR . 100,000
Twin-HoHow Bar. .ot i iiieetvacteasnerranaceesnievences “0 000
Pltin Roek.ee o onn iii i i i reinecne e cesatrennenaan rreenne 72,000
Sehma...o ... e heemecieiesnacraccaeeens ereeccacacsacrasacnceasseaness 110,000
JPOTE CAEEUCS e een e ceet teie ceesareevaaaanes veanannn vamamccnsase annsans 75,000

Turkey Island ... oo, e anesaaaa, e smsemaa et ressae e aanas 100, 000
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Locality. Estimated cost,
Sainh (Renevieve oo oo i i e e e 3100, 000
LiberbyIslund. ..o oo e, Cheeerierenane 100, 000
MatIsland. oo e e e it ieene .. 180,000
Grand Tower. ..o e e eree e et s 60,000
Hanging-Dog Island. .. oo e et e 30, 000
Mocensin Springs and vieinity.... .. PR+ 1t M 1
BPevil's Island and vieinity. ... ..o i e e, 250,000
Hamburgh oo et e e e e e et 50,000
Commeres aud vieiniby .. ..ot i i e 800,000
Bulbalo Islandd .. Lo o e £0, 000
Greenleal™s .. ..ol i ettt et e e ereenea.. 150,000

9, 872, 000
Add 10 per eent. for confingencies.. .......... P <12 T 1]

Revetient between the mouth of the Missour and mouth of the Ohio Rivers. . 4, GU0, 000

Total estimnbe.. .o oeorir ittt et e e e eieeanenan e een 7, 159_, 200

In the conduct of operations upon the treacherous foundations which
characterize the Mississippi, economy and success demand that the en-
gineer in charge should have entire liberty to modify his plans whenever
necessary, and to have full control over his work ; to push it forward
when occusion demands, and {o suspend when it becomes desirable so
to do, .

Contracting works of this character is.attended with serious diffieul-
ties: first, because all estimates are necessarily indefinite and uncertain g
under varying conditions the character of work is liable to change, in
the kind, proportions, and amount of material used, and what was ex-
peeted to be easy may become diflicult, or anticipated diflicnlties may
disappear. These contingencies render it very difficult to frame specifi-
cations that will meet the practical conditions, and Lids must be made
at a venture, which demands a wide margin in prices beyond what a
definitely-deseribed work can be done for. Under suéh conditions the
resulb of’ a letting, nnder existing regulations, is almost inevitably to
give the award to irresponsible parties, the gnarantees and bonds which
satisly the requirements affording no sufficient security. Experience
has shown that, with an ineflicient or tricky contractor, works of this
character are very expensive, for delay or neglect, intentional or not,
results alike in vastly-inereased quantities of material; and as the plans
contemplate the placing of foundations in water of moderate depth, the
suspension of work for a few days will produee a loeal scour that ex-
ceeds the depth provided for, and compels resort to more expensive
methods not provided for in the contract,

Considering the matter in the light of experience, I cannot recom-
mend the contract system, so far as the preliminary work of aprons and
foundations is concerned, After these preliminaries are secured there
is no objection to adopting the contract system for the delivery of ma-
terial in the body of a dike or dam. Necessity has compelled me to
provide the plant required for the construction of these advance works,
and, working under small appropriations, this plant suffices to do all
the worlk ; and, it being unquestionably good poliey to keep equipment
fully oceupied, the work of the present year has been done by the United
States directly by hired labor, and the purchase of material in its nat-
ural state. Althongh compelled, by act of Congress, to pay twenty-five
per cent. advance upon prevailing rates of wages for labor, the results
show no increase of cost over the prices formerly paid contractors for
material delivered in place; and all the work and workmen being now
in immediate control of the engineer in charge, he is made responsible
for the success of his operations,

-
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This system has been fonnd to work well; no serious mishaps have
occurred, and the work is done more cheaply than before, though, in
part, this may be attributed {o improvements in the method aud ex.
perience in their application.  Contrary to the prevailing impression,
that faithful labor cannot be obtained from men directly employed by
the Government, the amount of work done compares favorably with
that accomplished by equal numbers working for a contractor. Iaith.
ful labor can be had under faithful overseers and foremen by any em-
ployer; and with unfaithfuluness or ineflicieney in the higher grades no
employer can secure faithlul service,

To carry on extended operations, snch as are contemplated if this
project meets the approval of Congress, it would not be practicable to
do all the work direetly by hired labor, on aceount of the extensive
equipment that would be required at times, but which could not be fully
employed at all times; besides, the burden and responsibility of mak-
ing disbursements in small sums wounld be excessive. For the reasons
stated, I would respectfully recommend that, under annual appro-
priations of $300,000 or less, the system now praecticed, to do the work
directly by hired labor, and purchase of materials in open marlket, includ-
ing in the latter the privilege of purchasing material delivered in the
work when it is to the interest of the Goverment {o do so, be contin-
ued.  Under appropriations exceeding $300,000, the conduct of all crit-
ical and uncertain operations to be by hired labor, and material pur.
chased as above; and the construction of works whose character is
ascertainable to be led to contractors,

The plant required to carry out these recommendations, ander yearly
appropriations of £1,000,000, would. consist of two tow-boats, two
steam-hunehes, twenty barges, six pile-drivers, one Osgood dredge, and
such small tools as would be required for quarrying and handling stone,
and procuring other material employed.  Of this plant there is now on
hand, owned by the United States, one tow-hoat, one stenm-launch, six-
teen barges, three pile-drivers, and a stoek of tools proportionate to the
present sceale of operations.

RECAYITULATION,

I Lriefly recapitulate the conclusions reached by the discussion, and
which are the basis of my recommendations:

1. Improvem nt must uot only be maude, but maintained,

2. Temporary expedients fail to answer the requirements, for want of
reliability,

3. Permanent improvements are known to be practicable by actual
experience in the case of other rivers similar in character, though of
less size, and the practicability of executing permanent works in the
Mississippi is demonstrated by works already constructed.

4, In an improvement the natural channel should be followed as a
rule.

5. The rights of individoals and municipal or other corporations
should be defined, and all proposed works subject to approval by United |
States authority, as is the case now with bridges, '

6. The order of execution of work should be decided with a view to
afford the carliost possible relief to navigation at diflicult places.

7. Improvewmtnt of the channel ean be best sccured by bringing all
the water into a single channel of moderate width ; an early step wonld
be the closure of secondary channels at islands and elsewhere; closing
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chutes will raise questions of jurisdiction between States, which should
be provided for at an early date.

8. A combination of the appliances designed for temporary improve-
ment with permanent works may be practicable, giving carlier results
and at less expense.  1stimates, however, are made upon the basis of
improving by permancent works alone,

9. The estimated cost of improving the Mississippi, so as to afford 6
feet depth in the cehannel from the IHinois to Saint Louis, and 8
feet from Saint Louis to the Ohio, is $3,159,200; and the estimate for
such maintenance-works as ean now be forescen is $4,000,000. The
improvement-division of the work can be completed in four years, and
the appropriation of 81,000,000 is recommended for the first year.

10. A mixed system of conducting the work is recommended ; eritical
and uncertain operations by the United States directly, and those whose
charvacter can be definitely ascertained in advance, by contract, :

11. The removal of wrecks and snags from the channel will remain, as
heretofove, an important part of the work of maintaining the chanuel,
During the progress of the improvement the removal of many existing
wrecks would be essential to success. These operations, not being un-
der my charge, are not included in the estimate submitted, and the
matter is not formally discussed in the body of my report.

Before closing, I cannot omit mentioning the great obligations I am
under for the very material aid [ have received in the consideration of
this report from my able assistants, Capt. Charles J. Allen, Corps of
Iingineers, U. 8. A.; Robert I5. MeMath, chief eivil assistant; and Givil
Assistants L D). MeKown, conducting the sarvey of the river from tho
mouth of the Hlinois to the wmouth of the Ohio River, and his assistant,
Samuel II. Yonge; and D. M. Currie, Charles 8. True, and 8, I8,
McGregory, conducting the operations, respectively, at Devil's Island,
Horsetail Bar, and Turkey Island, and Alton Slough, and the upper
portion of Saint Louis Iarbor. Ivery one of these gentlemen has
contributed, from his intelligence, observation, and experience, to the
results arrived at; and it is a matter of congratelation thatall concur in
the prineiples presented, and the plan of operations pursued and pro-
posed.

I am also indebted {o Mr. William Popp, civil assistant engineer and
draughtsman, for the delineation of the maps submitted with the
report.

The map accompanying this report is in four sheets—

L. Extending from the mouth of the Ilinois to the mouth of the Mis-
souri.

2, Extending from the mouth of the Missouri to Turkey Island.

3. Ixtending from Turkey Island to Cape Giirardeau.

4. Extending from Cape Girardean to the mouth of the Ohio.

All of whieh is respecttully submitted.

J. . SnIirson,
Col. of Ing., Brt. Brig. Gen,, U. 8. A.
Brig. Gen. A, A, IluMpnreys,
Chicf of Ingineers, U], S. A.
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2. White River, abore Jacksonport.—The small balance remaining of
the appropriation for this work has been expended during the last fiscal
year in caring for the Gove.nment property belonging to the improve
ment sud in completing a report upon a plan of permanent improve-
ment for this portion of White River. :

With regard to the improvement of Upper White River the officer in
charge estimates the cost of giving a navigable depth of 2} feet from
Jacksonport to Batesville, 2 feet from Batesville to Sylamore, and 18
inches from Sylamore to the head of Buffalo Shoals, at $710,234.37, the
" improvement to consist of dikes for concentrating the water and for re-
ducing the local slopes. Before the work is commenced additional sur-
veys are needed. For this and for snag-boat work an estimate for the
coming fiseal year is submitted by the officer in charge.

Amount available July 1, 1875 cnu i ren coeeieae cene oot cocmeeannn 87,771 26
Awount expended during fiscal year ending June 30, 1876.. .............. 7,771 26
Amount appropriated by act approved August 14, 1576 .oe e cevevannn. .. 10,000 00
Amount (estims * d) required for completion of existing project.......... 710,234 37

‘Amount that can be profitably expeuded in fiscal year ending June 30, 1878. 57,700 00
(See Appendix L 2.)

3. Improvement of White and Saint Francis Rivers.—No appropriation
hasbeen made for work on these streams during the presentseason, but as
work is much needed there the officer in charge submits an estimate for
a snag-boat and expense of operating same.

For building one stern-wheel iron snag-boat...ce..eeeer comens cooanr cenn $60, 000 00
Yor operating same 10 months, at 84,000 permonth .. coee veeevernenenanas 40,600 OV
100, 000 00

(See Appendix L 3.)

EXAMINATIONS AXD SURVEYS FOR IMPROVEMENT.

To comply with provisions of the river and harbor act of March 3,
1875, Major Suter was charged with and has submitted a report upon
the survey of Missouri River at the point where it is cutting into the Kansas
shore aborve Saint Joseph’s, Missouri. (See Appendix L 4.)

IMPROVEMENT OF MISSISSIPPI RIVER BETWEEN THE MOUTHS OF THE
ILLINOIS AND OHIO RIVERS——~IMPROVEMENT OF OSAGE RIVER.

Officer in charge, Col. J. H. Simpson, Corps of Engineers, having under
his immediate orders Capt. C. J. Allen, Corps of Engineers.

1. Improvement of the Mississippi River beticeen the mouths of the Illi.
nois and Ohio Rivers.—The unexpended balance of the appropriation of
815,000, of June 23, 1874, and the appropriation of 815,000, of March 3,
1373, for application between the Iliinois and Missouri, were applied to
the construction of a low dam at Piasa Island, with the exception of
3197.30 used in repairs of the dam opposite Alton, and a small balance
yet available for continuing work.

The further sum of 815,000 is provided by the act of August 14, 1876,
for expenditure between the Illinois and Missouri. With this sum and
the small balance of the previous appropriation, it is proposed to con-
tinue the construccion of the dam at Piasa Island, and apply $1,500 to
the necessary repairs and extension of the abutments of the dam oppo-
site Alton. .

Work at Sawyer Bend, in Saint Louis Harbor, was confined to an ex-
penditure of 31,466.68 for repairs. The limited appropriation for the
‘present year does uot justify the continuation of work at this locality.
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The sum of $2,791.53 was applied to the partial restoration of the
condition of Long Dike, near Venice, previous to its injury by ice in the
spring of 1875. Further repairs are required to keep the dike at its
proper height, which will involve an estimated expenditure of $2,500.
No work is proposed here the present year.

Ovwing to changes at and near Arsenal Island, the condition of the
channel at Horsetail Bar was very unfavorable daring great part of the
season of 1875. An additional dike was located and considerable prog-
ress made in its construction. The dikes contemplated in the original
project at this locality have effected all that could reasonably be expected
of them in their incomplete state. The foundations being well advanced,
it is now necessary to raise the dikes to such height as may be found
necessary to control the channel at the mean stage of water. Their in
fluence hitherto being limited to low stages, the difficulties at the mean
stage have not been removed. 1t is contemplated to raise the dikes and
extend them to their full length as soon as possible.

The dams at Fort Chartres, Towhead, and Turkey Island are well ad-
vanced and can be completed the present year. The channel has con-
tinued good in the section of river which was expected to be improved
by these works.

The channel at Liberty Island having changed, during the high water
of 1875, from the east to the west side ot the island, it became unadvis- .
able to close the Missouri chute as contemplated, and it was thought
best to devote the means allotted to the locality to the protection of the
west bank opposite and above the head of the island. This protection
was necessary to prevent the river getting into such condition as to
render a return to the old channel impossible. Present appearances in-
dicate that the west chute will remain the channel, rendering the exten-
sion of the protection necessary, which it is proposed to do the present

ear,
g The works at Devil’s Island were continued during the year. The
channel was crooked, but the depth was maintained. The dike in the
Missouri chute settled during the high water of 18735, and required a
large amount of material to restore it to its former height. The con-
struction of the dams in the Illinois chutes was succesfully continued.

New works have been authorized by Congress in the river and harbor,
act, approved August 14,1876, at Cahokia Chute and Arsenal Island.
The closure of Cahokia Chute cannot be undertaken with the means pro-
vided, which will all be required for the revetment of the island. The
island is wasting rapidly,and causing great injury to the navigation of the
river below. The closure of the chute is a work which must be done in
one season, and theretfore the appropriation of 875,000 is necessary in a
single sum, if Congress sees fit to make a specific appropriation for the

purpose.

' Provision is made in the recent act requiring 85,000 to be expended
between islands No. 14 and No. 15, near the town of Kaskaskia. This
sum is insuflicient to accomplish useful results, as it would be unsafe to
place so small an amount of protection at the threatened point, lest it
be flanked and detached from the shore, to be an obstruction to the
channel.

A similar provision requires $30,000 to be expended for the protection
of the banks between the foot of Dickey’s 1sland and the mouth of the
Ohio River, which will be done the present year. The commencement
of this work will involve its continuation to the full extent estimated
in the special report dated February 5, 1876. (See H. R. Ex. Doc. 126,
41th Congress, 1st session. See also Appendix M 4, of this report.)

6 E
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The officer in charge submits an estimate of $500,000 for the fiscal year
ending June 30, 1878, This estimate is a reduction of preceding esti-
mates of 50 per cent., and is submitted as the least amount that can be
profitably expended. The necessary expenses of administration and
repairs of existing works consume a considerable percentage of small
appropriations, and, as the item of repairs must necessarily increase,
the percentage so consumed must increase unless the appropriation” be
liberal enough to allow a vigorous prosecution of the works to comple-
tion.

The appropriation of the above sum is recommended.

Amount available July 1, 1875 .ccceeccccnccecnecaacacecccasacccrcacces £208, 337 42
Amount expended during fiscal year ending June 30, 1876.............. 192,612 74
Amount available July 1, 1876, including %2,133.38 due on contracts..... 15,724 63
Amount appropriated by act approved August 14, 1876 ....oc ceoae. ... 229, 600 00
Amount (estimated) required for com&xletion of existing project......... 6,279,600 00
Amount that can be profitably expended in fiscal year euding June 30,

1878 coencevcvcncene Fassemss smrens S EeEE asames sns Tome SPRery 5P - 500,000 00

(See Appendix M 1.)

2. Improvement of Osage River, Missouri.—The funds for this work
were exhausted at the beginning of the fiscal year, and as Congress made
no provision for further work, the property which had been used in the
improvement and surveys was disposed of at public auction, and the
grocfleds, less expenses of sale, turned into the Treasury. (See Appen-

ix M 2.) :

3. Survey of the Mississippi River, near Kaskaskia, 1l.—Under an ap-
prehension that a serious erosion might, at an early day, occur at the
junction of the Kaskaskia with the Mississippi, at the request of the Rep-
resentative in Congress from that district, Colonel Simpson was in-
structed to cause a special examination to be made of the locality, with
the view of suggesting a remedy, if necessary. (For his report, see Ap-
pendix M 3.)

IMPROVEMENT OF THE UPPER MISSISSIPPI RIVER BELOW SAINT
PAUL—IMPROVEMENT OF LIS MOINES AND ROCK ISLAND RAPIDS
OF THE MISSISSIPPI RIVER—IMPROVEMENT OF JLLINQIS RIVER,

Officer in charge, Col. J. N. Macomb, Corps of Engineers, having
under his immediate orders Capt. Amos Stickney, Corps of Engineers.

1. Improvement of Upper Mississippi River.—The United States steamer
Montana was employed, as heretofore, in rendering temporary aid to
navigation in opening channels through bars by the use of Long’s
scraper, pulling snags, and rewmoving overhanging trees, and also in
building low dams and jetties, to contract the river and permanently im-
prove the channel.

On account of the great age of the Montana, and the consequent in-
creasing expense from year to year to repair and fit her for service, the
officer in charge recommends the purchase of a new iron hull for her
machinery, which is in excellent condition; also of new steel boilers.
His estimate of the cost of new hull, boilers, and transfer-of machinery,
and for current expenses during the year is $91,500.

Amount available July 1, 1875...cccccecccecccccccccncrcanaccscncencncnns $23,539 49
Amount expended during fiscal year ending June 30, 1876......cccee..... 21,929 63
Amount available July I, 1876.ccccc cececcccnc concccconsoccosccecacccace 1, 60Y 86
Amount appropriated by act approved Angust 14, 1876....cc.ceeceecaee... 30, 000 v

Amount that can be profitably expended iv fiscal year ending June 30,1878. 91, 500 00
(See Appendix N 1.)
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Dike D:
RO Piles..coceeeericnnraccnocnnncans 21,512 00
4,300 cords of brush...cevverveneea.. 12,000 00
4,700 cubic yards of stone....... venre 3, 400 00

: 21,912 00
Engineering and superintendence, 10
PUF CCAL ceeevececnn veerenscece none 2,188 00

———.

24,100 00 Cost of dike D.. 24,100 0V

Dike E:
2 piles coe. ... erescessesnonen reenes 1,040 00
3300 cords of brushieeeeeeeaeveacan.- B, 200 00
3,200 cabic yards of stone...o.ooae. .. 6, Got) 0

’ 15, 420 00
Engineering and superintendence, 10
[0 U2 11 A R 1,620 a0

———

17,600 00 Cost of dike E.. 17,600 00

Total €Ot on e nine s ceievece cecrnavaccce sanane terescemcnenes 69, 440 00

Very respeetfully,

Max BoeuMer,
dnintunt Engineer,
Maj. Cuanres R, SCTER,
Corps of Engineers, U, S. .1.

APPENDIX M.

ANNTAL REPORT OF COLONEL J. ITI. SIMPSON, CORPS OF
ENXGINEERS, FOR THE FISCAL YEAR EXNDING JUNE 30,
1376.

UNITED STATES ENGINEER OFFICE,
Saint Louis, 3Mo., August 26, 1576.
GENERAL: I have the honor to submit herewith my annual report
for the fiscal year ending June 30, 1576.
Very respectfully, your obedient servant,
J. H, Simpsox,
Colonel of Engincers.
Brig. Gen. A. A. HUMPAREYS,
Chief of Engineers, U. S. .1.

M 1.

IMPROVEMENT OF THE MISSISSIPPI RIVER BETWEEN THE MOUTIS OF
THE ILLINOLIS AND OHIO RIVERS.

BETWEEN THE ILLINOIS AND MISSOURI RIVERS.

The appropriation bill approved March 3, 1873, required that 815,000
should be expended within the above hmits, As the dam at Alton
Slough had been completed under previous appropriations, it was de-
cided to commence the construction of a dam at Piasa Island. Bids
were received for this work June 29, 158735, of which an abstract accom-
panied my report for the fiscal year ending June 30, 1875, The high
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stage of water prevented the comn:encement of operations until the
latter part of Angust. Construction ¥as commenced August 26, and
continued until November 30. The dam is located about 600 yards be-
low the head of Piasa Island, and exteuds from the island to the Mis-
souri shore, a distance of 3,070 feet.

The shore counections were secured by a longitudinal wall of riprap,
aud revetment of the slope extending 100 feet below the line of the
dam. The foundation of the dam is completed, except for a space of
400 feet near the middle of the stream, which was occupied by a high
bar. At the close of the season the apron had been raised to the
height of low water, and nearly the whole volume of water was com-
pelled to pass through the fllinois chute. The water over the bar near
the head of the island was reported to have deepened from 44 to 8 feet.
It will Le necessary to complete the prism of the dam the coming sea-
son, and to fill the interval left open last year. It will also be neces-
sary to revet the head of the island, which is now exposed at low stages
to & rapid current.  Estimated cost to complete the dam, %25,000, The
expenditurc~ on account of this dam were:

) Ll 1 T PRSP D 1 ¥ I (')
i B R T ] Y T U RN teesssanane ... 1,016 10
159,51 cabie yards spalls oo i iiiirr ciitcrircciecc v venenes 31 70
THINUT enbie yards FipEap . oo oo vt cetrcere cerenennenonnas 9,270 07

Eungineering aud contingencies, 200 (et el ceeevrne vove cococenseees- 3,723 24

16,210 73

The river and harbor bill approved Augast 14, 1876, requires the fur-

ther expenditure of #15,000 between the Hlinois and Missouri, of which

the greater portion, #13,500, it is proposed to expend in the construction

of this dam, leaving an estimated balance of 211,300 to be provided by
future appropriations,

ALTON DAX.

This work has remained in the coudition reported last year, except
that the eddies below the dam have ent into the bank below the revet-
ment and are enlarging. The west abutment was partially repaired last
fall with 162.31 cubie yards of riprap, at a cost of $197.350. Repairs and
extension of the abutments will be necessary the ensuing year, at an
estimated cost of 31,500, The repairs required are to be made from the
funds provided in the river and harbor bill of the present year; and it
is not anticipated that further funds will be needed for this work.

. The cost of this work to date has been :

6,730 cubie yards exeavation. oo o. i it e i tecnnes 21,672 5
e 30 L O eee 1,223 80
Ladsm2 cords brosh..coe oo i it e e e 4,401 80
12,108 cubic yards riprap.... oo ooeann ool ctssatreves smanennen .. 17,126 15
2657 cubie yards spalls. oo i eirireree antoranen eseee 5,637 00
Labor .o i iirae ieas S rescceraenaeensessnnscanoan snnnanan 739 4
Enginecring and contingeneies, 32 percent .o .. vovioieneieiisianennceea. 1,557 75
31,7363 45
Original estimate, 310,000,
The Tength of the dam is %96 feet.
SAWYER BEND.

Work at this locality has been limited to repairs, using—
1.0400.31 enbie yards riprap, Rt cost of ... ooeoee ettt arrnvere cnann £1,%9 18
Logineering and contingeneies oo oo et iive et aee e ceeaane - 197 50

1, 46 68
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The appropriation of March 3, 1875, did not-warrant the extension of
this work last year, and it was thought that delay would not be a dis-
advantage, as the bend above was beiug cut out to a more favorable
shape. The cutting has progressed now as far as is desirable, and it is
hoped that provision will be made for the continuation of the work at
an early date.

To carry out the recommendation of the board contained in their re-
port of April 13, 1872, at this point requires the extension of the pro-
tection 4,365 feet. The original estimate was 8142,211.62, of which
$91,931.12 have been expended, leaving $50,230.50 remaining to be ap-
propriated, which will be suflicient to complete the woik, if made avail-
able at once. The small amount appropriated by the bill for the pres.
ent year will not warrant the continuation of work at this locality.
The balance of estimate, #50,230.50, is therefore to be provided by future
appropriations.

The account with this work is:

31,975 cubic yards excavation sevees veeiiniiieiiciiaisitieeeneiiraneaaaas 85,753 OO

Dredgmg ............................................................... 11,195 1
LI 1 g R 3,439 37
4 943 12 cords brush .ocveeeo. ... eevs comnmnanrons Cesacs tncace smsans tuomen e 14,113 40
30,780,580 cubic yurds FipIap ..o covet it i cce e ietre teenan e 40,746 w0
2 (»22 01 cubic mrdu FOVCUIIENTE cceeer veecer caanan votronnnocns socanancseons S, 8W 72

210 37 cubie yards np..lls and macadam. oo iie vt tiecar tonintsoensonee . 1,301 4=
Lahor ................................................................. 1,521 H

Engincering aund cuntuwu:uw, ST YL S T 11 R PPN N 782

9L, U=t 12
LONG DIKE NEAR VENICE.

This work was partially restored to its condition previous to the
injury by ice in the spring of 1873, Complete repairs were prevented
by the high stage of water in July and August of 1875, There has
been expended during the tiscal year for—

2,125.85 cubic yards Fiprap.. ..ot oo i e et e e £2, 508 53
Lngmeermg AN CONTANZENCICR o ee eenenernens aneee semnns carann cemmeen 19% vv

2,701 53
Repairs will probably be required to keep this dike at its proper

height during the coming year to the amount of %2,500
The account with this work is :

.)17 ) L] L J Y e e ecteeecesemanan aeneosnn ceenannn &3 064 66
1,944.63 cordr brush .. ... .oivenar tivnunnnn eesoave ameronce csnrones ans 4,03 06
18, 6171 cubic yardsviprap. ... coveii il ciiieiinian.. civensmenesanane 24,602 45

R W Y 130711

36,341 &5
for raising 1,469 feet of old dike, extending GO0 feet, and construction
of T-head, In the original project the extension of two other dikes
was joined with this, in an estimate of #197,323.90. These dikes it is
not advisable to extend at present, nor until the rights of riparian pro-
prietors are examined and adjusted, to avoid claims for heav v damages.
No work can be done here the present year.

Euvgincoring amd contingoucies. W03 pereent .oooooooo oo, ..

HORSETAIL BAR.

The favorable results reported last year at this locality were not con-
tinued during the season of low \mtcr, 1873, The crossing which had
given tr ouble in previous years was reported last year to bave deepened



REPORT OF THE CHIEF OF ENGINEERS. 637

about 2 feet, which deepening it was hoped might be permanent, an
expectation which was but partially realized. During the high water of
the summer of 1875, very extensive erosions were made from the head
of Arsenal Island and from the lllinois bank in Cahokia Bend; the
eroded material from these sources passed the narrow section of river in
trout of South Saint Louis, (Carondelet,) and was dropped in the upper
part of the wide expanse called Horsetail. This deposit caused an ob-
struction which, though called by the old name, is located 14 miles above
the bar whose removal had been the object in previous years. At the
locality of the new obstruction the depth had previously been at least 6
feet at all stages. Tais deposit filled the whole bed of the river to the
height of 8 or 10 feet above the normal low-water plane. The dikes
wloe's had been built in the vicinity were raised to the height of 8 feet
above low water; theretfove, when this new deposit was made the dikes
were below its general level, and could exert no influence upon the car-
rents until the bar was washed down to the level of the dikes. When
this vccurred the channel first eut out a crooked conrse around the bead
of dike No. 1, which was difticult to follow ; later the channel deserted
this position, and, after opening temporarily at several pointsin the width
of the river, at the end of the season crossed to the Illinois Shore and
followed it down to dike No. 3; then, turned aside by the dike, it crossed
back to the Missouri Shore.  After it had established itself in this loca-
tion, there was little troubie on account of depth, but the channel was
crooked and diflicult, The ivereased depth in the final location proves
that the channel had previously Leen shoal only because it was contin-
ually shifting its position in the recently-deposited bar, whose uncom-
pacted material yielded more readily to the current at the side than at
the bottom. These movements of the new bar invulved the removal of
vast quantities of material, which was again deposited at the lower end
of the reach, and occasioned some trouble on the lower crossing. Tlle
condition of the navigation showed the necessity of the immediate con-
struction of dike No. 2, which was commenced in October, upon the site
indicated in the project submitted April 23, 1373. The late date of its
commencement did not permit it being advanced far enough to exert any
appreciable influence last full; but it is hoped that it will exert a bene-
ficial effect the present year, although it is 300 feet short of its contem-
plated length of 1,800 feet.

In order that the dikes should be able to exert an influence upon the
channel at the bigher stages, and prevent the recurrence of the condi.
tions of last year, it will be necessary to raise them at the shore ends to
the height of a mean stage, and make the profile a slope from the bank
to the outer end of the dikes. This change in the profile was indicated
by the experience of previous years; that of last year proves that the
immediate exeeution of the change is necessary. A survey of the locality
was made at low water in December, 1875, which showed that there had
been an acenmulation of sand on the IHinois side held by the dikes,
which correspouded closely with the line of improvement. This sand-
bar was nearly of the height of the dikes 3, 4, and &, and extended from
No. 3 to the head of Carroll's Island.  Nos. 4 and 3 being nearly buried
wust be eredited with having aceomplishied all that could he expected
of thewm in their incomplete state. _

The high water in Julv, 1373, afforded a severe test of the experiment
at dike No. 3, mentiondd in the report of last year, as the water lowed
mer the revetted sand embankment to the depth of 3 feet without in-
Juring the dike; but, on the contrary, the dike was strengthened by
deposits, At the junction of the carth embankment with the riprap
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part of the dike, near the edge of the dry bar, the dike was undermined,
and settled about 15 feet as a maximnm, the breach being about 210
feet wide; this breach was filled, and the earth embankment extended
200 feet inshore to a connection with the levee. The embankment now
slopes from the height of the levee to 8 feet above low water in a dis-
tance of 1,300 feet. It was contemplated to extend this dike last year
to its full length, but the site became inaceessible in September, and the
extension was not hegun. A part of dike No. 3 settled during the high
water, and required repairs; the settlewment was coufined to the 400 feet
nearest the Illinois shore, where, when the dike was commenced, the
water was 20 feet or wore in depth.  The bottom here was light sand,
deposited probably in a deep chaunel at some receut period. The set-
tlement being in deep water, a large amount of materiul was required
to close the breach. Dikes 1 aud 1 were not injured, and required no
repairs,

During the spring and sumnmer of 1376 the bigh-water deposits have
been similar to those of 1875. At the date of this report the only prac-
ticable channel crosses dike No. 1 about midway of its length, the outer
end of the dike bLeing buried in a reef. It is probable that the first
channel cat out will be around the end of the dike; if so, the history of
last year will be repeated. The completion of dike No. 2 and raising of
No. 1 is an immediate necessity; it is therefore proposed to apply
£50,000 of the present appropriation to work at this locality.

The enditures on account of the several dikes at Horsetail Bar
during .6 fiscal year ending Jane 30, 1876, were :

For dike No. 2:

E3 S I L N §1,057 rg
1,400.14 cords brush .ocvenvereceiecennennn e sartacmccseeemes 2,107 70
9,200.83 cubic yards Fiprap.cceeeee ceen it cicnnevieneen. 10,924 19
114 hours’ labor..een oo iicaivea e aes eteeconcnen. .- 2% wi)
Engincering and contingencies........... Smecesetnsencbane 1,421 44
_— 15, H64 03
For dike No, 3: :
5,218,541 cubic Furds Fiprap oeeee cerr eincreennncrnnencoannn 56,174 04
Engincering and contingeneies .ooove oo it caenanennnn 513 41
—— 26,0687 15
For dike No. 5:
3,900.53 cubic yards riprap ...cc...... e ememeviene rerans sanse 4,601 01
182.32 cubiec yards embankment. ... ocoineiieoiiani. .. 1% 23
S 35 30
Enginecering aud eoutingencies.. .... Geceescennsoionans R 50 90
—_— 5,237 54

T e 02
Which, deducted from estimate given in transportation-route report,
January 23, 1875, of $100,000, leaves #72,510.93 to be appropriated.
The total cost of the works at this locality has been:

Dike No. 1, 1,171 feet long, with T-head, 200/ X 80 :

610 piles..... temuwcesnsenseraatscncans srnenan creeerecereare £2,053 33
1,755.25 cords brush...... cctame Ceevccemes eesessecaneceacnanne 5143 00
12,232.49 cubic yards Fiprap. ..ceve ccoceevanocsecvacceacaeaa. 17,908 11
91,20 cubic yards spalls_ ... ..o i i iiierecnnnn 127 #1

Engineering and coutingencies, 5.5 percent ... ivnvivnna... 1,401 53

Dike No. 2, 1,300 feef long :

§26, 673 o

254 piles.......... etcomsscneenane seseseasescaneae comcoasane 1,07 R4
1,4U5.14 cords brush.......... cenaasence s eeas onns sonvssren . 2,107 70
9,206,583 cubio yards riprap..cec ceee coes covecences connanmas ees 10,924 19
114 hours’ Inbor............... emecseeen veanean esansons anes 202 B

Engineering and contingencies, 10.05 percent. .ccvee.vecene.. 1,421 48
15,564 03
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Dike No. 3, 1,375 feet long :

249 piles..... «eecnn ssvses ceececsccacnt sotenenetnanss PR, 1,263 43
37t ecords brush oooo e nnroeinenceann. cssecescnrasanane 1,366 4=
27,999.56 cubic yards Fiprap.ccecececncs covniorrersccocecceas 40,596 Ui)
LabOL ceie i i reicieiccreeiccnccrcsctoneevcammassnnnne 329 62

Epginecring and coutingencies, 8.3 percent.....o..oio. ... .. 3,661 27
. — 47 506 &0

Dike No. 4, 2,070 feet long :

B42 PHOB. e cene i imiiecie ceitrr i iccen cca s 1,473 A¢
792,26 cords brush..... ecrenscacecassecern raconsonnnn e recans 2, %04 6t
21,876.18 cubic yards riprap.eceees coee i iiiniiiicnae. ee-o. 31,071 07
Labor cecaeniiieirieneecieccervececacrsns teemeonencascancas 7500

Engincering and contingencivs, 9.7 percent .coeeeeceaaceaaae. 3,213 G

—_— 3,61 17
Dike No. 5, 2,400 feet lony :

U2 piliB.ccy eiecenanann erasecncacacsnans Ceecetcaseecneeanan 1,063 65
7438 cords brush........... eevemeas ous eeccncenses rermes eene  2UNT B
9,610.93 cubiio yards Fiprap..oeeee ieecanoncesaccncsececaees 13,618 73
£,100.32 cubic yards embankment «oovovee oot i cemcan.. 1,WT 24
Engiueering and contingencies, S8 pereent o cvvweene eeee.. L6531 55
- ———— 20, 399 05

Totl . oo tieesicceraeaccceccencecrancccciacncrascanens smences 142,991 w8
Unappropristed balance of estithato cocevenn cevn cenevcccnsceceonnnans o 72,510 UB

Total estimated cost of present project. covveeeevieenrenoneerne.. 22,52 86

DAM AT FORT CHARTRES ISLAND,.

The work at this point was commenced in the fall of 1374, During
the last fiscal year the body of the damn was filled in to the height of 8
feet above low water, except for 300 feet at the west eund. It is esti-
mated that 6,500 cubie yards of riprap will complete the dam, at a cost
of 89,750. The dam is 1,392 feet in length, aud has received material
during the fiscal year as follows : )

28 piles for moorings ..... Gamann oeseen coceeervanneon eneccees sacnsssnnnes  H100 94
10,647.6 cubic yards riprap... oo i i iiirereeescaea 15,574 68

1,213.8 cubic yards spalls ... esssresacnrevasesss  LAWT 5O
Engincoring and contingencies. .o coe ovoeeiioeaeccienieiciiiieeensmnee.. 1,061 86

14,310 23

The total cost to date Lias been:

504 Piles.conicens et et eeecaeaccarmecae e e oo csse ases sanes . 1,957 34
LUO7 COrAS DIUAI . e emce s oo e ieeccecorcnscacncssacces seracsres Ceememace 2,081 60
19,6252 cnble yards riprap .coeeecerencecrccocncacecccnnnes R, temaees 28,083 24
1218 cubic yards apalls <. .o ceoeennnoonn. ... teseccececcsssusoruasensss 1,267 55
. Enginecring and contingencies, 5.8 per cetitoeeee cae.. seceeevane erescense 2,993 13
36, =7 &6

It is proposed to complete the dam the present year.
The original estimate tor work in this vicinity was 875,000,

TURKEY ISLAND DAM.

This dam was commenced in the spring of 1873, and was continued
until the chute became inaccessible early in the fall. The chute has been
rapidly filled by the river during the last two years. The dam is 1,834
feet in length, and at the titne work was suspended stopped the water
from passing at the stage of 7 feet above low water. It having been
built upon shallow foundations, considerable settlement is liable to take
place. Without settlement, it is estimated that 7,000 cubic yards of rip-
rap will complete the dam, at cost of #11,000.
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Material has been used during the year as follows:

13 piles, for MOOTINEH . . ccee temat riet it rccceceeciiiee it e ans 867 73
2ir3 cubie yards spalls .cooee oooeiiii i ceccessnmmnenane 29 43
6,355.9 cubic yards riprap.ccoeececeencoe oo, ceseces mece tnemesomescone &, 560 65
Engineering aud contingencies ... ...ioniieiieiiiion o iiiiceeaan . 681 24

10,599 10
The total cost of dam is:

A1 mooringpiled . ooeen oo i e £206, 94
10,935.2 ctubic yards FIPFaP cooeee oreiomeiacnetcoseiocaaroncnnccscsoncncs 13, 262 45
2723 cubie yards | MU 2n0 43
Engincering and coutingencics, 149 PEFCent .ol 2,806 G0

21,565 46

Owing to tie lute date of the passage of the river and harbor bill, it
will not be practicable to complete the dam this year, as it is m.lccessl-
ble at low stages; bLut it is necessary to continue the work so far as

possible.
Original estimate for works in this vicinity was 3100,000.

LIBERTY ISLAND,

This loeality has, for several years, been a great obstacle to naviga-
tion. The act approved March 3, 1875, authorized the application of
13,000 to the locality, It was contemplatcd to close the Missouri chute
by a dam, and one was located and the construction of the west abut-
ment begun; but after the high water of July and Aungust passed it
was found that the Illinois chute was unnavigable, and that the tendency
of the channel was to desert it altogether. It was therefore decided to
suspend work on-the dam and devote the season to a revetment of the
Missouri bank opposite and above the head of the island to preserve a
direction which would be favorable if the channel should take the Mis-
souri chute, and prevent the cutting progressing so far as to render a
return to the lllinois chute impossible. On engineering grounds alone
the Missouri chute is fully as desirable, when cleaned of snags and
wrecks; but the small town of Rockwood is situated on the 1llinois
chute, and its interests should not be sacrificed. It is therefore deemed
a;lns.ltble to wait another year before deciding which chute should be
close«

In the protection of the bank there was expended:

T2 piles, fOr MO0 IS . aee it i iir iieaiitcnscnrrt oo vrne sonrnvenones Sy
O596.6 cutbic yards Tiprap . oo e i ner sieeae ccie it cecnenerransa e ven 14,202 43
702 cabic yards spalls.coon oot et i veee e .ee KEHAY
Engincering aud contingencies, 0.3 per eenlb. oo ooy iiieee ieier seennnneaae 14t 47

) 16, 197 €4
For the abutment of the dam:

19.7 eubic yards spally oo e crne e i e et e it e e teman, 20 49
JAr20.9 cubie yardy TiPri . o oe o i i i e ceceercneecebae naanon 4, G 21
Eungineering and contingemeies, =0 pet ot cimeee it i ce i e ceaas 37 21

5,053 9l

The excess over 215,000 was tiken from the portion of the appropria-
tion not specitically loeated by Congress,

It is very necessary that the revetment of the bank should be raised
throughout the portion commenced kst vear, which covers a tront of
3,771 teet, and the protection shoulid be extemded 2,700 feet to a connee-
tion with the dam abutment now in place, at an estimated ecost of
326,610,

The original estimate for the loeality was 2100,000,
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DEVIL'S ISLAND.

The high water of July and August, 1373, caused considerable change
in the condition of dike No. 1 after the annual report was written, The
toundation of the dike had been completed in the fall of 1874, and the
dike raised to the height of 6 feet above low-water mark ; but the foun-
dation rested on a sand bar whose surface for a great part of the length
of the dike was above low-water mark. During the spring and summer
the cxtensive dry bar above and attached to the opposite bank moved
down stream so far that when the water fell the eurrent drew across the
dike; as a consequence, the foundation settled.  The greatest change
was near the shore, where the dike settled from 6 feet above to 30 feet
below low water. Near the middle the change was slight, and the
outer end was sunk irregularly, varying from 6 to 15 feet. The strong-
est current being along shore, the bank above and below the dike was
consillerably eroded, and it was deemed necessary to revet the bank for
a distance of 1,000 feet above the dike; of this distance 625 feet was
protected during the season. In this protection a single mattress of
Lrush was sunk, 495 feet in length by 50 feet in width, containing 566,14
cords brush, The snccess of this experiment justities the expectation
of a material cheapening of the cost of protective works,

The channel last year passed close around the end of the dike, and as
thie Lar above was likely to continue to move down stream, it was not
deemed advisable to repair the outer end of the dike.  The breach near
shore was filled nearly to the final profile.

The foundatiou of dam No. 1, in the chute between Devil's and Pica-
vune Islands, was completed, the east-shore counection secured, and
considerable progress made in filling the body of the dam. When in-
speeted in June last it was apparently undisturbed, and the chate ap-
peired to be filling,

At dam No. 2, in the chute between Picayune Islaud and the main
Hlinois shore, no work was done except to place material previously de-
livered,

The expenditures during the year were :

Dike No. 1:

14 cords brush....... ....... cecsesanancioasetonnns cnsonn 1,06 53
AL01 cubie yards spabls oo oo i e teeaeana. D L0 24
17,1009 ¢ubic yards riprap._............ ceceaencacancacacacas 35, 401 32
Excavation and 1aboT ... s oo oo i i cir e e eeieeaas 405 6
FEngincering and contingencies oooevonnooin . .. . eee 1,638% 10

233,162 78
Dam No. 1:

Excavatiop and labor............ ... et et canane e eee  SO4% 36
tiod.~p cords brush...... feeeetemcsenabeene cananieamas avian oo 2,245 B
254448 eubic yards spalls......... cemens ermererreasocoas mnun 2,804 41
0,75~.72 cubic yards CIprap. ccee eeeeiecnertinmnecceasonneecae. 10,223 57
L T T 620 =0
Engincering and coutingencies... .. e eeetscsecsenace e =24 10
— R 3
Dain No. 2:
| TN 1YY N Ceeebeseceeaane feeemeeceaaaaeea 23 50
: e 3250
73, 5T H3
The total cost of these works is:
Dike No. 1, 1,000 feet in length and 625 feet shore-protoction :
8 Ll £ L R - I 12 WL
LU corde brush . oo cee i i i iriiaiienacmeaeses G, 2002 34
L6110 .43 cubic yards riprap ...... . ceemeearonaas 5, 000 10
3454.01 cubic yards spalls. ... eebesanenos tosont mnnsnn s 3,130 24
Excavation and Jabor.e.eeeveveciveneiiiceiicnacnnnn. ceseae 458 Hb
Engineering and contingencies, 6.5 percent ... .ooovae.. eee 30 02
—— 0, 39 63

41 E
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Dam No. 1, length 1,750 fect :

5B pileS vuinnrencincnss P 51,903 #~0
2,201,656 cords brush c.veecvaneecnenecnvecacncnnnn e eeeomeanees 7,10 95
15,443.79 cubic yards riprap. oo .ot i e e cein.. . W EE2 N0
204475 cubic yards spalls.. .o oo ol iii o 2,004 4
Excavationand Inbor.... coon o iiinaniiiiiiiiiiiiiciie e o43 36
Engiueering and contingencies .1 pereent, oo vnvenvenene 3,213 74
 — 43, 0~1 0
Dam No. 2, length 350 fect :
104 pileS.eeceeennnn.. e e aeeeeeaeeneeieneeeee eramenaann 315 06
6RO cords Drushcce caveee iiceet i rriiee e cremeeeeae . 1627 73
2,9=2.34 cubic yards riprap: cooeeniieiieiiinn i e G211 24
Excavation ceceeevevaer can-.. e RO ])
Engineering and contingeneies 10,7 per cent. ..ol 1,256 65

—_—— 0T s

102, et tu

The total estimate for works in this locality was %250,000, leaving

for future operations 8147,036.90, of which *47,036.90 will be required

to complete the works already begun; and cf this sum it is proposed
to spend #30,000 the present year.

CLOSING CAHOKIA CHUTE.

Although the closing of this chate is partially provided for in the new
river and harbor bill, approved August 14, by a distinet clause and a
specific sum, the work itself is part of the general scheme for the im-
provement of the Mississippi River, and bears a very important relation
to the improvement of the navigation. When the special report was
made, under date of January 23, 1875, (see Report of Chief of Engineers
for 1875, page 497, part 1,) there was no apparent reason for the opinion
that the immediate closure of the chute wasnecessary in the interests of
navigation. After the date of that report a rapid eutting away of the
head of the island ecommenced, which has progressed rapidly since, and
furnished material for deposits which greatly obstructed navigation at
Horsetail Bar. This erosion still continues. The head of the island has
been cut away so much that the head is now nearly one-half mile farther
down stream than at the date of the map accompanying the report. A
large area of the highest part of the islaud has disappeared. It is now
of the greatest importauce that this erosion should be stopped and the
chute closed. The appropriation just made will all be required to revet
the island to secure it from further erosion and the consequent destruc-
tion of the site for a dam. The dam itself must await further appropri-
ations. The original estimate did not include the cost of protecting the
island, the necessity for which was not then apparent. The estimate of
funds required for the dam remains, 75,000, all of which should le
granted in one appropriation, as the work is not divisible.

KASKASKIA BEND.

This locality was made the subject of a special report, dated April 25,
1376, in which an estimate was submitted amounting to #£2,000. The
late bill requires that %3,000 should be expended at this locality, It is
very difficult to put in language all the reasons that conspire to render
the application of small sums to the control of a mighty stream like the
Missiaxippi wasteful. I will endeavor to make this case illustrate the
general principle. The extent of frout that it is necessary to protect is
6,000 feet : the estimated cost is %7 per foot, whieh wounld suftice if all
the work wasprovided for at once.  Undertaken with the sum of 23,000,
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the cost would need to be taken at 810 per foot on account of limited
amount of work ; therefore 500 feet would be the extent of protection.
Five hundred feet of the length of one of the sweeping bends of the
Mississippi is comparatively but a patch, and practically exerts no con-
trolling influence above or below ; the protected front may be held, but
the bauk retreats both above and below, and the projection becomes a
disturbing element, which, by creating eddies, intensifies the destruc-
tion in its vicinity, when a longer firm front would by virtue of its length
restrain the eddies and deliver the current smoothly at the lower end.
The application of so small a sum cannot therefore be made where the
need I8 greatest, but must be located at the very head of the caving
bank, entirely above the point where the destruction is active, and can-
not extend far enough to afford any relief to the interests endangered,
and whose influence has obtained the appropriation. Since the special
report was made the caving has continued, and at the apex of the Lend
the caving amounts to 250 yards. From the direction of this recent
caving the danger of a junction with the Kaskaskia is less imminent
than when the report was written, the apex being now below the point
of nearest approach of the two rivers. If this work is commenced under
the present appropriation, its continuation next year becomes a neces-
sity. If a special sum is to be set apart for its continuation it should
not be less than %235,000 to accomplish useful results.

PROTECTION ABOVE CAIRO.

A special report upon this locality constitutes House of Representa-
tives Executive Document 126, 44th Congress, first session. The esti-
mate there given for the protection of the Illinois shore is $172,500, of
which 230,000 is provided for the present year, which it is proposed to
apply at the point of greatest danger to the navigation. For the con-
tinuation of this work, at least 230,000 should be provided the coming
year.

I would respectfully call attention to the fact that the estimates for
the improvement of the Mississippi River are divided into two distinct
parts: first, for deepening the channel, 23,159,200 ; second, for protective
works, %4,000,000. If the purpose of Congress is to improve the navi-
zation of the river and realize useful results at an early date, the dis-
tinction made in the estimates should he observed. The deepening of
the channel precedes protection in order of execntion and importance to
navigation. Protective works have closer relation to individual and
local interests, and are therefore more likely to be pressed upon the
attention of Coungress, in efforts to secure specific sums for specitied
localities ; and it may not be out of place to suggest that private jobs
are sometimes brought forward under the specious mask of public im-
provements. If Congress is disposed to accede to requests for the exe-
cution of these protective works in advance of their logical and natural
order in the scheme of improvement, it should be with the understand-
ing that all sums taken and made applicable to the protection of banks
15 s0 much deducted from the appropriation for the improvement of the
navigation of the Mississippi River.

SURVEYS.

No extended surveys were made during the vear. Special examina-
tions were made at Piasa Island, Horsetail and Twin Hollow Bars, Lib-
erty Island, and a resurvey from Dickey's Island to the mouth of the
Ohio. The cost of these surveys was %4 599,90,
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The total expenditure for surveys since the organization of this oflice
in 15350 has been:

Survey from Alton to mouth of Meramee River ..... S I B
Survey at Cabaret Island o cvvre e cmcree crrrct e it ecricraccnacanns 3,000 07
Board of engineers, convened by 8. O, No .£0 I, Q. C.of L., February 7, 1z72. 736 01
Survey from mouth of Missouri River to mouth of Ohio River............. 22,024 91

Triangulation from mouth of Missouri River to mouth of Olio River ..... . 21,39~ 20
Slwriul surveys, loeal ..o oL P £ (12 4

T R 1 A% L 1

Of which #18,005.77 was specially appropriated; the balance, 825,833.36,
was borne by the general appropriation,

Of the above tctal %27,518.21 was expended by my predecessor,
Lieat. Col. W, ¥, Raynolds,

EQUIPMENT.

As has been stated in previous reports, the interests of the woik re.
quired that the Government should own a portion at leiast of the equip-
ment needed to carry on the work.

The equipment now on hand is suflicient for the needs of the work, i
continued upon the moderate seile of the past. .\ condensed statement
of the property-accovnt is given for information, It includes in the Dr,
column the charter and operating expenses of steamers and barges; the
Cr. colummn shows the value of the services rendered, and the balance
column the amount with which the several classes ot property are now
t-luug:d upun tlu, lmul‘s of th(, uﬂu,e

Clans of property. Dr. r. Balas.cos,
Ol BB e iiienn i ciiiiarieiinnass. e s ] ) 2490 (6 £ 55
Tustruments amd survey material. ool L., 4,91 ~0 3,081 et =h
Five pilecdBivers oo i ittt ie e ceree i rian. 1h 148 91 0 8,078 09 10,4351 49
!-.u.hnux barges and two quarter-boats. oo oo venein v ienennnn. MR L AL RO T r-l 0, 350 40
1 1] T SRS c6, 105 02 4 el 1,315 )
tilurhru fur warkmen, hlmpu. K€t chraeenneeanns oy n kt! 2157 U
wo tow-hoats and oLe steam-tug and expenses ool C190, 15T e 3, 402 ~4
SR VIR oo v oe e oe e e isiame e e n .- eeeerananes : S e 1edj =2
Genrral expense of Property. ... 13. 505 63 61 16 138, 445 4%
Matenial apd GURITY PriviIeges. core e e e cerirnnrirenaeennen. ;R0 HET 65 200,605 45 l 1,461 %
) U ISP 442 T8 65 420,006 G2 . 125 e L
+
Coustruction account.
Amountre.
Nuwe of work. Auu'nm(:dex-i quired to  Total,
pendels | complete.
]
Piasa Inland daun............... teeermvenreannee temeceoocecanaans 816,210 73 | £25,000 00 . &41.200 73
AROD AN . verenntiiiitticivieriiiacrvesssise sancneene venovior 31, 36 45 ¥, 631 53 I 40, G 00
Sawyer Bond protection.coeee.oeeennn.... veraien vecsmecansnsnnos ©o9L,0ml 121 50,230 50 | 142,911 2
Joong ke, .o..cevrenieeernieenieien emtnvecananinerne eevevase; 36,381 K3 3,634 15 ; 40,004 9
Horseta:] Bar, siike No.1 .00 S | 2o e ) ‘
Horsetail Bar, dike No.2 ........... B . ceoesl 15,564 03 1} '
Horsotail Bar, dike No.3 ... ol e, " 47,506 80 | 172,510 96 . 221,302 ~6
Hormetail Bar, diko No. € ... .oovovivnriicneriniraivnecenrerrecnes © 3w, 648 17
Horsetall Bar, dike No.% . ooiveeiiinreiiinrviecenennnn. ceensesenn . 20,349 05
Fart CRRRTEB dAM o vvverecviineriirninnenccrnecrneeooncnoossnas 36, Bn7 G 9,750 o 48, 637 #6
Turkey Jaland dati coveveernrennnenreienenanninnnannns viseserrean < 21,565 48 1 11,000 00 32, il 46
Jaber t) Inlaud datn. coverrrenree it civneriiireeriecaeisicncocnrinan 5,053 91 . h, 053 91
Litr-rty Inland protection............. ceesirase eesoasesssaverennne ! OIR, 497 6s | 26,610 00 43,107 43
Devxil's lulnnd fke Nl ooiveennnanen... crecrevecoravovane ceens: 50,399 86 1)
Devil's Inland, dam No. b .o iirenerrvriaeeroncrasoons PO 43 Ond 06 547,036 90 ' 150, 000 00
Devil's Ialand, dam No,z .| 10000 0000000 il egwin §
Total....... tecsescoccsrsvonnasnans @esevevrvescscosvessssnon , ST, 62 04 | 254,428 08 62, 29 12

- Will not be cun.mued
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Dr. Engineer Office, United States Army, in account with United States. Cn,
To allotments from appropriations for : By expensesof oftice .. ... ... ... &31, 038 r6
examinutions and surveys on north: | By goneral engiveering .............. 19, 943 52
ern aud porthwestern lakes and '’ By survess ..oveeviivrcennnenennn. ;o 93, rdd 63
rivers, and Atlantic and Pacific ! By construction.....coooeveennnnn... TN, 62 04
cuasts, &¢., made prior to 13792, ...... 216,623 07 By balanees on aceonunt of property... 127, +31 64
To allotment from_ appropriation for . By cash on hand July 3, 1=56. ... .. 1,924 6w

examinations and surveys and con. .

tingencies of rivers and harbors, '

approved June 10, 1+72..... ceeonaans 21,7325 50
‘Lo appropriation for improvement of :

Mi~sissippl River from Illinais to |

Missoury, upprovml Juue 10, 192. ..., 25,000 00
‘To appropriation for improvement of i

Missisnippt River from Missonri to !

Meramee, aplproved June 10, I#32... * 100, 000 10
To appropriation fof liuprovemeut of

Missisnippi River from Missouri to :

Ohio, approved March 3,1573........ I 260, 000 vo
To appropriation for inprovement of .

Missisnippt River from Ohio to I1H- |

unis, approved June 23, 1874 ......... 200,000 0}
To allotment from appropriation for ;

survevs and estimates for improve.

ents on  trausportation.rontes to

the weaboard, approved June 23, |

LT A 10, 400 00
T appropriation for improvement of

Mivsinnippf River from Ilinois to |

Ve, approved Mareh 3,1~%5.... ..., 200, 600 VO
Fo unpatd  percentuge on annulled i
[SUTTR T T5 7 S Cesennnana R, 900 17
To pereentage due on existing con- |
THAEES i iiene et iatteerrerenaan o133
Toarount due on non p yment roll. ., 0 43
i 176,392 3% , waboeug 5

The original estimates for the improvement of the Mississippi River
between the Illinois and Ohio Rivers began with an estimate coutained
in the report of a Board of Engineers dated April 13, 1872, (Report of
Chiet of Engineers for 1872, page 366,) which was—

For ereetion of dike at Alton Harhor. .o oo ionnreiivirieemens coeeennn. . 510,000 00
Far protection of 2 miles of Sawyer Beud.ooeveeanrvnneenn.. ... ceememe.a 142,211 62
For extension and raining of dikes in Northern Harbor of Saint Louis.... 197,32 90
For survey between Alton and the mouth of the Ohio River....ce.eoo... 30,000 00

Following this report, Congress appropriated, by act approved June

10, 1372—
Far impravement of Mississippi River between the I linois and Missouri... 825,000 (0
For improvement of Mississippi River between the Missouri and Meramee. 100,000 00
and ordered a survey of the river Trom the Missouri to the Ohio, for
which there was allowed #22,584.79.

The above amount applicable to the section from the INinois to the
Missouri was applied to construction of the Alton Dam, and that appli-
cable from the Missouri to the Meramec was applied to the protection
of Sawyer Bend and extension of Long Dike.

The survey from the Missouri to the Ohio was made, and a preliminary
report submitted under date of December 18, 1572, In that report esti-
mates were given for—

Deepening the channel of the Mississippi River from the Missouri to the

ORi0. e reeorernnionnonrorsnesasaacannn “evees . cmesencenes . SO =05 00
For seeuring the river inits presont ehisanel oo oeoenins cone coveneen... <, 12, 149 v
Total covensnninnan.. “eees cmsencnane s e dresencerseniane ees - 20NN, 04 GO

“ollowing this report, an appropriation wias made by act approved
Muareh 3, 1873— :
For the iniprovement of the Mississippi River between the Missouri and
L e LU LT
Aud by aet approved June 235 1500 L L. . don oo oo
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By the act of June 23, 1874, a survey was ordered of the Mississippi

trausportation route, and there was allotted for the survey from the
Illinois to the Ohio $10,000.

The report of this survey was made January 20, 1873, and is published
in Report of Chief of Engineers for 1873, part 2, page 471.

Ie this report an estimate was given for—

Improving the channel between the months of the IHinois and Ohio Rivers. &3, 159, 200
For revetments between the mouths of the Missouri and Qhio Rivers...... 4, V00, Vu

Totalsi ssssssness sssssosos snsse ST SR e s B e BRes 7, 159, 2on

This last estimate covered the whole ground and includes the items
of the preceding estimates which remained unprovided for at its date.

To arrive at the total estimated cost of improving the Mississippi
River trom the Illinois to the Obio it is necessary to add to—

The estimate of 1875..c0 ceeecaeevene s e s wRe BEE SEEE SN S R 57, 109, 200
The sum of appropriations previously Madeeccee voee covr ecne ceenenveoone 25, 0
Making an aggregnte of ... coceveeeae coreurecoeanconaeenanccenensonans 7,64, 200
Of which up to July 1, 1576, there has been appropriated.... coeceeennen.. 735, 000
Leaving for further appropriations........coceeeeceocecirevavecenecennns 6, 959, 200

A glauce at these figures will show that at the rate of 200,000 per
year, as for the last three years, thirty-five years will pass before the
appropriations equal the estimates; the anuual graut has been less
than 3 per cent. of the total estimate, and 3 per cent. upon the original
cost would be a very low figure for the maintenance of the completed
work. It will be readily understood that with such small appropria-
tions the completion of the improvement is postponed to an indefinite
but distant future, for as progress is made the expense of maintaining
the works will cousume an increasing proportion of tbe annual appro-
priation, and eventually take it all. The estimates given were made
with an allowance of but 10 per cent. for contingencies added to the cost
of material. Examination of the construction accounts will show that
the contingent items of cost vary from 5.2 per cent. to 29.9 per cent.; or

1)
taking a mean they are equal to 44(3','1(387:33?5‘—‘0'0915610 per ceut.  The
31,036.86

. cost of administration is m

eugineering is RN = 0.02;%);c The two last itews represent the

tY L ) 709,555.71 =UVsyyge as els represen (%
cost of an engineer office and organization, the expense of which would
not be perceptibly increased if the amount of business were much larger.
The minimum ratio, 5.2 per cent, for contingencies of construction could
easily be made the mean rate, if means were provided for a rapid exe-
cution of each individual work to completion. A large item in con-
struction account is for transportation of material; the cost of transpor-
tation per unit depends in great measure on the quantity, as every
business man well knows. Taking the aggregate of all the items into
consideration, there can be no question but that 8300,000 appropriated
in one year will do as much work as %600,000 divided into three annual
sums of #200,000 each. Last, year in estimating the amount required,
21,000,000 was given as the amount that could bLe profitably expended
during the fiscal year ending June 30, 1877. The estimate for the year
euding June 30, 1878, is for the least amount that can be profitably
expended, %500,000.

= 0.0427;: and the cost of general
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Money statement.

Balance in Treasury of United States July 1, 1375 :
On account of up;;rhpriat-ion for improvement of Miusissippl
River, from the Illineix to the Ohio, approved March 3, 1535
For application between the Illinos and Ohio. ... ee emee S136, 000 0D
For application between the Illinois and Missouri....... 15, o an
Amotint in hands of oflicer and subject to his check,
vuly 1, 16475
¢ aceount of appropristion for improvement of Mississippi
River, from the Missouri to the Meramee, approved June 1v,
75 132 50
On acconnt of appropriation for improvement of Minsissippi
River, from the Ohio to the Illinois, approved June 23,144 ;
For application between Ohio and illinuis. eveerionananns 3,042 51
For application Letween Missouri and Ilinois... ... ... 4,780 =3
n account of allotment from appropriation approved Juue 23,
1474, for surveys and estimates for the improvements recom-
mended, by the Senate Committee on Transportation Rontes
to the Seaboard, & e, to be expended in the survey of that
portion of the Mississippi route lying between the mouth of
the Illinois River and the mouth of the Olhio River.. ... ... 32 o0
On account of appropriation for improvement of Mississippi
River, from the 'lllinuis to the Ohio, approved Mareh 3, 1+35:
For application hetween linois and Ohio.o.aaaoocaaoce 49,000 o0
i e 2204437 42
Amount expended during tiscal year ending June 30,
N6
oin aceount of appropriation for improvement of Mississippi
River, from the k!is.-muri to the Meramec, approved June 10,
1502 e iaeceericeenrennssionccetbasonrnoncn nan P 132 0
O aceount of appropriation for improvement of Mississippi
River, from the Olio to the Hlinois, approved June 23, 1574
Between Ohio and Hlinois. ... ..o.0 “emean e emeoveciannn $.0=2 54
Between Missouri and INinols . oooee oo o aoaan. 1,730 =3
O account of allotment from appropriation approved June
2, 1574, for surveys and estimates for the improvements
recommended by the Senate Committee on Transportation
Routes to the Seaboard, & ¢., to be expended in the survey of
that portion of the Mississippi ronte lying between the mouth
of the Illinois River and the mouth of the Ohio River......
O acconrt of appropriation for improvement of Mississippi
River, from [thnois to the Ohio, approved Mareh 3, 1575
Between Hlinoisand Ohioo .. oo iinoo il vianae s 172,052 05
Between Ilinois and Missouri ..... Cissaresereesesannyua 11.317 24
Amount available July 1, 1~76, including $2,133.3> due
on contracts :
On aceount of appropriation for improveéwent of Mississippi
River, from the 1linois to the Ohio, approved Marveh 3, 1275
For application between Illinois and Ohio...oooocioao.. 12,041 42
For application hetween Illinois and Missouri........... 346522 70
Amount appropriated by act approved August 1§, 1~76,
for improvement of Mississippi River, hetween the
Illinois and Olio:
For application between Illinois and Ohio Rivers...... S SR LT
For application between Hlivois and Missouri Rivers... 15,000 oo
For application between Islands No. 11 and No. 15, near

?'
!

.
PO

s

3=2 Ou

the town of Kaskaskia, Il .......... e cecesaceianaans 5,000 g
Por application Twetween the foot of Dickey Islamd and
the mouth of tlie Obio River. .. ... .. oo ..., NI

Amount appropriated by act approved August 114, 1536, for
improvement of the channel of the Mississippi River. oppo-
site the city of Saint Louis, Mo., by the construction of a
low dam across the channel east of Arsenal Island, known
ax Cahokia Chute, and in the revetment of said island (... 29,600 on
245,324 63

Amount (estimated) reguired for completion of existing project. ..o ... 6,720, tind 00
Amount required for fiscal year ending June 3, 18T~ L iinveen . nn. LN UL LT

The colleetion-district in which the work is located is New Orleans.
Amount of revenue eollected at the port of Saint Loms for the fiscal year ending
June 30, 15976, was $1,512.407.09, .
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