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j - part of the river under con-
date such a hoat at the very lowest stage in any pa ‘ -
;(:f(?r]:;g;;.aviz from the Big Island to the mouth. There are all t%ctneeesaar:;}' con
veniences for ’i;uﬂﬂiug this boat at Monroe, on the Ouachita River, but one day’s run
from the Saline River. Z -
The monthly expenditure in operating guch a boat would be—

Supervising engineer

Mate..---. --

Cook and helper

Trenty laborers, at $40 per month
Subsistence for 24 men, at 50 cents per day

ESTIMATE OF COST OF PROPOSED IMPROVEMENT OF SALINE RIVER FROM THE BIG
ISLAND TO ITS MOUTH, 260 MILES.

Building light snaghoat
Flatboat forlquarterg, &e i : o
1t of tools, 400 ¢ 25 per cent. fOTTePAITS .- c-vcone vasmianononome nmon o oon

ioigz?r;ov?nuos?ngqs and Cl}tﬁ‘ﬂ.g timber, twelvemonths' work, at $470 per month- 1';, grég
Clearing 37.5 miles, 30 foet wide, 100 acres, at §20-.--vuoooneiomman socner oo 5000
Add one month’s passage down stream 140
Contingencies, 10 Per Gt - v comaccaaaccemrn oo sommns commen snnes :

30, 151

TOtALl . e soai oo s s esan mmalvmoa He s smam oo yiss s e don s Easase F ot

COMMERCIAL STATISTICS.

The amount of commerce carried on during the six months ending January 31, 1879,
on the Saline River, Arkansas, embraces— :
Cotton, about 20,000 bales, valued ab 882?}, ggg
Staves, timber, &e., estimated. .ocoo. oociacaarmmomaos oo smmmne oo 2 .
Hides, about 4,000 pounds, sundries, &g 2 2, o
Tobaceo, about 15,000 pounds, valued at - 3

Value of down freight :
Return stores, supglies, estimated 2 500, 000

e i el g S U e ek i s b 1,314,000

Tt is said by many cotton-growers and storekeepers along the stream, that- if the navi-
aiion of the Saline River is improved, it will amount to over §2,000,000 per annum.

The river was navigated during good stages of water in the past six months by the
steamers Willie and Aeme, which made alternate trips, under one management, every
ten days between Cavaness Landing and Trenton, La. Theseboatshave each a carry-
ing capacity of 500 bales of cotton. :

%he }foﬂoging is alist of the principal steamboat landings, and bales of cotton shipped
from each:

l

mouth o bd

Distance from
mouth of
river.

Distance from

|| Gee's ccoommcmaniaa o

2L Il Veasy's.....ca-..

Baden Cut-off .. | = Osment’s Blaff

Hampton's. ... i || White's....-..

Alkan’s Bluff. b .| 00 || Frazer's .

Meek's.... ight. | Sutton’s ...

Long View .. £h Loft .| Caveness elf ..

A it i e e ; ight. | Scobey Right.

Careoff. o on v oreonoonnes| 765 | Rightf| 4001 Mount Elba. o-o-oceoznn| 159 leght-
I

| |

Very respectfully, your obedient servant,

ZEPH HARRISON,
Civil Engineer.
Maj. W. H. H. BENYAURD,
Captain Corps of Engineers, U, S, 4.
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IMPROVEMENT OF LOW-WATER NAVIGATION OF THE MIS
i SISSIPPI RIVER

OFFICE OF THE CHIEF OF ENGINEERS,
Washlington, D. O., January 28, 1879.
SIR: I beg leave to submit herewith a copy of the preliminary report
of the Board of Engineers appointed to consider and report a plan for

the improvement of the low-water navigation of the Mississippi River'
below the mouth of the Ohio River. ippi River

The general plan of improvement proposed by the Board is that of
contracting the channel to an approximate low-water width of 3,500 feet
by means of dikes of brush, &ec., and where the bed of the river is found
to be too hard to be worn away by the river-current, dredging, in addi-
tion to the reduction of width, to be resorted to. :

The Board states that—

The main question is one of cost. Previous, then, to enterin
scheme of improvement involving an expenditure of man
should be settled in the only practicable way, by trial, * *

That such a trial may thoroughly test the practicability and the cost of regulating
the river and increasing its low-water depth, one of the worst places shouid he selected.
Such a place is the Plum Point Reach, 160 miles below Cairo. Thisreach is about 20
miles inlength, and presents in many places excessive width, reaching 2 miles at high-
water and a mile and a half at low-water, * * * =

Should experience show that works of a light character, such as hurdle work, brush
ropes, and very light brush dikes, whose object is to make the river drop itssediment
thus building itself its contracting works, may be largely used, the Board still do not
estimate the cost of obtaining 10 Teet of water at low-water through this reach at less
E]rm]% 5(1('500,000. Shounld substantial dikes be required throughout, this cost may be

ipled.

The Board, therefore, recommends in sum as follows :

" 1st. That an appropriation of §600,000 be asked for the improvement of the Plum
Island Reach.

2d. That the improvement be effected by narrowing the shoal or wide portions of
the low-water river to about 3,500 feet, and by protecting caving banks where neces-
Bary.

I concur in the recommendations of the Board, and respectfully sug-
gest that the report be sent to the House of Representatives for the in-
formation of the Committee on Commerce.

Very respectfully, your obedient servant,
A. A, HUMPHREYS,
Brigadier-General and Chief of Engineers.
Hon. GEo. W. McCRARY,
Secretary of War.

g upon any general
¥y I ions, this question
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REPORT OF BOARD OF ENGINEERS.

New Yorg O1Ty, January 25, 1879,

SIR: The Board of Engineers for the improvement of the low-water
navigation of the Mississippi River below Cairo, constituted by Special
Orders No. 71, Headquarters Corps pf Engmeer_s, Was]_}m_gtou, DI
July 8, 1878, have the honor to submit the tolllownlg.}ﬁ’mhmmﬁr}* report:

1. The chief sources of information respecting this part of the river
are the Report on the Physics and Hydraulics of the Mississippi River,
by Humphreys and Abbot; Report on Mississippi River from Cairo to
New Orleans, by Maj. O. R. Suter, in Report of Chief of Engneers for
1875 ; map of a reconnaissance of the Mississippi River, 1874, by Maj.
C. R. Suter, Corps of Engineers, and reconnaissance of the Mississippi
and Ohio Rivers, 1871, by Captains Young and Poussin, Topographical
Engineers. s g

Existing maps are, save for small portions of the river, only recon-
naissances, and there is little definite information to be obtained about
the condition or position of the river fifty years ago, which might enable
us to judge of future changes of the river by those of the past.

The survey of the river now being carried on under the Engineer De-
partment will, when completed, furnish the precise condition of the river
at a definite date, and thus give a standard to which all future changes
may be referred, and by which they may be studied. ;

The Board examined in November, 1878, the river from Cairo to Lake
Providence, a distance of 530 miles, which embraces the chief obstrue-
tions to navigation below Cairo. They have requested that detailed sur-
veys may be made of several portions of the river where navigation Is
most usually obstructed, but it will be several months before the surveys
can be completed. _ :

In the absence of accurate maps, it is not possible to give detailed
plans or precise estimates, but the general method of improvement to be
followed can be indicated.

2. A brief description of this portion of the river, with some statistics
taken from Humphreys’s and Abbot’s report, will give an idea of the
magnitude of the work.

From Cairo to the Gulf of Mexico, a distance by the river of nearly
1,100 miles, the Mississippi flows in an alluvial plain subject to overflow
at the highest stages of the river, the width of this plain averaging 30
or 40 miles. Numerous curved lakes, evidently once bends in the river
and separated from it by cut-offs and subsequent silting up of their ends,
are scattered along the banks. They are sometimes miles from the
present river, thus indicating how unstable it is and how widely it has
wandered.

A ¢lance at the map shows that from Cairo to New Orleans the river
is almost a continuouns series of bends whose eoncave portions are alter-
nately on the right and left banks of the river. The radius of the con-
cave bend is rarely.less than a mile, and a long bend is usually about
2 miles, sometimes, however, rising to 3 miles for bends of 180°,

This curvature of the river has great inflnence on the depth in the
curved portion, the water next the concave bank being invariably deep
when the thread of water of greatest velocity follows the concave bank
at low river.

Descending the river at low-water one sees a succession of bends whose
concave banks are followed by the steamer, the convex side of each
bend usually having a sand-bar running far out from the high-water
shore into the river.

APPENDIX M. 1009

Wooded islands of large area are frequently included b
arms of the river, and, when it is wide, sagd-ba.rzs or sand islaﬁfgfiﬁhgig
areas reach hundreds of acres, may fill the spaces between the hi ?11-
water banks abandoned by the water. These bars have been callged
sand-bars, but layers of gravel are frequently found on them; at Cork’s
Point below the mouth of the Arkansas, such pebbles 3 iuehe’s in length
were noticed. The material of the banks, where bluffs do not reach the
river, is sand, sandy clay, and sometimes a little gravel. Many of the
concave bends are receding under the action of the river. 3 recession of
300 feet a year not being extraordinary. On the left bank bluffs reach
or approach the river in many places; on the right bank, ét but one,

The following data are from Humphreys’s and Abbot's report:

Mean dimensions of cross-stetion between banks,

S ‘
| 3 |
| High-water. \ Low-water.
Loeality. ] - }
| Area. Width. “ Mgz}iﬁlﬁtm [ Aren. Width. ’l ngilt]inm
i ) epth.

| |

T | Square jeet. Feet. s | l

Ohio Riverto Arkansas River, 1 191,{100 e;a 7 Fock 87 :Squag 'g%%t' Feéet.;m | (et 49
8 ) ’

Arkansas River to Red River, 199, 000 4: 080 i Qt‘i | 54, 000 | 3, 060 56
el | "

The maximum range between high and low river at Cairo is 48.4 foet :
at Memphls, 37.1 feet; at Vicksburg, 48.3 feet; at Natchez, 51.5 feet. :

The high-water slope between Cairo and Columbus is 0.571 foot and
the low-water slope 0.381 foot per mile. %

Between Natchez and Red River Landing the high-water slope is
0.266 foot per mile, and the low-water slope 0.158 foot. In 1858 the max-
Imum river-discharge at Columbus, Ky., was 1,403,400 cubic feet per
second, and the minimum 128,670 cubic feet.

In 1851752, at Carrollton, the maximum value of the ratio, by weight
of sedimen_t to water carrying it, was gy in June, and the lninil_‘.[?uni
W;Iue of this fraction was g5's3 in October, the mean for the year being

1508*

At Columbus, in 1858, between March 15 and November 15, these
fractions were 315, 717, and 3, the mean for the year. At Columbus
in 1858, the highest mean velocity was 8.47 feet per second ; on June 17,
the highest observed velocity in any section, 11.1 feet. The lowest mean
velocity was 1.50 feet on October 16.

At Vicksburg, in 1858, the highest mean velocity of the river was 7.04
feet on May 28, the maximum observed velocity in any section being 8.0
feet. The least mean velocity was 3.01 feet on October 25.

Such mean velocities as 8.47 feet or 7.04 feet per second are ample to
give the river a powerful eroding action on the sand, which is so large a
constituent of both bed and banks. '

As the mean cross-section of the high-water river from the mouth of
the Ohio River to the mouth of the Arkansas is 191,000 square feet,
while the high-water cross-section at Columbus is only 166,200 square
feet, the mean velocity at Columbus would exceed that at a point where
the cross-section had its mean value by about one-eighth.

At Vicksburg the high-water eross-section is 179,500 square feet,
while the mean cross-section of the high-water river between the mouths
of the Arkansas and Red Rivers is 199,000 square feet.

The mean velocity of the high-water river where it had its. mean cross-
section near Vicksburg would then be about one-tenth less than at

64 ®
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' Vicksburg., These reduced velocities are still ample for powerful action
on the river bed and banks. i) : 3 : !

3. As it is the low-water condition of the river Whl_ch speqla.lly inter-
ests navigation, that should be considered somewhat in detail.

In a river that rises 40 or 50 feet there is, of course, ample depth of
water at the higher stages. Qi .

When the river falls these depths may diminish so much as, while
leaving an ample depth of water in the concave bpnds, yet to give shoal
water at those places where the stream crosses from a high-water con-
cave bank on one side to a similar bank on the other side, provided the

low-water width of the river at this place of crossing much exceeds the

average low-water width. y .

It 11%ust be remembered that at these wide shoal places the river bed
may have absolute elevations at the same place, differing by several
feet at different stages of the river in the same year.

Col. J. H. Simpson (Report of Chief of Engineers, 1877) states that
in 1876, at Horsetail Bar, below Saint Louis, after an unusually long
high-water period, the bed of the river was filled with sand to the height
of 10 feet above low-water mark. The same phenomenon in shoal
places is generally well known to pilots. ; L

The first difficulty at a shoal crossing may be found when the river is
still from 6 to 10 feet above low-water. The deposit left by the falling
river, which has filled up the low-water channels of the preceding year,
acts as a low dam across theriver. The river cuts its way down throngh
this dam, and if its efforts are confined to a narrow width, may cut
away the bottom as rapidly as the river surface falls, so that the river
may possibly fall several feet below a stage already rather low without
diminishing the depth of the water in the channel. ' ;

On the other hand, at one of these shoal crossings, the river may shift
its channel several times during low-water, giving uncertain and danger-

ous navigation, or, not being sufficiently concentrated, may not have the

power to cut a sufficient channel through the high-water deposit.

Ordinarily the shoal places are where the river, being wide, passes
from a concave bend on one bank to another on the opposite bank ; but
shoal water may occur in the straight reach connecting two concave
bends on the same banlk, when this straight reach arises from the gradual
filling up of a concave bend, as sometimes occurs. From an examina-
tion of the maps of the river, and from our knowledge of the depths of
water and the position of shoal places, some conelusions can be drawn
in general terms, which must be controlling in any system for the im-
provement of the low-water navigation of this portion of the river.

1st. There is ample depth of water at low river whenever the low-water
width does not exceed about 3,500 feet.

2d. There is ample depth wherever the thread of the current follows
a well-marked concave high-water bank.

3d. Low-water navigation may be bad in those reaches approximately
straight which connect the deep pools under two concave banks, if the
width of the low-water river in this reach largely exceeds 3,500 feet.
(The width 3,500 feet is an approximation.)

There is another element which is of seriousimportance in the problem
of improving the low-water navigation of the river, namely, its great
instability. :

The crescent-shaped lakes scattered through the alluvial plain have
already been referred to. The most distant points of some of them are
now 6 or 8 miles from the river, showing that within a period so recent

{
|
¥

!
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3 the river-overflows has not had time t
fill them up, the river has changed its position by such amounts. 5

Again, in many of the bends the river is rapidly cutting into th
cave banks while the opposite points a 2 e
inﬁlla-t{e-rally e mIr))lving bé SHi re extending, the river thus mov-

‘The high-water velocities are ample for acting powerfully on th '
but in some cases this eroding or caving appear% gc)o be Iarg}ély azceeffaigt]:z?i
by another action. This latter seems to arise from the river-water pene-
trating sand strata to a considerable distance from the river-banks. and
returning to the river, perhaps with a considerable head when the ’1'iver
falls, carrying the sand strata with it, thus allowin g the overlying masses
to fall into the river. Caving at the rate of 200 or 300 feet a year is not
unusual, and these amounts are sometimes much exceeded. All the
materials is carried downstream, some to the points or shoals immedi-
ately below, some to uncertain distances. This movin g of material from
one point to another is injurious to the condition of the river.

The report of Maj. C. R. Suter, Corps of Engineers, in the Report of
Chief 03" Engineers for 1875, states that there are forty-three places be-
tween Cairo and the mouth of the Red River where low-water depths of
less than 10 feet, and thirteen where low-water depths of less than 5 feet
may be found. The aggregate length of these shoal places is about 150
miles. Reference may be had to that report for detailed information
respecting the river in this connection.

4. Transportation on the river was formerly by flat-boats and steam-
boats, but of late years this system has been partially replaced, espe-
cially for grain and coal, by the system of barges towed by steamboats.
These barges carry from 600 to 1,500 tons each, and from three to five
of them are towed by a single steamer. Their draft, loaded, rarely ex-
ceeds 8 feet. :

Large steamboats are sometimes loaded to about 12 feet, when the
stage of the river and depth of water on the bars allow it. If 10 feet of
water could be secured at low river from Saint Louis to New Orleans, it
would probably satisfy all demands; and if the improvement of the river
is undertaken that depth should be aimed at.

From a report of Hon. H. O. Stannard, Chairman, dated October 30,
1873, to Senate Committee on Transportation, it appears that, from 1864
to 1872, inclusive, there were on an average fifty-two days on which the
least depth of water between Saint Louis and Cairo was less than 6 feet,
and sixty-nine days in which it was less than 10 feet. These numbers
Ivou]d probably be somewhat less for the river from Cairo to New Or-
eans.

The time of low-water is usually October or November, and it is for
this low-water period that the improvement is needed.

It is scarcely necessary to speak of the magnitude of the interests in-
volved in the improvement of a river draining a valley so enormous, so
fertile, and so populous as that of the Mississippi.

The Hon. Mr. Stannard, in the paper already referred to, estimates the
annual saving in transportation on grain alone, if the river were im-
proved, at $28,000,000. While this may be an overestimate, it will yet
be noticed thatif a saving of one-tenth of this amount could be effected
it would justify an expenditure of $70,000,000 to obtain it.

5. Having considered in general terms the present condition of the
river and its navigation, and the needs of navigation in the future, the
question of method of improvement remains to be examined. It has.al-
ready been stated that where from local circumstances the low-water

width of the river is only about 3,500 feet there is now ample depth at
low-water,

that the sediment derived from
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where the river is now wide and shoal it can be aided to take
a ﬁe&sﬁi\?dth, a greater depth may be expected to resul, provided thev
bed of the river at these shoal places is not 100 hard to be worn away
by the river-current. The exact-character of the river-bed can only be
determined by numerous borings, some of which have already b?e_n
undertaken at the request of the board, but the fact that deep W_ate; is
found in all wellmarked bends, and that this is true even where the river
comes in contact with material which it has not _1f-s§1i deposited, as va-t
the bluffs of Columbus and Memphis, seems to indicate that the river
generally has the ability to scour out its .bed. Should local e_xcept-mnsz
%o this Tule be found, dredging, in addition to reduction of Wjdth, 02y
be necessary, the reduction in width keeping the channel open “Ihen
nce formed.
0 010?111’0 of “chutes” (so called) or high-water channels across the low
elongated points which follow up the receding bends may be necessary,
_especially when these minor channels remain open at ]qw-wate}r. :
‘As the shoals are ordinarily at points where the river, being wide,

crosses at low-water from one bank to the other, those are the places at

which greater depth of water is needed, and here works to narrow the
low-water river will often be required on both sides. :

The object of these works is simply to give to the low-water river the
form which it has given to itself where the navigation 1s good. They
should give to the low-water channel a curvature like that on the river
which does not produce much caving, and in straight reaches alow-water
width of about 3,500 feet. They must, when exposed to attaclk, be of
sufficient strength to resist, of sufficient extent that the high river may
not cut a new channel between them and the high-water banks, and
their heights must be such that while interfering as little as possible
with the high-water river, they shall yet direct the water of the river
into the low-water channel before its depth falls to 10 feet. :

The heights of these works and their character will vary with the
different localities. ; A

At a place where the river is already on the point of building up a
shoal, or narrowing its low-water width, works of the slightest construc-
tion may produce great changes. On the other hand, should it be nec-
essary at any place to bar against the river a route which the forces in
operation strongly tend to make it take, costly constructions will be re-
quired to make the barring good.

Where slighter works are insufficient, recourse must be had to substan-
4ial dikes of brush and stone or gravel (like those ordinarily nsed in this
conntry and in Europe) for closing low-water chutes and for building
out the low-water banks to their agsigned positions. '

The directions of these dikes will vary from transverse to longitudinal
in different places,’and should, as far as possible, be executed in such
order that those lower down stream may be erected on the deposit caused
Dby those above. Where prejudicial scour of shoals or banks is produced,
they must be protected by mattresses. t

6. Bxperience elsewhere has shown that, by the use of the substantial
dikes spoken of, the Mississippi can, with little doubt, be controlled.

The question is not mainly of the power of control, but of the cost of
control.

No case is known of an attempt to regulate a river of the size of the
Mississippi in order to improve its navigation. On amuch smaller seale
it has been done on the Vistula, near Culm, in Prussia. This stream at
Culm has a discharge, both at high and low water, of about one-seventh
that of the Mississippi at Columbus. Its high-water is about 22 feet
(sometimes reaching 30 feet when obstructed by ice) above its low-water.
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Formerly, near Culm, it had many arms separated by islands:
irregular width, and had 1.5 feet of water inlit at low 3iver. dls;;’w‘gg Sm(;f
proved by closing its chutes or lateral arms, and by substantial works
on one or both shores, which limited its low-water width to 1,235 foet
and gave its channel a regular form. Its low-water depth has been 1'113
creased by the works which are not yet complete to 4.1 feet. For por-
Egns where many latteral arms had to be closed the improvements cost
$50,000 per mile, other portions costing $30,000 per mile.

_ In the absence of detailed surveys of the shoalest places in the river
it is impracticable to make anything more than rough estimates of the
cost, and indeed the riveris so changeable that any detailed plans might
have to pe entirely changed before their execution could be completed.

But if substantial dikes like those already used in similar improve-
ments should.prove necessary, the cost of such work, thoroughly con-
trolling the river, may for considerable distances exceed $100,000 per
mile. The Board, however, hopes that in many places much lighter
structures may be used, both to induce silting and to retain the land
once gained to form the new bank of the low-water river.

EXPBI‘ll{lED't-S. in India, and on the Missouri River by Major Suter, show
that great silting may sometimes be produced by very inexpénsive
means, and when the work of improvement at any place on the Missis-
sippi River is begun every form of experiment should be tried that prom-
ises to reduce the cost.

Thus far, reference has only been had to works needed to increase the
depth of water across shoal places. But it has been already stated that
many banks are caving rapidly, thus giving rise to shiftings in the posi-
tion of the river and throwinginto it large amounts of material to be again
deposited below. Protection of caving banks will therefore be needed
to a distance above any improvement sufficient to remove any danger
of the river abandoning the route assigned to its low-water channel or
of damaging the works by getting in their rear.

To thoroughly regulate the river, caving, even in those bends which
have deep water on the crossings below them, should be stopped, in order
that the river may not so change its position as to give bad water where
there is now good water, and to avoid the danger of shoals being pro-
duced below by the material moved.

The protection of these caving banks can be effected by mattresses ;
where the water is very deep it will be expensive, but as this protection
where the water is now deep gives no immediate aid to navigafion, its
consideration can be delayed till the experience gained at the shoal
places in the river demonstrates its necessity and shows how light con-
structions can be safely used.

7. The Board has already stated that the main question is one of cost.
Previous, then, to entering on any general scheme of improvement in-
volving an expenditure of many millions, this question should be settled
in the only practical way—by trial. Should that trial show that con-
structions like those generally used in Europe and this country are
necessary, Congress can then decide whether the results to be gained
will justify the cost.

If, on the other hand, it is found that the cost of construetion ean be
largely rednced, the advisability of the improvement becomes still
stronger.

That such a trial may thoroughly test the practicability and the cost
of regulating the river and increasing its low-water depth, one of the
worst places on the river should be selected. Such a place is the Plum
Point Reach, 160 miles below Cairo. This reach is about 20 miles in




