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FROM

THE SECRETARY ~OF WAR,
TBANW&~TINQ,

WITH A LATTBR FXOM, THEQIIE 07 ENGINEER,519' REPORST OF
DOAR 0F ENGINEERS. YOU RIVERS AND: HARBORS 'ON
=MPROVXMENT OF XX00IS8IPPI RIVERA ETWEE TU--Ir9 MOutHS
OF THE MISSOURI AND;OHIO RIVERS.

Duomiwux 18, W903.-Rteferred to the CommiIttee oil Rivers and 'Harbors and ordered
to be printed.'

'WAn DPARTMJENT.,
Wa,8AintonDevember 16, 1903.

Sii: have the honor to transmlhit hecrewit a ltter fo h he
of Engineecrs Unlited'Statesi Army,"dated Dec'ember 3, ixumtant,, together
with copy ai a report fromithe Board of .Fhgtuioors for Rhver and
I1arbors. dated ,November 12, 19,03, relative to the improvement, of
thle MMissisippi River bh~eo'en th mot of the Misouri Rver and
the Ohio River, MR'de, by the"Board, In comipliance With the provisions
of a resolution of the Committee o01nRIverse and Harbors of the
House of Representatives, of April 25, 1903.

Very respecftfully,
Seoretary of MWor

The SP"JK=n OF'TUR Housim or REPRESENTATIVE5,

WAR DEPbARTMNT,
OFFICEox OF THZ Cnim'or Or ENMNNNERs,

WqAi4ngton,~December 3, 1903.'
-Sni: I have the honor to submiit herewith a report, duted November
12,190,bth Bord f EginersforRivrsand Harbors donati.

tuted under the provision of iiection 8 o tha ct apprve Lae 8
1902, ro)A4Iyo 0 th, improvement 'of the Mississippi %River between
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the: mouth of the Missouri River and the niollth of the Ohio River,
with ia view to ascertaining whether, by dredging or otherwise, a suit-
able channel can not be established and maint ined at less expense
than in- accordance with theexisting project. Thisreportis madein
pursuancte of a re.sol0ution of the Comnittee on Rivers and Harbors of
theft House of Representatives, transmitted to this office by Hon. T. E.
Burton, with letter dated April'25, 1903, an extract from which is
quoted in the, accompanying report
The object to be attained under thel)reseot project is stated in full

in the Board's report. For reasons given in its report, the Board states
that its estimate of the cost of completing the improvement by the
methods of the present project must be regarded as merely tentative,
It considers that a suitable ichann1el between St. Louis and lairo is ofne
8 feet (ldep and 200 feet wide where alignment is favorable, tand of
stlital)ly greater width in the bends and where aligl'net is unfavo able,
and(l 6 teet deep from1 St. Louis to the mwouth. of the Missouri at low
st;3fgeOs. The Iloitrd cons-iders it practicableoo secure this result b)y
coiltiraction works and shore protection, the tentative estimated cost
being $20,(0(0,00 in addition to, expenditures already made, with

I) lital ()xl)oenditure.s thre'fter for maintenance amountitng to (4)O( 00.
The Board consider also thlat there is reasonable prospect that this
cost can be nmateliially reduced by more extensive dreding thanit
pm'e8s tt thle esthimatedf cost of adequate additional plant bein1 $460,000,
with $25),000 antinually for operation, maintenance and renewal.

In the opinlioin of tle IBoard, $1,200,000 should be appropriated in
one sum for the dredging plant to insure its completion and operation
for a rter of threo years; and until the results of thie6 dredging be known
there should be exploded annually for permanent work and tempo-
rary expedients (except dredging) the sut Im of $800,000.

1 recolmlmelnd tlI t this letter alnd the accompanying paper be trans-
ml1itted to th(e Speaker of the Hou1s.4e of Rep)r1esentatives fol the infor-
mnation of Congress, in response to request in thoe above-moentioned
resolution.

Very respectfully, your obedient servant,
(X. L.. i lTlf'I5

linBrFr/.Gen.RU.S8. Artmy.
1101). PJi'mlll lt',r

SeCretar'y */ Yi4r.

REPORT OF THE BlOARD OF FINGINEERS FOR RIVERS AND) HIARBIORS
RELATIVE TO 1E1STABLI81IING ANDI MIAINTAININO IN T111-1 MISSISSIPPI
Ituv)it BEvTWEE0N THE MOUJTIIS Ok THE MISSOURI AN) OH1IO RIVERS
A SUITABLE CHANNEL, AT LES3 EXPENSE THAN THAT UNDER THE
ExISYING )?ROJECr.

TrIuI BOARI) OF ENGINEEIRS FOR RIVERS AND) I-TAR13(ItS,
0: }FaA~inq{al,, D. 6A, Nov~embor .1R, 1.903.

GEIN1EAL4: By first inldorseohiet, Office Chief of Enllegineers, United
States Arimy, MIay 1, 1908,, thero was refei'red to the 1ard of Engi-
neers for Rivers and HOrs a resoilition1 adopted ly tihe Committee
onl Rivers ald Harbors of the House of :Reprseseltatives, of whihb the
following are extracts.:

I
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Res, "* ;yieitu CmmitteI on River. and , That the Board of five engi-
neer officer establislhed by section 3 of the river and harbor act of June 13, 1902, be
reque~edtLo inmake reports to0ongress not later thinithe first Mondasyin December,
1903,j lipon the following projects wlith a vlew t Imakin recommendations upon the
desirability of -continfiing the same, or any modiflCation thereof, or to report as
specificaly stte, with the designation of the respective projects:

:*\. : * * * . * :* :*

The Mississippi River between the mouth of the Misouri River and the moi'th of
the Ohio River, with a view to aecertailing whether by dredging or otherwise, a
suitable chanInel can not be established and maintained at les expense than in
accordance with the existing project,

In its studyvof this question the Board has had 'the benefit of the
written opinions anlid arguments of the district officers now and for-
merly in hai'ge of the ilmprovement of this; section of river. A comll-
mittee of the Board has inspected the river between the mouth of the
Missouri and the mouth of the Ohio, and; has studied on the rounRd
the dreddging operations'and plantemploy d between Cairo andMenI-
phis. 1istimato. and other datta have ben securedfro,( the engineer
office at St. Louis and ftom the office of: the- Misissippi River Com-
misslon. Assistanctcnineffs in local charge of the work of re gularik
.tationt 1)etWeel StJ. Lois and:Cairo and&of dredgIingopeow lnAs below

CGairo Dhave been freely consulted, Finally:the Board availed itself of
the: services of Dr, John Franklin Crowell, internal-commlilerce export
of thewBureau of, Statistics, in its study of the question of most suitable
channel dimlensions as relatedcto the commercial ne10ts Of the territory
affecSted by the existene hf this waterway.
The report submitted by Dootor ()rowell confirms the Bo.d; in: its

opinion that v, barge channel from :St. Louis to Cairo,'80feet'deep at
the; lowest staVeswould as an actual andpotential freight route, con-
for benefits upon a wbie section of country far bVonAd its cost.
04reat Onginleoring difficulftes stand in the way of it deoepr Ohatnnl.
'rom thtle Iull th of tll( Missouri to St. Louis a steaimboat channels,,; 6

f'eet deep at low water will be ample. The Board thterefore adopts
these dptihs, for the "s uitable"' channel referred to in the resolution
of the Conmuiiittee ofCongre(8s.;X

RegularbItion 1,.ssisteI by dredging is the method contmIliplated by
thle lpresent project for* 0the imprl~ovemienit iof fthis stretchl of river. rTlifs
project is tfius described in thle Annliual Report of the Chief of Elgi-
nierm for1.i:03:

TWho present laroject fis a continulation of thle planE adloptedl in 1881.f X
It contemnplates confilnintg the flow of ithe river to ta single channle~l havJing annapprox-

inate width below St. Louis of 2,500 feet at bank-full stage, th6 natural width in mAny
placim beig a mile or more at eanl high Water, This result ih to be attempted by
closing olioughs andI secondary chamnnls uandi by building out new bankswhere :the
natural width s excessive, usingfor thisH ptirpomp permneable dikes or hurdles of p11.
ing that collect all hold the sold matter that is carrledl insenits31)ion or roilc$ on
the bottom by the river. Thb banks, both old and new, are to be revetted or other-
wise protected( where neclssary tsecure peomrin1Oihny. Pe0 ding the completion of
the permilnent ihprovemienit thie low-water channel is to be Improved each sesn b>y
theuse of lrcidget antd other temiporary expO(lient.:

uThie obj3ec:t 01~thle i inprolVe)Iilit is to o)tfitllevontuIlly a miohnimumdeptat sitanid-
rdllzwwter off B feet fIlrom th6e illstit of the MIsouril to St. Louis, and of 8 feet from

St. eLoi to thle mnouths of the hio:
T eorlgitmi estilatoof thost1O of the iml)roveenlt, m reviseitn 1883), IN$13,397,500.
The tot I amount ex)oil(ldod to .Jrne(0, 190.3, waW $10,037,957.77, I * *

8

4Not printed,
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The effect of the work done is thus stated in the same report:
The result of the expenditure of h amount hs ben the partial bproVeinent ofthe entire reach of the river from St. Louis to Cair.% During the past year there was

at all times during open navilgon channel depth of 6 feet ormore t4rougbout this
reach. The river attahied * w-ter tof 3.5 fet aboe stadaloW water.
With~the present appliances and such'others as may be developed fot e tempo

rary improvement of Iow-water channels it is expected that a-navigable depth of at
leat 6 feet: will be maintained between St. Louis'and Cairo during all stages, while
the river is open to navigation, utitil the projected depth can be obtained throughout
by the extension and completion of the permanent workS.

It is impossible to est. lte the cost of the;work remaining to b
done in the manner common to most en gineerine works. If a river: is
to be improved by means: of looks and dams, it is praoticable to deter-
mine in advance the number:of structures required and the bslt-type
and approximate cost of each. Reasonably close estimates of cost inay
be made in the case of harbor improvements. In the case of river
regularization, however, the required structures and their definite
locations can be determined upon only from time to time as groupDs of
structures are aboat to he begun. The channel before improvement
is continually changing and local conditional in anyreach of river can
not be known Years in advance of its proposed improvement. For
this reason the Board's estimnato of cost of completing the improvement
by the methods of the present project must be regarded as merely
tentative, This estimate will be found hereinafter stated.
With regard to dredging, it is well known that: improvements in

plant in the last few years have modified many engineering projects.
As to dredging in large alluvial rivers, much experience has been
recently Vgained, espeially upon ;Russian rivers and upon thelowedr
Mississippi. It i8 believed that favorable results have been secured
abroad, especially upon the Volga. As to experience upon the: lower
Mississippi, attention is invited to the followingR: extracts fromn the
report of the Mississippi River Commission for 1903:
The system of hydraulic dredging Mwa 1ter0efore adopted in1896Iand uider the

requliremnents of: recent acts of Conlgress there is ntow mannrtaineds~ b>y this mleans~a chan-
nel 9 feet in depth and 250 feet in width at all stages of the river from Cairo southward.

* * :* * * * :*

The dreAlging oporatlonslcovered( the low-wator intervals duringg the ported from
the latter part of AiguHt to, the latter part of Novenber. The season was unusually
favorable a far as tilm stato ,of the river was concerned, and as a coIIeqXuenIce but
little time Was actually emlploycd in dredging.

.* * * * * * *

Dredging during the season was confined to the river between Darnells bar (80)
and(1 AHl PYroIllnt (271). In this reach channels were opned tIro 1tIdifferent
bars, andl smenedredlging was:done to remove the bar in front of Memp iswharf. A
depth of 9 feet or more was maintained throughout the entire Oe"on on all crosins,
from Cairo to the lower limits cover by the dredging operations.
The maintenance of a navigable channel, ample in width andl depth throughout

several succesive low-waterseasns, emphaeize thet onchislons announced In pre-
vious reports--that it is entirely practicable to maintiltdn at all etages, by means of
suitable equipment of drfedges a navigable channel at least 9 feet in depth anld 25
feet in width, as required by act of Congres.

Two large modern dredge aro already available for work between
St. Lou1i and Cairo, having been built in, accordanHe with the will of
Congress M exp)roed in section 1 of thef river and harbor act approved
May 11, 1896. In the light of recent oxperionce, which requires that
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dredging', Operatiohs sshould begin, wbile.-there: is still a: considerable
depth upon the bars," it is 'certain ta the efflcicy of these dredges
will e promoted if their suction pipes be lengthened. TheaIatrion
of these d g aqd the!procurement of two self-'propelling 6dredg's
of the `type :o the Kappa, recently constructed for work below Cairo,
would'equip the St. Louis-Cairo sectionwiththe minimum plant which
might reasonably be expected to: :maintain a suitable channel. The
alterations, the new dredges,and incidentlAI-lant. would cost$450,000
while thA annual charge for operation maintenance, and renewal of
plant miy be estimated at $250,00). These estimates are made upon
the assumption, that the dredging plant would:be .supplemented by
tenders, etc., drawn from the plant now engaged in the improvement
of theriver.:
The %Board invites especial attention to the fact that achanfnel, to be

most efficient oommilercially, must be maintained of suitable dimensions
throughout the season of navigation for a considerable period of
ears.. Otherwise the capital will not be found for the freight carriers.If there bea-greater resort to dredging, there should be an increased

certainty-of appropriation,
In recommending hereinafter a policy to be pursued in the iimprove-

ment of the Mississippi[River between the mouth of the0Missouri and
the mouth of the Ohio, and a project for work in the ilmnmediate
future, the Board is convinced that such volley and project, if adopted,
will provide the desired results at a minimum of expenditure, and,
furthermore in the hortet practicable time.

Trlhe Boalr haS the honor to submit the followi.ng statement of its
recommendations and conclusions:

(a) A suitable channel in the0Mississippi River between St. Louis
and Cairo is one 8 feet deep, 200,feet wide where alignlgient is favor-
able, and of suitably greater width where alignment is unfavorlable
adapted to a barge navigation throughout aIl seasons of the Year, except
when the river is closed by ice. A suitable chanel fMroT teile muth of
the Missouri to St. Louis is a steamboat channlel 6 feet deep at low
8ta,

secure this result by contrction work and shore protection is
practicable. -

(o) The cost of securing the desired result in the niannerl1ast men-
tioned wolId be at least $20,000,o000 in addition to expenditures already
made, with annual expenditures thereafter for mainittenalice amioulntiing
to $400 000.

(d)rIhdre is a reasonable prospect that this cost can be Inaterially
reduced by a use of dredging more extensive thain is made at the pres-
ent time. A.dredging piant adequate for a trial would cost $450,000
for alterations and additions to existing plant, with annual expendi-
tures for operation, maintenance, and renewal of plant amounting to
$250,000.

(6) One million two hundred thousand dollars should be appropri-
ated in one sum for the dredging plant to infsutre its completion and
operation for'a terni of three year.

l) Until the results of the dredging be known, theoe should be
expended annually' for permanent wolk and temporary expedients
(except dredging) the sumiof $300,000.
: ) After a trial of the mnore extended dredging, the project for
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establishing the channel should be revised in the light of the e;pri-
ence thus gained.Respectrully submitted.

Ci&s J. ALu"N,
Liout. Co,,:Cop otfEni8,r

H. F. Hoi'M
Jfajor, ;aOrp.Wof?08.;

C.: H. MORN,:m:
Cazptakn, COMrsoLte.

W. V. JUDSON?,
: d~~apta#4- 8af -?~kgsnw.:

Brig. Gen. G. L. GP.T.srICp&, fr
Chief of Lngneers, U. S. A.

MINOITT REPORT OF THE BOARD,

I can not concur in full with the recommendations madein it report
by the majority of the Bonrd of Engineers for'Rivers and Harbors.
The improvements madet in ree.int years in the construction 0f

hydraulic dredges and the better reults obtained by the operation of
such dredges in alluvial streams, as experience is gained in such wrk
from year toyear, are all fully appreciate, as is also the probability
that such operations have as yet by no means reached their maximum
efficiency. T'he value of these Machines, aided by other 0expedient, in
temporarily improving te conditions of low-water navighionin the
Missisfs-ippi River between St. Louis and the mouth of the Ohio0River
is by no means overlooked, Indeed, it is my opinion that such opera-
ations should he extended in scope t the extent necessary to produce
temporarily the best channel practicable, and I thqerfore concur I,
the recommendatio'nsof the Board in regard to dredges and dredging,
but only as a tminporary expedient.
My experience n charge of this improvement during the low-water

seasons of 1899, 1900, anld1901 loads me to believethat the permanent
improvement of this river is feasible from a technical standpoint, and
that such an imlprovem11ent will produce a low-water barge channel so
superior inl location, width, permanence, and certainty to any tempo-
rary dredged lchannel, that it is much to be preferred to the latter even
at a conceded greater cost.

Trlhe commerce of the Mississippi in the past hai been large and
ilnportanit, notwithstanding the-bstructions to a free and economical
navigation. Of recent years its importance ha declined g,and for the
reason that the delays and expense of an uncertain navigation have
1mltdo water transportation via this route unable to, Comete with the
economies achieved in modern railroad transportation. The value :of
the Mississippi River as a transportation route is not disputed, an(l
should increase in the futurerather than decline; but this value can lbe

proviiingao -w n thatil perMWifully realized only by providing a low-water channel athst willprble
of barge transportation with safety, certainty, and the least PrAdiecabledelay on route. Such a channel appears to have been produced :0and
maintained below the mouth of the lOho by the dredging operations
carried on under the Idirection of the MiSsissippi River Nmiision.

Tb4e full value of the CommliSsion's low-water dredged channIel can
however, be realized only by the permanent and certain maintnance
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fof acorresponding ca~hanneI from St. Louis: to :tthe Ohio. T Ohio
does not now, andan,d not for many yearstomcome, contribute any
low-water ttrafflo6 to the lower, MiSissLppi. That traffic must come
from the -middleMiMAsiippi and mainly from St. Louis, where trade
and:crop- conditions are such that transporttion to the seaboard is
most active during the low1-rwater season of the ummer and fall., The
maintenanc with ceitin`t -of :a thokoughly satisfactory low-water
baige channel in the' middle Missisippi is therefore not only a pre-
requisite to the reestablishment of the former large commerce ofthat
section of tbe river but is also the ondy moans of supplying to the
improved dredged channels of the lower river a low-water commerce
of any magnitude. I differ from the niajority of thetBoard only as to
the means and methods to be employed to secure such a channel with
that certainty as to satisfactory maintenance which is necessary to
attract the large amount of capital required for the reestablishment
of barge transportation from' St. Louis to New Orleans after the dis-
couraging results of-recent years.
The hydraulic condition below the Ohioare imaterially different

from those that exist between the tiouths of :the Ohio and the .Missouri.
Indeed the rery factors-tgrreater discharge and relatively smaller
amount of alluvial material in motion-that rendered finantlially and
otherwise impracticable the permanent impthovemlent of theIl power
river have made it mnore suetible of satisfactory improvement by.
dredging. The contrary contions above the Ohio favor the success
of a permanent improvement, butvery materi4y increase the diffi-
culties of maintaining a dredged chanAel satisfactory as to depth, and,
of greater importance and difficulty, suitably located and certainly
maintained.
With the smaller flow of the middle river the difficulty ofm ain

taining the- desired channel, 8 feet in depth, will'be relatively much
greater than for the, 9-fot channel 'of tle lower river. My experil
ence upon this improvement firmlyIconivinces mnie thrnat al suitfale arge
channel can not be maintained at all oints by dredging ,lone. Its
maintenance by dredging, aided by as iberal use of temporary nd
semiperrmanent expedients, designed to ninore or less fullyIerve the
same purposes thefworks for permanentitnprovrleme is :prolally,
but not certainly,, feaible Undor tht system great dependence mtisL
be placed aupn these expdienlts 'for thle Ilitinftenlance of the cal4.-01
in somee-localities, and thisdepondonce( mlust necessarily inicrease with
the undoubted deterioration of thoe existing, paitially completed works
of permanent improvement, whose maitenanco together with the
constructions ;;of temporary oxpodients in aid of dredging, can not be
secured from the Hum recommended for that co0nhinflCYpurpose.

It is therefore my opinion that the permanent impr1pov1emenol1t of this
section' o1fthe Mis8sisippi sholild oecontilitiod untider the existingpl~loj-
edt, with stidi reasonal)lo msiodifationsas are ordinlarily left to the
judgnment of the constructing engineer, and with appropi'iations suffi-
cient in amount to push it to completion within a reasona41o timel,
Pending this completion the:temporary improeveiotnt of the o1w-water
ohannef by dredging, ided -by other expedjonts, shoild b)6'c~rriOcl on
more extensively t~hin in the past in order to provide the belJtchannel
praCticable with hthle xlwe of, s81c0h means. Such tollmoirary or somuiper-
manent expedient,6 As1are deployed to a8sist in iiaintaining dredged

7
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chanpels should, if properly applied, lead to an appreciable reduction
in the total cost of the prnanent improve ent.
Under existing circumstances it is impracticable for me to submit an

estimate of the cost of completingr t'be existngfpvjectbut the district
officer's estimate should in my opinion, be aaple for that purpose, if
appropriations were made in amounts commensurate with the magnitude
of the work. Under other circumstances it is impracticable to sub-
iiit any estimate as to its final cost.

Respectfully submitted.
EDW. BURR,

Jfajor, C~al of kEtnehro.
0


