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THE SECRETARY OF WAR,

I RELATION T
The d&m«ihmﬁﬂaﬂﬂﬁﬁippﬁl&ﬁu with the Gulf of Mariso.

ArErL AF, 1874 —Rafereed bo the Cumuittgo& Ballways and Canals and ardersd to be
printed. J .

Waie DEPARTMENT, April 13, 1874,
The Becretury of War haa the horor fo tranamit to the House of
Representatives, in connection with hie letter of the 4th of Febrnary las
relative to the ship-cansl to connoct the Mississippi River witk the Gul
of Mexico, (published iz House Exeentive Document 113, eopy here-
with,) Report of the Chief of Engineers, dated the 15th instant, and
accompauying papers upon the same. subject.
WM. W. BELENAT
Bearclary of War.

OFFIOR OF THE CHIEF OF ENGINEERS,
Waskingion, D, 0., Aprit 16, 1874,

Big: In tmumniitinﬁ the reports of the beard of engineers npon the
shipcanal from the Mississippi River, near Fort St. Philip, to Isle sa
Breton Pass, and upon deepening the entrance to that river by con-
structing jetiees at the moath of one of its paases, 1 abstained from any
discassion of the question of applying the jetice system to improving the
entranos, as certaiv information, important in the final treatment of the
sabjeect, had not then been collected by Uaptain Howell. This comprissed
eertain soundinga from the bars of the Sonthwest and Bouth Passes ont
spawaod several miles, s well asother data, incladiog acarefully-prepared
plan and estimate of the cost of applying the jettee system to those two

passes.

All the resnlts of the soundings connsected with the bar of the SBouth-
west Pass have been received, and the most important of those, relating
to the South Pasa bar, and [ i:veg leave Lo presant some views npon the
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2 IMPROVEMENT OF MGUTH OF THE MISSISSIPPI RIVER.

subject, which necessarily asseme the form of a review of what haa been
advanced by others.

The important fact developed by the soundings recently made by
Captain Howell relates to the depth now existing in the Galf, just sea-
ward of the montha of the river. 'I'nk'in‘f the maps and profiles exhib-
iting the depth as it exiated in 1838, and recognizing the fact that the
bar of the Southwest Pass has advanced since 1838 at the rate of abont
300 feet ina year, the jeitee advoratss bave taken it for granted that the
bard of thd gﬁﬁh\’fm and other passes sre now being extended in a
part: of tha-(3ol¥ where the water is very deep, into which very desp
waler t-ha&iatw will pusl) the obatructing part of the bar, which they

<~ezasle, add ‘aled The giaterial which forms the bar's annnal growth, and

2 willthid easily mamtalethe depth of 25 feet, or greater, on the bar.
But during sll this time, since 1838, the river water, in addition to
pushing the bars anncally into the Gulf abont 300 feet, hus besn depoa-
iting the greater part of the earthy matber it held in suspension, upon
tha bottom of the Gulf, beginning at the cater edges of the bars, and
extonding seaward beiween five aud ten miles. This iz not the earthy
matter formiong the bar, which the river water pushed along its bed un-
til it reached the sea, but the earthy matter which forms the bottom of
the Gulf for several milas seeward of the bars.

Upon examining the mup of the recent soundings of Captaio Howell
we find that, at the crest ot the present bar of the Boothweat 'ags, there
was, in 1835, 4 depih of 126 feet. Wa also flnd that where, in 1538, at
the distance of 13,000 feet seawnrd of the bar, there was 2 depth of 145
feet, thersais now only a depth of 46 feet, (thia point, where the depth
is only 45 feet, being 3,000 feet seaward of the crest of the bar.) We
find, further, that this bar is now being extended anonally into the Galf

_in water not 8o deep as the bar was advancing in in 1838, We find, also,
that from the érest of the presant bar to a depth of 100 feet the distance
in now 8,000 feet; wherous, in 1838, from the crest of the bar to 100 feat
depth the distance waz 4,700 feet; and we {nd, forther, that from this
point, where thers is mow 100 feet depth outward, for the distance of
some eight or ten miles, the deposit made on the bottom of the Guif, be.
tween 1838 and 1873, is beiween 60 and 70 feet thick, or at about the
rate of 2 feot per year.

The mean annnal amoont of earthy matter in suspension carried to
the Gulf by the Missigsippi River would cover an area of one square
mile 241 feet thick. The Soulhweat Pass carries to the sen 0.34 part of
this, and the larger portion of this mass s deposited.on an area abont
two and & half miles wide aod ten miles long. If all were deposited on
this ares it would form n depogit 3.28 feel thick, We have found, by
the eomparison of seundings, that over mach the g‘ream portion of the
ares the deposit in, on po average, 2 feet thick, The other portions of
the suspended mattor are carried fen or twenty miles, or even greater
distancea, further seaward, and also over greater widths than the mean
1 have used of two and & half miles,

The opinion has been expresssd by some engineers, in discussing the
question of the application of the jettee systemn to the entranoe of the
Miesissippi River, that the earthy matter of the bar and the earthy mat-
ter held in suspension will be pushed onf by the jettees so far that a
littoral current, which is supposed by them to exiat outside the bar, will
carry this eact hﬁ matter away from the approach to the éntrance.

They seem either to forget or not to know that the greater part of the
earthy matter held in suspewsion which is brought to the crest of the
bars is deposited between the crest and points from five to ten miles
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directly seaward of them, and in the direction of the mid.line of the
pass prolonged, which direction the eurrent of the river maintains after
it passes over the orest of fthe bar,

f there waa a littoral corrent of foree enfficient to carry off any
large guantity of this earthy matter, it wonld not have been deposited
where it is now, and alwaye has been, fonnd, What has bheen said re-
Wg the recent soundings of baptam Howell exhibits this fact

early

Further, npor examining the horizonta! enrves of eqoal depth on

lfowall’a reesntly prepared map, going out as fac as a depth of
350 feet, wa find that, from the crest of the bar to 1M fest depth, the
greatest amount of depoeit is mada east of the axia or mid.line of the
paas prolonged ; between 100 feet and 200 feet depth the greatest amount
of deposit is made weat of that line, and batwean 200 and 350 feet the
greateat amonnt of deposit is made east of that lina. Farther, the in-
vestizations into the corrents made tnder Oaptain Taleott's direction in
1838 for the wvery purpose of ascertaining whether there was a littoral
corrent, failed to detect Ita existeros off any of the passes, the inveati-
gations 'in the tase of the Sonthwest Pass extonding seven milss sea-
ward of the bar,

The very shape of the delta in tudieative of the abszence of snch
enrrent. Ifts inerease in the direction of the months of the passes,
and the existence of auch areas of water as Blind Bay, Garden Island
Bay, and Esaat and Weet Bays, which woold bave been gruduoally filled
in the eourse of the delta formation by deposit if sach current had ex-
isted, all point to its absence.

The investigations carvied on under my dire(stlon in 1851 and subas-
gaeutly, show, with anfiicient precision for any application to engineer-
img porposes, what the nmatnre, direction, an of the carrents of
the Golf are (ns distingoished from the eurrents ‘of the river-water)
off the mouths of the Mississippi River. The sffect of these currents
upon the pasees, their months and bar.formations, was discassed in the
chapter of the report trenting of that subject, wud was fully considered
in preparing the part entitled “ Experimental theory of the formation
of the bars.”

These Galfcurrents ara doa to changes of the level of the Gulf, owing
to tides and winds, and their resnlting effect (together with that of the
waves) zpon the pageer, their bars, and their sea-deposit, are all shown
by the actual position of the passes and the conditions existing at their
mountba; and there is ne ground whatever for anticipating any modifica-
tion of their action by bnilding jettees; they will neither carry away
from nor bring to the bar or the bottomn of the Galf any more earthy
matter if jettees should be brilt than they do now, and their influence
mpon the jettee system is absolutely nothing.

The prominence which has recently been given to the effect of a lit-
toral current in eonnection with the jettee oa(;’ubem ia derived entirely from
the influence atiributed to it in the case of the improvement by Jettees
of the Bolina bmoch of the Dannbe; and becanse the Sonth Pass is the
smallest of the passes of the Hlmiaaipm River, it seems to be assomed
that the conditions of the Sulina will be found at the Sonth Pass,

The Snlina branch of the Dannbe carries off one-fourteenth part of
the volume of that river, and its mouth lies abont midway between the
mouths of the two main iymuehea, the monthe of the Kilia branch bainﬁ
abont fifteen or twenty miles north of it, and of the Bt. George brauc
being aboot the same distance sonth of 'Eé. The Kilia branch carries off
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two-thirds of the volume of the Danube, the Bt. (George one-third, from
which the Sulina takes ite sapply.

The discharge of the Danobe, in flood, is aboat 333,000 eubic feet par
second ; in low water, sbous 111,000 cubic foet per second. The dis-
charge of the Sulina, in high water, is abont 24,000 ombic feet pex
second ; in lew water, about 8,000 onbio feet per second.

The Bouth Puse of the Mississippi discharges, in bhigh water, nboat
83,000 cubic feet per sesond, and 1n low water about 40,000 cubic feat
per second, and carries to the ses ten times as much eacthy matter as
the Sulina branch, almoat the same quantity as the Xilia branch, and
nearly two-thirds 84 much as the whele Danube.

The small grantity of earthy matier carried to the ses by the Salina
branch, joined to the fact of the existence of a littoral carrent acroas its
mouth, were the two causes whioh, in the judgment of Bir Charles Hart-
ley, the engineer of the commission for the improvement of the monihs
of the Dunube, made the jeites a{yatam peculiarly applicable there and
led to ita success, the jettess osusing the earthy matter in snspension to
be carried out into the littoral curreut, which then carried a large part
of it away.

This littoral current did not extend to the bottom of the ses or sur-
fase of the bar, bot merely a few foel below the sorfnce of the sea. Itis
stated that there is no tide in the Black Bea, the variations of the level
ot ita sartace being dwe to winds, At the moath of the Deasbe the
northeast winds, bang not only the prevalent wind but nearly inces-
m&m ases & liktoral southerly eurrent along the west shore, bhe months
of the Danube being, in & northeriy exténiion of the Black Sen, about
one hundred and twenty-five miles wide. The discharge of the Kilia
branch, on its way to the Busphorus, after it has dropped its sarthy mat-
ter, passes across the mouth of the Bulina branch and strengthens the
Jittoral current derived from the wind,

Lat us examine  little more closely into the facts of the Salina im-
provement. I find, by 8 comparison of ilie Bussian map of 1828, and
the English map of 1567, of and off the Solina month of the Danube,
{see Minutesof Frooceedings luetituie Oivil Engineers, vol. xxi, 1861-'62,)
that the old (1529) inside 12-foot curve of the bar did Dot progress sea-
ward doring that time, bat receded 250 feet, and worked to the north-
ward that extent or mors.

The old ontgide 12-foot carve (of 182%) in some places did not move
out, in others moved eastward 200 or 300 feet, and in others twice as
muoeh. [ts mesn movement is 350 feet in 28 yeurs, or 13 feet par year.
The outride 15-foot curve on the old chanoel ling, for the full width of
the month of the river, did not move out appreciably. BSouih of the
natural ehannel the 15dc0t corve moved out 500 foet in the twenty-sight
years; north of tha natural channel it moved ont 500 feet in the twenty-
aight years, the mean advance of the curve in the {wenty-eight years
being something less than 600 fest, or about 22 feet per year. The mean
outward movement of the 30-foot ourve, however, in 3,000 feet in twen-
g-eight years, or about 110 feet per year. It ll evident, then, that

is crest of the Solina ber remained essenfially stafionary, so far ua
any outward movement in conocerned, during the twenty-sight years
that elapsed between the two periods of survey.

Farther, the sea-shore line at the mouth of the Bulins is alse station-
ary, snd we do not find aoy recent delts formation atits mouth, The
characterintic of & delta-forming river is the constant snousl exteusion
of the shores at itsa mounth, the constant advance of the crest of its bar
and of the whole bar, and the eonsiant anncal advance of the deep
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shannel inside of and behind the bar. None of these charnctesistics
are fonnd at the mounth of the Solina, which haa long since ceased to be
a delta-forming river.

Bat the Sulina bar hes many of the chataoteristio eonditions existing
ot the months of the little rivers emptying into the northern lakes,
where the Engineer Department hns constrocted harbore by using two
pievs or jettees. Thes, st Uhieago there was w depth of only two or
threa feet on the bar at the month of the Chicago River. Parallel piera
were bailt thare, and at the Aret apring food following their construe-
tion & ehannel of considerable depth was nmumd out. That was the
commencement of the greuent filne barbor at that place. There in &
ahingly shore north of Ohteago, and benca large annual aceretions be.
hind the north pier. The Chicago River is not maddy.

There is another distingolshing difference of characteristics between the
Sulina bar and the har of & deltaforming stream. During the flood
oondition of the Dannbe the oreat of the bar of the Balina is deepened
by the carrent, but is shoaled again when the flood subaidea. On the
contrary, the creats of the bars ab the mouths of the Mississippl are
never materially dert‘afaued by the river flood, but the annual extensions
of the bars seaward then take plase, and those extensions or additiona
to the bars are ae shoal us the crest, the shoalest port.

The quenatity of earthy matter held in snspenrion and thua carrled
to the sea by the Balina 18 alao very emaell, compared to that of the Sonth
Pana of the Misstssippi River, the smalest of the passes, In the case of
the Bulina we perceive the efficacy of the littoral corrent moving sonth-
wand ; that is, toward the ontlet of the Black Sea, the Bosphoroa, It
earries off the earthy matter while it is held in suepension, but does net
remtove the deposits made by the Jolina ; for, as before mtated, the lit-
toral earrent doea not extend dawnward to the sea hottom or shoal, bhat
is found at the surface of the sen, and for a Tew foet below the surface,

ently it has no inflnence at all npon ihe earthy matter pushed
slong the boitom of the Baling by lbs fresb-water volume, which moving
matver iz deposited where the fresh water risea on the salt.

Now, the sarthy matter held in snspension by the Miasissippi River
is madnly kept in soapension by the hordzontal and vertical irregulari-
ties of the bed, (see page 139, Repert oa Mississippi River,) which con-
stantly stir it up 80 long as these irregularities exist. When these ver-
thenl and horizontal irregolarities diminish, the quantity of suspended
makter diminighes, some of it falling to the bottom; and when these ir-
regularities cease altogether, the greater part of the sospended earthy
matior bogina to fall to the hottom, Io the rleinity of New Urleans
the material thos dropped, which is drifting aloog the bottom, is the
same kind of material as the sediment held in sospension, no eoarse
wmaterind being eprried or pushad by the river past this point. Below
New Orleans the course of the river varies baot little, and its crosa-see-
tion becomes mueh more uniform than above; as a conseguence the
sediment falla to the bottom in much larger proportion {n this section
of the river than abova,

The horizontal and vertieal irvepularities of the bed coase almost en-
tirely where the Bouthwest Pads begins to widen, 7.3 miles from the crest
of the bar, and from this point seaward the suspended sediment falls to
the bottom at & nearly uniform bot slowly decreaning rate for twenty or
thirty wiles, The greater part of it is deposited on the bottom of the
Gulf between the ereet of the bar and a point abogt ten miles seaward.
Bome of it ia carrled forther meaward. A part, as above stated, is
dropped opon the bar, commencing where the pass hegine to widen, and,
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doring the high-water stage of the river, is pushed along, with the
other earthy matter there, to the creat of the bar, and forme part of the
material which extends the bar annnally into the Gelf. When the river
i in & low stage the earthy maiter dropped on the bar remaina there,
subject only 10 the feebls Gulf currents of the salt water, which then
flow in and out over the bar anderneath the fresh-water surface-curreat.

1t is perceived from this explanation that there are two separate, dis-
tinct bar-formations at the mouthe of the Mississippi River; the one
formed by the earthy matter pushed along the bottom of the river and
bar, which is the formation known by every one as the bar, the obstroe-
tion to navigation; the other formed by that part of the earthy matter
held in suspension, which lies whers it wus dropped outaide, or seaward,
of the firat-described deposit, or bar,

Although this last deposit does not, itself, obstruct navigation di-
reotly, yet it plays a very importent part in caunsing the obstruetion,
ginee it converta the deep water of the Gulf into ahosl water, and thns
prepares the bed apor which the annaal advance of what ila ususlly
termed the bar, is made. The one bar is formed by being superimposad
upon the other.

In the case of the Sulina improvement, the annual saaward socretions
to the ¢reet of the old bar, made by the earthy mstier pushed along
the bottom of the river, were always very small, and, as the jottees now
throw the suspended earthy matter well into the littorsl varreat, a lar
part of it is carried away from the menth of the stream, and hence the
shoaling due to the deposit of the remsindsr {whinh is not carried awey
by the littoral curreut) is much slower than form frli. The earthy matier
pushed along the bottom of the river appears to have always been so
small in quantity, as not to have had asoy cootrolling power over the
bar formatior. 1t is now earried by tho asetion of the jettees (which
extend inte deep water) into comparatively deep water, and adds some
ﬁrditionnl msterial to the deposit made by the suspended earthy mat-
In the case of the months of the Missirsippi River, even at the mouth
of the smallest pass, the quantity of both kinds of deposit-matier is
enormous, and there is no littoral carrent to carry the auspended matier
away. Even if there ware at the mouths of the Misrissippi a littoral cor-
rent of the force of that existing at the Sulina mouth of the Danube,
{the most careful observations have, howover, failed to detect the exiat-
ence of any at all)) it wonid be utterly impotent 1o causs any material
modification of the bar-formationa,

It may be remarked here that the distanee which the curreat of a
delta river extends into & tideless or nearly fideless sea depends more
on the volawme of the river than the velocity of the current. The veloc-
ity of the current being the same in the oue case with a small volume,
and in the other with & large volume, in the first case the current will
soon be pentralized, while in the other it will extend for miles into the
aea before it ia bronght to rest. .

From the foregeing it is apparent that the Bulina bar of the Danube
has no resemblance to the bars at the mouth of the Missiasippi River,
and that what they have been dealing with in the improvement of the
Sulina is a bar or shoal derived chiefly from the deposit of earthy mai-
ter held in suspension and not earihy maticr pushed along the bottom of the
bed of the Bulina.

A very important guestion connected with the jottee system is the rate
at which the bar will advance under the influence of I]::ms' This, it
seems to me, ia not diffienlt of solution, The principles which should
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ide the application of this system are enunciated in that portion of
@ report of Humphreys and Abbot uwpon the Mississjppi River, sub-
mitted Aogust 5, 1881, which treats of the mouths of the river,
especially the sections under the captions of * experimental theory of the

Jormalion of bars,” and “ reoom ions for improving the navigation
at the mf{n” ’
The following is extracted from the later asotion, pages 455 and 456

The development of the laws whish govern the furmaticn of the bars has removed
all uneertainty as to the principles which shonld golde an attempt to deepsn the
chanuels over them, Tha erosive or exeavating power of the current must be inoreased
relatively to the dspositing acfion, This may done either by inoreasing the abao-
lute val-umt? of the cnrrent over the bar, or by artifeislly sidlug ita action. To the
firnt class of works belong jettees and the oloanre of lateral ontlets; to the latber, stir-
ring np the bottom by saitable machinery, blasting, dragging the maborial seawsrd,
and ﬂnﬂg‘mgh:r buokets. These plana arsall cerrect in theory, and the selestion from
thaim shoold be governed by economical sonsiderationa.

If the axoavad powar and depoaiting sction of the Bouthwest Pass had been
enoal when the yearly advancs of the bar was 7N fesl inatead of 333 feet, the least
depth opon it would bave heen 21 faet. This increase of axcavating powesr may be
ohtained by construoting two con og lattees, baginning where the dopth of 22 foet
is foond, and extended to that depth ontside the orest ai the bar, which wonld give
them & length of abont 2.6 milas. The experiencs gained in the pio; of the work
shonld detarmine whars the eonvergonce shonld cesds and the parallelism begin. Tha
erosive action gshoold bs aided by fimt dragzging and saraping the hard portions of the
bar. Thw depth of 21 fest thus obtnined post be meintaloed by the annual axtansion
of the jettees 700 feet into the Goif, amd the redoetign of the mod-lnmpe by snitable
machingry whenever thay begin to appesr.

Bat it appears to be desirabla to go somewhat more into detail in thia
explapation. Accondingly, taking the Bonthwest Pass as a model,
and taking the dimensions of the careful enrvey of 1838, we find that it
has a mean width of 2,200 feet and a wean depth of about 60 feat
Abont seven miles hefore reachiog the crost of the bar the channel
begins to widen and the depth to decrease, and they eontinue te do so
nitil at the crestof the bar the width is 11,500 faet, and the mean depth,
from haviog been 60 feot, is but 11.5 fect.

An addition of 338 feet ia made to the bar every year along the whole
line of the erest, 11,500 foet long. This iv the annoal extension into the
Gulf. This addition or extension has the snme mean depth of water on
it as the creat, 11.5 feet. If we po back from the crest of the bar
toward the point where the pass beping to widen, we shall find a depth
of 21 feet in the channel-way, where if is about 6,000 feat wide.

The same balk of earthy matter ia, in a seriea ot years, added to the
bar annnally, and if it be added to it on a line 6,000 feet long, inatead
of 11,500 feet long, the scawanrd length of the addition must be nbout
twice a8 great, (the depth of water upon which this addition is made
being substantially the same in anch case;) that is, the bar, instead of
being extended 338 feel futo the Gulf anoually will be extended twice
that distance or abont 70 feet.

If we refer to the channel where it is 25 feet deap, we find the width
to be abont 4,000 feet ; and the mass of the aonoal addition to the bar
being the same, the annoal extension on & front of 4,(KK) feet, inatead of
being 338 feot, will be abouot 1,000 feet, and this will be about the annual
sxtension of cthe bar for a depth of 25 foet if the jettoes arve suitably
arranged for that depth. If they are at a greater distapee apart, the
depth will be leas than 25 feet, If ther are at a loss distance apart, the
depth will be greater, and, the addition to the bar being formed on a
leza front than 4,000 feet, will have a greater annual extension than the
bar formed on that front, So that in applying jettees to permanently



