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LETTER OF CAPTAIN A. A. HUMPHREYS,
CORPS OF TOPOGRAPHICAL ENGINEERS,

THANSMITTING THE

REPORT TO THE BUREAU OF TOPOGRAPHICAL ENGINEERS.

Major IIaktman Bache,

Corps of Topographical Engineers,

I)) Charge of Bureau of Topograpihical Engineers,

War Department, Washington.

Office of the Mississippi Delta Survey, >

Washington, August b, 1861. )

Sir:—
Under the act of Congress directing tlie Topographical and Hydrographical

Survey of the Delta of the Mississi})pi river, with such Investigations as

might lead to determine the most Practicable Plan for securing it from BoardV
™ ^

" ^ "^
'^

Inundation, a Board, consisting of Lieutenant Colonel S. H. Long,

Topographical Engineers, and myself, was organized in November, 1850, and directed

to examine the river with a \'iew to decide upon the character and extent of the surveys

required. It was further ordered that, the duty of the Board being completed and a

report thereon being made, I should take the direction of the work.

In accordance with those instructions, the report of the Board was made from

Napoleon, Arkansas, December 18, 1850. That report was communicated to Con-

gress and printed in Senate Ex. Doc. No. 13, 31st Cong-ress, 2d session. The field of

survey and investigation by measurement, as enlarged by authority of the Bvu'eau of

Topographical Engineers in the following spring, extended from the head of the alluvial

region at Cape Girardeau to the Gulf of Mexico. At a still later date, the investigations

were authorized to include within their scope the best mode of deepening the channels
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at the mouths of tlie river, an object which had been Hkemse contemplated in the orig-

inal appropriation act.

Three parties That a(-t required a topographical and hvdrographical siu'vev of the

delta of the Mississippi to be made in connection witli the investigations;

and in execution < if the plan of operation.s laid down in the report of the Board of

December, 1850, three parties were at once organized to determine the topography,

hydi-ography, and hydrometry of the alhnnal region. Fortunately for the objects of

the Siu'vev, the succeeding high water proved to be a flood of a peculiar character.

The topographical party in charge of Mr. James K. Ford, as.sisted by Mr. Joseph

Bennett, ]\Ir. W. Thornton Thompson, Mr. George F. Fuller, and Mr.

ica?^arty°^"^'^
Sanutel Hill, made a minute topographical survey of the Mississippi

river, extending from one mile above Routh's point to one mile below

tlie Barataria-canal locks, just above New Orleans, collecting at the same time infor-

mation concerning the crevasses of former }ear.s, old ilood-marks, the history of levee

construction, the dimensions of levees, well authenticated changes in the banks of the

river, etc., etc. Oviing to the high stage of the river, and the consequent inacces.sibility

of the east bank lietween the foot of the Raccourci cut-otf and a point one mile above

Baton Rouge, that portion was omitted. The survey included the mouth of Red

river, the heads of bayous Atchafalaya, Plaquemine, and La Fourche, and numerous

oflP-set lines—among them one from Carrollton to the mouth of the new canal, lake

Pontchartrain. It comprised carefully determined lines of level tlu-oughout. The maps

of Captain Camjibell Graham and of Captain G. W. Hughes, Topographical Engineers,

accompanying their rei)orts upon the Military Reconnoissance of the Approaches to New

Orleans, and those of Captain A. Talcott of the Mouths and Passes of the River, afford

sufficient data for any general pm-poses connected with the river for the remainder of

its course from Carrollton to the Gulf.

The hydrographical party was placed in charge of Mr. G. Castor Smith, aided by

Mr. James O'Rourke* and Mr. Otto Sackersdorff, and subsequently by

graphicjj p^y. ^^^'- Joseph Gorlinski. Its operations included the measiu-ement of sets

of cross-sections of the Mississii^pi at Routh's })oint, at Red river laud-

ing, in the Raccoiu'ci cut-oft", at Raccomx-i bend, at Baton Rouge, at site of Bonuet-

Carr^ crevasse, at Carrollton and above and below that locality, and of sets of cross-

sections of the mouth of Red river, of Old-Red river bend, and of the heads of bayous

Atchafalaya, Plaquemine, and La Fourche. In each set of cross-sections, the vel<»city

of the current was measm-ed—in some instances, withgi-eat elaboration. The nature

of the material pushed along at the bottom of the river was examined from time to

time. The operations of this party were greatly impeded and inteiTupted by the high

" Mr. O'Rourke was, (luring the progress of the Survey, detached from this party, and, iu couuection with the

topographical party, made the triaugulations connecting the two hanks of the river.
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water. It was intended that it should make an accurate, detailed hydrographic survey

of the river from the mouth of Red river to New Orleans; but this—fi'om the difficulties

encountered in the strength of the cuiTent, the great depth of the river, and the climate

—

was found to be impracticable without a greater expenditure of money than a proper

regai-d for the other branches of the Survey would allow. A similar though much less

elaborate siu'vey of the bayous Atchafalaya and Plaquemine was likewise contemplated,

but for a like reason was not executed.

Previous to commencing- the hydrography, this part}" made a sur\ey from Mc-

Master's plantation on the Mississippi, eleven miles below New Orleans, to lake Borgne.

The topographical survey of the site of the Bonnet-Carre crevasse and vicinity,

and of CaiTollton and \'icinity, and of the line to the mouth of the new Canal, lake

Pontchartrain, were made by this party when temporarily under the charge of Lieu-

tenant Gr. K. Warren, Topographical Engineers.

The hydi'ometrical party was placed in charge of Professor C. G. Forshey, assisted

by Mr. William Sidney Smith and Mr. William Forshey, and—upon

the cessation of the field duties of the topographical and hydrographical ricai^party^.°"^'^"

paities—by Mr. Thompson and Mr. O'Rourke* for brief periods. Sub-

sequently, Mr. William H. Williams took the place of Mr. W. Forshey.

In connection with the operations of this party, gauge-rods were established in

lakes Pontchartrain and Borgne, in the gulf bayou at Fort St. Philip, and—in the

river—at Fort St. Philijj, CarroUton, Donaldson^^lle, Baton Rouge, Red river land-

ing, Natchez, New Carthage, and Lake Pro\'idence. Most of these observations were

continued for two years, and some of them longer. The gauge-observations made

under the Navy Department at the Memphis Navy Yard were relied upon for that

position, and private gauge-observations at Napoleon and Cairo for those localities.

Tempoi'ary gauge-rods were likewise observed at Berwick's bay, at Field's Mills on

bayou La Fovuxhe, and at Indian Village on bayou Plaquemine.

The chief labor of the hydrometrical party, however, was directed to the constant

measurement of the velocity of the current of the Mississippi in all parts of the width

and depth of the CarroUton section, in order to obtain the volume of discharge in every

condition of the river throughout the period of a river year ; and with a view to deter-

mine the law of change of velocity from the siu-face to the bottom, and from side to

side ; including the effect of wind ; and thus to furnish the hydrometrical data for

completing the determination of the laws governing the flow of water in natural chan-

nels. Dming a portion of the periods of high and low water, similar measurements

were made upon a section of the river at Baton Rouge, in which vicinity the course of

the river is nearly sti-aight for several miles.

* Zeal for the public service led Mr. O'Rourke to volunteer for this duty. The exposure necessarily attendant

upon its performance brought on sickness, which proved fatal to him very soon after he rejoined the topographical party

at Louisville, Kentucky.
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In cuinicctidii with rliuse opemtidiis, the aumuiit of seiliinriitar\" matter licld in

siisi)eiisi()n liy tlic river was measured daily tor two years, toi^vtlier with the tempera-

ture oftlie river-water, and tlie air, etc. The eharacter of tlie material pnslied alonu;-

tlie bottom was likewise examined from time to time.

Detachments from this party measured the discliar«;-e of the crevasses in the

vicinity of Carrollton, the cross-sections of Berwick's l)a\-, and oftlie La Foiu-che, at

I'ain Court, Thibodeaux, and Field's Mills, and ran a line of levels from the hiirh-

water mark of the Mississippi, at McMaster's ])lantation, to the gauge-rod at Proctors-

ville on lake Borgne. Mr. Smith's lines of cross-section, at ('arrollton, were likewise

re-sounded by this party in low Avater, 1851.

It also made ex))eriments upon the velocities of the current from the surface to the

bottom at the mouths of the Mississippi, both in the high and low stages of the river,

sounded the bars, and determined by measurement the advance of that of the South-

west pass.

The I'esults of the labors of all these pai'ties enter into the most important deduc-

tions of the report ; thev will be found embodied in the chapters devoted
Results of the

i
• i i t • i r • i i toperations of to the suhiects lor whicli tliev were designed to turnish the data.

these parties.

The original large-scale to]iographical and hych-ograjjliical maps,

profiles, sections, and diagrams, and hydi'ometric plats and drawings, are, however,

valualjle for the information thev convex in other ccnmections than those they have

with the problem of protection against overflow. They are therefore transmitted to

the Bm-eau. A list of them will be fomid in a subsequent part of this letter.

Professor Forshey is entitled to great credit for the zealous and intelligent manner

in which he demoted himself, for many years previous to the orgauiza-

m^its."°'^^^'^^ tion of the Delta Survey, to observing and collecting facts relative to

river phenomena, without aid from any source whatever ; he thus accu-

mulated a mass of valuable material, which has been available for the purposes of the

Delta Survey. When it is considered how difficult and costly perfect observations are,

of the character of some of those made by him as an amateur, it is a matter of suiprise

that so much should have been done by the unassisted enterprise of a private indiAndual.

His knowledge of the alluvial region afforded me valuable aid, and I esteemed myself

fortunate in securing his services. The duties entrusted to him comprehended a great

variety of subjects, some requiring the most delicately-conducted experiments, and all

exacting severe labor; the important results that have been deduced from these obser-

vations are e-\ndences of the care with which they were made.

Lieutenant G. K. Warren, Topographical Engineers, established the river gauge-

rods, made portions of the topogra})hical and hydrographical surveys, prepared several

of the topograjjhical sheets, and aided in the general supervision and direction oftlie
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work, a diitv wliicli lie performed in a highly intelligent manner, and which, accept-

able to nie at all tiuics, was particularly so when I was almost entirely disabled by

sickness.

To all the g-entlemen composing- the parties ermmerated, acknowledgments are

due for the faithful })erf'ormance of difficult and arduous duties.

While engaged in the iield, in the summer of 1851, I was suddenh' prostrated by

sickness, which obliged me eai'ly in the following winter to relinquish

the charge of the work to Lieutenant-Colonel Long, Toi)ogra})hical i"teiruption of

Engineers. The o})erations in the field were soon after entirely sus-

pended, with the exception already stated in connection with the Carrollton work, and

continued so until the fall of 18ii7, when, the charge of the work having been previ-

ously resumed by me, the surve\s and investigations were again vigorously prosecuted.

During the interval, while they were in abeyance, the state of my health still

rendering- me unfit for dutv, I soug-ht and obtained authority to visit

... . . . T , . , Examiu a 1 1 o n
Lurope, with instructions to examine its delta rivers, and ascertain of European liv-

what the experience of many centuries had really proved as to the ulti-

mate as well as immediate effects of the different methods of protection against inun-

dation. Such of the results of that visit as have inmiediate apjjlication to the Mississi})pi

river are briefly embodied in the text of the Report.

Upon returning from Europe, in the summer of 1854, I was assigned to special

service under the immediate orders of the War Department, and placed in charge of

the Office organized in connection with the Explorations and Surveys, then in progress,

for the Determination of the Most Practicable and Economical Route for a Railroad

from the IMississippi river to the Pacific ocean. The duties thus devolved upon me
prevented my giving sufficient attention to the Survey of the Delta of the Mississippi

to admit of its active resumption until the autumn of 1857.

At my request. Lieutenant Henry L. Abbot, Topographical Engineers, was then

directed to report to me for duty on the Delta Siu-vey. This request

was made in order that Lieutenant Abbot might take the immediate .

"^^^ iuvestiga-
° tious resumed.

charge of the parties of the Delta Survey under my direction, the office

being established at this place. An arrangement of this kind was rendered absolutely

necessar}- by the nature of the duties then imposed upon me. Having- the general

charge, under the direction of the Secretary of War, of the Explorations and Surveys

for a Pacific Railroad Route, of Geographical Elxplorations, and of other operations in

the field more or less directly connected with those, and being- also a Member of the

Light-house Board, I could not, with any eftort, give that constant, daily, undi-snded

attention to the Delta Survey required for its steady progress ; and to remain long in

the field was impossible. During the further progress of that work—in the field and
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office—I y\{is besides appointed a ^lember of several teniporarv Commissions, the last

of wliicli was the Commission instituted by the 8tli section of the Act of Congi'ess of

June 21, 1860, to examine into the Organization, Svstem of Discii>line. and Course of

Instruction of the Military Academy.

Previous to the resumption of tlie tield work of the Survev, Lieutenant Abbot

recominited the volumes of discharge at Carrollton from the original
Partial reduc-

, ^. . .
'.

.

tion of the re- notes : Mr. James S. Williams, a civil engineer of high standing, care-
sults of the o c c:-

former field fully revised the level notes of the .Survev, and deduced the results
work.

used in the Report ; and Mr. George F. Fuller completed the flawing

of the topographical sheets of the Survev.

As other important duties required my presence in Washington at that time,

Lieutenant Abbot was directed by me in November, 1857, to proceed

sume^^
^°'^^ ^^' to the Mississippi river, organize the uecessarv parties, and prosecute

the surveys and investigations. The completion of the Topogi-aphical

and Hydrogra^^hical Survey of the Delta in the manner in which it was commenced

in 1851 w^as not attempted; because the Investigations, the more important of the

two classes of work called for by the appropriation acts, requu'ed the expenditure of

the balance of the apj^ropriation. It was extremely fortunate that they were resumed

just at that time, for the flood of 1858 was one of a remarkable character, and fui'-

nished data which could not have been collected if the appropriation had been

exhausted by the resumption of the Survey in a previous year, inasmuch as no Mis-

sissippi flood occurred between 18 1 and 1858.

In compliance with these instructions, gauge-rods were established at Coliunbus,

Kentucky; MeniDhis, Tennessee; Xapoleon, Arkansas ; Vicksburg, and

Natchez, Mississippi; and Red river landing and Carrollton, Louisiana.

Donaldsonville, Louisiana, and Cairo, Illinois, were subsequently added to the list. A
daily record of the height of the water ujjon the rod, the state of the weather, the

direction and force of the wind, etc., was kept at these stations until January, 1859.

The observations at Columbus, Memphis, and Vicksburg were continuefl until Sep-

tember, 1859, and those at Carrollton until April 30, 18fil. From Mi\\ 11, 1859, to

June 5, 1860, a self-registering tide-gauge was maintained at the mouth of the South-

west pass, a portion of the corresponding Carrollton observations also Iw-ing made

with one of these instruments.

A party in charge of Mr. Henry C. Fillebrown, assisted at first hv Mv. W. E.

Webster and subsecjuently by Mr. C. L. Jones, was established at
Discharge ^

measurements Columbus, Kentucky, 20 miles below the mouth of the Ohio, which
at Columbus.

measured daily the velocity of the current from bank to bank, and

occasionally from surface to bottom. To this duty were added the detennination of
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the quantity of earthy matter held in suspension by the river-water, and a careful

survey of the river above and below the base of current-observations, with lines of

level to determine the slope of the river at hig-li and low water. A survey across the

low grounds between Cape Girardeau and the Conmierce bluifs was likewise made by

this party.

A party with similar duties, in charge of Lieutenant H. S. Putnam, Topographical

Engineers, assisted by Mr. J. T. Champneys, was stationed at Natchez, At Natchez
and Vicksburg.

Mississippi ; but was subsequently moved to Vicksburg, Mississippi, and

placed in charge of Mr. Holmes A. Pattison, upon Lieutenant Putnam's being assigned

to duty with the troops in Utah. In addition to its regular duty of cuirent-measure-

ments, this party made a careful survey of the river for about eight miles at Vicks-

burg, including the site of the velocity sections, with exceedingly accm-ate lines of level

to determine the slope of the water surface at various stages between high and low

water, entirely around the abrupt bend above Vicksburg. The discharge of the Yazoo

river was also measm-ed by this party, whenever it could be done without interfering

with the regular progress of the work of the Vicksburg station. Subsequent to

November 5, the gauging of the Mississippi at Vicksburg was conducted by Mr. J. J

Conway, assisted by Mr. J. M. Couper, Mr Pattison's party having been detached to

make an important survey through the Yazoo bottom, which could be best done in

that month.

The observations at Columbus were continued until November 16, 1858, and those

at Vicksburg until December 15, 1858. The summer of 1858 was remarkable for its

intense heat and sickly character, notwithstanding which, the gentlemen composing

these parties never relaxed their exertions.

Similar but much less elaborate observations were made by Mr. A. A. Edington,

to ascertain the daily discharge of the Arkansas river at Napoleon. ^ .
•' ^ J- Discharge

These commenced on Jauuarv 1, and continued until November 30, measuremeuts
•'

' ' upon the Arkan-

1858. ^^^•

Aided by Mr. Pattison, and, at times, by others of the assistants already named,

Lieutenant Abbot, besides establishing the parties at Columbus and... Upon other
Natchez, measured accui'ate cross-sections with corresponding velocities, tributaries; with

soundings in the
of the following streams, to determine aiJiiroximately their discharge Mississippi and

^ i i -' ^ bayous.

during the flood : the Ohio, the Hatchee, the St. Francis, the White,

the Arkansas, the cut-off between the Arkansas and White rivers, the Yazoo, the Red,

the Black, the Atchafalaya bayou, Old river above Red river landing, and Grand river

at Berwick's bay, Louisiana. In addition, accurate measurements of the high-water

cross-sections of the Mississippi were made by him at Columbus, Kentucky ; New
Madrid, Missouri ; a point two miles above Osceola, Arkansas; Randolph, Tennessee;
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Helena, Arkansas ; Napoleon, Arkansas; Lake Providence, Louisiana; Vicksbiirg,

Mississippi; New Carthage, Louisiana; Natchez, Mississippi; Baton Rouge. Louisiana;

Bonnet Carre, Louisiana ; and Fort St. Philip, Louisiana.

3Ir. Pattison, assisted by Mr. J. D. Julian, measured in IS')!;) similar sections on

the lines of survey of 1851 above and below the site of the Bonnet-Carre crevasse,

and on two of those at Carrollton, Louisiana. He likewise re-sounded the bayous

Pla(piemine and I.,a Foiu'che, on the lines of 18nL with some additions; and re-sur-

veyed the heads of these bayous and of bayou Atchafalaya with a view to detect any

changes which might have occurred since 1851.

Aided by jMr. W. H. Williams, Lieutenant Abl)ot measured with great care the

discliarge of the Ikdl crevasse near New Orleans in Mav, 185S, and

up°nlrevasses.^ ^''^"^' '" Connection with the observations made b}^ the parties in 1851,

obtained the elements necessary to frame rules for ascertaining the dis-

charge of crevasses. The locality of this crevasse and that of the La Branche were

surveyed with minute accuracy by Mr. W. H. Williams during the following low water.

As soon as the Hood of 1858 subsided, a party was organized under Mr. William

Sidney Smith, which passed down the Mississijjpi, from Cairo to the inouth of lu-d

river, in a yawl, measuring the dimensions of the various crevasses occasioned by

that ilood, and collecting all the information regarding date of occurrence, rate of

increase, etc. Tliis duty, an exceedingly difficult one, was performed in a highly satis-

factorv manner, notwithstanding tlie great exposure to sickness in a season remarkably

nnhealth}'. To tliis gentleman the Sin-vey is likewise indebted for communicating

infoiTiiation useful in the work.

A line from the high lands east of the Yazoo bottom, via Grreenwood and McNutt,

to Prentiss on the Mississippi river, was accurately surveyed in 1859,
Section of the ,,,,,. •iiattt t //•

"

i
Yazoo bottom \)y Mv. rattisou, assisted by .Mr. Julian. It was the tirst survey made
lands.

across that great swamp, and, besides aifording the means of determining

the average depth of overflow, furnished other valualjle data.

.\ similar sul•\e^• aci'oss the Tensas l)ottoiii was made bv Mr. Patti-

Of the Tensas
j;,,,,'^ \n\r\\ froiu ^'idalia to Harrisonl>i!iri;' on tlie Washita.

bottom lands. I .
'^

After tlie tenuiiiatioii of tield labors, Mr. Pattison was employed,

until April .'10, l^Cl, in various kinds of office work, wliicli lie executed with the same

fidelity and zeal that characterized his lal)ors in the tield.

Great care was taken to obtain from every available source correct inforination

respecting the dimensions, condition, nnd extent of the levees tlu-oiigh-
Miscellaneous

i ii • i • i i •
i

•
i

information col- out tlie alluvial reg'iou, the iiistory ot their ])rogress, etc.; resj)ecting the
lected.

height and date of the Hoods throughout the same region; the dei)th of

overflow in the swamps bordering tlie river, the nature of the growth upon tliein and
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their geological character; and the seasons and dates of the floods, the range, etc., of

the tributaries of the Mississippi.

The intelligent and energetic labors of Lieutenant Abbot, faithfully aided by the

gentlemen already named, accomplished a great amount of work.

Series of detailed observations upon the cun-ents at and near the bar of the South-

west pass, from the surface to the bottom, were made by Mr. C. A.

Fuller, assisted by Mr. William Sidney Smith, in May, 1859, repeated at the mouths of

by him in August, and with less elaboration at various times from that

date to June, 1860. The services of Mr. Fuller were for the greater part of the time

given without compensation. This valuable aid to the survey was preceded by the

voluntary contribution of gauge-rod observations at the head and foot of the Red-

river raft.

Various circumstances successively delayed my intended inspection of the

operations in progress on the Mississippi in 1858, and the examination of particular

localities, until the month of May. A short time after my arrival in Louisiana, a return

of my former illness, induced by the excessive heat of the climate, rendered me

unable to perform, without great suffering, any duty for the remainder of the summer.

In the fall of 1859, measurements similar to those made at the

IT • • r /-H M 1
Upon a feeder

permanent hydrometric stations ot (Jarrollton, etc., were made upon a of the Chesa-
peake and Ohio

canal feeder of the Chesapeake and (3hio canal, at the Little Falls of canai.

the Potomac, by Lieutenant Abbot, assisted by Mr. Pattison and Mr.

Vaughan, Avith a view to determine the laws governing variations in certain co-

efficients entering the new formulae derived from the Mississippi observations.

To complete the Delta Survey, every source from which reliable

information connected with the question of Mississippi floods could be Data purchased

collected was examined. Wherever a record of the rise and fall of the to the survey.

Mississippi and its tributaries have been made, it was secured if possible.

Thus the gauge-rod observations at Carrollton, or in that vicinity, having been

continued by Professor Forshey after those of the Government ceased in

1853, the records up to May, 1855, were purchased from him at the atcarr^ontou"'^'^*

same time with similar records at the same locality during 1848, 1849,

and 1850. The purchase included notes upon the rise and fall of the river at Natchez,

from 1817 to 1847, and a mass of information upon the high-water marks and dates of

old floods in that vicinity, together with a cross-section of the Mississippi alluvion

along the northern boundary of the State of Louisiana.

The gauge observations at Donaldsonville were continued by Mr. Gingry after those

of the Government ceased in 1853, and in a spirit of great liberality

copies of them, comprising the records for the years 1854-5-6-7-9, and ^^^

part of 1860, were courteoiisly placed at the disposal of the Delta

2 H
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Survey. These ftbservations, it is believed, are still continued by iMr.GingTy, who will

thus be enabled to eontribute information that will be found highly valuable in testing

the correctness of some of the conclusinus found in the Delta Keport, and in solving

those questions connected with the river, the data for which rest upon long-continued,

careful gauge-rod observations.

The records (if the gauge-rod observations at the Memphis Navy Yard, from August,

184.S, to May, 1852, were courteously placed at the disposal of the Sur-
^'^^^ ^ vey by the Chief of the Bureau of Yards and Docks. Similar records,

filed at the United States Arsenal near St. Louis, Missouri, from May, 1843, to May,

1S4."), made under the direction of Captain T.J. Cram, Topographical Engineers, were

furnislied h\ the courtesy of Lieutenant Ben^t, U. S. ()rdnance, and partial records of

tliat character kept by Captain Richard Fatherly, Military Store-keeper at the United

States Arsenal, at Little Rock, Arkansas, from January, 1858, to January, 1860, w^ere

kindlv furnished to the Survey by him.

For the fall of the Mississippi river above Natchez, use has been made of the

surveys of various railroad routes mentioned in the Report. Similar

Railroad sur-
^j^jj-yevs liave Hkcwise furnished cross-sections of the alluvial land, and

veys.

depth of overflow, as follows :

—

1. The survey of the Cairo and Fulton railroad comjiany furnished a cross-section

from Ijird's landing, opposite Cairo, to the St. Francis river.

2. The survej^ of the IMemphis and Little Rock railroad company furnished a

cross-section from ^lemphis to Crowley's ridge.

3. The surve}' of the United States military road from ]\Iemphis to Little Rock

fm-nished a similar cross-section.

4. The survey of the Gaines' landing and Fulton railroad com])any furnished a

cross-section of the upper part of the Tensas bottom.

5. The survey of Professor Forshey, as already stated, furnished a cross-section

on the northern boundary of Louisiana.

6. The railroad surveys of the Bureau of Tojiographical Engineers, War Depart-

ment, furnished a cross-section from Lake Providence to Washita river.

7. Tlie survey of the Vicksburg, Shrevejjort, and Texas railroad company furnished

a cross-section from A'icksl)urg to Washita liver.

The surveys of the State of Louisiana afforded the means of com-

state^o/iiouisi- piling approximate cross-sections of the Atchafalaya basin.
aua.

8. From this source a profile of the Atchafalaya bayou was prepared.

9. Also a cross-section from Morganza on the IMississippi to Washington on the

bayou Courtableau.

10. And a cross-section from liaton Rouge to Port Bare on the Courtableau.
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11. Tlie .surveys of the New Orleans and Opeloxisas railroad company furnished

an accurate profile from New Orleans to Berwick's bay across the La J^ourche and

Terre Eonne region.

To the Chief Engineers of the Railroad Companies referred to, and to the Offi/'.ers

of the Engineer Department of the State of Louisiana, acknowledgments are due for

the liberal aiul polite manner in which all ihe iiiforniatiou in their offices, ap[)liciible

to the Survey of the Delta, was made available for it.

The Survey is under sijecial obligation to Mr. G. W. R. Bayley,
•' 1 o J J ' Ackiiowledg-

Chief Engineer of the New Orleans and Opelousas railroad company, >"eiits.

for the obliging connnunicatiou of valuable information. Also to Mr. M. Lj-nch, Chief

Engineer of the Memjdiis and Little Rock railroad, for similar favors ; to Major H. J.

Ranney, of New Orleans, lessee of the new Canal, for copies of the gauge records kept

at the mouth of the Canal, in lake Pontchartrain, from February, 1850, to July, 1869
;

to Colonel W. S. Campbell, for a profile from the Mississippi river at Carrollton to the

mouth of the new Canal, lake Pontchartrain, and for information and assistance on

various occasions ; to Mr. Andrew Gingr)-, for a copy of the daily record of gauge-

rod readings kept by him at Donaldsouville for more than five years, a highly valuable

paper ; to Mr. H. D. Mandeville, for a copy of gauge-rod observations u^jon bayou

Tensas during the floods of 1844, 1849, 1850, and 1858; to Dr. N. B. Benedict, for a

section of the artesian well in New Orleans ; to Dr. R. W. Mitchell, for copies of

meteorological observations at Memphis, Tennessee, during the year 1858; to Mr.

Samuel HoUingsworth, for a detailed account of the occurrence and progress of the

Bonnet-Can'd crevasse of 1859.

To Professor Joseph Henry, Secretary of the Smithsonian Institution, the Survey

is under obligation for the communication at difierent times of copies of meteorological

observations.

To name all those who aided myself, the assistants, and numerous parties of the

Survey, by the communication of information, would swell the list to an extent

inadmissible in a paper intended to give merely a very brief account of the Delta

Sm-vey
;
yet it is difficult to decide where, precisely, to di'aw the line of distinction.

Without exception, all of whom inquiries were made imparted whatever information

they possessed, and facilitated oiu- labors as far as it was in their power. It is hoped

they will accept this general expression of the indebtedness of the Survej- to them as

an evidence of the appreciation of their kindness and liberality.

The original large-scale maps and diagrams of this survey, being-
Large-scale

useful in connection with other objects than those which form the maps and dia-

grams transmit-

subiect of tliis Report, are herewith submitted. They comprise :
ted to the Bureau

' r ^ J y of Topographical

Topographical sheets, thirty in nimiber, drawn upon a scale of ^"s'uieers.
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1 : 10,000, exhibiting in minute detail the topographical features from the mouth of

Red river to New Orleans.

Hvdrographical ma]^s of the Mississippi river, at Carrollton (one sheet—scale

1 : 2000) ; at Baton Rouge (one sheet—scale 1 : 2000) ; at Vicksburg (one sheet—scale

1 : 7200) ; at Columlnis (one sheet—scale 1 : 7200) ; of head of bayou Atchatalaya,

in 1851 and 1S58 (two sheets—scale 1:2400); of head of bayou Plaquemhie, 1858

(one sheet—scale 1:1200); of head of bayou La Fourche, 1858 (one sheet—scale

1 : 1200).

Topographical maps of the survev througli Yazoo bottom (two sheets—scale

1 : 50,000) ; of that through Tensas bottom (one sheet—scale 1 : 50,000) ; of Cape-

Girardeau inlet (one sheet—scale 1 : 60,000) ; and of the sites of the Bell and La

Branche crevasses of 1858 (two sheets—scale 1 : 800).

A copy, by Mr. C. Ritter, of the Topographical and Hydi-ographical map of New

Oi-leaus and A-icinity, comprised within 10 miles square, scale 1 : 12,000, from the

survevs of Maurice Harrison, Esq., under the direction of the Commissioners appointed

bv the State of Louisiana, in 1845, to inquire into the most effectual means of pro-

tecting the city of New Orleans against inundation.

Twenty-one sheets of profiles of the alluvial region from original surveys, and

twenty .sheets purchased or presented.

Seventy-three sheets exhiljiting cross-sections of the Mississippi river and of its

branches.

The original field-note books, two hundred and foiu-teen in number, the plats of

cun-eut measurements and of daily oscillations of the river and gulf, the sheets of

analytical curves and < >f miscellaneous diagrams used in the preparation of the Report,

numbering in all about six hundi-ed sheets, together with the other records of the

Survey, its collections and projjerty, will be duly transmitted to the Bureau.

As the surveys and investigations jjrogressed, the great labor commenced of reduc-

ing the observations, of assembling the results, of combining and digest-

the survTy
'^'^ °^ '"§' tl^^m, of the development of the laws governing all the phenomena

that were subjects of examination, and, finally, of the application of

these laws to the solution of the great problem which formed the object of the Delta

Survey.

This work, which ^vas in fact the preparation of the Report, was performed hy

myself and Lieutenant Abbot. It involved an amount of labor and study, which will

not perhaps be fully appreciated even by professional persons. Devoted to the task,

Lieutenant Abbot brought to its performance great industry, energy, sagacity, and skill

in analysis, the fruits of which, to be found in every part of the Report, are particularly

exhibited by the chapters in which the fiow of water in natural channels is treated.

But a perusal of the Report will convey a more forcible impres.sion of the extent and
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value of Lieutenant Abbot's labors than any terms of acknowledgment that I can use.

In the mass of exceedingly intricate calculation necessarily attendant upon such a

work, Lieutenant Abbot has been aided by Mr. F. W. Vaughan, a skilful computer,

whose zeal, unwearied care, and industry in the performance of the duties he was

employed upon, entitle him to more than the ordinary terms of acknowledgment.

Some reference to the state of the question of protection against inundation, at the

time when the Survey of the Mississippi Delta Avas begun, appears to be

proper here, in order that the necessity of such extended and laborious th^^probiem''to

investigations as were made may be appreciated, and that it may be the operations (^

t 11 111 • 1 •

.

• 1 • • • r j^^ this Survey.
understood liow al)solutely essentuil it was in every division oi tlie

subject to collect fact upon tact, until the assemblage of all revealed what were and

what would be the true conditions of the river in every stage that it had passed

through or could attain, and thus to substitute observed facts and the laws connecting

them for assumed or imperfectly observed data and theoretical speculations.

A wide discretion was necessarily entrusted to the officer in charge of the Missis-

sippi Delta Survey. I entered upon the execution of that duty with an

apprehension that the laws of flowing water in natural channels, as .

The science of
r i

.
o ' river hydraulics

enunciated in treatises upon the hydraulics of rivers, were not based i^^pe,fect^staTe^

upon sufficiently extended experiments upon natural streams, and,

hence, that the formulae found in them could not be relied upon for the solution of the

questions upon wliich the plans of protection against inundation from ovei-flow

depended. The S3'stem of measurements and investigations carried on at CaiTollton,

Louisiana, Vicksburg-, Mississippi, and Columbus, Kentucky, while it was intended

to render the solution of the problem of the protection of the alluvial region of the

Mississippi against inundation independent of the laws and formulae of the books, was

at the same time designed, in connection with other parts of the survey, to afford the

means of determining, by experiments on a far more extended scale than any ever

before attempted, the laws governing the flow of water in natural channels, and of

ex^aressing them in foi'mulse that could be safely and readily used in practical applica-

tions. The success that has attended this part of the work has even exceeded my
expectations. LaAvs have been revealed that were before unknown; new formulae

have been prepared, possessing far greater precision than the old; and improved

methods of gauging streams have been devised.

But the imperfect state of the science of hydi-aulics as applied to rivers was not

the only difficulty to be encountered in the execution of the duty im-

posed upon the officer in charge of this work. The much-agitated sent fa i Tact a

question of the best method of protection against inundation had been taction against
. inundation de-
always discussed upon assumed data, and the truth of the very ground- pends were un-

work upon which these discussions rested had to be experimentally
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investigated by this Survey. For instance, the Mississippi liad always been regarded

as flowing tln-ongh a channel excavated in the alluvial soil formed by the deposition

of its own sedinientarv matter. 80 important an assum])tion was inadmissible; and

great i)ains were accordingly taken to collect specimens of tlie bed wherever sound-

ings were made, and b>- e^ery means to ascertain the depth ot the alluvial soil from

Cape Girardeau to the gulf This investigation has resulted in pr(n-ing that the bed

of the Mississippi is not formed in alluvial soil, but in a stitT tenacious clay of an older

geological formation than the alluvion, and that the sides of the channel do not consist

of homogeneous material; facts that have an important bearing upon all plans of jjro-

tection.

Further, it was held by the advocates of the exclusive use of artificial embank-

ments tliat the levees of Louisiana had already lowered the bed and

levees were^not floods of the Mississipjii river, and that their extension throughout the

alluvial region above Avould still further lower the floods by deepening

the bed and reducing the slope of the river. The advocates of outlets, on the con-

trary, contended that the experience of many centuries, on the Po, proved that levees

had raised the bed and floods of that river—to such an extent, indeed, that it was im-

practicable any longer to protect the country, except by opening ne^v t'hannels to the

sea. Tliis conclusion appeared to be sustained on the authorit}- of two distinguished

names, Cuvier and de Prony. While the investigations of tlie Delta Survey have

rendered untenable that position of the advocates of the exclusive use of levees on the

one hand, the investigations of the Chevalier Elia Lombardini have shown the sup-

posed facts advanced by the latter class to be entirely erroneous, and their apprehen-

sions to be unfounded.

The effects of cut-offs were likewise the subjects of controversy among engineers,

a controversy which the measurements of the Delta Survey must set at

cut-offs were not rest, siuce they demonstrate that cut-offs raise the floods below them,

a conclusion sustained by the well-established effects of such works

upon the Po and Adige.

Outlets were advocated by some engineers because they were considered a ready

and inexpensive means of reducing the floods. On the contrary, they

The effects of ^ygye obiected to by others because, as they claimed, outlets would
outlets had not j j • j '

been invest!-
.

; ^j |^ ^j j | floods of the river. The investigations of the Delta
gated. o

Survey prove that outlets, in the few localities where they are practica-

ble, may be made to rediu'e the floods to any desired extent in certain divisions of the

ri\er; but that they would not be inexpensive, and would entail dangers and disasters

which should not be risked. These conclusions, it is shown, are sanctioned by the

experience of Em-ope upon the Po, the Rhine, and the Vistula.
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The effect of a great swamp like that of the Yazoo upon tlie floods of the Missis-

sippi, a subject that has formed the theme of speculation for at least .p^g ^jj.^^^ ^^ ^

tliirty years, has also Ix-en established by the collection of facts; as S^r^TYazoo
likewise the law governing the rise, fall, and discharge of the river hmfded'etc.^etcj

throughout the alluvial region; the manner in which the flood is

propagated; the modifications introduced by tributaries; the succession of river stages;

the drainage of its basin and that of its tributaries; the jDroportion of drainage to

downfall, and the discharge of outlets: in fact, every river phenomenon has been

experimentally investigated and elucidated.

Thus every important fact connected with the various physical „.J I 1 J The problem

conditions of the river and the laws uniting them being ascertained, the
agaSist overflow

great problem of protection against inundation was solved.
solved.

At the months of the river, a similar course has resulted in the development of the

law under which the bars are formed, the depth upon them maintained,

and the regular advance into the gulf continued; and, as a consequence, lating the depths

, . . 1 1 • 1 1 r- 1 • 11 1 1
^'- ^^^ mouths of

the pnncipies upon which plans tor deepening tlie channels over them the river deduc-
ed, etc., etc., etc.

should be based, and the best mode of applying them. The rate at

which the i-iver progresses into the gulf, and the extent, thickness, and relative level

of the alluvial formation having been ascertained, its probable age has been estimated

;

and the ancient form of the coast, and the changes that have taken place in the

present geological age, have been surmised.

The Report exhibits in detail the investigation of each of these subjects, and many

others not enumerated in this letter. Based upon extended survey and

investigation in the field, made at times under circumstances of great submitted
'^ ° "^ '^

exjiosure, it contains the results of many years' labor, comprising labo-

rious office work, extended research, patient investigation, and exhaustive mental effort.

The association of Lieutenant Abbot with me in this duty has been of such a character

that the title of the Report should bear liis name as well as mine. I beg leave there-

fore to submit it herewith, to the Bureau of Topographical Engineers, as our joint

Report upon the Survey of the Delta of the Mississippi river.

Very respectfully, your obedient servant,

A. A. Humphreys,

Captain Topographical Engineers, U. 8. Army.
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REPORT
ON THE

MISSISSIPPI RIVER.

CHAPTER I.

BASIN OF THE MISSISSIPPI RIVER.

Natural subdivisions.—lied river basin.—Ked river.—Its slojie, dimensions of cross-section, range, navigation, succes-

sion of stages, and great floods.—Its tributary. Black river, with tlie principal branches, Washita river and
bayou Tensaa.—Basin of Arkansas and White rivers.—Arkansas river.—Its slope, dimensions of cross-section,

range, annual succession of stages, and great floods.—Its tributaries, Cauadi.an and White rivers.—St. Francis

basin.—Boundaries and area.—Topography.—Geology of the bottom lands.—Ttieir growth.—Their floods.—St.

Francis river.—Mounds, etc.—Missouri basin.—Missouri river.—Its slope, range, width, and navigability.—Its

tributaries, the Niobrara, the Platte, the Kansas.—Upper Mississippi basin.—Upper Mississippi river.—Its slope,

range, and dimensions of cross-section.—Its tributaries.—Ohio basin.—Ohio river.—Its slope, range, dimeusions
of cross-section, discharge, auuual succession of stages, and gi'eat floods.—Its tributaries.—Yazoo basin.

—

Boundaries and area.—Topograpliy of the bottom lauds.—Their geology.—Their growth.—Their floods.—Yazoo
river.—Indian mounds, etc.—Basins of small direct tributaries.—The Maramee.—The Kaskaskia.—The Obion.

—

The Big Black.—Tabular summary of Mi-ssissippi basin.

The Mississippi drains the greater part of the territory of the United States

lying- between the Alleghany and the Rocky mountains. (See plute I.)

Its basin, more than equal in area to the whole continent of P^urope, ions of the Mis-

exclusive of Russia, Norway, and Sweden, is greatly diversified in features,

in soil, in climate, and in productions. A knowledge of the hj'drograjjhic relations of

the different parts of this basin to the main river is essential to a full aj^preciation of

all the elements of the problem the solution of which forms the subject of this report.

The region is too vast and diversified to be treated under a single head, and some

convenient and natural subdivision is therefore to be sought.

The true Mississippi river begins at the confluence of the Missouri and Upper

Mississippi. It has eight principal tributaries, which, in the order of the magnitude of

their basins, are the Missouri, the Ohio, the Upper Mississippi, the Arkansas, the Red,

the White, the Yazoo, and the St. Francis. It may excite some surprise that the two

latter are included in this categoiy, l)ut it will be hereafter seen that, although com-

3 H
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panitively small streams, they are important from their position and volume of dis-

cliari;e. Just below the confluence of Ked i-iver is found the fu-st of the bayous which,

fed l)y the Mississippi, discharge into the gulf Below this point, the Mississii^pi receives

no appreciable increase from tributaries; it niav, therefore, for these two reasons be

considered the head of the delta.

The delta and the basins of the eight tributaries form natural subdivisions of the

great basin. They include the whole area except the small basins of several com-

paratively miimportant branches, ^\•hich ma}- be classed together luuler one general

heading. As it is proposed to state, in this chapter, such facts in relation to these

several subdivisions as shall exhil)it their hydrographic relations to the main river, it

is, in some sort, an introduction to the rejiort.

DELT.V or THE MlSSISSim.

There are manv qu(\stions intimately connected with tliis division of the vallev.

wliich cannot lie properlv treated liero, because thev refjuire a knowledge of facts and

])rinciples hereafter to be mentioned. For this reason, all remarks upon the delta of

the Mississippi will be deferred for the present, and the subject be treated by itself in

C'ha])ter VII.

EED KIVEK r.ASIN.

Few regions so limited in extent as this basin contain districts so entireh- difierent

in character. Its total area is oid\- ItTjlOo square miles, vet it encloses

sityofclfaracter
large tracts of the richest ^Mississippi alluvion, a range of primitive

mountains of considerable altitude, numerous lakes, a rolling and toler-

ably fertile prairie i-ouiitry, and an uncultivablc trai't of salt desert. The annual i'all

of rain varies from 15 inches in the western to 6r> inches in the eastern portion: the

climate is mild throughout the whole region. There is very great variety in the pro-

ductions of the soil.

1^(1 r'ircr.—The sources of this river were lirst explored bv Captain ]\rarcv,

F. S. A., in 1S.')2. The river rises in the eastern rim of the vast and

source. sterile desert plain called d IJano l-JsiaraiJo, at an elevation of about

•2rj<)() feet al)ove the sea. Its extreme source, situated in a deep ravine.

is thus describe(l by Captain Marcv: ''The gigantic escarpments of sandstone, rising

to the giild}' height of 800 feet ujion each side, graduallv closed in until thev were

only a lew yards apart, and finallv united overhead, leaving a long, nari-ow corridor

lieneatli. at tlic base ol' wliicli il:c head spring of thi' jirincipal or main liranch of b'ed

ri\i r takrs its risii. This spring bursts out from its cavernous reservoir, and, leaping

down oNcr the huge masses of rock below, here connnences its long journev to unite

with otliiT tri1)utarlcs in making the .Misslssipjii the uoblrst ri\'er in the unixcrse."
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Tlie ravine, tiome GO miles in Icnglli, thnmgli which tliis stream escapes fnnu tlic

IJiuni, is described as follows: "Our course was very circuitous, from

being oblii;ed to follow the windiiii^s made by the numerous detours in through the

the river. The lofty escarpments, which bounded the valley upon each

side, rose preci2)itately from the banks of the river to the enormous height of from ijOU

to 800 feet; and in many places there was not room for a man to pass between the foot

of the acclivities and the river. It was altogether impossible to travel upon either side

of the river, so nnich broken and cut u[) was the ground; and the only place wdiere a

passage for a horse can be found is directl}' along the defile of the river Ijed. AYe found

frequent small rivulets flowing into the river through the dee}) glens upon each side,

but, most unfortunately for us, the water in them all was acid and nauseating." This

latter peculiarity is characteristic of upper Red river. Except for the first two miles,

the whole valley above the junction of the North fork, which enters some 150 miles

below the source, is characterized by water "exceedingly luijtalatable," })roducing

"sickness at the stomach, attended with loss of appetite and a most raging and feverish

thirst " This is attributed by Captain Marcy to its traversing a gypsum formation,

and not to the presence of common salt in solution.

The following is Captain Marcy's description, when ascending the river, of the

point where it debouches from the Llano Estacado: "After marching 8

miles over a succession of ^'ery rugged hills and valleys, which rise as ^^^^ tife^Liauo^

they recede from the river, we reach the base of these towering and

majestic cliffs, wdncli rise almost perpendicularly from the undulating swells of prairie

at the base, to the height of 800 feet, and terminate at the sunmiit in a plateau almost

as level as the sea, which spreads out to the south and west like the steppes of Central

Asia, in an apparently illimitable desert.

"I supposed, from the appearance of the country at a distance, that I should be

able to find a passage for the wagons along at the foot of these cliffs; but, upon a closer

examination, find the ground between them and the river so much cut up by abrupt

ridges and deep glens, that it is wholly impracticable to take our train any farther up

this branch of the river. We have sought for a passage by which we might take the

trains to the top of the bluffs, where, as they run nearly parallel to the course of the

river, we might have contiiuied on with the wagons; l)ut, after making a careful exam-

ination, we have abandoned the idea, not being able to discover a place wdiere we

could even take our horses up the steep sides of the precipice.

"The geological formation of these bluffs is a red, indurated clay, resting upon a

red sandstone, overlaid with a soft, dark-gray sandstone, and the whole capped with a

white calcareous sandstone, the strata resting horizontally, and receding in terraces

iVom the base to the summit."
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Aliout s luik-s l)clo\v the edge of the cliti's the river is "nine luuulred yards wide,

riowiiifj over a very sandy bed, witli but httle water in tlie clianiiel, and

deleft pi^X^il""' ''^ fortiiied upon eacli side by rug-g-ed liills and deej) gullies, over which

I think it will be impossible to take our train. The soil throughout this

section is a light ferruginous cla)-, with no timber excej)t a few hackberry and cotton-

wood trees ujion the banks of the streams. There is but little water either in the river

t>r in the creeks, and in a dry season I doubt if there would be any found here."

Below this point the lilnfls were so near the bed of the stream that Captain Marcy

was ol)liged to leave it and travel over the sterile prairie. He continued to do so for

the rest of the route, and gi\ es no further facts respecting the river. The first important

tributary is the North fork, wliicli enters on the western border of the Witchita mount-

ains. This range lies upon the eastern l)Oundary of the gypsum desert region, and a

great change takes place in the character of the covmtry.

Approaching them from the west, Captain Marcy states: "The niountains here

appear to be in groups or clusters of detached peaks of a conical form,

mouutaius'*'^'^"^ indicating a volcanic origin, with smooth, level glades intervening, and

rising, as thev do, perfectly isolated fmni all surrounding eminences

upon the plateau of the great prairies, their rugged and precipitous granite sides almost

denuded of vegetation, they jiresent a ver}- peculiar and imposing feature in the topo-

graphical aspect of the country. From the f\ict that the ground nccupying the space

between the mountains is a level, smooth surface, and exhibits no evidence of upheaval

or distortion, may it not with propriety be inferred that the deposition here is of an

origin subsequent to that of the upheaval of the mountains?" * * * *

* * * "We find the soil good at all places near the mountains, and the country

well wooded and watered. The grass, consisting of several A'arieties of the grama, is

of a superior ipiality and grows luxuriantly. The climate is salubrious, and the

almost constant cool and bracing breezes of the sunnner months, with the entire

absence of anything like marshes or stagnant water, remove all sources of noxious

malaria, ^^•itll its attendant evils of autumnal fevers."
******

"Within a distance of six miles around our camp, I should estimate the amount of

woodland at eight thousand acres. The grass is of the very best quality, and the soil

cannot be surpassed fi)r fertilit}-. We are, at this jdace, directly at the base of one of the

most lofty and rugged mountains of the range. Its bare and naked sides are almost

destitute of anything in the shai)e of a tree or plant, and it is only here and there that a

small patch of green can be discerned. Huge masses of fiesh-colored granite, standing

out in jagged crags upon the lofty acclivities, everywhere present themselves to the

eye, and the scenery is most picturescjue, grand, and imposing." * * * *

* * * "Several gentlemen of the l)arty ascended the mountain near our camp
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this evening, and (tbtaiiieJ a fine view of the adjoining- counti-y. They discovered that

there were tlu-ee distinct ranges running from northeast to southwest; at this ])lace

they appear to be united in on(^ ehain, and there seems to be no pass practirabh' for

wagons in this vicinity."

* -^ ' "'i'he most elevated mountain in the Witchita chain I liave taken the

Hberty, in lionor of our distinguislied connnauding general, to call 'Mount Scott.'

This peak, towering as it does above all surrounding eminences, presents a very

imposing feature in the landscape, and is a conspicuous land-mark for many miles

around. The altitude al)ove the base, as determined by triangidation with the sextant,

is 1135 feet."

Of the eastern base of the chain, Captain Slarcy states: "The more we have seen

of tlie country about these mountains, the more pleased we have been with it. Indeed,

I have never visited any country that, in my opinion, possessed greater natural local

advantages for agricultiu-e than this."

The next striking feature of the valley is the "Cross-timbers," lying between long.

98° and long. 97°. "This extensive belt of woodland, which forms one

of the most prominent and anomalous features upon the face of the
^^^he Cross-tun-

country, is from 5 to 30 miles wide, and extends from the Arkansas river,

in a southwesterly direction, to the Brazos, some 400 miles. At six dill'erent points

where I have passed through it, I have found it characterized b}' the same peculiarities

—

the trees consisting principally of post-oak and black-jack, standing at such intervals

that wagons can without ditHculty pass between them in any direction. The soil is

thin, sandy, and poorly watered." *********
" Upon the east side there are numerous spring-brooks, flowing over a highly prolific

soil, with a sui)erabundance of the best of tindjer and an exuberant vegetation, teeming

with the delightful perfume of flowers of the most brilliant hues; here and there inter-

spersed with verdant glades and small prairies, ailbrding inexhaustible grazing, and the

most beautiful natural meadows that can be imagined ; while on the other side com-

mence those barren and desolate wastes, where but few small streams greet the eye of

the traveler, and these are soon swallowed up by the thirsty sands over whicli they

flow. Here but little woodland is found except on the immediate borders of the water-

courses."

East of the "Cross-timbers" the False Washita unites with Red river, and the main

stream iiows, through rich and densely-wooded alluviad bottoms, to the

head of the celebrated "raft." This raft is composed of an innuense J^^
Red-nver

accumulation of drift-logs—some floating, and others so water-logged as

to sink, and thus still more effectually block up the channel. From the rotting of the

logs at the lower end, and the fiesh accessions at the upjjcr end, the raft gradually

moves w^:) stream. Its lower extremity was once at Natchitoches, if not, as many sup-
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poso, still farther down tlic streain. Laruu sums have heen exjiendeil by tliu Luhed

States ii,overnnieiit in its removal. In 1S54 it had adsanced to a point 5.'.» miles above

Sliroveport. Its length was then 13 miles, and it was ibrmhig at a rate of 1.5 to 2

miles per year. The following- extracts from tin.' rejiort of the United States agent and

engineer, Mr. ('. A. Fuller, dated January IS, l.S5o, eonve}' interesting information:

" ^W surve}' was made during the low w ater of November ultimo, and embraced a

region of country extending from the outlet of Ked bayou to Shrevepoil—a distance of

about 75 miles." * * * * " The total fall of the low-watei- surface of the river,

from tlie head of IJed ba^•ou to 8hrevei)ort, is SiJXU) feet. From Red bayoit to the

head of the present raft, a distance of 4.] miles, but little if any fall exists—the raft

acting as a dam, and l)acking the water for some 2U or Do miles above. The cross-

section lines, run from the river, show that the surface of the country has a gradual

tall from the river w^estwardly about 5.] feet to the mile : while the ditference of

level of the water surfaces is altout 3^ feet on the same section—a little over 1 foot to

tile mile: consequently, at low water the river has a constant tendency to iiow to the

\\ist through every natural outlet, deserting its old channel, which runs, as it were,

upon a ridge, and seeking a lower level near the Iduti's that border the wc-^tern shores

<if the lakes; while at high water, the banks being submerged, the currents naturally

follow the same direction. The obstruction of the raft has thrown a large projiortion

of the water of the river (al)out three-fourths) through two natural outlets (l)ooley''s

and Ked bayou) into Soda lake, ailbrding a navigation around the raft [right bank],

which is constantly improving as the action of the water widens and deepens these

channels. The channel of Ked river, from the head of the i)resent raft to Shreveport,

besides being thus elevated, exhibits such an entire deficiency of width, depth, and tall,

that up-strmm currents are found through more than one-half of its distance during

every fre.shet. The lied is strewn with logs, stumps, etc. The stream is not only

narrow, but very tortuous ; and although a navigable channel might be ojiened through

it, at great ex})ensc, for short periods only, its want of capacity for carrying raft would

be a fatal objection to the liermanency of its navigation."

* * * " This ])ortiou of Red river, therefore, having neither the capacity to

carry raft, or capabilit}- of being made subservient to the purposes of navigation, forces

us to look for <ithcv channels in the vicinity to attain our object. Of the natural

outlets, Dooley's bayou appears most capable of improvement and best adapted to our

purpose, being the shortest, Avidest, and deepest; its cuiTcnts strongest, and its soil the

lightest alluvial, and (ons((iuently the easiest washed. I propose, as will lie heri-after

exjilained, to open tlu; navigation through this bayou into Shiftail lake (see map),

thence through Stumjiv bayou to Soda lake, and thence through Soda lake and Twelve-

mile bayou to Shreveport, making a distance of about 40 miles, hi which we will have

the same fall as is found by the river in n distance of 70 miles, viz., 3G.G0 feet."
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Below tlio raft, Red river traverses a fertile and populous country, of wliicli no

description is necessarj^ here. The stream is interrupted b}- two small

rapids just above Alexandria, where the bluffs leave the river and ^iver^'^'^
^^^

artiiicial embankments Ijecome necessary to protect the countr}' from

inundation during- river floods. In 1858 the levees only extended to Dunn's l)a3ou,

about '25 miles below Alexandria, and were restricted to the right bank.

The following table, exhibiting the slope of the Red river, has been com])iled from

the best available authorities. The elevation at Slu'eveport Avas

determined It}- the levels of the Vicksburg and Shreveport railroad
; ri^er''^

°^ ^^^

the elevation of the head of the raft above that point, by Mr. Fuller's

levels ; the elevation at Fulton, by the levels of the St. Louis and Fulton, and Gaines'

landing and Fulton railroads. The authorities for the data upon which the table is

formed are stated, Ijecause they confirm the fact of the extraordinar}- reduction of

slope above the raft, indicated by the table.

Ilighu-atcr slope of Red river.

Source

At Preston

At Fnltnn

At be.nl of raft

At Shreveport

Mouth ol Black river (high water 182tf) .

Moutli (high water 1388)

Distance above

mouth.

Elevation above

gnlf level.

Miles.

1,200

Fret.

0.00

0.20

0. M
0.41

0.14

Captain Marcy.

Captain Pope.

Kailroad levels.

Mr. C. A. Fnllei

Kailroad levels.

Delta Snrvej-.

Delta Survey.

The width of the Red river between its banks, eight miles below tlic pdint wjiere

it issues from the Llano P^stacado, is 2700 feet
;
just below the mouth

of Xorth fork, 2000 feet ; about 50 miles below the mouth of this

triliutary, 2100 feet ; at the mouth of the Big Witchita, 600 feet ; at Alexandria, 720

teet; at mouth of Black river, 785 feet; at mouth, 1800 feet. These numbers indi-

cate the characteristic variation in width. While traversing the sandy desert, the

river spreads out to a width greatly disproportionate to the dej)th
; Ijut when the more

fertile and clayey soil is entered, it contracts to the normal dimensions corresponding

to its dischai-ge.

The dey)tli of Red river \aries inversely as its width, lieliig onl}' (> or 8 feet, even

in floods, throughout the desert, while it is some 50 feet in the fertile

region. In extreme low water a depth of 3 feet ma}^ be depended upon

below Alexandria, al)out 4 feet thence to the head of the raft, and 1 foot thence to

Fort Towson.

tSteamers of 4 feet draught can ascend to Shreveport at any time except in

' Its depth
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oxtrc'iue low water, Init to Fort Towson or even Fulton, tor only about
Navigation. .

i
•

i i • t •

three months m tlie year, and Irequently only run ni one (hrectiou

during- a single rise. The river above the raft rises and falls more rapidly than the

Arkansas, and thus is less favorable to navigation. The raft also is a serious obstacle,

as it requires tlie l)oats to lea^-e the channel and pass through lakes and bayous.

The high-water area of cross-section throughout the desert country
It.s area. o .

is probably about 12,000 square feet, and in the cultivated region from

30,000 to 40,000.

Tlie range of the i-iver is greatly affected by the raft. Thus at Fort Towson it

is some 45 feet, the maximum (January 27, 1843) being- 51 feet; at

Fulton it is 35 feet; at the head of the raft, 10 feet; at Shreveport, 25

feet; at Alexandria, 47 feet; at the mouth, 45 feet. These numliers illustrate the

effect of lakes in moderating floods.

The raft also greatly modifies the normal succession of stages in the lower river,

by equalizing the flow of the freshets, which are very sudden above the

Its succession
j..^ff They are mainh' due to heavy rains in or east of the "Witchita

of stages.

mountains. The following extract, from Captain Marcy's report, is

interesting in this connection :

—

" ]\ray IS [1852]. * * * We encanq)ed njjon a small atHuent of Cache creek,

where, on our arrival, we foiuid no water except in occasioual pools along the bed;

however, in the course of an hour, .some of the men who had gone a short distance up

the creek came running back into camp and crying at the top of their voices, ' Here

comes a [dentv of water for us, boys!" And, indeed, in a few minutes, nnu-h tn our

astonishment and delight (as we were doubtful alxmt having a .supply), a jjcrfect

torrent came rushing down the dry bed of the rivulet, filling it to the top of the banks,

and c()ntinued running, turliid and covered with froth, as long as we remained."

These rains occur with great irregularity, but generally during- the winter and

spring. Modified by the lakes of the raft country, they usually serve to maintain the

lower river in good boating condition from Decemlier to June or July, the remainder

of the year being- the season of low water. The foods of the lower river have their

innnediate origin in the contributions of Rocky Ijayou, Cane river, Darrow bayou, and

a host of other small streams, which rapidly collect any wide-spread and continuous

rain in the rcion below the raft, and jmur it at once into the channel of the main

river, already well filled by the water draining from the lakes of the raft district. P'or

this reason, the dates of the freshets of Red river are ^•arial)le.

The moderating influence of the raft lakes iq)on the floods of the I'iver is now used

to its utmost capacity by the works nature herself has e.stabhshed. The moderating

etVect nl' the lakes below the raft might ju-obably be rendered greater, but could linrdly

Ite relied upon to influence material]}- the floods of the Mississippi.
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No complete records arc to be had respecting the great floods of Red river; but the

following' facts have been collected from reliable sources. The highest
° Its greit floods.

water ever recorded at Fort Towsou occurred on January 27, 1843.

At Alexandi'ia, the greatest flood on record was highest on August 15, 184*J, the river

then l)eing 47 feet above its very lowest stage (attained in the summer of 185G, the

autuum of 1855, and the autumn of 1851). The second greatest flood was highest on

March 18, 1851, and was 1.1 feet below the high water of 1849. On April 22, 1858,

the Avater was only 3 feet below the flood of 1849, and was about equal to the highest

stand of the river in 1828 and in 1844. At the mouth of Black river, witlnn the

influence of the IMississippi, the highest flood on record is that of 1828, which was 5

feet above that of 1850, and 8 feet above that of 1844, these being the only floods

since 1828 which have risen above the high natural banks at that locality.

With reference to the orighi of the peculiar red color which gives the name to this

river, no verj- definite information has been obtained, l)ut the color is

probably derived from the red clay of the gypseous formation in which coTorontswater^

tlie ujiper course of the river lies. Captain Marcy states that the North

fork, at the mouth of Otter creek, among the Witchita mountains, "is only 120 yards

wide; the lianks of red clay are from 3 to 8 feet high, the water extending entirely

across the bed, and at tins time (a high stage) abotit 6 feet deep in the channel, with

a rapid current of 4 miles per hour, highly charged with a dull-red sedimentary matter,

and slightly In-ackish to the taste." He states that tliis red clay is found in the bluffs

of the Llano Estacado, and it is therefore proliable that the river has its characteristic

color throughout its whole extent.

Trihiifarics.—The only tributary of Red river which requires particular notice Is

Black rWer. The stream known by this name is formed by the junction
-' J )

Black river.

of Washita (the Indian name for Black) river, Little river, and bayou

Tensas, and is only 54 miles in length. It Is a deep, navigable river throughout, with

an extreme range of about 50 feet (high water of 1828 to low water of 1839 and 1850).

I'^rom a point about 20 miles above its mouth, it is leveed continuously to the junction

of the three I'ivers. It has an average Avidth of about 800 feet, and an average area of

cross-section of about 30,000 square feet.

Of Its three branches. Little river is a mere drain from Catahoula lake, and

requires no especial notice.

Of Washita river. Darby states it "draws Its source from the mountainous prairies

between Red and Arkansas rivers, about 95° 30' W. long., and 34° N.
1 -n 1-1 1 • 1 1 • 1 • T Washita river.

lat. i< rom tins elevated steep arise many otiier streams, which, wimling

over this broken region, at length unite above the Hot springs, and form the Ouachltta

[Washita].

"The mountains out of win'cli the (^unchlttn flows are composed of secondary

4 II
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materials, marine cxuviiv are everywliere found mixed with tlie scliistiis, argillaceous

earth, and other matters that compose the face and interior of those rug-nred movmtams.

The whole face of the country indicates marine submersion at some remote period.

"The Fonrche an Cado, Little Jlissouri and Saline hranches of Ouachitta, rise in

the same ridge with the principal stream.

"The lands around the head of Ouachitta partake of the sterility of the great

salt plains of Texas, which indeed they veiy much resemble. Southeast of the

Maserne mountains, on the waters of Little Slissouri, the soil becomes of better

quality, and some tracts are extremely fertile. Indications of metals liecome more

rare, timber is abundant, and the prairies Imperceptibly disappear. Pine and that

si)ecies of oak known l)y the appellation of upland black oak are frequently met with

in large l)odies. Ash, linden, dogwood, and other timljer, the usual growth on good

second-rate land, is likewise plentiful. The soil is adapted to the culture of small

g-rain, to legumes, the potato, and almost ever}- plant and herb suitable to the

climate." ********
"Few rivers differ more in the quantity of water at diiferent seasons than the

Ouachitta. Flowing from a hillv or momitainous tract, more constancy niiglil be

exjiected in the column of water; Init thdugh the places drained liy llie Little Missouri

and Fonrche an Cado are not deficient in springs, yet the extensive region t()\'\ard tlie

sources of Ouachitta has little water except what is supplied by rains in winter and

spring-. When the parching' heat of snnnner has dried tlie cnuntrv above the nunitli

of the Little IVIissouri, the Ouachitta l)ecmnes very Imv as far south as the he;id ul'

Black river."

* * * "About 3.'>^ 10' of north latitude, tlie Saline, a small river from

the angle between Ouachitta and Arkansas, falls into the former river. .Tlie Saline

rises 12 miles east of the Hot spring-s, and pursuing a course nearly parallel to ( )na-

chitta ri\-er, a1)()ut 120 miles of comparative length, is navigable 70 or SO miles from

its month with boats of consideralde size in time of high water." * * *

"Tlie rlxcr IWthelemy falls into Ouachitta three miles below the Oerliane, but

Ironi the contrary side. The liarthelenn- rises near tlie Arkansas, and has a course of

upwards of TOO miles of comparative h'ngtli. 'i'lie l)anks are high and not subject to

iunndatioii, and are coiiiposc'd of second-rate land; soiiii^ of the bottoms, however, arc*

e([ual to am lauds oii b'ed ri\-er."

The thii'd liranch of lilack ri\'er, baxon Tensas, is tlie cliiel' drain of a large region

bordering u|ion tlu; Mississippi and siiliject t<i aiuiual inundation by that
Bayou Tensas . mi i i ^ • i- i- ^i • • ,1 ,1

branch. river. i Jic general cliaracten.stics ot this region are tlie same as tiiose

of the Yazoo and St. Francis bottom lands, Avhich will soon rec^'civ

detailed notice. 'I''he l)ouiidarIes of this region are laid (Io^\ n on platen 11, and the

general conligui'atioii of the couiitr\' is well sliown li\' plate W. The bayou Tensas
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lioads in lake Providence, and after being- joined by a parallel stream, bayou Matron,

which heads above Gaines' landing-, and by many other swamp-land drains, becomes a

river some GOO feet in -i^idth and 1(),000 square feet in cross-section in the liigh-Avater

season of the year. The gradual extension of the levee system upon the banks of the

Mississippi has deprived this net-work of bayous of their chief supply of water, and
they now never rise to the level of their banks except upon the occurrence of many
large crevasses in the Mississippi levees. Formerly, the whole region was deeply

inundated in floods. In 1828, Avlien the greatest inundation of wdiicli there is even a

traditi<Mi occurred, the average de|)th of the water across the swamp on the Louisiana

boundary line was 7.1 feet; and between Vidalia and Harrisonburg, 7.7 feet. The

mean de[)th throughout the whole swamp was probably as much as 7 feet. This inun-

dation, however, was fully 3 feet deeper than any other of which Ave have records.

A party of this Survey, in charge of Mr. 11. A. Pattison, C. E., made a level and

transit survey of the route from Vidalia to Harrisonburg in January, 1859. The

foUoAA'ing facts are taken from Jlr. Pattison's report. To be fully luulerstood, they

require a reference to the description of tlie Yazoo swamp contained in a subsequent

part t>f this chapter.

The soil is altogether similar to that between the Mississippi and Sunflower rivers

in the Yazoo liottom. On the eastern bank of bayou Tensas, there are some light and

sandy ridges ; but to the westward, as far as the high bluffs near Harrisonburg, the

soil is of tough, sticky clay, more or less impregnated with lime. Many wells have

been dug near the line of survey, generally to a depth of 1 8 or 20 feet, jienetrating

strata of clay, sand, and gravel. Blue clay is frequently but not ah\'a}'s found. Water

reached in its immediate vicinity is invariably unhealthy. Water circulates through

the sand strata, causing the wells near the banks of the Mississippi and l)ayou Tensas

to oscillate with those streams.

The growth upon the roiite examined by Mr. Pattison was similar to that found

near his line across the Yazoo bottom, but between the Mississippi and bayou Tensas

was apparently older. West of the bayou, it AA-as much younger. East of the Tensas,

nianv large cypresses of immense age, probably the remains of cypress brakes, are

found mingled with the other timber. The growth consists maiidy of white, cow,

Spanish, willow, black, and red oaks, sweet and black gum, holly, privet or elbow tree,

sAvamp dogwood, red and black liaAV, elm, sassafras, papaAV, pecan, hickorj', very little

Avahuit, AvilloAv, Cottonwood, but only on the borders of large streams, hackberryj

white ash, and tupelo gum. In Ioav, flat, and SAvampy ground, spicewood, palmetto or

palm, gra])e and muscadine vines grow to great size. Most of the underbrush peculiar

to a rich soil is found in great profusion throughout the swamp.

The folloAving data have been collected respecting the slope of slope of Black
river and its

Black river and of its principal triliutaries :

—

tributaries.
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Hi(/h-water Slope of Washita and Black Bivcrs.

Distance from

mouth of Black
Elcvatiou above

gnlf.
Fall per mile.

Extreme eonrco of Washita river

Arkadt'lphia

Near Caniden

Slouth of bayou Bartholomew

Monroe

Harrisonburg (high water 1823)

Mouth Black river (high water 1S28).

Feet.

2,000 (!)

Feet.

0.00

9. so

1.30

0.37

0. a>

O.iiO

Lieutenant Whipple.

St, Loni.s and Fulton EK.

Gaiues' landing & Fullou RR.

Providence and Fulton Elt.

Vicksburg i Shreveimrt RR.

Delta Survey.

Delta Survev.

The elevation in the tiood of 1828 of the water surface of bayou Tensas at the

crossing of the Vithiha and Harrisonburg road was QiS feet above the guU": iliat ot' Inlu-

I'lovidence, its source, being about 122 feet above the same level. The natural Kank

t>f bavoti Tensas was covered about 5 feet deep in that great flood.

The high-water elevations above the gulf of bayou Bartholomew and Saliiu' liwr

where cross(_Ml 1)\- the Gaines' landing and Fulton railroad, arc l-l-l and 121 feet

respectively, the ranges between low and high water being 19 and 2.j feet respectively.

r.ASiN or Tui: auk.\ns.\s .\xi) white i;ivers.

The western l)(.irder oi this region lies among tlie .•summits of the Iiocky mount-

ains. The middle portion comprises the great sterile jilain which

General char-
^,^^.^,f^,lg between the mountains and the 'J 7th meridian of longitude.

acter. l -

Tlu! eastern part contains the rich alluvion of the Mississi})i)i valley.

Its total area is 1S'J,OUO scpiare miles. Although great diversity of climate and pro-

duction is found in this region, less than half its area is capable of supporting a

civilized poinilation, the greater part being adapted only to the wants of a nomadic race.

Arkansaa rirer.—The extreme sources of this river were first explored liy Lieutenant

Pike, U. S. A., in 180G. They lie among the mountains westward of
Extremesourco.^^^^

Soutli Park, in lat. 39° 00' and long. 10G° 00', at an elevation of

aliout lOJHtO feet above the level of the sea. The stream is at iir.st a mountain

torrent, losing about half of its elevation above the sea in the tirst 150 miles. The

following description of the point where it issues from the mountains is taken from the

re))ort of Major Long, who visited this region in 1^20:

—

'' The river pours with great impetuosity and violence through a deep and narrow

fissure in the gneiss rock, which rises so abriii)tly on both siiles to such
Point where i . i . i i i

• ii x' i

it leaves the a lieiglit as to opposc ail impa.ssaule harrier to all turther ja-ogress.
monntaius.

i i i t i • i
•

i

.Vccordiiig to the delineation ot likes route, upon the map wliicli

accompanies his work, he must liave entered the mountains at this place; but no cor-

roboration can be derived t'rom his journal. It appears almost iucivdilile that lie slumld

have passed by this route and have neglected to mention the extreme diHiculty which
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iiiust liave attended the undertaking." P\)r the next iJO miles the Arkansas " lias an

average hreadth of about GO yards, it is from 3 to 5 feet deep, and the eurreut rapid.

At the mountains the water was transparent and pure, Init soon after entering the plains

it becomes turbid and brackish."

After leaving the mountains, the stream traverses a sterile, hilly region, sustaining-

considerable tindjer. The hills gradually diminish in size until they

subside into the })lain to the westward of Bent's Fort, near the meridian BigbeiKi.
^" '

^

i>f 104^. Between that point and the great bend of the Arkansas, the

countrv is sulliciently descril)ed in the following extracts from Major Emory's report

upon lieneral Kearny's route in 1<S4'). Speaking of the river, he says: "Its bed is

of sand, sometimes of rounded [)ebbles of the primitive rock. It is seldom more than

!.")() vards wide, and, l)ut for the quicksands, is everywhere fordable. The bottom land,

a few feet above the level of the water, varies in width from half a mile to two miles,

and is generally covered with good, nutritious grass. Beyond this, the ground rises by

gentle slopes into a wilderness of sand hills on the south, and into prairie on the north.*******
"The soil of the jilains is a granitic sand, intermixed with the exuvite of animals

and vegetable matter, supporting a scanty vegetation. The eye wanders in vain o\er

these immense wastes in search of trees. Not one is to be seen. * * *

"The naiTow strip Avhich I have described as the bottom land of the Arkansas

varying from half a mile to two or three miles wide, contains a luxuriant grow'th of

grasses, which, by the judicious selection and distribution of the camps, sustained all

the animals of the Army of the AVest while on the river. Tlie onl}- tree of any mag-

nitude found on its course is the cottouwood (Populus Canadensis), and it frequently

hajipens that not one of these is seen in a whole day's journey, and the buffalo dung

and w^ild sage constitute the only fuel to be procm-ed. About 35 miles before reaching

[east of] Bent's Fort is found what is called the ' big timber.' Here the valley of the

river widens, and the banks on either side fall toward it in gentle slopes. I'he ' big

tiud)er' is a thinly-scattered growth of large cottonwoods, not more than three-(]uai'ters

of a mile wide, and three or four miles long."

The following facts respecting the Arkansas between the Big bend and Fort

Smith are taken from the report of Captain Bell, who led a detachment

of Major Long's party down the left bank of the Arkansas in 1 820. Smith and the

The first timber was found in the valley of the Little Arkansas. It

consisted partly of honey-locust and bnttonwood, but chiefly of Cottonwood, elm, and

ash. A few miles farther on, the Iduffs, hitherto remote from the bed of the river,

approached so closely as to render it necessary to travel upon them. The plain became

more densely covered with grass. Ravines were more alnindant, and, together with the

bardcs of the river itself, became well wooded. The water of the Arkansas, hitherto

fresh, began to be slightly brackish from the contributions of saline creeks upon the
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rij^-ht bank. Uelnw \vliat is now called Suifitle ciVL'k, " the river bottom beeoniing very

narrow obli^rd us tu ascend upon the high gmunds, whieli we found to be little less

than niunntainnus, often rocky and steep, and, as usual, intersected by profound ravines."

* * * "We were now traversing a high ridge of country, which at many

points may l)e safely estimated at 500 feet al)0ve the surface of the river, and wooded

to a great distance from the stream.'' *********
"In the course of a few miles we arriveil at the edge of this forest, which here

crowned a nnicli elevated region. It was in fact higher, in proportion to the surtace,

before us, than any other portion of the cmintrv we had seen an this side of the mount-

ains. The eye from this height roved over a vast distance of })rairie and comparatively

low country." Below the Cimarron, "we were all inimediatelv struck with the change

in the appearance of the water of the river. No longer of tliat pale cla\- color to wliich

we have been accustomed, it has now assumed a reddish hue liardly unlike that of the

blood of the human arteries, and is still perfectlv opaque from the quantity of an earthy

substance of this tint, wliich it Jiolds in suspension; its banks and bars are, from

deposition, of the same color." A few miles farther on, he states: "The prairie is now

very fertile, interspersed with pleasing groves of oak, and swelling on either hand and

Jn the distance into reniarkal)le i)yraniids and conical hills, of which the sunnnits are

rockv. The spice-wood (Laurus benzoin) and the pecan (Carya oliv;eformis) first

occun-ed to-day." This character of country extends to Fort Gibson, which is situated

at the head of navigation. The remaining G42 miles of the river traverses a fertile

and settled region, of which nothing need be Said here, e.xcept that it has been found

necessary to levee both banks below Pine bluffs, in oi-der to restrain the floods.

With reference to tlie river itself. Captain liell states: "The Arkansa, lielow tlie

Great Ijend, becomes more serpentine than it is above, and very nuich obstructed by

sandl)ars and islands, either naked or clothed with a recent vegetation ; they are but

little elevated above the water, and are covered to some depth during the prevalence

of floods in the river. At Belle point (near Fort Smith) and some distance above, these

islands almost wholly disappear, btit the sandy shores still continue, and are, as above,

alternately situated on either side of the river, as the stream approaches or recedes from

the opi)Osite river l>ottoms. The color of the water was now olive green. All the red

coloi'ing matter, witli which It is sometimes imbued, is contributcil l)y streams entering

on the southern side. Tlie current of tlie Arkansa is much less rapid than that of the

Platte, but the character of tliese two rivers, in a great degree, corresponds in their

^\ideU' spreading waters of but little depth, riuniing over a bed of yielding sand."

, ,, T\w foUowinix table, exhibitin"' the slop(» of the Arkan.sas, has been
Slope of the o ' .'^

I '

Aikansas. conq)iled from the best available data. Althongh mainly derived from

barometric 1e\-elling, it is suiliciently accurate for tlie object of its compilation.
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High-water slope of Arkansas River.
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Arkansas have boon navigated Mitli small steamers as far up as the wants of the

military service have required. Steamers of 8 feet drauj^lit have- reached Fort Smith,

lint their return durina' the same rise is not certain. The river is generally very Ion-

after the Novendjer rise. During- the Ufsvest stage it is diflicult for Ijoats of the lightest

draught to reach Fort Smith.

The greatest flood of the Arkansas on record occurred in ls;l3. iVuthnrities diifer

as to its relative height at Little Rock, but the evidence tends to the

ASausa.-5°^
^^^ conclusion that it exceeded any subsequent flood by at least 2 feet. It

was folli>A\'ed b\- nine vears of low water. The next flood occurred in

184u, when, on January 24, the water stood 26 feet above low-water mark at Fort

Smith. The folloAving year the river rose still hig-her, being at Fort Smith 27.5 feet

above low-water mark on ^I-av 2."), and at Little Ivock 2 feet below the high water of

18o3. The next flood occurred in 1848, when on May 28 the river stood 20 feet above

low-water mark at Fort Smith. The same stand was reached on June 7, 1853, and

a point 2 feet higher on June 13, 1854. Freshets, whose heights were not recorded,

occurred in 1851 and 1857. The next flood occurred in 1858. It was highest at

Little Ivock on jMarch 22, being then 5 feet below high water of 1833. Xo flood in

tlio river has dccurred since that date up to tlie present time (18GL). It sliould lie

add.'d tlial back-water from the Mississippi and the constiuetion of levees both hn\e

so nnich affeeted tlie relative heights of diflerent floods at points lielow Little lou-k.

that thev are not criterions by which to judge of the real floods of the Arkan.sas.

Trihulancft—This gn-at river has onlv two tributaries which
Tributaries.

require notice— the Canadian and tlie ^^']lite.

The former rises in the liaton pass, between Dent's Fort and Santa Fe, at an

elevation of abotit (lUOD feet above the level of the sea, and after
Canadian river.

traversing, in a cotirse of about KlOO miles, the same liarren region

through which the Arkansas flows, discharges into tlie latti^r about midway between

Fort Smith and P^ort Gibson. The following extracts from tlie re})ort of ^Major Long,

who lirst explored this stream (1820), sufficiently describes its character:

—

"This rl\-er has a broad valley, bounded b3'ljlufl's from 200 to 500 feet high, faced

with rocky ])recipices near its source, and presenting abrupt declivities, intersected by

numerous ravines lower down. It has a spacious bed, depressed but a '(>.-\\ feet l)elow

the bottoms, and exhibiting one continued stratum of sand through the greater part of

its length. It is tlu^ channel through which the water of a vast extent of country is

carried ofi'; yet, during most of the snnnner season, it is entirelv destitute of running-

water throughout a large proportion of its extent—a circumstance in proof of tlie

ariility of the region drained by it. Fiftv miles above its mouth it re<-eives at least

Iwo-thirds of its water from its principal trllmtarv, denominated the Xortli fork. 'Hiis

fork rises between the Arkansa and Canadian, and has a meanderini;- course of aliout
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700 miles. Six miles above the fork just mentioned, anotliei' tributary enters the

Canadian, called the South fork, about half as large as the other. Notwithstanding

the supplies afforded by these t\yo tributaries, the Canadian has not a siifficiency of

water in summer to render it navigable even to their mouths." * * * « rpj^^

bottoms of the Canadian, in the neighborhood of its mouth, are possessed of a soil

exceedingly prolific ; but, like those of the other rivers of this region, the more remote

their situation from the mouth of the river, the more sandy and sterile is their

appearance. Its valley is plentifully supplied with timber of au excellent quality for

a distance of about 200 miles on the lower part of the river ; and the high lands, for

nearly the same distance, are agreeably diversified with prau-ies and woodlands." * * *

"Proceeding westward, a very gradual change is observable in the apparent fertility of

the soil—the smface becoming more sandy and sterile, and the vegetation less vigorous

and luxuriant. The bottoms appear to be composed in many places almost exclusively

of loose sand." West of long. 96°, the waters "appear to hold in solution a gi-eater or

less proportion of common salt and sulphate of magnesia, which, in many instances,

render them too brackish or bitter for use. Saline and nitrous efflorescences frequently

occur upon the sm-face in various parts of the country, and incrustations of salt, of

considerable thickness, are to be found in some few places south of the Ai-kansa river.

As to the existence of rock salt in a mineral state, some doubts are to be entertained,

if the decision is to rest upon the character of the specimens exhibited as proofs of the

fact. The several examples of this formation that we have witnessed are evidently

crystalline salt, deposited by a regular process of evaporation and crystallization, and

formed into concrete masses or crests upon the surface of the ground."

The second tributary of the Arkansas, White river, is of an entirely diff"erent

character.* It di-ains the fertile region between the St. Francis bottom
. _^ WTiite river.

and the Ozark divide, which, after leaving the Mississippi near Cape

Girardeau, crosses the Arkansas above Fort Gibson, as ah-eady described. For about

80 miles above the mouth the country is low and swampy, being liable to inundation

from the floods of the river. Above that point the stream traverses a rolling prairie,

gradually becoming hilly, and even mountainous near the sources.

For some 350 miles, up to the mouth of Black river (its principal tributary),

White river is a deep, narrow, and sluggish stream, flowing, with a very crooked

course, between banks composed of a clayey soil of sufficient consistence to prevent

caving. The water is of a wliite color—very different from the red tint of the Arkansas

near its mouth.

* It is perhaps improper to class this river as a tributary of the Arkansas, since it has an independent channel to

the Mississippi. The two streams, however, are connected by a large bayou 6 miles above the mouth of White river,

through which tlie current moves sometimes in one direction and sometimes in the other, according to the relative

stand of the rivers. In low stages, the greater part of the Arkans.as water Hows through this bayou, and it may there-

fore be considered in some sort as a double-mouthed stream, to which White river is a tributary. For convenience of

description, this supposition has been adopted.

5 n



34 EEPORT ON THE MISSISSIPPI EIVER.

The freshets of Wliite river are irregular, occurring' as early as January and as

late as June, but generally in ]\Iarcli or April. The extreme range is about 35 feet at

the mouth of Black river, and 45 feet near its own mouth.

The flood surface of the nver is, at the mouth, 168 feet, and at the mouth of

Black river, 223 feet, above the level of the gulf These points are about 350 miles

ajiart, giving for the slope of the river between them, 0.16 of a foot per mile. The

sources of tlie stream are probably at about the same height as those of the St. Francis

river, or 1200 feet above the gulf

ST. FRA.NCIS BASIN.

_^ „ . ^ The St. Francis basin consists of the St. Francis bottom and its
St. Francis ba-

""•
water-shed.

By the former (see plate II) is understood the belt of swamp lands and low

T* T, *.. ridffes lying- between the Mississii)pi river and the line of high hills
Its bottom o JO 11 o

lands. which extends almost continuously from Cape Girardeau to Helena.

Some small portions of this area do not drain into the St. Francis river, but, being

similar in character, the entire region is properly designated by a general name.

A portion of the southern slope of the Ozark mountains constitutes
Its water-shed. , i.,. , Tir-,i-

the chiet water-shed oi tins region.

As the St. Francis bottom lands are the most northern of those regions which

have been generally considered " vast reservoirs for the flood waters of

Sources of in- j-],q Mississiijpi," OTeat efforts have been made to collect all possible
formation in ref- 1 1 ' o I

regions
^° ^^^^^ information about their real character. Extended personal incpiiries

and measurements have been made in many diiferent localities. The

surveys of the military road from ^Memphis to the St. Francis river, made by Dr.

AVilliaiii Howard, U. S. civil engineer, in 1833; those of the Memphis and Little

Rock railroad company, made in 1854; those of the Fulton and Little Eock railroad

company, made in 1855 (?); and those of the route from St. Louis to Fulton, made. in

1850, under the direction of tlie Bureau of Topographical Engineers, War Depaiiment,

by Joshua Barney, C. E., have all been carefully studied. Much assistance has also

been derived from the admii-able cliapter upon the swamp lands of southeastern

Missouri, contained in the report of Messrs. O'Sullivan and Morley, engineers of the

St. Louis and Iron Mountain railroad company, and published with tlie second annual

report of the board of directors of that road (St. Louis, 1854). Together with its

accompanying maps, this work furni.shes nearly all the general information wliicli

could be desired about the Missouri portion of these bottom lands.

Boionhrics and area.—The St. Francis bottom is bounded as follows : Starting at

Cape Girardeau, on the Mississippi river, the line runs a little south of
Boundaries cf

the bottom west to the iiortliwest corner of T. 29, R. 11, east; thence southwest to

the St. Francis river, near the northeast corner of T. 26, R. 7, east;
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tlience soutli along- the St. Francis river* to the southeast corner of T. 22, R. 8, east

;

thence southwest to the northeast corner of T. 14, R. 4, east; thence nearly south to

the middle of T. 3, R. 3, east ; thence to Helena, and thence, following the Mississippi

river, to Cape Girardeau. Within these limits there are many isolated ridges entirely

above overflow.

The limits of the water-shed of the St. Francis basin can be readily and exactly

traced upon Hutawa's sectional map of Missouri, by following the

dI\^de wliich separates small streams running to and from the bottom shed,

lands. The Ozark slope constitutes fully two-thirds of the entire region.

The following table has been carefully computed in accordance baaiu^,^
°^ ^^^

with the above boundary, and is behoved to be quite accurate:

—

Stiuare miles.

Water-shed of St. Francis bottom lands 3, 600

Kidges known to be above overflow in St. Francis bottom lauds GOO

Lands liable to be submerged in " " " 6,300

Total area of St. Francis basin..... 10,500

Topoijraphj.—The northern water-shed is a broken, hilly country, sloping very

abruptly to the bottom lands. Its mean descent southward is about
. PIC M General topo-

1200 feet m 70 miles, or at a mean rate oi about 17 feet per mile. graphical fea-
tures.

The swamp region is, in general character, a great plain sloping

from north to south at a mean rate of about 0.7 of a foot per mile, judging by the fall

of the Mississippi between Cape Gru-ardeau and Helena; and from east to west at a

mean rate of about 0.5 of a foot per mile, judging by the levels of the Memphis and

Little Rock railroad, wliich crossed the bottom near the middle line (plate IV). This

country is separated from the rolling prairies west of it, which drain into "White river,

bv a single naiTOw ridge averaarino- 300 feet in height.

The above is a fair general indication of the topography of the St. Francis basin,

but fiu-ther details are necessary to convey a really correct idea of the region.

The portion of the southern sloj)e of the Ozark mountains which constitutes the

northern water-shed is drained by tkree rivers: the St. Francis, the
The hill country

Castor, and the White (of Missomi). These streams have a fall of and its system
of drainage.

several feet per mile from their sources to the line of bottom lands;

but, after passing it, their slope is greatly reduced, and general overflows of their banks

dm-ing floods ai-e the natural consequence. These overflows do not at once find free

admittance to the great belt of swamp lands. The high range of hills pierced by the

Mississippi at Commerce, after extending in a southwest direction for some 15 miles, is

then broken by a gap some 10 or 12 miles in width at its naiTOwest place. Tkrough

this gap the waters of the White and Castor rivers, increased in great floods by much

the greater part of the water which escapes from the Mississippi between Cape
* The St. Francis river, when in flood, loses some of its water in this vicinity by bayous connecting -ffitU Black

river, a tributary of White river of Arkansas.
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Girardeau and Commerce, enter the sunken lands west of New Madi-id. After

spreading out into a cliain of lakes, they eventually di-ain by many bayous to the

St. Francis river, debouching mainly between Randolph and Memphis.

The continuation of Commerce bluffs west of the gap just mentioned is kno-\\'n by

the name of Bloonifiekl ridge. It inunediately forks. One branch extends westwardly

to within 2.3 miles of the Ozark slope, where it terminates, leaving a naiTOw passage

toward the west for the St. Francis; the other extends southwardly to Chalk bluffs,

^\•here this stream, after traversing a part of the bottom lands of Black river, turns

again toward the east, and pierces the line of hills. Below Chalk bluffs the lidge

extends southward to Helena, under the name of Crowley's ridge. This singular range

of liills varies in height from 200 to 400 feet, with an average base not exceeding 6 or

8 miles. It is composed mainly of clay and gravel often impregnated with saline

matter. Its eastern base is washed by the St. Francis river. West of it lie the prairie

lands of White river (of Arkansas). It is unbroken below Chalk bluffs, except by

I'Anguille river, a small branch of the St. Francis.

It would be a great mistake to suppose that, even after passing Crowley's ridge and

its prolono-ations—Bloomfield rid<j:e and Commerce bluffs—the tlu-ee
Thegreat^°

swamp region xivjland rivers enter a sing-le vast swamp. There are manv ridges

—

and its subdivi- ^ o a. .. o
^^°"^' Some wholly, and others mainly above overflow—which traverse it from

north to south throughout its whole extent. One of these ridges separates for a time

the St. Francis and Little rivers. Another, fully 20 feet above the highest overflow,

extends, under the name of Big prairie, from New Madrid and Point Pleasant to Com-

merce bluffs, thus cutting oft' from the sunken lands west of New Madi-id, and hence

from the St. Francis river, all overflow from the Mississippi between Commerce and

New Madrid, except what passes by one insignificant slough. The region east of Big

prairie is in its turn traversed by a north and south ridge, called Matthews' prairie,

^\ hich is nearly or quite above overflow. Doubtless further surveys would indicate

otlier ridges. They are reported to exist in every part of tlie swamp. In the foregoing

table, only those hwwn to be entirely above oveiflow are included.

These north and south ridges, together with the southwest course of the Mississip})i,

cause several bayous to discharge their drainage, when the swamps are full during

floods, directly into that river instead of the St. Francis. Among such bayous

maybe named James bayou, near Island 8; bayoii St. John, at New Madi'id; Walker's

bayou, near Island 15; Mill bayou, opposite Island 30; Wappenoky bayou, near Island

40; and a bavou near the head of Island 46. Some artificial system of di-ainage for

the local basins of these bayous will have to be devised before the continuous chain of

levees upon tlie bank of the Mississippi, so necessary to reclaim the swamp lands, is

possible. In 1858 many levees, especially in the vicinity of the mouths of these

bayous, were washed away by crevasse-water pouring back from the swamp into the
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Mississippi. It would seem that tliere must always be a risk of such accidents between

Commerce and New Madrid. For the lower part of the bottom, less danger exists,

since the drainage to the St. Francis is much less interrupted.

Geolojjy of the hotfom lands.—The surface soil of the St. Francis bottom is a rich

loam of exceeding fertility. It varies in different localities, being some-

times a heavy, black mold, and sometimes a Hght and sandy material.

Gravel and small pebbles are occasionally found on the ridges, which are common

throughout the whole region.

The following facts relative to the strata pierced in digging wells have been collected

from authentic sources. Opposite Cairo, on the Mississippi bank, is a well

47 feet deep. The strata pierced are alternately clay and sand. The

bottom of the well is sand. The wells in this part of the bottom are generally dug to sand

before water is obtained. This is also the case near the latitude of Mem^jhis, where the

sand is reached after piercing clay strata some 15 or 20 feet in thickness. The depth of

water in these wells varies with the stage of the Mississippi, even when several miles from

its banks. Near Osceola, a well on the bank of the Mississippi was dug through sandy

clay, some 23 feet, to black sand. This well oscillates with the Mississippi, but is never

dry, even at low water, its supply then di-aining from the swamp. In the bottom, 18

miles farther west, the wells are some 15 to 20 feet deep, dug through clay to a

beautiful white sand which su]5plies excellent water. On Frenchman's bayou, about

12 miles west of Randolph, a well was dug through more than 20 feet of hard, blue

clay, before sand and water were reached. This well is on the prolongation of the

ridge which separates the St. Francis and Little rivers. The land is entirely above

ovei-flow, and is probably not alluvial.

A sycamore log, buried 30 feet deep, was found about 4 miles from the Mississippi,

in the bottom lands opposite Memphis, where the tree is now never found growing. A
cypress log was found imbedded in sand, 30 feet below the smface, near Cairo.

It is difficult to decide upon the geological character of the St. Francis bottom.

It is well known that great changes occurred in the level of the

northern part of the country during the earthcpiake in 1811, and that gion"no° MUs^t-

even now slight shocks are not unfrequently felt in the vicinity of
^'^^' "^°"'

New Madrid, indicating a probability of further changes. The bank, on which the

town is built, unquestionably belongs to the same formation as the river bluffs, for it

forms part of a ridge entirely above overflow, which extends southward from Com-
merce bluffs, and is pierced by the Mississippi at New Madiid. Its composition is

quite different from the recent deposits of the Mississippi. Sir Charles Lyell, not

being familiar with the country, conceived this to be the present Mississippi alluvion.

Under this impression he states, in his "Second Visit to the United States" (page

174): "I examined the perpendicular face of the bank with some interest, as exempli-
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fying- the kind of deposits which the Mississippi tlirows down near its margin. They

differ in no way from acoumuUitions of sand and loam of high antiquity, Avith which

tlie geologist is famihar; some beds are made np of horizontal layers; in otliers they

are slanting, or in what is called cross-sti-atification. Some are white, others yellow,

and here and there a seam of black carbonaceous matter, derived apparently from the

destruction of older sti'ata, is conspicuous."

A stronger confirmation of its ancient character could hardly be desired. The

bank examined by him, although much lowered by the great earthquake, still remains

entirely above ovei-flow. A short distance to the west, however, the whole country

for miles sank so as to be now submerged from 15 to 20 feet in floods.

It is apparent that it is impossible, where such changes are occurring, to decide

with any exactness as to the real average depth of the Mississippi alluvion in this

bottom. The facts above stated in relation to the wells, however, warrant the

conclusion that the surface soil is underlain by a stratum of clay, a few feet in

.thickness, resting upon a stratum of sand, thi'ough wliich water passes fi-eely back and

forth, as the liver changes its level. The shallow lakes of this coimtry may be di-ained

by boring through the clay to this stratum. It will be hereafter seen that there ai-e

good reasons for belieA-ing that this sand, in its turn, is underlain by a stratum of

hard, di'ab-colored or blue clay, belonging to a geological formation long antecedent

to the present. Indeed, it may be safely aflii-med that the Mississippi alluvion has no

great depth in these bottom lands, and that there are many ridges upon wliich it has

no existence. Pebbles, characteristic of the river bluffs, are found on these ridges,

and the tAvo formations are doubtless identical in geological character.

Groicth on the hottom lands.—On the high land, rarely, if ever, ovei-flowed, the

growth consists of sweet and black gum, walnut, hickor}', box-elder,

on high" laud hackbeiTy, ash, white oak, pecan, red elm, black and red haw, sassafi-as,
in swamp region.

i i • i

and a little beech, maple, and dogwood. Heavy cane grows on the high

banks of the rivers.

On the "middle" land, liable—before levees were built—to annual

laud
"^^^^^

" overflow, the growth consists of sweet and black gum, hickory, hack-

berry, several kinds of oak, red elm, black and red haw, and cane.

On tlie lowest swamp lands the growth consists of cyjjress, water-

oaks, swamp ash, elm, hickor}-, red elm, honey-tree, and Avillow.

Floods in the hottom lands.—Three* cross-sections of the St. Francis bottom have

been obtained (see plates II and IV). One, tlie profile of tlie Cairo

now'oTtheae°bot- and Fulton railroad, extending from Kodiiey's landing, near Cairo, to

om au s.

^^^^ g^ Francis river (59.2 miles), furnished b}^ Mr. J. S. Wilhams.

* Several sections of the swamp lauds were made bj' Messrs. O'Sullivan aud Morley. Their report to the Iron

Mountaiu railroad company, however, does not furnish the means of estimating with any exactness the mean depth of

overflow on these lines.
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The second, the profile of the mihtaiy road between Memphis and Little Rock,

made by Dr. "William Howard, in 1833, under instructions from the U. S. Engineer

Department. The third, the profile of the Mempliis and Little Rock railroad, furnished

by Mr. ]\I. Lynch. These profiles are all somewhat indefinite in respect to the depth

of overflow, since that was not the especial object of the engineers, and the dates of

high water are not well determined. Still, they furnish the means of forming an

approximate estimate of it. Including lands never submerged, crossed by the roads,

the mean depth of overflow is 1.3, 1.6, and 5.2 feet, respectively. Exclusive of land

above high-water mark, viz., 32.7 miles for the first, 17 miles for the second, and 3

miles for the third, the mean depths of overflow are, respectively, 2.9, 3 0, and 5.9 feet,

the maximum being 10.0, 5.0, and 15.5 feet.

From these figures, it would seem that 3 feet may be considered the mean depth

of overflow in great flood years tlu-oughout the entire submerged lands, exclusive of

the ridges. This accords with the estimates of many geutlemen well acquainted with

these lands, and is believed to be nearly correct.

It should be remarked that much of this water is due to rain, the fall of which is

always excessive upon the bottom lands in g-reat flood years. This was

especially the case in 1828, 1850, and 1858. In 1858 the swamps were

so full of rain-water before the April rise—the first which entered them to any consid-

erable extent—that the St. Francis river w^as not backed up even for a day after the

Januaiy rise. That its current should from the beginning resist such a Mississipj)i

rise as that which occurred in March, shows that a sensible portion of the water in

the swamps, when these great floods occur, is due to rain.

During ordinary years, the St. Francis bottom is now entirely jjrotected from the

Mississippi water by its levees, and is, consequently, only submerged in
Effect of exist-

its lowest parts by rain-water, and by the floods of the St. Francis, '°^ levees.

Castor, and White rivers.

St. Francis river.—The St. Francis river heads among the Ozark mountains just

west of Pilot Knob, at an elevation of 1150 feet above the gulf of Mex-

ico. It flow^s toward the southeast, recei\'ing many moimtain tributaries, cross-section °of
., . , I. . ^ . -,. f 1 nr •^ St. Francis river.

until, just beiore entering the swamp region, at a distance ot 105 nnies

from its source, by its longest fork, it has reduced its high-water elevation above the

gulf to 330 feet. Here its high-water cross-section is 9400 square feet. At Indian

ford, where it first leaves the hills on its right bank, its high-water cross-section has

been reduced to 5100 sqiiare feet by water lost into the Castor river swamps. About

17 miles farther on, or 11 miles above Chalk bluff's, its high-water cross-section is only

2330 square feet. This reduction is due to the loss of water into the swamps of Black

river, a tributary of White river of Arkansas. At its passage thi-ough the ridge at Chalk

bluff's, its high-water elevation above the gulf is 280 feet. It immediately divides into
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a maze of channels, or ratlier lakes, which extend nearly to the latitude of Eandolph.

Here, beginning to receive by many bayous the united -svaters of Castor and White

(of Missouri) rivers, it again becomes a river in the usual acceptation of the term. At

the crossing of the Memphis and Little Rrok railroad its high-water sui-fiice is 209 feet

above the gulf, its cross-section being 21,000 feet. About 1 mile above its mouth, near

Porter's Mill, its high-water cross-section is 37,000 square feet (see Appendix C), its

high-water elevation above the gulf being about 200 feet.

This river is navigable to Wittsbm-g, a distance of 80 miles, during about six

months of the year, for boats drawing 3 feet water. Its mean width between banks

in this distance is about 700 feet ; its range from low to high water, al)0ut 40 feet ; its

fall per mile, about 0.2 of a foot ; and its current usually sluggish.

The Mississippi levees, incomplete as they are, have still exerted a great iniluence

upon the regimen of the St. Francis.

Before these levees were made, numeroiis bayoiis, mIiosc beds v,ere from 5 to 15

feet below the surface of the natural bank, gave free admission to the

fore^ev^^^were Mississippi water long before the top of the flood. The swamps, thus

becoming gradually flooded, di-ained into the St. Francis river, or into

the bayous which serve as their outlets. At the top of the Mississippi flood, therefore,

these streams were also in full flood, retiuniing vast quantities of water. This fact has

been established by careful inquhies among those residing upon the spot, and personally

cognizant of what they state. There has been but one answer to such iuquiries-^that

there was alivmjs a very strong cmrent discharging into the Mississippi at the top of a

Mississijipi flood. This was es^iecially noticed at the mouth of the St. Francis, in the

floods of 1844, 1849, and 1850. In the latter particularly, the cun-ent was powertul;

but even with this great velocity, the water-way was not sufficient for the discharge.

The flood poured over the country between Stirling and Helena, and discharged itself

over the bank into the Mississippi. In 1858 this happened not only at the mouth, but

in many other places, as will be fully shown in a subsequent chapter. There is,

therefore, a manifest eiTor in the assumption, which has been often made, that these

great swamp regions served as non-returning " reservoirs " to diminish materially the

discharge of the Mississippi below them at the date of highest water.

At present, the regimen of the river is greatly changed. During rapid ri.ses of

the Mississippi, the St. Francis is generally backed up, sometimes even as

imen'"^^^^"*
"^^^

^'^^ ^^ Wittsburg. Not unfrequently, there is a rapid cmrent up stream

at such times. Tliis was the case in the January rise of 1858, when

drift-wood was carried several miles up the river. It does not always occur, however
;

for, if the swamp be full of rain-water, the discharge may be maintained Avitliout

receiving supplies from the Mississippi, even during quite raj^jid and high ri.ses of that

river This was the case in the IMarch rise of 1858.
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The floods of the St. Francis, independeutly of Mississippi water, are trifling,

never raising the river below Wittsburg to within several feet of high-water mark.

They depend entirely upon local rain, and have, therefore, but little regularity.

As nearly as can be ascertained, this river drains about 9700 square miles. The

mean annual downfall in this region (see Chapter II) is about 41 inches.

The ratio between downfall and drainage for this region (see Chapter IV) chargr"""

is shown by the operations of this Survey to be about 0.9, gi^^ng for the

annual discharge of the St. Francis river, 9700X5280^X3.4X0.9zz908,619,000,000

cubic feet, or about the twenty-first part of the mean annual discharge of the Mis-

sissippi itself

There are no levees upon the banks of the St. Francis, as they are

never flooded below Wittsburg, except when the Mississippi has access

to the swamp.

Mounds and Indian relics.—There are many Indian mounds in the St. Francis bot-

tom, some of which are reported to be very large. A collection of them
^ ./ o

r 1 • Indian mounds
belong-inor to Mr. Edmondson, situated about 15 miles from Memphis, belonging to Mr.

o o '
^^ Edmondson.

on the line of the Memphis and Little Rock raikoad, was examined

with a view to collecting facts which might determine the question of the depth of the

alluvion in this region. Their situation is peculiar. A small bayou flows near the

house and almost parallel to the railroad. The mounds are all upon its high noilhem

bank, which is very undulating in its character—so much so, indeed, that it is difficult

to determine how many of the swells are natural, and how many artificial. The soil

of tliis ridge is quite diff'erent from that of the swamp around. It has a reddish color,

and contains many small pebbles, some of which resemble those from the Memphis

blufi". That the ridge is natural, with many natural inequalities upon it, is beyond a

doubt. There are, however, three little swells, which seem to be artificial, from the

fact that there are pits at the bottom of each, from which earth may have been taken.

Mr. Edmondson's house is built on the largest of these three mounds, which is of a

uniform shape, ha\ang a circular base and a rounded top. Its height above the ridge

is about 15 feet, and its base is from 100 to 150 feet in diameter. The top is perhaps

50 feet in diameter and level. Its dimensions may have been materially altered by

Mr. Edmondson in building his house. The other two mounds are smaller and are

now under cultivation. Scattered over them are fragments of Indian pottery, red

brick, flint, and rounded stones. Many Indian curiosities are turned up in plowing.

These consist of jugs, often colored red or yellow, hatchets of flint or of hard slate,

human bones, etc. These remains are generally found within 18 inches of the sm-face.

A cistern 16 feet deep has been dug in the largest mound. The excavation was made

tlu-ough clay and sand in-egularly stratified. A large charcoal log was found some 6

feet below the top of the mound, but no Indian remains except near the surface. The

6h
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irregnlarit}' of the strata made tlie digging of the cistern quite difficuh. The raikoad

passes through a small mound at a short distance from Mr. Edmoudson's house. The

cut was 3 feet deep, and a jug and other curiosities were obtained.

Mr. H. H. Brackemndge, in a letter to Thomas Jeiferson, from Baton Rouge, July

25, 1813, on the Population and Tumuli of the Aborigines of America, states that

there are several mounds near Xew ]\Iadrid, the largest being 350 feet in diameter at

the base.

MISSOURI BASIX.

This is much the largest of any of the tiibutary basins of the Mississippi, and differs

from all the rest in containing a large area covered by lofty mountain

ac?e^r"^'^^'
*^^"'

cliaius. The river issues from the Rocky mountains in many branches,

wliich foi-m a series of large rivers that flow tlu'ough the great uncul-

tivable plains. Comparatively little rain falls upon the mountains and the plains, and

hence the size of the main river is disproportionately small, when the di-ainage area

alone is considered. Its annual discharge is only about three-quarters of that of the

Ohio, although its basin is nearly two and a half times as large. (See next chapter.)

After passing the 98th meridian the banks of the river become more and more fertile,

and the region tlu'ough which it passes gi-adually changes from an uncultivated waste

to a populous coimtry. The total ai-ea of the basin, including the mountains, the

plains, and the fei-tile region, is 518,000 square miles.

Missouri river.—Ascending the river, the Missouri is found to divide, at Fort Union,

into two main branches of about equal size, the Yellowstone and the

the°rver.^
°^ *'^^ Ujiper Missouri. About 265 miles above its mouth the foiiuer again

divides into two nearly equal branches, the Big Horn and the Upper

Yellowstone. The Upper Missouri remains a single stream to within about 100 miles

of its sources, where it divides into three forks, named Jefferson, Madison, and Gallatin.

It was first explored to the sources of Jefferson fork by Captains Lewis and Clarke,

U. S. A., in 180G. "VMien returning, Captain Clarke followed up Gallatin's fork a short

distance, crossed over to the Yellowstone near where it issues from Snow mountains,

and passed down the river in canoes to its mouth. The next expedition was con-

ducted in 1833 by Captain Bonneville, who then explored a portion of the Big-Horn

river. The maps of this i-egion made by tliese early explorers have been superseded

by more accurate surveys, conducted cliiefly upon the Upper-Missouri branch by

detaclmients of Governor Stevens' Pacific Railroad party in 1853; but so far as a

knowledge of the sources of the Missouri river are concerned, very little additional

information had been acquired 25re\-ious to the year 1859. At this date a party imder

Captain W. F. Raynolds, U. S. Topi. Engrs., was organized by the War Department, to

explore the region. This party accurately mapped the Yellowstone from its mouth to

the point where it issues fi-oni the Snow mountains ; the Big Horn to its sources ; the
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]\I;Klison fork to its sources ; and acquired definite information respecting the Gallatin

fork and the Upper Yellowstone. The report has not yet been published, but through

the kindness of Captain Raynolds, with the sanction of the War Department, the

following facts have been communicated.

In lat. 43° 30' and long. 110° 00', a mountain rises to some 14,000 feet above

the level of the sea. It is named by Captain Raynolds Union Peak,
Union Peak.

because water trickling from its northern side flows into the Mississippi,

from its southern side into the Great Colorado, and from its western side into the

Columbia. Within one degree of longitude westward and about one degree of latitude

northward from this peak are four of the sources of the ]Missom-i, where the Big Horn,

the Yellowstone, and the Madison and Gallatin forks take their rise.*

The Big Horn (here called Wind river) flows southeastwardly to long. 108° 30',

through a narrow bottom land, varpng from 1 to 3 miles in width,

bounded on the south side by the impassable Wind river chain, and on branch.
^'""^""^^

the north by an elevated praiiie rising into mountains. It is then

joined by the Popo Agie, and turning abruptly toward the north forces its way tln-ough

the Big-Horn mountains, here forming a double chain, to the prairies bordering upon

the Yellowstone.

The Madison fork fioAvs northward, chiefly tlu-ough a rugged defile, to the junction

of the tlu-ee forks, where it is joined first by the Jefierson foi-k. This

is rather the larger river of the two, and heads among beautiful Rocky- M^ssourib^ruch"

mountain valleys, about two degrees of longitude farther to the west-

ward. Neither of these streams is fordable near its mouth. About half a mile below

their junction, the Gallatin fork, smaller than either of the others, enters from the

southeast. These thi-ee forks unite in an extensive plain surrounded by lofty moun-

tains. The united waters soon enter, and for nearly a degree of latitude traverse, a

succession of mountain vaUej's and enormous canons, of which an idea may be formed

from the following description, taken from Lewis and Clarke's travels :—

"A mile and a half beyond this creek the rocks approach the river on both sides,

formmg a most sublime and extraordinary spectacle. For five and
•11 1 • Til ^'•^ "Gate."

three-quarter rmles these rocks rise peqiendicularly from the water's

edge to the height of nearly 1200 feet. They are composed of a black granite near its

base, but from its lighter color above, and from the fi-agments, we suj)pose the upper

part to be flint of a yellowish brown and cream color. Nothing can be imagined more

tremendous than the frowning darkness of these rocks, which project over the river and

menace us with destruction. The river, of 350 yards in width, seems to have forced

its channel down this solid mass, but so reluctantly has it given way that during the

* Captain Raynolds' map not yet haviug been published, this section of country upon plate I has been delineated

from the older maps, and does not exactly conform to this description. It is, however, sufficiently correct for all

general purposes.
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whole distance the water is very deep even at the edges, and for the first 3 miles there

is not a spot, except one of a few yards, in which a man could stand between the water

and the towering peipendicular of the mountain : the convulsion of the passage must

have been terrible, since at its outlet there are vast columns of rock torn £i-om the

mountain, which are strewed on both sides of tlie river, the trophies, as it were, of the

victory. Several fine springs bui-st out from the chasms of the rock, and contribute to

increase the river, which has now a strong cmrent, but very fortunately we are able

to overcome it with ovu- oars, since it would be impossible to use either the cord or the

])ole. We were obliged to go on some time after dark, not being able to find a spot

large enough to encamp on, but at length, about 2 miles above a small island in the

middle of the river, we met with a spot on the left side, where we procured plenty of

light wood and pitch-pine. This extraordinary range of rocks we called the Gates of

the Rocky mountains."

About 35 miles above Fort Benton, the river pours over the Great Falls and

becomes a na\'igable stream. The following description of those falls
Its Great Falls. ^t- , r^ ttoa

IS from the report of Lieutenant Grover, U. b. A. :—

"There are five principal cascades. The first, about 3 miles below the mouth of

the Sun river, falls about 25 feet. The second, nearl}- 3 miles below the first, is a small

crooked cascade, of 5 feet 11 inches pitch. Immediately below is the third. Here,

between high banks, a ledge, nearly as straight as if formed by art, runs obliquely

across the river, over which the waters fall 42 feet in one continuous sheet of 470 yards

in width. At the foot of this cascade, so beautiful for its length and regularity, is a

small island, covered with willow, cottonwood, and wild cheny. Half a mile below

this, again, is the fourth—a small, irregular fall of about 12 feet descent. There is a

small knot of an island near tlie middle, and between that and the right bank of the

river the ledge of the fall is very crooked, and the Avater reaches the basin below in two

pitches. But between the island and the left bank there is simply a succession of

rapids ; the stream then hurries on, lashed and churned by numerous rapids, about 5

miles farther, where it precipitates itself over a precipice of 76 feet in height. This is

the fifth and ' Great Fall ' of the i\lissoiu-i. The banks are high and abrupt on both

sides ; and above and below, deep ravines with bare, steep sides extend out into the

prairie from 1 to 2 miles. But opposite the fall, on the north side, a narrow tongue of

waving prairie runs near to the I'iver, and breaks off in terraces to a small bottom

below the cascade. The lower plain, embracing 2 or 3 acres, is a rounded point of

land, which, with a rock-bound shoulder, half encircles the basin of the cascade, and

for a short distance below confines the water-course to half its usual width. Near its

head a broken and disconnected ledge of rocks rises some 30 feet or more above the

water ; but lower down there is some soil and a few scattered cottonwood, willow,

and cherry trees."
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Between the Big-IIorn and Upper-Missouri branches, in long. 110° 30' and h\t.

44° 30', the Upper Yellowstone has its source in a large lake, as yet

only visited by trappers and Indians, whence it plunges through an
aton''e\,l^"h.''"

impassable gorge to the highest point visited by Captain Raynolds'

party. From this point, where it is 200 yards wide and 6 feet deep, it winds to the

northeast, through a narrow valley, to the mouth of Clarke's fork. In this distance it

is characterized by many islands, and by bold, sweeping curves, frequently impinging

upon the hills. Between Clarke's fork and the mouth of the Big Horn, the river is

from 500 to 600 yards in width, unobstructed by rapids, and flowing with a swift

current of some 3 or 4 miles per hour.

Below Big-Horn river, to Powder river, the width increases to 800 or 900 yards,

and the river becomes turbid, resembling the Missouri.

From Powder river to the Missouri the banks are low and caving, and the river

assumes the characteristic appearance of the Missouri, containing numerous sand-bars,

densely timbered islands, etc. There are also some rapids and shoals.

Captain Raynolds is of the opinion that the Yellowstone can be navigated with

boats drawing 3 feet of water, up to the point where it issues from the mountains,

from the middle of May to the first of August. The floods are neither sudden nor

excessive, and the river is probably better adapted to steamboat navigation than the

Missouri, although there are difficult rapids at the mouth of Powder river.

Having thus followed the principal branches of the Missouri out of the mountains,

the main river will be described, from the head of navigation down-
mi r n • r 1 n "^^^ Missouri

ward. llie lollowmg extracts are from the report of Lieutenant beiow tiie head
of navigatioa.

Grover, U. S. A. :

—

" The Missouri, from its fiiUs for many miles on its way, traces its course at the

bottom of a deep canon worn by its waters. The faces of tliis canon are generally

very abrupt and bare, and approach quite close upon the water-coui'se, at the same

time determining only the general direction of the river, so that each detour of the

stream leaves a small, rich interval in the bend, covered with luxuriant grass, and

sometimes skirted with a few small cottonwood trees." As far as the mouth of Maria's

river, the banks of the Missouri vary "from 100 to 160 feet in height; its bed has been

very crooked, and composed entirely of loose gravel—the stream perfectly clear and

transparent. The current flows with a tolerably uniform velocity of about 2.7 miles

per hour except at some points Avhere its unusual shallowness gives a slight increase

of rate."

Below Maria's river the bluffs fall back with a gradual slope to the general prairie

level, and the river flows with sweeping curves among beautiful islands. On reaching

Bear-Paw mountains, the scenery assumes an entu'ely diiferent phase. "The bluffs

were now more abrupt, and crowded the river; colonnades and odd-detached pillars of
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paiiially cemented sand, capped witli huge globes of liglit-brownisli sandstone, tower

up from their steep sides to the lieight of 100 feet or more above the water. Then

the action of the weatlier upon tlie bhiffs in the background has worn tliem into

a thousand grotesque forms, Avhile lower down their faces, seams of volcanic rock

from 3 to 6 feet thick, with a dip nearly vertical and no uniform strike, beaten and

cracked by the Aveather, rising from 6 to 8 feet above the surface, run up and down

the steep faces and projecting shoulders of the cliffs—a most perfect imitation of

dry-stone walls." Below these mountains the river resumes its foi-mer character,

until the vicinity of Judith river is reached. There " we took leave for a while of

many of the wild beauties of nature which lay scattered along the river in an ever-

varying jDanorama, to take a A-iew of the other side of the picture—of natm^e's Avild

deformities—a master-piece in its way. The ' Mauvaises Terres,' or Bad Lands,

which this section is very aj^propriately called, is characterized by a total absence

of anytliing which could by any possiljility give pleasure to the eye or gratification

to the mind by any associations of utility. Not an island, nor a slu-nb of any

account—nothing but huge, bare piles of mud, towering up as high as they can

stand, and crowding each other for room. The banks, varying from 200 to 300

feet in height, were of this nature on both sides of the river all day." They

continued so on the following day. Then Lieutenant Grover writes: "We are

rapidly approaching a more inhabitable country. The bluffs are less high and more

sloping, and covered AAdth grass. The bottoms along the river increase in width and

richness of soil, and fields of rank grass alternate with thick groves of Cottonwood,

cherry, and willow." This character of country continues to the mouth of the Jluscle-

shell. Below this river there are very few places where a rocky bottom is found in the

Missouri. About one day's travel below that point. Lieutenant Grover states :
" The

banks on the south side of the river are still quite high and much bi'oken, and a few

scnibby pines and dwarf cedars are to be seen near their tops. Incrustations of glauber

salt wliiten the banks in many places—a peculiarity b}^ no means local, but, on the

contrary, of very general occurrence all along the river. On landing, at noon, we

picked up some more specimens of fossil shell-fish, also some conglomerated fossil

marine shells, in wliich the cementing substance was carbonate of lime. This fossilifer-

ous region appears pretty extensive." A few miles below, another strip of Mauvaise

Terre was passed. Having now reached a point about midway between Fort Benton

and the mouth of the Yellowstone, Lieutenant Grover writes :
" The river has now

become quite similai- in every respect to the lower Missoiu-i. It is nearly as wide ; its

1)ottom is sandy ; and broad, shifting sand-bars render the channel about as uncertain.

The adjacent bottoms increase in width, richness of soil, and density of growth. The

bluffs on the north side have declined and receded very nnich, being now nothing more

than the breaking down of the high, rolling prairie to the immediate valley of the
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river. But to the south tliey are still quite high and abi-upt, but have more grass on

them."

Between the mouth of Milk river and Fort Union, the Missouri is described by Mr.

Lambert, Governor Stevens' topographer, as " a wide and turgid stream, with an ever-

shifting channel, choked with sand-bars, which are influenced by every storm ; its great

volume of water, however, insuring a navigable channel on one side or other. It flows

with a A'ery sinuotis course tlu'ough an intervale of variable width, enclosed by the tall

bluffs of the plateaux on either side, which sometimes project upon the bank, in some

places leaving an intervale of 5 or 6 miles ; it is generally deeply fringed with the

Cottonwood and its congeners, and occasionally a dense underbnish, affording a secure

haunt to the fierce grizzly bear
;
good grazing occurs in spots, but is generally better

among the bluffs and coulees than on the plain, where the soil is mostly hard and

dust}", affording, it might be supposed, but a scanty sustenance even to the swarms

of grasshoppers, which in certain conditions of the atmosphei'e take wing, and are seen

drifting in a darkening cloi^d for hoi;rs before the wind. The bluffs are composed

mainly of a soft, half-formed sandstone, which crumbles under a shght pressure, and

is washed by the rains into the most fantastic shapes, resembling fortifications and

ordinary buildings."

The following brief recapitulation of the character of the river, from the mountains

to the Yellowstone, is from the report of Lieutenant Saxton :

—

" The regimen of the river above the mouth of the Muscle-shell is fixed. The

banks change very little, and there is very little timber. Should steamers run here

eventually, there will be a scarcity of fuel ; enough, however, can be collected for

present piirposes.

"The Mauvaises Terres lie directly above the Muscle-shell; through these the

channel is very good. The worst bar in the river is above the Bad Lands, a few

miles below Fort Benton, where there was but 15 inches of water.

"From the Muscle-shell downward toward the mouth of the Yellowstone, the river

changes. The water gradually becomes muddy from the washing away of the banks;

the channel is constantly shifting its position; the forests of cottonwood, with which

the banks are lined, falling into the river, cause numerous snags and sawyers. Below

the Yellowstone, the Missouri assumes the same character it maintains to the moiith.

It becomes thick and muddy with the alluvial deposit it is ceaselessly bearing onward

to the gulf of Mexico. The bed of the river is much broader ; the waters separate into

many different channels, forming numerous sand-islands, sometimes covered with forests

of cottonwood."

Below the mouth of the Yellowstone, the character of the Missomi undergoes com-

paratively little variation, and is sufficiently described by the following extracts from

Lieutenant Wan-en's report:

—
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" Tliis gi-eat stream has generally a unifonn widtli from the junction with the

Yellowstone to its mouth, vaiying from one-third to half a mile when the banks are

full. In low water the width is much less, and dry bars of sand occupy portions of the

bed, from which the water has withdi-awn. In the upper part of the river, where the

trees do not destroy the force of the wind, the sand is blown about in the most astonish-

ing manner, and the clouds of sand can be seen for many miles. Sand-banks are thus

formed, generally at the edges of the trees on the inlands and points, and which are

often many feet above the level of the highest floods." *****
"Along the banks of the Missouri, the bluffs are generallv clotlied with various

species of trees as far up as the mouth of the Platte ; above this point, the timber is

generally confined to the ra\-iues and bottom lands. These bottom lands attain a widtli

of from 10 to 15 miles, after we get above Council Bluffs, which is almost continiious

to the mouth of James river. Tlu'oughout this section, the edges of the banks are

lined with heavy cottonwood and other trees, and fuel for steamboats can now generally

be found cut up and prepared for their use.

"At James river the bluffs close in so that the general width of the space between

is only from 1 to 2 miles all the way to the upper Big bend, near the 48th parallel.

Here, again, the bottom lands become wider, and continue at a width from 3 to G

miles to a point aboiit 50 miles above the Yellowstone. In this last section there is

also an abiuidance of large cottonwood timber, and the appearance of the river is quite

similar to what it is at Sioux City."

"The bottom lands on the Missouri, along the western boundary of Iowa, as well

as the prairie lands on either side, are very fertile. The valley of the Big Sioux,

above its mouth, forms the continuation in direction of that of the Missouri below, and

is said to be fertile. The Hupan-Kutey prairie, lying between this stream and the

Vermilion, is low and fertile, and is aboiit the last of the continuous fertile country as

you advance up the Missouri, which here comes from the west. Above tliis [to the

upper Big bend] the bottom lands of the Missouri are sometimes 1 and 2 miles wide,

and will give but precarious support to an agricultural people ; it is doubtful whether

even this can be said of the high prairie lying back from the stream."

The following table has been carefully prepared to exhibit tlie slope of the Mis-

souri. The distances below Fort Union are from Lieutenant Warren's
^^°P^-

reconnoissance ; those above Fort Benton, from Captain KaA-noLls'

original unpublished map.
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Low-water slope of the MissourL

Locality.
Distance aljove

the mouth.
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tlie valleys in the early spring, and goes on graduall}- to higher elevations as the

season advances, constantly diminishing, of conrse, till August, when all that has a

sensible effect upon the river is expended, -when it commences falling more rapidly till

the latter part of Septemljer. The minimum additional depth of water above that of

the latter part of September, according to the information above refeiTed to, is as

follows, viz.: For the first of June, 3 feet; first of July, 2h feet; first of August, 2

feet ; and first of September, 1 foot.

"It would then seem that, up to the first of August, tliere is water enough for

na^-igation by boats of 3 feet draught loaded ; and uj) to the first of September, fin-

boats of 2 feet draught ; and later than the twentieth of September, for boats not

exceeding 18 inches in draught."

In the summer of 1859 a steamboat belonging to the North American Fur Com-

pany ascended the Missouri river to Fort Benton. In the summer of 1860 two steam-

boats of that company, carrying a detachment of 300 United States troops, ascended

the river to the same point.

The navigation of the lower part of the river is thus described by Lieutenant

Warren, in his report dated November 24, 1858 :

—

" The navigation is generally closed by ice at Sioux City by the tenth of Novem-

ber, and at Fort Leavenworth by the first of December. The rainy season of the

spring and summer commences in different years between the fifteenth of May and the

thirtieth of June (in the latitude of Kansas, Missouri, Iowa, and Southern Nebraska),

and lasts about two months. During this period, the tributaries of the Missouri in

these latitudes maintain this river in good boating stage. The floods produced by the

melting snows in the mountains come from the Platte, the Big Shyenne, the Yellow-

stone, and the Missouri above the Yellowstone, and reach the lower river about the first

part of July, and it is mainly upon these that the navigator of the Missouri above the

Niobrara depends. The length of time the flood lasts is in proportion to the quantity

of snow in the mountains, which varies gi-eatly in different years. On the average it

may be said to last a month ; Ijut a steamer starting from St. Louis, on the first indi-

cation there of such a rise, would not generally reach tlie Yellowstone before it was

nearly past this latter point. Rivers like this, whose navigation depends upon the tem-

porary floods, are nmch more favorable for descending than for ascending boats. The

rise at the Yellowstone wotdd be about ten days reaching St. Louis, and any good

system of telegra])hing along the stream, which would a])prise those below, would more

tlian double the advantages to the upward navigation. If a miscalculation is made by

taking a temporary rise for the main one, the boat has to lie by in the middle part of

the river till the main rise comes."' *******
" The American Fur Ci»mj)anv's boats arc of the largest class of freight boats now

navigating the ]\Iissouri. "^'hey are ably managed, and tlie company possesses infonna-
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tion, by expresses sent from its trading' posts uear the mountains, as to the amount of

snow that has fallen and the probable extent and time of the rise produced by its melt-

ing-. The boats are loaded and time of starting fixed accordingly. Their boats carry

from 150 to 200 tons to the Yellowstone, a distance of 1900 miles, di-awing from 3 to

4J feet of water, and make the passage up in from twenty-two to thirty-five days.

Considerable freight is taken out for the post of Fort Union, and they generally ascend

with that for Fort Benton to about 60 miles above the mouth of the Yellowstone, and

have on one occasion gone to Milk river, 100 miles farther.

"The quantity of water is, on the average, about equal from the Y'ellowstone and

Missouri at their junction, and above this point, steamboats A^enture with caution.

The great risk in proceeding farther, of having the boat caught in the upper river

during the winter, more than counterbalances the prospective gain."

"One of the greatest obstructions to the navigation of the Missouri consists in the

great number of snags or trees, whose roots, imbedded in the channel by the caving of

the banks, stand at various incHuations pointing down the stream. These obstructions

are, comparatively, quite rare above the mouth of James river, but from this point

down to the Mississippi, it is a wonder often how a steamboat can be naAagated thi-ough

them. As it is, they cause the boats to lie by during the night, and thus occasion a

loss of nearl}^ half of their running time. But this is not the only delay, for often on

account of the wind the bends filled with snags cannot be passed, and the vessel is

frequently detained for days on this account. This eff'ect of the wind is much more

seriously felt as you ascend above Council Bluff's, for the protection afforded by the

trees on the banks is constantly diminishing."

Tributaries.—The following table exhibits the distances between

several important points ujion the Missouri, as determined by the
Their distances

reconnoissance of Lieutenant Warren:

—

apart.

Distances uj)on the Missouri.

Txwality.
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Tlie only tributaries of the Missouri below the Yellowstone, which require notice

here, are the Niobrara, the Platte, and the Kansas. The first is thus
The Niobrara. ,-<, t • -n^ m i • i ti • • r-

described by Lieutenant \\ arreii, iopopraplucal Engineers, its first

exjilorer :

—

"This river is about 350 miles long-. From its source to long. 103^ 15' it is a

l)eautiful little stream of clear running- water, of a width of from 10 to 15 feet, graduallv

widening as it descends. Its valley furnishes here very good grass, aljounding in

rushes or prele, but is for the most part destitute of wood, even for cooking. After

riowing thus far, it rapidly widens till in long. 102° 30' it attains a width of GO to 80

yards; its valley is still quite open and easy to travel along, but destitute of wood,

except occasional pines on the distant hills to the north. In long. 102° 30' it enters

between high, steep banks, which closely confine it, and for a long wav it is a complete

canon; hei'e, however, wood becomes more abundant, and pine is occasionallv seen on

the blufts, while small clusters of cottonwood, elm, and ash occupy the narrow points

left by its windings. In long. 101° 45' the sand hills come, on the north side, close to

the river, while, on the south side, they are at the distance of from 1 to 2 miles off,

leaving a smooth road to travel on along tlie blufts. The bluffs graduallv appear

higher and higher abcn'e the stream as it descends, until tliov roach the heiglit of 300

feet. The sand mostly ceases on the north side in long. lOi)"^ 23'; but it lies close to

the stream on the south side nearly all the way to the Wazi-honska. Throughout this

section, lying between long. 102^ 00' and long. 99° 20', a distance of 180 miles, the

Niobrara is in every respect a peculiar stream, and there is none that I know of that

it can be compared with. It flows here between high, rocky banks of soft, white and

yelloAvish, calcareous and silicious sandsone, standing often in precipices at the water's

edge, its verticality being preserved by a capping of hard grit. It is here impos.sible to

ti'avel any considerable distance along its immediate banks without having fi-equently to

climb the ridges which rise sometimes perpendicularly from the stream. As you approach

from the north or south, there are no indications of a river till you come within 2 or 3 miles

of the banks, and then only by the trees whose tops occasionally rise above the ra-sines

in wliich they grow, so completely is it walled in by the high bluffs which enclose its

nari'ow valle}'. It seems as if it had resulted from a fissure in the earth's crust, and

now flows at a depth of about 300 feet below the general level of the prairie. The soft

rock Avhich forms the bluffs is worn into the most intricate labvrinths bv the little

streams, all of which have their sources in beautiful, gushing springs of clear cold water.

In these small, deep valleys the grass is luxuriant; pine, ash, and oak are abundant.

To the agriculturist this section has, however, comparatively little attraction, and that

between long. 99° 20' and the mouth, an extent of about 90 miles, is periiaps far more
valuable. Here the bottoms will probably average a width of a quarter of a mile, are

susceptible of cultivation, and cottonwood, oak, Avalnut, and ash will furnish settle-
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ments with all the timber and fuel they will need. The river banks seem to present

no good building stone, nor did Ave, though searching diligently, discover any signs of

coal or other valuable minerals."

The Platte is thus concisely described by Lieutenant Warren:

—

„, T^, . . 1 . •! r 1 TiT- • •
The Platte.

" llie Platte river is the most important tributary oi tlie Missouri m
the region nnder consideration; its broad and grass-covered valley leading to the west

furnishes one of the best wagon roads of its length in America. From its mouth to the

forks, the bluffs are from 2 to 5 miles from the water, making an intermediate bottom

valley of from 4 to 8 miles wide. From the forks to Fort Laramie, the bluffs occasion-

ally come down to the water's edge, and the road has to cross the points of the ridges.

From Ash Hollow to Fort Laramie, the road is sometimes heavy with sand. Fine

cottonAvood grows along the banks, and on the islands, from the mouth to Fort Kearny

;

from here up it is scarce and of small size. Cedar is found in the ravines of the bluff's,

in the neighborhood of the forks, and above. The river is about a mile wide, and flows

over a sandy bottom; when the banks are full, it is aljovit G feet deep throughont,

having a remarkably level bed; but it is of no nse for navigation, as the bed is so broad

that the water seldom attains sufficient depth, and then the rise is of short dm-ation.

"The water is sometimes so low, as was the case last season [1855], that it can

be crossed anywhere Avithout difficulty, the only care requisite being to avoid quick-

sands.

" The manner in which this stream spreads out over its entire bed in Ioav AAater is

one of its most striking features, and it is peculiar to the rivers of the sandy region.

A short distance above Fox't Laramie, the Platte comes oiit from among the gorges

and canons, and its character there is that of a mountain stream."

The Kansas river is a large and wide stream,»^|jjtich, heading in the barren plains,

enters the fertile region in about long. 98°, and traverses a beautiful

bottom land bounded by rolling hills, to the Missouri near Fort Leaven-

Avorth. In the iincultivable region the character of the stream is similar to that of the

Platte and Arkansas. In the fertile region it is so well known as to require no

description here.

UPPER-MISSISSIPPI BASIN.

The distinguishing characteristic of this portion of the Mississippi basin is the

entire absence of mountains. Near the source of the river the country

is only some 1600 feet above the level of the sea, and is covered with cha^acttr"^"^*^

swamps and lakes, divided by hills of sand and boulders belonging to

the di-ift epoch. The middle and southern portions of the basin consist of prairie land

and are rapidly becoming cultivated. The agricultural and mineral resources of this

basin are great, the climate is salubrious, and the country must eventually sustain a

large and wealthy population. Its total area is 169,000 square miles.
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Upper-Mississippi river*—Altlioug'li this tributary is neitlier the longest nor the

greatest contributor of drainage nor the branch most like in character to
The liver.

"
,

'' '

the great Mississippi, it has its name, and thus has always been an

olrject of especial interest to geographers. Few travellers have explored its remote

sources, and few persons have more than a very g-eneral idea of their character. For

these reasons the following somewhat detailed account has been compiled from the

reports of the explorers.

The source of the Mississippi, according to Mr. Schoolcraft, who, in the year 1832,

in company with Lieutenant Allen, U. S. A., was the tirst to visit it, is a
Its source.

lake, named by them Itasca. This lake was called by the Chippeways

Omoshkos Sagaigon, by the French traders Lac la Biche. It is a beautiful sheet of

deep, transparent water, about 7 miles long, and from 1 to 3 miles broad, abounding in

fish. It is adorned with one small island, 150 yards long by 50 yards broad, elevated

20 to 30 feet above the water. The iiregular shores of the lake are skirted with

bushes, behind wliich are pine-covered hills of moderate elevation rising, in places,

abruptly from the water's edge. Boulders of primiti^•e rock are scattered along the

beach, but no rock in place is visible. Mr. Schoolcraft surmised that this lake was

fed bv invisible sjirings, but !Mr. Nicollet, avIio visited it in lS3n, and detennined its

geographical position and elevation as now laid down on the maps (lat. 47° 14' N.,

long. 95° 02' W. of Greenwich), considers this supposition unnecessary. He says:

" There are live creeks that fall into it, formed by innumerable streamlets oozing from

the clay beds at the bases of the hills, that consist of an accumulation of sand and clay,

intermixed with erratic fragments, being a more prominent portion of the great erratic

deposit, which here is known by the name of Hauteurs des Terres,—heights of land.

These elevations are commonly flat at top, varying in height from 85 to 100 feet above

the level of the surrounding waters. They are covered ^ith thick forests, in which the

coniferous plants predominate. South of Itasca lake, they foi-m a semicircular region,

with a boggy bottom, extending to the southwest a distance of several miles ; thence

these Hauteurs des Terres ascend to the northw^est and north ; and then, stretching

to the northeast and east, tlu-ough the zone between 47° and 48° of latitude, make the

dividing ridge between waters that empty into Hudson bay and those which discharge

themselves into the gulf of Mexico. The principal group of these Hauteurs des Ten-es

is subdivided into several ramifications varying in extent, elevation, and course, so as

to determine the hydrographical basins of all the innumerable lakes and rivers that so

peculiarly characterize this region of country." ******
"Of the five creeks that empty into Itasca lake, one em^jties into the east bay of

the lake, the four others into the west bay ; and among the latter there is one remark-

able above the others, inasmuch as its course is longer, and Its waters more abundant,

* The following facta respecting this river have beeu maiuly compiled by Lieutenant Warren, Corps of Topograph-

ical Engineers.
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so tliat In obedience to the geographical rule, ' that the sources of a river are those

which are most distant from its mouth,' this creek Is truly the Infont j\Iississippi ; all

others below it feeders and tributaries." Mr. Nicollet continues: "The day on Avhicli

I explored this princijDal creek, August 29, 1836, I judged that at its entrance to Itasca

lake Its bed was from 15 to 20 feet wide, and the depth of water from 2 to 3 feet. We
stemmed its pretty brisk current during ten or twenty minutes, but the obstructions

occasioned by fallen trees compelled us to abandon the canoe and to seek its springs on

foot along the hills. After a walk of 3 miles, during which we took care not to lose

sight of the Mississippi, my guide informed me that It was better to descend into

the trough of the valley ; where accordingly we found numberless streamlets oozing

fi-om the bases of the hills. * * * They unite at a small distance from the hills

whence they oi'iginate, and form a small lake, from which the Mississippi flows with

a breadth of a foot and a half and a depth of one foot." Mr. Nicollet gives 6 miles ag

the length of this source. The results of his barometrical observations place the summit

of the Hauteurs des Terras 1G80 feet, and Itasca lake 1575 feet, above the ocean level.

Mr. Schoolcraft previously estimated this latter level to be 1500 feet.

Mr. Schoolcraft says (July 13, 1832) : "The outlet of Itasca lake Is pei-haps 10 or

12 feet broad, with an apparent depth of 12 to 18 inches. * * We
soon felt our motion accelerated by a cui-rent, and began to glide with Lao^Travers^

*°

velocity down a clear sti'eam with sandy and pebbly bottom, strewed

with shells and overhung by foliage. Ten feet would in most places reach from bank

to bank, and the depth would probably average over a foot. A strong cuiTent and

winding channel made It a labor of active watchfulness for the canoe men to keep our

frail vessels from being dashed against boulders, or torn in pieces by fallen timber

or overhanging trees. Chojjping with the axe was frequently necessary to clear the

passage, and no small labor was imposed by getting through the drift wood, piled up

at almost every sudden bend. We were almost imperceptibly drawn into a series of

rapids and pretty falls, where the stream was more compressed and the water deepened,

but the danger rendered tenfold greater by boulders of blackened rocks, and furious

jets of the stream. We were rather hurled than paddled through these rapid passes,

which increased In frequency and fury as we advanced. After being driven down

about 12 miles of this species of navigation, during which the turns are very abiiipt,

the river displays itself, so to say, in a savanna valley, where the channel is wider and

deeper, but equally or more circuitous, and bordered with sedge and aquatic plants.

This forms the first plateau. It extends 8 or 9 miles. The river then narrows and

enters another defile beset with an almost continued series of rapids. The frowning

rock often rears its dark head to dispute the passage, and calls for the exertion of every

muscle to avoid by dexterity of movement a violent contact. Often it became

necessary to step into the channel and lead down the canoes, where the violence of the
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eddies made it impracticable otlierwise to guide them. At a place called ' Kakabikous,'

or the Little falls, Ave made a slight portage. The second series of rapids was followed

by a second level or plateau, in which the channel assumes a width nearly or quite

double to that which it jjresents on the rapids. On this level the Canoe river conies

in as a tributarj^ on the right shore. The volume of the water is perceptibly increased

by it. This plateau may extend 9 miles. It is succeeded by rapids of a milder

character, below which the river again displays itself in savannas, with a comparatively

Avide, winding channel. These are iinally tenninated by short and easy rapids, wliicli

bring the river out of what Ave may designate as its Alpine passes. * * The

PinniddiAA'in, a tributar}' from the left, liaA-ing its origin a lake," enters "the Mississippi

amid an extensive marsh of rushes, AA-hich gives it rather the appearance of a marsh

than a lake. It is, however, called Lac la Folle." About 18 miles beloAv this point

the river became " sufficientl}' broad, deep, and equable" to enable Mr. Schoolcraft to

proceed during the night to Lac Travers.

This lake is the most northern point of the Mississippi. It is, according to Mr.

Schoolcraft, a " mao-nificent sheet of water, from It) to 12 miles long
Lac Travers.

' o 7 o

A\ ith a breadth of from 4 to 5, perfectly clear and Avitliout islands, the

eye having a free command over gently sAA'elHng hills," and "beautiful Au.stas" of pine

and hard-Avood groves. Its transparent Avater leaves a beach of pure white sand.

The Mississippi enters the south end of the lake, "tloAving Avith a Inisk and deep

current, and exhiljiting a Avidth of perhaps 150 feet," and runs oiit at the east side not

far from its entrance, leaA-ing the great body of the lake on the north.

For the first 25 miles below Lac Travers the river tonus a series of strong rapids,

of Avhich there are ten principal ones. In these, hoAvever, there are no

lake
^"'^^ '^° "^^^^

*'^^^^' ^""^ *^^^y ^^'^ produced by granitic boulders, no rock being A'isiblo

in place. The Mississippi has a width of about 40 or 50 yards, and

depth from 2 to G feet, between Travers and Cass lakes (Lieutenant Allen, July 10,

1832). From the series of rapids to Cass lake is about 15 miles. Hills of sand covered

Avith yelloAv pines here present themseh-es, and the river exhibits either a sand-bank or

savanna border. In this space the stream has a .sluggish current and twice expands

into small lakes, and here the " Meadow lands begin."

Cass lake has an area of probably 120 square miles. Its greatest

expansion is north and south, and amounts to from IG to 20 miles. Both

the entrance and outlet of the ]\Iississippi are on the northern part, and are about 8

miles apart. 'I'liis lake embosoms four islands, the largest of Avhich (Grand Lsland) is

nearly 8 miles long. The Avaters are deep and clear, and abound in excellent fish.

Its shores are sandy, and strcAvn Avith primitive rock-boulders, and the banks are high

and thickly AA'Ooded with \nnv, elm, and maple.

Tlie Mississippi flows out of it Avith a Avidth of 172 feet and a depth of 8 feet (Mr.
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Schoolcraft, July 9, 1832). Between Cass and Winnipec lakes the river pursues

a devious course in a savanna valley from 1 to 3 miles wide, the strong-

grass and reeds growing- in the stream in a manner similar to that Thence to lake
"Wiunipec.

hereafter described between Leech river and the falls of Peckagama.

The valley is bordered with sandy blufis, clothed in many places with tliick forests of

large Avhite and yellow pine.

Upper lake Winnipec is about 14 miles long by 9 wide. Its water is deep and
clear, containing no islands. Its immediate shores are low, covered for

200 yards out from the water's edge with rushes and wild oats. A short
^ ^^ '^'iiuipec.

distance back are high hills, supporting oak, maple, poplar, birch, and pine. Ten
miles farther down, the Mississippi passes througli Little lake Winnipec. This is 5

miles long and 3 wide, with low and marshy shores, and wild rice in places extendino-

entirely across it, giving it the appearance of a marsh.

At a distance of 40 miles below Little lake Winnipec, the junction of Leech river

takes place. Throughout this distance the Mississippi has bv Mr
n -i 1 r, • -niPi " Thence to the
bchoolcratt s estimate, a width Oi about 20 yards and a slope of 4 inches f^us of Peck-

^ ' agama.

per mile (July 20, 1820). It winds in abrupt folds thi-ough a broad

savanna, which continues all the way to the falls of Peckagama.

The Mississippi and Leech rivers at their junction are of nearly equal size. This

affluent, 50 miles in length, has its source in Leech lake, and is very tortuous, windino-

through a broad savanna. Leech lake has a circumference of not less than IGO miles

and is the largest of the lakes forming the sources of the Mississippi.

Below the junction of Leech river the width and volume of the Mississippi is

nearly doubled ;
and thence to the falls of Peckagama, Mr. Schoolcraft estimates its

average slope at about 2 inches per mile, with a gentle ciin-ent of about 1 mile per

hour. The most perfect type of what are known in this region as savannas, is to be

found in this intermediate distance. The following quotation is from Mr. Schoolcraft's

narrative of his journey up the Mississippi, in 1820: "After passing the falls of

Peckagama, a stiikiug change is witnessed in the character of the country. We appear

to have attained the summit level of waters. The forests of maple, elm, and oak cease

and the river winds in the most devious manner tlu-ough an extensive prairie, covered

with tall grass, wild rice, and rushes. This prairie has a mean width of 3 miles, and

is bounded by ridges of dry sand, of moderate elevation, and covered sparingly with

yellow pine. Sometimes the river washes close against one of these sand rido-es

then turns into the centre of the prairie, or crosses to the ofiposite side ; but nothing

can equal its sinuosities,—we move toward all points of the compass in the same horn-,

and we appear to be winding about in an endless labyrinth, without approaching

nearer to the object in view. Wliile sitting in our canoes, in the centre of this

prairie, the rank growth of grass, rushes, etc., completely hid the adjoining forests

8 H



58 EEPOET OX THE MlSSISSim KIYEE.

from view, and it appeared as if we were lost in a boundless field of waving grass."

Lieutenant Allen says: "The whole country seemed covered with water, from 1 to 3

feet deep, but the grass rose several feet above the surface in the deepest parts,

growing very tliick, and possessing a strength so great that in many places, as in short

bends, where the cm-rent washed against it with great velocity and force, it stood as

erect, as green, and as healthy as that remote from the river. Having an Indian giiide

who knew the general course of the liver, we were enabled to cut otf many of its great

bends by running directly through the peninsulas of grass ; but, although the water

was two or three times more than deep enough to float our canoes, such was the

natm-e and growth of the grass that it required the united strength of the wluile crew

to force a canoe through it."

It wiU be seen from this description how uncertain must Ije the estimate given of

the leng-th of the Mississippi in this portion of its coiu'se.

Mr. Schoolcraft thus descnbes the falls of Peckagama, July 19th, 1820: "At the

falls of Peckagama the river has a descent of 20 feet in 300 j-ai'ds.

g^a^°^^^'^^^' 'i'liis forms an iuteriiiption to the naAngation, and there is a portage

aromid the falls of 275 yards. The ]\Iississippi at this fall is compressed

to 80 feet in width, and precipitated over a rugged bed of sandstone, highly inclined

toward the northeast. There is no perpendicular pitch, Ijut the river rushes down a

rocky channel, inclined at an angle of from 35° to 40^. The view is wild and inctu-

resque. Inunediately at the head of the falls is the first island noticed in the river.

It is small, rocky, covered with spruce and cedar, and divides the channel nearly in

its centre, at the point where the fall commences."

The Mississippi from the falls of Peckagama to Swan river is very serpentine, and

the curves are short, seldom exceeding a mile. The width of the river

Littie'faUs*"
*^^ ™^y t)e Computed to average 40 yards ; the current is strong, computed

l)y Captain Douglas at 2.4 miles per hour. Ko island or rock strata ai-e

seen, but detached stones of hornblende, sandstone, and granite appear upon the rapids,

and occasionallv along the shore. The banks are of the most recent kind of alluvion,

containing very minute, shining particles of mica. A nimiber of snags and drifts

were encountered. In the upper poiiion are ridges of pine land, elevated 20 to 30

feet above the water, and Lieutenant Allen says these are composed of sand ; some of

them are 100 feet high, the river frequently washing them at the bends. The trees on

the alluvial banks consist of elm, maple, oak, poplar, and ash, the first two pre-

-dominating.

Between Swan river and Sandv-lake nver there are six rapids, and the Mississippi

receives no tributaries and contains no islands. The country is low and swampy a

short distance from tlie river, and no hills were seen. Tlie rapids are formed by

boulders similar to those heretofore mentioned. Just above the mouth of Sandv river
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the Mississippi lias a width of 60 yards, a strong current of reddish water a httle turbid,

and some snags and drift. The banks are alhivial and elevated from 4 to 8 feet, bear-

ing a forest in which elm predominates ; maple and oak are common, and pine, ash,

and pojilar sparing.

Lieutenant Allen says (July 5, 1832) :
" The river, though considered high, was

generally 8 or 10 feet within its banks; the current was gentle, about 2 miles per hour,

except around the bends, where it was frequently quite strong." " It winds deviously

through a valley of low, rich, alluvial bottom, of the best quality of soil and beauti-

fully timbered, but all subject to inundation." From this we should infer that the

extreme rise and fall of the Mississippi in this portion was not less than 20 feet.

Sandy lake is only 1.5 miles, by the course of its outlet, from the Mississippi,

and during floods the waters are over 15 feet, and the whole intermediate country is

inundated. The lake varies much in size at diiferent times, as do all the innumerable

lakes of this region. Savanna river enters Sandy lake, and is the main canoe route

between the Mississippi and lake Superior, via Fond du Lac river.

The following extracts are taken from Mr. Schoolcraft's naiTative of his joiirney

from Sandy lake to the mouth of the St. Peter's river in 1820 :

—

"July 25. * * The current of the river below the outlet of Sandy lake, and

the natm-al appearances, are similar to what it exhibits for 100 miles above ;
the banks

are alluvial, elevated fi-om 6 to 10 feet; trees—elm, maple, pine, and birch. We
descended 28 miles, and encamped on a high, sunny bank on the west shore. The

river has several rapids in that distance, and some islands covered entirely with grass

and small tufts of willows, with piles of driftwood collected at their heads. No rock

strata appear, but loose stones of granite, hornblende, and red ferruginous quartz are

seen in the bed of the stream in passing over the rapids, and in some places along the

margin of the river. Among the forest trees, pine appears to predominate on the lands

which lie a distance off the river, but elm is most abundant along the shore; maple and

birch less so, and black walnut and oak sparing. The color of the water on looking

into the river resembles that of chocolate, but on dipping up a cupful it appears color-

less and clear."

Between this camp and Pine river—a distance of about lOO miles—^Ir. School-

craft writes :
" The river has presented several rapids, islands, and ripples. The fall of

none of the rapids will exceed 6 feet in a distance of 300 yards. The islands are small

and not well wooded, and are encumbered with piles of drifted trees, limbs, and leaves,

which give them a novel appearance, and at the same time serve to convey an idea of

the rise of the river, and of the force of its current during its semi-annual floods.

Snags become more frequent in this part of the channel, and the river in several places

undemiines its banks, which are elevated from 10 to 20 feet, and bear a forest of elm,

birch, pine, maple, black walnut and oak (Quercus nigra). Loose stones are found at
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all rapids; tliej are chiefly referable to the different varieties, of granite, hornljk-nde,

sUite, and sandstone."

" The pine lands which commenced at the junction of Pine river with the IMissis-

sippi continued to within a short distance of the mouth of the river De Corbeau (Crow-

Aving- river). They are elevated from 60 to 100 feet, and lie in ridges. The principal

timber is the yellow pine. jMixed with the sand, which is in some places naked and

destitute of vegetation, are fragments of granite, hornblende, quartz, jasper, and cor-

nelian. This strip of sandy country was denominated the Dead Pines by Pike."

"The river De Corbeau (Crow-wing river) is the largest tributary which the Missis-

sippi receives above the falls of St. Anthony, being nearly of equal magnitude. The

lands upon its banks are rich, and covered with a heavy growth of hard wood, chiefly

elm, sugar-tree, black walnut, and oak. At the point of junction there is a large and

well-wooded island, called the Isle de Corbeau, by which the river is hid from the view

until you have nearly passed it, when, by turning the eye toward the south, you have a

fine view of its broad and beautiful surface and the luxuriant foliage which overshadows

its banks. The Mississippi assumes an increased width below, and is ])articularly

cliaracterized by numerous and heavy-timbered islands, all of ^Aliicli jtrescnt inmiense

drifts of flood-wood at their heads, and, by dividing the river into a number of channels,

serve to increase its width and the difficulties of its navigation. Here, also, the Buflalo

])lains commence, and continue downward on botli lianks of the y'wqv to the falls of

St. Anthony. These plains are elevated about 60 feet above the summer level of the

water, and consist of a sandy alluvion covered with rank grass and occasional clumps

of the dwarf black oak. They generallv present steep, naked, and falling-in banks

toward the river, and disclose innumerable small fragments of cornelian, agate, and

jasper, along with masses of coarser rock, such as granite, hornblende, etc." * * *

""I'lie Little falls are four miles below tlie mouth of Elk river, where the Missis-

siiipi forces its wav through a narrow defile of rocks which a])))ear in
The Little falls. _

•-

rugged masses in the bed of the stream" (for the first time below the

falls of Peckagama, according to Lieutenant Allen), "and attain an elevation of from

20 to 40 feet upon its banks. Passing with great velocity over the schute of the falls,

t was difficult to ascertain the geological character of the rock, but it appeared to be

granite, very much mixed and darkened witli Jioi-nlilcude.* Tlie river at tliis place is

narrowed to half its usual width. The descent of water may be estimated at 10 feet

in 150 yards.

* Lieutenant Allen calls this a formation of talcose slate, and Mr. Lander, in his I'cport to Governor Stevens, vol.

i., Pacific Railroad Reports, confirms bis opinion, stating: "At the island near Little falls is a very lino crnssing of '.Vi'i

feet. Konr wing ahntments and a slight increase of trnss will he rerinired, from the destrnctible nalnre of tlie Icilgo

foundation, which is of slate rock strongly impregnated wilb iron, and aJl'ected by the atmosphere."
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" Between Elk river and Little falls we pass the Painted Rock, standing upon

the west bank of the river. It consists of a mass of granite and horn-

blende, ni)on which the Indians have drawn a nunil)er of hieroglyphics Big fau^
*° ^^^

and rude designs."

About 6 miles above Sac river, on the east side of the river, "there is a bed of

granite 250 feet in height. It is considerably mixed with hornblende. On ascending

it, I found the most charming prospects in every direction. It commands a view of the

prairies on both banks of the IMississippi, with the windings of the stream, and its

islands and rapids for many miles above and below." *****
"The Big falls consist of a series of breaks and schutes extending about 800 yards,

in which distance the river may be estimated to have an aggregate fall

of 16 feet. The bed of the river at this fall is beset with sharp frag-

ments of granite and hornblende rock, which also appear in rolled masses iipon the

shores.

"The. next remarkable trait in the river is Prairie rapids, wliich are six in number,

and have a mean descent of about 20 feet in 5 miles. At half-past four
,

.
Thence to the

in the afternoon we passed the mouth of the river ht. r raucis, a large fails of st. An-
thony,

stream falling in on the east shore. For a great distance above its mouth

it runs parallel with the Mississippi, which is the cause that so few tributaries enter

the latter on the east shore after passing the mouth of the river De Corbeau (Crow-

wing river). Its itrincipal fork is Muddy ri^'er. Here Carver terminated his travels

up the Mississippi in the year 1705 ; and Father Hennepin in 1681. An island in the

river opposite its mouth hides the xiew of it from those who descended by the west

channel."

Between Elk and Crow Rivers " the curreut has been unusually strong, with many

rapids and ripples. Very few snags have been observed. A great many islands were

jjassed in the afternoon, and some small sand bars, being the first noticed. Prairies

continue on both banks, with occasional clumps of trees, and forests of 2 or 3 miles

in extent. The growth of wood upon the islands is elm, black and white walnut,

maple, oak, and ash ; upon the prairies, dwarf black oak. Along the banks of the

river pebbles of quartz, granite, hornblende, cornelian, and agate, are seen. In one

instance I picked up a fine specimen of agatized wood, such as is common upon the

lower Mississippi, and along the shores of the Missouri. The color of the water con-

tinues a light chocolate brown in the stream, but appears clear in small quantities.

Pebbles at the bottom of the river can be plainly discerned through it at 4 or 5

feet depth. The quality of the soil of the prairies improves as we descend, and during

the last 20 miles may be considered of the richest kind. The prairies are in fact

covered with a stratum of the most recently deposited black, marly alluvion, which

appears to be composed, in a great degree, of vegetable mould. It is entirely destitute
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of those rounded pebbles and stones wliich generally eliaracterize upland soils, althougli

bottomed upon a stratum of alluvion, in which they are abundantly disseminated.

The whole, apparently, rests immediately upon granitic and hornblende rock, which

occasionally rises through it in rugged peaks and beds."

At the falls of St. Anthony " the river has a peqiendicnlar pitch of forty feet, with

a fonnidablo rapid above and below.* An island, at the brink of the

thouy^"^^*"^"" fell'*; divides the current into two sheets, the largest of wliich passes

on the west of the island. The rapid below the schute is filled with

large fragments of rock, in the interstices of which some alhmal soil has accumulated,

which nourishes a stinted growth of cedars. This rapid extends half a mile, in which

distance the river may be estimated to have a descent of 15 feet. The rapid pre-

ceding the falls has a descent of about 10 feet in the distance of 300 yards, where

the river runs A'\ith a swift but unruffled ciu-rent over a smooth sti-atum of rock a

little inclined toward the brink. The entire fall, therefore, in less than three-fom-ths

of a mile, is 65 feet. The rock is a white sandstone, overlayed by secondary lime-

stone. This formation is fir-st seen half a mile above the falls, where it breaks out

abruptly on the banks of the river."
********

"It is in foct the precise ])oint of transition where the beautiful prairies of the

Upper Mississippi are merged in the rugged limestone bluffs which sku-t the banks of

the river from that point downward. With this change of geological character, we

perceive a corresponding one in the vegetable productions, and the eye embraces at one

view the copses of oak upon the prairies, and the cedars and pines which characterize

the calcareous bluffs. Nothing can exceed the beauty of the prairies which skirt both

banks of the ri^-er above the fiills. They do not, however, consist of an unbroken

plain, but are diversified with gentle ascents and small ravines, covered with the most

luxuriant growth of grass and heath-flowers, interspersed with groves of oak, which

throw an air of the most picturesque beauty over the scene.

" The length of the portage around the falls, as measured b}' Lieutenant Pike

in 1805, is 260 poles, but in high Avnter is somewhat less. The width of the river

on the brink of the fall is stated at 227 yards, but narrows to 209 yards a short

distance below, where the river is compressed between opposing ledges of rock."

Below the falls of St. Anthony the Mississippi is so well known as to require no

detailed description here. About 55 miles below the mouth of St. Peter's,

mouuTof the riv^- the rivcr expands into lake Pepin, which is 2 or 3 miles broad and 27

miles long. About 270 miles farther down, Rock Island rapids are

•Liouteuant AUeu states: "The falls have been described by Mr. Schoolcraft and other fornier travellers, who

had more time to observe them than was allotted to uie. I have only to correct an error in the height of the perpen-

dicnlar fall. It wa.s estimated by Lieutenant Pike, 10 feet, and by Mr. Schoolcraft, 40 feet. I was told by an oflieer

at Fort SnelliuK that by actual mea-surement it was If feet precisely. Helow the falls there is a considerable rapid,

and the whole descent at this place, includins also the rapid above, may be estimated at SO feet. Between the falls

and Fort Snelling, a distance of 1) miles, the channel is contracted in a deep ravine, and the river runs in a torrent all

the way."
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readied. They are covered by ledges of stratified limestoue and sandstone, and ex-

tend down the river about 13 miles, Avith a fall at low Avater of 22 feet. About 115

miles farther on, Slontvose, situated at the head of the Des Moines rapids, is reached.

They extend 11 miles, Avith a fall at low Avater of 21 feet.

From lake Pepin to the junction of the Missouri, the Mississijipi is characterized

by almost innumerable wooded islands. The main volume of the stream is confined

to one channel, but branches from it ramify in various directions, forming sloug-hs, as

they are generall}^ named, and making its Avater-course, Avith inclosed islands, seldom

less than a mile in Avidth.

The folloAving table has been carefully computed from the best authorities to

exhibit the low-Avater slope of the Upper Mississippi. AboA^e St. Paul,

Mr. Nicollet is the only authority for elevation aboA'e the sea. BeloAv Upper Missis-
sippi.

that point the various raih-oad sm-veys furnish more exact determinations.

Thus: From the report of Captain Meade, Topographical Engineers (Oct. 20, 1860),

it appears that the approximate elevations above the sea, of lakes Sui^erior and Michi-

gan, are GOO and 576 feet respectiA^ely. Mr. D. p. Shephard, Chief Engineer Minnesota

Pacific railroad, states that the ordinary level (range about 18 feet) of the Mississippi

at St. Paul is 80 feet above lake Superior at Fond du Lac. Mr. E. Goodrate, Manager

of the La Crosse and JMilwaukee railroad, stated that the Mississippi at La Crosse (rano-e

10 feet) is 63 feet above the level of lake Michigan. Mr. W. JerA'is, Superintendent

Milwaukee and Mississippi raih-oad, states that low water at Prairie du Chieu is 24 feet

above the level of lake Michigan. Mr. H. Farnum states that low water at Rock

Island is 77 feet beloAv the level of lake Michigan. The altitude of the mouth has

been deduced by prolonging the measured slojje between St. Louis and Cairo. The

corresponding distances are taken with great care from the Land-office plats as far as

the mouth of Crow-wing river. Above they are given as estimated by Mr. Nicollet.

Low-water slope of Upper Mississippi.

Locality.
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These elevations refer to the low water of the Mississippi. The range l)etween

hiiih and low water level is about 20 feet near Sandy-lake river; about
itsrauge.

^Q feet at St. Paul: about 10 feet (extreme, 14 feet) at La Crosse;

about 12 feet (in 1858, 18.5 feet) at Prairie du Chien ; about 16 feet at Rock Island;

about 20 feet at Hannibal, and about 35 feet at the mouth. These ranges are much

less than those of the Oliio, and, excepting the Missouri, of the other tributaries of the

Mississippi, where they i)ass tlu-ough the cultivable region. Their small extent is due

to the generally flat character of the basin, from which the drainage is consequently

slow ; the existence upon it of numberless lakes ; the great width of the river ; the

gradual change in season that takes place along its course ; and the comparatively diy

climate of the upper part of the basin.

The followino- facts respecting the dimensions of the Ui)per ^lissis-
Its dimensions o i o i i.

of cross-secUon.
^^j^^j l^^^.^ y^^^^^ collected.

At entrance to Itasca lake (Mr. Nicollet, August 2:i, 1836) "bed, 15 to 20 feet

uide, water 2 to 3 deeji."

The outlet from Itasca lake (Mr. Schoolcraft, July 1."., 1832) K) to 12 feet wide,

12 to 18 inches deep; (Lieutenant Allen, July 13, 1^32) '' channel 2o feet broad, 2

feet deep, current 2 miles per hour;" (Mr. Nicollet, August, 1836) "width 16 feet,

depth 14 inches."

At entrance to Lac Travers (^Ir. Schoolcraft, July 13, 1832) " brisk and deep

current, width, perhaps 150 feet."

Between Lac Travers and Cass lake (Lieutenant Allen, July 10, 1832) "width

40 to 50 juris, depth 2 to 6 feet."

At outlet of Cass lake (Mr. Schoolcraft, July 9, 1832) "172 feet wide, depth 8 feet.'>

Between lake Winnepec and Leech-lake river (Mr. Schoolcraft, July 20, 1820)

" width averages 20 yards and slope of surface 4 inches per mile."

Between Leech-lake river and falls of Peckagama (Mr. Schoolcraft, July, 1820)

";iverage width about 120 feet, slope about 2 inches per mile, current about 1 mile

per hour." Lieutenant Allen says the river was sometimes 300 yards broad.

Falls of Peckagama (Mr. Schoolcraft, July, 1820) "descent 20 feet in 300 yards,

river 80 feet wide;" (Lieutenant Allen, July 6, 1832) "descent 20 to 30 feet in 100

yards."

Between falls of Peckagama and Swan river (Mr. Schoolcraft, July, 1820) "Avidth

averages about 40 yards, current 2.4 miles per hour."

Just above mouth of Sandy-lake river (]\Ir. Schoolcraft, July 17, 1820) "60 yards

wide;" just below (Mr. Scho(dcraft, July 4, 1832) "331 feet wide." Lieutenant Allen

(July 4, 1832) says width just above is 75 j'ards; just below, 110 yards.

Between Sauk and Elk ri\ers the width averages 000 feet; thence to St. Francis,

300 or 400 yards; thence to Fort Snelling, 400 yards (Lieutenant Allen).
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Beyond tlie gorge below Fort Snelling, the Avidth of the Mississippi is 576 feet

(Mr. Nicollet).

From lake Pepin to the mouth of the Missouri, the average width is about 1 mile.

Tributaries.—The following table exhibits a correct list of the tributaries of the

Mississippi. Below the mouth of Crow-wing river, the distances upon

the Mississippi have been carefully measured on the plats of the tribu^^^jei.
°^^^^

Land-office surveys; below the St. Peter's river, the lengths of the

tributaries are taken from G. W. Colton's guide map published in 1861. The other

numbers are those estimated by Mr. Nicollet and are doubtless in excess :

—

Tributaries of the Upper Mississippi.

Name.
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In the intervening space it receives three tribntaries, but Mr. Keating-, July, 1823,

describes it as "a mere rivulet 20 to 30 feet v.-'uh.'" Thence trt Patterson's rapids the

distance is 61 miles, and the river receives several triljutaries of small size. Mr. Keat-

ing savs, "in fact they are mere brooks conveying waters on the crest of the ridge"

(of the Coteau) ; "but probalily about the spring of the year they are much swollen

by the thawing of the snow and ice upon tlie ridge ; it is in this manner that we may

account for the water-mark found along the blufts which enclose their comparatively

large valleys." Thus far the stream has nowhere a width of "more than 15 or 20

yards," and "is everywhere fordable." "Tlie valley presents a fine rich soil, rather

swampy in places, and is covered with high grass and wild rice; it is often woody.

Wherever the primitive rocks are found, they are bare. The trees consist principally

of Cottonwood and ash." The Red-wood joins 5 miles below Patterson's rapids, and G2

miles farther on, the Big and Little Warajee are received. The Mankato (meaning

Blue-earth) river enters 32 miles below. This latter stream is thus described by Mr.

Nicollet :

—

"The Mankato becomes navigable witli boats \\ithin a i'oM- miles of its sources.

It is deep, with a moderate current along a great portion of its course, but becomes very

rapid at its approach to the St. Peter's. Its beil is narmwly walled up liy lianks rising

to an elevation of from GO to 80 feet, and reacliing up lo the ujjlands througli wliich

the river flows. These banks are frequently clift's or ^ertical escarpments. The

breadth of the river is pretty uniformly from SO to 120 feet wide; and the average

breadth of the valley through which it flows, scarcely a quarter of a mile. The latter

as well as the high grounds are well wooded ; the tindjer beginning to spread out on

both shores, especially since tlie}" have becouie less frequented by the Sioux hunters

and are not so often fired."

"The great number of the navigable tributaries of the Mankato, spreading tlieni-

selves out in the shape of a fan; the group of lakes surrounded by well-wooded hills

;

some wide-spreading prairies with a fertile soil; otliers aiiparently less favored but open

to improvement; the whole together bestow upon the region a most picturescpie appear-

ance." Mr. Nicollet gave it "the name of Undine Region."

At the point where the Mankato joins St. Peter's river the latter turns its course

at a riglit angle and flows northwest to the Mississippi, the intervening distance being

148 miles by the meanderings of the stream.

The following facts respecting the Illinois river are taken from the rejiort of Caji-

tain Stansbury, Corps Topi. Engrs., IJ. S. A., dated in 1838. The river

river^
^'''"°'^ bottom huuls aro from 2 to 10 miles wide, and raised only a few feet

above the usual level of the stream. They have a sandy and alluvial

soil. The iumieiliate banks are low alluvial swani])s skirted b)' lagoons, most of tliem

connected witli the river and overflowed every freshet from 1 to 15 feet. The current
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is gentle and nniforin up to Peru, some 250 miles above the mouth. Excepting for

two summer months, the river admits of navigation as far as this town with l)oats of 3

feet draught. The only obstructions are bars, which are usually diagonal, and some-

'

times even parallel in the current. Their position is shown at low water by the weeds

which cover them. The bars remain unaltered unless destroyed by ice. Sometimes

they are mere lumps with deep water surrounding them.

OHIO BASIX.

The Ohio river drains the northeast portion of the Mississippi basin—a fertile and

populous region throughout nearly its whole extent. The southern

tributaries rise in the Alleghany mountains, and flow northward thi-ough
thg^basin

^"^ ° ^

an undulating and beautiful country to the main stream. The northern

tributaries have their source in the crest of the level jjlateau which lies immediately

south of the great lakes, at an elevation varying from 500 to 1000 feet above their

water surfaces, and flow southward through a fertile prairie and undulating country

to the Ohio. The boundaries of the basin are indicated on plate I, and its character

is so well known as to require no description here. Its total area is 214,000 squai-e

miles.

Ohio river.—The Ohio is formed by the junction of the Alleghany and Monon-

gahela rivers. The former, which is the principal branch, rises in the

mountains of Pennsylvania, the latter in those of Virginia. Tlu'oughout the^river*^^"^
°^

its whole length (975 miles) the river flows with a gentle current,

uninterrupted by rapids except at the "hxUs of the Ohio" near Louisville^ when

it descends 2G feet in 3 miles. It traverses a beautiful valley and is constantly

augmented by tributary streams.

The Ohio in low water is a succession of long pools and ripples, with a current

alternately sluggish and rapid. The bars in the upper part of the river are mainly

composed of gravel, and in the lower part, of shifting sand.

Of the Alleghany branch, nothing need be said except that near its sources it flows

between hills, through a very narrow strip of fertile bottom land, and with a more

uniform slope than near the mouth, where it traverses a rocky and ^Jrecipitous ravine,

with a l)ed composed mainly of sandstone or gravel-bars. [Captain Hughes, Topi.

EngTs., U. S. A.]

Of the Monongahela branch, some curious facts stated by Dr. William Howard

in 1833 merit attention. It rises in the Alleghany mountains and suboi'dinate ranges

in Virginia, and is formed by the junction of the East and West branches and Cheat

river. The former streams head in Laurel ridge, and flow in rocky channels. The

tributaries of Cheat river rise in the summit of the AUeghanies, and form mountain

torrents until they unite in a river scarcely less wild than themselves. The Cheat
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forces its way tlii-ougli deep gorges with nearly perpendicular side-slopes to the

Mouongahela, falling 2400 feet in the last 80 miles. Below the junction the river is

gentle in character. It winds with a serpentine course, Avithout islands, through a

teiTaced valley. Its slope here is less than that of the Ohio. Thus the fall from the

mouth of Cheat river to Brownsville (35 miles) is 44 feet, or 1.2G feet per mile, and

from BrownsAdlle to Pittsbm-gh (55 miles), only 31 feet, or 0.56 of a foot per mile

;

while the con-esponding fall of the Ohio near Pittsburgh is about 1 foot per mile. The

fall of the Mouongahela, above the junction of Cheat river, averages about 2 feet per

mile for over 100 miles. The anomaly in slope near the mouth of this river is less in

high than in low water, the usual range at Browns^nlle being 15 or 20 feet more than

at Pittsbm-gh. At low water the Mouongahela is a succession of pools separated by

bars com2:)osed of gravel and loose stones, not subject to sudden changes. Its water is

quite free from sedimentary matter.

In a paper published by the Smithsonian Institution, in 1849, Mr. Kllet gives

much statistical information relative to the slope of the Ohio and of its

ope.
principal tributaries, mostly compiled from data furnished by the various

railroad survcAs, which have so thoroughly covei'ed the region. The following table

is extracted from this paper, the distances being added from an accompanying dia-

gram :

—

Loic-icater slope of the Ohio.

Distance above Elevation above

moutb. tide.

Month of^hio

Month of Wabash (approximately)

.

Evansville (approximately)

ICew Albany, bi-low the falls

LoaisviHe, above the falls

Cincinnati

Portsmonth

Mouth of Great Kanawha

Head of Le Tarts shoals

Marietta (mouth of Mnskin^nm) . .

.

Wheeling

Pittsburgh

Franklin

Warren

Chantanqoe lake

Olean point

Month of Oswaya

Smitbport

Condersport

Surface of lake Erie

1105

1175 1187

1306

1403

1419

ueo

1G49

Feet

0.00

0.17

0.25

o.ao

&00

0.36

0.40

0.51

0.60

0.52

0.55

0.92

2.00

X24

4.32

It will be noticed that these elevations correspond to the low-water period. The

range between extreme low and exti-eme high water seems to be about

tween low and 45 feet throughout the entire river. Thus at Wheehng, it is 45 feet; at
high v^ater.

Louisville, 42 feet on the falls and 64 feet helow them ;
* at Evansville,

*At a medium state of water, a rise of 1 foot ou tbe falls makes a rise of about 3 feet below them, uutil the water

on the falls is about 5 feet deep. Subsequently the rate of rise below is rather less than 2 feet.
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40 feet; at Padueali, 51 feet; and at the mouth of the river, 51 feet. The usual range

does not exceed 25 feet.

The least low-water depth on the bars, from the mouth of the river to Padueali,

is about 3.0 feet ; thence to Louisville, 1.5 feet ; thence to Cincinnati, ^ ,
' Its low-water

2.0 to 2.5 feet; thence to Wheeling, 1.0 foot. '^^p'^'^-

From the ma^JS of the United States surveys made by Mr. C. A. Fuller,

under the direction of Captain J. Saunders, U. S. A., and now on file in the Bureau

of Topographical Engineers, AVar Department, the mean width of the

Ohio between Pittsburgh and Point Pleasant (the upper tliird of the area of crosa-^
,

section.
river) is 1000 feet at low water and 1200 feet at high water, the coire-

sponding areas of cross-section being about 5000 and 50,000 square feet, respectively.

These dimensions gradually increase until, near the mouth of the river, the widths

become about 2500 feet and 3000 feet, and the areas 50,000 square feet and 150,000

square feet respectively.

The Ohio river, as will appear in the next chapter, discharges annually about 5

trillions of cubic feet, or about one-quarter of the annual discharge of
1 HT- • • • T n T T 1 • r T.v 1 T • ^'^ discliarge.
the Mississippi. Its flood discharge varies ot course at ditterent localities,

and has not been well determined. At Wheeling-, at the top of the flood of IS-ID

(May 8), when the river stood 29.0 feet above low-water mark, Mr. EUet found the

discharge to be about 2()0,000 cubic feet per second. In June, 1858, the discharge at

the mouth could not have been less than 700,000 cubic feet per second, judging by the

measurements conducted upon the Mississi^^pi, at Columbus.

The following information has been collected from reliable sources respecting the-

usual succession of stages of the Ohio. The first rise occurs when the

snows melt and the winter breaks up. Generally, this occurs in Feb- '*^. ^°""^i ^uo-
i -J ' cession of stages.

ruary, but is sometimes later. This rise is generally 10 or 15 feet

greater than any other at Louisville. The average spring rise is about 25 feet at the

mouth of the Ohio, the river remaining hig-li about six weeks, the tributaries discharging

their floods very nearly at the same time. On Louisville falls, it is from 15 to 20 feet.

This is the rise which occasions floods in the Ohio.

The next rise usually occurs in May or June. This is due to the summer rains.

It is usually the smallest of the three regular rises known in the Ohio. It lasts three

or four weeks at Cairo and one or two at Louisville.

The next regular rise is in the autumn. In October the river is always low, but

early in November, generally, it begins to rise and often continues to do so until the

banks are fuU. This rise, however, is not to be depended upon. It is due to autumn

rains, and sometimes occurs as late as Chi-istmas.

The Oliio is generally lowest in August and September, when it is only navigable

for boats of 18 inches draught.
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It freezes generally about Christmas, and sometimes remains frozen for four weeks.

In 1855 it was frozen at Louisville sixty-five days, tlie longest time ever known. The

ice from Alleghany river is the most dangerous for boats, as it is heavier and thicker

tlian that from any other tributary.

In fine, the usual succession of stages appears to be as f()llo\vs: January, river

frozen; February, breaking up and liigh; ]\Iarch, high; April, high; MaA', falls some-

what; June, rises again; July, falls and is low; August, A-ery low; September, very

low: October, very low; November, rises; December, well up.

At Louisville, the greatest flood ever recorded occnrri'd on February 22, 1832.

The water stood 42 feet above low-water mark at the head of the falls

and 64 feet at their foot. The second flood at this city was highest on its great noods.

December 20, 1847, and stood 41.2 feet al)Ove low-water mark at the

head of the falls, and 63.2 feet at their foot. In April (?), 1851, two great rises of equal

height occurred, separated by a fall of some 10 or 12 feet. They attained a level 33.5

feet above low water on the falls. A destructive flood, which stood 34 feet on the falls,

occurred in 1854. Another about 2 feet lower attained its height on February 24,

1859, followed by a second rise (May 2), which stood 27 feet on the falls, or only 5

feet below the level of the first rise.

Trihufaric!^.—The principal tributary of the Ohio is the Temie.ssee. The true

source of this stream (Holston river) rises in the Alleghany mountains,-., -r. ., Its tributaries.

at an elevation of 2500 leet above the level ot the sea. It is a rapid

stri-am, some 400 feet in width, flowing through a narrow vallev over a rocky bed.

It doubles its size when joined liy the French Broad, a ri\cr -which heads .in the Blue

ridge and winds through a broader and more fertile valley than the Holston. Below

the junction, the pools become from 20 to 40 feet in depth, and the shoals less frequent.

Clinch river increases the volume of the Tennessee some 50 per cent. Islands

become numerous. In four places the river is contracted by high promontories, and

made very deep and rapid. Below these obstructions, tlie course is more direct and

the current gentle and uniform to the ^Muscle shoals. These shoals extend 36.5 miles.

They are composed of a stratum of compact limestone mixed with flint. The river

flows over them with a rapid current and occasional deep pools. It is here from 0.5

to 1.5 miles wide, and has a minimum dejjth in low water of about 1 foot. Tlie total

fall from the head to the foot of the shoals is 164 feet, or at a mean rate of 4.4 feet

per mile. [Surveys of board of U. S. engineers.] Below the .shoals, the current is

gentle and uniform. The extreme range between high and low water in l)oth the

Holston and French Broad is about 25 feet; just above 3Iuscle .shoals, 12 feet; on the

shoals, 5 feet; at their foot, 20 feet; 28 miles below them, 30 feet; at the mouth of

Tennessee river, about 50 feet. The elevation above the sea at the Seven-mile ford

of the Holston iu Virginia is, according to ^Ir. EUet, 1014 feet; at Chattanooga, 643
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feet; and at the moutli (low water), 286 feet. These numbers indicate the mean sk)pe

between these stations to be 2.5 and 0.6 feet, resjiectively.

The uQxt ti'ibiitary of tlie Ohio in importance is the Cumberhind. This stream

rises in the Cumberhind mountains, and has a rapid descent to the plains. It then

flows more gently to the falls, where it pours over a cliff of pudding-stone 56 feet in

height. Below these falls it is enclosed between bluffs some 500 feet in height, and has

a rapid current as far down as Laurel river. Here conmiences the coal region, wliich

extends 13 miles down the stream. The principal obstruction to navigation below is

the triple rapid, called Smith's shoals, where the river falls 54 feet in aljout 6 miles.

The stream here expands from its usual width (375 feet) to about 600 feet. [Captain

Stansbury, U. S. A.] The elevation above the sea, of the Cumlierland at its mouth

(low water), is, according to Mr. EUet, 284 feet, and at Nashville, 388 feet, giving a

mean slope in this part of its course of about 6.5 inches per mile.

The following extracts from the paper of Mr. Ellet, already mentioned, present

data of interest respecting the slope of the other tril)utaries of the Ohio:

—

"The Wabash, next in succession, but perhaps equal in volume to the Cumberland,

is the largest of the tributaries of the Ohio which descend along- its northern plane.

The elevation of low water at the mouth of the Wabash is .297 feet above tide. In the

first 91 miles, extending from its confluence with the Ohio to the mouth of White

river, the fall is 57 feet, or 7i inches per mile. * * * 'pjjg total descent

from the mouth of Little river to the Ohio, a distance computed at 370 miles, is 385

feet, or a small fraction over 12 inches per mile.

" Green river enters on the left border of the Ohio, from the State of Kentucky.

The average inclination of this stream from Bowling Grreen, on Barren river, a tribu-

tary of Green river, to its mouth—a distance of 175 miles—is 4J inches jier mile. The

actual fall in this distance is 60 feet, and the rate of inclination but one-third greater

than that of the lower Ohio. *********
" Kentucky river is the next important tributary which we find on ascending to-

ward the north. The distance by the meanders of this stream from Three forks to its

mouth is 257J miles, and the total fall 216 feet, or 10 inches per mile.*********
"The Licking river from AVest Liberty to the Ohio, a distance of 231 miles, falls

316 feet, or 16 J inches per mile ; while Guyandotte river, from Logan's court-house to

the Ohio, a distance of 74 miles, falls 142 feet, or 23 inches per mile. * *

" The Great Kanawha, the next in succession, is a navigable river, and is correctly

represented in the profile. From Loup-creek shoals to the mouth of the river is 89

miles, and the descent 86 feet, or very nearly 12 inches per mile. * * *

" Tlie Little Kanawha, from BuUtown to Elizabethtown, 108j miles, f\ills 181 feet;

and from Elizabethtown to the Ohio, 27^ miles, the fall is 28 feet, or 12^ inches per

jjjjjg
**** *****
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" The Scioto is not navigable. The distance from Columbus to Portsmouth is

about 100 miles by water, and the fall 302 feet.

"The i\ruskingum, from Zanesville to ]\Iarietta, aliout GO miles, falls lo4 feet."

With regard to the annual spring freshets of the tributaries, little definite infor-

mation exists. The Cumberland and Tennessee usually send out their floods together

and tirst. The Wabash follows. Lastly, the upper tributaries contribute their dis-

charge. There is, however, very little difference in the times of these floods, and, for

all i>ractical purposes, they may be said to be coincident at the mouth of the Ohio.

Tlie Tennessee and Cumberland are navigable for seven months of the year; the

former to Muscle shoals, some 600 miles, and the latter to Burkesville, 370 miles. The

Wabash is navigable to Lafayette, 335 miles, for about five months. The Kentucky

and Green rivers and some of the smaller riA'ers have locks, which make tliem naviga-

ble for about ten months in ordinary rears.

YAZOO BASIN.

The Yazoo basin consists of the Yazoo bottom and its water-shed.
Yazoo basin.

Boundaries and area.—The exterior limits of the Yazoo liasin can

be easily traced upon La Tourrette's map, which is drawn on so large a scale that the

dividing ridge between small streams draiiung into and away from the bottom lauds

can be readily distinguished. Its total area is 13,8.t0 square miles.

The Yazo(i bottom is a tract of alluvial land of an oval shape, bordering upon the

Y b tt •
-^^i^''i*'*'Ppi between Memphis and Vicksburg, and constituting the

its boundaries. '

^.egteru i)ortion of the basin. (See plate II.)

In the preliminary report* of Mr. L. Harper, the State Geologist of ^Mississippi, the

boundary of this region is defined as follows : Beginning at a point on the Tennessee

State boundary, near the dividing line between It. S, W. and Ii. 9, W., it extends south-

ward to T. 4, R. 8, W., ^vhere it passes around a projection of the bottom lands of Cold-

Avater river. From the division line of T.'s 4 and 5, R. 9, W., in De Soto county,

it runs again in a soutliern direction to T. 29, R. 8, W., in Panola county, where it runs

around a projection of the bottom lands of the Tallahatchee river. From T. 28, R. 8, W.,

in Panola county, it takes again a southern course toward Charleston, in Tallahatchee

county, jiassfs about a mile west of that town through T.'s 25, 24, 23, R. 2, K., and

tlien runs around a projection of the alluvion df the Yallabusha river. From the line

of Tallahatchee county, T. 22, R. 2, E., it turns again south, down R. 2, E., througli

the townships 21, 20, 19, 18, 17, in Carroll, and T.'s IG and 15, in Holmes county.

Thence it takes a southwest direction toward the southwest corner of T. 14, R. 1, E.,

in Holmes county; continues in that direction to Yazoo City, where the blufi" comes

witliin a A^ery short distance of the Yazoo river; and then passes through ranges 8 and

7, E., townships 11 and 10, to a mile below Satartia. Thence it runs through T. 19,

* Preliminary Report ou the Geology and Agriculture of the State of Mississippi. Jackson, 1857.
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R. G, W., in Yazoo county, and through T.'s 18 and 19, ranges 5 and 4, W., in Warren

county, to Vicksburg. Thence the Mississippi forms its boundary northward to tlie

Tennessee State line. The portion of the bottom which extends ijito the State of

Tennessee is very trifling in extent.

Mr. Harper estimates the area of the Yazoo bottom in Mississippi at 70D2 square

miles. By drawing on La Tourrette's map the boiindary just given, and
Its area.

accurately computing the extent ot the bottom, including the strip in

Tennessee, the entire area was found to be 7110 square miles, thus confirming the

accuracy of Mr. Harper's computation.

This region is not entirely alluvial. The operations of this Survey, together with

reliable information communicated by persons residing in the bottom111 1 •• 11 1- />i'iii -. r.^*-'^ traversed
lands, show tliat it is traversed by a hue ot high lands, some 2 to G by a line of high

land.

miles in width, which are very rarely, if ever, overflowed. They extend

from Honey Island to Delta, on the Mississippi, separating the Yazoo and Tallahatchee

rivers from the Sunflower. The soil is diff'erent from that of the rest of the bottom,

and the ridge is believed, for many reasons, to be the true prolongation of Crowley's

ridge, which has heretofore been supposed to terminate at Helena. The area of this

belt of high land, as nearly as it can be estimated, is about 31U square miles.

The entire basin therefore consists of:

Square miles.

Bottom lands liable to be submerged 6, 800

Ridges in bottom lands ^ .

.

310° Area of Yazoo
Lands draining into bottom 6, 740 ^^^''^ classified.

Total basin of Yazoo river 13, 850

Topoyrapliy of the bottom lands.—In its general features, this region is a vast, densely

timbered plain, sloping from the Mississippi river toward the east, at a
fi /vj/'c 1 1. General topog

mean rate ot about 0.4 ot a toot per mile, according- to the levels run bv raphy of Yazoo
. 1 „ bottom.

Mr. Pattison's party near its middle parallel (plate IV) ; and sloping from

north to south, at a mean rate of about 0.6 of a foot per mile, as deduced from the fall

of the Mississippi between Memphis and Vicksburg.

The natm-al system of drainage of this region is very favorable to its protection

against overflow and to the conversion of the swamp lands into cultivable

ground. Parallel to the tertiary hills which form the eastern border of
^j-aina e^

"" °^

the bottom, and but a few miles distant from them, is found the main

stream. It is known successively as the Cold-water river, as the Tallahatchee river,

and, finally, as the Yazoo river, and is a large, navigable stream. It receives many
tributaries from the hills, the principal being the Cold-water, the Tallahatchee, the

Yock-na-pa-ta-fa, and the Yallabusha. Until very recently (1852?) it was connected

10 H
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with the Mississippi by the Yazoo pass, a large bayou, which left the river aboiit 10

miles below Helena ; but a levee is now built across this inlet ^Miile the Yazoo flows

nearly south, it receives comparatively little of the drainage of the swamp lands west of

it; but when it bends toward the Mississippi, in the lower part of its course, its volume

is soon augmented by the contribution of a system of large swamp di-ains or bayoiis.

The principal of these are the Sunflower river, Deer creek, and Steele's bayou, but

there are many others, which, under ditferent names, connect the vanous c^^iress

swamps and winter lakes of the interior. These channels, with the single exception

of McKinney's bayou, which empties into the Mississippi just above Stirling, all drain

away from the Mississippi to the Yazoo river with a general southerly course. They

were formerly annually overflowed by water which left the Mississippi tlu-ough innu-

merable bayous, whose beds varied from 15 to 5 feet below the level of the natural

banks of that river. This water, in annually filling and spreading over the banks of

the great swamp drains, deposited its sediment upon them, and thus formed a system

of high banks or natural levees, extending in a general direction from north to

south through the swamps. The annual supply of sediment-bearing water is now

cut oft' by the Mississippi levees, except in great flood years, but the natural swamp

levees remain and serve a useful end in restricting the limits of overflow when crevasses

do occiu'.*

The natural advantages presented by this system of di'ainage for protecting the

countrv from overflow are apparent. The whole region is supplied with
Its advantages '

rp • ^ r ^^ -jji
in an economical natural drains having ample sloiie to carr}' oS^ its downiall, pro^^ded the
point of view. c x i

Mississippi water can be excluded. Since none of these drains dischai-ge

into the Mississippi, they do not prevent a continuous chain of levees upon its banks.

Lastly, even if a few crevasses do occur, the water poured into the swamps is confined

by natural levees to comparatively naiTOw belts of land, and large areas are thus left

uuflooded.

Geology of the hottom lands.—It is impossible to give detailed infonnation respecting

the character of the soil, etc., of the gi-eater part of the Yazoo bottom,

since the region has been very little explored, and M'hat Uttle infonnation

has been collected has not been published. The route fi-om the hills east of Green-

wood, via McNutt, to Prentiss, on the Mississippi river, has, however, been carefully

examined by a party of this Survey in charge of Mr. H. A. Pattison. Besides ninning

transit and level lines across the swamp, this party collected a great deal of information

concerning it, which forms the basis of this account. The line surveyed crossed the

bottom near its middle parallel of latitude, and probably gives a fair general idea of

the whole.

* Thus in the April rise of 1858, the high banks of Deer creek almost entirely protected the swamps east of them

from Mississippi water.
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From the tertiary hills to Yazoo river, near the route surveyed, the surface soil

is dark alluvial earth, underlain by a stratum of gravel similar to that
' ' ° Surface soil.

of the hills, but less coarse. The roads become so solid after a rain that

the shoes of the horses hardly make any impression upon them. Between Yazoo river

and McNutt, the character of the soil is identical with that just described. From

McNutt to Sunflower i-iver, underlying the vegetable mould and the alluvion is a

stratum of dark heavy clay, which, when exposed, is called "buckshot" land by the

settlers, from its fancied resemblance to leaden balls, when it has been baked and

cracked by the sun. Strata of blue clay frequently crop out in low places. After

passing Tompkins' bayou, the soil contains much lime; so much, indeed, as to whiten

leaves lying upon it after a rain. The Sunflower river itself is very strongly impreg-

nated with lime. At low water, it is of a dark-green color, and very transparent. It

evidently receives its water in part from Hmestone or mineral springs, the latter of

which abound on the eastern border of the bottom lands. From Sunflower river to

Jones' bayou, the soil is generally similar to that between Sunflower and McNutt,

but in some places it begins to resemble more nearly the deposit from Misslssijipi

water. Between Jones' bayou and the Mississippi, the surface soil is composed of this

deposit.

The surface soil in Bolivar and Washington counties is reported to be black mud

with some calcareous marl. Limestone waters are unquestionably found in these

counties.

To ascertain the nature of the sub-soil, inqinries were made respecting' the strata

pierced in diofSfinff wells, etc. No great variation was found in different
1 btD o J o

^
Sub-soil.

parts of the swamp. At Greenwood, many wells were examined. For

2 or 3 feet, a dark-colored alluvial stratum is penetrated; then a layer of heavy red

and yellow clay, some 18 or 20 feet thick; then blue clay, from 2 to 4 feet thick;

then coarse gravel, which is water-bearing. At McNutt, the upper stratum, some 2 or

3 feet thick, is the ordinary surfece soil ; nest is a stratum of light-red sand and clay,

some 20 or 30 feet thick. Frequently strata of blue clay, from 2 to 5 feet thick, are

encountered 16 or 20 feet below the surface, and at this depth sticks and leaves are met

with. At Sunflower river, the surface soil is about 10 feet thick
;
then comes a stratum

of light-red clay, some 6 or 7 feet thick. At 32 feet below the surface, a stratum of

clear white sand with water is found. At Bogue Falaya, wells are not used, and cisterns

only have been dvig. The soil is light and sandy for some 10 or 20 feet, and then blue

mud is found. At Bluck's mill, near the mouth of Yazoo river, a well has been dug

through a stratum of hard clay containing many sticks and leaves. At 40 feet below

the surface, a layer of quicksand was reached, which rose several feet in the well and

prevented farther progress. At Mr. Blake's plantation, 10 miles above the mouth of

Yazoo river and bordering upon the hills, the strata pierced are surface soil, clay and



76 REPORT ON THE MISSISSIPPI RIVER.

sand, gravel—often containing large trees—and, lastly, blue clay, which is some 12 or

14 feet below the suiface. This blue clay underlies all the hills. These hills contain

nuich gravel and limestone, and often rest upon strata of sand. Near lake Washington,

some 5 miles from the Mississippi, a sycamore tree, in a state of perfect preservation,

is said to have been found at a depth of 40 feet below the sui-face.

The beds of Yazoo and Sunflower rivers are both composed of the same kind of

blue clay as that which forms the bed of the Mississippi, and what is a

rivers.^
° ^ singular and interesting fact, the bottoms of these thi'ee rivers are all

npon the same absolute level, where crossed by the line of the survey.

The preceding facts seem to waiTant the conclusion that the alluvial soil of the

entire region, which is unsurpassed in fertility, is underlain by a stratum of clay,

varying from 20 to 40 feet in thickness and resting upon a stratum of gravel or

sand.

Groicth oil the bottom lands.—There are three classes of land in the Yazoo bottom

:

the " high" laud, which is rarely overflowed ; the " middle" land, which
Forest growth. _

_

"^

is overflowed dming the wet season; and the low "cypress swamps,"

parts of which always contain water. •

The high land sustains a growth of heavy cane, gum, wliite oak,
Upon highland.

_

^
_

*=

^

/ ) to
'

»

white, black, and red hickory, holly, spicewood, dogwood, sassafras,

walnut, and pecan.

Upon middle
'^^^'^ middle land is covered with ash, gum, over-cup oak, black

^^^'
oak, and hackberry.

The low swamps contain cypress, many varieties of water-oaks, privet, box-elder,

hackbeiTy, and swamp ash. The cypress swamps, which are found in
Upon low land.

all parts of i azoo bottom, are from 2 to 10 feet deep at low water. The

deepest parts, near the middle, are usually without timber. They are unquestionably

the remains of lakes which have been annually filling up by deposit from the Missis-

sippi river.

The timber bet^-een Greenwood and McXutt, on the line of the survey, is rather

small, owing probably to the stiff nature of the soil. From McXutt to

surveyed.
'^"° Bogue Falaya the route traverses an almost unbroken cane-brake. Oak,

hickory and other trees common to the swamp, are scattered through

this cane, and, where the soil is especially rich, the growth is luxuriant, resembling

tropical vegetation.

The size of some of the swamp trees is enormous. One cvpress log was rafted

out, which was 84 feet long, and 5 feet 4 inches in diameter at the

timbe^r^
° ° Smaller end. Another was sawed at Mr. Bluck's mill, 60 feet long, and

5 feet 1 ineli in diameter at the smallest place.

Floods in the bottom lands.—Full and exact information relative to ovei-flow was
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collected on Mr. Pattison's transit and level survey through the Yazoo bottom. (See

plate II.) In Apj^endix F will be found a table giving the depth at

high water, 1858, at stations 1000 feet apart on this hne, which extends a^^\^is5°3,'""

entirely across the middle part of the region, from the hills to the

Mississippi river, a distance of 72.5 miles. A profile of this line is also shown on

plate IV. East of Bogue Falaya the line was run twice, as a check against eii'ors,

and tested thoroughly. The mean depth of overflow on this whole route at high

water, 1858, was 2.35 feet. If about 12 miles, not ovei"flowed, be deducted, the mean

depth on the remaining part of the line, which, of course, includes all land actually

submerged, was 3.08 feet. The deepest overflow was between Bogue Falaya and

•Tones' bayou, where the mean depth for the 10 miles was 5.5 feet, the maxlnuim being

12.5 feet.

This line was selected particularly with a view to determining as closely as

possible the mean overflow of the entire swamp. The resulting mean

dep^h accords with the estimates of many gentlemen well acquainted tSs^re^it!^""
°^

with the region. For instance, several months before Mr. Pattison's

survey, Mr. John O'Malley, of Vicksburg, who has spent much of his life in the

bottom, estimated the depth of overflow on a line between Greenville and McXutt, as

follows :

—

Estimated section of Yazoo bottom.

Locality. Mean overflow.

Greenville to Deer creek

Deer creek to Bogue Falaya. .

.

Bogne Falaj-a to Indian bayou

Indian bayou to Sunflower

Sunflower to McNutt

Making a total distance of 59 miles, with a mean overflow, for the whole distance, of

3.01 feet ; a singular accordance with the result of Mr. Pattison's subsequent survey

over an entirely diff'erent route. This, with other verbal testimony to the same effect,

induces the belief that about 3.0 feet is an accurate estimate of the mean depth of

overflow in the submerged portion of Yazoo bottom at high water in 1858.

Mr. Pattison availed himself of every opportunity to compare exact high-water

marks of the different great-flood years in the swamp. The following
'^ ^

.
Relative depth

table exhibits the data thus collected. The datum-plane to which the of overflow in
former floods.

figures in the table refer is the level of the high water of the Mississipjoi

river in 1858 at Prentiss. They denote, therefore, the number of feet below that

plane of the swamp high-water marks :

—
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Flood-marls in Tazoo hottom.

Locality.
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hatcbee river : one 10, and the other 20 miles above McNutt. This high-water mark

was doubtless caused by the simultaneous occurrence of a large flood both in the swamp

and in the Tallahatchee river, which filled the drain so rapidly that it became very

unusually full of water. Another of these marks, situated near Porter's bayou, is

some 3.0 feet above ordinary flood-marks at the same place, but is explained by similar

local causes. Until one of these extraordinary marks is found so situated that it can

only be accounted for upon the supposition of a general overflow, they cannot be

accepted as e^idences of the occurrence of a flood in former times greatly surpassing

all those of which there is record or tradition.

Yazoo river.—This river is in many respects a peculiar stream. It flows near the

eastern part of the Yazoo bottom, from its northern to its southern

extremity, being known as Cold-water river until joined by the Talla-
i tT^^°characteV

hatchee, and then as Tallahatchee river until joined by the Yallabusha. sectSn^'*
cross-

Below the latter junction it assumes its proper name—Yazoo river.

The total length of this stream, from its proper source, Horn lake, to the Mississippi,

is about 500 miles. At its high stage it is navigable for steamboats drawing 5 or 6 feet

water, as far as Panola, on Tallahatchee river, and as far as Grenada, on Yallabusha

river. It is navigable for boats drawing from 2 to 3 feet water, as far as Greenwood,

a distance of 240 miles, at all seasons of the year. Its average high-water width

below Greenwood is about 850 feet. Its high-water cross-section is, near Greenwood

17,000 square feet, and just below the mouth of Steele's bayou, 50,000 square feet

.

the difference being mainly due to the swamp tributaries.* Its range at Greenwood

is 3G feet; at Yazoo City, 35 feet; and at its mouth, 48 feet. Its total fall at high

Avater, from Greenwood to its mouth, is shown by the levels of this Survey to be about

40 feet, giving a mean slope per mile, in this distance, of 0.16 of a foot. Its current

is sluggish, rarely exceeding 3 miles per hour below Greenwood, even in the swiftest

part of the stream.

The total annual discharge of the Yazoo river can be estimated in the foliowin o-

manner. The area of the entire Yazoo basin, as already seen, is 13,850

sqiiare miles. The mean annual downfall in this part of the Mississippi chwe""^"^^
^^'

valley is (see Chapter II) about 46 inches. In 1858 it was 54 inches.

By a process hereafter explained, it is demonstrated that 0.95 of the entire downfoll

in this basin in the year 1858 eventually di-ained into the Mississippi. It is safe, there-

fore, to assume 0.9 as the usual value of this ratio. This gives 1,350,000,000,000 cubic

feet for the mean annual discharge of the Yazoo river ; a quantity nearly one-fourteenth

part of the mean annual discharge of the Mississippi.

The floods of the Yazoo river proper, exclusive of the Mississippi water, are irreg-

' See Appendix C for detailed information respecting these sections and those of the tributaries crossed by Mr.
Pattison's party.
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ular the time of their occurrence. There is generally, however, a flood in February

and March, and often another in the autumn. The river is usually
Its floods. IP T i TA 1low trom June to December.

The ]\lississippi levees have already effected a great change in the regimen of the

river.

Formerly, even as recently as 1850, the Mississippi began to pour into the swamp in

large quantities when fully 10 feet below high water. This water filled

men^
ornier regi

^^^^ ^^^^ bottom lands and passed through the innumerable drains to

Yazoo river, causing it to (Vischarge uniformhi a great volume of water

hack into the Mississij)})!, eeen at the top of the highest floods. This fact is establi.shed by

the direct evidence of many who speak from personal knowledge. It was particularly

noted in 1S28 and 1850, when the velocity of the current in Yazoo river is stated by

eye-witnesses to have exceeded even tliat of the Mississippi itself It may, therefore,

be doubted whether these swamp lands reduced in the least the discharge at the top of

the floods, at points below them, before the levees were made. Even in 1858. when the

water was excluded iintil the river was very liigh (and when, therefore, the swamps

sliould, if ever, have served as reservoirs), at the actual top of tlie flood, the Yazoo

river, hg measurements, returned 129,000 cubic feet per second at the date of highest

water at Vicksburg (June 27) to the water-prism, which in passing the entire front of

Yazoo bottom had lost only 124,000 cubic feet per second by crevasses. There is a grave

error, therefore, in the following views : "The floods of the Mississippi are produced by

water which does not go into the swamps at all, but which descends tlu-ough the main

channel of the river, aided by the discharge received from tlie tributaries on the way

The height of the flood at any point depends on the volume that is brouglit down by

tlie river and its ti'ibutaries, and not by the discharge from the swamps. But, after the

river has attained its height, the supply is kept up, and the duration of the flood pro-

longed, by the subsequent discharge from the swamps."* This matter is fully discussed

in Chapter YI, where it properly belongs. Here it is only incidentally noticed.

At present, as long as the Mississippi levees remain unbroken, the Yazoo is backed

up so as to become dead water (sometimes even fur 70 miles) during

imeu'"^^^^""^^^'
I'^pi*^^ I'ises of the Mississippi. If there happen, however, to be freshets

in some of its tributaries, the Yazoo may maintain its discharge even in

very rapid rises of this river, as, for instance, in the December rise of 1857, during the

whole of which a moderate downward current was observed. Sometimes, but very

rarely, there is an upward current of Mississijipi water, which has been known to

extend 40 miles up the river.

It is stated that a marked change in the color of the water has occurred near the

* Keport on the Overflow of tbe Delta of the Missisuipi)!, by Charles EUet, Jr., C. E.
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month of the Yazoo river, Avithin the last eight or ten years. Formerly the floods were

clear. Now they are becoming more and more nnuldy every year, prob- PJ^'^^^^°^°'^

ably from the increased cultivation of the banks of the river.

No g-eneral system of leveeing has yet been adoiited for this river,o J >D J I
'^ Yazoo levees.

but several private levees have been made on its banks and on those of

its bayous.

The following facts were collected relative to tlie Yazoo river during the flood of

1858. At Greenwood there was a great freshet in January; the river

again rose, from rain-water alone, so as to be in April within 5 feet of 1^3^°° "''^'^ ^'^

extreme high water. It then fell rapidly some 20 feet. When the

breaks in the Mississippi levees began to occur, it rose rapidly and steadily to a point

0.5 of a foot below the high water of 1850. At a place some 8 miles above Greenwood,

however, it stood 0.7 of a foot above the high water of 1850. It only remained stand-

ing a single day (July 21), and then fell rapidly to comparatively low water. At its

mouth, the river followed very closely the oscillations marked by the Vicksburg gauge.

Exact measurements of discharge were made from time to time at this locality, so that

the daily discharge during the flood is accurately known. (See Appendix E.)

Indian mounds, etc.—Indian mounds are to be found throughout the entire bottom.

They are evidently artificial, being composed of the ordinary swamp

soil, and containing bones, articles of pottery, etc. These mounds are Traces of a for-

especially numerous near Sunflower river, as are also Indian burial habitants,

places. In one locality the caving of the river bank has exposed many

human bones and other relics of the former occupants of this region. The great age

of these mounds may be inferred from the fact that some of the largest trees of the

region are now growing upon them. On the banks of the Yazoo river many shell

mounds exist. They are above overflow, and are made of the shells of fresh-water

muscles, such as are now found in the river. No traditions relative to their origin are

preserved among the Indian tribes of the present day. Old fortifications are also

I'eported to exist in the swamps, but none were examined by the parties of this Survey.

liASINS OF SMALL DIRECT TRIBUTARIES.

The great divisions already described comprise nearly the whole of the basin of the

Mississippi, but there are a few small streams which discharge directly into the main

river below the junction of the Missouri and Upper Mississippi, and which are, there-

fore, not included. These will be briefly noticed under four heads : the Maramec, tlie

Kaskaskia, the Obion, and the Big-Black basins.

Maramec basin.—The northern slope of the eastern portion of the (Jzark mountains

drains into the Maramec river, a stream which enters the IMississippi a few miles l1e]o^v

St. Louis. This basin is hilly in character, containino' no lands lialjle to iiuuidatioii.

11 H



82 REPORT ON THE MlSSISSIPn RIVER.

Its area, taken from llutawa's sectional map of Missouri, is 5470 square miles. This

estimate includes all the country between the Missouri and Cape Girardeau, on the

v\'j;]it l)auk, which drains directly into the Mississippi.

KaskasJiia hasiu.—Under this head is included all the region draining into the

Mississippi on the left bank, between the mouth of the Missouri and the mouth of the

Ohio. It is named from its principal stream, although there are others of considerable

size—the Big Muddy, for instance. The country is mainly prairie, but, upon the

immediate bank of the IMississippi, a considerable area is liable to inundation in great

floods. The "American bottom," between the nioutlis of the Missouri and Kaskaskia

rivers, contains the greater part of this swamp eountr)', but there is another limited

belt above Cairo. The area of the Avhole basin is about 9420 square miles.

The Kaskaskia river itself resembles tlie Illinois. It flows with a very crooked

course through a heavily timbered alluvial bottom, liable to be overflowed to a depth

of 8 or 10 feet in freshets. Its bed is almost dry in the summer, but, when high, the

stream has a strong current.

Ohlon hasin.—Between the Ohio river and the head of the Yazoo basin lies an

extended tract of country, which, for want of a better name, has been designated the

Obion basin. It is drained by four nearly pai-allel rivers : the Obion, the Forked-deer,

the Ilatchee, and the Wolf; the Hatchee alone being, properly sjieaking, a navigable

stream. The area of the entire region is about 10,250 square miles.

This region is in the main an upland, hilly country, but, as shown on plate II, the

Obion and Forked-deer rivers floAV throu^gh somewhat extensive sAvamps near their

mouths. It is generally believed that the great earthquake in 1811, Avliich depressed

so much country on the opposite bank, materially increased the area of these swamps.

The Hatchee river, before certain railroads Avere built, was an important avenue

for transporting cotton from the interior to the Mississipj^i. It is navigable to Bolivar

—some 150 miles—from fom- to six months in the year; its usual range between low

and high-water being about 15 feet at Bolivar and 30 feet at its mouth. Its average

high-water width is about 350 feet, and its high-water cross-section about 8000 square

feet.

Biff-Black hasiii.—The region draining into the Mississippi between the mouth of

the Yazoo river and the alluvial lands below Baton Rouge is classed under this general

head. It is drained by many streams, the two principal being the Big Black, which

enters the Mississippi just al)ove Grand Gulf, and the Homo Chitto, which enters below

Kllis cliffs. Excepting a narrow strip along the immediate bank of the Mississippi, this

whole basin is made up of a rolling, hilly country, entirely al:)ove any danger of

inundation. Its area is about 7260 square miles.

Smnmary.—These small basins compose all of the Mississippi valley not included

in the preceding grand subdivisions. Their total area is as follows

:
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S,i„are miles.

Miiramco basin 5, 470

Kaskaskia basin 9,420

Obion basin 10,250

Big-Black basin 7,2C0

Total 32,400

Tliis country is situated in that portion of the Mississippi valley where the rain is

greatest, and contributes a much larger proportion to the annual discharge of the river

than is generally supposed. In other respects it possesses but little interest in the

discussions of this report, a snaall portion of it, only, being subject to ovei'flow.

TABULAR SUMMARY.

It is often convenient to be able to refer to a condensed tabular exhibit of the

principal hydrographical features of the basin of a great river like the Mississippi. For

this reason the following table has been prepared, partly from the preceding descrip-

tion of its several subdivisions, and partly from the next chapter, where the main river

is treated. All the important direct tributaries may thus at a glance be compared in

respect to their length, slope, dimensions of cross-section, discharge, area of basin,

downfall of rain, and drainage.

The Mississippi and its trihidaries.

Condersport

Glean point

"Warren

Franklin

Pittsburgh

Wheeling

Marietta

Head Lo Tart's shoals

Mouth Great Kanawha . .

.

Portsmouth

Cincinnati

Above falls

Below falls

Evansville

Mouth Wabash
Mouth

Distance

from

mouth.

Elevation

above sea.

1265

1225

1175

1105

Feet.

low water

lC-19

HOS

1187

960

Fall per

4.32

3.24

2.U0

0.92

0.55

0.52

0.60

0.51

0.40

0.36

8.00

0.20

0.25

0.17

Least low-

water

depth upon

the bars.

Range be-

tween low

and high

water.

Area of

cross-sec-

tion at high

wate

Area of basin, 214,000 sq. ra.

Downfall of rain, 41.5 in.

Annual discharge, 5,000,000,000,-

000 cu. ft.

Ratio between downfall and

drainage, 0.24.

Mean discharge per second, 158,

000 I .ft.
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The Mississip2}i (lad its tributaries—Continued.

Distanco

from

fniouth.

Upper 2lusissippi.

Utmost soarce

Itasca lake

Entrance to Lac Travcrs.

Eutrance to lake Cass . .

.

Mouth Leec'hlake river.

.

Head falls of Peckagama

Mouth Swan river

Mouth Sandy-lake river

Mouth Pine river

Mouth Crow-wing river

St Paul

La Crosse

Prairie du Chien

Head Rock-Isl'd rapids

Foot Rock-Isl'd rapids

.

Mouth Missouri

Missouri river.

Source Madison fork ...

Three forks Missouri .

.

Mouth Sun river

Foot of falls

At Fort Benton

At Fort Union

At Fort Pierre

At Sioux City

At St. Joseph

At mouth

Arkansas river.

Source

Mouth Boiling-sprinj: r.

Mouth Apishpa creek.

.

Xear Bent's Fort

Xear Fort Atkinson

Great bend

Near Fort Gibson

Near Fort Smith

Near Little Rock

Mouth

Sed river.

Source

A t Preston

At Fulton

At hojid of raft

At Shreveport

Month Black river

Mouth

Yazoo river.

Horn lake

Greenwood

Mouth

1330

1324

li14

1189

1109

1061

Elevation

above sea.

Feet.

low water

11180

1575

1450

1413

13JG

1340

1290

1253

1176

1130

670

C39

Fall per Width
between

Least low-

water

depth upon

the bara.

Feet.

Range be-

tween low

and high

water.

Feet

20.0

14.0

16.0

35.0

Area of

croaa-eec-

tion at high

water.

Sq. ft.

Area of basin, 169,000 sq. m.

Downfall of rain, 35.2 in.

Annual discharge, 3,300,000,000,-

000 en. ft.

Ratio between downfall and

drainage, 0.24.

Mean discharge per second, 105,.

000 CO. ft.

2908

2824

2C89

2670

2644

1894

1246

4319

3573

2964

2845

2188

1475

1065

29.52

5.54

31.59

4.56

0.88

1.10

1.01

0.86

0.77

1500

2500

3000

Area of basin, 518,000 sq. m.

Downfall of rain, 20.9 in.

Annual discharge, 3,760,000,000,-

000 cu. ft.

Ratio between downfall and

drainage, 0.15.

Mean discharge per second, 120,-

000 en. ft.

1514

1364

1323

1289

1095

high wat.
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The Mississippi and its tributaries—Continued.
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CHAPTER II.

THE MISSISSirPI ElVER BELOW THE JUNCTIOX OP THE MISSOUIU.

Geology of the river banks.—Geology of the chanuel.—Age of the blue clay.—Artesiau -n-ell at New Orleans.

—

Growth upon the river hauks.—Changes of the bed.—Oscillations of the gulf and their effects upon the lakes and

river.—Tidal oscillations of the river.—Hurricanes and their effects.—Range of the Mississippi between low and

high water.—Elevation above the gulf of the surface of the river.—Usual succession of stages.—Dimensions of

cross-section.—Yearly amount of rain in the basin.—Annu.al discharge of the Mississippi and of its principal

tributaries.—How the former may readily be measured.— Ratio between rain and drainage iu the basin.

—

Sedimentary matter in Mississippi water.—Matter rolling along upon the bottom.—Temperature of the water.

—

History of the progress of levees in the Mississippi valley.—Levee organization in the dlfl'orent states.—Dimen-

sions and cost of existing levees.—The earlier floods.—Those of 1828, 1811, 1840, 1850, 1851, 1858, and 1859.

At the mouth of the Missouri the Mississijjpi river first assumes its characteristic

appearance of a turbid and boihng torrent, immense in vohime and

remarks"'^*"'^ force. From that point, its waters pursue their devious course for

1300 miles, destroying banks and islands at one locality, reconstructing

them at another, absorbing tributary after tributary, without \asible increase of size,

until at length it is in turn absorbed in the greater volume of the gulf. But a true

conception of a river whose enormous volume and apparently irresistible power

impart to it something of sublimity, cannot be formed from a written description of its

magnitude and motion. Seemingly unrestrained, the Mississippi is really governed

by laws, the development of which was the fu-st object of these investigations. The

jiresent chapter, illustrated by plate II, is designed to give an introductory synopsis

of the physical characteristics of the river.

TOPOGRAPHY.

Gcologu of the river hanJcs.—After passing the bottom land.s near the mouth of the

j\Iissouri, the right bank of the Mississippi is mainly composed of high

. ^*J^* ^^"^ limestone bluffs, which seldom recede more than a mile or two from thebe twree n the '

Missouri and the
i-iyer, uiitll Cape Girardcau is reached. Here there is a .strip of low-

land, about 4 miles in length, which serves as an inlet to the St. Francis

bottom. Commerce bluli's next border the river for a few miles. They are about ] 25



THE MISSISSIPPI KlVEll BELOW TUE MISSOUllI. 87

feet in height, and are composed partly of k')am and clay, and partly of a flinty rock,

too hard for profitable use in bnilding. The clay is shipped in large quantities to

various jjoints on the Ohio river, to be used in the manufacture of pottery. From the

lower end of the bluif to the mouth of the Ohio, the right bank is subject to overflow,

except at a few points, where it consists of low, sandy ridges.

The left bank of the Mississippi, from the mouth of the Missouri to the mouth

of the Kaskaskia, consists of a strip of low land, called the American

bottom, which is subject to overflow in the highest floods. Thence to be't^v'een^the

Commerce, the bank is formed of bluffs like those on the opposite side tue^ohio.
^""^

of the river. The)^ frequently assume fixntastic shapes, which are prop-

erly accounted great natural curiosities. From Commerce to Cairo, the left bank is

liable to be ovei"flowed in floods.

From the mouth of the Ohio, the river flows mainly through an alluvial region

below the level of its floods. It first strikes high land at Cohunbus.

The bluft' is on tlie left bank, and is (by levels) 200 feet above the river ° "™ "^

at high water. Above the town it is called the "Iron banks," from containing large

quantities of iron ore. It is composed of successive strata of coarse silicious sand,

colored red or yellow, of coarse brown clay, of very fine bluish clay, delicately tinted

with lake and yellow, of fine sand, colored purple, red, and white, and of coarse gravel,

limestone, and a kind of pudding-stone cemented by clay and iron. Clay concretions,

beautifully tinted, are common in the sand strata. Below the town, the bluff is called

the "Chalk bank," from its pure white color.

The river next touches high land at Hickman, on the left bank,

where the bluff is similar to that at Columbus, but less interesting mfn"*'^^
^* ^''^'^"

in its structure.

Between New Madi-id and Point Pleasant the Mississippi cuts Prolongation

tlu-ough a low ridge, which is from 1 to 15 feet above ovei-flow. This bluffs.

°™"'®'^'^^

ridge extends southward from Commerce bluffs, and its soil is not Mississippi alluvion.

The river next touches land above overflow at the four Chickasaw bluffs on the

left bank. The first lies between Islands 33 and 34; the second,

between Hatchee river and Island 35; the third, opposite Island 36: "^^^ cwcka-
^ ^ ' saw bluffs.

and the fourth, between Wolf river and the foot of Island 46. Fulton

is built upon the first, Randolph upon the second, and Memphis on the fourth of these

noted bluffs. They average about 150 feet above the level of the river at high water.

The Memphis bluff is composed of yellow loam, underlain near the high water level

by a stratum of silicious sand. Two kinds, one white and the other yellow, are very
fine and pure. They are, although rather too fine for that purpose, used for building.

They rest upon blue clay.

The river next approaches land secure from overflow on its right bank. The bluff
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is tlie southern extremity of Crowley's ridge, which apparently terminates a few hun-

dred yards back of Helena. In reality, it reappears in Yazoo bottom,
row eysn &e.

^^ j^^^^ been already seen. This bluff is the last point near the river, on

the right bank, which is above overflow.

The bank near Cypress creek, opposite Island 77, is quite low and composed of

a red, tenacious clay. It is underlain by sand, and consequently caves

near'^ Island ^77 badly. Its peculiar color is doubtless caused by sediment from water,

which, escaping in floods from Arkansas river, enters the Mississippi by

this creek. Tlie first bend to the right, below Island 78, is called Yellow bend, froni

the peculiar color of the soil of the right bank. This soil is very tenacious clay, and

does not cave.

At Vicksburg, about 300 miles below Helena, the Mississippi again approaches on

its left bank the bluffs, which it continues to wash at short intervals for

biuffs^and^those 250 miles. The points at wliich it touches this formation are Vicksburg,

the°ieft*^ank.°" Grand Gulf, Rodney, a point just below the mouth of Cole creek (bluff

half a mile back from river), about 8 miles above Natchez, Ellis cliffs,

Fort Adams, Bayou Sara, Port Hudson, and Baton Rouge. From the last-named

2)oint to the gulf, the banks are unifonnly below the high-water level of the river.

The geological formation of these bluffs is interesting. They are composed of loess, a

post-pleiocene formation, similar to that of the Rhine, suj^erposed upon eocene tertiary.

That at Vicksburg, called the Walnut hills, is (by levels) 300 feet high, and underlain

near low-water mark by a solid stratum of blue clay, containing carbonized wood.

Above the latter is a stratiam containing many marine shells and corals. Next are

deposits of yellow loam and sand, containing vast numbers of fresh-water shells. The

sand is occasionally solidified into sandstone, sufficiently finu for 2;)avements, building

purposes, etc. The bluff at Grand Gulf is similar in height and character. There is

the same sti'atmn of blue clay, the white, silicious sand and sandstone, and the yellow

loam at top. The Natchez bluff is about 150 feet in height. The lower part is com-

posed of gravel and sand, containing many corals and other fossils. Next comes a

stratum of clay, rich in fossils of large extinct species of qiiadrupeds. The top is made

up of yellow loam, sand, and clay, also fossiliferous. Curious clay and iron concre-

tions, of a dirty rust color on the outside, but hollow and delicately tinted pink and

red on the inside, are common. Springs, and occasionally the Mississippi itself, are

gradually washing out the sandy strata in this bluff, and thus causing extensive land

slips. The bluff at Port Hudson is about 100 feet high. It is mainly composed of the

yellow loam and silicious sand, but is underlain near low-water mark by a stratum of

vegetable mould, containing sticks, leaves, and the remains of a fossil forest, partly

ii2:)riglit and partly horizontal.

The banks of the river liable to overflow between Cape Girardeau and the gulf
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Alluvial banks.

are alluvial, being- comjiosed of the sediment deposited by the river-water wliicli

flows over them in times of flood. It is hardly necessary to add that

they are unsurpassed in fertility. The portion of this new-made land

nearest the river is the highest, since there the deposit is greatest in amount and

coarsest in material. For an average distance of about a mile the slope from the river is

greatest. It then rapidly diminishes until the swamps, which are seldom more than 3,

and often not more than 2 miles distant, are reached. The following table shows the

averag-e fall in the fu-st mile.

Sloi)e of the natural hanlis of the Mississljyin.

Locality. Bank.
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might evenhially confine the stream in such phices to its channel. This has actually

occurred on the Colorado of the West. The conditions most favorable to such a result

are : annual floods of nearly equal height ; dense undergrowth on the banks ; and sand

di-ifting from the uncovered parts of the bed at low water. "When, however, a bank of

this character begins to cave, it loses its highest land, and if the change is rapid and

continuous, the slope niay temporarily become very nnieh reduced. "With levees this

reduction becomes permanent. The new land added in the mean time to the opposite

bank will also have a gentle slope, because it will be built up about to the uniform level

of the old edge. Add to this normal cause of change in slope, the local effects of cut-

offs, bayous leading from the river—whose banks of course follow the same law as those

of the parent stream—etc., etc., and the variations from the mean fall in the iirst mile,

that are shown in the table, are sufficiently explained.

It is evident that this natural fonn of the baidvS necessitates the construction of

the levees as near to the river as ivould he safe, both to reduce their height,
Important con-

i i • i • •

sequence of their and consequently their cost to the mnnmum amount, and also to secure
peculiar foim.

for cultivation the highest and the best land of the valley. The flood

depth near the edge of the natural banks, with the levees in their present condition,

varies from 1 to 15 feet; the mean from Cape Girardeau to the gulf being prol)al)ly

about 4 feet.

Geology of the channel.—A knowledge of the character of the bed of the Mississippi

river is of the highest practical imiDortauce, as will be hereafter seen,
Bed of the river.

, n,. , tit i ,
• •

and great efforts have, accordmgly, been made to acquu-e it.

The numerous soundings of the Survey, between the mouth of the Ohio and Fort

St. Philip, were made with prepared leads, and the samples of the bot-

lecfe™^'^^
'^°^' ^^^^^ Avere carefully preserved for examination and comparison. The

details of these operations are explained in Chapter IV, and the results

exhibited in Appendix C. It is here proposed to discuss the results obtained.

The samples showed—what, indeed, is evident to the eye at low water—that

immense beds of pure silicious sand, and fine gravel, entirely free from

the muddy sedimentary matter with which the water is charged, exist

in the channel-way. They are found below points, in island chutes, sometimes, though

rarely, entirely across the bed, and, in general, wherever the water moves with a

cun-ent too rapid to deposit its sediment, and yet not sufficiently strong to wash away

all the sand transported to that place. The material of which these bars are composed

grows finer the nearer the gulf is approached, a fact Avhicli accords with the weU-known

law of rivers that the particles of gravel and sand in the bed are not stationar)", bu

gradually roll forward toward the mouth under the impulse communicated by the

current.

O])posite caving bends, in the eddies below islands, and at other points Avherc for
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any cause the current becomes nearly dead, the sednnent transported by the river-

water is deposited, forming gently-sloping, sandy, mud-banks, called

willow battures (or, if on islands, tow-heads), from the growth of wil-
xow-lieads.'^

^ ^

'

lows which soon makes its appearance upon them. This process of land-

formation serves to fix a normal limit beyond which the river cannot increase its width

by caving, but it cannot properly be said to affect the character of its true bottom.

What then constitutes the real bed of the river, u])on which rest the moving sand-

bars and the new willow-batture formations? From the mouth of the

Ohio down, at least as far as Fort St. Philip, it seems to be composed of biue^fay^''""
°^

a single substance, a hard, blue or drab-colored clay. In the channel

between the Ohio and Red rivers, this clay is not usually found much above low-water

mark, but it sometimes appears at a higher level in the bottom lands remote from the

river, as between McNutt and Jones' bayou, in Yazoo bottom, and between Washita

river and Black bayoii, opposite Natchez, where it occasionally crops out at the surface

in an impure form, constituting the "buckshot land." The formation seems to be

widely distributed throughout the delta proper, where it often appears at a higher level

than in the channel, as the following facts establish.

It is found at the head of bayou Plaquemine, 25 feet below high-water mark, or

6 feet above the mean level of the gulf The soundings indicate that

here it extends, without interruption, down into the Mississippi river to bu^^n^'^of ^t h 1 s

a depth of at least 153 feet below high-water mark, denoting a thickness the^deita°pfoper!

of at least 128 feet. It must be remarked, however, that soundings

cannot be entirely relied upon in a matter of this kind.

It Is found in bayou La Fourche. At the head its top is 25 feet below high water,

or at about the mean level of the gulf. At Thibodeaux Its top is 25 feet below high

water, or about at the mean level of the gulf In the caivxl between Lockport and

lake Field It Is also found at about the same level.

Major Blanchard states that blue clay is found from 8 to 10 feet below the level

of the gulf, on the prairies between the Mississippi and La Fourche, on the line of the

Opelousas railroad surveyed by him.

It was repeatedly stated by gentlemen residing In the vicinity of Grand lake, that

the bottom of that sheet of water is made up of a hard stratum of blue clay, where the

current occasioned by the tides and 1)y the discharge of the several bayous is sufHeient

to remove the soft mud. This lake is from 2 to 18 feet deep in low water, and the

clay Is, therefore, probably a few feet below the gulf level. None of it is found In lake

Palom'de.

Mr. Bayley states that a hard, blue clay Is found from 1 to 3 feet below the surface,

or at about the level of the gulf. In the Chacahoula swamp, west of the La Fourche, on

tlie line of the Opelousas railroad, and that It Is found at aL<out the same depth in all
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the cypress swamps west of the Mississippi in this section of country. East of the

Mississippi, the depth at which it is found is nuich greater, and varies from 5 to 40

feet below the surface of the ground.

The clays mentioned by Mr. Bayley and Major Blanchard, and those at the bottom

of Grand lake, probably belong to the same geological age as the first bed of clay

pierced by the artesian well at New Orleans, at the level of the gulf

The facts mentioned are very important, for they prove either that
Inferences re-

, ini- • ii-ii
s p e c t i n g this the i:)eculiar blue clay in the bed of the river is an alluvial deposit, or
clay and facts
bearing upon its t|iat the tliickuess of the alluvial stratum in the delta region has been
probable age.

greatly over-estimated, and that the river is flowing through it in a

channel belonging to a geological epoch antecedent to the present. All facts bearing

upon the age of this blue clay are, therefore, highly important. The following have

been collected:

—

1. The clay is quite different in appearance, color, etc., from any deposit now made

by the river. As long as it remains wet, it seems nearly insoluble,

chara^cte^is^icB^'
resisting for years the strong current of the IMississijipi. If it be

thoroughly dried, however, and then again placed in water, it I'apidly

disintegrates into a powder. The clay itself has a somewhat gritty feel between the

teeth and a peculiar taste. It effervesces less witli acids tlian the present deposits of

the river, judging by the samples of the latter collected l)y the Survey.

2. It underlies the wliole Yazoo bottom, below the great sand

Yazoo'tottom'^^ Stratum, if we may judge from the fact that it constitutes the bottom of

tlie bed of the Yazoo and Sunflower rivers, as well as that of the Missis-

sippi, and that all thi'ee are on the same level.

3. In the bluff at Vicksburg, it underlies the stratum which contains marine shells

and which Sir Charles Lyell and Dr. Harper both pronounce eocene

vicks'ifu/" wuff^
tertiary; tliat is, the oldest tertiary stratum. It would seem then to

ary formation"'' Ijcloug either to the cocene tertiary or to tlie cretaceous (upper second-

ary) below it. It undoubtedly underlies others of the river bluffs, but

no examinations were made for it elsewhere at low water, when alone it would be

visible.

4. It underlies New Orleans in strata alternating with sand and marine shells for

at least G30 feet, as shown by the artesian well wliich was begun in that

than 6oo\eet be^ ^''^J "^ Februuiy, 1854, and carried to that deptli before it was abandoned.

}°^3/^ ^ ^ °'^'
I^i'- N. B. Benedict, recording secretary of the New Orleans Academy of

Sciences, in behalf of a committee of that body, of which he was a

member, devoted himself to the study of this Avell, securing samples of every stratum

pierced, and otlu^'wise tliorouglily investigating the subject. These observations have

never been piiblislicd in full, Imt Dr. IJenodict very kindly c.xliiliitcd liis samples, pre-
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sented the Survey with the following authentic list of strata, and supplied all needful

information respecting the history of the well. The geological ages of the strata pierced

are not well established, but it is evident that none below the depth of 41 feet from the

surface (or about 37 feet below the level of the gulf) were deposited by the river.

The same must be acknowledged in reference to the channel of the Mississippi itself,

for it is identical in character with a sample of the very last stratum, wliich was pre-

sented for comparison by Dr. Benedict. The artesian water, which rose from the sand

stratum 335 feet below the surface, was strongly alkaline and chalybeate, closely

resembling the celebrated Bladon Springs of Alabama.

Section of artesian well at Neic Orleans, La.

Character of strata.

Heterogeneous matters—the common surface

Clay; blue, tenacious, uniform
" coal-black, containing woody matters, rootlets, etc

Sand and clay mixed ; subtile, hke annual deposits of Mississippi River

Clay; dark, semi-fluid, nearly destitute of grittiness

" same as No. 5, but becoming sandy

Sand, leaden-blue, coarse; many small shells ; water abundant

Shells exclusively, great variety, very compacted

Sand, identical with No. 7

" clay and shells mixed, olive-colored, of consistency of "niort-ar"

" coarse, dark-brown; small cypress roots and water-worn pebbles

" " light blue, destitute of shells

" blue, mixed with fragments of shells

Shells exclusively, compacted ; a few water-worn pebbles in lowest part

Clay, olive-green, tenacious, like wax

Sand, nearly impalpable, so subtile that little could be brought up

Clay, like No. 15, but a section of itia a little mottled with yellow

Sand, gray or light-blue

Clay, blue as if half-dried, with umber-colored masses, each enclosing a yellowish stouo

Sand, " subtile, with a little clay

Sand and clay, identical with No. 4

Clay, identical with No. 19 ; stones coutorted, fantastic forms, perforated, effervesce with acid

Sand, subtile, like German sand for grinding and fining glass, imported at 50 cts. an ounce

Clay, masses of two different colors, both very dark, tenacious and pure

" and sand, blue, soft ; tools sink by thoir own weight

dark drab, like tallow between teeth ; effervesces by acid, leaving pores surrounded by dark lino.

Sand, clay, shells, and stones like indurated clay

Clay, blue, tenacious—a mere flake

Sand, etc. identical with No. 27

Clay, striated, changing to matter like vegetable mould

Wood, cedar-log, sound, striated with thin plates of silicious matter

Vegetable mould, changing to striated clay, identical with No. 30 inverted ; shells destitute of animal

matter .

33 Sand, greenish-blue, tenacious from slight mixture of clay

34 Clay, pure; color identical with No. 33; tenacious

35 Sand, very subtile, rendered adhesive by a little clay

36 Clay, drab, tenacious, containing lumps exactly like pieces of chocolate.

37 " nmher-colored but darker, tenacious

38 Sand, green; a little clay which increases with the depth

39 Clay, color same as the sand of No. 38 (still a little sand)

40 Sand, like No. 38 ; color still the same green as No. 38

41 " coarse, whitish green; very variable as to clay mixture

42 Clay, leaden-blue, not gritty; effervesces with acid

43 Sand, " coarse; comminuted shells; a little clay

44 Mixed, like Nos. 30 and 32

Thickness of

stratum.

Top of stratum

below surface.

3.8
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Section of artesian ircU at 2tew Orleans, La.—Continued.

Character of strata.
Thickness of Top of stratam

stratnm. below snrfaco.

Xo.

45 Clay,

46 "

47 Sand,

48 Clay,

40 Sand,

50 Clay,

51 Sand,

.52 "

53 Cl.ay,

54 S.ind

55 Clay,

56 Sand

pale lead or dirty white; tonaciona, nnctnous, like tallow between teeth, not jn'itty-

Band and shells; soft mass, bat looks like common sandstone

nnmixed
,

Feet.

39.0

pale olive; very pure.,

like Xo. 47 ,

like No. 48

, ash-colored (pnro white and black), coarse ; {artesian water.)

nearly black, snbtile, a little clay (iW gallons of water an hour)

blue tenacious, firm ; little gritty ; no more water

: many minute shells and fragments

blue, firm, tenacious (containing a stratum of sand at 566 to SCp^ ; no specimen obtained).

and a little clay ; hardness nearly stony (penetrated to 5?4 feet)

Total depth attiiined 630 feet

Feet

23a

291.0

293.0

322.0

326.

332.0

335.0

430.0

480.0

543.5

546.0

582.0

It possibly un-
derlies the Llano
Estacado.

• See Appendix H.

5. Mr. A. M. Lea, of Kuoxville, Tennessee, an engineer of high

under's^andstone
scientific attainments, fonnerly of the anny, states that this inclentical

Texas^
'^°^^^ °^ ^-hx}', with which he is familiar, crops out under calcareous sandstone at

tlie depth of 24 feet below the level of the gulf at Ai'ansas bay and

Lnguna Madre on the coast of Texas.

G. In boring his artesian well on the Llano E.stacado, near tlie intersection of the

river Pecos and the 32d parallel. Captain John Pope, TogogTaphical

Engineers, pierced a stratum some 200 feet in thickness, which he

describes* as "red and blue marly clay, with intercalations of soft red

and yellow quartzose sandstone." He considers this to belong to the

upper secondary fonnation. The close analogy between the physical characteristics of

sucli a formation and that underlying the Yicksburg bluff, together with the similarity

in their supposed geological ages, suggests that they may be identical. If so, the great

antiquity of the bottom of the Mississippi is established. The surface of the ground

at Captain Pope's well is some 3000 feet above the gulf, and the stratum in question

was encountered at a depth of about 400 feet.

7. Lieutenant G. K. AYarren, Topographical Engineers, states that this peculiar

blue clay very closely resembles a formation which covers a great area

c o

V

il°s^ much "^ ^^^^ immediate valley of the Missouri, east of the Black hills. His

Mi^somi valley^ gcological assistant. Dr. Hayden, assigns a place to tliis formation near

the middle of the cretaceous, and describes f it as follows: "Bluish and

dark-gi-ay plastic clays, containing Nautilus BeKayi, Ammonites placenta, Baculites

* See diagram accomp.-inying the annual report of the OfiSce of Explorations and Surveys, War Department, for

1.'n')8. IIo. Ex. Doc. No. 2, 2d .session 3.")th Congress.

t rrcliminary report of Explorations in Nebraska and Dakota, ia'>5-C-7, by Lieutenant G. K. Warren, Topograph-
ical Engineers, accompanying the annual report of the Office of Explorations and Surveys, War Department, 1S.'.8. Ho
Kx. Doc. No. 2, :id session Sljth Congress.
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ovatiis, and B. comprcssus, with numerous other marine mollusca—remains oiMosasauras.

Thickness 350 feet." Its upper surface is about 2000 feet above the sea.

Although no one of these facts may be considered in itself conclusive, it nuist be

allowed that, together, they afford good grounds for doubting the recent

alluvial character of the hcd of the Mississiiipi, even as far down as the ,
Necessary iii-

i^ ^ ' fereuce from

head of the passes. Whether this clay stratum which composes it, and that^tu^ bed of

which seems to have so wide a distribution throughout the valley,
is not'formed'of

belongs properly to the eocene or to the cretaceous formation—although fronf its -nvaters.

a matter of much scientific interest—is of little practical importance to

the discussions of this report. Whether it belongs to either one of those geological

epochs or to the present, on the contrary, has a most important practical bearing, as

Avill hereafter be seen. It is believed that the facts stated estabhsh that its formation

is long antecedent to the present epoch.

The correctness of this opinion is confirmed—it may almost be said demonstrated

—

by the form of the cross-section of the river. If the bottom were formed

of alluvion, it would be comparatively smooth, like a sand-bar or willow Further proofs

. , , . . 1 ' n ofthe correctness
batture. In reality, it is very rough, being in many places full of blue- of this opinion,

clay ridges and lumps, some of them many feet in height, as in the

Bonnet Carre and Natchez sections (plate X and Appendix C). Lest it be supposed

that these irregularities are due to old logs or to errors in sounding, it is well to state

that in tlu-ee instances—once at Bonnet Carr(i, once at Natchez, and once at Randolph

—

the lead was lost while being drawn up after the sounding, by the chain striking one

of these clay lumps as the boat drifted down stream. Large quantities of the clay

were found adhering to the broken end of the chain at a distance, in one case, of more

than 30 feet above the lead. Further evidence is offered in Appendix C, where it will

be seen that the maximum depth in the straight portion of the river in front of Car-

rollton varies fully 40 feet, even in a distance of a few thousand feet. Further, the

boils and whirls, which cover the siu-face of the Mississippi, demonstrate the great

irregularities of its bed, and hence its ancient origin.

Growth iipon the river hanks.—The staple productions of the regions immediately

bordering the Mississippi river vary as the gulf is approached. From

the mouth of the Missouri to the mouth of Hatchee river, near lat. auctions of the

n / ' 1 t n alluvial region.
35 30 , corn is the chiei product. Thence to the mouth of Red river,

in lat. 31°, cotton is the important staple. Thence to Point La Haclie, near lat.

29° 30', sugar is mainly cultivated. Below Point La Hache there are many luxuriant

orange groves upon the narrow belts of land between the river and the salt-marshes

of the gulf

Upon the forest growth, difference of latitude has less effect.

From Cairo to Memphis it consists of cottonwood, willow, syca-
°^^^ ^°^
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more, white and sw.amp a.sli, liackberry, box-elder, cypress, red and slippery elm,

black, sweet, and tupelo gnm, white, red, black, Sjjanish, willow, over-cup, and

swamp oak, with many other varieties, two varieties of maple, two varieties of mul-

beny, black, white, and honey locust, sassafras, black walnut, cane, many varieties

of hickory, 2:)ecan, chincapin, papaw, persimmon, elder, dogwood, thorn, haw, privet,

or elbow-tree, and many vines, creepers, etc.

From Jlemphis to Natchez the timber is the same, but the sycamore becomes

more scarce, and the cypress, ash, and gum are more abundant. The Spanish moss,

a characteristic feature of Louisiana forests, first makes its appearance near Island 82;

where the palmetto also first begins to be seen in the swamps.

Below Natchez, in addition to the above forest trees, are found the magnolia, or

bay-tree, and the sweet bay (small).

From Baton Rouge to the Balize, and near the floating prairies or sea-marshes,

the live-oak is occasionally seen.

The Cottonwood and willow are almost universally found on the immediate bank

of the river, on the islands, and on all new batture formations. On the latter they

always constitute the first growth.

Changes historical and in i^rogress in 1858.—The Mississippi river

Unstable char-
jg constantly excavating its banks in bends, and forming new land on

acter ofthe •' ° ' ^
banks of the

p^jj^^g tlu'oughout the allu^ial region. This action is prooTessiii"-
Mississippi. 1 ' o o I r:> ^

much more rapidly in the upper part of the river than in the lower,

where it seems to have comparatively ceased.

It may I'easonably be asked, how it is that the river can act so efficiently upon

its banks when the soil is so tenacious as to be but slightly affected by
Its cause.

crevasses, through which the water flows with equal or greater velocity I

The answer is ob\'ious. The river banks are underlain by strata of nearly pure sand

throughout the whole region under consideration. A slight change of dii-ection of the

current in high water—produced by a new sand-bar, a new island, a new cut-off, or

by any other cause—turns its force more directly against a certain portion of the

bank. The sand is washed out from under the tenacious soil. At first, the water

supports the land, but, Avhen the river subsides, the bank falls by its own weight, and

being dissolved, is swept away by the current. These sand strata are often below

low-water mark—an unfortunate circumstance, which renders the protection of the

banks difficult if not impossible.

It occasionally happens that by this constant caving two bends approach each

other, until the river cuts the narrow neck of land between them and

Originof "cut- fonns a "cut-off," which suddenly and materially reduces its length.

The increased slope of the water surface at once makes this new bed

the main channel of the river. The upper and lower mouths of the "old river'' are
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gradually silted up with sediment, drift-wood, etc., imtil eventuall)^ cue of the cres-

cent-shaped lakes so common in the alluvial region is formed.

The dates of formation of many of these lakes are long antecedent

to the discovery of the country, as is proved by numerous crescent j^.'^'^®" 'e°®°t

lakes upon both banks of the Mississippi, mentioned as such by the

earliest explorers of the Mississippi river.

These changes have been constantly going on since the settlement of the country,

but the old maps and records are so defective that it is impossible' to determine much

about those which occurred prior to 1800. Since that date the following list is believed

to be nearly, if not quite, complete. It will be seen that the total shortening of the

river by these cut-offs is 80 miles. Many pei'sons consider that this shoi"teniug is only

a])parent, being counterbalanced by inci'eased caving and lengthening of the remaining

bends.

Name.
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lodged upon a sand-bar. Deposition of sediment follows. A willow growth suc-

ceeds. In high water more deposition is caused by the resistance thus presented

to the current. In low water, the sand blown by the wind lodges among the

bushes. An island thus rises gradually to the level of high water, and sometimes even

above it, sustaining a dense growth of cottonwoods, willows, etc. By a similar pro-

cess the island becomes connected with the main land; or, by a slight change of

direction of the current, the underlying sand-bar is washed away, the new-made land

caves into the river, and the island disappears.

Among islands which have disappeared during the present century may be named

one in Plumb-point bend, just above Osceola, whei-e now a large sand-bar exists, and

Lost islands, one just below the mouth of bayou Plaquemine, which has entirely

disappeared.

The following effects of the flood of 1858 are reported by Dr. William S. Smith,

as observed by him during his low-water sm'vey of the sites of the
Littoral effects ,^ii tti c-t ti

of the flood of crevasses, and confirmed by reliable statements of residents, r rom
1858.

"^

Cairo to Memphis there was a sandy deposit upon the ovei-flowed

banks, varying from 6 inches to over tlu-ee feet in depth. Below Memphis this deposit

was much less in amount. Throughout the whole river channel, from Cairo to Red-

river landing, there was a marked increase in the size of the sand-bars and in the

caving of the banks. Below the recent American-bend cut-off, which occurred on

April 15, 1858, a very decided change in the location, both of the sand-bars and of

the ca^^ng, was produced b}- the change of direction of the current. The following

island chutes were rapidly filling up by deposit: right side Island 6; right side Island

7; left side Island 15; left side Island 33 (once main channel); left side Island 46;

left side Island GO; right .side Island 62; right side Island G4; left side Island 83; left

side Island 117.

The slope of the Mississippi diminishes as it approaches the gulf The oscillations

caused by variation in discharge also gradual!}' diminish from the vicinity

Mexico exer- of Natcliez to the mouth of the river, while those coiTesponding to
cises too impor-

i j. i . .

i o
tant au influence changes of Icvcl ill the gulf bccome graduallv more apparent and
upon the river .

'^ & . ri

^lect^ d°
^^ "^" ""P'^i'^'i"*- The mean level of the gulf is the proper datum-plane to

which to refer the smface of the river. For these reasons, and to solve

other questions within the scope of the Delta Survey, the subject of the lake and

gulf oscillations, witli the effects of the latter upon the Mississippi river, was investi-

gated.

Oscillations of the guJf and their effects upon the lakes and river.—For the pur-

poses stated, gauge-rods were observed at the mouth of the new canal, in lake
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Pontcliai-train; at Proctorsville, on lake Borgne; and at bayou St. Philip, a small inlet

from the gulf near the fort of that name. Daily observations were
1 1 1 ^ T n 11 1

Observations
continued at these tm-ee locahties tor ten, seven, and twelve months, to determine the

extent of gulf

respectively, in 1851-52, as may be seen by referring to Appendix B, and lakeosciua-

where the data thus collected appear in detail.

A self-registering tide-gauge was established at the telegraph station near the

mouth of the Southwest pass, and observations were made with it from May, 1859, to

June, 1860. The detailed observations, together with those of a similar character upon

the Mississippi river at CaiToUton, will be found in Appendix B. The following table

exhibits the results of all these observations:

—

Oscillations of the lakes and gulf.

Locality.
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Tidal oscillations of the Mississippi.

Locality.
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The mean level of the river when low conforms to these gulf oscillations, if they

are of several days' duration. Thus the gauges indicate that an oscilla-

tion of tliis kind, of the magnitude of 2 feet, wliich occurred between upon the r!ven°*

the 10th and 18th of November, 1851 (when the river was very low),

was felt as far up as New Carthage, 460 miles from the gulf At the mouth of Red

river the oscillation was 1.5 feet.

To what extent the river at the top of the flood conforms to these gulf oscillations,

the observations do not show. When their duration exceeds that of a tidal oscillation,

the effect upon the river must likewise exceed the effect of a tide of equal rise or fall.

The following- facts have been collected respecting the effects of some of the extraor-

dinary rises in the gulf

The information collected by Mr. John Communy, or observations.Tnade by him,

previous to 1851, show that strong easterly or soiitheasterly winds raised the surface

of lake Pontchartrain, at the mouth of the new canal, above its mean level 3.3 feet.

Hurricanes had raised it 4.3 feet.

Major M. M. Clark, Quartermaster U. S. Army, states that in August, 1831, a

hurricane raised the gulf 2 feet above the top of the levee at Fort Jackson, where he

was stationed. According to this statement, the gulf must have been raised at least 7

feet above its mean yearly level.

In the gale of August 11, 1860, when the gulf rose 4.25 feet at the mouths of the

river, and lake Borgne rose 8.5 feet (or, according to the report of the Chief Engineer

of the State of Louisiana, 11 feet), the river at CarroUton—which was 1.5 feet above

exti'eme low water—rose 4.6 feet in two hours. At Donaldsonville it rose 2 feet. What

the effect was farther up has not been ascertained. At Natchez there was no effect.

The dui'ation of the rise and fall of the gulf was less than that of a tidal oscillation,

and the effect upon the river was proportionately less.

In the gale of September 15, 1860, the gulf rose 7 feet at the mouth of pass k

I'Outi-e, and 3 feet at the mouth of the Southwest pass. The river at CarroUton rose

2.5 feet. At Donaldsonville it rose much less than on August 11. Above Donald-

sonville its effects have not been traced. The duration of this rise and fall did not

exceed that of a gulf tide.

In the gale of October 2, 1860, the gulf at the mouths of the passes rose 3 feet

;

lake Pontchartrain rose 5 feet ; the river at CarroUton rose 3 feet, and at Donaldsonville

4.5 feet. Above Donaldsonville the effects of the storm have not been traced. At

Natchez its effect upon the river was not perceived. The diiration of the stoiTu was

greater than that of the others. The effect at Donaldsonville was in part local.

The disastrous effects of these extraordinary rises in the gulf would be still further

aggravated in the present condition of the levees, if these oscillations were not produced

by causes connected with those which occasion the low stages of the river. Crevasses
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along the river are not, therefore, occasioned by hnrri canes. But a long continuance

of southerly gales does sometimes occur at the period of highest water in the river, as

in 1823, and may increase the height of the flood several inches at New Orleans.

Osciiiatious in
'^^^ subject of gulf osciUatious and their effect upon the river

vaxiatiou3^dia° l^^ving been examined, the range of the river, that is, the amount
c arge.

^£ ^^iq oscillatiou between low and liigh water, will be next investi-

gated.

Range of the Ilississ'qijn between low ami high water.—It is very difficult to obtain

exact verbal information u])on this subject, because, when the river has
Data coUected.

. ... .

once retii'ed within its banks, it becomes harmless, and few persons care

to record its changes until it again excites alarm by a new rise. Moreover, it seldom

remains stationary for more than a day or two at a time, even at low water, and a

series of measiirements is therefore necessary to determine which, among many oscilla-

tions, includes the lowest point attained in any given year. Add to this the jDractical

difficulty of ascertaining, by any instniment at the command of the unprofessional

observer, an absolute difference of level which often amounts to over 40 feet, and no

suq)rise mil be felt that few data other than the measiu-ements of this Survey can be

presented in reference to the range of the river. Some information upon this subject

of a definite character, however, has been acquired from residents of certain localities.

Together with that deduced from the daily gauge-records soon to be discussed, it is

presented in the following table, which thus contains all known facts upon the subject.

For convenience of reference, the low-water level is uniformly refen-ed to the high

water of 1858. To compai-e it with any other high water, the difference between the

level of the high water of 1858 and that of the required year at the given locality,

taken from the table imder the head of " Gi'eat Floods," is to be appHed with its proper

sign.
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Range of the Mississippi teticeen loic and high water.

103

Tear.
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Above Red river landing, 1851 was not a low-water year; neither was 1858, in

which more measurements were made than in an}^ other. In the year 1855, however,

the lowest level on record seems to have occurred. By the tahle it appears that in this

year the river fell below the low-water level of 1858, at Columbus, Vicksburg, and

Natchez, 8.8, 8.6, and 9.4 feet, respectively. The accordance between these numbers

establishes that the extreme range at all points between the mouths of the Ohio and

Red rivers may be found by adding about 9 feet to that noted in 1 858. At St. Louis,

in default of an exact measurement, the low Avater of 1860 is adopted as a correspond-

ing level.

The mimeiical values of all these adopted ranges will be found in the next table,

where the corresponding high-water and low-water elevations above the gulf—next to

be noticed—will also appear.

Elevation above the gulf of the surface of the Mississipin.—The mean level of the gulf,

the datum-plane to which the absolute level of the sm-face of the Mis-

le^*! o?*fhe"ui° sissippi throughout the alluvial region is to be refen-ed, was detenniued,

as before stated, by observations upon gauge-rods in lake Pontchartrain,

lake Borgne, and bayou St. Philip. It was assumed that the mean level of those

lakes is the mean level of the gulf, an assumption which was confirmed by the

results of the observations ; and hence the mean of the readings of any one of these

gauges may be adopted as the datum-plane. That of the lake Pontcharti-ain gauge

was selected and transferred to the river levels by the following process.

The result of a careful levelling between Carrollton and lake Pontchartrain shows

that a certain bench-mark on the machine shop of the New Orleans and

It is transferred Qarrollton railroad company, called Hamiison's bench-mark, is 7.92 feet
to the river and l j ^ i

crr^lntongau^ge^ above the mean gauge-reading (8.14) in lake Pontchartrain. The result

of a previous careful levelling by engineers employed upon the raih-oads

in the Aacinity of New Orleans, furnished the Survey by Colonel W. S. Campbell, gave

8.20 as the corresponding difference of level. Adopting the mean of the two, or 8.06,

and deducting from it the carefully measured difference in level (7.92 feet) between

Hampson's bench-mark and the zero of the Carrollton gauge, we find that the mean

level of the gulf reads —0.14 on that gauge.

The sui-face of the Mississippi between Red river and New Orleans was refen-ed to

this datum-plane by connecting the following levelling operations of this

Mfs"iss?ppf be^ Survey with the river gauge at Carrollton.

a^dNew'orierns A line was ruu with the gi-eatest care from Routh's point, al)ove

darum-Vne.'"'^ Red river landing, along the west bank of the river to the locks of the

Barataria canal, below Carrollton. This line was connected v\nth the

mouth of Red river and the mouth of the Atchafalaya. It was extended down

the Plaquemine to Indian village, where tidal observations were made at low water.
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A line Avas also run along the east bank of the river from Baton Eonge to Carroll-

ton. These two lines were connected with each other by transfer across the river at

different points, and also with the river gauges. Both lines, below Baton Rouge, were

revised in the field at the close of the season.

Below Carrollton, only two detemiinations were made of the absolute elevation of

the river surface above the mean level of the gulf The first was made

at Fort St. Philip, where, for purposes connected with the construction odeanr
^ ® ^

of that work, the gauge in the river was connected with that in bayou

St. Philip by a careful levelling. The second was made at the head of the passes by

measurements at low water upon a high-water mark of 1851, and by transferring the

gulf level from the bayou St. Philip gauge. This transfer was made at the lowest stage

of the river, by assuming the measured slope between Carrollton and Fort St. Philip to

extend 20 miles farther to the head of the passes. The almost inappreciable slope of

the river (0.28 of a foot fall in 84 miles) renders this a strictly accurate method.

The gauge in lake Borgne was connected by a careful levelling with a high-water

mark of 1851 on the Mississippi river, near bayon Duprds; but this mark proved not

to have been determined with sufficient accuracy for use in so delicate an operation,

since it gave an excess in elevation to the high-water level of 0.6 of a foot. It was

accordingly rejected.

The high-water elevation in 1858, at Natchez, was determined by a party of this

Survey, in charge of Dr. William Sidney Smith, in the following man-

ner : A line of levels was run from the high-water mark of 1858, oppo- water surface at

1 c T 1 ri T Natchez.
site Natchez, to a water-mark at the lower end of lake Concordia

(3 miles distant), made just before the breaking of the Haggaman crevasse. Bayou

Tensas, and Black river, excepting near its mouth, were securely leveed on the east

bank previous to this flood, so that before the Haggaman crevasse occm-red (June 17th),

the only supply of water to lake Concordia was by backwater from Red river through

Cocodrie bayou. The measured difference of level between the two water-marks above

mentioned (14.3 feet) was, then, the fall at high water from the surftice of the Missis-

sippi at Natchez, to the mouth of Cocodi'ie bayou, 12 miles above the mouth of Red

river. Allowing 2 feet for the fall between this point and Red river landing (see

approximate fall deduced from levelling between Natchez and Harrisonburg), we have

16.3 feet for the fall of the Mississippi between Natchez and Red river landing at high

water of 1858. This determination is, of course, only approximate, but it accords so

well with the measured slopes above and below Natchez, that it cannot be sensibly

erroneous.

For the data by which the elevation of the Mississippi at points

above Natchez was detei-mined, the Sm'vey is indebted to the work of veyt'^'^depended

ci\'il engineers engaged upon the railroads connected with the river. "£„" o/ water

The data and the points determined are as follows :

—

above Natchez.

14 H
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The high-water elevation at Gaines' landing with respect to that at St.

Louis, was deduced from the levels of the St. Louis and Fulton and the Gaines'

landing and Fulton raih'oads, the former obtained from the Bm-eau of
Gaiues' landing.

.

Topograpliical Engineers, uar Department, and the latter ironi Mr.

William H. Davidson, Principal Assistant Engineer of the road. They show that the

high water of Red river, at the point of junction of the two roads near Fulton, is 170.1

feet below high water of 1844 at St. Louis, and 93.5 feet above high water of 1858

at Gaines' landing, making a difference of level between the high Avater of 1844 at

St. Louis and that of 1858 at Gaines' landing of 2G3.6 feet.

The high-water elevation at Memphis was detennined by the levels of the Memphis

and Charleston and the Mobile and Ohio railroads. It was furnished
Memphis.

bv Mr. F. C. Arms, Engineer and General Superintendent of the first-

named road, who states that the high-Avater level in 1844 at Memphis was 220.44 feet

above tide-water in Mobile bay.

The liigh-water elevations at Columbus and Cairo were determined by the levels

of the Mobile and Ohio railroad. They were furnished by Mr. L. J.

^Columbus and Fleming, Chief Engineer of the road, who states that the high-water

• level of 1849 at Colimibus was 308.25 feet above tide-water at Mobile,

and that the high-water level at Cairo (probably that of 1849) was 320 feet above the

same plane of reference.

The high-water elevation at St. Louis with respect to that at Cairo was detennined

by the levels of the Illinois Central and the Ohio and Mississippi rail-

roads, furnished by Captain George B. McClellan, Vice-President of the

first-named road. By this determination the high-water level of 1844 at St. Louis is

90.5 feet above high water (year not specified) at Cairo. The " St. Louis Directrix"

(top'of curbstone at corner of Market street and the levee), the general bench-mark of

the city, is then, according to these levels and those of the Mobile and Ohio railroad,

405 feet'above the gulf This exactly accords with the result deduced by Dr. Engel-

mann from a long series of barometrical observations.

Some of these determinations differ slightly from those heretofore

announced upon the authority of other and less direct measurements,
Table of results ^

exhibiting cor- ]j^| ^]jgy dicck each Other, and are unquestionably very nearly, if not

^ope"^ eT"^^°of fibsolutely, correct. From them the following table has been con-

Mississippi.
structed, the main features of which are represented by figure 1, plate

IX. The mean bottom of the river in its deepest part is added to this

diagram according to the data contained in the table on page 121.
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in sections to sliort piles at different distances from the edge of tlie uatviral bank. At

Donaldsonville, it was spiked to a wharf, where it j-et remains uninjnred. At Natchez,

the rod was secured to Mr. Brown's breakwater. At Baton Rouge, at Red river land-

ing in 1858, at Lake Providence, and at Mempliis, the upper part of the rod, several

feet in length, was nailed to a tree standing upon the extreme edge of the vertical

natural bank. When the river fell below the bottom of the rod, temporary pieces were

planted and carefully referred to the main rod by means of a spirit level. At Red

river landing in 1851, and at Columbus, an upright to sustain the rod was planted at

the foot of a steep bank, and securely braced at top by cross-pieces pinned to the

ground. At Napoleon, where the shelving bank rendered this plan impracticable, a

pile was sunk in the most secure place, and protected against drift by a floating frame-

work of timber, in the form of the letter V, the vertex being dii-ected toward the river,

and the ends lashed to trees and braced against the edge of the bank. At Vicksburg,

even this method was impracticable from the number of steamboats constantly ani\'ing

and departing. A series of benches was made upon stones planted at different distances

down the slope, and the daily stand of the river was determined by referring the water

surface to one of them with a spirit level. Wlien the velocity observations tei-minated,

a rod was established on the other bank of the liver in the same manner as at Memphis.

Having, by means of the various plans enumerated, established a fixed scale of

reference, the daily height of the river at each of the stations was ob-

data°^°coUecte°d Served and recorded, together with the state of the weather, the force
by this Survey. 4-it t • ^ * i ^

and direction of the wind, etc. As already stated, at stations where tidal

influence was suspected, additional readings were taken, or self-registering gauges were

used; but for oscillations due to variations in discharge, a single observation per day

is sufficient, and such only have been presented in No. 1, Appendix B, which contains

all the details necessary to be known respecting these operations. Their extent is

exhibited in the following table:

—

Nmnher of montlis, or parts of montlis, of daily gauge record, (See Appendix B.J

Locality.

Cairo

Columbaa

Memphis

Napoleon

Lake Providence

Vicksburg

New Carthasc

Natchez

Red river landing

Baton Rouge ,

Donaldsonville

Carrollton

Tort St. Philip

1852. 1853. 1857. 1858.
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Besides these measurements made by the Survey, many other data other data

relative to the subject have been presented in Appendix B.
couectea.

Thus Mr. Andrew Gingry, who kept the record at Donaklsonville, continued the

observations after those of the government ceased, and as stated in the

letter transmitting this Report, presented to the Sm-vey a transcript of ^.Atroaaidson-

his notes taken three times a day for the years 1854-55-56-57-59, and

part of 1860. This record is especially valuable, because no accident has happened to

the gauge-rod since it was first put up by Lieutenant Warren, in 1851. Its adjust-

ment was found to have remained exact, when tested, in 1859, by the old bench-mark.

The other rods were displaced several times, but were frequently tested, and the records

are known to be correct. As, hoAvever, the relative heights of some of the high-wate^'

marks will excite surprise (judging from statements which have from time to time

appeared over the signatures of distinguished engineers), it is satisfactory to be able to

establish their accuracy by their accordance with this continuous record at Donaklson-

ville. This register is also especially valuable for supplying the break in the CarroUtou

record during the years 1855-56-57, and thus, as will be hereafter seen, aiding in dis-

cussing the annual discharge of the river.

Appendix B also contains records kept -* the^Memphis navy-yard, for 1848-49-

50-51-52, and copied from the record boof^. />i the yard by permission

of Commodore Joseph Smith, U. S. N., C '^f of the Bureau of yards ^™^ '^"

and Docks, Navy Department.

It also contains records observed at the St. Louis arsenal (Captain

W. H. Bell, U. S. Ordnance, Commanding), in 1843-44-45, under the
^^^t. Louis,

direction of Captain T. J. Cram, U. S. Tc I ^graphical Engineers.

It also contains records at Carrollton for the years 1848-49-50 and

1853-54-55, made under the direction of Professor Forshey. * oiiton.

Approximate gauge-records at Helena and Providence for the flood months of

1858, and various approximate registers of the oscillations of the tribu-

taries of the Mississippi—the latter mosf^_5 compiled from the daily

newspapers—have also been added to this appendix.

Plate VII has been prepared to exhibit the original data compiled by Professor

Forshey from the records of Grovernor Wintlu'op Sargent, Mr. Samuel

Davis, and himself at Vidalia opposite Natchez. As many refer-

ences will be made to these data in the division of this chapter treating of " great

floods," it is only necessary to state here that they are now made public for the first

time in detail ; although in Professor Forshey's " Memoir upon the Physics of the

Mississippi," printed to accompany the report of the joint committee on levees of the

legislature of Louisiana in 1850, there is a diagram which represents these data reduced

to the range of oscillation at Carrollton, and combined in mean curves of ten years each.
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This completes the list of data available for cletemiininff the usual
These data rep-

_

' .... , •nil-resented by dia- successiou of staofes of the Mississii^i)! between St. Louis and the o'ull.
grams.

_

°
_ y _ _

^

The most important portions for this purpose are presented in diagrams

on plates V, YI, VII, VIII, and IX.

Each of these annual gauge-records is, of coiirse, an exact register of the variation

in stage of the river at that place for that year. By comparing the

of them for the plates whicli exliibit the oscillations at the same locality in different
present purpose. . .,, , , , . . i i i • • i

3'ears, it will be seen, as already mtnnated, that the river varies greatly

with respect both to the date and to the extent of its oscillations. Its mean or usual

succession of stages then, can be determined only by combining several years' obser-

vations. It is, moreover, apparent that each tributary has a varying effect upon this

mean law of the nver, and, therefore, that somewhat different successions of stages

are to be expected in different parts of its course. The information collected is not

sufficient for the investigation of this subject above the mouth of the Ohio. Below

that point, the river is divided by its tributaries into three sections : the fu-st between

the Ohio and the Ai'kansas, the second between the Arkansas and the Red, and the

third below Red river. The records are, then, to be examined with reference to the

mean yearly oscillations in each of the '
^ tions or divisions.

Between the Oliio and Arkansas ri- ]\[empliis is the only place where gauge-

records have been kept j <- i series of years. (See plate VIII.) By

Arkansas"
*°*^^ legitimate interpolation fol' missing observations, the register at that

place can be made complete for five years, a penod of time not so long

as could be desired, but still sufficient to er>*;itle the mean result to some confidence.

The mean readings for each month during ii^e five years are contained in the following

table.

Between the Arkansas and Red rivers, Natchez is the point selected, since

Professor Forshey's compiled record at Vidalia, opposite the city, is

to^t'ife Red^"^^^ available, in addition to the two years' observations of this Survey.

(See plates V, VI, and VP) Professor Forshey's records are incom-

plete, and the rigid rales of intei'jjolation adopted in pre^^aring this report admit of the

use, for the present purpose, of only twenty-three of his curves. The several monthly

means taken from the diagram will be found in the following table.

Below Red river, the data are more exact both at Donaldsonville and CaiTollton.

The yearly record is complete at Donaldsonville for the nine years

1851-59, and at CarroUton for the twelve years, 1849-60, except for

the years 1855-5G-57. For these years it can be supplied from the Donaldsonville

record by the following process. The mean liigh water, as determined by monthly

means, reads on the Donaldsonville gauge 24.2, and on the CarroUton gauge, 12.2
;

the mean yearly range, as determined by monthly means, Jjcing 17.9 and 10.4 feet
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respectively. It is evident, since tlie range in this part of the river decreases uniformly

as the gulf is approached, that any mean monthly reading may be quite accurately

ascertained by subtracting from 12.2 the product obtained by multiplying [°^=0.58 by

the difference between 24.2 and the mean reading for the month at Donaldsonville.

A few trials will show that this process gives results which accord very closely with

actual observations. Indeed the errors are absolutely inappreciable in this use of

gauge-records.

The following table exhibits the data just enumerated, the mean General table
and diagram of

results of which are also presented in figures 3 and 4, plate IX. results.

Mean monthly gauge-rod readings.

Locality.



112 REPOKT ON THE MlSSISSim ItlVER.



THE MlSSISSim RIVER BELOW THE MISSOURI. 113

of the Mississippi varies but little from the Ohio to the gulf. 2d. That the rains which

afconii)any the three great changes in season (to winter, spring, and summer) through-

out the larger part of the Mississippi basin, produce three corresponding rises in the

river (augmented in the spring by melting snow), od. That, above the mouth of the

Arkansas, the rise occasioned by the rains and melting snow which attend the setting

in of the southwest winds at the transition from winter to spring, in the northern and

eastern part of the great valley, usually attains its highest point in the latter part of

March. The river then subsides until the arrival (commonly in June) of the Rocky-

mountain rise, swelled by the early summer rains of the lower Missouri, and by those

of the eastern portion of the Mississippi basin.* It then tails rapidly until the latter

part of October, when the lowest point is attained. After remaining at a stand for two

or three weeks, it again rises—and more rapidly than at any other season—until

checked by freezing and the diminution of rain (precipitation) in the basins of the

upper rivers in January and February. 4th. Below Red river, the same general oscil-

lations occur, but someAvhat later in the season, the only modification being that the

tributaries below the Ohio contribute their corresponding floods somewhat later, and

thus maintain the stand of the river for a longer period. 5th. The river is above its

mid-stage for seven months, from the latter part of December to the latter part of July,

and below it for the rest of the year.

What was said at the beginning of this discussion should, peiliaps, be repeated

here. Although the surface of the river follows in a general manner
*

^
Cautiou.

the succession of stages indicated, 3-et climatic variations produce each

year oscillations differing from the mean and from those of each preceding year.

Consequently, these mean curves, which exhibit so beautifully the existence of a law

governing the general succession of stages of the river, do not furnish the means of

predicting its stand at any given epocli.

CROSS-SECTION.

It would be useless to attempt to discover the exact average width, depth, and

area of cross-section, of a river like the Mississippi, without a vast

expenditure of time and money in measurements. Neither the import- remarkl"
'^ * ° "^ ^

ance of the knowledge to be thus gained, nor the amount of the

* The rainy season along the foot of the Rocky mountains in the region drained by the tributaries of the Missouri

river, occurs in the hitter half of spring. One-third of the yearly precipitation takes place at that time. It is attended

by the racltiug of the snow in the mountains. The rise thus produced reaches that portion of the Missouri river east

of the oath meridian (Greenwich longitude) at the time of the early summer rains. The waters of the Missouri receive

that peculiar color by which they are recognized even at New Orleans from the clays of the ManVaises Terres, through

which they pass.

The tributaries of the Arkansas that rise in the Rocky mountains have, in like manner, a late spring rise, which

is joined by the summer rains of the lower part of the basin, but with less regularity than occurs in the junction of a

similar char>icter on the Missouri.

The Red river rises in the Lliino Estacado, not in the Rocky mountains. Its summer raius are later than those of

the Missouri, .ind its spring and summer rises occur at later periods than those of the upper tributaries of the Mississippi.

The Arkansas partakes somewhat of the character of the Red river.

15 H
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appropriation for the present survey lias justified such extended operations, and they

have not been attempted. Still, as it is essential to have the approximate value of

these quantities, measurements were made, Av-ith a view to thdir determination, at

numerous carefully-selected localities. The details of these oj^erations will be found

in the next chapter and in Appendix C. It is proposed in this place to discuss the

results there recorded, and to derive from them as close an approximation as possible

to the true dimensions of the cross-section of the river at hiiih and at low water, Ijelow

the mouth of the Ohio.

Higli irater.—The first point for consideration is the general groupino- of the

sections. Although the data are already meagre, yet it seems so

of^data"^°^"°" probable that the contributions of the great tributaries aftect the

dimensions of the main river, that it is considered important to sub-

divide them. Four grand divisions will therefore be considered, namely: from the

Ohio to the Arkansas; from the Arkansas to the Red; from the Eed to bayou La

Fourche; and from bayou La Fourche to the head of the passes. In each the same

general plan of computation Avill be adopted.

The next point which suggests itself is the proper weight to be given to the

different sections in deducing a mean value for the river. It will be
Proper method

_

of groupLug the gecu from A])i5endix C, that, at some localities, many cross-sections Avere
sections. •'

made in the same immediate vicinity, and in others only one. Now,

since the object is to determine a mean cross-section, it is evident that, if all the

section.s are allowed equal weight, the different localities, which all equally affect the

true mean, will be very, unlairl}- represented. In other words, the resulting mean

will correspond not to the wliole river, but to certain portions assumed to resemble

most nearly this quantity. The mean of all sections in the same vicinity, is, therefore, in

all cases assumed to be the true section there, and only regarded as a single section

in finding the grand mean.

The propriety of combining published data witli those collected by the Survey

Examination of "Gxt suggcsts itself Very few of these data are to be found, but such
published data. .^^ ^i^^j.^ .^^.^, .^^.;]1 ^^^ briefly noticed.

Tlie section at Memphis, made by Lieutenant Marr, L". S. X., is undoubtedly

Lieut. Mart's, correct, and has been adopted.

The sections made by the Senate committee of the Louisiana legislature in 1850

were only designed for general purposes; the places of the different
Those of Senate

_
" °

_

*=

. .committee of souudlugs uot being fixed by triangulation, but beiuff assumed to be
Louisiana. o ./ o ; o

equidistant. This kind of work, although valuable for the general

purposes contemplated by the committee, does not possess the exactness I'erpiisite for

the operations of this Survey, and no use has been made of it.

The data presented l)y Mr. Ellet in liis report upon tlie Mississippi in 18.")1 next
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claim attention. No opinion of tlie care with which the measurements were made

or even of tlie method employed, can be formed from the puLlished

report. By examining the archives of the Bureau of Topographical

Engineers, War Department, however, several of the original diagrams were found,

and they show that the exactness of measurement deemed essential in the operations

of tliis Survey was not attempted by J\rr. Ellet. For instance, most of his sections of

the Mississijjpi river on tile were determined by less than ten soioidings, and even these

were so imperfectly distributed that very large intervals (one interval exceeding 1100

feet) were left on several of the sections. By comparing the areas of cross-section

detei'mined by Mr. Ellet with those given in his report, when the sections happen to

be at the same place, it will be found that the two values sometimes agree closely, but

that at other times they differ very much. Thus, just below the mouth of Red river,

Mr. Ellet's section (high water of 1850) is 268,646 square feet. That found by this

Survey for the same high water at the same locality (mean of two sections) is 269,500.

This is a satisfactory agreement; but at Raccourci cut-off, only three miles below, Mi\

Ellet gives 148,790 square feet for the area of high water, 1850; while the acciu-ate

determinations of this Survey, made about the same time and published in full in

Appendix C, give (mean of two sections) for the same place and date 186,900 square

feet, showing an eiTor in Mr. Ellet's work of some 38,000 square feet. This particular

instance is cited because it shows that Mr. Ellet's opinion is based upon erroneous

measurements when he decides that "the area of the section of the Mississippi in high

water tln'ougli the Raccourci cut-off is but little more than two-thirds of the average

area from Vicksbm-g to Bonnet Carrd; " and that "the conclusions which will be drawn

from this fact will be found of the highest importance in treating of the effect of

cultivation, of ciit-offs, and the extension of the levees, in fact in all measures tending

to throw more water into any part of the channel in a given time." The truth is that,

at the date of his field work, the area of cross-section at Raccourci cut-off had attained

the nonnal dimensions for straight portions of the river in this part of its course—as,

for instance, at Vicksburg or at Baton Rouge. But to return to the subject under

discussion, Mr. Ellet's measurements of cross-section, being found to be less exact than

those of this Survey, have not been used whenever operations were conducted by both

pai'ties in the same locality. As, however, they undoubtedly approximate to correct-

ness, they have been used for general purposes where no corresponding measurements

were made by this Survey. Due acknowledgment has been made for such as have

been so used. .

It onlv remains to exi)lain that the areas in the following table have „ , , . .. .^
.' i o Tables exhibit -

been taken from the table in Appendix C, and reduced to the high water hlfh-wate^are^as

of 1858, when sensibly differing from that level, by means of the table a eVt ^ of^TtTe

of relative heights of different floods, given under the head of "Great
's^^^^'pp'-
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Floods." For Mr Filet's sections, the high Avater of 1858 lias been considered to

be 2 feet higher than that of 1850 above the mouth of the Ai'kansas, and of equal

height below. In two or three sections of the Survey, where large peiiuauent eddies

are known to exist, their measiu-ed area has been deducted.

By the maximum high-water depth is meant the mid-channel depth of the river

at high water, and consequently, when several sections have been made at the same

locality, the mean of their maximum depths, and not the greatest depth observed on

any one of them, is entered in the table. They are all taken from Appendix C, for

the sections made by this Sm-vev.

In all other respects the tables explain themselves.

Higli-water areas and maximum depths of the Mississqypi beticeen hanl;s.

Ohio river to Arkansas liver. ' Arkansas river to Eed river.
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Tlie same principles apply to the determination of the high-water width as to that

(if the high-water area, but the exact topographical survey of both

l)anks, made between Baton Rouge and Carrollton, in 1851, furnishes .

Tables exhibu-
' oil ii]g the h 1 g h -

the means of determining it for the lower part of the river with greater ^e^^Mississippi^

jn-ecision. l^he width at equal intervals of about 4000 feet between

these two jilaces is given in the following taljle, and but one explanatory remark is

required. Between Red river and 13aton Rouge there are several islands, while

between the latter place and bayou La Fourche only one exists. As islands materially

increase the width of a river, it is evident that the table, containing, as it does, 68

widths below Baton Rouge and only 7 above this city—and most of these not taken

in the vicinity of the islands—must give too small a mean width. The numerical

mean of the column in tlie table is 2860, Init 140 feet more have been allowed, to

correct a]>proximately for this caiise of error, giving 3000 feet as adopted.

HigJi-ivater tvidths of the Mississippi between banks.

Ohio river to Arkansas river.
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High-water ividths of the 3Iississi2)2)i hetween hanks—Continued.

Ked river to bayou La Fourche. Bayou La Fourchc
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High-water widths of the Mississij^pi between hanks—Continued.

Red river to bayou La Fonrcbe.
\\ Bayon La Fourcbe to head of passes.
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The range of the river below Red river, in 1851, and between the Ohio and Red rivers,

in 1858, is well fixed by the observations of the Snrve>-. It is only necessary, there-

fore, to find the nmiH hnc-icatrr widths, for the foiu- grand divisions already considered,

in order to fix all the mean low-water dimensions from Cairo to the gulf.

luow-water widths are only known where the cross-section and range ha-\-e been

determined. Mr. Ellet does not give the quantity for any of his sections.

widthbeiowRed The Only existing exact data are, therefore, the Avidths taken from the

cross-sections made by this Survey. Below the mouth of Red river

there are very few islands and sand-bars, and the mean range is comparatively small.

It is therefore probable that a tolerably uniform ratio exists between the high-water

and low-water widths. If so, it may be deduced even from a comparatively small

number of measurements. The following table exhibits all the data available for this

part of the river

:

Eed-river landing

Raccourci cat-off

1 mile above Baton Rouge

Baton Rouge

1 mile below Baton Rouge

2.2 miles below Bonnet CuttA church.

Above Bonnet Carre crevasse

Below ' ' •

n miles above New Orleans

15 " ' "

Bend above CarroUton

In front of CarroUton

Barataria canal locks

Fort St. Philip

Mean

Number of
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the few measurements of tliis survey (eleven low-water widths in a distance of nearl}-

800 miles), could hardly be expected, nor was it necessary to depend upon them. A
careful reconnoissance of the river at its low-water stage, from St. Louis to New Orleans,

was made in the months of October, November, and December, 1821, by Captain

Young, Captain Poussin, and Lieutenant Tuttle, of the U. S. Army, under the direction

of the Board of Engineers. They prepared a series of maps (scale, 1 inch per mile for

lengths and 2 inches per mile for widths) exhibiting the islands, the sand-bars, the

worst collection of snags, the course of the main channel, etc., etc. These maps

accompanied the report upon the Ohio and Mississippi rivers, addressed by the board

(General Bernard and Lieutenant-Colonel Totten) to the Colonel commanding U. S.

Engineers, dated December 22, 1822, and published by order of the U. S. House of

Eepresentatives in 1823. The maps were not published, but are now on file in the

Bureau of Topographical Engineers, War Department. They exhibit much detail in

the location and relative dimensions of the bars, islands, etc., and although the survey

was not of a sufficiently exact character to furnish a reliable estimate of the absolute

widths, a close approximation to the ratio between these quantities at high and low

water may be drawn from it. This ratio for the river between the Ohio and the

Arkansas, determined by seventy-seven equidistant measurements on the map, was

0.72, and between the Arkansas and Red river, determined by sixty-one equidistant

measurements, was 0.74. It is, therefore, evident that, for the portion of the Missis-

sippi lying between the mouths of the Ohio and Red rivers, the low-water width may

fairly be assumed at three-quarters of the high-water width, or at 3400 feet bet^veen

the Ohio and the Arkansas, and at 3060 between the Arkansas and Red livers.

The mean observedrange in 1 85 1 belowbayou LaFourche (meanbetweentherange at

Donaldsonville and that at Fort St. Philip) was ^^^=15.4. Between... ^ fi 1 Mean range
bayou La Fourche and Red river m the same year (mean ot observed of river; issi

ranges at Donaldsonville and Red river landing) it was —+-^=34.7.

Between Red river and the Arkansas in 1858 (mean of ranges at Red river, Natchez,

Vicksburg, and Napoleon) it was ^M±>llf?J±^-A0.5. Between the Arkansas and the

Ohio (mean of ranges at Napoleon, Memphis, and Cairo) it was ^?=5±2L3±iL?_38 q.

The mean low-water area is, therefore, equal to the high-water Mean low-
, « ,, . . water areas.

area, nnnus the loUowing areas, viz:

—

Below bayou La Fourche 2250 x 15.4-|- (2470-2250)1^ =say 36,000.

Bayou La Fourche to Red river 2750x34.7-f (3000-2750)M^=say 100,000.

Red river to Arkansas river 3060 x 40.5-^(4080-3000) ^«^=say 145,000.

Arkau,sas river to Ohio river 3400 x38.0-|- (4470-3 100)?^=say 150,000.

The low-water maximum depths result from subtracting the mean
^ Mean low-

ranges in the four divisions from the corresponding high-water max- water m^d-chan-

imum depths.

10 H
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General t^bie Tlic following table exhibits the mean A'alues of the dimensions
of resultingmean . iiiri-T 11 •

-i
• ^ t t 1

dimensions.
J
list (leducecl tov high ancl low water, it being remembered that tlie

usual and not the extreme low water is considered.

Mean dimensions of cross-section of the Mississip2)i river.

Locility.
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Yearly amount of rain.—To determine with precision the quantity of rain that

falls in a region of such vast extent and such diversity of climate as the

liasin of tlie ]\Iississippi river, would involve much more labor than re^pectiSgdown^

has been expended upon the problem up to the present time. Still it sippTbash^'^^'^"

must not be infeired that little has been done toward its solution. An

extended system of observations has been carried on continuously since the year

1836, at the military posts, by the Medical Department of the United States Army.

Another, established under the auspices of the Smithsonian Institution in 1849, has

been the means of accumulating a mass of material throughout the settled portion of

the valley. Learned societies, colleges, and individual observers have contributed to

the general fund. By the use of these observations an approximation to the truth

may be made, that will be sufficiently accirrate for any general purpose contemplated

in this report.

The first set of charts ever published exhibiting the distribution of rain in the

Mississippi basin was that illustrating the Army Meteorological Register

(fourth in the seiies), wliich was published in 1855. These charts are

arranged to exhibit the mean downfall in each of the four seasons as well as in the

entire year. By transferring the boundaries of the different rain-districts, as there

laid down, to the more recent maps constructed upon a much larger scale, the downfall

in the basin of each of the main tributaries has been computed with all the accuracy

possible. The results will be found in a following table.

In 1858 Mr. Lorin Blodget published his "Climatology of the United States,"

which was illustrated by a series of rain-charts similar to that just

mentioned. Mr. Blodget had been engaged, as assistant to Dr. E. charts.
° ^^^^

H. Coolidge, U. S. A., in the preparation of the Army charts. In

reconstructing them for his own work, he modified them in some respects by adding

such other relia1)le data as he could ol)tain. Computations similar to those detailed

above have therefore been Ijased upon his charts. The results will be found in a

following table.

In 1860 a new Army Meteorological Register (fifth in the series) was published

by the Medical Department of the Army. This volume contains no

rain-charts. The additional observations, however, are too valuable to data!' etc.

"^""^

be neglected, and they have been united with those published in 1855

;

with those in Mr. Blodget's work ; and with such private observations as have been

available to the Survey, with a view to exhausting the subject up to the present date.

The results, which thus include all available information relative to the downfall in

the Mississippi liasin up to the year 1860, are presented in the following table:

—
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Observations upon yearly amount of rain.

Atkinson, Fort

Avbackle, "

a Arbor, Michigan

Athene, Illinois

Buffalo barracks

Brady, Fort ,

Benton, Fort

Burgwin, Camp
Baton Ronge barracks

Belknap, Fort

Battle Creek, Michigan..

Beloit College, 'Wisconsin

Crawford, Fort

Chadbourue, Fort

Croghan, "

Church Hill, Mississippi.

Cincinnati, Ohio

Dodge, Fort

Detroit arsenal

Graham.Fort

Gratiot, "

Gibson, "

Gertuantown, Ohio

ivard.Fort

Dtsville, Alabama

lludsou, Ohio

Jefferson barracks

Jesup, Fort

Jackson, Mississippi

Kearny, Fort

Leavenworth. Fort

Laramie, "

Mackinac "

Mt. Vernon arsenal

McKavett. Fort

Mobile, Alabama

Monroeville, Alabama . .

.

Memphis, Tennessee

Marietta, Ohio

Milwaukee, "Wisconsin ..

M uscatine, Iowa

Madison, Fort

Niagara, "

Natchez, Misaissippi

Nashville, Tennessee

Newport, Kentucky

New Harmony. Indiana .

Now Orleans, Louisiana .

Pittsburgh, Pennsylvanii

Phautom Hill, Texas

Plaquemine, Louisiaua ..

Portsmouth, Ohio

Pierre, Fort

Ripley, **

Rapides, Louisiana

Ridgely, Fort

Suelling, "

St. Louis arsenal

Scott, Fort

Smith, "

Sau Antonio, Texas

Downfall of rain in inches.

Spring.

19.2

11.0

10.0

7.1

11.2

15. 3

6.9

U.O

H. 4

12. .1

10.5

11.1

Summer. Autumn. Winter.

10.7
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Observations upon yearly amount of rain—Continued.

125

station.
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Classification of downfall in the Mississippi basin—Continued.

Baein.
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Classification of doiciifnJl in tlie Mississippi hasin—Continued.

127

Basin.
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of the Mississippi at CarroUton for an entire year, plotted with respect to the daily

stand of the river. It is evident that the condition of the river, whether

charge corre- rising or falling, makes a great diiference in discharge at any given
spondiug to the , , . . n • i i i- i i ^
different stages stand ; Dut it IS eonallv evident that a mean hne between these two
of the river.

extremes can be drawn that shall form the basis of a table by which

the aiDiiinl discharge can be deduced from the recorded gauge-readings. For any

given day, its indication will be eiToneous, but for the entire year, which includes

both the rising and the falling branches of the curve, it Avill be sufficiently accurate.

Such a table has been prepared for CarroUton from this diagram ; for Donaldson^^lle,

from a similar one, constructed by transferring these discharges to that place by a

process hereafter to be explained ; and for Natchez, from the measurements made there

or transferred thitlier from Vicksburg in 1858 (see plate XV). These three localities

have been selected, because the long-continued senes of gauge-readings at them can

tlius be made the basis of an accurate estimate of the annual discharge of the Missis-

sippi for a series of years. From the data published in this report it \\\]\ be easy, with

tlie aid of tlie ])rinciples laid down in Chapter IV, to construct similar tables for any

locality below Helena. It is tlius placed in the power of any one residing upon the

Mississippi below llelc-iui, tn measure accuratelv the anmiint ot'wntcr :iiiim;illy ]iassing

his residence, by keeinng a daily record of the stand of the river. The computation

involved in preparing the tal)le and in computing the discharge from it will be trifling,

while the results obtained will possess mucli value. The following is the table above

iiK^ntioiicd. For the list of bench-marks, etc., see Appendix B.

Tabic exhibiting the discharge of the JUississippi at different stages.

CarroUton.
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but as emptAang into the gulf tlu-ough the bayous Atchafalaya, Plaquemine, and La

Fourche. The data for determining the needful crevasse discharge, as will hereafter

appear, were secured by this Survey with all the accuracy requisite for the present

pui'pose. The last column of the table exhibits the final results of the computation.

Annual discharge of the Mississippi river.

1818 to Oct. 1819

1822 to Dec. 1822

1822 to Oct. 1823

1823 to Oct 1824

1824 to Oct. 1825

1827 to Oct 1828,

1828 to Oct 1829.

1829 to Oct. 1830

1830 to Oct. 1831.

1833 to Oct. 1834

1834 to Oct 1835

1835 to Oct. 1836

1836 to Oct. 1837.

1837 to Oct 1?38

1838 to Oct. 1839.

1839 to Oct. 1640.

1840 to Oct 1841.

1843 to Oct 1844.

1844 to Oct 1845,

1845 to Oct 1846.

1846 to Oct 1847.

1848 to Oct 1849.

1849 to Oct 1850.

1850 to Oct 1851.

. 1851 to Oct 1852.

. 1852 to Oct 1853.

. 1853 to Oct 1854.

, 1854 to Oct. 1855.

. 1855 to Oct 1856.

, 1856 to Oct. 1857.

, 1857 to Oct 1858.

, 1858 to Oct 1859.

, 1859 to Oct. 1860.

Mean

At CarroUton.

I 904 OGO 000 000

i 916 000 000 000

I 457 000 000 000

445 000 000 000

I 062 000 000 000

I 1!>3 000 000 000

534 000 000 000

I 834 000 000 000

I 289 000 000 000

i 183 000 000 000

19 682 000 000 000

At DonaMsoDville.

Cubic feet.

20 140 000

18 174 000

21 724 000

16 810 000

10 684 000

14 832 000

15 076 000

24 379 000

20 588 000

000 000

000 000

000 000

000 000

000 000

000 000

000 000

000 000

000 000

18 045 000 000 000

At Xatchc

Oubic/eet.

15 438 000 000 000

20 528 000 000 000

27 266 000 000 000

21 168 000 000 000

18 20fi 000 000 000

26 402 000 000 000

13 698 000 000 000

SO 701 000 000 000

17 605 000 000 000

20 344 000 000 000

17 156 000 000 000

21 409 GOO 000 000

15 485 000 000 000

15 278 000 000 000

U 515 000 000 000

18 885 000 000 000

21 386 000 000 000

29 281 000 OOO 000

18 998 000 000 OOO

15 265 000 000 000

21 328 000 000 000

20 452 000 000 000

25 607 000 000 000

19 713 000 000 000

Oubic/eet.

400 000 000 (

500 000 000 (

300 000 000 (

200 000 000 (

200 000 000 (

400 000 000 (

700 000 000 (

700 000 000 (

600 000 000 (

300 000 000 (

200 000 000 (

400 000 000 (

500 000 000 (

300 000 000 (

500 000 000 (

900 000 000 (

400 000 000 (

300 000 000 (

000 000 000 (

300 000 000 (

300 000 000 (

000 000 000 c

000 000 000 (

600 000 000 e

800 000 000 C

000 000 oco c

000 000 000 c

000 000 000 c

800 000 000 C

100 000 000 «

000 000 000 c

000 000 000

200 000 000 C

19 400 000 000 000

<i

--
. '-((jO

Several interesting results are exhibited by this table.

Remarks upon ^^^^ annual discharg'e of the river, although subject to great varia-

tions, averages about 19 i trillions of cubic feet. There appear to be
three well-defined classes of years: the extreme low-water years, as 1839 and 1855,

when the discharge is only about 11 trillions of cubic feet; the ordinary years, when
it is about 19i trillions; and the great-flood years, as 1823, 1828, 1844, 1849, and

1858, when it averages about 27 trillions.* The difi"erences between these quantities

necessarily imply con-esponding variations in" the yearly amount of rain in the basin,

and are perhaps due to the same general physical causes that occasion the secular

oscillations of the great northern lakes.

' To prevent misconception, it should be remarked that the total annual discharge is no fair standard by which
.0 compare the different great floods of the river. It is the maximum discharge during a flood which determines its

leight and destructive character, and which therefore furnishes the proper standard.
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Without being sufficiently complete to be decisive upon the subject, this table is

certainly calculated to inspire the belief that the changes which cultivation has effected

in the valley since 1819, have jiroduced no appreciable effect ujjon the annual discharge

of the river. Thus:

—

Cubic feet.

For the 8 measured years prior to 1830, the mean annual discharge is 20 400 000 000 000

" 8 " " between 1830 and 1840, the mean annual discharge is 17 200 000 000 000
" 7 " " " 1840 " 1850, " " " 22 500 000 000 000

" 10 " " " 1850 " 1860, " " " 18 000 000 000 000

In order to be decisive, the discharge of every year ought to be deteiinined ; a

condition which the defective state of the gauge-records renders it impossible to fulfil.

Ratio hekveen the yearly amount of rain and drainage in the basin.—^Adopting the

mean annual amount of rain already deteraained, and remembering that

the annual discharge of the Mississippi fixed by the preceding analysis
the^enti/e^'basto'^

is exclusive of any contribution fi-om Red river, the discharge of that

stream being earned off by bayous Atchafalaya, Plaquemine, and La Fourche, the

mean ratio between rain and di-ainage in the Mississippi basin is "
wooooooo ooo

^^Q-^5.

This ratio varies greatly, however, in different parts of the basin. In Chapter IV

it will be jjroved that, for the basins of the St. Francis and Yazoo rivers,

and of some of the smaller tributaries, its value is about 0.9; and also gv^junp count^y^

that the Ai-kansas and White rivers discharge about 2 trillions of cubic

feet per annum. These numbers furnish a clue to the approximate determination of

the ratio in question for the basin of each of the great tributaries, and hence fix the

mean annual discharge of each of those rivers.

Thus the ratio for the basin of the Arkansas and White rivers is TfwToroooZ^O.lS.

But tliis basin is entirely similar—so far as downfall and di-ainage aVe „ ^. ,
" ° Ratio for the

concerned—to that of the Missouri. Hence the annual discharge of '^'^^?^^' '^'"^^
o and Missouri, ana

the latter is 25 200 000 000 000X0.15= 3 780 000 000 000 cubic feet. Mississippi ^i'nd

The ratio being 0.9 for the Yazoo, St. Francis, and smaller tributary ^° ^^"'^•

basins, the discharge of those streams is 1 500 000 000 000X0.9rrl 350 000 000 000

cubic feet, 1 100 000 000 000X0.9= 990 000 000 000 cubic feet, and 3 600 000-

000 000X0.9= 3 240 000 000 000 cubic feet, respectively. But if the total discharge

from these five basins be deducted from 19i trillions of cubic feet, the result will be

the annual discharge from the only two remaining basins—those of the Upper Missis-

sippi and the Ohio. It is 8 140 000 000 000 cubic feet. These basins are so similar

in physical characteristics that the same ratio may be assumed for both. This ratio

is, therefore,
13 m ooo"ooroo''o+r7o7ooo 000 ooo -0.24, giving for the annual discharge of the

Upper Mississippi 13 800 000 000 000X0.24=3-300 000 000 000, and for that of

the Ohio 20 700 000 000 000X0.24= 5 000 000 000 000 cubic feet.

It being assumed that the nnminl discharge of the Red- river is equal to that of
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the three bayous, the ratio between downfall and drainage in that 1)asin also may
be deduced. Thus the mean annual stand of the liver below high water,

Ratio for Red- J 35 J (transfeiTed from Natchez, Donaldsonville, and CaiTollton) be-nver basin. ^ ' >
^ /

ing—at the iipper mouths of bayous Atchafalaj-a, Plaquemine, and La

Fourche—23.5, 14.0, and 8.0 feet respectively, and the coiTesponding discharges per

second of the bayous about 50,000, 5,000 and 2,000 cubic feet respectively (see Chap-

ter IV), the mean discharge of Red Eiver is 57,000 cubic feet per second, or about

1 800 000 000 000 cubic feet per annum. The ratio i.s then 1|»15»|^5L^=0.20. As

this basin has propotionally less of the dry plateau formation than that of the Arkan-

sas, and more than that of the Oliio and Upper Mississippi, this value of the ratio cor-

responds well with those deduced for those basins. It cannot therefore vary much

from exactness.

The following table has been prepared to exhibit in a convenient

reSfits'^?f*down-
^''^™^ ^ recapitulation of these several determinations, the names

measSfemenTs^^^ f*^ ^li^ tributaries being arranged in the order of their annual dis-

charge.
Amiual (loicnfall and drainage.

Basin.
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east bank, the next in the middle of the river, and the other about 400 feet from the

west bank. The high-water depths at these stations were 100, 100, and
-, J Details of the

40 feet respectively. Samples of water were collected daily (bundays measurements at

excepted) at surface, mid-depth, and bottom at the first two stations;

and at surface and bottom at the third. The samples below the sui-face were secured

by a small keg, heavily weighted at the bottom and provided at each of its heads with

a large valve, opening upward. These valves allowed a free passage to the water while

the keg was sinking to the required depth, but prevented its escape while being drawn

up. When the keg reached the svu-face, the water contained in it was thoroughly

stin-ed, and a bottle filled from it. On returning to the office, 100 grammes of water

were accm-ately measm-ed from each of the eight samples, and each parcel was sepa-

rately preserved in a precipitating bottle. After receiving six days' contributions, these

bottles were set aside for two weeks to settle. The greater part of the water, then

perfectly clear, was removed by a sy^jhon. The remainder, after thorough shaking,

was pom-ed upon a double filter composed of two pieces of filtering paper of exactly

equal weight. The bottle was then rinsed ^ath clear water and again emptied upon

the filter, so as to secure all the sediment. After becoming quite di-y, the two papers

were separated and placed—one containing all the sediment of the 600 grammes of

river-water, and the other perfectly pure—in opposite sides of a very delicate balance

(coiTect to a milligramme). The difference of weight, which was, of com-se, the exact

weight of the sediment, was theii accm-ately ascertained.

These elaborate measurements were begun on February 17, 1851, and continued

fifty-two weeks. Dming the next year it was not deemed necessary to make the

operation so laborious, since the ratio between the sediment contained in the water

at any one of the positions, and that contained in the whole river, might fairly be

considered to be determined by the first year's observations. For the second year,

therefore, only one sample daily was obtained. It was taken from the surface at the

position 300 feet from the east bank.

The following table exliibits the results of these two years' measm-ements at Car-

roUton. The figures denote the number of grammes of dry sediment° °
. „ , Table of results.

contained in 600 grammes of river-water. The observations of the

first year are represented by a diagram upon plate XII.
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Sediment contained in Mississippi icater at Carrollton.

Number of week.

3d in February

1st in March.

let in August

.

lat in September

.

let in October.

lat in November

.

let in December .

let in February.

First year, 1851-52.

First positic

Mid-
depth.

Oram.

0.320

0.506

0. 531

0.393

0.294

0.228

0.207

0..58

0.190

0.265

0.210

0.188

0.150

0.130

0. 117

0.3-15

0.456

0.917

0.498

0.407

0.422

0.501

0.613

0.536

0.617

0. 512

0.652

0.456

0.423

0.310

0.292

0.183

0.137

0. 120

0.100

0.068

0.090

0. 120

0.115

0.117

0.109

0. 204

0. 108

0.234

0.160

0.160

0.144

0.470

0.471

0.137

0.079

0.082

15. 302 17. 552 17.

1

Oram.

0.260

0.558

0.530

0.406

0.337

0. 207

0.237

0.201

0. 190

0.250

0.259

0.210

0.177

0.147

0.139

0.407

0.507

0.960

0.570

0.456

0.492

0. 452

0.03B

0.587

0.673

0. 620

0.716

0.560

0.500

0.450

0.395

0.258

0.187

0,169

0.140

0. 151

0.130

0.152

0.107

0.204

0.235

0.294

0.215

0.207

0.193

0. 533

0.531

0.216

0.106

0.115

Oram.

0.306

0.571

0.548

0.396

0.323

0.259

0.245

0.205

0.195

0.272

0.236

0. 205

0.183

0.144

0.132

0.187

0. 510

0.940

0.557

0.459

0.511

0.570

0.648

0.621

0.697

0.637

0. 7.18

0.572

0.535

0.444

0.418

0.310

0. 220

0.170

0.136

0.106

0.127

0.152

0.141

0.165

0.119

0.222

0.246

0.295

0. 240

0.190

0.195

0.535

0.610

0.223

0.099

0.115
I

Second position. Third position.

Mid-

depth.

Oram.

0.310

0.551

0.570

0.373

0.350

0.233

0.235

0.192

0.186

0. 265

0.203

0.199

0.158

0.149

0.118

0.365

0.477

0.731

0.528

0.395

0.441

0.528

0. 612

0.627

638

0.440

0.583

0.452

0.393

0.277

0.214

0.173

0.125

0.109

0.097

0.054

0.100

0.115

0.109

0.117

0.106

0.180

0.197

0.207

0.160

0.190

0.135

0.450

0.416

0.161

0.081

0.081

Gram.

0.305

0.628

0.617

0.480

0.359

0.210

0.253

0.211

0.191

0.303

0.253

0.225

0.185

0. 142

0.134

0.415

0.515

0.981

0.597

0.457

0.516

0.576

0. 672

0.660

0.719

0.718

0.780

0.590

0.564

0.485

0.428

0.317

0. 215

0.193

0.146

0.115

0.143

0.167

0.151

0.167

0.132

0.225

0.251

0.333

0.205

0.200

0.210

0.560

0. 551

0.206

0.106

0.115

Oram.

0.326

0.653

0.638

0.504

0.357

0.310

0.270

0.225

•>214

0.306

0.252

0. 252

0.184

0.160

0.150

0.410

0.517

1.105

0.601

0.482

0.435

0.582

0.675

0.637

0.728

0.702

0. 819

0. 598
I

0.562

0.535

0.460

0.348

0.235

0.220

0.159

0.116

0.146

0.173

0.146

0.166

0.139

0.242

0.267

0.345

0.245

0.196

0.215

0.550

0.574

0.201

0.101

0.105

Oram.

0.318

0.640

0.563

0.418

0.239

0.255

0.210

0.215

0.172

0.264

0.223

0.181

0.144

0.095

0.105

0.285

0.365

0.666

0.427

0.462

0.390

0.475

0.674

0. 501

0.517

0.361

0.460

0.372

0.256

0.273

0.233

0.153

0.096

0.107

0.084

0.061

0.080

0.111

0.103

0.102

0.110

0.155

0.130

0.200

0.150

0.128

0.130

0.406

0.386

0.171

0.097

0.071

Oram.

0.313

0.805

0.771

0.568

0.456

0.368

0.273

0.232

0.237

0.284

0.262

0.237

0.173

0.162

0.152

0.390

0.457

1.046

0.536

0.425

0.467

0. 572

0.612

0.625

0.711

0.741

0.788

0.561

0.559

0.540

0.511

0.382

0.265

0.235

0.195

0.136

0.175

0.207

0.218

0.202

0.151

0.160

0. 329

0.346

0.260

0.200

0.248

0.605

0.543

0.221

0.065

0.094

Second year, 1852-'53.

Mid-

depth.

Oram.

0.297

0.715

0.636

0.482

0.481

0.548

0.428

0.370

0.320

0.840

0.590

0.440

0.465

0.40S

0.37'

0.364

0. 442

0.447

0.452

0.599

0.684

0.664

0. .596

0.470

r.490

0.332

0.300

0.205

0.190

0.112

0. 152

0.100

0.170

0. 092

0.071

0.081

0.141

0.068

0.056

0.225

0.402

0.300

0.315

0.325

0. 342

0.255

0.503

0.520

0.370

0. 332

0.308

0.234

15.156 18.977 19.538 13.845 20.070 19.100
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This table is fruitful in results. It establishes that the Mississippi water is not

charged to its maximum capacity with sediment ; because the distribu-

tion of the material is different from that which must have place were w^ter'^under-

this the case. Dupuit demonstrates (Chapter V, " Etudes Theoriques sJdh^lu^ Tm-

et Pratiques sur le Mouvement des Eaux Courantes") that the power of deduction^°*^°^

suspension is due to the fact that the different layers of water are

actuated by different velocities, and thus exert different pressures upon the different

sides of the suspended atoms. Hence, the greater the difference in the velocity of

consecutive layers, the greater will be the power of suspension. Now it is conclusively

proved in Chapter IV that the change of velocity from layer to layer is, in horizontal

planes, the greatest near the banks, and the least near the thi-ead of the current ; and

in vertical planes parallel to the current, the greatest near the bottom and surface, and

the least at a point about 0.3 of the depth below the surface, where the absolute velocity

has its maximum value. If, then, the water be either charged to its maximum capacity

or overcharged with sediment, we must find the greatest amoiint near the banks and

near the surface and bottom, and the least amount near the thread of the cun-ent and

near the layer 0.3 of the depth below the surface. If the water be undercharged, on

the contrary, the distribution of sediment wiU follow no law, the amount at any point

being fixed by the accidental circumstances of whirls, boils, etc., although, of course,

there will be an accumulation of the material near the bottom, where the suspending

power is very much greater than elsewhere. Bearing these well-established principles

in mind, an inspection of the preceding table must convince any one that the Missis-

sippi water is undercharged with sediment, even in the low-water stage. A most

important practical deduction may be drawn from this fact, namely, the error of the

popular idea that a slight artificial retardation of the cm-rent, that caused by a cre-

vasse, for instance, must produce a deposit in the channel of the river below it. The

en-or of this theory is fully exposed in Chapter VI, where the subject is so thoroughly

discussed that it does not require notice here.

This table also shows that, for the year 1851-52, the river-water (mean of the

three positions) contained the greatest amount of sediment in the tliird

week of June, when the weight of this matter constituted eii of the ^^ ^m/i^uS

weight of the river-water ; that the minimum amount was found in the ^e°nt\^ isli.

fourth week of October, when the above fraction was only e^ ; and

that the mean value for the year was ^i^.

The observations of the second year show what caution shoidd be observed in

attempting to generalize upon the propoi-tion of sediment contained in
^^ ^^^^

the Mississippi water, even when the observations extend over long

periods. If it be allowable to assume the same ratio to exist as in 1851-52, between

the amount of sediment in the entire river and that at the surface of the first division,
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we have—for the maxiniuni, minimum, and mean proportions of sediment to water, by

weight, during- the second year—the fractions 5^2 (fourth week of April), ^Vr (third

week of November), and yiig ; which differ materially from the above values for the

previous year.*

Before di'awing any general conclusion, therefore, as to the amount of sedimentary

matter annually discharged by the Mississippi into the giilf, it is well

upon this subject, j-q examine all other data upon the siibject. The observations of this

Survey at Columbus in 1858 are the first in order.

These observations were undertaken voluntarily by IMr. FillebrowTi's assistant,

Mr. Webster, and continued until he left the party, in June. From
Observations , •, ^ -, t nr i—n i mi i

of the Survey at that date they were made by Mr. rulebrown. Ihese observations are
Columbus.

especially interesting m one respect. They demonstrate that the Missis-

sippi and the Ohio waters do not mingle until after passing Columbus, wliich is fully

20 miles below the junction of these rivers. Where the waters do become completely

blended is not known, but they are very distinct at Columbus, as the following table

shows.

The method of obser\-ing differed from that adopted at CarroUton. Mr. Webster

took daily one "measure" of Oliio and one of Mississippi water at

these observa- points about midway between the banks and the di^dding line, which

could be distinguished by the eye. Mr. Fillebrown took two " measures"

of each, one near the shore and the other near the di\'iding line. Prior to May 1st,

the "measure" contained 54 cubic inches. Subsequent to that date, one Avas used

contauiing 70.5 cubic inches. Siuface water only was collected. The samples of the

two waters were filtered sejjarately every day with great care, and the weight of the

sediment contained in each was determined. The results are presented in the following

table. To avoid the confusion arising from different amounts of water being collected

at different dates, the table has been modified so as to exhibit in all cases the number

of grains Troy of sediment contained in one cubic foot of Avater. The column headed

"mean of river" has been computed by multiplpng the numerical mean of the other

two columns by 1.2, the ratio between the surface and the true mean at all depths,

derived fi-om the Can-oUton observations.

* Specimens of the characteristic varieties of the sedimentary matter taken from the river at CarroUton in leSl

have been placed in the hands of Mr. de Pourtales, of the U. S. Coast Survey, for microscopic and chemical examination.

The same disposition has been made of characteristic specimens of the bed and banks of the river, and of the surface of

the bar of the Southwest pass, and of portions of the alluvial lands.
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Sediment contained in Mississipjii water at Columhus.

137

Day
of the

mouth.

April, 1958.

Obio Mias. Mean
water, water, ofri

Ohio

water.

Miss. Mean
water, ofri

May, 185S.

Ohio Miss. Moan
water, water, of river.

Ohio Miss. Mean
water, water, ofriver.

Jaly, 1858.

Ohio Miss. Moan
water, water, ofriver.

IGraiiis.

18 H

2!i4. 3 2-11.7 466. 2 508. S 584.

7
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Sediment contained in Mississippi icatc)- at Columlus—Contiuued.

Day
of the

niontb.
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To represent these "mean of river" results properly, they have been plotted on a

large scale and interpolations made for lacking days. The mean weekly

amount of sediment per cubic foot of water thus calculated (table in
: esent'^tu^^

"^^^^

Chapter VI) is shown on plate XIII. This curve confirms the inference

drawn from the CarroUton work, that no artificial diminution of the high water of the

river can jjroduce a deposit in the channel.

From the abo^e talkie, it can readily be com})uted that the maximum, the

minimum, and the grand mean proportions, by weight, of the sediment

to the river-water (considering 1 cubic foot of this water to weigh Resulting max-
" imum and miui-

436,247 grains Troy) are -^u, ttVt, and xj^r, respectively ; the date of mum proportions'" •'^ a 111
'

~i -/I J Qf sedimentary

the maximum jn'oportion being the third week in July, and of the matter,

minimum the third week in October. The result, when compared with

those deduced from the CarroUton observations, indicates tlie variable

nature of these ratios.

These three results will now be compared with those obtained by former observers.

A great difficulty is encountered at the outset. It has sometimes been

the custom to measure not the ivei(/lit of sediment in a given weight or fo?m^er°m?asure^

volume of water, but {\\q volume of sedimerd m a given coJume of water. Siaracter.

This method is considered to be objectional)le, inasmuch as the volume

of the sediment depends upon its density, which may vary with the manner of

deposition. A series of experiments was made to test this question.

Professor Forshey was provided with a glass tube of uniform bore, 29 inches long

and 1 inch in diameter. Into this, fixed permanently in a vertical

position, he poured 6 o-rammes of river-water from each of the ei"'ht Test meaaure-
^ ^ ° " ments to deter-

bottles collected daily during' the A'ear 1851-52. This water was mine the density
'' ^ ^ of sediment arti-

introduced near the bottom of the tube by a second funnel-mouthed ficiaiiy deposited
J in tae usual man-

tube, which, being smaller than the first, could readily be inserted. '^^'^

The main tube contained about four days' collections, and the water

near the top thus had time to become perfectly clear before it was forced out by new

contributions. At the end of the year he thus secured the sediment from 14,976

grammes of river-water, which, with the diameter of his tulje, would have made a

column about 186 feet in height.

The following extract from his manuscript report contains interest-

in o- details •
Observed ph8-

uij, Licitiiio . nomena.

"A severe frost in January froze the water and cracked the tube,

but it lost only some clear water near the top. The mud in the bottom was curdled

into rolls and no longer lay compactly. It was 2.5 inches to the top of the curdled

mass.
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" Fimgi grew iii the water aud along the walls of tlie tube durhig the summer,

but decayed and disappeared in the winter.

"Lea^^ng the tube full of the last Avater contributed, I reached with a small wire

and spong-e the mass of alluvium, and stirred it completely, and then washed down

the walls of the tube and left it to settle. At tlie end of three months the height of

the alluvial column was 2 inches.

"I found by inserting a wire that one inch was tolerably solid alluvium, while the

other was soft, blackish slime, probably decayed fungi and algte and other carbona-

ceous matters.

"I then left the cork out, and, in the course of a year, the entire column of water,

say 15 inches, up to the crack made by the frost in the tube, had evaporated, and left

a mass of blacki.sh matter, contracted so as to leave the walls on all sides near li

inches high."

He proceeds to state that this deposit Avas 1 inch in height solid

Analysis of re- matter, aud hence that the volume of the deiiosit was ^yj of the vol-
sults.

ume of the tiirbid water.

This result demonstrates that the speciiic gravity of this solid matter vwas much

less than that of the ordinary depositions of the ^Mississippi, or, in other words, that

tlie conditions under Avhich the deposit was made affected its density, as it had been

suspected would be the case. This is evident from the following considerations.

The river-water placed in the tube was taken from the identical collection, of

which sedimentary matter was shown to constitute y^'gj P^ii't, hy weight. This matter,

as deposited in the tube, constituted T2V2 part, by volume. Its specific gravity was,

then, ff§|= 1.23.* The specific graA-ity of common earth is usually considered to be

1.5; that of sand, 1.8; that of clay, 1.93. Professor Forshey found the specific graA-ity

of three samples of the bank of the river, at Carrollton, to be 1.91, 1.93, and 1.96.

Two samples of the deposit made by the Mississijipi, upon the bank opposite Vicks-

biu-g, in the flood of 1858, gave 1.92 and 1.93, respectively, for tliis quantity. (At

the gulf the material deposited is still more dense. Thus, of samples collected by this

Survey at the mouth of the Southwest pass, in 20 feet water inside the bar, on the ba

and in 30 and 40 feet water outside the bar, the specific gravity was nniformly 2.6.

In 20 feet water outside the bar, it was 2.8.) It is evident, then, that the density of

the solid in Professor Forshey's tube was materially less than if it had been deposited

naturally upon the river bank.

The error of noting only the volume of the sediment is then demon-

Resuiting proof stratcd, siucc the result, being dependent iiiion the i)eculiar maniinda-
of the error iu an ^

. . . .

old method of tioiis adoi)ted by the observer, is not determinate. Discrei)ancies in
observiug. i j

measurements, when only the volume has been considered, should

therefore be expected.

* Professor Forsbey did uot cbecli this deteruiiuation by actual uieasurement.
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Ileasuremoits upon the Mississippi hy other parties.—Mr. Meade and Mr. Sidell,

a.ssistants of Captain Talcott in his survey of the mouths of the Missis- .

sippi, in 1838, measured the amount of sedimentary matter contained in Former meas-

tlie water. The former, from observations made in April and May, sedimentary
. -, , • ^ ^ 1 • 1 mi 1 T

mattercontaiued
considers the quantity to be the t^/jg P<'^i't) by weight. iJie latter adopts in Mississippi

n 1 • • 1-11 1 -i" I' 1 1 •
water. Captain

tor this ratio, r urther details of these observations are presented in Taicott.
1724

Appendix A of this report.

Tlie only experiments which are known to haVe been published are those of Pro-

fessor J. L. Riddell, published in 184G, in De Bow's Commercial Review; those of Mr.

Andrew Brown, published in the Proceedings of the American Association for the

Advancement of Science for the year 1848; those of Lieutenant R. A. Marr, U. S. N.,

published in the proceedings of the same association for the year 1849; and those of

the same officer, published in 1853 in the "Washington Astronomical Observations, vol.

III. Tliese labors will be noticed in turn.

Professor Riddell's first experiments upon the amount of sediment contained in

Mississippi water are reported in a letter addressed to Sir Charles Lyell,

on March 5, 1 846. The following is an extract from this letter:— fes^sorRid°deu.''^'

"In July, 1843, I made some careful experiments to determine the

amount of sedimentary matter in the Mississippi water, which then possessed about an

average degree of turbidness. For each ex^ieriment I used near a pint of water, 475.85

grammes (Fr.) actual weight. The sediment was allowed near ten days for natural

subsidence; it was then carefully collected, allowed to dry spontaneously, and when
efi"ectually dry was carefully weighed.

Sediment iu Eatio by weij;ht

grammes. to the whole.

No. 1.—Procured from opposite Randolph, by Dr. Drake, iu Juue, 1843 0.40 1-1190

No. 2.—Opposite Carthage, in June, Dr. Drake 0.38 1-1250

No. 3.—Opposite New Orleans, June, Dr. Drake 0.35 1-1350

No. 4.— Opposite New Orleans, July 6th, 1843 0.40 1-1190

"Average ratio of dry sedimentary matter in numliers 1, 2, 3, 4, to the weight of

water and sediment, —near 1-1245." He adds that by volume, the ratio is near ^J^.

Professor Riddell's second experiments were made when a member of a committee

appointed by the Association of American Geologists and Naturalists to

1 -T -i- 1 111H-... Second series.
ascertain the amount ot sediment carried into the sea by the Mississippi

river. His report was read at the meeting of this body in 184G. The following

extracts sufficiently explain his labors:—

-

"The following table embraces the results of expeiiments upon Mississippi Avater,

taken at intervals of three days, extending from May 21 to August 13, 1846. The

A\ater was drawn up in a pail from a wharf near the mint, wliere there is considerable

current. Its temperature was observed at the time, and the height of the river deter-

mined. Some minutes afterward the pail of water was agitated, and two samples of one
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pint each measured out. The glass pint measure was graduated by weighing into it, at

(50° Fahr., 7295.581 grains of distilled water, and marking the height with a diamond.

"From the pint sanjples of water, after standing a day or two, most of the matter

meclianically suspended would subside to the bottom of the containing vessels. Xear

two-thirds of the clear supernatant licpiid Avas next decanted, while the remaining

water, along with the sediment, was, in each instance, pciured upon a double filter, the

two parts of which had been previously adjusted to be of equal weight. The filters

were numbered and laid aside, and ultimately dried in the sunshine under like circum-

stances, in two parcels, one embracing the experiments from May "ilst to July loth;

the other from July 17th to August liith. The difference in weight between the two

parts of each double filter was then carefully ascertained, and as to the inner filter alone

the sediment was attached, its excess of weight indicated the amount of sediment. I

employed Mr. John Chandler, a skilful manipulator, to assist me in all these operations.

Height of

river above

low water.

Tempera-

ture.
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cylindrical diameter as that of the glass vessel to which it was attached ; in this tin

tube, immediately above its junction with the glass cylinder, there was inserted a small

brass cock, by which the tin tube could be conveniently discharged of its contents at

pleasure, Avithout causing any disturbance to the contents of the glass vessel below

;

this attached tin tube was in length, above its lower opening, 48 inches.

"Tliis tube was charged with water from the Mississippi river, and that wate^.

allowed time to deposit its contents into the glass vessel below; that being accomplished,

the water was drawn off, and the tube recharged by more water from the river, each

particiilar charge being carefully noted ; this process was successively repeated for the

different conditions and stages of the river's height and velocity, which very materially

affected the quantity in suspension. Thus, by a succession of such chargings and

dischargings of the tin tube, amounting in all to four hundred and eighty-four times,

or, in the aggregate, to a column of Avater 1936 feet, there was deposited a column of

sediment or solid matter of 46J inches (such column of sediment herein submitted),

inclosed in three of the respective glass cylinders above named, and in which the same

was deposited from the water in the attached tin tube. But this sediment still seems

to evince some slight disposition for further settlement, and, with a knowledge of its

former habits, we would say that it would be unsafe to decide on its final quantity

being more than 44 inches
;
greater certainty would have been obtained by giving it

another year ; but, as the most of it has been long collected, it cannot now, we think,

shrink to less than 44 inches. Assuming that, therefore, to be the true quantity, and

the product of a column of river water of 23,232 inches, it necessarily follows, that as

44 is to 23,232, so is the quantity of solid or sedimentary matter contained in the

water to the volume of the river; or, in words and figures, the mean proportional

quantity of sediment to the river is 1 to 528.''*********
" In collecting the test water from which the above 44 inches of sediment was

obtained, much care was taken to procure it from that part of the current where it was

sufficiently agitated to prevent, in any measure, a subsidence of such matter as should

be held in suspension. It was fully decided, after many trials, that there was no sen-

sible difference of quantity contained in any part of the water throughout its whole

depth, or from the top to the bottom of the river, provided it was in the main current

;

for where agitation was equal and effective, there also the suspension of sedimentary

matter was found to be equal.

"There can be no question but that much matter in the character of coarse sand

and gravel is transported by the river current; of the quantity of this your committee

could have no possible opportunity of estimating the value, or even ascertaining its

existence, only that the many sand and gravel bars visible at low-water stages of the

river are composed, to a considerable extent, of such matter, and they are subject to a
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})erpetual chnno'o of position, and consequent tendency of tlieir matter to tlio river's

nioutli."

"We found, in the incipient stages of the depositing jn-ocess, a very decided want

of uniformity to take ph\ce in the deposition of the sedimentary matter in the glass

tulie, which, in phice of setthng level, was, on the contrary, found to be settling in such

a manner as to give it a very inclined upper surface. The cause of this unexpected

peculiarity Avas inquired into, and at once suspected to proceed from the uneqtial dis-

tribution or action of light ; one side of the tube being more disposed to that inHuence

than the other. To verify this conjecture, the tube was turned round in an opposite

direction to that influence, when the low side not only recovered itself, but very soon

had an inclination upward ; and, as often as the turning round Avas resorted to, the

same effect was produced ; for mo.st sediment would persist in settling on the dark side

of the tube, that being- least agitated by the action of light. To render the cause of

this phenomenon a fact no longer to be doubted, a slip of black paper was procured,

in width about half the circumference of the glass cylinder, and to one side of which

it was applied in order to exclude the light from that side, while it had free access to

the other; the result was as anticipated, for it caused a very much increased deposit

on the sides shaded by the pajier.

"This variation, or inclined settling, progressively decreased as the lighter jiart

of the tube, through which the particles had to fall, became shortened by its filling up

with sediment."

These interesting observations as to the eifect of light uj)on the deposition of sedi-

ment are certainly confirmatory of the conclusion already arrived at—that the density

of the deposit from the same sample of river-water may vary materially, according to

the circumstances under which it is deposited.

Lieutenant Marr's first sediment observations were continued dur-

tenant Mar^'^""* '"J^"
^l^G mouths of April, Mav, and June, and a part of July, 1849. He

thus reports the results :— .

" The cpiantity of silt has been ascertained by daily placing a known rpiantity of

river-water in a box, drawing off the water as it becomes clear, and weighing (when

diied) the earth thus deposited. The average quantity of earth contained in 100 cubic

feet of river-water is twelve and seven-tenths pounds."

The fraction representing the proportion, by Aveight, of the sediment to the water

is ^. This is certainly too large for a true yearly mean, on account of the turbid rise

in the ^lissouri, which always occurs about this date. In 1856 the value for these

months at Columbus was j;^, while for the whole period of the observations, it was

only j^. Had not a very unusual flood of comparatiAel}- pure water from the Ohio

occurred, the difference between these fractions wotdd hn\o been nnich greater. (See

preceding table of sediment at Columbus.)
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Lieutenant Marr's second series of observations upon Mississippi sediment were

continued from March 1, 1850, to March 1, 1851. The following
Second series.

extract from his report explains his method of taking them :

—

"A quantity of water has been daily obtained from the middle of the surface of

the river, and two quarts of it placed in a barrel to settle. In bulk, the sediment thus

obtained has been found to be in proportion to the water by which it was deposited as

1 to 2950."

The preceding observations are all that have been collected from which the pro-

portion of sediment contained in Mississippi water may be determined.
Observations

The following facts relative to European rivers are of value as affording upon other riv-

a means of comparison.

Measurements upon European and other rivers.—In the report of M. A. Surell upon

the Improvement of the Mouths of the Rhone, it is stated that from the
'

_ _
The Rhone.

experiments made by a commission at Lyons in 1844, the quantity of

earthy matter held in suspension by the Rhone at that point was, by weight, ^^.

From similar experiments made at Aries, the head of the delta of the Rhone, during

four mouths in 1808 and 1809, by Messrs. Gorsse and Subours, the quantity of sedi-

mentary matter held by the Rhone at that place was, by weight, ^„ in the low stage

of the river, and ~ for the maximum in the floods, and ^^^ in the mean condition of

the river. According to M. Surell's own researches, the quantity of earthy matter

suspended by the waters of the Rhone, in its course through the delta, increases from

the surfiace to the bottom, the proportions between the two being as 100 to 188.

In certain circumstances (not mentioned) the proportionate quantity of earthy

matter is not the same from the head of the delta to the mouths of the river.

The greatest floods do not contain the greatest quantities of earthy matter ;
the

maximums observed in several periods corresponded to a mean stage of the river.

The greatest quantity ever observed was, by weight, i. It was found when the

river was two-thirds up with a mean velocity of probably about 8 feet per second.

The mean was, by weight, ^, which, he states, should be regarded as a minimum.

The Chevalier Lombardini, in his papers upon the Po, uses ^^ for the pro]3ortion

by volume of earthy matter held in suspension by the Po ; the deter-

mination of this proportion he credits to Tadini.

M. Spittel states that in the Vistula the quantity of sedimentary matter is greatest

just after the passage of the ice, when it is i by volume, the mean
v- t i

velocity being about 10 feet per second. It is stated that the velocity

in the thread of the current, at the height of the flood, is 20 feet per second in that

part of the river just above the point of separation of the Nogat. Experiments to

determine the mean amount have not been made—at least not published.

The sedimentary matter carried by the Rhine in Holland during
^^^ ^^^^^

the flood, according to Hartsoeker, is by volume jij.

19 H
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The Ganges.

According to experiments made by ^L Leonard Horner at Bonn, tlie Rhine at that

place, more than 100 miles above the head of the delta, can-ies j^ of its vohinie of

sedimentary matter.

Mr. Everest, avIio made a series of experiments npou the Ganges at Ghazipur, Ben-

gal, found that the mean annual proportion of sedimentary matter

transported by that river was about ^^ by Aveight, or j^ by volume,

of that of the water. In the four flood months tliese numbers were ^^ and ~

respectively.

SHnniKiry of results.—For convenience of reference, the different results al.iove

mentioned are recapitulated in the following table, the denominator of the fi-action

whose numerator is unity being given.

Troportlon of sediment in riverirater.

River.
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VII for its boundaries) or transported to the gulf. This wouhl form a mass one inch

square and 2G3 feet thick.

When the Mississippi swamp lands are securely protected against overflow, the

earthy matter, which, in their original condition, was annually deposited upon them,

will be carried to the giilf, and the yearly depositions in it will be thus increased.

The amount of this increase can be approximately estimated by the aid of certain

numbers deduced in a subsequent part of this report. Thus, the discharge into any

one of the great swamps during the mean anniial flood, may be taken at 100,000 cubic

feet per second during a period of one month and a half for the St. Francis, Yazoo,

and Tensas, and three months for the Atchafalaya bottom, or Delta proper. Taking

into consideration the fact that during every great flood-year the breaks in the levees

have been so numerous and so large that the volume of water discharged through

them has been nearly equivalent to the volume discharged over the banks in their

natural condition, we have for the additional amount of sedimentary matter that will

be carried to the gulf 81,000,000,000 pounds, or about one-tenth of that transported

to it before the construction of levees.*

Besides the amount held in suspension, the Mississippi pushes along

into the gulf large quantities of earthy matter. observations

mi n 1 p • • 1 •
upon material

The well-known fact that rivers in their uiiiier courses transport rouing along the
^ ^ "^ bottom of the

gravel and sand, and the experiments of Dubuat upon the velocities "ver.

required to move various materials composing the beds of rivers, and

the rate at which fine sand was pushed along the bed of the river Hayne, together

with some experiments by !JIr. George CI. Meade, now Captain Topographical Engi-

neers, on the bar of the Southwest pass in 1838, to ascertain the nature of the earthv

matter suspended by the river near the bottom, led to the attempt in 1851 to ascei-tain

by experiment whether any material was pushed along the bottom of the Mississippi in

its lower trunk, and what the nature of that material was. The first experiment was

made near the mouth of Ked river, and the facts elicited by it induced the direction to

the Carrollton party to include these experiments in its regular dutv, and, subse-

quently, to comprise this subject among those to be investigated at the mouth of the

river. A keg similar to that used in collecting water below the surface was sunk to

the bottom of the river. The current immediately overturned it, and the valves

opening allowed the water to pass freely through. After remaining a few minutes it

was drawn suddenly up, and was invariably found to contain material such as gravel,

sand, and earthy matter. These experiments were made at various stations from Eed-

river landing to Carrollton. At Red-river landing the material was chiefly small

gravel and coarse sand. At Morganza coarse sand and small balls of blue clay. At

Fausse Riviere (Waterloo) coarse sand. At Carrollton these experiments were fre-

* See Appendix I,
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quently repeated at all stages of the river, and always with the same result, chiefly

sand and eailhy matter being collected.

No exact measiu-ement of the amount of the annual contributions to the gulf from

this source can be made, but from the.yearly rate of progress of the bars into the gulf

(see Chapter VIII), it appears to be about 750,000,000 cubic feet, which would cover

a square mile about 27 feet deep.

The total yearly conti-ibutious from the river to the gulf amount

coiTtributiou°"of t^^^'^^ ^*^ ^ prism 268 feet in height, Avith a base of one square mile, or

t^he^river to the
ii^ci^^^Ung. the deposit upou the deka proper, 290 feet high. With

levees projected, the height will be 315 feet.

To determine the age of the delta from such data, the extent of the area upon

which the sedimentary matter is deposited, and the depth below the surface of the

former bottom of the gulf, must be known. Neither has been ascertained with suffi-

cient accuracy to make the computation of any value.

TEMPERATI'RE.

Measurements to ascertain the relative temperature (Fahr.) of the air and water

were conducted dailv for two years at Carrollton. The air temijeraturo
MeaBurementa. ... i

has been determined by taking a mean of observations made at G a. m.,

3 p. M., and 9 p. >r., which very nearly represents the mean for the twentv-fnur hours.

Air and water temperature at Carrollton.

Air. Water.

3d in February

.

lat in Jaly

Air. Water.

4th in Angust...

5th "

lat in September

ad

3d

4th

Ist in October...

2d

3d

4th

Ist in Xovember

ad

3d

4th

5th

Ist in December.

2d

3d

4th

1st in January .

.

2d

3d

4th

5th

lat in February .

1851-52.
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From tills table it appears that the mean annual temperature of the river-water for

the first and second years was 63.9° and 64.3° Fahr., the correspondinc'
-' ' 1 o Results.

air temperatures being 67.6° and 69.8°. That is, the mean tempera-

ture of the river-water at this point of its course is about 4.5 degrees colder than that

of the atmosphere. To illustrate the relative changes of temperature in air and water

at different seasons of the j^ear, a small diagram has been added to plate XII. The

curves represent the mean of the two years' observations given in the above table.

They show that the changes of temperature in the water are much more uniform and

gradual than the coiTCsponding changes in the atmosphere, and also that they occur

later. The water is warmest in the latter part of Aixgust, and coldest in the latter

part of January, the difference between these extremes of mean weekly temperature

being 46 degrees. The corresponding difference in air temperature is only about 40

degrees, the mean weekly temperature of the water reaching greater extremes, both of

heat and of cold, than that of the air.

These observations being rather of scientific interest than of practical value, were

not repeated when field work was resumed in 1857, lest they might

interfere with more important duties. A similar series was conducted,
oi^e^rvations"^'^^

however, by Lieutenant IMarr, U. S. N., at Memphis, between March

1, 1850, and February 28,1851, with the following results :
" The mean temperature of

the river is 60.95°; that of the atmosphere, 60.44°. I expected to find the former the

lower, as the river flows from more northern latitudes. AVolf ri^-er, which runs along

the same parallel of latitude, and enters the Mississippi at this place, has a greater

temperatm'e than the Mississippi. From this it seems that the mean temperature of

each of these rivers is greater than that of the atmosphere about them. The gradual

manner in which the temperature of the Mississippi river is affected by local changes

in the temperature of the atmosphere, suggests the idea that it may be regarded as an

index of the mean temperatm'e of the climates through which the river flows. The

difference between the temperature of the water at the surface and at the bottom of

the river is usually so slight as not to be observable with the common thermometer.

Occasionally I have found a difference of a small fraction of a deg'ree."

These measurements, in connection with those of this siu-vey, indicate that the

mean temperature of the Mississippi water increases 3° Fahrenheit in

traversing the 750 miles of river channel between Memphis and CaiToll- tioM
^'^^ deduc-

ton. The corresponding difference of mean annual temperature of the

atmosphere is about 8° Fahrenheit.

LEVEES.

It is designed to hmit the discussion of this subject in this chapter to the histor}^ of

the progress of the levees in the Mississij^pi valley ; the present general

organizations for the maintenance of the levee system in the different present discus^

States ; and, lastly, the dimensions and cost of the existing levees. In
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Chapter VI the subject will be coutiniied, and the diiueusions required to effectually

protect the country', the dangers of the system, etc., will be fully considered.

Jllsfonj of the progress of the levees in the Mississippi raUei/.—As already seen, by far

the greater and more fertile portion of the natural banks of the Missis-

c J'lxTe n^s^w" sippi i'^"^'*-^^' hetween Cape Girardeau and the gulf is below the level of

below the niouth the floods. Siucc tliis couditiou has existed from a period long anterior

to the discovery of the country, the first object of the settler has always

been to secure himself from inundation during the high stages of the river. Throughout

the entire region tlie levee system has been adopted for this purpose, to the exclusion

of e^er3- other except that of cut-offs, which has been partially tiied in a very few

instances for local objects. The history of the levees is, therefore, intimately connected

with that of the settlement of the coiintry.

The fir.*t permanent settlements by Europeans in the valley of the

ments of the lowcr Mississippi were made at Natchez and at the present site of New
Orleans. At Natchez the bluffs were occupied, but at New Orleans

precautions had to be <it once taken to protect the colony from inundation.

According to Dumont, De la Tour, the engineer who laid ont the city of Ne\v

Orleans in 1717, directed " a dyke or levee to be raised in front, the
Levees iu 1717.

i

'

• !• n -i i i i i i •

more etiectually to preserve tlie citv trom overtlow. Although this

work was so early contemplated, it Avas not completed until November, 1727, when

Governor Perrier announced that the New Orleans levee was iiuished, it being 5400

feet in length, and 18 feet wide on the top. lie added that within a year a levee

would be constructed for 18 miles above and below the cit}', which, though not so

strong as that at the city, "v,-ould answer the purpose of preventing overflows."

In the mean time, colonists continued to amve slowly and occupy the land along-

the river banks, so that in 1723, according to Francios Xavier Martin,

" the only settlements then began below the Natchez were those of St.

Reine and Madame de Mezieres, a little below Point Coupee—that of Diron d'Arta-

o-uette, at Baton Rouge—that of Paris, near bayou Maiichac—that of the Marquis

d'Anconio, beloAV Lafourche—that of the Marquis d'Artagnac, at Cannes Bridi-es—that

of de Meuse, a little below, and a plantation of three brothers of the name of Chauvin,

lately from Canada, at the Tchapitoulas."

In 1728 Dumont says there were five colonies "extending for 30 miles above

NcAv Orleans, who were obliged to construct levees of earth for their

protection." The expense of constructing these embankments was

l)orne by the plantei's, each building a levee the length of his river front.

In 1731 the Mississippi company gave up the colon}- to the French eruAvii. In

1735 Du Pratz states that "the levees extended from English bend, 12

miles below, to 30 miles above and on both sides of the river." Tlu;
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same year, tlie insuflSciency of the works was demonstrated, as "the water was very

high, and the levee broke in many palaces." It is certain that this difficulty continued

to be felt, for in 1743, according to Gayan-e, " an ordinance was promulgated requiring

the inhabitants to complete their levees by the 1st of January, 1744, under a penalty

of forfeiture of their lands to the crown."

According to Monette, in 1752 the plantations extended "20 miles below, and 30

miles above New Orleans," and In that distance "nearly the whole coast
In 1752.

was in a high state of cultivation, and seciirely protected from floods."

Captain Philip Pittman, who published a work in 1770, defines the settlements at

that date as extending only " 30 miles above, and 20 miles below New
. .

In 1770.
Orleans." In other words, the inhabitants for twenty years had been

devoting themselves to the cultivation and improvement of those districts already

partially reclaimed, instead of trying to extend the levees farther along the bank.

The wars between England and France, the cession by the latter power of all her

territory on the Mississippi to Spain in 1763, and the impolitic coiirse pursued by the

Spanish governors, doubtless contributed to retard the growth of the colony at that

epoch. It also appears to have been supposed that the settlements could not be

extended farther down the river, "on account of the immense expense attending the

levees necessary to protect the fields from the inundations of sea and land floods,"

which would render it advisable to defer the settlement of that section of the country

" until the land shall be raised by the accession of soil." (Francios Xavier Martin.)

In the year 1800 the territory was ceded back to France, Napoleon being then

First Consul. In 1803 it was ceded to the United States. Its condition
In 1805.

may be inferred from the following extracts from the Abstract of Docu-

ments of the State Department and of the Treasury, 1802-5:

—

"The principal settlements in Louisiana are on the Mississippi river, which begins

to be cultivated al)out twenty (20) leagues from the sea. Ascending, you see them

improve on each side till you reach the city [New Orleans]. Except on the point just

below Iberville, the country from New Orleans is settled the whole way."

"Above Baton Rouge, at the distance of 50 leagues from New Orleans and on

the west side of the Mississippi, is Pointe Coupee, a populous and rich settlement,

extending 8 leagues along the river. Behind it, on an old bed of the river now a lake

whose outlets are closed up, is the settlement of Fausse Riviere."

"There is no other settlement on the Mississippi except the small one called Con-

cordia, opposite Natchez, till you come to the Arkansas river, 250 leagues aboA^e New
Orleans. Here is a small settlement. There is no other settlement from this place to

New Madi-id."

"On both banks of this creek [bayou La Fourche] there are settlements one

plantation deep for near 15 leagues."
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"Bavou Plaquemiiie, 32 leagues above Xew Orleans, is the principal and swiftest

communication to the rich and populous settlement of Atacapas and Opelousas."

Louisiana was admitted to the Federal Union in 1812. Stoddard, in his liistory

of Louisiana, published in that year, states: "These banks [levees]

extend on both sides of the river, from the lowest settlements to Pomt

Couple on one side, and to the neighborhood of Baton Eouge on the other, except

where the country remains unoccupied."

"Few settlements are formed on the west bank of the Mississippi between the

Red and Arkansas rivers. They are thinly scattered along from Red river to the

mouth of the Yazoo."

Brackenridge states: "From Pointe Coupee to La Fourehe, two-thirds of the

banks are perfectly cleared, and from thence to New Orleans the settlements continue

without interruption on both sides, and present the appearance of a continued

village."

In 1828 the levees were continuous from New Orleans nearly to Red-iiver land-

ing, excepting above Baton Rouge on the left bank, where the bluffs
In 1828.

-r~\ -I • 1 •

rendered them vinnecessar}-. Above Red river they were m a very dis-

connected and unfinished state on the right bank as far as Xapoleou. Elsewhere in

the alluvial region their extent was so limited as to make it unnecessary to mention

tliem.

Li 1844 tlie levees had been made nearly continuous from New Orleans to

Napoleon on the right bank, and many isolated levees existed along the
In 1844.

lower part of the Yazoo front. Above Napoleon, few or none had yet

been attempted.

In September, 1850, a great impulse was given to the work of reclaiming the

^ , alluAaal region below the mouth of the Ohio bv the Federal Govern-
Donation by ° *'

GoveriTmelirrn ™ent, wliich, by an act approved September 28, 1850, granted to the

•'•°^°-
several States all swamp and overflowed lands within their limits remain-

ing iinscild, in order to provide a fund to reclaim the districts liable to inundation. The

States of Louisiana, Mississippi, Arkansas, and Missouri soon organized offices for the

sale of the swamp lands, and appointed commissioners for the location and construc-

tion of the levees. The systems adopted were generally favUty, and have undergone

many modifications. Those now in force will be explained under the next subdivision

of this subject.

Careful examinations and iiirpiiries made by parties of the Delta Survey, in the

^ ,.,, , autumn of 1857 and the winter of 1858, resulted in the following exhibit
Ccndition of ' "^

levees iii 1858. ^,j- ^|,g actual Condition of the levees at that date. Each bank of the

river will be noticed in turn.

Beginning at the head of the alluvial legion, on the right bank the inlet between
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Cape Girardeau and Commerce bluff was closed by a macadamized road, some

4 feet high, -n-hich crossed the low ground about 2.5 miles fi'om the Qn the right

river bank. From Commerce bluffs to a sandy ridge above over- ^" '

flow near Dog-tooth bend, the levees were nearly completed. Thence, they were

finished to a point 6 miles below Cairo. Here was a gap of 3 miles, but upon land so

elevated as to be ovei-flowed onl}^ in the highest floods. Next was a strip of high land

above overflow, o miles in extent. Next came 8.5 miles of completed levee; next 0.5

of a mile of high land above overflow. This point is about 5 miles above Hickman.

Thence to bayou St. John, there was a continuous levee. Thence to Point Pleasant,

the land is entirely abo^'e overflow. Thence to the northern boundary of Arkansas,

the le\"ees were nearly completed. Between the northern boundary of Arkansas and

Osceola, there were about 2.5 miles of unfinished levees. In the bend below Osceola

was a gap 1.5 miles long. Opposite Island 34 was another, 1.5 miles long. Between

Islands 36 and 37 was another, 2.5 miles long. At foot of Island 37 was another, 4

miles long. At foot of Island 39 was another, 1.5 miles long. At foot of Island 41

was another, 0.3 of a mile long. Six miles below Memphis was another, 1.5 miles long-

In Council bend, near Island 53, was another, 3 miles long. In Walnut bend, near

Island 56, was another, 1 mile long. The above list includes the whole St. Francis

bottom. By summing up the different gaps, it will be foimd that they were about 25

miles in length. It would be a great error to imagine that the bottom was securely

leveed with the exception of these breaks. The levees had all been made since the

flood of 1851, and consequently had never been tested. They were much too low,

hardly averaging 3 feet In height, although some of them, across old bayous, were of

enormous size, as, for instance, a short one near the northern boundary of Crittenden

county, which was reported to be 40 feet high, 40 feet wide at top and 320 feet wide

at bottom. Generally their cross -section was much too small, and, upon the whole,

they were quite inadequate to effect the object for which the}' were intended.

From the mouth of St. Francis river to Old Town, the levees were complete.

Between this place and Scrub-grass bayon, there were several gaps, amounting to

about 14 miles. Thence to Napoleon there were no levees. Between Napoleon and

the high land south of Cj'press creek, there were only about 3 miles of levee. Thence

nearly to Point La Hache, below New Orleans, the embaiakments were completed.

On the left bank, excepting a few unimportant private levees, there were no arti-

ficial embankments between the mouth of the Ohio and the southern
On the left bank

boundary of Tennessee. The near approach of the hills to the river,

throughout the gi-eater part of this region, has the effect of flooding by hill drainage

the narrow belts of swamp land, and there is no immediate prospect of any attempt to

reclaim them. Whether leveed or not, they are too trifling in extent to have any

sensible influence upon the high-water level of the Mississippi river.

20 H
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The Yazoo bottom below the Mississippi State boimdaiy was considered to be

well protected by levees They, however, averaged only about 4 feet in height, and,

ha^-ing been mainly constructed since 1853, have never been tested by a great flood.

They were much too low and too narrow, as the flood of 1858 proved. The levee

which closed the Yazoo pass was an enoi'mous embankment across an old lake. It

was 1152 feet long and 28 feet high, with a base spread out to the width of 300 feet.

About 10 miles of gaps in Coahoma and Tunica counties (between Islands 51 and 67)

had been closed in the winter of 1858, and consequently the levees had not had time

to settle i)i'operly before the occixiTence of the high water. There was only one open

gap. It was nearly opposite Helena, and had been caused by a ca-s-ing bank.

Between Vicksburg and Baton Rouge, on the left bank, the levees Avere complete

where there was any occasion for them. The hills approach so near to the river in

this paii of its course, that the bottom lands are limited in extent, and hence somewhat

liable to injury fi-om sudden upland drainage.

From Baton Rouge nearly to Point La Hache, the whole river-coast was leveed.

Levee orgamzation in the different States.—It is important that it sliould be under-

stood, that much of the want of siiccess attending the eflorts to secure

treating of this the alluvial lands from overflow has arisen not from inherent difficulties
subject.

_

•

in the construction of works of protection, but from the adoption of

systems which have allowed one district to be submerged in consequence of the insuffi-

cient character or faulty execution of the laws of another, or left it to be protected by

taxes levied upon another. For this reason a general outline of the existing levee

organization in the different States will be given.

The laws regulating the maintenance of the levees in Louisiana mark the gradual

progress of the system. They are invoh-ed, and ver}- unlike in different

L^'ulli^a^ul!*''^
°^

P=^*"^* *^f ^^^^ ^^-A^^- Premising that the "Police Jury" of each parish is

an elective body, which has the general control of the affairs of that

pari.sh, the following extracts from the Revised Statutes (1856) exhibit the most im-

])()rtant features of the comjjlex levee organization of the State.

"Section 1. The Police Juries of all the parishes of this State are authorized to

pass all such ordinances as they may deem necessary, relative to roads
General lavirs.

and levees, bridges and ditches; and to impose such fines and j^enalties

to enforce ihe same as they may judge proper and ex})edient, to be recovered and

enforced ])y indictment or information."

Laws appHca- " Sec. 5. Throughout all tliat liortion of the State, watered by the
ble to all of the o I t J

Concordia^'^wa-
^^^ssissippi and tlic bavous running to and from the same, which are set-

c o u p e^,°west ^^^^^' "'licre lovccs are necessaiy to confine the waters and to jirotect the in-

ib%r°v"ine, °pfa- habitants against inundation, the said levees shall be made by the riparian
quemines, and . ^ . ^, . i , i • i • c -i i tt

st.Bernard. jiropru'tors, in the ])roi)ortioiis and at the time lierematter prescribed.
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"Sec. is. The I'olice Jury of every parish of this State where levees are neces-

sary to protect the inhabitants against inundations, shall meet once in every year, for

the purpose of proceeding to the appointment by ballot of such number of Inspectors

as shall be deemed necessary, in such a manner, however, that no Inspector shall be

charged with the inspection of the roads and levees to a greater extent than three

leagues."

"Sec. 20. It shall be the duty of the Inspector to make every week, at least during

high water, one inspection of the roads and levees subject to his inspection, and to

ascertain whether the obligations imposed upon the riparian proprietors have been

complied with. ********
"Sec. 21.

********
"The Inspector shall provide all the means which he shall deem expedient, in

order that the repairs be made in time; and for that purpose he shall be authorized to

furnish the proprietors, on lu-gent necessity, with any number of slaves he may deem

necessary, not only from his own section, but also fi-om the other sections of the parish

situate on the same side of the river.
*****

"Sec. 22. The Eoad and Levee Inspectors are hereby empowered within the

several parishes to call out to work on the levees therein, in case of a crevasse or

tlu-eatened crevasse, all the male slaves above the age of fifteen years and under sixty,

or so many thereof as may be deemed necessary, whose owners reside on the same side

of the river or bayou within seven miles of the threatened danger; except persons on

high lands, that is, lands not alluvial."*********
"Sec. 27. If any Inspector of Roads and Levees shall not cause the levees in his

district to be repaired or made anew by the first of November of each year, it shall be

the duty of the other Inspectors appointed for the same parish and on the same side

of the liver, to cause the repairs or new levees to be made; and for these purposes

they are invested with all the powers vested in the Inspector of the respective districts,

and subjected to the same penalties for omissions. If there are no other Inspectors in

the parish, on the same side of the river, or if they are absent, or do not act, any

planter of the parish, on the same side of the river, may notify the President of the

Police Jury that he iindertakes to act as Inspector; and by the fact of giving such

notice, he shall be invested with all the powers vested in Inspectors of Roads and

Levees."

"Sec. 29. Every proprietor whose levee has been broken by his own neglect,

shall be liable for all damages and losses caused thereby, agreeably to articles two

thousand two hundred and ninetj'-four and two thousand two hundred and ninet}'-five

of the Civil Code."

"Sec. 43. Whei*e there exist levees, the making and repairs of which devolve upon
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the parishes, all the Inspectors of such paiishes shall join to cause the same to be made

or repau-ed by proportional requisition of slaves, on the proprietors within their

respective sections."

"Sec. 50. The alluvial lauds of the parishes of Carroll, ^fadisun, and Catahoula

shall be conslituted a levee district."

"Sec. 51. For the purpose of buildinii- or making- and repairin<j all
La-ws constitut- '^ '^ ^ c i o

"^s a. levee dis- igy^es in the Said levee district, an annual tax of 3U0 per cent, on the
tiiot of tliree par- ^ ^^ i I

^^^^^-
State mill tax, shall be levied in the parishes of Madison and Carroll,

accoi-diu"- to the State assessment roll of each year. Xo tax for that puqiose shall be

levied in the parish of Catahoula."

"Sec. 56. The levee tax shall be a counnon levee fund, to be applied to making

and repairing all levees in the levee district,"

"Sec. 57. There .shall be elected in each of said parishes, by the qualified voters

of said levee district, tluee Commissioners, wlio shall be styled and shall constitute a

' Board of Levee Corami.ssioners.'

"Sec. 58. The first election of Conunissioners shall Ije held on the first Monday

in November, 1855, and biennially thereafter."

"Sec. 61. No person shall vote in the election of said Commissioners who is not a

qualified voter under the Constitution and Laws, of the State, and who does not reside

on the alluvial lauds in the said levee district: Provided, no person shall be denied tlie

privilege of voting who may live on the hill lands l)iit cultivate alluvial lands."

"Sec. G2. The Board of Commissioners .shall be sole judges of the election and

qualifications of its members, and shall have power to prescribe all rules and regula-

tions neces-sarv for determining the same."

"Sec. 63. Thev shall have power and authority to select their Treasurer, their

several Lispectors, Engineer, and all other officers appointed by them; to fix the time

for which thev sliall be appointed or elected, the cau.^^es of removal, the amount of the

bonds to be given, and all other acts necessary to carry into eftVct the provisions of

this law."

"Sec. 69. It shall be their dutv to lay off levee wards on the Mississippi river, or

any other river or bayou in said levee district; to appoint Levee Inspectors for each of

said Avards; to prescribe their duties, and the j^enalties for neglect thereof; and they

are further empowered to employ an Engineer for said levee district, if deemed neces-

sary."

"Sec. 72. It shall be their duty, at their meetings on tlie first 31onday of May of

each year, to order the levees at the most important points in each of said parishes of

Madison and Carroll, to be repaired or built."

"Sec. 75. It .shall be the duty of each of the Inspectors to let out, to the lowest

bidder, tlie building or repairing of the levee.s in their respective wards, after public
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notice thereof having been given, l)y publication in some newspaper pu))li.she(l in the

pariisli in which the levee shall be built or repaired, for thirty days."

"Sec. 77. They shall alwaj^s reqnire the levees to be completed Ijy the lirst day

of February in each year."

"Sec. 79. They shall have full authority, within their respective wards, to call

out to work on the levees, during high water, all the male slaves above the age of

fifteen and nnder sixty, or so nianj' thereof as may be deemed necessary." * *

"Sec. 84. The Police Jury of the parish of Tensas shall divide the parish into five

districts, to be called levee wards, giving the metes and bounds of each,

and shall cause a map or plat of the same to be made and kept in the

Police Clerk's office, as the property of the parish, for reference."

"Sec. 85. They shall annually appoint a Levee Inspector or Engineer for the

parish, to continue in office until a successor be appointed." * * * *

"Sec. 86. They shall annually appoint, in each levee ward, two Commissioners,

whose duty it shall be to act in conjunction with the Inspector, in laying off new levees

in their respective wards, and to assist him at other times, when he may deem it neces

sary; in case of absence or resignation of the Inspector, they shall perform all the

duties belonging to the Insjiector, until a successor be a])pointed, or until the Inspector

shall return to the performance of his duties."

"Sec. 87. It shall be the duty of the Levee Inspector or Engineer to direct and

superintend the construction and repairs of all levees in the parish in accordance with

the requisition of the Police Jury." ******
"Sec. 90. The Police Jury are authorized to levy and collect, in the same manner

that the State and parish taxes are now collected, an annual tax upon the assessed

value of real estate as returned by the Assessors of State taxes. Said tax, when col-

lected, shall form a special fund for levee purposes alone."

"Sec. 107. The Police Jury of the parish of Rapides are authorized to hi)- off their

parish into levee districts; and with the consent of a majority of the

inhabitants of said districts owning lands therein, to lay a tax upon all pi^e"^*^
°^ ^^"

lands within the several districts which were overflowed in the year

eighteen hundred and forty-nine, for the purpose of making levees on Red river,

within the parish, and constructing such embankments as they may consider necessary

across all bayous connecting with the river; and for the pui^jose also of creating and

maintaining the permanent levee fund hereinafter mentioned.

"The Police Jury, in levying said tax, shall discriminate equitably between the

front and back lands, so that they may be taxed as nearl}^ as possible in proportion to

the benefit to be derived by them resjiectively from levees, the tax so levied by the

Police Jury on the front and back lands to be binding on both.

"Sec. 108. The Police Jvxry shall appoint annually on the first Monday of June,
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three Levee Commissioners for each district, whose duty it shall be to locate the levees

and embankments within their respective districts, and to let out contracts for con-

structing the same; which contracts shall be let out to the lowest bidder. * *

"Sec. 109. Tlie Police Jury shall also appoint annually at the same time one or

more Levee Syndics in each district, whose duty it shall be to cause to be made all

needful repairs or additions to the levees Avithin their respective districts." * *

"Sec. 11.5. The police Jury of the parish of Catahoula shall have

houia'^''
°^ ^^'^' ^"^^ "^^*^ unlimited power to establish levee wards within its limits, and

enforce the construction of levees therein."

"Sec. 116. They shall have power to cause, with a previous notice of thirty days,

the election in each levee ward by the qualified voters tliereof, of three Levee Com-

nii.ssioners, who shall choose one Inspector; the term of office, duties and qualifications

of the Commissioners and Inspector to be prescribed by the Police Jury.

"Sec. 117. They shall have power also to levy and enforce the collection of such

taxes as may bo deemed necessary in any ward, for the construction of levees therein

;

the fund so raised to be expeneled upon the levees in the ward wherein the same is col-

lected."

"Sec. 118. The Police Juries of the parishes of Concordia and Ouachita shall

have plenary and unlimited j^ower to make such enactments with regard
Parishes of . ,, ... ,. . i.. i ^

Concordia and to roads and Icvces Mithni then' respective limits as may be deemed
Washita.

, t • i t i , .

necessary and proper by those bodies, including the power to autliorize

the assessment and collection of any taxes which they may deem necessary on the

private land claims within any levee district established by them, to cover the expenses

of leveeing any public land included in such district or other necessary work or expense

authorized by any ordinance of said juries respectively."

"Sec. 127. It shall be the study of the Police Jury of the parish of Pointe Coupee

to levy an annual tax, not to exceed the one-half of a mill on a dollar

p<^n^e ' Coupe'/ *^'" *^''6 estimated value of all the projjerty svibject to taxation not other-

wise hereinafter provided for in said parish, which tax shall be collected

by the Collector of the Parish Taxes in the same manner and form that the parish ta.x

is now collected; and shall form a special and distinct fund in the j^arish treasury for

the repairs or making of roads and levees; and the Parish Treasurer shall keep a sepa-

rate and distinct account of all taxes so collected."

The fund derived from the sales of land granted li}' Congress for aiding in con-

structing the levees and drains necessary to reclaim the swamp land is

the swamp°au^ subjcct to au especial set of State laws, independent of 2)arish organiza-

from^congress.'^ tiou. Siuce the Rcviscd Statutes were published in 185G, a change in

the organization for controlling this fund has been made by abolishing

the "Hoard of Swamp-land Commissioners," and replacing it by the "Board of Public
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"Works," which now has charge of all the public works of the State. The law relating

to the swamp-land fund declares that it shall not be employed in the reconstruction or

repair of levees now existing, it being the intention to expend the money in supplying

the deficiencies in the present system. If, however, a levee shall be destroyed by the

action of the current, one-half the cost of repairing it shall be paid from the fund; the

other half being borne by the riparian proprietors.

The present levee organization in the State of Mississippi is based upon a law

passed by the legislature in November, 1868. It went into practical

execution in June, 1859. The following extracts from the law suffi- the state of
;-,. ^ . . ^ TT TIT Mississippi.

ciently explain the general system; it being understood that a "Board

of Police" is an elective body which controls the affairs of a county:

—

" Sec. 8. Be itfurtlier enacted, That it shall be the duty of the Board of Police of

the several counties of De Soto, Tunica, Coahoma, Bolivar, Washington,

Issaquena, Yazoo, Suntlower, Tallahatchie, and Panola, to meet at the Levee Commis-
/-^ 1 f ^ • • ^ c -\r T • T^ ^

sioners—t heir
Court-house of then- resi^ective counties on the first xuonday ni r ebruarv, powers and du-..." ties.

1859, and then and there to elect a citizen of their respective counties

to serve as a Levee Commissioner for three }'ears from that time."

* * « * »* * * « *

"Sec. 9. Be itfurtlier enacted, That it shall be the duty of such persons so elected

Levee Commissioners for said counties, to assemble together, on or before the first

Monday in JMarch thereafter, in the town of Prentiss, in the county of Bolivar, in this

State, and when assembled, to elect one of their number, or some freeholder in the

district, as President of said body ; said President and said Levee Commissioners shall

be a body politic, to be styled the Levee Commissioners, and in that name may sue

and be sued, contract and be contracted with. The President of said board shall keep

his office in the said town of Prentiss, and service of process on the President shall be

notice sufficient to bring the corporation into court. Should said board elect one of

their own members President, then tlie Board of Police of the proper county shall fill

the vacancy occasioned by said election, by a special election, made at such time as

they may see proper."

"Sec. 12. Be it further enacted. That said Board of Levee Commissioners shall

hold their regular meetings at the to^vn of Prentiss on the second Mondays of April

and October, of each year, and at such other times as they may appoint, and as often

as they may be called together l^y tlie President on ten da}'s' notice of the time of

meetinc"*** *********
"Sec. 13. Be itfurtlier enacted, That it shall be the duty of the Board of Levee

Commissioners to expend all moneys they may receive as general funds, under this or

any other act, in re-building, strengthening, or elevating the old levee, or in making
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new embankments, when thev may regard such to be necessary, through the counties

fronting the Mississippi river and within their district. * * * * * *

Said Board of Levee Commissioners shall have all the power of a bod)' corporate to

carry out the objects of its creation. The)^ shall have power to pass all necessary by-

laws and ordinances as they may regard proper for their own government or for the

government of the work under their charge, as well as for the protection of the same.

They shall have power to employ all engineers or agents necessary to the work, and

do all otiier acts not inconsistent with this law, nor in violation of the laws of this

State. The}- shall determine the base, height, slope and elevation of the levee—may
abandon any portion of the old levee that tliey may regard as unsafe or improperly

built, and may build neAv works, and repair old on sueli ground as they may select, and

make all needful regulations necessary in tlioir o])iiii(in to secure tlie counties under

tlieir charge from overflow by tlie Mississippi river."

"Sec. 21. Be itfioilicr enacted, Tliat in addition to the levee tax assessed in the

first section of this act, the Boards of Police in the counties of Tunica,
Additional tax. ^, , t-i t ti>-Coahoma, Bolivar, u ashington, and Issaquena, shall have power to

assess a tax, annually, on all the lands within their I'espective counties, sxibject to tax,

under the provisions of this act, not exceeding twenty-five cents per acre, to be used

under the direction of such persons as said Board of Police may respectively appoint,

for re-building old, or erecting new levees; said tax to be assessed and collected after

the form now provided in the local laws of such counties, and tlie same shall not

become a portion of the general fund, nor be subject to the control of the General

Board, furtlier than tlie Boards of Police for the counties respectively -shall allow, but

shall be a specific fund for the use of the county in which the same shall be collected."

By-laws of tlie Tlio followiug oxtracts froui the by-laws of the Board of Levee
Board of Levee
Commissioners. Commissioners are suiHcient to indicate the ])ractical svstem of con-

structing and protecting the levees adopted by them :

—

"An Engineer in Chief shall be elected by the Board on nomination by the Presi-

dent, and in case of a vacancy during a recess of tlie Boai'd, the Presi-

iii^diuies"^'"^^'^'
*^^^'"^ "^'^y <ipi«>i"it <i successor ad iiilerim. Upon a failure or refusal of

t]ie Board to confirm the nomination of Cliief Engineer by the President,

any member of tlie Board may nominate."

"During the recess extending from April to October, 18.")9, the Chief Engineer

shall appoint his own assistants, the number to be determined by the President; but

at tlie regular meeting in October, IS-^JO, and at every regular meeting thereafter, the

]3oard shall elect Assistant Engineers on nomination by the Chief Engineer."

"lie shall make such surveys on the line of work, with such plans and specifica-

tions, maps and reports connected tlierewlth, as the President shall require of him, and

shall keep a record-copy of the same as the ])roperty of his department."
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"Besides the report and chart of his general survey, he shall make a report to the

President, to be by liim laid before the Board at each regular meeting, showing the

number and extent of his local surveys and all other operations of his department during

the current recess, and shall make such recommendations as he may deem important

and within the scope of the duties of his department."

"Instruments, stationery, and camp equipage required for the use of his department,

together with the wages of chainmen, rodmen, and laborers necessary to the field ser-

vice shall be charged to the Board, and paid for by the Treasurer on the order of the

President, accompanied by the accounts with his aj^proval endorsed thereon."

"The Chief Engineer may be removed at any regular or called meeting of the

Board, on motion, two-thirds of the memljers present concurring."

"Each river county shall be divided into Inspectors' Districts, to wit: one in De

Soto, three in Tunica, tlu-ee in Coahoma, four in Bolivar, four in Wash-

ington, and three in Issaquena, and an Inspector for each district shall
tj,'^"r duties"

'^^'

be elected by the Board on nomination by the Commissioners of the

front counties—each of said Commissioners nominating the Inspectors for liis own

county."

"It sliall be the duty of every Inspector to make immediate report to the President

of all instances falling within his knowledge or belief of wilful damage to the levee, or

other "vaolation of the Levee Laws; and once in every week he shall inspect all the

levee work going on in his district, and rejwrt the progress of the same to the County

Commissioner, to be by the latter reported when necessary to the President."

"Each inspector shall also be charged with the general supervision of the perma-

nent laborers employed on the levee in his district, and shall report to the President all

instances of misbehavior or neglect of duty on their part, without additional charge on

the levee fund."

In Arkansas, immediately after the passage by Congress in 1 850 of the law dona-

ting the swamp-land to the State, an act was passed organizing a "board

of Swamp-land Commissioners" to fix the price of the overflowed lands, the state of Ar-

to district the State, to determine upon the necessary levees and drains,

and to let out the contracts to the lowest and best bidders. This board was abolished

in December, 1856. The following extracts from an act approved in January, 1857,

exhibit the present system. There are seven swamp-land districts.

"Sectiox 1. Be it enacted hythe General Assembly of the State of Arkansas, That in

order to close up the gaps in levees on the rivers Mississippi, and so
1 /' 1 I 1 • 1 1 • 1 TT 1 T • 1

Mississippi and
much ot the Arkansas as is embraced ni tlie Helena district, as estab- Arkansas rivers,

hoTv to be leveed.
lished by the act to which this is supplemental, it shall be lawful for

any engineer, under instructions from the Governor, to let out contracts for the con-

21 H .
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stniotion of such levees to close up such ffaps: I'roridcd, that each conti-act which shall

be made for tlie pertVnMnauce of any such work, shall expressly state that the work will

onlvbe paid for in s[)ecie, wliich shall be obtained by the sales of swamp and overflowed

lands, situated within the limits of the district in which said work is required.'' *

"Skc. 4. That the Governor be and is hereby authorized to appoint, from time

Swamp-land to tiuie, a swamp-laud secretary, who shall hold his office during the
secretary; his, ,.1.-, i. r , ^-ii-
duties. i)leasureot tiie Governor, not to exceed a term ot two years, or until his

successor shall be qualified.**********
"Sec. 5. That said Secretary shall have charge of all the books, maps, records,

papers, contracts, and all the furniture and property, of every description or nature

which appertains to the office of the former swamp-land commissioners, or to the office

of the secretarv of such commissioners, as well as other papers which may be filed with

him, which may relate to the swamp-lands or contracts for work under the swamp-laud

laws, and shall be responsible for the preservation of the same in his office, and shall

investigate, and ascertain, and report to the Governor, whether any of the work which

shall be reported for payment by any engineer, has already been in part or wholly paid

for or not, so that the same work may not be twice paid for." * * *

"Skc. 10. That in order to prevent a useless accumulation of specie iu the State

treasury from the sales of swamp and ovei-flowed lands, whenever there

and^dra^sir^thl shall be iu the State treasury as much as five thousand dollars in specie^

swamp legiou
obtained from the sales of such lands, situated in any district as estab-

lished by the act to which this is a supplement, it shall be lawful for any engineer,

under chrectious of the Governor, to let out contracts for making levees, ditching,

draining, and reclaiming swamp and overflowed lands situated in the disti-ict, by

tlie sales of lands in which district the specie in the State treasury shall have been

obtained." * *

The Helena district, embracing tlie counties along the Mississppi

iu^li^a^ted^.*"" river, has already expended its quota of swamp-lands; and some of the

counties are therefore making their own levee laws.

Missouri, ^Ken- The propoitional amount of alluvial land liable to inundation in the

nessle.
^ ^" State of Missouri is so small that no detailed notice of its levee laws is

rofpiired. In Kentucky and Tennessee none have been enacted.

Dimensions and cost of existing levees.—The following extracts from
Louisiana stat-

utes for construe-
^]^^, ].^yy^ of Louisiaua exhibit the statute requirements in that State:

—

tion and dimen- '

sions of levees. "Sec. 6. Every levec which shall contain one perpendicular foot of

water, and not above three feet, shall have at least five feet base for each

and every foot in height.
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"Every levee s\hich shall contain more than three perpendicular feet of water, and

not above five feet, shall have at least six feet base for each and every foot in height.

" Every levee which shall contain more than five perpendicular feet of water, and

not above six feet, shall have at least seven feet base for each and every toot in height.

" Everv levee which shall contain above six perpendicular feet of water, shall have

at least eight feet base for each and every foot in height.

" The summit of every levee shall be of the breadth of one-third of its base ; and,

finalh", every levee shall be of such height that, after the sinking of the earth, it be

still raised one foot above the level of the water when liighest. * * *

" Sec 7. Every new levee shall be constructed, in places where the bank is cav-

ing, at the distance of at least one arpent [about 192 feet] from the water's edge, and

in places where the bank does not cave, at the distance of at least sixty feet ; in both

causes the distance shall be measured from the summit of the bank of the river, under

the penalty prescribed in the prescribing section."

" Sec. 9. The earth which shall be employed for the repairs and construction of

a levee shall be taken at the distance of at least twenty feet from the base of the levee

on the side next the river, under the penalty prescribed in the sixth section.

"Sec. 10. Every new levee, or every portion of a levee which shall be made

anew, shall he fascined on the river side, either with palmetto or otherwise with pick-

ets, under the penalty prescribed in the sixth section.

"Sec. 11. All new or old levees on the iinsettled and uncultivated lands, situated

on the river or on the bayous running to and from the same, or other waters connected

therewith, shall be constantly fascined or palisaded." * * * *

"Sec. 16. It shall be the duty of every riparian owner of lands, in places where

levees are iiecessar}' to confine the waters, to cause attentively and carefully to be dug-

and filled up every year the holes which crawfish, muskrats, or other animals, may

have made in the said levees, and to adopt constantly all the necessary means to pre-

vent the progress of those which happen during the high water as soon as they shall

be apprised of it."
*********

" Sec. 41. In future no 'bayou, which receives the waters of the Mississippi, when

that river is high, and which then affords an outlet to the said waters, shall, under any

pretence, be shut up without a special law." *****
" Sec. 81. All levees shall be made as follows : All trees, stumps, and logs shall be

removed from the foundation of the levees, a ditch, at least three feet

wide and thi-ee feet deep, shall be cut in the centre of the foundation ;
Provisions in

the Carroll, Mad-
and the levees shall be made at least three feet above the highest Avater, isoc, and cata-

houla levee dis-

and shall have six feet base for every foot in height, and shall have such *"«=:

.

width on top as the Inspector shall think necessary."

The actual dimensions of the levees fall far short of those required by these stat-
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utes. The transit and level survey of the right bank from Red-river landing to

Actual dimen Carrollton, aud of the left bank from Baton Rouge to Car-rollton, has
sions of levees in
Louisiana be- suiiplied the following data bv which the average dimensions of the
fweeu Red river ^ ' "

lauding and Car- levees between those points, in 1851, may be accurately judged. So

tar as known, no change in these mean dimensions has been made

since that survej'.
Dimensions of levees in Louisiana.

Locality on right bank.
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tion as the Chief Engineer in each case shall designate (usually 6 to 1 on the river side,

and 2i to 1 on the other side) and in conformity to such heights of filling as may have

been, or may hereafter be, determined upon* by the Chief Engineer "

"4. The ground to be occupied by the levee must first be cleared of trees, stumps,

logs, trash, weeds and all perishable matter, the trees and stumps being cut up by the

roots, at least 1 foot below the surface of the ground. The entire surface must then

be thoroughly broken with a spade or plough, in order to form a bond with the earth

deposited. Then a muck ditch must be cut, 6 feet wide at top, and 3 feet at bottom,

and 4 feet deep; all stumps and roots crossing it being carefully taken out and removed

beyond the base of the levee. The muck ditch must be cut 10 feet from the centre-

line of the levee (great care being exercised not to displace any of the stakes of the

centre-line) on that side next to the river, the earth from it being thrown entirely on

that side of the ditch next to the river. As each section of a mile in length is thus

cleared, broken and muck ditch cut, the contractor miist notify the engineer in charge

of the fact, when he will * * * * set stakes each side of the centre

at the proper distance for the base of the levee. * * * * As soon as

the work is staked, the muck ditch must be filled in again with buckshot earth or clay

obtained from without the base of the levee, and the earth tramped in by horses or

mules ridden rapidly back and forward constantly while the earth is being put in; at

least one horse to every eight wheelbarrows being thus employed. This filling and

tramping to be kept 1 mile in advance of the embankment. The surface of all old

levees must be well broken. In cases where the chief constituent of the levees is sand

or other porous material, the Chief Engineer may require a wall of buckshot or clay, 5

feet thick, to be continued up from the muck ditch to the top of the levee, the earth

being tramjjed in by horses in the same manner as the nuick ditch, as the levee is built

up on each side of it, the object being to obtain a stratum through the levee impervious

to sipe-water.
********

"5. AVhen the ground is prepared, as required by article 4, the embankment will

be commenced, and must be formed in uniform layers, not exceeding 1 foot in thick-

ness; a sufiicient number of dumping men being continually kept on the levee to

spread the earth as it is wheeled or carted in. The slopes shall in every case be com-

menced FULL OUT TO THE SIDE STAKES, and carried regularly up as the embankment

progresses. ***** ***
"According to the iuforinatiou obtained, all new lerees are now (since 1860) conatructed in accordance witli tlie

following regulation :

—

In De Soto and Tunica counties 4 feet above the highest known flood.

" Coahoma county 4.5 feet " " " " "

" Bolivar and Washington counties 5.0 " •' " " " "

" Issaquena county 5.4 " " " " " "

This makes the average height of the new levees along the entire front of the Yazoo bottom about 10 feet, the cubi-

cal contents per mile being about 1,000,000 cubic yards, and the cost about $20,000.
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"6. Matei-ial taken fi-om ditches or drains (except when otherwise directed by the

engineer in charge) shall be deposited in the adjacent levee, the cost of removing which,

when the haul is not more than 300 feet, will be included in the price \Mi\d for excava-

tion. In procuring material for the levee, the place will be designated by the engineer

in charge (alwavs on the river side, unless otherwise directed), and in excavating and

removing it, care must be taken to injure or disfigure tlie land as little as possible. In

no case must it be obtained within 20 feet of the base of the levee on the river side,

and the slope of the pit next to the embankment must not be less than 2 to 1. If,

from unavoidable causes, it becomes necessary to procure material on the inside of the

levee, it must not be taken within GO feet of the base. But is not to be taken from

the inside at all, unless forced by high water, or some insuperable difficulty. Any

encroachment ui)on the limits either side must be measured by the engineer in charge,

and deducted from the amount of the final estimate. At intervals of 100 feet, l)ermes

must be left across the barrow-pits, to prevent the flow of a current along the levee.

In procuring matei-ial for tlie embankment, if the place designated by the engineer in

charo-e exceed 300 feet from the centre-line of the levee, three-fourths of a cent per

cubic yard will be paid in addition to the contract price, for everj' 100 feet of average

haul exceeding 300 feet that said nuiterial may lie transported. All levees shall be

estimated in embankment and not in excavation, and be paid for by the cubic yard.

"7. All earth designed for embankment must l)e entirely divested of roots, trash,

and all other perishable matter before being thrown into the carts or wheelbarrows.

"8. After an embankment shall have been raised 3 feet, the sides must be trimmed

with slope-boards, and any irregularities appearing on the slope must be corrected at

once; this trimming must steadily progress as the embankment increases in height.

"9. In cutting di-ains or "new channels for sti-eams, they shall be cut at such dis-

tance from the levee as the Chief Engineer may require ; the materials deposited in the

adjacent embankment, and paid for as specified in article 6 of these specifications.

"10. The Chief Engineer may, whenever he deems it necessary, require a double

coiirse of sheet-piling, breaking joints, to be driven at the centre or either side of the

levee, 5 feet below the surface of ground, and extending up within 6 inches of grade;

the plank to be of heart red gum, Avhite oak or cypress, or such other timber as the

Chief Engineer may select, and of such dimensions as he may determine; the material

and labor to be paid for by the thousand feet, board measure. All piling nuist be

di-iven in advance of the levee, and the embankment constructed on both sides of the

piling simultaneously. The Chief Engineer ma}- also, whenever he deems it neces-

sary, require a breakwater to be constructed on the river slope of the levee, of post

and plank fence, properly braced, and filled in behind with earth, according to detailed

plan and specifications in the ortice; the material and labor to be paid for by the thou-
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sand feet, board measure, and tlie filling at the contract price per cubic yard, stipulated

for embankment."

"14. The ends of all levees shall be protected from flood by a double course of

sheet-jiilino- closely driven and securely braced, extending across the base and around

each side, not less than 100 feet. This protection always to be put up on the completion

of the levee, unless otherwise directed by the engineer in charge, and also during the

progress of the work in anticipation of destructive floods. The Chief Engineer may
also require the base of the levee to be covered with a causeway of timber, whenever

necessaiy to support the embankment, for which an extra compensation, to be deter-

mined in each case, will be made."**********
In Arkansas, the levees are constructed in accordance with the following- specifi-

cations:

—

"The levee or embankment shall be entirely of earth; and should ui^[?na'^for The

any tree, log, chunk, wood, brushwood, cane, or other perishable mate- dimenETons'of"^

rial be imbedded in the levee, the party of the lirst part [the contractors]

in addition to forfeiting all right to any compensation whatever for anv and all work

done, or which shall be done under this contract, shall also forfeit the full amount of

the bond annexed thereto."

"All trees, brushwood, logs, and other perishable materials, shall be removed from

off the surface of the ground to be occupied by the embankment or levee, so as not to

injure the adjoining land. All stumps shall be cut off close to the ground. The clear-

ing shall be sufficiently wide on either side of the centre-hne of location to clear the

berme banks."

"The embankment or levee shall have the following dimensions, viz.: For every

foot in height, 1 foot wide on top, and in addition, 7 feet base. The embankment

shall be at least 30 inches above overflow. A berme bank, G feet wide on either side

of the base of the embankment, shall in all cases be preserved; and the berme bank

slope shall be cut conformable with the slope of the embankment. Earth benches,

each 100 feet apart, on the river side of the embankment, shall be left standing, at

right angles with the centre-line of location, connecting with the berme bank, to prevent

the abrasure of the embankment, by the flow of water, at times of flood."

"All material which will when rotted leave conduit pijies, or which retain water,

or upon which frost acts, by heaving, shall be removed from the base."

"Where the levee crosses county or neighborhood roads, a crossing shall be made

of earth 15 feet wide on top, sloping uniformly at right angles from the centre of the

levee, on either side, a distance seven times greater than the height of the levee; which

crossing shall be so elevated in the centre that water falling upon it will run oft' on
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either side; and said crossing shall have uniform side slopes extending out on each side

1 foot for each foot in height; and the same shall be paid for at the regular contract

price."

Careful inquiries were made with a A-iew to ascertain the usual cost of levees.

The contractor's price for the Oliio levee at Cairo, the finest on the river,
Cost of levees

per cubic yard ^yr,g '55 ceuts per cuhic vard. It is an enormous embankment, having a
in the several '-

States.
^x'ule street and a railroad track upon the top. Its river slope is covered

1 foot thick with broken stone, costing S2.00 per cubic yard. It is also protected at

the edge by a riji-rai) wall. It is fully 15 feet liigli, its top being above the level of

the flood of 18.58. In the State of Mississippi, the contractor's price of levees is from

18 to 20 cents per cubic yard. In Arkansas, it averages about 20 cents. In Louisiana,

it averao-es about 1.5 cents in open ground and 2."} cents in forest regions, Avhere the

trees are to be cut down and a "muck ditch" is to be dug through their roots.

GREAT FLOODS.

Such historical notices of the great floods as can be prepared from existing records

are udded to this chapter. The analvtical comparison of tlie floods
General charac-

ter of the his- eaunot be attempted here, for the reason that the system u])on which it
toriesof the great ^

^ ' ^ i

floods. ig based \et remains to be explained. A general statement, however,

of what tributaries produced those destructive overflows; at what dates they occurred;

and what damage they occasioned in the different parts of the great alluvial region,

foi-ms a fitting couclu.sion to the present chapter, besides precluding the necessity of

hereafter interrupting trains of reasoning in themselves sufficiently involved.

In preparing these histories, great care has been taken to collect informatiou

from all reliable sources. For the more recent floods, this has been

c(unparatively easy, but for those of former times, it has been found

impossible to determine even the most essential particulars. The list of floods, how.

ever, is complete for the present century; for in 1798 a regular record was begun

at Natchez by Governor Winthrop Sargent, and continued b}' him until 1819.

From that date until 18U, observations at the same place were made l)y j\rr.

Samuel Davis. They were continiied by Professor Forsliey, until 1848, when he

removed to Carrollton and began a new series there. The latter, together with the

records kept at the .Alemphis navy yard, rciuU'i- the information comjdete up to the

date of the connnencement of the present Survey in 1851. From these old papers

Professor Forshey has compiled (see plate VII) a set of gauge-curves to re])resent the

oscillations of the river at Natchez from 1S17 to 1847. The scale of high waters at

Natchez (figure 2, ])late IX) is also mainly constructed from these records.

Prior to 1798, we have only occasional notes preserved among the papers of the
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colonies. Governor Sargent, however, states that according to tradition there was no

very high water between 1750 and 1770, and that from 1770 to 1798, there was no

general overflow. Tlie latter statement is contradicted by the records respecting the

flood of 1782, as will soon be seen.

Flood of\l\%.—"An extraordinary rise of the Mississippi this year. Bienville had

selected a site for a city, but the colony not having means to build dykes or levees,

the idea was for the present abandoned." (Francios Xavier Martin.)

Flood of 1735.—Gayarrc' states that in this year the waters were so high that

many levees were broken, and much damage was done. New Orleans itself was

inundated. The flood continued from the latter part of December to the latter part

of June. When the river fell, it reached a lower point than ever before noted, the

range at New Orleans being 15 feet.

Flood of 1770.—A great flood, according to the tradition recorded by Governor

Sargent, but the published statements concerning it are so ambiguous as to ren-

der it uncertain whether this flood was equal to that of 1811, or afoot higher, at

Natchez.

Flood of 1782.—"This 3'ear the Mississippi rose to a greater height than was

remembered l)y the oldest inhabitants. In the Attakapas and Opelousas, the inunda-

tion was extreme. The few sjiots which the water did not reach were covered

with deer." (Francios Xavier .Martin.) "1782 was I'annee des eaux." (Bracken-

ridge.)

Flood of 1785.—A great flood at St. Louis, in April, said to have been equal to

that of 1844. Professor J. L. Riddle, of New Orleans, states on the authority of the

I'Amie des Lois and Evening Journal, May 25, 1816, that New Orleans was flooded

by crevasses.

Flood 0/1791.—Same remarks at New Orleans as for the flood of 1785.

Flood of 1790.—The Teclie overflowed its banks for some 60 miles above New
Iberia, and poured into Grand lake in a smooth sheet of water. The lake at this date

attained the highest level on record, being 2.5 feet higher than in 1828, 6.8 feet higher

than in 1850, and 14 feet higher than the ordinary gulf level. (Verbal statement of

Mr. Fuller, upon the authority of a Creole resident.)

Flood of 1799—Same remarks at New Orleans as for the flood of 1785.

Flood 0/1 809.—A disastrous flood, which, according to Governor Sargent's notes,

inundated all the plantations near Natchez, and destroyed the crops. It was imagined

by the sufferers that the northern lakes had found a channel to the river. At Natchez,

this flood was 1.6 feet below that of 1815, and 2.1 feet below that of 1859, the highest

ever known in that vicinity. The date of highest water was May 4.

Flood of \'?>\l.
—"There was a great flood this year." (Brackenridge.) "During

22 H
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the great floods of 1811 and 1813, much damage was done Ijy the water rushing through

the rents in the levees." (DarlJ^^) Governor Sargent places this flood at Natchez 1.5

feet below the liigh water of 1S15, or 2.0 feet below the high water of 1859, the date

of highest water being June 4.

Flood of ^^\n.—"Whs G to 8 inches higlier tlian 1811." (Brackenridge.) This

writer also states that a rise "within 2 or 3 feet of high water" occun-ed in December

of the preceding- year. "In 1813, when the Point Couple levee was broken, the water"

(in lower part of Atchafalaya basin—Grand lake) "rose 4 or 5 feet above any elevation

it liad attained since 1780. During the month of Jime of that year, which is ordi-

narily the season of greatest rise, the level of the general body of water, from the

efflux of Atchafala}'a, could not have augmented in height more than 4 feet without

having thrown the water of the inundation into the Teche in almost its whole length

above the town of St. Martin." (Darby.) Governor Sargent's notes at Xatchez place

this flood 0.3 of a foot below the high water of 1815 or 0.8 of a foot below the high

water of 1859, the date being June 8.

Flood of 1815.—A ver}- great flood.- At the mouth of the Ohio it attained the

highest point ever recorded, i. e , 2 feet above the high water of 1858. The highest

water there occurred on April 9. (Verbal statement of Mr. John Bird from his own

observations.) It was due to a general coincidence of freshets in the Ohio, the Up})er

Mississippi, the Missouri, the Cumberland, and the Tennessee. (Letter of Mr. T. B.

ilartin, accompanying the report of the Secretary of the Treasury upon the levees of

the Mississippi river, December 9, 1835.) At Natchez, Governor Sargent's notes state

that it Avas highest on June 22, when it was 2 inches higher than any flood of which

we have records, except that of 1859. Red river must have been low enough to allow

bayou Atchafalaya to do good ser\-ice as an outlet, for, at Morganza, the flood was 0.6

of a foot lower than that of 1828 (Colonel Morgan's manuscript journal), and no damage

below Red-river landing is recorded..

Flood of 1816.—Same remarks at New Orleans as for the flood of 1785.

Flood of 1823.—TJiis was a great flood, which was highest at Napoleon, on Jiine 1,

and at Natchez, on May 23. It was caused by a flood in the Arkansas, which occurred

when the Mississippi was high. Between the Arkansas and Red rivers, this flood rose

generally a little higher than that of 1828, but ]:)rol)ably not quite so high as that of

1815. Mr. Samuel Davis' notes place it 0.2 of a foot below high water of 1815, or 0.7

of a foot below high water of 1859. A great number of crevasses occurred below Red

river on both banks of the river.

Flood of 1824.—This flood was 0.7 of a foot below the high water of 1815, or 1.2

feet below that of 1859, at Natchez, according to the notes of Mr. Samuel DaAns. It

was highest on May 6.

Between 1824 and ISGO, the only great flood years were 1828, 1844, 1849, 1850,
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1851, 1858, and 1859. It is true that the river was quite high at certain hx-alities in

some of the intermediate years, as in 1832, 1836, and 1847, but the

floods were of so secondary a character in a general point of view, that cent floods^^
'^^'

they do not require discussion. Before proceeding to the more detailed

history of these seven comparatively well-known floods, the following table exhibiting

their relative heights will be given. It should be remembered that it presents only a

general comparison of them, since the extension of the levees, the formation of cut-offs,

the location of crevasses, etc., materially modify the local heights attained in different

years even when the volume of discharge is the same.

The plane of reference adopted in the table is the flood level in 1858. The sign -|-

denotes that the flood in question exceeded the height attained in 1858;

and the sign—, that it fell short of this height. The numbers follow-

ing the signs denote the difference in the height attained in the two

floods. Great care has been taken to insure accuracy throiighout this table; but as

some of the numbers are better determined than others, a distinction has been drawii

between them. Wherever a careful mark was made at the date of the flood, and the

exactness of the determination therefore admits of no question, the number in the table

is not marked by an asterisk; otherwise it is, however good the authority for the height

of the flood may be.

Comjjarative lieujhts of the modern floods of Ike Mississi2)pi.

Their compara-
tive heights.

Diff. D.itc. Diff. Date. Diflf. Date. Diff. Date. Diff. Date.

St. Louis

Cape Girardeau

Cairo, Illinois

Norfolk, Missouri —
Opposite Island 4 . . .

.

Columbus

Hickman

Month James bayou

.

Opposite Island 10. . -

June 26.

July 4.

First Chickasaw bluff . -

.

1.5 miles below Kandolpb

Opposite Island 35

Memphis

Opposite Island 49 .

Helena

Opposite Island 68.

Napoleon

Near Island 78 .

May 1 and 20

April 10.
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Comparatice heights of the modern floods of the Mississippi—Coutiuued.

Locality.

Diff. Date. Diff. Date. Diff. Date DilT. Date. DilE Date.

GreenvilJe ,

Near Island 88

Providence

Near Isl.aiid 100

Yickslmr?

4 miles below Vicksburg.

.

New Carthage

Natchez

Near Island 116

Routh's Point (ab. Rod-

river lauding.)

Head bayou Atobafalaya.

Red-river landing

Just ab. Raccourci cut-off

Just below " "
.

Bayou Sara

Baton Kongo

Plaquemine

5 miles below Plaquemine.

Donaldsonville

Bonnet Carr6 point

Carrollton

-0.6' June 28.

June.

4-0.7- MarchSr.. fO. 1 July IR,

fO. 4

+ i.3

-0.6

—l.O'

-1-3.9

-0.3'

-fO.2

-1-0.3

-i-0.1

-1-0.1

-H.5
-3.0

-t-0.2

-fl.9

.H.9

-1-1.8

March 10.

Aprils.

Mar.ai-Apl.i

April 1-5.

April 25-S8.

April 21-30.

March 15.

March 15.

.March 1 1-15

March 27-31.

March 27-.'i0.

May 6.

May 3.

May 6.

Flood of 1828.—This flood occurred before tlie coinitry above Red-river Innding-

was miicli settled, and it is probable that its marks have been con-
S o m e uucer- .

, i . , ,

tainty about this touiuled With tliose 01 1815 ill maiiv localities: because, while we have
flood.

the direct testimony of Mr. John Bird, who has resided at the month of

the Ohio for over a half a century, that at that point the flood of 1828 was fully 4 feet

lower than that of 1815, the former is almost universally claimed to have been the

greatest flood of the present century in every one of the great swamj) regions below

the Ohio. These statements can only be reconciled by supposing a great difi'erence

in the duration of these two floods, but resiiecting this it has been inijiossible to obtain

any information.

At the mouth of the Ohio, there were three rises in this flood, two
Its height . , . . . , . , . , 1 11

throughout the lu tlie Winter and one m tlie spring, all equal in lieiglit and tullv 2 teet
alluvial region.

i i i i . i .

^

below the high water ol 1858.

At Randolph, at Memphis, at Helena, and oppo.site Island 74, this flood was, by
exact measurem nt, between 1 and 2 feet below that of 1858.

At Natchez, Professor Forshey's coini)iled gauge-record (plate VII) places it 0.7

of a foot above the high water of 1858. This may be due to the ettect of the Red-

river and Raccourci cut-ofls, both of ^^hi(ll were made siibsetiueiitly to 1828. Their

effect in the vicinity of Red-river landing is strikingly shown by the table just given.

Below the influence of these cut-offs, the floods of 1828 and 1858 were sensibly

equal in height.

No records of the history of the diiferent tributaries in this flood have been
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preserved, but it is known tliat a Red-river flood, wliicli, according- to Professor For-

sliey's papers, was highest in June, was at Alexandria at least 2.5 feet

lower than in 1849, and at the mouth of Black river, 5.0 feet higher
tri^StL°rLs°^

*^^

than in 1850.

Tlie St. Francis and Yazoo bottoms were deeply inundated, being- „, ^ .

^ I & Flood in the

entirely unprotected by levees. northern swamps.

The following facts have been collected relative to this flood in the Tensas

bottom, where it was the highest of which we have even traditions.

The whole region was under water. The mean depth of overflow on ,
^" ^^^ Tensas

the Louisiana line was 7.1 feet, or 4.0 feet greater than in 1850.

Between Vidalia and Harrisonburg, this quantity was 7.7 feet, or 3.0 greater than in

1850. At the mouth of Black river, the water stood 5.0 feet above the flood level of

1850 and 7.5 feet above that of 1844.

In the western part of the Atchafalaya basin the flood was the greatest of which

we have record, for, there being no levees for several miles below the

mouth of Red river, and Slu-eve's cut-oft' not yet having been made, the fafaya^bo«om.*"

water from the Tensas bottom poured over the banks in immense

quantities. At the upper mouth of bayou Atchafalaya it was 2.0 feet above the

ground and the flood level of 1850 ; at the mouth of bayou de Glaize it was 4.5 feet

above the ground and the flood level of 1850 ; at the mouth of bayou Courtableau it

was 4.0 feet above the ground and 3.0 feet above the flood level of 1850 ; at the head

of Grand lake it was 4.3 feet above the flood level of 1850 ; and at Brashear City, 3.0

feet above the same level. The overflow extended to the extreme western limit of the

alluvial formation, instead of only 6 or 8 miles from bayou Atchafalaya, as in ordinary

floods. The Courtableau at Washita was at least 10 feet higher than in 1850. The

plantations along the upper part of the Teche were not flooded, but the crops were

lost on those within the influence of the backwater from the Atchafalaj-a overflow.

At St. Martinsville the bayou was some 15 or 20 feet above low water, the usual

range being only 3 or 4 feet.

The eastern part of the Atchafalaya basin, indeed the whole region bordering

upon the Mississippi below the head of this basin, seems to have nearly

escaped damage; the only exception being the Grosse Tete region, country^
^°'"^^

which was deeply flooded by backwater from the Atchafalaya overflow,

and by a break in the grand levee of the parish of Pointe Coupde near Morganza.

Flood of 1844.—The information collected respecting this flood is character of

meagre, but still sufficient to estabhsh its general history. (See plate s'lfec'tfng" this

VII.)
*'°°'^'

A considerable rise occurred in April, from a freshet in Arkansas
IT First rise.

river, which poured into the Mississippi when that stream was already
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liigli from rains prevailing- in the valleys of its upper tributaries. This rise below

Xapoleon only attained a level of from 1 to 2 feet above the natural bank, and

consequently did very little damage.

In Jlay, however, before the lower river had subsided, another and much greater

flood in the Arkansas river occurred. It was second only to the flood
Second rise.

of 1 833, and was highest at Fort Smith on May 25. A con-espondnig

rise, doubtless due to the same general causes, attained its height at St. Louis on

May 22, and did nuich damage above the moutli of the Ohio. Simultaneoiis rises

occurred in l)ayou Ma(;on and bayou Tensas, but they were not of sufficient height

to injure the valleys of those streams. In the region bordering upon the Mississijjpi

itself, however, the effect of this combination of floods was serious. Above the mouth

of Red river the country was more or less flooded, but Red river being fortunately

low, the Atchafalaya carried off enough water to protect the plantations below the

mouth of that stream from serious damage.

This was the condition of the river in June, when the great combined flood of

the Upper Mississippi and the Missouri, which has rendered this year
Third rise.

i . r< x • • i n xl
memorable in river annals, occurred. At St. Loins it exceeded tiie

preceding rise bj^ more than 8 feet, and all other floods of which we have records by

more than 4 feet. The daily gauge-record at St. Louis, given in Appendix B, furnishes

all necessary details for that vicinity. Throughout the whole allimal region, except

between Napoleon and New Carthage, Avhere the local eftect of the preceding flood in

the Arkansas was predominant, this Upper ilississippl and Missouri flood produced the

highest water of the year.

The country above the mouth of Red river was generally flooded. The St.

Francis and Yazoo bottoms were nearly unprotected by levees, and the

Ravages of the
^^,^^^^^. j^.^j f,f (.Qurse, free entrance. The Tensas bottom was badly

flood. ' '

Inundated through breaks in the levees. The gauge kept by Mr. Mande-

vlUe (see Appendix B) shows that, at his plantation, situated where the Vidalia and

Harrisonburg road crosses bayou Tensas, the water was at its greatest height from

July 18 to July 21, and that It was then 1.5 feet higher than It has ever been since,

except In the flood of 1850. Below Red-river landing the country escaped with but

little injury, owing to the very low stage of Red rher, which allowed the Atchafalaya

to carry off" the greater part of the surplus discharge of the Mississippi.

Flood of 1849.—The only gauge-records kept during this flood are those at

]\Iemphis (plate VIII) and at Carrollton (plate IX). The former

madr'^durfnl Indicates that the river was undergoing constant oscillations, but Avlth-

out attaining its great flood level. Its highest stand occurred about the

middle of February, when It was 3.3 feet below the high water of 1858. In the latter

part of March it again reached nearly the same level. At these dates it was fully 3
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feet higher than at any other period of the year. According to Lieutenant Marr's

gaugings, the discharge at no time exceeded 900,000 cubic feet per second. By

referring to the table just given, showing the relative heights of the floods, however,

it is evident that the grange at Memphis does not present a fair view of tliis flood in the

U2:)l)er river. At points near the mouth of the Ohio and at Helena it lacked only 1 or

2 feet of the level attained in 1858, a fact which indicates that much water must have

passed Jlemphis through the St. Francis bottom and returned again at Stirling to swell

the flood below. Such was really the case, as stated by residents near the mouth of

the St. Francis river.

The gauge at Carrollton indicates that the river rose nearly to high-water mark

in the latter part of January, and remained there, with occasional oscillations, until the

middle of May. It then gradually declined until the latter part of July, when a second

rise of short duration and of much less height occurred. The water then fell with

unusual rapidity to its lowest stage for the year.

Unfortunately, the history of the condition of the different tributaries during this

flood is so defective, that it is impossible to trace the sources of this flood.

It is known that there was a flood in the Arkansas, which was highest tn^utaiies^
^^^

at Fort Smith on June 9 ; and a very great flood in Red river, the

highest, indeed, of which we have records, which came to a stand 4 feet above the

natm'al bank at Alexandria about the middle of August. It is evident, however, that

other floods must have occurred in the lower tributaries, for upon no other supposition

can the i\Iemphis and Carrollton gauges be reconciled.

Above Red-river landing the ravages occasioned by this flood were comparatively

slight. j\Ir. Mande\alle's gauge on bayou Tensas shows that the water

there when highest (May 10) was 1.4 feet below the flood of 1844, and thfsYool.^^
°'

3.0 feet below that of 1850, and exactly equal with that of 1858, and

that it rapidly subsided after May 21.' The St. Francis and Yazoo bottom lands were

inundated, but to an extent not unusual for great flood years.

Below Red-river landing the injury done was so immense that the flood is justly

classed among the most destructive ever known. The first great crevasse occurred in

March, a few miles below Red-river landing, on the right bank. Soon after, several

more broke on the same side of the river, between Port Hudson and Donaldsonville.

These breaks remained open until low water, and submerged much of the Atchafalaya

basin. At Brashear City the water was over the banks for eight days, and only lacked

0.3 of a foot of attaining the same level as in 1860. On April 7 another crevasse broke,

also on the west bank, about 15 miles above New Orleans, at Fortier's plantation.

This flooded the country between the Mississippi and bayou La Foiu'che to a depth of

about 4 feet, and thus submerged the rear of many rich sugar plantations. The etfect

of this crevasse upon the bed of the river has been much discussed. On the left bank,
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a crevasse oeciuTed on Mar o at Sauve's plantation, 17 miles above New Orleans, bv

wbicli that city was inundated. The break remained open forty-eight days, and did

an immense amount of damage. Manj' interesting details relative to these several

crevasses, and to tlie flood generally, are given liy Professor Forshev in an article

wliich appeared in vol. I, Southern Medical Reports, edited by Dr. Fenner, of New
Orleans, in 1849.

Flood o/1850.—Only two complete records of the oscillations of the river in this

flood have been preserved. One was kept at Memphis, and the other at
Observations r, ^^ tt i • ^ • k -i- t, -\ ^ ^^ • i

made during Carrollton. botli are contauied m AppentUx d, and are exlnbited on
this flood.

plates VIII and IX.

By the ^lemphis record, it appears that there were four princijjal rises, of which

the first and second produced very little if any damage. The third was highest in the

latter part of March, and the fourth in the middle of May. The maximum discharge

at Memphis in each of the last two rises was about 1,050,000 cubic feet per second,

according to Lieutenant Marr's corrected gaxigings. After the middle of May, the

flood in the upper river rapidly subsided, the regular June rise being hardly perceptible.

The records do not show what tributaries caused this flood at the head of the

alluvial region, but mention is made of a great flood in the Ujsper

tributaries
^ ^^^ ]\Iississppi, whicli was the highest on record at St. Paul. In the lower

river the flood began earlier than at Memphis, being high even on Jan-

uary 1. This was caused by heavy rains, which produced freshets successively in the

Arkansas, Red and Black rivers, and thus flooded the whole region below Napoleon.'

The water did not subside until the middle of June.

The damage occasioned by this flood was immense. The St. Francis and Yazoo

l)ottoms were not protected hj levees, and both were deeply flooded.

R^d-Tillr \°ni- The Tensas bottom was submerged more effectually than in any year
'"^'

subsequent to 182'^. This was in some degree due to the heavy rains

already mentioned, which filled the swamp-drains before the crevasses occurred, and

thus retarded the escape of the Mississippi water. The principal breaks were several

above the Louisiana line, which flooded bayou Ma^on ; that at Point Lookout, just

below Lake Providence, which was 1.5 miles wide and from 5 to 8 feet deep; that near

Island 10"2, which was 1 mile wide and 7 feet deep: that lietween Lake Providence and

New Carthage (gap in levee), 10 miles wide and about 3 feet deej); that just below

Rodney, which was 1300 feet wide; and that opposite Ellis cliffs, Avhich was 3000 feet

wide. These dimen.sions are only a]iproximate, as no survey of the breaks was made.

The history of the flood in this bottom is well exhibited by Mr. Mande^^lle's gaiige-

record (Appendix B), kept on bayou Tensas at the crossing of the Vidalia and Harri-

sonburg road. The water rose steadily until March 15, then declined slowly until

early in Ai)ril, then rose again until the middle of May, when it attained its highest
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point, and then rapidly subsided. The flood was 1.6 feet higher than in 1844, and

3.0 feet higher than in 1849 and 1858 at this locality. At Trinity (marks of Major

Liddell) the water was 1.8 feet higher than in 1844; 3.0 feet higher than in 1849;

and 3.8 feet lower than in 1828. At the mouth of Black river, this flood was 3.0 feet

above that of 1844, and 5.0 feet below that of 1828. After these tignres, it is almost

needless to add that nearly the whole region was submerged and the crops destroyed.

Below Red-river landing the country fared but little better. The water pouring

from Red river exceeded the discharging capacity of bayou Atchafa-

laya, and the surplus forced its way into the Mississippi by both of the Red-river land-

mouths of Old river. The flood from above, augmented by this new

supply, maintained an elevation sufficient to keep the numerous crevasses below Red-

river landing actively discharging for more than fom* months. As a detailed computa-

tion of the quantity of water thus taken from the river will be given in Chapter VI,

the effects of the ovei-flow alone will be referred to here. The Atchafalaya basin was

more deeply flooded than in any other year since 1828. At Brashear City, the water

began to rise rapidly on May 10, and continued to do so until June 20. It then stood

at a level about 3 feet lower than the highest point attained in 1828 u.ntil July 4,

when it began falhng so rapidl}' that the land was uncovered in 4 days. The basin

between bayou La Fourche and the Mississippi escaped nearly iininjvired. The crops

upon the left bank, above New Orleans, were much injured by the celebrated Bonnet

Carr^ crevasse, which attained a width of nearly 7000 feet, and continued flowing for

more than six mouths.

Flood of 1851.—Plate V illustrates this flood. There were three principal rises at

the head of the allu\'ial region. The first occurred in December, 1850.

It nowhere attained to the level of the natural banks; and as several thfs^flood"^^
°^

weeks intervened between it and the second rise, the water nearly

drained fi-om the channel before the occurrence of the latter. . The first rise, therefore,

exercised very little, if any, influence upon the succeeding overflow.

The second rise, so far as can be ascertained, was caused mainly by the Ohio. At

Columbus it attained a point about 5 feet below the high water of 1858.
Second rise.

At Memphis it was highest on March 11, being then only 1 foot below

the level of the same flood. This relative difference in height is explained by the

greater amount of water which escaped into the St. Francis bottom lands between the two

places in 1858. This rise was characterized, at least at Memphis, by the extraordinary

rapidity with which it attained its height. From February 10 to February 21, inclu-

sive, the river at that city rose 21.7 feet, or at a mean rate of 1.8 feet in 24 hours, the

maximum in this time being 3.3 feet. The total rise amounted to 28 feet. At Helena

the highest stand was 4.8 feet below the high water of 1858, an apparent anomaly,

which is explained by the fact that, at the date of high water in 1858, a large volume

23 H
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of water escaped into the St. Francis bottom above i\Iempliis, passed tlu-ough the

swamp, and returned to the river just above Helena, whereas, as just seen, in 1851

but little water escaped from the river above Memphis, and consequently but little

returned to it near Helena. At Napoleon the height of the rise was modified by a

freshet in the Arkansas, which, pouring out just after the maximum discharge from

above had passed, produced, on April 10, the highest water of the year in the imme-

diate vicinity. Its height was 2.9 feet below the high water of 1858. At Lake Pro\d-

dence the effect of a very large crevasse at Pohit Lookout, just below the town, was

e%'ident. The break occurred on March 10, when the water stood 2.1 feet below the

high water of 1858. A gradual fell in the river at Lake Providence began at that date

precisely as occuired from a similar cause in 1858. On April 10 (the date of high

water at Napoleon) this fall amounted to 2.6 feet. All of this fall shoidd not be con-

sidered the effect of the Lookout crevasse, since there were others between the two

places, especially on the left bank; biit its influence was predominant. At New Carthage

the river was at its highest point from March 31 to April 2, inclusive, when it stood 1.5

feet below the high water of 1858. The difference in date and in relative height of the

flood at this place and at Lake Pro^adence is attributable partly to water which returned

to the Mississippi from the Yazoo bottom by way of the Yazoo river, where the cm-rent

was credibl}' reported to be very strong, and partly to the local effect of the crevasses

near Lake Providence. At Red-river landing, the flood was at its height from April 1

to April 3, when it stood 0.7 of a foot ahove the high water of 1858. The reasons for

the anomaly in the height of the two floods at this place and at points below, as com-

pared with points aliove, have been fully developed by the operations of the Survey

They are too involved for discussion in this preliminary synopsis, but in Chapter VI

they are treated at length. Here it is sufficient to state in general terms that the com-

bined influence of a great flood in Red river, and of some crevasses above and below

the mouth of Red river, produced all the apparent contradictions. The last taljle, on

page 171, exhibits the heights and dates of the highest water in tliis rise at points

below Red-river landing.

The tliird rise of the flood of 1851 was caused by a combination of great floods in

the Ui)i)er Mississiijpi and Missouri. Tlie rapid rise at St. Louis beo^an
Third rise.

.

^ ^ ^
\ . .

^ °

in the latter part of May, the river being, on May 31, 15.7 feet beloAv

the high water of 1844. On June 6 it was 10.1 feet; on June 7, 8.5 feet; on June 8, 6.8

feet; and on June 11, 4.8 feet, below this level. The latter stand was the highest

attained during the flood. A gradual decline, amounting by June 19 to about 1.1 feet,

took place, but at this date the river again began to rise, and continued to do so until

June 23, when it stood 5.3 feet below the high water of 1844, or 0.5 of a foot below the

preceding rise. Subsequent to June 23 it gradually dechned. Excepting the floods

of 1844 and of 1858, this was the greatest flood at St. Louis of which we have records
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The flood of 1858 was 0.4 of a foot above that of 1851. At Cape Girardeau the flood

of 1851 exceeded the flood of 1858, being 0.4 of a foot higher. Fortunately for the

alhivial region, however, the Ohio river and the main tributaries below it were low at

this period, and the flood passed onward to the gulf without attaining the level of the

preceding rise at any point below the mouth of the Ohio. The following table exhibits

the relative heights of these two rises :

—

Date of high water June rise below
in June rise. March rise.

Memphis

Lake Providence.

Vicksburg

New Carthage ...

Natchez

Eed-river landing

Baton Kouge

Donaldsonrille . .

.

Carrollton

June 28

July 16

July 10-S5

July 18-25

July 19-20

July 25-30

July 25-26

July 23-26

July 25

See gauge-records in Appendices for further details.

The Yazoo bottom was partially flooded by the second rise, and

the St. Francis by both the second and third rises of this flood. The floor""^^^
°^ ^^^

Tensas bottom escaped with little injury, the natural di-ains being suf-

ficient to caiTy off the crevasse water. Below Red-river landing there were several

crevasses, a list of which is given in ChajDter VI. The damage occasioned by them

was local. The Atchafalaya basin escaped unharmed.

In conclusion, it may be said that this was a very unusual flood in the Mississippi

above the mouth of the Ohio and below the mouth of Red river; but that between

those points it cannot be so classed. So far as Louisiana is concerned, it is fully dis-

cussed in Chapter VI.

Flood o/1858.—By reference to plate VI, it will be seen that in the flood of 1858

there were four great rises, besides several minor oscillations, at the

head of the alluvial region. The first rise, caused mainly by a flood in tws'nood!^^
°^

the Ohio, occurred in December, 1857. It filled the Mississipj^i to about

the top of the banks, but no water escaped over them into the swamps. The maximum
discharge at Columbus was 1,190,000 cubic feet per second. In passing down the

river, this rise received considerable contributions from the Arkansas, Yazoo, and Red
rivers, which were all high at the time, and thus raised the water at Donaldsonville

from a comparatively low stage to within 5 feet of high-water mark. The St. Francis

and White rivers were low and were backed up. It was stated upon good authority

that heavy drift-wood passed from the Mississippi several miles up both those rivers.

The second rise occurred in the latter part of March and fii-st part of April, 1858,

and was caused by a general swelling of the lower tributaries of the

Missouri, of the Upper Mississippi, and of the lower tributaries of the

Ohio. The Illinois and Wabash rivers were especially high. The maximum discharge
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at Columbus was 1,130,000 cubic feet per second, and no water escaped to the bottom

lands above the town. Between Columbus and Helena, the swamps on the left bank

received a little water, but as the levees along the St. Francis bottom remained unbroken,

and as the river rapidly subsided within its banks, the quantity was quite inconsiderable-

This rise was higher than the fii-st, although the discharge was less; the reason being

that the rise in December was consumed in filling the channel of the lower river, wliich

contained comparativel)- Httle water when it occurred. In passing St. Francis river,

the March rise was augmented by a discharge of more than 30,000 cubic feet per

second—that sti-eam being high fi-om rain in the swamps and from lull drainage. At

the mouths of the White and Arkansas rivers, it encountered great floods in both

sh-eams, which produced the highest water of the season in that immediate vicinity.

The Yazoo river, also, was higli from a flood in the Yallabusha and other hiU tributa-

ries, and thus contributed its quota—some 70,000 cubic feet per second—to increase

the Mississippi discharge. The Red river was rather low and added notliiug, but it

prevented the Atchafalaya from reducing the flood. During this rise considerable

water escaped, through gaps in the levees and crevasses, into the White river and

Yazoo bottoms, a little into the Tensas swamp, but none below, except a trifling

amount which passed through the Bell crevasse, near New Orleans, after April 11, tlie

date of its breaking. The American-bend cut-ofl' occiu-red in this rise (April 15).

The tliird great rise in the upper river occuiTed in the latter jjart

of April, and was caused by heavy rains which flooded the lower tribu-

taries of the Missouri, of the Ohio, and of the Upper Mississippi. The Tennessee

river was unusually high. The maxinmm discharge at Columbus was 1,260,000 cubic

feet per second, and as the overflow into the bottom lands above the town was small,

this quantitv truly measures the flood which entered the allu\ial region. It received

considerable contributions in passing each of the main tributaries, although all of them

except the Red river were comparatively low. Tlieir supply came from the swamp

drainage proper and the crevasse water which had escaped during the preceding rise,

and which returned just in time to swell the present one. If this rise had occurred

two weeks sooner, it would have encountered a great flood from the Red river, and its

effects in the actual condition of the levees would probably have been disastrous in the

region below Red-river landing. As it was, the rise proved unfortunate for the region

above this point. The channel being nearly filled by the remains of the preceding

rise, and the di-aining of crevasse water from the swamps, the increase of the dis-

charge caused by the flood mostly poured into the St. Francis and Wliite-river basins.

Although comparatively little of this flood entered the Yazoo and Tensas bottoms,

yet the rise prevented many of the breaks in the levees from being closed, and thus

indirectly augmented the ruinous eff'ect of the next rise.

The last and ffreatest rise in the flood of 1858 occurred at the head of the alluvial
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region in the month of June. About the middle of Slay extensive rains prevailed in

the Ohio valley, and occasioned much damage by flooding the small

streams. They also prevailed west of the Ohio basin and caused a inrmoS)ie^rs^

rapid rise in the lower tributaries of the Upper Mississippi and Missouri.

These rains continued, especially in the States of Ohio, Indiana, Ilhnois, and Missouri,

raised the Miami, "Wabash, and Illinois rivers to unprecedented heights, and filled all

the lower tributaries of the Missouri. The usual June rise of the latter river, occa-

sioned by the melting of snow in the Rocky mountains, and the spring and early sum-

mer rains along its course, arrived just in time to contribute its waters to the general

flood. With the Ohio and ]\Iississippi both in full flood, the torrent which poured into

the alluvial region by the river itself and thi-ough the swamps above Columbus, was

immensely greater than in any of the earlier rises of the year, and second to none of

which we have records. For seven days (June 16-22) it amounted to 1,475,000 cvibic

feet per second. It inundated the city of Cairo. It washed away miles of the insig-

nificant levees along the St. Francis front, and poured rapidly into the bottom lauds of

that river, which were ah-eady deeply ovei-flowed from heavy rains and from the cre-

vasses of the April rise. So small was the actual reservoir capacity of that region that

the channels of the six large bayous and of the St. Francis itself were insufficient to

give water-way to the flood, returning to the Mississippi. For miles above Stirlino-, it

pom-ed over the banks themselves, washing the remains of the levees into the river.

It passed like a great wave through the swamp, causing the deepest overflow ever

known. Collecting again, in this manner, at Helena, in about two weeks after it

entered the alluvial region, it pom-ed with renewed force upon the lower country. In

the White-river swamps, the same conditions existed as in the St. Francis bottom
The Yazoo and Tensas bottoms, on the contrary, were comparatively empty, owing to

the general resistance of their levees in the former rises, and served in some degi-ee as

reservoirs to duninish the height of the flood below. The former was deej^ly inundated,

although the Yazoo river was returning more than 125,000 cubic feet per second durino-

the whole rise. The latter escaped almost entirely, its bayous being sufiicient to carry

off' the limited amount of crevasse water, and discharge it into Black river, whence it

passed down bayou Atchafalaya. Below Red-river landing, the levees remained
imbroken, except at the Bell and La Branche crevasses, which submerged the country
between the Mississippi and bayou La Fourche. Fortunately the upland tributaries

below the Ohio were all low during this great rise, for to this circumstance alone is

due the escape of the lower country from general overflow.

The June rise terminated the flood. At the head of the alluvial region, the river

fell rapidly to low-water mark, being only retarded by a slight rise

which occm-red in July. The water that drained from the o-reat St Termination of
^ the flood.

Francis and Yazoo bottoms maintained the flood discharge at points



182 REPORT 0>? THE MISSISSIPPI RIVER.

below them for about six weeks ; after which the lower river also subsided rapidly to

its lowest stage for the year.

Flood of 1859.—By reference to plate YI, it will be seen that this flood was char-

acterized by two principal rises at the head of the allii\aal region. The

tii^"ood"^^
°^ ^^'**' ^^"ch occurred in December, 1858, was due entirely to a general

swelling of the ti-ibutaries of the Ohio. In passing down the Missis-

sippi, it received important accessions ffom the Arkansas and Red livers, which were

both high; but it nowhere attained the level of the natm-al banks, and consequently

produced no direct injmy to the country. By filling the channel of the lower river,

however, it exerted an important influence upon the succeeding rise. Its height and

date were as follows:

—

First rise in the food of 1859.

stand below

h. w. ofiess.

Colombna

Memphis

NapoleoD

Vicksburg

Katchez

Red-river landing

Donaldsonville...

Carrollton

December 27-28, 1858.

January 1, 1859.

December 23, 1858.

Jannary 5-7, 1859.

January 7, 1859.

Jannary 7-10, 1859.

January 12, 1859.

January 12-13, 1S59.

Fat.

11. •!

The second and great rise at the head of the allu-\-ial region occuired earher, and

remained at its height much longer, than is usual. It consisted of three

successive swells, which followed in such rapid succession as to prevent

anv material fall of the river between them. The first of these swells was occasioned

by great freshets in the southern tiibutaries of the Ohio, which produced a flood in that

river. At Louisville, the rapid rise began on February 15. After an actual rise of

37.5 feet at the foot of the falls, the river reached, on February 24, a point above any

flood subsequent to 1854, and only 2 feet below the great flood in March of that year.

It stood 32 feet on the falls at Louis^^lle, or 10 feet below the highest water ever

known. The Missomi, the Upper Mississippi and the northern tributaries of the Ohio

were in excellent boating condition, but not, properly speaking, in flood. This swell

in the Mississippi at Columbus was highest on JIarch 7, when it was 2.9 feet below

the high water of 1858. After a gradual subsidence of 4.3 feet, the river at this point

again rose under the combined influence of a series of freshets in the lower tributaries

of the Upper Mississippi and Ohio, until, on April 1, it attained a point only O.G of a

foot below the former swell. It then again gradually receded until, on April 25, it had

fallen 4.0 feet. It at once began to swell again, however, from a general flood in the

Ohio valley, which attained its height at Louisville (5 feet below the February rise) on

May 2. This produced the highest water of the season at Columbus, where, on May 8,
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At Memphis.

tbe river stood only 2.1 feet below high water of 1858. It fell immediately about 9

feet, when a sudden freshet in the Missouri and Upper Missouri brought it to a stand,

but only for about two weeks. It then again rapidly and finally subsided, being only

checked about three weeks, in the latter part of June and first part of July, by the

mountain rise of the Missouri, aided by a great freshet in the Upper Mississippi.

Such is the general history of this flood at the head of the alluvial region. Only a

small quantity of water escaped from the river into the St. Francis Explanatory

bottom above Columbus. The highest point attained there was more thirflJoVabove

than 2 feet below the level of the flood of 1858, and the maximum ^ ^ °'

discharge into the alluvial region was at least 200,000 cubic feet per second less than

in that great flood. (See Chapter VI.)

By reference to plate VI, it will be seen that the thi-ee swells, which constituted

the great rise at Columbus, became blended into one at Memphis, and

thus caused the river to remain for eightij consecutive days within about

a foot of high-water mark. This anomaly was due partly to the reservoir action on

the channel between these two places, and partly to the loss of the water which

escaped into the St. Francis bottom at the toj) of the swells, and thus passed Jlemphis,

not in the river-bed but in the swamps. The highest point attained in 1859 was 0.1

of a foot below the high water of 1858, a difference doubtless accidental. The duration

of the high stand, however, so far from the gulf, was unprecedented ; and it explains

many apparent contradictions in the history of this peculiar flood. For about eigldy

consecutive days, as mucli water entered the delta region as could pass Memphis in the channel

of the river in the present condition of the levees. Consequently, freshets in the lower

tributaries, which, under the usual varying condition of the upper river, might pour

into the Mississippi and pass off' unnoticed, mwst have exercised a most important

influence upon local high-water marks in this continuous flood of the upper river.

Such was actually the case. To exhibit the anomalous character of this long duration

of extreme high water at Memphis, the following table has been jji-epared from

Appendix B :

—

Stand of the river at Memphis in different floods.

Kiver stood at Memphis.
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seen, produced the first swell of the great rise by filling the southern tributaries of the

Ohio, extended over the basins of the St. Francis and "White rivers, and caused floods

in both these streams. The foimer stream was so full that the rapid rise of the ]Missis-

sippi at its mouth did not back it up even for a day. In the latter part of March, its

current was credibly reported to exceed 6 feet per second, which would give a dis-

charge of 200,000 cubic feet per second. Much of this was doubtless returning

Mississippi water that had escaped below Columbus, at wliich town the discharge at

this date (plate XVII) was about 250,000 cubic feet per second less than at high water

in 1858. Much of the St. Francis discharge, however, was undoubtedly legitimate

di-ainage from the basin. The subsequent gradual fall of the Mississippi at Helena Avas

due partly to the failure of this supply and partly to the increasing dimensions of the

crevasses below the town.

Between Helena and Napoleon, the crevasses were less disastrous than in 1858.

The Yazoo-pass levee resisted the flood in 1859, and the breaks which

St. F^l?s ani did occm' were much fewer in number tlian in the preceding year. The

eft'ect of this was to increase relatively the height of the flood in 1859 at

Napoleon. This result was still further promoted by the condition of the Wliite and

Arkansas rivers, the former of wliich was in flood and the latter in good boating con-

dition in March, at the precise date when the freshet in the St. Francis river was

producing the maximum discharge in the year at its mouth. White river was veiy

liigh, being on ]\Iarcli 24 about half a foot higher at Indian-bay landing than at any-

time in 1858. This coincident of the maximum disoh;u'ge fi-om above with the freshet

in White river, produced the highest water of the year at Napoleon, where, in the

latter part of March, tlie river stood 0.3 of a foot above the high water of 1858.

Between Napoleon and Lake Providence, the number of crevasses was about the

same as in 1858, but the influence of the American-bend cut-ofi", in
Between Na-

poleon and Lake dei^ressing: the flood level immediatelv above and elevating it immedi-
Provideuce. i o "

. .

ately below, was indicated by the general exemption fi-om breaks in the

levees above, and by the large number of them which occm-red in the bends just below

its site. At Lake ProAadence the river attained its highest stand (0.8 of a foot above

the high water of 1858) about Ajji-il 25-28, the date being doubtless affected by back-

water from the mouth of Yazoo river.

Between Napoleon and Vicksburg, the crevasses in 1858 and 1859 were about

eciual, and we accordingly find that, at the date of hig-h water at
Between Lake / o j ' o

Providence and Xapolcou ill 1859, the river had about the same relative stand (0.3 of a
New Orleans. '^

foot above the high water of 1858) at the two places. This date, how-

ever, was not that of highest water at Vicksbiu'g and points below. The Yazoo river

caused this ap])areiit anomaly. As already stated, tlie Yazoo-jiass levee remained

imbroken, and the number of crevasses in the ujij^er part of the bottom (which alone
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ckain past Yazoo City in Yazoo river) was materially less in 1859 than in 1858. Yet

we find that at Yazoo City, on March 17, the river was rapidly rising; on March 25,

it lacked only 4 feet of the high water of 1858, heavy rains in northern Mississippi

with freshets in Yallabusha and Tallahatchee rivers, being also reported ; on April 3,

the flood was equal to that of 1858, and, on April 15, with far less water from the

Mississippi, it was half a foot above that level. B}^ May 20, the river had fallen 0.9 of

a foot at Yazoo City, and from that date it continued to recede slowly. This rain-water

freshet in the Yazoo river, encountering the continuous maximum channel discharge

from the head of the alluvial region, produced at Vicksbui'g, and many points below,

the highest flood level ever yet recorded. High water occurred at Vicksburg on April

21, continuing to April 30, and was 1.3 feet above the high water of 1858; at Natchez,

on May 2, and was 1.2 feet above the high water of 1858 ; at Baton Rouge, on May

6, and was 0.5 of a foot above the high water of 1858 ; at Doualdsonville, on May 6,

and was 0.5 of a foot above the high water of 1858; and at CarroUton, on May 6, and

was 0.4 of a foot above the liigh water of 1858. Red river was low during this entire

flood, and it is pi'obable that bayou Atchafalaya, besides carrying off the river and

crevasse drainage from the Tensas bottom lands, relieved the Mississippi by the chan-

nel of Old river of some part of its surplus discharge. Owing to the absence of the

gentleman who had formerly kept the gauge at Red river, however, no definite infor-

mation as to this flood at that point has been collected.

No reconnoissance of the crevasses of this year was made, and the information

collected respecting them is, consequently, somewhat vague. Especial

attention, however, has been bestowed upon collecting all available tuis'^flood^.^^
'"

data, and the following list is believed to be tolerably exact, and—for

the region below Napoleon at least—nearly complete :

—

Crevasses in the flood of 1859.

Locality.

Opposite mouth of St. Francis river.

Opposite Helena

Near Friar's point

Near Island 66

Below Island 68

Below Island 74

At Prentiss

Near Island 78

Below Greenville

In Old river ; American bend

In Kentucky bend

Above Island 88

Below Island 89

Below Tallnla

Opposite Island 100

Below Island 102

Bend above Vicksburg

24 H

Bank.
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Crevasses in the flood of 1859—Continued.

Date of breaking.

Opposite Vicksburg

Is ear Warrenton

Xear Warreuton

Near Warrenton

Opposite Island 104

Above Island 106

Below New Cartbago

Above Island 110

Above Grand Gulf

Near Island 115

Above Ellis cliifs

Above Fort Adams
Below Red-river landing

10 miles above Baton Rouge.

In Bonnet Carr6 bend

Right.

Right.

Right.

Right.

Right.

Left.

Right.

Right.

Eight.

Right.

Right.

Right.

Right.

Right.

Left.

March 9.

April 20.

March 30.

April 10.

March 31.

April 9.

Prior to April 25.

May 1.

April 9.

April 5.

April 20.

April 25.

April 14.

Prior to May 5.

April 19. Max. depth, 9 ft.
;

vidth, 4000 ft.

It will be seen, by referring to plate VI, that the river subsided unusually early, a

fortunate circumstance, which enabled many planters to raise fair crops

tM* fl^od
^^ °^ ^^^'^ ^'^ ^^^^ inundated districts. The general ravages of the flood may

be summed up as follows: The St. Francis bottom was overflowed, but

to a much less extent than in 1858. Above the mouth of White river, the Yazoo bot-

tom escaped with comparatively trifling damage, but below that point it was deeply

flooded. The White-river bottom lands were submerged. The Tensas bottom lands

above Columbia escaped uninjured, but below that town they were badly overflowed.

Below Red-river landing no serious damage was done, except on the left bank in the

vicinity of Bonnet Carre, where the country was flooded by a crevasse which occurred

at the lower end of the site of the celebrated break of 1850.

In conclusion, it may be said that the flood of 1859 was peculiar in many respects,

and that many erroneous deductions have been made from it by those

remarks'"*^'"^ possesscd of Only a limited knowledge of the important facts bearing

upon the subject. The preceding statement of the actual condition of

the river and of its tributaries is authentic, and, as will appear in Chapter YI, it explains

perfectly all the apparent anomalies presented by the flood.



CHAPTER III.

STATE OF THE SCIENCE OF HTDEAULICS AS APPLIED TO RIVEES.

Early history of bydraulics.—Era of Guglielmini.—Era of modern experimental investigation.—New system of

notation.— Various methods of measuring the velocity of rivers.—Velocity below the surface in any given ver-

tical plane.—Horizontal curves of velocity.—True mean velocity.—Chezy formula.—Dubuat formula.—Girard

formula.—De Prony formula.—Eytelwein formula.—Young formula.—Local formula? of Lombardini.—Weisbach

formula.—Baumgarten formula.—Dupuit formula.—liOcal formula of Ellet.^Taylor formula.—Saint Venant

formula.—Ellet formula.—Stevenson formula.

The solution of that great problem, the best method of preventing the overflows of

the Mississippi, exacted difficult measurements and extremely intricate

comjjutations. In connection with it, a careful examination of all chapter.
°

writings upon hydraulics that were within reach was made, to ascertain

precisely the present state of that science ; a list of the principal publications upon the

subject, -mth. a brief synopsis of those parts of their contents that are connected with

the present problem, has been prepared for future reference. It will be found from this

that the laws which govern the flow of water in natiu-al channels were only partially and

imperfectly developed ; but, as a knowledge of those laws was essential to the determi-

nation of the plans of protecting the Mississippi valley from inmadation, the investiga-

tions of the Delta Survey, connected with that object, in accompHshing it, have neces-

sarily contributed to the advancement of the science of hydraulics. An account of these

investigations will be presented in full detail in the two following chapters. This

chapter is devoted to a brief notice of published works, whicli is partially original and

partly compiled from similar notices by Rennie, Lombardini, Storrow, and others,

and from the various encycloptedias.

OUTLINE OF THE HISTORY OF HYDRAULICS APPLIED TO RIVERS.

Earlier history.—Practical acquaintance with the general laws of flowing water pre-

ceded anv knowledg-e of hydraulics as a science, and, even after some of P^^y history
J 'T) J ' '

Qf the science of

its fundamental principles had been discovered by Archimedes, the pro- hydrauUcs.

gress of the science was almost imperceptible for ages. It is probably
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because the compHcatecl nature of its problems renders an extensive knowledge of the

mechanics of solids essential before their solution can be attempted, that no abstract

discussion of the subject in the writings of the early engineers is found, even when

describing hydraulic works which, like the Roman aqueducts, remain to this day unsiir-

passed in extent and magnificence. Although Rome in a. d. 98 was supplied mth water

by nine aqueducts whose aggregate length amounted to 250 miles, and whose discharge

was 27,000,000 cubic feet per day, still hydi'aulics was not considered entitled to

the rank of a science until about the fourteenth centiiry. At this time the diffici;lty of

navigating the mountain streams of Italy, the devastating effects of their floods, and

the continual litigation arising from the precautionary measures adopted to restrain

them, drew the attention of philosophers to the subject. The invention of the canal

lock was the result of their labors, and marked a new era in hydraulic engineering.*

Several canals were constructed, and many more projected. In fact, the new invention

for a season withdi'ew attention from rivers and concentrated it upon canals.

In the seventeenth century the science of hydraulics began to assume a rapidly

progressive character, a change attributed to the influence of Galileo, although he

personally contributed little to the subject.

In 1628 a valuable treatise upon rivers was published by Castelll, a disciple of this

great master, who investigated the subject by direction of Pope Urban VIII. He first

introduced the velocity as an element in estimating the discharge of a river.

In 1G43 another pupil of Galileo, the celebrated TorriceUi, discovered that, abstract-

ing all resistances, the velocities of fluid veins flowing fi-eely from small

theory. orificcs in a reservoir are equal to those of heavy bodies which have

fallen in vacuo, distances equal to the depths of the orifices below the

water surface; that is, they are proportional to the square roots of these depths, whence

he deduced his fundamental theorem, destined to become the basis of a general theory

of hydraulics, that, neglecting resistances, the velocities of fluids in motion are in the

subduplicate ratio of the pressm'es. He also endeavored to ti-ace an analogy between

such spouting fluids and rivers, and argued that the acceleration of the currents of the

latter is due to the slope of their surfaces.

Several contributions to the science were made by Pascal, in his works published

between the years 1646 and 1663.

In 1665 contests among the inhabitants of the Chiana valley induced the govern-

ments of Rome and Florence to assemble a scientific congress to report upon the best

* The lock was first applied to the canal leading from the Ticiuo to Milan, upon which the stone for the eonstnic-

tion of the cathedral, which has been nearly five centuries in process of erection, was transported. In that city the

first lock was built, and it remains at tlfe present day unimpaired by time. To it Leonardo da Vinci, one of the many
architects employed upou the cathedral, made the first application of his invention of the mitre-sill gate in the last

decade of the fifteenth, or the first of the sixteenth century. (Lombardini.)
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method of disposing- of the water of the stream which occasioned the disputes. Many

theoretical essays iipon river improvements were the result, but little of value was

added to the science.

In 1684 the great work* of Mariotte appeared. It was published after the death

of the author. Adopting Torricelli's parabolic theory of flowing water, he discussed

many problems in a masterly manner, but the chief benefit which he conferred upon

the science was to point out by his numerous experiments the only true method of

investigating the subject.

Epoch of Gugliehnini.—The works of Guglielmini, the great master of the Italian

school, appeared near the close of the seventeenth century. Adopting-
' ^

, _

./ 1 o Gnglielmiui.

the theorem of Tomcelli, he perfected the celebrated 23arabolic theory

of rivers, Avhich may be briefly stated as follows: Any particle x feet below the surface

of a fluid mass will have a tendenc)^ to move with the same velocity with which it

would issue from an orifice in the side of a reservoir, x feet below the surface of the

fluid contained in it: that is, with the velocity it would acquire in falling x feet in vacuo

^

a velocity given by the formula Y'=z(2gxy. Hence if a vertical line is drawn through

the point and made the axis of a parabola whose vertex is at the water surface and

whose parameter is equal to four times the distance through which a heavy body will

pass in the first second of its fall, the velocity with which the particle has a tendency

to move will be shown by its ordinate.

According to this theory the velocity of any particle of water in a river will be

equal to that acquired by a heavy body which has fallen from a state of rest through

a distance equal to the distance of the particle below the plane of the surface of its

source, produced.

The legitimate consequences which result from this theory are all contrary to

observation, and the fact that it was adopted by so many eminent writers shows how
entirely the science was separated from observation at this period of its history. Gug-

lielmini was sensible of the great discrepancies between his theoretical and the jDractical

laws of rivers, and endeavored to explain them. His works have given him the chief

place among the Itahan hydraulic engineers of his time.

Newton, in liis Principia, discussed the friction of fluids on solids, and the discharge

through orifices in reservoirs. Some of the conclusions at which he arrived were shown
to be erroneous, and he materially, although not sufficiently, modified them in the

edition of 1714. His contributions to hydraulics, although important, were much less

valuable than those to other departments of science.

The Marquis Poleni pubhshed a workf in 1718 iipon the discharge of fluids from

orifices, which was based upon numerous experiments. He was the first to discover

' Trait<5 du Mouvemeut des Eaux. t De Castellis per qii» Derivantur Fluviorum Aquaj.
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that the discharge through un orifice in a thin pLate may be increased by adapting to

it a small cylindrical tube.

In 1725 Varignon published his ingenious work on hydraulics, in which he reduced

the opinions of Guglielmini to algebraic formula\ but added no new ideas of consequence

to the science.

Several papers upon hydraulics were submitted to the French Academj-, by Pitot,

between the years 1730 and 1738, in one of which, published in 1732,

deoMuft r aTe^d ^^® detailed the results of a series of experiments upon velocities at dif-

wi "h^^plt or's fei'ent depths, made by means of the tube which bears his name, experi-

^'
ments which demonstrate the fallacy of the parabolic theory of flowing

water.

The results of a noted series of experiments by Couplet, upon tlie discharge of

the water-pipes at Versailles, were published in the Memoirs of the French Academy

in 1732. About this time the works of many Italian writers of celebrity ajipeared.

xlmong these may be enumerated Grandi, Manfredi, Zendrini, Frisi,* Zanotti, Gen-

nette, etc.

Bernouiiii In 1738 the workf of Daniel Bernouilli appeared. In it he applied
school.

_ _
^\ y

the principle of living force to the motion of fluids, and thus originated

one of the schools of hydraulics.

In 1 742 the work of John Bemouilll appeared, containing an exposition of his

theory of flowing water, upon tlie stiidy of which he had been long engaged. His

results did not differ materially from those of his son, although deduced in a dlfterent

way.

The celebrated writings of d'Alembert appeai-ed between 1743 and 1752, works

which have been considered of value to the theoretical science of hydraulics.

Lecclii, an engineer of celebrity, inibllshed, in 1765, a verj^ complete work at

Milan, in which he discussed the various theories of flowing water.

Profound theoretical j^apers by Euler, ujDon the motion of fluids, may Ije found in

the Memoirs of the Academy of St. Petersburg, for the years 1768, 1769, 1770, 1771,

but they have little })ractical value, as he assumes a mathematical fluidity as the basis

of his system.

Era of experimental investigation.—It was reserved for Professor Michelotti, of

Turin, and the Ablje Bossut, of Paris, to inaugurate a new era in

ment'orthe em hydraulics, by establisliing, as a fundamental principle, that formulse

rnvesti^aUon.
^ must be dcduccd from experiment, and not from abstract reasoning

The former, in 1764, undertook an extensive series of experiments, under

* On Rivers and Torrents, translated by General Garstin. Loudon, 1818.

t Ilydrodynamica sen de Viribus ot Motibus Fluidorum Commentarii. Strasburg.
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the patronage of the king of Sardinia. The resuks were pnbhshed,* in detail, in 1774.

The latter, under the patronage of the French government, made numerous experi-

ments on a less scale than his rival, but better adapted to solve practical questions.

The results Avere pubhshed from 1771 to 1778, and have been of very great value to

later writers in deducing constants, and testing forraulse.

From this epoch may be dated the origin of the modern school of hydi-aulics.

Earher writings now possess comparatively little importance to the practical engineer.

In 1775 M. Chezy, a celebrated French engineer, first attempted to express by an

algebraic formu.la the laws of water in motion, taking into account the

effect of the retarding forces. First formula
° for mean veloc-

In 1782 Belidor pubhshed Ins voluminous workf on hvdraulics. i}J
m terms of

' '

•'
'

the slope and

In 1784 two papers, on the expenditure of water through large ^^s"section
°^

orifices, and on the junction and separation of rivers, wei'e published in

the Memoirs of the Academy of Science, at Toulouse, by M. I'Espinasse.

In 1779 appeared the preliminary edition, and in 1786, the completed workj of

M. Dubuat, upon which he had expended the labor of ten years. Start-

ing with the law that, when water flows uniforaily in any channel, the work"^ ^ ^'^^

forces Avhich keep it in motion are equal to the sum of all the resist-

ances, Dubuat reasoned that the true method of deducing- a formula to express the

laws of water in uniform motion was to find by experiment algebraic exj^ressions for

these two equal and contrary forces and equate them. This he did in a manner that

beautifully illustrates Daniel Bernouilli's empirical method of generalizing natural phe-

nomena. He established the principles that the motive force of each particle of water

in a river is due entirely to the surface slope, and that the resistances are due to

viscosity and the friction upon the bed. Fii'st proving that a close analogy can be

ti'aced between the motion of water in pipes and in rivers, he proceeded, by many
ingenious experiments upon pipes, and logical deductions therefrom, to determine values

for these varioiis quantities, until finally he produced a formula, which, although com-

plicated, is applicable to most problems of water in uniform motion. In his treatise

he fully ilkistrated the manner of its practical application, discussed the general ques-

tions interesting to the hydraulic engineer, and, in fine, produced a work which is still

of standard authority in the science.

In 1787 a valuable work§ on hydi-aulics, by Bernard, appeared; based in part

upon the theories of Dubuat, Bossut, d'Alembert, and BernouilH.

* Sperienze Idrauliche.

t Arcliitectnre Hydraulique. Paris.

t Principes d'Hydraulique V6riii^s par uu Grand Nombre d'Expgriences, faitcs par Ordre de Gouvernoment. An
enlarged edition, called Priacipea d'Hydraulique et de Pyrodynamique, appeared in 1816.

5 Nouveaux Principes d'Hydraulique.
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In 1789 and 1790 Briiiiiiigs* made some important experiments npon velocity at

different depths.

A workf upon hydraulics, in four volumes, b}- Woltmann, appeared at Guttingen

between tlie years of 1791 and 1799.

In 1797 Fabre published a work J on torrents.

Veuturi puljlished a memoir, in 1798, giving the results of a series of experiments

upon the contraction of the fluid vein, in which, among other Cjuestions, he discusses

the effect of eddies in rivers, and shows that they are a cause of retardation to the

current. This paper was translated by William Kicholson in 1799, and published by

Thomas Tredgold in his "Tracts on Hydi-aulics."

In 1800 Coulomb published a paper, § in which, after an elaborate investigation

of the laws of friction between fluids and solids, he shows, besides other
Coulomb's law.

1 1 1 • ^ -\ ^ r •

results, that the resistances may be represented by a function consisting

only of t^vo terms, one containing the first, and the other the second, power of the

velocity. He did not, however, apply this most valuable discovery to equations repre-

senting the movement of flo^^-ing water.

In 1801 M. Eytelweiu published a large work|| on hj^draulics, which has been

translated by Nicholson, besides receiving a detailed notice from Dr. Young, in the

Journal of the Eoyal Institution. The writer followed the methods of Dubuat in dis-

cussing the motion of water in open channels.

In 1803 M. GirardU first applied the law of Coulomb to the motion of water

flowing in open channels, deducing a formula much more simple than
It is applied to i^t-\ tt ii -i

water flowiug in that of Dubuat. He wrote several other articles upon hydi-aulics, more
open cliannels.

especially treating of canals, and made many valuable experiments.

The next writer of note upon the subject was M. de Prony. His first work** con-

tained nothing relating to rivers. His second workff upon hyih-aulics

writing8^°°^^ appeared in 1802. In this he discussed the methods of gauging by
weirs, reservoirs, etc., and determined valuable formulae for the dis-

charge thi-ough vertical and horizontal orifices. It is, however, his third work,{{ pub-

lished in 1804, that has placed liim among the chief writers upon river hydi-aulics. In

this work he begins by discussing the laws which govern a system of hea^y bodies

" Sur la Communicatiou Lateral du Mouvements des Fluides.

t Beitrago zur Hydranliscbcn Architektur.

jTlicSorie des Torrents et Eiviferes. Paris, 1797.

$ Kxpdriences dostiniSes il Determiner la Coherence des Fluides et Ics Lois de lenrs Resistances dans les Mouvements
tres Lcntes.

II
llan dbucli der Meclianilj und der Hydraulik.

^ Rapport sur le Projet G<5n6ral du Canal de I'Ourcq.

*• Nouvello Architecture Ilj-drauliquo (first volume published in 1790, aud second iu 179G).

tt Sur le Jaugeage des Eaux Courantes.

U Recherches Physico-mathdmatiques sur la Thdorie des Eaux Courantes.
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moving in circumstances similar to those of fluids in uniform motion. He then modifies

his results Ijy introducing the condition of fluidity. He next shows, by discussing

experiments, that as indicated by Coulomb, the resistances may in practice be repre-

sented by an expression involving only two terms, one containing the fu-st, and the

other the second, power of the mean velocity; but that, contrary to the results of both

Coulomb and Girard, these terms should be affected by independent coefficients and not

by a coumion one. He then proceeds to discuss various careful observations of Dubuat

and others, and to deduce from them the values of these coefficients for pipes and for

canals, and for either indiscriminately. This he does by employing two methods given

by La Place in his Mecanique Celeste, and, finally, by a general equalization of dis-

turbing causes. He explains how to simplify the calculus of La Place, in deducing

these values, by some ingenious diagrams ; discusses Dubuat's formula for obtaining the

mean velocity, etc., from that at the surface; advances a new formula of his own for

this purpose, etc., etc. This work must always remain a standard authority upon the

uniform motion of water in pipes and open channels, and it is much to be regretted that

it is now entirely out of print.

Another paper* upon the subject was published by M. de Prony, in 1825, giving

methods of simplifying computations by his formuljB, etc.

In 1804 Lecreulx published a workf upon the formation of the beds of streams.

In the Memoirs of the Italian Society, 1807, a paper by Focacci appeared, detail-

ing the results of certain measurements of velocity below the surface.

In the Pliilosophical Transactions of the Royal Society for 1808, a paper by Dr.

Thomas Young was published, giving new formulae for flowing water.

In 1808-9 a work J upon hydraulic architecture, by Fiiiak, appeared.

In 1809 experiments were made by MM. Mallet and Vici, upon the discharge of

water-pipes.

In 1813 M. Ki-ayenhofF presented a very full collection of tables of observations §

upon the topography and hydi'Ography of Holland, a work whose value

will be only increased by time. He made a few detailed measurements ob's'^e/va'tioLs

of discharge, slope of surface, etc., determining the velocity at various oFnonand"^^"

distances fi-om the banks by noting the time of transit past a base line,

of vertical float-poles extending from the siuface nearly to the bottom. This work con-

tains extensive tables of the slopes of the i-ivers in Holland, records of gauge observa-

tions upon them referred to a common datum-plane, etc. A similar work upon the

Mississippi, bearing the same date, would now be of very great value.

' Eecneil de Cinq Tables pour Faciliter et Abr^ger les Cakuls des Formules Eelatifs au Monvenient des Eaiis, etc.

t Reeherclies sur la Formation et I'Existence des Euisseaux, Eiviiircs et Toneuts. Paris, 1804.

I Beitriige zur allgemeinen Wasserbankunst.

* Eecueil des Observations Hydrauliqiies et Topograpbiques faites en llollaiule, IS'.io.

25 n
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In the Memoirs of the Academy of Berlin, 1814, 1815, articles by M. Ejtelwein

appeared, giving liis celebrated new values to the constants in de Prony's formnlfe, etc.

In two memoirs, presented to the Acad«5mie Royale des Sciences, in 1815 and 181G,

j\r. Hachctte treated of the fomi of fluid veins.

In 1 81G Girard read before the French Academy an elaborate work* upon the Nile.

This paper was accompanied by a diagi'am showing the readings of a

thtme.
"^°'' daily gauge kept for the years 1799, 1800, and 1801; being the fir.«*t

graphic representation of the kind on record.

In 1820 a second work was published byFunk,t upon the hj-di-aulics of rivers.

In 1821 Escher de la Linth read a paper J before the Helvetic Society of Natural

Sciences in Basle upon the upper Rhine. Modifying the discharge given by Eytel-

wein's formula by a few measm'emeuts of smface velocity, he prepared a scale of dis-

charge adapted to a daily gauge-record, and thence deduced the annual discharge from

1809 to 1821 at Basle.

In 1822 Brewster published a large collection of philosophical writings § byRobi-

son, which contains (in vol. II) papers upon the resistances of fluids, rivers, etc. The

article upon rivers chiefly consists, after a brief historical notice of the subject, of an

extended synopsis of Dubuat's great work, whose "s-iews Robison in the main adopts.

In 1822 de Prony publi.shed his well-known work|| on the Pontine Marshes.

In 1822 General Bernard and Lieutenant-Colonel Totteu, then constituting a

Report upon ^•^''^i'^^ ^^ Engineers, submitted a report upon the Ohio and Mississippi

Missifs^ppi^riT^ rivers to the Colonel Commandant of the U. S. Engineers. This report

^'^^' was transmitted to Congress and printed,H but without the accompany-

ing maps. It contains much definite information about the falls of the Ohio and about

the bars below them, of which there were then twenty- one. The remarks upon the

Mississippi are in less detail, but the accompanying series of manuscript maps made by

CajDtain Young, Captain Poussin, and Lieutenant Tuttle, furnishes an admu-able model

for a river reconnoissance. They are now on- file in the Bureau of Topographical

Engineers.

In 1823 a valuable collection of Italian papers upon hydi'aulics waspubHshed at

Bologna. It was a continuation of the Italian collection noticed by Abbe' Mann in the

Pliilosophical Transactions, 1779.

* Observations sur la Vallde d'Egypte et sur Exhaussement Sdculaire da Sol qui la Keconvre. MiSni. de I'Acad.

dcs Sci. 1817. Paris, 1819.

t Von der Bewegung des Wassers in Strom- nud Flussbetten. Berlin, 1S24. 4to.

t For an extract, see Biblioteca Universale di Ginevra, 1821.

^System of Mechanical Philosophy by John Kobison, -nith notes by David Brevrster; in four volumes and a vol-

ume of plates. Edinburgh, 18'?i.

II Description Hydrographique et llistorii^ue des Marais Pontius. Paris, 1822.

T Report of the Board of Engineers on the Ohio and Mississippi rivers, from an Examination made in the months

of September, October, November, and December, l*,'l. Washington, 1893.
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In 1824 M. BIdone presented a paper* upon the flow of water over weirs.

In 1824-26 M. Raucourt made his celebrated experiments upon

the Neva when frozen and when open. These were partially tested by upou^the irlva

MM. Desti'em and Henry.f

M. Poncelet published, in 1828, a workj treating of water in per- Theoryof "per-
maneut motion "

mauent motion, that is, wliile moving with an established regimen introduced,

through a canal whose area and slope vary within limits.

In the same year M. Belanger published his noted work§ upon water in perma-

nent motion, containing an original formula based upon assumptions more nearly

analogous to the condition of water flo'nang in rivers than any which had preceded it.

In 1829 M. Genieys published a practical treatise
||
upon water-works, in which

lie treated of various questions interesting to the hydraulic engineer.

In 1826 and 1827 a series of experiments upon discharge through various kinds

of orifices was made by M. Bidone, and in 1829 he read two papers—the first giving

the results of the experiments, and the second, the theoretical deduction from them

—

to the Academy of Sciences at Turin.

In 1831 Girard pubhshed an elaborate report!! upon the Canal de I'Ourcq, which

had been imder his du-ection. In this report he treats theoretically of the movements

of flowing water.

In 1831 Laval submitted a project for the improvement of the navigation of the

river Midouze, based upon the principle of deepening the channel by confining the

cmTent between artificial banks of a peculiar kind. This paper is to be found in the

Aunales des Fonts et Chaussees, 1831. Its author gives the data collected when

gauging the river during a flood in 1826, but without any satisfactory details.

In 1827 experiments were begun at Metz upon a large scale to establish the prin-

ciples of, and fix the values of the constants in, the fomiulfe for water The Ponceiet
and Lesbros ex-

flowing through orifices. The work was performed under the patron- perimeuts.

age of the French government, by MM. Poncelet and Lesbros. A jjaper upon the

subject was read before the Acaddmie des Sciences in 1829. The report** was pub-

lished in 1832.

In the Journal of the Asiatic Society, 1832, appeared a paper by Everest, upon

the earthy matter and volume of water brought down by the Ganges at Ghazipi;r,

* M^moirea de I'Acad^mie des Sciences de Turin.

t Journal des Voles de Communication, 1826. St Petersbourg.

t Cours de M6canique fait a I'EcoIe d'Artillerie do Metz.

i Essai sur la Solution Num^rique de quelqnes Probltmes relatife au Mouvement Permanent des Eaux Courantes.

II
Essai sur les moyens de Conduire, d'Elever, et de Distribuer les Eaux. Paris.

U M^moires sur le Canal de I'Ourcq. Paris.

** Expdrieuces sur les Lois d'£coulement de I'Eau a les Orifices Rectangulaires Verticaux en Miuces Parois Planes.

Paris, 1832. Also continued by Lesbros. Paris, 1851.
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Bengal. He considered the annual discharge to be about 6i tiillions of cubic feet,

the contributions of sedimentary matter being about G billions of cubic feet.

In 1820 M. Defontaine began a series of observations upon the Khine and its

Defontaine tributaries, tlic results of wliich were published* in 1833. These are
upon the Rime. rjo^Q^g ^]^q jjiost valuable contiibutions of modern times, from the num-

ber of exjjeriments and the detailed information ujion the different methods in use for

conducting works of river improvement. The object of these works was to protect

the banks from ca\ung, and the siuTOunding country from overflow dimng floods.

They were of two classes, temporary and pennanent. The former consisted of works

to close chutes by inducing deposits of sediment, etc., which, being of no service

after their object was accomplished, were made of jierishable materials. The latter

consisted of levees and either solid revetments or breakwaters, to seciu-e the banks

when exjiosed to caving. The details of the construction of these different classes of

works ai-e very fiiUy set forth in the memoir, together with a mass of exact infonua-

tion about the Rhine itself The dimensions of the levees are for greater than those

of the 3Iississippi levees, being about 10 feet thick at top, with a slope of one upon

two toward the river, and one upon one and a half toward the land. The top is made

with a very gentle transverse slope, so as to cbain inland the rain wliieh falls upon it.

The heights of the levees are calculated so as to be a foot and a half above the highest

floods. Even those lai-ge levees are not considered sufficient. Strips of grass-land are

left on both sides, 61 feet wide on the outside and 3i on the inside, reckoning from

the foot of the slope of tlie levee. AVillows and poplars are planted at the outside

edges of these strips of grass-land. When the levees are more than about 7 feet higli,

a substantial inner and outer banquette is added to guard against filtration. Where

the current of the river would be liable to act upon the levees, its force is broken by

large and strong traverses, placed from GOO to 1,000 feet apart, and guarded, if need be,

with fascines. Defontaine made a few careful measurements of discharge, with a view

to test tlie various fornmla; for mean velocity, but he did not publish his results in this

memoir, except to state in a general way that the usual formulaj for deducing the

mean from the surface velocity gave too small a discharge. His experiments upon

velocity below the smface will be mentioned elsewhere. He advocates, for impro^-ing

the Rliine, first, the closing of all clmtcs, so as to confine the river to a single channel

;

and second, the reduction of all straight lines in tlie river's cour.sc to curved. The

reason for the latter recommendation is that in a bend the caving is limited to one

bank, and it can therefore be more cheaply prevented than when a double line of

defensive works is necessary.

The Reports of the British Association for 1833 and 1834 contain two interesting

* Travaux du Rhia. See also Anuales dcs Fonts et Cliaussdes. M6m. 1833.
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articles by Mr. Rennie, upon the progress of the science. He also details some experi-

ments of his own, upon the friction of fluids itpon solids.

Papers treating of water in permanent motion were published by de Saint-Guilhem

in the Memoirs of the Academy of Toulouse, 1834 and 1836.

In 1834 a general treatise* upon hydraulics was published by D'Aubuisson de

Voisins. A second edition appeared in 1840. A translation of the work, by Mr. J.

C. Bennett, was published in Boston in 1852, all the formulae being adapted to Eng-

lish units of length. This admirable treatise is well known to engineers.

In 1834 M. Deschamjjs published a memoir f relative to the improvement of navi-

gation on the rivers in the southwest of France, esjDecially on the Garonne. Two

years later, he added a supplement, f devoted exclusively to the navigation of the

Garonne. These works treat especially of canalization, low-water dams, etc., etc.

In 1835 M. Destrem published a collection of memoirs§ on various subjects, some

of which had already appeared in the Journal des Voies de Communi- Destrem upon

cation. One of them treated of a careful gauging of the Neva river ^^^ Neva,

and of its various branches, conducted by himself

In 1835 a work|| was published by Mr. Charles S. Storrow, containing a short

historical sketch of the progress of hydraulics, with demonstrations of various formula

proposed by different writei-s, their practical applications in the construction of water-

works, etc., etc.

In the Annales des Fonts et Chausse'es, 1836, appeared a memoir by M. Borrel

upon the improvement of the na\ngation of the Garonne and other rivers which flow

over gravel beds tlu-ough alternate rapids and pools.

In the same volume is a long and detailed article upon the theory of water in

permanent motion, with several practical applications, by Vauthier.

In the same volume, M. de Coriolis treats of the same subject.

In the publications of the Academy of Sciences of Bologna in 1836 are tlu'ee

memoirs by M. Ventxiroli, giving a discussion of a daily gauge-record of the Tiber,

kept by himself at Rome, for eleven years, together with corresponding discharges

computed with Eytelwein's formula", assuming the slope to remain constant.

In 1836 Tredgold published, with notes, a collection H of short papers on hydrau-

lics, viz: Smeaton's experimental papers on the power of water and wind to turn mills;

Venturi's experiments on the motion of fluids (1798); and Dr. Young's summary of

* Traits d'Hydrauliqne h 1'usage dcB IngdnieurB. Strasbourg et Paris.

t Eecherclies et Consicl(;ration3 sur les Canaux et les Rivieres. Paris, 1834.

{ Supiildment aus Keclierches et Cousid^rations sur les Canaux et les Kivi^res. Paris, lb3G.

^ MiSmoires sur Divers Objets relatifs :\ la Science de I'lngduieur. St. Petersbourg, ISS.'i.

II A Treatise on Water-works. Boston, 183.").

H Tracts ou Hydraulics. Second edition. London, 183G.



198 EEPOET ON THE MISSISSIPPI RIVEE.

practical liycli-aulics, chiefly from the German of Eytelwein. (The latter first appeared

in the Journal of the Eoyal Institute, 1802.)

A series of careful experiments upon flowing water was made at Toulouse in 1835,

by Castel, and published in the Aunales de Chimie et de Physique, vol. LXII. Paris,

1836. Also in Mumoires de TAcadt-mie des Sciences de Toulouse, t. IV, 1837.

M. Hennocque made a series of measurements and observations upon the Rhine,

near Sti-asbm-g, in 1839.

M. Baumgarten did the same upon the Garonne between the years 1837 and 1S4G.

In 1840 M. Dausse obtained the Monthyon premium for a paper inserted in the

Comptes Rendus de I'Academie des Sciences, 1840. It was chiefly a discussion of a

large collection of statistics of the principal rivers of France, collected with a vieAV to

throw light upon the best methods of improving their na^^gation.

In 1840 Lombardiui prepared a ti-eatise* upon the basin of

wo^k^^^^^^"'^ ^'^° -'^'^' ""'liicli '^''^^ published in the third volimie of the Politecnico

di Milano.

In 1843 a second article! appeared in the sixth volimie of the same publication.

Other papers from the pen of this distinguished hyda-aulic engineer have, from time to

time, appeared in the Journal of the I. R. Istituto Lombardo di Scienze, Lettere ed

Aiti. Among these are, in 1846, two memoirs, one J upon the importance of the study

of the statistics of rivers, containing a brief notice of the labors of vai-ious hydi'aulic

engineers ; the other § upon the effect of lakes in moderating the inundations of rivers_

In 1852 a paper
||
upon the changes in the hydi-aulic condition of the river Po in the

teiTitory of Ferrara, in which he demousti-ates that levees have not raised the bed of

the Po, although the gradual perfection of their construction and maintenance within

the last century and a half has increased the height of the floods by retaining within

the banks the water winch before escaped through crevasses; and tliis height has been

still further increased, he thinks, by the more rapid flow caused by clearing the sides

of the mountains of their forests. The conclusion has been already announced in his

earlier works. In 1853 a paper H upon freeing Mantua from the inundations of the

Po, in which he proposes, as a part of the plan, to cut off" the discharge of the Mincio,

during floods in the Po, by a dam with gates at the efflux of lake Garda; the surplus

water thus collected to be used to increase the deficient discharge of the river Mincio

at low water. Tins mnter, who is well known as one of the first hydraulic engmeers

" Intomo al Sisteraa Idraulico del Po.

t Altro Osservazioni snl Po.

t Importaiiza dcgli Studj sulla Statistica dei Fiumi.

$ Delia Natura dei Laglii.

II
Dei Cangiameuti cni Soggiacijue I'ldr.iulica Coudizioiie del I'o, uel Teriitoiio di Ferrara.

Tl Delia Sistemaziono do Lagbi di Montova.
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of the age, also prepared Chapters IV and V of the first vokime of the "Notizie NaturaU

e Ci\'iU su hi Lombardia. Milano, 1844." They treat of the aatiu-al and artificial

hydi'aiilic condition of Lombardy, and are replete with information statistical and

scientific. Among other tables are two containing the monthly discharges of the

Adda and the Po for many years, computed from known gauge-readings by original

fomiulpe, which will soon receive further attention. This paper, together with those

already named, published in 1840 and 1843, were reproduced in a condensed form by

M. Baumgarten in the Annales des Fonts et Chauss^es, 1847.

In 1841 a work* was published by Mr. W. A. Brooks, treating chiefly of bars and

other obstructions to river navigation. In the appendix the author published a report,

prepared by Mm-ray in 1833, upon the improvements in the river Clyde.

In the Annales des Fonts et Chausse'es, 1841, may be found an article by M.

Laval upon a great freshet in the river Saone, which occurred in the preceding year.

It is complete and interesting, especially for showing the very sensible efi'ect of bi-idges

in increasing the height of the flood.

In 1841 M. Surell published a paperf upon the torrents of the Alps, in which,

among other things, he demonstrates that forests exercise a very important moderating

efi'ect, and advises the cultivation of growth on the mountains for this purpose.

In 1842 M. Valine published a memoir J upon converting lake Geneva into an

artificial reservou* for the surplus flood waters of the Rhone, and eventually using

them to improve navigation in the river in seasons of low water.

In the Annales des Fonts et Chaiisse'es for 1842 appeared an elaborate paper by

Dausse upon downfall of rain and the influences of forests upon rivers.

In 1843 M. de Buffon published a very complete work§ upon inigation, in three

volumes, the first being historical and descriptive in character; the second treating of

practical questions of distribution, construction, etc.; and the third disciissing the

administration, etc., of irrigating canals. Chapters XIV and XV (contained in vol. II)

especially treat of the gauging of streams. In the former the writer, after a cursoijy

notice of the forces acting upon water in motion, and of the great difficulties to be

encountered in deducing a correct formula for the mean velocity, refers to the formulae

proposed by Chezy, Dubuat, and de Frony. He finally adopts de Frony's foi-miila

with Eytelwein's coefiicients as the most accurate known, and proceeds to indicate

the method of applying it to a few practical problems. In Chapter XV he treats of

methods of actually measm-iug the discharge. He mentions several of the ordinary

instruments for determining the velocity, but expresses the opinion that the float, from

* Treatise on the Imiirovement of the Navigation of Rivers. London, 1841.

t Etude sur les Torrents des Hautes Alpes. Paris, 18-11.

t Du RhOne et du Lac de Genfeve. Paris, 1842.

^ Traits Th^orique et Pratique des Irrigations. Paris.
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its simplicity, is superior to them all. After explaining the methods in common use for

gauging veiy small streams, he proceeds to give, in great detail, a statement of the

method adopted in gauging the Tiber at Rome on June 19, 18'21 ; considering that in

every respect a model to be imitated. The method was, in effect, that adopted by

Krayenhoff, but can-ied oiit with greater exactness both in the field work and in the

computation.

In 1845 M. Bourriceau published a work* upon the iireveution of obstructions to

navigation at the mouths of rivers, iu which he advocates the use of diverging walls.

M. M. Sonnet published a workf on hydrauhcs in 1845.

i\I. Wiesbach, in a work on mechanics, jjublished at Freiberg in 1846, treats very

fully of hydi'aulics ; a subject which he had made an especial study. This work was

trauslatedj in 1848 by Mr. W. R. Johnson.

In 1847 M. SuiTcll published an elaborate work§ upon the improvement of the

mouths of the Rhone, givmg an historical sketch of preA"ious works, a

the mouths ofthe discussion of the feasibility, expense, and advantages of deepening the

channel at the mouth by closing all but one of the branches, and a

project for a canal to admit vessels to the river, independently of the natural enti'ances.

M. Dupuit published in 1848 a treatise|| giving the results of an original and pro-

found theoretical study of the laws of flowing water. This important
Dupuit's work. -'

_

^
^

° '

work a2)pears to be very little known in this country. It treats fully

of the laws of water in uniform and peiinanent motion and contains a discussion of the

regimen of rivers well worthy of study.

In the Annales des Fonts et Chaussees for 1848 will be found a summary of the

results of a series of experiments made at Roanne to test the truth of some curious

indications of the formul* for water in permanent motion. The experiments were

conducted and the article prepared by MM. P. Vauthier and L. L. Vautliier.

The Annales des Fonts et Chaussees for 1848 contain a long and exceedingly inte-

resting memoir by M. Baumgarten upon a portion of the Garonne, with

on the"cfaronne! an historical uoticc of the various works of improvements executed upon

the river and a discussion of their effects. The writer treats of the

topography, geology, andmeteorology of the valley; the character of the bed of the river;

the movement of its gravel, sand, etc. ; its sediment; the slope of surface, both local and

general; the duration of the different stagesof the river; the temperature of the water;

the discharge; the navigability, etc., etc. He reports some interesting and unique mea-

surements upon the transverse section of the water smface at a nearly straight portion of

* Etnde de la Navigation des Rivieres h Mari-e. Paris, 1645.

t Recherches stir le Mouvenient dos Eaux dans les Tayaux de Couduite et les Cauaux Dt^ouverts. Taris.

t Woisbach's Mechanics and Engineering. Philadelphia.

J Mdmoire sur I'AuiiSlioration des Embouchnres du Rhone. Nimes, 1S47.

II
Etndo Thdori([ue et Pratique sur lo Mouvement dos Eaux Courautos. Paris.
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the river (width about GOO feet), both when the water was rising and falHng. When
rising, at the rate of about 5 feet in twenty-four hoiu's, with a maximum velocity of

about 7 feet per second, he found the water in the middle to be about 0.4 of a foot

above that on the right bank, and 0.1 above that on the left. When falling, at the rate

of about 8 feet in twenty-four hours, with a maximum velocity of about 7.5 feet per

second, the water surface was sensibly a plane, being at the right bank a little less than

0.1 of a foot above its level at the opposite side of the river. The velocities at the

banks are unfortunately not given in either case.

In the procedings of the American Association for the Advancement of Science,

for 1848, may be found an interesting paper by ]\Ir. Andrew Brown, detailing the

results of a series of discharge and sediment measurements conducted by himself upon

the Mississippi river at Natchez. A supplemental paper appeared in the same proceed-

ings in 185.").

In the proceedings* of the American Association for the Advancement of Science,

1849, is contained a report by Lieutenant Marr, U. S. N., upon cer-
jyjarru on the

tain observations upon the Mississippi river, conducted by himself at ^st series.''
*" '

Memphis, Tennessee, during the months of April, May, June, and July,

1849. Tliis report was presented by Lieutenant Maury, U. S. N., at whose instance

the observations were directed by the Secretar}' of the Navy. It contains tables giving

the daily gauge-reading, daily discharge, daily mean temperature, weekly evaporation,

and daily rain from April 1 to July 15, 1848. For a part of the time the temperature

of the river-water at surface and bottom is added. To determine these discharges a

cross-section of the river was made, and subdivided into three partial areas. The sixrface

velocity in each of these areas was measured by anchoring the boat and using a "chip''

and line. During calm weather the relative velocity near the bottom was also measured

by comparing the velocities of a surfixce float and a double float whose lower portion,

composed of a tin vessel, was sunk nearly to the bottom. The discharge was found by

taking the sum of the prodiicts of the partial areas by the "avera'ge'' velocities in them.

The temperature of the water at the bottom was found to be the same as at the surface.

The velocity near the bottom was to that at the surfiice in the ratio of 268 to 300. The

average downfall was 0.11 inches and the average evaporation from the surface of water

of considerable depth, 0.13 inches daily.

In 1849 Mr. Ellet submitted to the Smithsonian Institution a memoir containing

some valuable statistical information relative to the physical geography

of the Mississippi valley, together with an argument in favor of ajjply- owo.^*
"''°° '*'*'

ing the reservoir' system to the improvement of the navigation of the

Ohio and other rivers.f

" Published at Boston, Mass., 1850.

t Smithsonian Contributions to Knowledge. Vol. II, Art. 4.

26 H
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In 1849 appeared the second edition of a collection of tables* by M. Clandel;

which, among the formulae, etc., relating to hydi-aulics, contains some brief extracts

from Dupuit's work upon the laws of flowing water.

In Dr. Tenner's Southern Medical Eeports, vols. I and II (1849 and 1850, pub-

Porshey upon lished in New York and New Orleans) will be found articles written by

Professor Forshey which contain interesting facts relative to the floods

of the Mississippi river in 1849 and 1850.

In 1844 the French government authorized ^I. Boilean to make a very extended

series of hydraulic experiments, at Metz. The results of the experiments
Boileaxi's es-

. ,.^ ii-ii-it
tended expert- upou discliaro'e bv wcu's and orifices were published in the Journal de
ments. '^

. . .

I'Ecole Polytechnique, in 1850. The detailed report,t giviug the results

of seven or eio-ht years of labor, appeared in, 1854. It contains many original, forraulse,

and is a work of much value to the science.

In 1850 a report to the legi.slature of Louisiana was made by a joint committee on

avees. This document was published, and contains valuable information. Among the

plapers accompanying it is a "Memoir upon the Physics of the Mississippi liiver," by

Professor For.shev, illustrated by several diagrams. Man}' other valuable papers upon

the Mississippi river are to be found among the imblio ducuments of Louisiana.

In 1851 Mr. Ellet submitted a rejjort to the Bureau of Topographical Engineers^

War Department, upon a sun-ey made by himself under its direction to

M?isiss^ppi"
^'^^ determine the best method of preventing the overflows of the delta of

the Mississippi. This paper constitutes \r,irt of Ex. Doc. '20, 1st Session,

.';2d Congress. Occasional references to it will be found in difterent parts of this report.

Ill 1851 was juiblished a work J by ]\Ir. T. J. I'aylor, upon the hnvs governing the

action of rivers, with an especial ajiplicatioii of them to the Tyne. A discussion of the

effect of the running water upon the bed itself constitutes the greater part of this book_

The writer deduces, without naming the originators, Dubuat's formula for the velocity

at the bottom in terms of that at the surface, and Chezv's fonnula for tlie mean velocity,

adopting 100 for the experimental coefficient. He subsecpiently proposes an original

fonnula for the mean velocity, which will be given in tlie pro2-)er place. He advocates

for the improvement of the Tyne a prolongation of the banks by means of two piers to

be carried out ujion the bar to the point where tlie along-shore tidal currents are

decidedly felt; and the closing, by a solid fiuay, of Yarrow Slake and the Coble Dean

Indentations, tracts of low land, which serve as reservoirs at high tide. B}- these

' Formulea, Tablus et Reuseignomeuts Pratiques. Paris.

t Traits de la Mesiire des Eaux Courantes. Paris.

t An Inquiry iuto the Operation of Running Streams and Tid.il Waters, witli a View to Determine tlicir Principles

of Action, and an Application of those Principles to the ImproTement of the River Tyne. London.
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mCcans he expects to increase the velocity sufficiently to deepen the bed in the lower

portion of the river at least 5 feet.

In 1851 M. de Saint Venant published a work* on hydraulics, containino- orio-inal

views and formulae.

A second series of observations upon the Mississippi river was made by Lieutenant

Marr in 1850-51, in accordance with instructions from the Secretary of

the Navy. His report constitutes Appendix B of the third volume of Miss7s"sTpp^i1

the Washington Astronomical Observations.! The system adopted for

measuring- the discharge was identical with that already described in noticing his earlier

labors. From a limited series of rough observations upon the relative velocity of sur-

face floats and double floats whose lower parts were sunk nearly to the bottom, Mr.

Marr decided to deduct in all cases a little more than one-tenth from the discharge

computed from the surfiice velocity alone. The investigations made by the present

Survey indicate that this method of computation must give materially too small a dis-

charge, and that the results obtained by using the surface velocity uncorrected are

much nearer the truth. One-ninth should therefore be added to each of the tabulated

discharges. The measurements were made daily from March 1, 1850, to February 28,

1851, and the results presented in a table giving for each day the gauge-reading, dis

charge, temperature of the air, temperature of the river-water, evaporation from bodies

of water of considerable depth, and amount of rain. The annual discharge (cor-

rected by adding a little less than one-ninth to that reported by Mr. Marr) was

15 000 000 000 000 cubic feet. The annual evaporation was 43.37 inches and the

annual rain 49.47 inches. The mean temperature of the air was G0°.44, Avhile that of

the river was 60°. 95. IMr. Marr preserved the sediment contained in two quarts of

Avater taken daily from the central ^lart of the river surface. At the end of the j^ear he

found the bulk of this sediment was to that of the water from which it was taken as 1

to 2950. Although the two series of observations conducted by Mr. Marr were made

in addition to his duties as Acting Master of the Memphis navy yard, they probably

constituted, at their date, the most extended series of actual measurements ever made

u]3on any river. Although made in a somewhat rough manner, and exliibiting con-

siderable discrepancies when closely analyzed, yet they answer well the general pur-

poses for which they were designed.

In 1851 a report upon the subject of deepening the channel at the mouths of the

Mississippi, made by Mr. C. Ellet, Jr., to the Bureau of Topographical Engineers, War
Department, was published by Congress.f

* Formulea et Tables Nouvelles pour la Solution ilos Problfenies Kelatifs aux Eaux Courantee. PariB.

t Published at Washington, D. C, 1853.

t Ex. Doc. No. 17, 3l8t Congress, 2d Session [Senate].
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Mr. Francis published a work* in 1855, giving the results of some extensive

experiments upon the flow of water over weirs and through short, rectaugvdar canals,

together with trials of certain hydraulic motors. The experiments were made at

Lowell, Massachusetts, at the expense of the manufacturing companies of that city.

The velocit}" of the water through the canals was determined by Baron Krayeuhofl's

method, namely, by noting the time of transit over a given distance, and the paths,

of long tubes so adjusted that they floated upright, with their lower ends very near the

bottom, and their upper ends above the surface. From these data, ^Ir. Francis deduced

the mean velocity, and hence the discharge, since the area of the section was known.

A careful comparison of this method with that by weirs gave a small excess in favor

of the former; Ijut the experiments were not sufficiently numerous to give a reliable

coefficient of comparison. He subsequently determined this coefficient by a very

extended comparison of experiments, and has kindly communicated it, although yet

unpublished, to the I )elta Survey. It will appear in discussing the observations of M.

de Buffon upon the Tiber, in Chapter V. This method was tested even when the dis-

charge amounted to over 1000 cubic feet per second. To test i\I. de Prony's fomiula

for the relation between surface and mean velocities, the surface velocity was measured

by floating balls of Avax, two inches in diameter, and the mean velocity determined

from the discharge given by a weir measurement. The formula was found to give a

result materially too small.

In 1855 Mr. Herman Haupt published a pamphlet upon tlie improvement of the

Ohio river, advocating a low dam and chute plan.

In the Annales des Fonts et Chaussees for 1857 is to be found an article l)y Gras

upon the torrents of the Alps.

The same volume contains a record of some gaugings of the Arve and Khone by

Chaix. The .slope of the water surface, imfortuuately, was not noted.

In the Journal of the Franklin Institute (1857) there are papers upon the improve-

ment of the navigation of the Ohio river, by Mr. Elwood Mon-is, and Mr. Milnor

Roberts.

In 1858 Lombardini published a memoir upon the recent inundations in France

and the means proposed to remedy the evils thereof

In 1858 Dupuit published a small workf upon floods, which c((ntain.s an able

argument in favor of the levee system. A note upon the flood of the Loii-e in 1846,

by Boulang(^, which originally appeared in the Annales des Fonts et Chaussees, 1848,

is added as an appendix, after receiving a somewhat severe criticism from Dupuit.

In 1858 Mr. Chai-les Ellet, Jr., submitted to the James river and Kanawha com-

pany a report upon a svu-vey made by himself to determine the feasibiUty of impi-oving

* Lowell Hydraulic ExperimentB. Boston.

< Ues Inondations. Ei.imen des Moyens Proposi?s pour en Pr^venir le Ketour. Paris, 1858.
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the navigation of the Kanawha river by artificial lakes. This report was published.*

Attached to the appendix are to be found the details of an accurate gauging of the

Ohio, at Point Pleasant, just above the mouth of the Kanawha river, on November 20,

1858.

In 1858 Mr. David Stevenson published, as a separate treatise,! an article prepared

by himself for the eighth edition of the Encyclopaedia Britannica, upon "Inland Navi-

gation." In this he treats at some length of canals, rivers, the effects of tides upon the

latter, works of river improvement, the formation and reclamation of land, etc. In the

chapter devoted to the physical characteristics of rivers, the writer gives a comjjarison

of the accuracy of certain formulae for mean velocity, determined by applying them to

very careful measurements made by himself upon a small stream, and by Dr. Anderson

upon the Tay. The formulae selected were Dubuat's (erroneously called Robison's),

Chezy's, with two new coefficients, proposed respectively by Leslie and Beardmore

(erroneously called Leslie's and Beardmore's formulae), Ellet's Mississippi formula, and

Dubuat's formula for deducing the true mean from the maximum central surface

velocity. The conclusion derived by Stevenson from this comparison and others, is

that none of the formulae are "(feneraUi/ applicable," and he adds (page. 44), "We have

seen that the formula applied to the Mississippi by Mr. EUet does not apply to such

rivers as the Tay, or to smaller water-courses; and until the result which he has o-iveu

has been compared with the discharge obtained by actual measurement of the velocities

at differeiit parts of the cross-section, we do not think that the discharge of the Missis-

sippi, which has been calculated by Mr. EUet, can be relied on as very accurate." He
proceeds to propose a formula, which will be noticed in the proper place.

In 1860 M. Thomassy published a work|t upon the geology of Louisiana, in which

he gives an account of the various charts of the mouths of the Mississippi, many his-

torical and geological facts and other interesting matter connected with the rivei'.

In his annual report for 1860, Mr. J. K. Duncan, Chief Engineer of the Board of

Public Works of the State of Louisiana, presented the results of certain surveys made
in connection Avith projects for improving the low-water navigation of Old-Red river.

The paper was illustrated by sketch maps.

In a periodical entitled De Bow's Review, published in New Orleans and Wash-

ington, many interesting papers upon the Mississippi river have appeared from time to

time within the past twelve or fifteen years.

A detailed reference is not made here to the published reports of the officers of

the Corps of Engineers and of the Corps of Topographical Engineers upon river and

harbor improvements, because of their great number. They contain a large amount

"Report on the Improvement of the Kanawha, and incidentally of the Ohio River, l)y means of Artificial Lakes
Philadelphia, 1858.

I Canal and River Engineering. Edinburgh, 1858.

} G^ologie Pratique de la Lonisiane. Paris.



20(i EEPOKT ON THE MISSISSIPPI RIVER.

of valuable information as nearly connected with the present subject as some of the

writings named in this list. They will be found in the Executive and other official

dociuiients published by Congress.

METHODS, FORMULAE, ETC., IN USE FOR GAUGING RIVERS.

Some of the works mentioned in the foregoing division of this chapter have not

been consulted, because they were not attainable; but most of them
Information ' •'

derived from the
],;,ve ]jeen, and whatever related to the iiractical gauging of streams or

preceding,woiKB ' i o o o
now to be given, ^q ^j^g laws governing water moving in open channels, has been care-

fulh' examined. This article is devoted to a brief sj-nopsis of the results of this exam-

ination, which, it is believed, presents a toleraldy complete statement of the present

condition of the subject. In order to prevent confusion, all comments are postponed;

and it is, theretbre, to be borne in mind that the views here stated are simpl}' those of

the authors of the ^^orks referred to.

Ncir system of notatioH adopted.—In Avorks treating of this subject, ambiguities

, arisin<x from imperfect notation are frequently to be found. The num-
New system of c i i

notation adopted,
j^^^^. _^^-

,^y^.^^^f^f^^.^ considered is so great th;it, unless especial care is

taken, this fault is inevitable. For this reason, the following general system of nota-

tion has been devised and uniforudy employed. Unless expres.sly stated to the con-

trary, the unit is alwa}'s the English foot.

/ — Length of a limited portion of the river.

h ^z h -\- h =z Ditference of level of the water surface at the two extremities of the

distance /.

]i ;^ The part of h consumed in overcoming the resistances of the chaiuiel sup[)osed to

be straight and of nearly uniform cross-section.

Ii iz: The part of It consumed in overcoming the resistances of bends and inijiortant

irregularities of cross-section.

s ^-j' zz IMie sine of the slope ; or the fall of the water surface in one English foot

considering the channel straight and nearly uniform.

H — Fall in water surface in one English mile.

« — Area of cross-section.

jj — Length of wetted perimeter.

)• — -— Mean radius, or hvdraulic mean depth.— p
—

r :-TT7 r= I\lean radius ijrime.
'
—p -H VV 1

Q) zr Discharge in cubic feet per second.

/' — _ — The mean velocity of the river in feet ix-r second.

D — Depth of the ri\er at any given point of the surface.

r?:= Distance below the surface, of any given point.
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(/, = Distance below the surface, of the fillet moving witli tlie inaximiun velocity in

the assumed vertical plane jjarallel to the current.

in zz Distance below the surface, of the fillet moving with a velocity equal to the mean

of the velocities of all fillets in the assumed vertical plane parallel to the

current.

A =: Maximum or mid-channel depth.

Wrr Width of the river siu-face at any given locality.

w i^ Perpendicular distance from the base-line to any poinf of the water surface.

w',zr Perpendicular distance from the base-line to the surface fillet moving witli the

maximmn velocit3^

V zr Velocity in feet per second at any point in any vertical plane parallel to the

current. When any particular plane is considered, its perpendicular distance

from the base-line is placed below and to the left of V. Thus 500V denotes the

velocity at any depth below the surface in the vertical plane 500 feet from the

base-line
; ^V denotes the same quantity in the vertical plane containing the

maximum surface velocity, etc., etc. If the velocity at an}- particular depth is

considered, it is designated by placing the perpendicular distance from the water

surface below and to the right of the letter V. Thus, Vo , V5 , Vj„ , V„ , V„, , V^ ,

denote, respectively, the velocity at the surface, that at a point f) feet below it,

that at mid-depth, that at the bottom, the maximum and the mean of the entire

curve in any vertical plane parallel to tlie current. Tliis system renders it

easy to designate exactly the velocity at any point of the river cross-section.

Thus, looV.^o is the velocity 20 feet below a point on the sui-face at a perpendicular

distance of 100 feet from the base-line.

Uzr Velocity in feet per second at any point in the mean of all vertical planes parallel

to the current. The system for designating the depth below the surface is the

same as that just described for V. Thus U„j signifies the grand mean of the

mean velocities in all vertical planes parallel to the current between the river

banks ; U^ signifies the mean of the bottom velocities of all vertical planes, etc.

/rz The number denoting the force of the wind ; a calm or a wind Ijlowing at right

angles to the current being considered zero, and a hurricane ten. Its essential

sign is negative for a wind lilowing down stream, and positive for a wind blowing

up stream.

a zz Angle of incidence of the water in passing round a bend. It is always assumed

about equal to 30°, and the effect of the bend estimated by determining the

number of such deflections necessary to pass round it.

G iz: Density of the river-water.

gzzThe velocity acquired in falling for one second. It is uniformly assumed at

32.138 feet, its value at the level of the sea in lat. 35°.
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Tlie discharge of a stream is usu.ally estimated by the number of cubic feet of water

which passes througli its channel in a given time, as, for instance, one
Methods of .second. This quantity is enual to the sum of the products of each of

gauging nvers. i .- j. i

tlie elementary areas of the cross-section by the velocity with which the

water Hows through it, or to the product of the total area of cross-section by the mean

velociti/, as a mean of all these elementary velocities is called. There are three methods

in common use tor detei'mining the discharge, when, as is the case with most rivers, a

dam measurement—the most accurate of an}-—is impracticable. In each of them a

knowledge of the area of the cross-section of the stream is obtained by careful soundings,

or, if desirable, 1)y other more accurate means. The methods, therefore, differ only in

the manner of determining the mean velocity. Each method will be noticed in the order

of its accuracy.

Method hi/ actual measurement.—By this method, the velocity in all parts of the cross-

section is actually measured, and a mean of the results taken for the

urement of the mean vclocity. If the cross-section is irregular in form, the only accurate
mean velocity. , .. ,..,.. ., iii

manner ot computation is to dmde it into j)artiai areas so small that

the velocity throughout each may be considered unvaiying. The discharge is then

equal to the sum of the products of these partial areas by their velocities. The different

means used to measiii'e the velocity are :

—

1. B)^ noting the time of transit of Hoating bodies over known distances. Small

jjodies, too light to be sen.sibly affected by the component of gravity

Method by
, ,,,,.,^11^.1 to the surlaco, must be selected. IJits of solid wood, and bottles

floats. I '

filled with water until nearly submerged, have often been used for sur-

face floats. Boileau proposes balls of soft wax on account of their adhesive properties.

Dubuat used gooseberries for velocities near the bottom. Double floats for measuring

the velocity below the surfiice were first u.sed by da Vinci iu anno Domini 1490-99.

They are of various kinds, usually consisting of small surface floats, of minimum size,

supporting by cords larger submerged bodies. Krayenhoft' used rods loaded at one

end, and supported by a light float at the other, so as to assume a vertical ])ositioii.

They were made to extend from the .surface nearl}- to the l)ottom, in ordcn- to obtain as

closely as possible the mean velocity of all the fillets in the vertical ])laiie. This

method, with slight modifications, has been adoj)ted l)y do Uu ffon, Destrem, Francis,

and others. In small canals, Ilirn useil light, covered frames, so arranged that the}'

would assume a vertical position at right angles to the thread of the current, and

nearly fill the whole cross-section. He tlius measured, appro.ximately, tli(^ mean

velocity of the whole stream at once, liaucourt used a kind of ship's log for some of

his experiments upon the Neva, a method adopted by Lieutenant Marr in his observa-

tions on the Mississippi at Memphis.
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2. By noting' the time of transit of a globnle of air tln-migli a given portion of a

g'lass tube immersed and lield parallel to the current. The" velocity of gy ^ modified

passag'e can be made as small as desirable by fitting- a conical month- ^"^ ^°^^'

piece to the upper end of the tube. The expression for the ratio between this velocity

and the true velocity of the current can be readily deduced by actual experiments witli

floats. (Boileau.)

3. By a light paddle-wheel with slight friction upon its axis, so placed that the

paddles are submerged. The velocity of their centre of percussion, syrevoiutions

which can be deduced by noting the number of rotations in a given ° ^ '"^^^^

time, is nearly that of the water. This instrument, of course, only measures veloci-

ties very near the surface.

4. By different kinds of self-recording meters (Woltmann's, Brewster's, Laignel's,

Saxton's, and others), to which motion is communicated by tlie water, By seif-reoord-

whicli strikes fans like those of a windmill. The velocity is deduced '"s™^*^"-

from the number of rotations of the axle. These instruments can be used at any

depth.

5. By a box with a small hole in the up-stream side, whicli is sunk
By a box.

to the desired depth and withdrawn in a g'iven time. The velocity is

computed from the quantity of water found in the box. (Grandi.)

G. By a glass tube bent at the lower end. Its lower orifice is directed against

the current at any desired depth, and the velocity deduced from the

difference of level between the water in the tube and that in the river.
^^^^'

(Pitot.)

7. Bv means of a quadrant, to the centre of whose graduated arc a string sup-

porting a ball is attached. The ball is immersed in the stream and the ^ ^ quad-
angular change induced by the current measures the velocity, which,

^^^^'

for the same ball, is equal to the product of a constant coefficient by the square root

of the tangent of this angular change. (Castelli.)

8. Bv measuring with a delicate balance the pressure of the cur- By a balance
"

_ _
and submerged

rent upon a ball innnersed in the stream and attached to the balance by ^aii.

a wire. (Saint Venant.)

9. By means of a small plate connected by a system of jDulleys and braces with

a balance. The instrument is held firmly at the desired depth, so that

the plate is directly opposed to the current. The balance indicates the and^machlne'ry^

pressure, and the velocity results from it by computation. Briinings'

tachometer is constructed upon this principle.

10. By bringing a delicate thermometer to a fixed temperature and

then noting the different rates of cooling, in and out of the current, mometer.*'*^'^'

(Leshe.)

27h

By Pitot's
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Mcfliiid 1)1/ pdii/al iiwasurcmctit.—By this method tlic velority in one or more places

is measured by any of the above phms, and the mean velocity of the

Usual theory stream deduced by calculation. This method requires a knowledge of
to account for , . i i i • • • t,v , ^ .1
resistances en- tlie relation between the velocities m ditterent parts ot the cross-section
countered by

. i.ii i t iiii-
water moving in ot streams, a reuitioii which has not vet been discovered, althougli it

a natural chan-
nel, lias formed the subject of careful study. The theory adopted by most

modern writers is the following : The movement being caused solely by

the slope of the surface, the velocity Avould be equal in all ]iarts of a river section were

it not for the retarding influence of the bed. The layer of elementary i)articles next

to the bed adheres firmly to it by virtue of the force of adhesion. The next layer is

retarded partly by the cohesion existing between it and the first, partly by friction,

and partly by the loss of living force arising from constant collision with the irregu-

larities which, of course, correspond to those of the bed. The next layer is retarded

in the same manner but in a less degree. Thus the eff"ect of the resistances is dimin-

ished as the distance from the bed is increased. According to this theory, assuming,

as is generally done, that no sensible resistance is experienced from the air, the maxi-

mum velocity should be found in the surface fillet situated at the greatest mean dis-

tance from the bed. Many exjjeriments have been made to determine the actual varia-

tion in velocity at difterent depths, and, upon the sui-tace, at difterent distances from

the banks. Great diversitv exists among- the results oljtaiiied, as will be seen from

tlie following svnopsis. It shows that no mathematical relation, of sufficiently general

ai)plication to constitute a practical law, has been hitherto discovered.

The velocity below the surface in any given vertical plane jjarallel
Velocityin

any given verti- to tlic current wiU first bc Considered.
cal plane paral-
lel to the cur- Tadiiii (Italian collection, 182o) states that generallv the vclocitv
rent. ^ ' ^ o .

at the surface is to that at the bottom as 1 is to 0.001 (! : but that in

parts of the P<:> where the current and -slope are gentle and the surface jjarallel to the

bed, the two are nearly equal.

Dubuat found, by forty-eight experiments upon a small canal less than 1 foot deeji,

that the diflerence between the surface and bottom velocities 'in the thread of tlir enrrciit

was greater as the velocity Avas less. He thought the ratio was independent of the

mean radius and nature of the bottom. His formula for the bottom velocity is

—

,,VDr=(„^7-0.29)^

He found the position of the fillet of mean velocity to be from tr to i of the total depth

of the water a})ove the l)ottom, but he did not consider his experiments decisive upon

this point.

Focacci foiuid that, in a canal ."> feet deep, the maximum velocitv was from 2 to

2.5 feet below the surface.

Gerstner considers the \('rtical law to be given by the (U'dinates of an ellipse.
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Briiiiiii-gs t'ound that the mean of the whole vertical curve varied from 0.89 to 0.!)6

of the velocity at the surface, or ratlier 1 foot below it, for velocities between 2 and 5

feet per second, in canals from 5 to 14 feet deep.

Woltmann states that the velocity diminishes from the surface downward in the

ratio of the ordinates of a })arabola whose axis is vertical and whose vertex is a certain

distance below the bottom of the river.

Xinienes found the mean velocity in a vertical plane in the Arno, where it was

15 feet deep and had a surfiice velocity of 3 feet, to be 0.92 of that at the surf;ice.

Eytelwein found no fixed law to exist, but finally admitted a decrease in an arith-

metical progression, amounting- to /q of the superficial velocity for each metre in depth.

In other words, the law is shown by the ordinates of an inclined right line.

Fiink considers the law of diminution to be shown by a logarithmic curve.

Young considers -^ of the superficial velocitv sufficient for the mean of the vertical

curve.

Defontaine states that in calm weather the velocity of tlie Ivliine is greatest at the

surface. It decreases insensibly at first as the depth is increased, but the change

becomes quite rapid near the bottom. The law is given by the ordinates of two right

lines forming an angle with each other. The mean velocity of the whole line varies

from 0.85 to 0.89 of the maximum; its position is generally at about | of the depth

below the surface.

Raucom't made experiments upon the Neva where it is 9()0 feet wide and of regu-

lar section, the maximum depth being 63 feet. AVhen the river was frozen over, the

maximum velocity (2 feet 7 inches per second) was found a little below the middle of

the deepest vertical. It was somewhat less than double that at the surface and bottom,

which were nearly equal to each other. In summer he found the maximum velocity

was near the surface in calm weather; but the wind had great effect, reducing the

sux-face velocity when a strong wind was blowing up stream, so that it hardly exceeded

that at the bottom. He considers the law of diminution to be given by the ordinates

of an ellipse whose vertex is a little below the bottom, and whose lesser axis is a little

below tlie surface.

Hennocque found the maxinuim velocity in the Rhine to be, in calm weather or

with a light wind, i of the depth Ijelow the surface ; in a strong wind up stream, it was

a little below mid-depth; in a strong wind down stream, it was at the surface.

Baumgarten found in the Garonne that the maxinuim velocity was generally at

the surface, but that in one section (about 325 feet in width) it was always below;

and in another it Avas below for a certain j)ortion (tf the width (about
J)
and not so for

the rest. Often, when the maximum velocity was below, and sometimes when it Avas

at the surface, the ciu've of change was nearly a straight line; generally, however, there

was a slight elbow, flie upper j>art being vertical or inclining down or up stream. In
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tlie latter case the curve resembled a very open hyperbola whose vertex was at the

point of maximum velocity. The direction and force of wind Avere not recorded in

tliose experiments. In the Canal du Rhone au Klnn (45 feet wide) the maximum
velocity was uniformly from

J
to

I
of the depth below the surface, except for about 3

feet in the middle, where it was at the surfiice. The point of maximum velocity was

n-lativel}' higher as the depth was greater. The velocity below the point of maximum
generally decreased according- to the parabolic law.

D'Aubuisson considers that the velocity diminishes slowly at tirst, as the depth

increases, but that near the bottom the chang-e is more rapid. The bottom velocity

is, however, always more than half that of the surface.

Boileau found, by experiment in a small canal, that the maximum velocitv was
^

to
I
of the depth below the surtace. Below this point the velocity diminished rapidly

and nearly in the ratio of the ordinates of a parabola whose axis was at the surface.

Al)ove, he considered that the change followed no law, but was much aftected by

wind. He decided, from a discussion of the exi)eriments of Defontaine. Hennocque,

and Baumgarten, that in large rivers the mean velocity in a vertical plane is generally

a very little more than O.I:) of the maximum in that plane, which is by no means always

at the surface; also that no relation exists between the sui'face and mean velocities in

a vertical plane; and that the velocity varies more on the same vertical as the velocitv

is increased and less as the depth is increased.

The velocity at different points of the surtace will next be considered. The form

of the cross-section and the set of the current have such an effect upon

curves of veioc- the Velocity at the surface, at different distances fi'om the banks, that no
ity.

definite law of change exists. There is generally an increase of velocitA-,

as the distance from the banks is increased, until the maximum point is reached.

Boileau, from discussing some observations made by himself upon a small wooden

canal, and the observations of Defontaine and Baumgarten on the Ehine, considers

that this decrease follows the parabolic law except for points very near the banks.

He concludes that the velocitv from point to point varies more in great than in small

velocities and less in Avide than in narrow rivers.

It is general!}^ conceded that the variation in t-urves of surface velocity is too

great to justify any attemjjt to deduce numerical relations, btit, in j)ractice, many

engineers assume the same ratio between the mean and maximum velocities upon the

surface that exists between the same quantities in a vertical plane.

The mean velocity of the stream comes next in order. This velocity is e(pial to

the ([uotient arising from dividing^ the discharge in the unit of time by
True mean ve- , . . • i i

locity of the tlie area of cross-section. Ihe ratio i)etween it and the maximum sur-
stream by simple

,
i • i • > i

.,...
measurement. face \elocity has formed the subject of much careful nnestigation.
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Diiliu.it, t'niiu several experiiueuts upon small wooden canals, has de:luced tlie

followiiiii' fcinnula':

—

,„,V„ rr (,„,Vd*+ 0.299)^

,,Vd = CTil- 0.299)"-.

De Prony criticist's these formula' because v does not become zero when „Yg zz 0,

which it slioidd do to conform to nature. He deduces the following formula from

Dul mat's experiments :

—

He considers the formula

—

^^
V^ + i0.34oOS'

r 0.S16458 .„Y„

to be sufficiently accurate in practice.

Young proposes the formula

—

,. = ,„v. + '-(,v.,+ ;),

Most writers have been satisfied with deducing a simple numerical ratio between

the mean velocity and the maximum surface velocity. The following are some of

these ratios:

—

Briinings adopts 0.85, varying between 0.72 and 0.98.

Dubuat, for small canals about 1 foot deep, proposes 0.71 to 0.96.

Destrem and de Prouy consider, from observations upon the Neva, that the mean

velocity of that river is
I
of that at the surface.

Boileau found that no constant ratio could be deduced from his own and published

experiments, and therefore considers it necessary to measure the mean velocity in a

number of vertical planes sufficient to gi\e a well-determined horizontal curve; and

then to take a mean of this horizontal curve to obtain the mean velocitv of the section.

He considers 0.82 an approximate ratio for canals.

Baumgarten found, by his observations on the Garonne, that de Prony's fornmla,

with a coefficient of 0.8, gave fair results.

Dupuit, from theoretical considerations, believes the ratio to vary between 0.67

and 1.00.

Method hy furmuke.—By this method the mean velocity is computed from certain

measured quantities of which it is a function. IMany practical formula

have been jiroposed for this j^urpose by hydraulic engineers. Some of By formulae in
""

terras cf dimeii-

these are based uiion the supposition of "uniform," and others ui)on that sions of cross-
section and

of "i)ermanent," motion. The former requires that the cross-section of slope. Two
' ^ classes of such

the channel shall be invariable and the slope of the fluid-surface constant formuise.

In other words, if the stream be di^^ded into straight filaments, parallel

to the direction of its motion, the velocity may vary for different filaments, but not at
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different i)oints of the same tilaineiit. The condition of permiinent motion is essentially

different. Tlie cross-section and sIojjc of the water-snrface may undergo changes

—

2)rovided, liowever, tliere be no sndden bends to pnxUice eddies or undulation—but th.e

discharge tlu-ough the different cross-sections must be identical. In other words, the

stream \u;\y be considered to be composed of filaments jjarallel to the general direction

of motion, var\ing from i)oint to ])oint in diameter, and hence in velocity, but unvary-

ing in discharge.

The latter supposition evidently corres^xinds to the more general case, and more

nearlv conforms to the actual condition of rivers, Init the formula' based ui)on it differ

only from those for uniform motion in containing an expression which takes into accomit

the changes of living force produced by changes of cross-section at different localities.

If, therefore, the variations in the cross-section of the stream throughout the distance

considered are unknown, the only distinctive terms between the two formuhp disappear.

This is, in general, the case where a formula is required in the discussions contained

in tliis report. For this reason, the fonnuhc proposed for water in luiiforiii iiiotioii will

alone be notii-ed.

1. M. Chezv considered that, from the manner in wliich the friction of the bed

exerts its influence, the resistances encountered bv water in miiforni
That of Chezy.

. i i i i ,. i i •

motion are du'ectlv ])roportionai to the length ot tlie wetted permieter

and to tlie length of the channel. ' He also, upon the supposition of a layer of immov-

able licjuid particles lining the channel, considered the resistances to be i)roportional to

the square of the mean velocity; since, by an increase of velocity, a proi)ortionall)'

"•reater number of [larticles are separated in a proportionally less time. That is, the

resistances may be considered to be e(]ual to A /" I p. Placing this expression e(pial to

a (J //,, a product proportional to the effective component of the weight, which in uniform

motion is entirely consumed in overcoming the resistances, and solving the equation

with respect to r, he deduced the fornuda

—

=(i';,':)'="*-'''-

Wlien l> has liceu (K'terniin'tMl l)y expei'iment, this fornnila gives the mean velocity by

a very simple calculation. If is singular that this, the first practical fonnula ever pro-

posed for the uniform motion of water in open channels, slioidd be the one now gen-

erallv adopted for large liodies of water in I'apid motion. 'I'he nund)er adopted for 1>

by Chezy is not given in an\- of the papers met with which contain his formula, 1)ut

.several different values have been ])roposed by subsecpient engineers. Thus Young,

for large streams, adopts S4.."i. F.\tclwein uses |i;i. L I )'Aubuisson, for velocities over

2 feet, uses iJn.G. Downings and 'i'aylor, for large and rapid rivers, adopt IHO. Leslie,

for small streams, n.ses fi8, and for large streams, ]00, 15eardmore adopts 94.2. Neville,
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lor straight rapid rivers witli a velocity of 1.5 feet, uses 92.3, and for greater velocities,

93.3. Stevenson, for small streams, adopts 61), and for large streams, [}G, etc., etc.

2. Dubuat exhibited great ingenuity in deducing his celebrated formula. To follow

liim through his theoretical analvsis would extend this article beyond
, " ... .

Thr.t of Dubuat.
its proper limits, and, therefore, only a brief notice of the principal

stejjs can be attempted.

He began by showing first, that the slope of the surface alone causes motion; and

second, that in riniforni motion the resistances are equal to the accelerating forces. He
then demonstrated that a close analogy exists between the motion of water in jjipes

and in open channels, and thus iiiferred that theories for the movement of water in the

latter may be tested l>y the more accurate experiments which can be made upon the

former.

Considering reason and experiment both to indicate that the resistances increase as

(••, he assumed them to be proportional to — • The accelerating forces are proportional

to^'. Hence, for a preliminary e(piati(ni he deduced ^ = -.-', or '(t-) zz (r/A)*,

in which the second lunnber is a constant quantit}-. On testing this formula bv manv

experiments, he found that ''(;-) , even in the same, clianiicj, is not constant, but that

it increases slightly as v increases. That is, in order to have A a constant, some func-

tion of tlie coefficient of v, which will increase less rapidly than the quantitv itself,

must be substituted. Denoting this function hx r, the formula became

—

Experiment showed that, when the slope is very small, .r is nearly equal to (~\ , but

that as it augments, x must become considerably less than ( .- j and that aAZ must

increase «» fy ) diminishes. Many functions of fj^ were tried, and much reason-

ing upon the effect of variation in slopes was employed before Dubuat finally found
that these conditions are numerically fulfilled in a satisfactory manner by the follow-

ing expression, in which L is the hyperbolic logarithm:

—

Substituting this value for x, the formula became

—

Although this value of x made v x constant for all cases where the slope alone varied,

experiment showed that, where difterent l^eds were used, tl:e expression again became
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a varial)le, being greater as the perimeter l)eeaine greater witli respect to tlie area.

This is evi<lentlv to be expected, since the same nmonnt of friction mnst l)econie k-ss

effective as the number of particles upon whicli it acts is increased. Hence A cannot

be a constant except for tlie same bed, as it nuist v;try with tlie mean radius. Dubuat

first tried a simph^ ratio, assuming

—

This modification did not (juite agree witli experiment, as r- increased rather more

rapidly than r x. He then tried r* — (I..03, and found it to make the fir.st member sen-

sibly constant for small pipes, where the viscidity jjroduces little effect. Tlie fornnda

tkerefore became

—

(gA)i
^^— ri —0.03'

in which the second member, being constant for small iiijies, maybe placed erpial to V>.

Hence

—

A --(>•* —o.oay^

That is, A, instead of being a constant, as was at first assumed, is in reality equal to

a constant - nndtiplied l)y a variable. I'lacing ~ zz (J, substituting tke value of ./ and

reducing, the general fornnda became

—

{C<))i {ri -0.03
)

This fornnda, when applied to large pipes or canals, was found to give results sligktly

in excess, tke error increasing witk tke mean radius. Tkis Dubuat attributed to viscid-

ity, or tke cokesion of tke particles of water to eack otker. Since tke ditfereiu'e of

velocity of the adjacent particles alone brings this force into action, it must l)e very

small. A certain portion of the slope, which otherwise would produce velocit}", may be

considered as constantly exerted in overcoming this foi-ce. (Jailing -~ this slope, tlie

velocity due to it, or ;', Avill be given by tiie fornnda

—

, (Cff)i(>-i-0.03)

(»')'-H^'")'
Since //, is always very small, the second mend)cr becomes practically equal to

J) (>*— ().().'»). l)Ut J is a portion of the slope which would cause velocity were not its

effects absorbed ))y the vis(•idit^•. Tliis value of r' nuist therefore be subtracted from

the expression for r in order to (detain a true ('(piation. Witli this correction the

formula became—

„ _ {
Cg)i{ri-0.03) . .

, .,

.
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Substituting' the numerical values of the constants deduced by Dubuat, and reducing

to English feet, it finally takes the form

—

"=,,^f"""r"" X. -0"8<= (''-0.03),

in wliich L, the hyperbolic logarithm, is equal to the corresponding common logarithm-

multiplied by 2.302585.

3. Gu-ard was the first to apply Coulomb's experimental laws for the friction of

fluids upon solids, to deducin"' a formiJa for water flowiner unifomilv.
^

^
.

"
, , , ^

° -^ That of Girard.

These laws are that, in small velocities, the friction is nearly propor-

tional to the square of the velocity, and to the area of the wetted surface ; and entirely

independent of the pressure and of the natui'e of the sui'face. Considering the viscidity

proportional to the velocity, the resistances being proportional to the sum of the friction

and viscidity, may be represented by A I p (v + v"). Placing this expression equal to

g 1i^ a, an expression proportional to the accelerating force, and solving the eqiuition

witli respect to v, he deduced the formula—

. = 0.5 +(0.25 + 14;)'.

Considering that in canals, for which he especially deduced this formula, the A'elocity

would be affected by the aquatic plants growing uj)on the sides, Girard assumed the

effective perimeter to be equal to 1.7 p. He deduced the value of A from twelve

experiments of Dubuat and Chezy, the maximum velocity being about 2.5 feet, and the

maximum area 96 square feet. Substituting these values and reducing, the formula

becomes in English feet:

—

V - (2.69 + 26384 r s)*— 1.64.

4. De Prony, adopting the supposition of an immovable liquid layer lining the

channel, placed Chezy's expression ^-~— equal to a function of the
''P That of de Prony.

form C + A y + B f -f D v^ -{- etc., and proceeded to determine by

experiment the values of C, A, B, D, etc. for water in uniform motion. He argued that

since the value of C depends upon the values of a and h^ when they allow the water

to be on the point of moving but still to have no actual motion, it must be so small

as to be safely neglected in practice. He also found that, for all practical purposes,

terms involving v to higher powers than the second might be neglected. His fonnula

therefore became

—

grs=:Av-{-B v^.

He then selected ten of Dubuat's and two of Chezy's experiments, and deduced from

them, by La Place's methods for correcting anomalies, the values of A and B. Finding

the foi-mula gave satisfactory results, he instituted new and very careful experiments,

and deduced by the same process ffom twentythree of them, and eight of Dubuat's, still

28 H
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more accurate values. The maximum velocity in these experiments was about 3 feet,

and the maximum area of cross-section 96 square feet. Substituting the values of A
and B last determined and reducing, with the adopted value for g, the formula becomes

in English feet

—

e— (0.055G+ 10593 r s)»- 0.2357.

De Prony then deduced new values of A and B from fifty-one experiments upon pipes

and thirty-one upon open channels, in order to frame a formula applicable to lx)tli

kijids of discharge. The resulting formula is

—

r=(0.0237-f 9966 r6)»-0.1542.

Eytelwein proposed new values for A and B in de Prony's formula, deduced by him-

self from ninety-one observations on canals and rivers, where the velocity varied fi-om

0.4 of a foot to 8 feet, and the cross-section from 0.2 of a square foot to 28020 square

feet. The formula thus becomes

—

r—(0.0119-f8963>-5)*-0.1089.

5. Eytelwein deduced a formula for water in uniform motion by the following train

of reasoning. When water is moving uniformly, the whole component

ThatofEytei- of srravity wliicli causes the motion is employed in overcominfj the
wein. e J I. J

^

..

friction. This component varies as the fall in a given distance. Hence

the friction varies as this fall. But the velocity varies as the sqv;are root of the friction,

since a proportionally greater number of particles are separated in a proportionally

less time. Hence the velocity varies as the square root of the fall in a given distance.

The friction also varies with the mean radius. Hence the velocity varies with the

square root of this quantity. But, if the velocity varies with the square root of the

fall in a given distance and with the sqiuire root of the mean radius, it must vary as

the product of the square roots of those two quantities. Adopting 2 English miles as

the length in wliich to estimate the fiUl, Eytelwein foimd the experimental coefficient

to be ^. His formula therefore took the fonn

—

t— 0.9091 (2 H /•)*,

in which H is the fall in one English mile. This is e^adently a simple reproduction of

the Chezy formula, since by reduction it can be put under the form

—

r= 93.4 (r s)».

G. Dr. Thomas Young, in some investigations relating to the circulation of the

blood, had occasion to use fonuulse for the flow of fluids through pipes.
That of Young.

i' -i
• ^ ^ ii ••

Bemg dissatisfied witli those already existing, he undertook to deduce

original ones from various published tables of experiments by Dubuat and others. He

found that the friction could not be represented by any simple power of v, although it

frequently varies with v^-\ It could be represented by a function of v and r. The

coefficients of these powers, however, must vary in pipes of difi'erent diameters; that of

V being in very large pipes or rivers less, and in minute tubes greater, than that of v^
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while that of v' must be greater for a given area of the surface of the pipe as the

diameter diminishes.

Now dl%-iding the total head into two parts, one may be considered as employed

entirely in overcoming friction. Calling this h^, the diameter of the pipe D, its

length I, and the mean velocity v, we may assume /;,— Aj-?r+2 B^j?', since friction

is directly proportional to7 and inversely to D. But h^, he found from the experiments

to be given by Ji^^h— ^rn, in which 7; is the total head, and the French inch the unit.

Substituting this value, and deducing numerical expressions for A and B, he found, for

the case of rivers, formulae which, when reduced to English feet, become

—

_ / r « B' \ B

in which A and B are variables depending upon r. He deduced the following values

for them from published expei'iments :

—

A^O.OOOOOOl (413 + h^-J^-^-^l^y,
BrrO.OOOOOOlf-I^T^+^r 271.25

^^^OMOimy.

For most rivers, as already stated in discussing the Chezy formula, he adojits

vzz84.3 (r s)*. Dr. Young gave tables of the values of A and B computed for various

small values of r, both for French and English inches, in Philosophical Transactions,

1808. Ml-. Storrow introduced these formulas in his treatise on water-works, with the

constants adapted to French inches, and by some oversight added the table of values

for A and B computed for English inches.

7. Lombardini does not give the details fi'om which he deduced his formulae for

computing the discharges of the Adda and the Po. He assumed Chezy's

general equation for the mean velocity of water in uniform motion, viz :— of^°o°mJar^ni^

v=A (r s)*.

Substituting D for r, and multiplying both members of the equation by a, it becomes

a v-q-k a (D s)i z=AWD (D s)* = AWD^ si

Assuming the bed of the river and AV to remain unchanged for all stages of water, he

derived from a few actual measurements of discharge the values of A and s, the former

proving to be a constant and the latter a function of D. The resulting formulae, giving

the discharge per second in cubic metres, are

—

For the Adda QzzlOO D^ (1-0.032 D):=100 Di - 3.2 Di
For the Po Q= 767 Di (0.115— 0.00069 D')*.

These empirical formulae are convenient for the jDurpose for which they were deduced,

—

namely, a rough computation of the discharge for a given gauge-reading, but being

strictly local in character, no application of them to other rivers is possible. A glance

at the measurements of the discharge of the Mississippi river, which will soon be stated in

detail, will show that such formulae can only be employed for the most general purposes.
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8. Weisbacli, adopting Dubiiat's tlieorem, tliat in uuifoiTa motion all the fall is

™>. ^ r Txr . consumed in overcoming friction, deduces a formula by placing the total
That of W^eis- o ; j i o

^^°^-
fall in a given distance equal to the height due to the resistances of

friction, Avhich, following the usual course of reasoning, he represents by A ^ 77--

Hence— «' = ('/ '" «)* •

He considers that the quantity A, which he terms the "coefHcient of the resistances,''

increases for small, and diminishes for great velocities, and adopts I.ahmeyer's value, or:

A:.: 0.007400(1+^).

He o-ives a table containing the values of A for different values of v, and advises a

system of computation by successive approximations. This is needless labor, for, by

a simple process of algebraic reduction, the formula becomes (for latitude 35°)

—

V — (0.00024 + 8675 r s)* - 0.0154.

Tliis is simply a reproduction of de Prony's foiTuula, the only change being in the

numerical value of the coefficients. It will therefore be so classed when tested in

Chapter V.

For floods, Weisbach considers the relative change of velocity to be one-half, and

the relative change in the discharge thi-ee-halves, of the relative change in the depth of

the water.

9. BaumTarten gauged the Garonne twenty-five times between the years 1837

and 1847, at stages varying nearly from low to high water. From the

Local formula |^ ^|j,^g collected (wluch are not published in detail), he framed an
of Baumgarten. ^ ^ •'

empirical formula, adopting the general form of that proposed by Lom-

bardini for the Po and Adda. It accords, witliin about five per cent., with the meas-

ured discharges. The unit bemg the meti-e, it is

—

Q = 125 D» (0.201 D - 0.044 D^ + 0.003 D' - 0.094)»,

in which Q represents the discharge, and D the mean depth, at Tonneins. This formula

is evidently entirely local, and Hable to the objections raised against Lombardini's.

10. Dupuit's formulae are based upon assumptions which differ materially from

those of most engineers. He proves, by an analytical demonstration,
at o up

. ^-^^^ ^1^^ supposition of an immovable layer of liquid lining the channel,

and thus reducing the friction from that of a Hquid upon a solid to that of a liquid upon

a liquid, is inadmissible, and that the cohesion between the different particles is very

much greater than their adhesion to the solids on which they flow. He considers the

resistances of adhesion and cohesion to have the common properties of being dhectly

proportional to the surfaces in contact, and of being entirely hidependent of pressure

;

but that, while the former increases with the absolute velocity of the stream, and may
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be directly compared to the friction of solids, the latter is properly a kind of chemical

affinity, which is proportional to the relative velocity of the contiguous molecules.

These ideas relative to the resistances acting upon water in motion suggest equa-

tions of equilibrium for a iluld mass flowing in any channel with any velocity what-

ever. For simplicity, he supposes the water to be flowing uniformly through a rectan-

gvflar cross-section of indefinite width, so that no resistance is experienced from the

sides. The motion In all vertical planes parallel to the current is here the same, and

the attention may be confined to any one of them. The surface fillet in the selected

plane is In the condition of a solid gliding over an inchned plane. The accelerating

force of gravity acts on it pro2:)ortIonally to its weight and to the sine of the angle of

inclination. Designating the velocities of the surface fillet and of the fillets below it,

successively, by Vq) ^i, ^^i, etc., etc., the retarding force which holds the surface fillet

in equilibrium is evidently a function of (Vo— Vj), otherwise the motion could not be

uniform. The equation of equilibrium for the upper fillet Is, therefore

—

GgsS d-(p (Vo-Vi).

Or, dividing both members by Gr ff:
—

sScl^cp (Vo- Vi).

Each fillet below, except the bottom one, is m-ged forward by its weight and by its

cohesion to the more rajjldly mo^^ng fillet above, and is retarded by its cohesion to the

slower fillet below. The bottom fillet Is retarded by its adliesion to the bed. The fol-

lowing equations of equilibrium can therefore be written, in which the velocities of the

bottom fillet and of the fillets above it, successively, are designated by Vd, Vd.;, Vd_u,

etc.:

—

Surface fillet s d d ^ cp (Vq— Vi)

Next fillet s d d=(p (Vj- ViO— q) (Vo—VO

Last fillet but one. . s d d -zz q> (Vr,_ii— VD_i) — cp (VD-m — Vi,_ii)

Bottom fillet s S d=(p (Vd) — q> (Yb-u — Vd-i).

Taking the sum of these equations, member by member, the following very important

expression results:

—

The velocities at the bottom in all the vertical planes having been assumed equal, this

may be put under the foiTn:

—

s a —p cp (Ud), or r s—g) (Ud) r:: A Ud + B Ud^ + . . . .

This equation is analogous to the usual expression r s z^ cp (r) ; but the difference is

evidently a radical one. The needs of the science, however, require a fonnula for the

mean velocity, and unless some algebraic relation between IlD'and v can be established,

this discussion amounts to little more than a barren demonstration of error in existing
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fonnula?. The relation existing between Ud and v depends directly npon the law gov-

erning the action of cohesion, and is deduced by Dupnit by the following simple and

ingenious train of reasoning. Since the force of cohesion is proportional to the infi-

nitely small difference of velocity between contiguous molecules, it can only be

expressed in finite qiiantities by adopting for the unit an infinitely small quantity, such

as the distance between the elementary layers of the fluid. The algebraic expression

for the resistance of cohesion between two layers becomes, therefore, g) (^—i) in whicli

6 V is the infinitely small difference of velocity between the two layers, and 6 d the

infinitely small distance between them. Substituting this expression for the difference

of the velocities of the elementary fillets heretofore used, in the equations for the

equilibrium of the fluid mass, and taking the sum of the equations, member by mem-

ber, from the surface down to any assumed depth, d, the expression becomes

—

Dupuit proceeds to show that, in the development of this function, all terms but the

first may be neglected, withovit sensible eiTOi', giving

—

s « rz — E —J-

Integrating this equation, it becomes

—

y=G-,^di

Since the velocity at the bottom in all vertical planes is assumed to be equal, the con-

stant C may be determined by the condition that, when dz=J), V shall become equal

to the value of Ud given by the equation rsznA Up -f B Ud''. Hence the following

equation results :

—

V=UD-f/E(D=-r7=).

Tliis is the equation of a parabola whose axis is at, and parallel to the plane of, the

water surface, .and whose parameter varies directly with the slope.* Tlie velocity at

the surface is evidently given by the equation

—

The mean of the curve is readily computed by the aid of the well-known expression

for the area bounded by the curve and its co-ordinates. It is

—

V„. = Ud -f- ^
(V„ - Ud) = Ud +^-

These equations evidently furnish a comi)lcte solution of the problem for the simplest

case, that of a rectangular cross-section of indefinite Avidth. Dupuit proceeds to ajijily

the same principles to different forms of cross-section, and then to the general case,

' It sboiild be Btatod that, although the brief extracts from the %vork of M. Dupuit coutaiued in the Tables of

Claudel had beou examined at an early day, yet the work itself was consulted for the first time when imported from

Paris in June, 1853. At that date, the experimental study of the change of velocity below the surface iu the Mis.sis-

sippi river, which will bo fully detailed in the next chapter, had been completed. Although the formula thereby

deduced dillera radically from that of M. Dupuit iu somo respects, its general rosemblauco is striking.
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but the limits of this article, and the clitHculty of rendering the processes clear without

transcribing his diagrams, render it unadvisable to continue following him step by step.

Suffice it to say that, for the general case, Avhere the cross-section approximates to a

circular form, he proposes the following formulae as sufficiently accurate for practical

purposes :

—

rszrAU, + BU;,

V — TT -lJI±^

„_«To_+Ur_TT _|_ sra

These formulae contain only three numerical coefficients, A, B and E. Dupuit

concludes that new experiments are required to fix the proper values of these coeffi-

cients, and explains how they should be conducted. In default of siich experiments,

he proposes for A and B values a little larger than those proposed by de Prony ; viz.

(formula in EngHsh feet), 0.000018 and 0.000110. For E he suggests no numerical

value, only remarking that 0.001025, the value proposed by Sonnet (formula reduced

to English feet) is, in his opinion, much too small.

It is evident that without numerical values for A, B and E, no direct practical

test can be applied to Dupuit's formulaj. His theoretical method of treating the sub-

ject is more exact than that of any writer who has preceded him, and elaborate meas-

urements to fix the values of the tlu-ee coefficients would have been undertaken, had

not the observations of this Survey shown that the position of the fillet endowed with

the maximum velocity, far from being always at the surface as Dupuit assumes, in

tnith varies in position in accordance with certain laws. His fonnulse are therefore

necessarily inexact, and no attempt has been made to deduce their coefficients. If,

however, as Dupuit seems disposed to allow, these coefficients are constant for any

given fluid, he has in effect, by assigning values to A and B, furnished the means of

deducing E fi'om any accurate measurement of the mean velocity corresponding to a

given slope, area, mean i-adius and width, since by combining his three general eqiia-

tions and eliminating „,^Vo and Ur, the following value of this coefficient results :

—

y sra
~ 4 W (t) + 0.082— (0.0067 -1- 9114 r s)4 )

The numerical value of E for each of the thirty test observations given in Chapter V
was computed by this formula. The values differed considerably among themselves.

Their mean, allowmg the proper weight to the difi"erent observations, is about 0.02

(foi-mula in English feet), and this value has accordingly been adopted. With it and

the values of A and B chosen by Dupuit, his three formulae, i-educed to English feet

and consolidated into one, become

—

V :=y;^j^-0.082 + (0.0067 + 9114 r s)\

In this form it has been subjected to the same tests as those of other engineers.
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11. From nineteen rougli measurements of discharge made in 18-49 at Wheeling,

]\Ir. Ellet framed an empirical formula for the discharge of the Ohio at

of Mr^EUet^"
^ that point. He offers no demonstration or indication of the process by

which he arrived at the form of the equation, but the expression is almost

identical with that used by Lombardini for the Adda, a manner of deducing which has

been ah-eady given. Denoting by Q the discharge per horn-, and by D the "reduced

depth'' (probably the mean depth), this fomiula is, in English feet

—

Q rr 1083000 D»- 10000 D^

For remarks upon this expression, see those upon Lombardini's formula.

12. Taylor deduces a formula for mean velocity by a train of reasoning which is

in substance as follows : In rivers which are continuous, that is, not
Taylor's formula.

broken into rapids and pools, the resistance to the flow of the water must

be considered as a whole. In this class of streams, the .slope of the bed is so adjusted

as just to allow the water in the lowest stages to pass off". When the discharge is

increased, the height of the rise at any point increases proportionally to its distance

from the sea (since the total resistance at any point is proportional to this distance)

until a cascade or rapid is reached, which constitutes what is called the " equivalent

origin" of the river. Below such "origin," therefore, the motive force at an}- point

maybe assumed proportional to the mean depth there. But the resistances are directly

proportional to the surface exposed to their action or to the mean perimeter below the

given point multiplied by the distance to the outlet. They are also directly propor-

tional to the square of the mean velocity, since a greater velocity implies both a greater

force of impact and a greater number of impinging particles. They are inversely

proportional to the mean area of cross-section below the given point, since their effect

may be assumed to be divided equall}- among all the particles of the fluid. Equating

the expressions for the motive forces and the resistances, and assuming a simple ratio to

exist between them, the follomng expression results :

—

a, '

in Avhich D, is the depth of water at the locality considered; a, is the mean area of

cross-section thence to the mouth; and p^ is the corresponding mean perimeter. From

certain "data of the Nile" (authority not stated), Taylor determines a A-alue for C,

which, when substituted, gives the following equation for the mean velocity:

—

This fonnula, from the peculiar ([uantities which enter it, seldom, if ever, admits of

practical tests or applications, and it is therefore only given here in order to make the

list complete.

13. In Boileau's treatise, the following formula is mentioned as proposed by Saint
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Wniant, l)ut without indicating his method of dediu-ing- it. The origi-

nal work in which it was proposed could not be obtained in Paris in v^nant
°^ ^^'"*

1851*. It is a very simple formula, and readily solved by htgarithms.

As quoted by Boileau, in metres, it is

—

r.v = 0.0004 r 11.

Reduced to English feet, and solved with respect to r, it becomes

—

rr=10G.068(>-s)2l.

14. Tiie next formula to l)e considered is that proposed by Mr. Ellet in his "Report

on the Overflows of the Delta of the Mississippi." This formula was

deduced to solve certain problems of the highest practical importance in
EiTetT*

°^ ^'^

the work of protecting the ^Mississippi valley from overflow. Mr. Ellet

fully appreciated the necessity for accuracy, for he writes: "It is important to ascertain

what volume of water escaped through all the crevasses below Red river at the top of

the flood of 1851; and also, approximately, some method to determine the volume of

water that \\ ill be needed to raise the surface of the river, when in flood, any given

height. These questions involve the unknown relations of depth, slope, and velocity

of rivers; questions which have been discussed by several able and distinguished

writers, but which, nevertheless, must receive a further examination here.

"Several foreign writers on In'drauliques have })ul)lished formuhi^ derived trom

experiments to exhibit the relations between the depths, slopes, and velocities of run-

ning streams. But their various equations are almost all derived from each other, or

built upon the same observations; while these observations, limited in number, have

been made on streams of very small dimensions. Where they are applied to great

rivers, like the Mississippi or Ohio, they fail to give results in close agreement with

the recognized facts. It has therefore been deemed advisable, indeed necessary, to

derive new and better formulae from a wider range of experiments—embracing great

rivers of gentle slope in full flood, and passing from those to smaller streams of abrupt

descent, and in various conditions of their channels. But great difficulties were

encountered in the attempt to frame such a formula from observations on the flow of

the Mississippi. The movements of this great river are remarkable, and need to be

carefully studied before the resulting law can be confidently applied. The vixer

descends on an average slope of about three and a quarter inches per mile, and the

mean velocity of its cmTent is, of course, due to that slope. Yet it not unfrequeutly

happens, that while the mass of the water which its channel bears is sweeping to the

south at a speed of four or five miles per hoiir, the water next the shore is running fo

the north at a speed of one or two miles per hour.

"It is no unusual tiling to find a swift current :ind a corresponding fall on one

29 H
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.shore toward the soutli, and on the opposite shore a visible current and an appreciable

slope toward the north. In other words, the water is often runnino- rapidly up stream

on one side of the river, while sweeping with equal nr niiu-h <>reater rapidity down

stream on the opposite side.

"It is obvious, therefore, that no single or merely local observation on the rate

of descent of the stream can be depended on for the determination of that element of

an equation. The apparent slope is at every point atfected by the bends of the river,

and the centrifugal force accpiired by the water in sweeping- round the curves, and by

the eddies which form on the opposite side, imder the salient angles.

"The surface of the river is not, therefore, a plane, but a peculiarly complicated

n-arped surtace, varying- from point to point, and inclining alternately from side to side.

"To neutralize in some degree the effect of such variations on the littoral meas-

urements of the slope, levels and soundings were taken at different points along- the

shore, not very remote from each other, and mean slopes, depths, and velocities derived

from manv observations. As a check to the results, and a guard against material

eiTor, the average slope, depth, and velocity was obtained for considerable distances,

embracing manv bends of the river. And as a further check, the slopes, depths, areas,

and velocities of the tributaries and outlets of the Mississippi, and of various small

mountain streams, were collected and compared. A fornnila was then sought which

should express the maxima or central velocities, in terms of tlie slope and maxima

depths of each of these various streams."

"The equation produced bv these investigations is here submitted, with the obser-

vations from which it was derived, and its application to each set of observations.

"Let (I rej)resent the maximum depth of the river, in feet, at the ^ilaee of ol)ser-

vation; / the slope of the surface, in feet, per mile; r, the velocity of the central

surface current, in feet, per second: then the formula proposed is

—

r = O.Sidfy + ^.

"The application of this fornuda to many of the observations, with the amount ot

discrepancy in each case, will be found in note C.

"It was further ascertained from numerous observations conducted with nmch care,

that tlie hicait rclocitji of a great river, in a straight channel, is about eighty per cent, of

its maxinnnn velocity, as has been obtained by de Prony and others, for smaller streams.

This pi-oportion is close enough for any practical application needed in this paper; it

is, proljably, as close a general appniximatiou as can be made in the premises."

( )n turning to note C\ to examine the oliservations and the application of the

fornnila to them, we read:

—

"It was the intention of the writer to di.scuss this formula, in some detail, in a note

to the text. But being under the necessitv of submitting this report hastilv. and wisii-
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ill},'' to tOf^t the t'orniulii on shallow mountain streams, he is coinjielled to reserve this

discussion, which will form part (»f n supplemental [lajier." No such jiaper, so far as is

known, has yet been published.

When reduced to a single ecjuatioii, with symbols corresponding to those adopted

for this rejiort, ^h: Kllet's formula becomes

—

v= O.GA (AH)'+ U.04 A H.

By this expression ]\Ir. Ellet calculates the discharge of the Mississippi river, the

discharge of crerasses, and, in fine, demonstrates the impracticabUiUj of the kvee system

for the loirer parts of the Mississippi rirer. The task of criticism is always ung-rateful,

and if this formula had been jiroposed by an oliscure writer, it would have remained

unnoticed. Coming, however, from a civil engineer so well known as ^Ir. I^llet, and

furnishing, as it does, the basis upon which rest practical conclusions believed to be most

erroneous and most mischievous, it cannot lie passed by in silence. The objections to

it will be stated in the inverse order of their importance.

T. ^fr. Ellet furnishes no demonstration for his formula, and publishes none of the

data from which its constants were derived, thus rendering his personal accuracy and

thoroughness its only guarantees.

II. While the form of the equation proves that it is based upon the supposition of

uniform motion, Mr. Ellet shows that he does not understand the essential requirements

of this condition by his remarks upon the slope of the surface of the river. Xo formula

of this character can apply even approximately to such a river as he describes. There

are ver}- many places on the Mississippi where the current flows through a nearly straight

and regular cross-section, and where the requisite approximation to uniformity for short

distances may properly be considered to exist. To such places only can a simple

fornmla like his apjily. Ohservatioiis /rhich should he rejected have, therefore, probablv

been admitted among those from which its constants have been derived.

III. It does not bear the test of practical application. Stevenson reports its failure

when applied to British streams. The observations of this Survey—and even the nice

measurements made by Mr. Ellet himself upon the Ohio at Point Pleasant, in 1858, and

reported in his pamjihlet upon the Kanawlia-river improvement—show that it is the

worst ever suggested. Its enormous discrepancies, when applied to the Mississippi, will

receive a further notice in Chapter Y. Mr. Pallet himself seems to have discovered its

errors since the publication of his report, for in his pamphlet on the Kanawha-river

improvement, published in 1858, he does not refer to it, but uses "the hydraulic formula

on which engineers rely for determining the flow of water."

IV. It is theoretically inexact—far more so than ain- of the others. Xo formula

can be correct which does not contain all the essential variables upon ^\lli(•ll the solu-

tion of the problem depends. All writers of note upon the laws of flowing water agree

that the area of cross-section and the perimeter are such variables; tlie ratio between
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them, denominated the mean radius, being the usual form under wliie-h thev are intro-

duced. No such variables are to be found in 3Ir. Ellet's furnuda. Their place is sup-

plied by the vmxiiuiiii) depth, a quantity which for good and sutticieut reasons has ne\"er

been introduced into any general eipiation lieretofore proposed. Without further dis-

cussion, which will hardly be deemed necessary by those acfpiainted with the subject,

it may be added that, according to Mr. Ellet's formula, the mean velocity would remain

the same whether the stream were a few feet or a mile in width, the maximum depth

and the slope continuing unchanged. Also that the mean velocity would be unchanged

in a section containing a deep hole like tliat at Natchez (})latc X), if the whole channel

were to be excavated to a uniform depth eipial to the maxinnim. If this formula were

proposed for certain localities on a certain river, it might be supposed that Mr. Ellet

had found no essential error to arise from a>suniing the ratio between the mean radius

and the maximum depth to be constant, but being designed to embrace "great ri\ers

of gentle slope in full flood, and passing from those to smaller streams of abrupt descent

and in various conditions of their channels," the assumption is untenable, as a ^ery

ciu'sor}' inspection of published cross-sections of rivers will sIioav. To illustrate how

entirely ^Ir. Ellet trusted to the exactness of this fornnila, it may be added that he

actually considered it to be ajjplicable to the involved and complex conditions govern-

ing the flow of water through crevasses. No fnrther comments are needfid to prepare

one to learn that most of the practical conclusions of Mr. Ellet in reference to protection

against the inundations of the Mississippi liave V)een proved to l)e erront-ous by the

actual measurements of this Survey.

If). Stevenson's fornud;e are oflered without auv demonstration, and
That of Ste-

venson, are as follows:

—

'--y {> H)».

5280 a;

Here ./• is the true mean velocity, in miles, per hour; z, the same quantit\-, in feet, per

minute; IT, the fall of the surface, in feet, i)er mile; and ij, "a ((uantitv which is found

to varv funn O.G.'j for small streams under '2000 cubic feet i)er minute to ().!» for large

rivers such as the Ch'de or the Tay."

A simjile ])rocess of algebraic reiluction resolves tliese e(|Uations into tlie ('liezv

fonnula, with a numerical coefticient eipial to 10fi.<i //. Hence, as no equation for i/

was proposed by ^h: Stevenson, the result of his discussion of the subject might have

been more sim])ly stated l)y presenting C'liezy's fornmla with a coeflicient varying from

69 "for small streams under 2000 culjic feet ])er minute" to 90 "for large rivers such

as till' ('lv(h' or the '^Pay." That i.s

—

For small streams: rzzGii (/• *)*.

For large streams: vzzdCy (r s)K



CHAPTER IV.

METHOD OF GAUGING THE MISSISSIPPI, ITS TlilBUTARIES AND ITS
CREA^ASSES.

General scope of field operations.—Method of deteruiiuiug dimeusioiis of cross-section.—Method of conducting velocity

measurements.—Computatiou of discharge, neglecting change of velocity below the surface.—Investigation of the

sub-snrface curve of velocity.—Same of the horizontal cnrve.—Parameter law deduced.—It applies to subsurface

curves, with a modification for small streams.—Equation for mean of whole vertical curve.—Locus of uiaximum

velocity below the surface, including effect of wind.—Preliminary computation of discharge corrected for change

of velocity below the surface.—System for interpolating discharges.—Method of transferring measured discharges.

—

Phenomena attendant upon crevasses.—Measurements of velocity and resulting formula.—Depth.—AVidth.—Prac-

tical coeflicient for exceptional case of crevasses. —Incidental computation of ratio between raiu and drainage in

Yazoo basin.

The preceding chapter exliibits the imperfect condition of river hvdrauhcs. Dis-

cordant statements and theories are found in the works of the most emi- An extended
. . Ill -1 system of meas-

nent Avnters, aird it is apparent that the u\ws enunciated rest upon uremeuts essen-

1 • 1 • • 1 • 1 1 T 1 1
tial totheiiives-

hypotheSlS and imperfect data rather than upon lirmciples estabhshed ligations of the

_ _ _
present Survey.

by extended and thorougli experimental investigation.

This condition of the science of river hvdrauhcs has been very unfortunate for the

Mississippi valley, since it has prevented any satisfiictory discussion of the best method

of guarding against its inundations. The wild speculations and impracticable plans of

security offered, even by writers of ability, are the necessary result of the want of

knowledge, both of essential facts and of the principles upon which deductions should

be drawn from such as are known.

The first object of the Survey was the establishment of a system of observation,

by which a mass of facts \\'ould be collected to form the foundation of correct theories,

and thus become the basis of an intelligent investigation of the subject. The nature of

the practical requirements of the problem will be understood by a glance at one of the

cliaracteristic features of the alluvial lands of the Mississippi. The river below Cape

Girardeau flows through immense swamps, which, from time immemorial, have received

a portion of the flood waters. The extension and perfection of the levee system will

result in shutting out this Mater from these swamps, and confining it to the river.

Neglecting, for the present, the consideration of tlie effect whicli tin's will liave in
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cliauging- the abrading' jjower of the stream, two great and efjnally inijiortant (jnestions

suggest themselves: first, how much water will thus he added to the jjresent high-

water discharge at any given point: and, second, what will be its eft'ect in changing

the local high-water mark ? The object of the ^n'esent chajjter is to explain the method

employed in collecting and reducing the data necessary to answer the first of these

questions.

The general jdan of operations was tn determine, as accurately as possible, the

dischai'ge of the river in its ditiV-rent stages at all pnints from Cairo ti)

of ThT fi^efd New (Orleans: the ijuantitv added l)v tlie tributaries below the ( )hiii.

opera ions.
^^^^^ ^j^^ (piautitv escaping during fiond into tlie different swamps. The

following is a synopsis of the field work performed:

—

A series of daily measurements of discharge was made at CarroUtim, Louisiana

(plate III), from February 15, 1851, to February IS, 1852. When field work was

resumed in 1857, similar series were made at Columbus, Kentucky (plate III), from

December 11, 1857, to November IG, 1858; at Natchez, Mississippi, from January 8,

to February 20, 1858; and at Yickslmrg, Mississijjpi (plate III), from Fel)ruary 24, to

December 15, 1S58: together with corresponding observations ujum the Arkansas

river, at Napoleon, t'roui December 2d, 1S57, to November oO, 1858. Besides these

continuous series, inauv measurements of width, depth, area of cross-section, discharge,

etc., were made Vxitli upon the Mississippi aiul upon its tributaries and bayous from the

Ohio to the gulf

^'arious gaugings were made of crevasses Ixitli large and small, and all tacts

essential to an approximate computation of the discharge of those which occurred

between Red river and New Orleans, in 1851, and between Cape Girardeau and New

(jrleans, in 1858, were collected. As a check uj)on these measurements, which, from

their nature, were liable to .some inaccuracy, various cross-sections of the swamj) lands

were made, and others obtained from sources already named, with a view to iletermivie

as closely as possible the capacity of these swamps as reservoirs for the fiood waters

escapini;' through or over the river baidcs. and thus to collect the data for a double

comjiutation of the amount of water actually subtracted from the river.

The method of conducting the field work and of computing the residts will be

explained in i^reat detail, in order that it may be seen to what degree of
Full details re-

'

i i" • i • • i

specting field confidence the conclusions hereatter to l)e drawn trom tins material are
and office iwork
essential. entitled.

Kllil.l) ol'KUATIONS FOK (JAUGIXG TlIK MlSSISSII'i'l KIVKK AND TKlUfTARIES.

.\ccurate nieasureuieiits for determiuiug the di.-~cliai-ge of a river invcdve an exact

determination of the cross-section at the locality chosen, and of the velocity of the

water in passing through all portions of it. These two subjects will be treated in turn.
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Area of cross-sectio)i.—The strength of the current, tlie depth and widtli of tlie

river, and tlie floating- drift-^yood, all coniliine to render an accurate „
' '^ Practical meth-

nieasurenient of this quantity a ditticult operation on the Mississippi,
d^ternunin** /h

"^

After various experiments, the following system was adopted, b}- which cross^sectioir of

accurate work may be done even in the highest stages of the river. The ' ^ "^^"^

middle stages were usually selected for the purpose; being preferable to the low stages,

during which there would be exposure to oppressive heat and disease, and more favor-

able than the high stages, when the dilticulties attending- accurate measurement are

greatest.

Preparatory to making a cross-section of the river, whether for general purposes of

comparison or for determining the discharge, a base-line, varying in length from 400 to

1000 feet, was measured along the bank near the Avater's edge. An observer, with a

theodolite, was stationed at each extremity of this line. The one directed the telescoj^e

of his instrument across the river so as to command the line on which the soundinos

were to be made; the other prepared to follow the boat with his telescope in order to

measm-e its angular distance from the base-line when each sounding was taken. Tlie

boat, a light, six-oared skiff, contained a man })rovided with a sounding-chain, a

recorder with a Hag, and three oarsmen. The strongest kind (if welded jack-chain

was employed, to which bits of buckskin w<'r(' attaclied at iiitcr\-als lA' '> feet: smaller

divisions being- measured with a rod in the Ijoat. The sinker, varving from ten to

twenty pounds in weight, according to the force of the current, was a leaden bar whose

bottom was hollowed out and armed with grease in order to bring up specimens of the

bed of the river. The patent lead was also used for the latter pur^^ose. The boat was

rowed some little distance above the proposed section-line, and allowed to drift doM n

with the current, the sounding-lead lieing lowered neai-ly to the bottom. By this pre-

caution, the deflection of the line by the force of the current was prevented. "When

the first observer, stationed on the proposed section-line, saw that the boat had nearly

reached it, he Avaved a flag as a signal to take a sounding, and then carefully turned

his instniment so as to keep the vertical hair of his telescope upon the point where the

chain crossed the gunwale of the boat. The recorder in the boat, seeing the signal,

waved his flag to the second engineer to follow the boat carefully with his telescope.

The man with the sounding-chain allowed it to slip rapidly through his hands until the

lead struck the bottom, when he grasped the chain at the water surface and instantly

rose to a standing position. This motion was the signal for arresting the movement of

each telescope and recording the angles. The recorder in the boat noted the depth of

the water, and the nature of the bottom adhering to the lead. By the angles measured

at the base-line, the exact position of the sounding, which was never more than a few-

feet above or below the proposed section-line, was ascertained. The process Avas

re])eated until soundings enough had Ijoen taken to give an accurate cross-section of
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the n\-er. Careful lines of level were then run uj) each bank from tlie water's surface

to points above the level of the hio-liest floods, when such points existed. Generally,

tlie triangles were conijaited, and tlie work was plotted, before leaving the place, in

order to till, Ijv additional soundings, any gaps which might appear on the diagram.

Where a series of daily observations for discharge ^^as to be made, two independ-

ent sections, 200 feet apart, were sounded with the greatest care.

ctut1ou°"at per- SoTiudiugs repeated from time to time ujion these lines uniformly showed

Bt^on's'^^""'^ that no sensible changes took place in the l)ed of the river. The mean

of all such sections, when reduced to the same stage of the river, was

accordinglv always taken for the true cross-section at the locality. The change in

area jjroduced bv auv change of level in water surface can be readily computed from

the Allotted section. To determine the daily changes of this level, a gauge-rod. graduated

to feet and tenths, was observed daily ; its correctness of adjustment being frecpiently

tested l)y comparison with secure bench-marks. An accurate knowledge of the area

of the cross-section of the river on any given day ^\as thus obtained.

The detailed measurements of all the sounding operations are given in Appendix

C, and a few of the characteristic sections exhil)ited on plate X.

Vdociijj of tlic ciirrcHf.—Narrow and .straight portions of the river, wliere the form

of its cross-section approximated most nearly to that of a canal, where the Avaters of

the highest floods were confined to the channel by natural banks or by levees, and

where the river at all stages was free from eddies, were selected fm- the permanent

velocity stations.

The depth of the river and the violence of its current i-endered the measurement

of the velocitv, especiallv lielow the surface, exceedinglv difHcult. Of

Diffeicnt in- all the methods known for determining this quantity, that by double
stiumeiits used ri -ii ii- '

'i
for determiuing floats was fouud to givc the bcst results. A tew measurements ot the
the velocity of
the current. velocity of tril)utar}' streams, Avliere both banks were submerged, were

made witli a ship's log; and some few observations were taken at the

mouth of the river with Saxton's current-meter: but for all other velocity oljservations,

the double float was exclusively used. Various kinds were tested. Solid cubes of

wood al)out 1 foot on the edge were first trietl. They were loaded with lead, so as to

siidv, and suspended by cords from surface floats of cork, Itearing small flags. They

proved to be too heavy for convenience. Bottles, j)artly filled with water and sus-

pended in the same manner, were tested, but thev did not present sufficient surface to

the current to be adopted. Kegs without bottom or to)), ballasted with strips of lead

so as to sink and remain upright, Avere next tried for the lower floats. A rope handle

was secured to the upper end of each, and connected by a cord Avith a surface float

made either of light pine or cork, or holloAV tin. A small flag Avas attached to a Avire

about a foot in length rising from the t()i) of the surface float in order to make it visibh^
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The dimensions of the floats were as follows: For the work in 1851, kegs 15 inches

in height by 10 inches in diameter; cord one-tenth of an inch in diameter; surface

float of cork about 8 inches square by 3 inches thick, submerged an inch and a half:

for the work in 1858, kegs (paint kegs) about 9 inches in height by G inches in diame-

ter; cord one- tenth of an inch in diameter; surface floats,—when of light pine, 5.5

by 5.5 by 0.5 inches,—when of tin, of an ellipsoidal form, the axes being 5.5 and 1.5

inches. For velocity observations more than 5 feet below the surface in 1851, no

change was made, but in 1858 the kegs were made larger, being 12 inches in height

by 8 inches in diameter, with a cord rather less than two-tenths of an inch in diameter.

By varying the length of the cord, the keg could be made to sink to any required

depth, and its size was so much greater than that of the surface float that the latter

did not sensibly afl'ect the rate of movement. This assumption was tested by placing

the apparatus in still water during a high wind, and also by noticing the direction of

the paths of the floats during a gale blowing directly across the river. No wind effect

of consequence could be detected in either case. Hence by causing the keg to pass

tlu-ough the different parts of the cross-section of the river, the velocity at all points

could be measured.* The method of conducting these observations was the following:

—

Two parallel cross-sections of the river having been made as already explained, 200

feet ai)art, a base-line of the same length was laid off" iqum the bank
T 1 1 1 rr^l

Method of con-

from one to the other, being of course perpendicular to botli. ilns ducuugveicoity

^
measuiemeuts.

length Aj'as sufficient to insure accuracy without being too great either

for convenience in communicating, or for observing many floats in a day, or for avoid-

ing local changes in velocity. An observer with a theodolite was stationed at each

extremity of the base-line. It is evident that when the telescopes were directed upon the

river with their axes set at right angles to the base-line, the vertical cross-hairs marked

out the lines of sounding upon the water surface, and that the time of passage of a float

between these lines was that consumed in passing 200 feet. Also, that if the angular

distance of a float from the base-line when crossing each line of sounding was measured,

its distance in feet from the former could readily be computed and its path fixed.

Upon these principles, the observations were conducted. Two skiffs were stationed

on the river, one considerably above the upper, and the other below the lower, section-

line ; the former boat being provided with several keg-floats. At a signal from the

engineer at the upper station, whose telescope was set upon the upper section-line, a

float was placed in the river. The keg immediately sank to the depth allowed by its

cord, and the whole float moved down toward the upper line. The observer at the

lower station followed its motion, keeping the cross-hair of liis telescope directed con-

stantly upon the flag. At the word " Mark !" uttered by his companion when the float

crossed tlie upper line, he recorded the angle shown by his instrument, and then set-

* See Appendix K.
30 H
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ting his telescope upon the lower line, watched for the an-ival of the float. In tlie

mean time the obsen"er at the upper station, whose theodolite supported a watch with

a large second-hand, recorded the time of transit of the float across the upper line, and

then followed the flag with Ids telescope. At the word " Mark !" given by his assistant

when the flag crossed the lower line, he recorded the time and angular distance from

the base-line. The float was picked up by the lower boat. By this method the exact

point of crossing each section-line and the time of transit were ascertained. "When the

velocity was not too great, the time was noted by the engineer at the lower station

also, to guard against eiTor. A stop-watch was sometimes used.

This system Avas adopted for the observations both of 1851 and of 1858, with an

Difference In
important diff'erence, however, in the depth of the floats. It is evidently

adoptedfn 1851 impossible to observe floats daily in all parts of the cross-section. The

best jwactical method, therefore, is to adopt a uniform depth for all the

floats, distribute them equally across the entire river, and mxdtiply the resulting dis-

charge by the ratio of the velocity at the assumed depth to the mean velocity of the

whole vertical curve. But this ratio was unknown in 1851, the practical law of change

of velocity in a vertical plane parallel to the current having thus far baffled all eflbrts

of hydraulic engineers for its elucidation. It was, therefore, deemed unsafe to depend

upon this method at the outset, and Professor Forshey's jiarty were instructed tem-

porarily to distribute the floats as uniformly as possible, at all depths and at all

distances from the banks, in measuring the discharge ; while at the same time especial

experiments were made to determine the law of change of velocity below the surface.

Various methods of observing for the latter pm-pose were resorted to. Saxton's

current-meter was tried, but proved to be unsuited to measurements in

for the determi- a river of sucli great depth and violence of current. Only double floats
nation of the law

,> -< t i i rni
regulating the were found to givo reliable results. Ihe observations were made at
change of ve-
locity from sur- diflereut distauccs from the banks, the boat being anchored considerably
face to bottom. "

above the upper line. Many series of floats were thus observed at each

station, the kegs passing at all depths from the surface nearly to the bottom. Dis-

crepancies being manifest in the results, every care was taken to avoid causes of error,

by changing the order of depth ; sometimes observing a large number at the same

depth consecutively, and at other times passing rapidly from the surface to the bottom

of the river, observing a single float at each depth. Experiments were thus made at

high and low water at various points near CaiTollton and Baton Rouge. "When field

work was resumed In 1857, a uniform de])th of 5 feet below the surface was taken for

all floats, a few especial observations being however made upon the velocity at diflereut

depths in the same vertical plane. A full discussion of the law of change in velocity

below the surface will bo given in the next division of this chapter.
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PRELIMINARY COMPUTATION OF DISCHARGE, NECLECTING CHANGES IN VELOCITY BELOW
THE SURFACE.

Mississijun river.—A separate plot of each day's velocity observations was

made in the following manner: Lines were di-awn upon section-

paper to represent the section-lines, the base-line, and the water ting velocity
mi T r ITT 1 • 1 1

measuremeutB.
edges. Ihe distances irom the base-line to the points where each

float crossed the section-lines were then computed by a table of natural tangents,

and the points laid down upon the plot. Straight lines connecting the two

corresponding points indicated the paths of the floats, which were, of course, nearly

perpendicular to the section-lines. The number of seconds of transit and the

depth of the float being inscribed upon these plotted paths, the resulting diagram

afforded the means of conveniently comparing the velocities in different parts of

the section.

Deferring for the present the discussion of the analytical relations shown to exist

between these velocities, it is sufficient to state that the velocity in-

creased gradually and quite unifonnly with the distance from the banks gr bumping the

mitil the thread of the current was reached. Concei\iug the cross-

section of the river to be divided by a system of vertical lines 200 feet apart,

the velocity was found to vary but slightly throughout the spaces limited by these

vertical lines, except in the immediate vicinity of the banks. The first step, there-

fore, was to divide the daily velocity plots by parallel lines 200 feet apart, the

first being the base-line, and to take a mean of the seconds of transit of all floats

in each of these dirisious, so called. The corresponding velocity, taken from a

table constructed for the pui'pose, was considered to be the mean velocity of the

division—absolute for the observations of 1851, and relative for those of 1858. For

the shore divisions, unless the floats happened to be well distributed through them,

the mean velocity was assumed to be eight-tenths of that at the outer edge, a rale

deduced from a subdivision and study of the velocity, when thoroughly measvu'ed in

these div-isions.

To guard against errors, the day's work was next plotted in a cm-ve, whose ordinates

were the mean velocities of the different divisions, and whose abscissfc

were the distances of their middle points from the base-line. When Method of
A checking ; and,

observations on anv day were wantins: in a division, these curves '^'^ennecessary.
.J J o ' of interpolating,

afforded the best possible means for interpolation. When observations

in several divisions were wanting, the following plan was adojited : A simple inspection

of the daily curves showed a change in form corresponding to a change in mean velocity

of the river. Deferring for the present the theoretical discussion of this change, it is

sufficient to state that the form was found to remain sensibly the same for variations

of a foot in tliis mean velocity. The complete or nearly complete daily observations
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were therefore computed, and the mean velocity of the river determined in the manner

soon to be detailed. The daily cm-ves were then g-rouped and mean curves computed

and plotted for each even foot of these mean velocities. The defective sets of

observations were next plotted, and the velocities of the wanting di%-isions interpo-

lated from a comparison with the form of the mean curve of coiTesj^onding stage.

These mean curves also served to correct errors in the work of 1851, arising from

a deiiciency in the number of the floats or from their imperfect distribution. They

are represented on plate XI. The exact data for Carrollton are given in tlie foUow-

ins: table:

—

Locality.
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This metlaod, although very laborious, was adopted for this Survey. As already

intimated, a mean of the low-water areas on all the plots of both lines of sound-

ings was taken for the true low-water area of each di^-ision. For the shore divisions,

the areas at the other stages of the river were computed in the same way, but for

the intermediate divisions, since they were all 200 feet in width, an addition to the

low-water area of 200 X *^-l = 20 square feet was made for each tenth of a foot of

rise in the river.

To simplify the computation, tables were prepared giving the velocit}' and its

logai-ithm for all observed seconds of transit jjast a base-line of 200 feet, and the area

of each division with its logarithm for every reading of the gauge corresponding- to

velocity observations. The sum of the two proper logarithms from those tables for

any day was the logarithm of the discharge of the division in cubic feet per second,

and the sum of these discharges for all the divisions was the total discharge of the

river. When floats were observed at all depths, as at Carrollton in 1851, this

discharge is as absohitely correct as can be deduced from the observations. When
the floats were all at a fixed depth below the surface, as in the observations of

1857-58, this discharge is only approximate, and is to be multiplied by the ratio

of the velocity at this depth to the mean of the whole vertical ciirve. In the latter

case it is named "approximate discharge" in the tables. The method of deducing

the ratio for correction will receive a full discussion in the next division of this

chapter.

The method abo^'e detailed was used in compiiting all discharges of the Mississippi

river, except those near Red river, on March 12 and 19, 1851. On

these davs, as onlv a few floats were observed, and as the curve of .
°"j7^^°5P*j,°"^

- ' - ' to this method.

velocity in the difterent divisions was not sufficiently determined for

accurate interpolation, it was thought better to assume that the discharge liore the

same ratio to that on other days ^^hen it was accurately measured, as the mean velo-

city of all the floats observed bore to the mean of floats passing over the same paths

on those other days.

Tributaries.—The labor which it exacts prevented the adoption of the partial-area

system of computation for the tributaries and bayous. It was con-

sidered sufliciently accurate for those streams to deduce a discharo-e, ^f"'^ simple
•' o ' method of com-

called "approximate discharge" in the tables, by multiplying the area of chai"! a^do ted

cross-section by the mean of the velocities of all the divisions, the floats streams^
u t a r y

in each division being plotted and grouped as described for the Missis-

sippi itself To correct the result for the errors arising from difference in the

area of different di\'isions and from change of velocity below the surface, this

approximate discharge was multiplied by a ratio obtained by di^-iding the true

velocity of mean the Mississippi by the coiTespondiug mean velocity 5 feet below
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tlie surface. The following table exhibits these ratios for Columbus, Vicksburg, and

Natchez :

—

Locality.
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to determine the law governing the change of velocity from surface to bot-

tom, were conducted in 1851 'at Carrollton (i:)late III) and Baton

Rouge, from boats anchored at different distances from the banks, avoid sources of
• 1 1 • 1 •! 1 • c

error in conduct-
besides many isolated expenments wlule observmg for discharge. To i"s fie field

counteract, as far as possible, any effect of change in velocity during the

observations, the order of observing at different depths was constantly varied. Sometimes

the series of observations consisted of one at each depth from surface to bottom or bot-

tom to surface. Sometimes many observations were made consecutively at each depth.

Sometimes floats were started near the surface and near the bottom, and the distances

from these planes were successively increased until the mid-depth was reached. In

fine, every effort was made to avoid and eliminate error. The first steps toward

deducing the law from the observations were, therefore, very simple.

As floats are compelled to pass through nearly the same paths when starting from a

fixed station, and are, consequently, unafiected by the change in velocity
classification

due to difference in distance from the banks, the principle was adopted combfuati^n^ "^df

of depending entirely upon the elaborated sets of observations from ° ^^"^ '°"^'

anchored boats. All the observations of each set being thus confined to nearly the

same vertical plane, one great cause of error was practically eliminated. From the

position of the boat, found by triangulation, the recorded gauge-reading-, and the

known depths of the different parts of the river section, the depth of water in each

vertical plane of passage was readily determined. The velocity of each float was

deduced from the recorded seconds of transit past the base-line, and a mean taken of

all the observations at each depth for the true velocity at that depth. The curves

resulting from applying this process to all the different sets of obse^'vations were next

plotted upon section-paper on a large scale, the depths of the floats forming the ordi-

nates, and their velocities the corresponding abscissae. A general difference of form

in the curve at high and at low stages of the river was manifest, although u-regularities

were sufficiently apparent, as may be seen by reference to the following tables. It

was evident that some combination of curves was necessary to reconcile discrepancies

of observations.

The first method adojited was to combine all curves of observation where neither

the depth of water nor the velocity of the river varied materially. This was done by

taking a mean of the velocities of all the floats at each depth, each set of obsen^ations

thus receiving a weight proportioned to its number of -observations at each point. When
observations were wanting at any depth, careful interpolations were made from the

plotted ciu've. The resulting mean curves are exhibited on plate XI, figures 1, 3, 10,

2, 4, 9, the numbers being shown in the following tables:

—
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Subsurface velocity ohservations at high stages of the river, the ivater being about 110 feetde^P-

station at CarroIIton.

Race-course base—
Locks base
Prime base

1851. Feet.

Mar. 8:13.7
May 9.4

Feet.

).8t5l!Down2
iUp
Up

:i.81

SI

7 It. 4 ;i 77

i> ;i. ."iii. siiui

3 1(1. n 4. hVOUp 2
3 111. i; 4. l.'.Hirp 2
4 Hi. 7:i. i;4-JiiUp 3

4. U'.i:i-J Up 3
4. 2&03|Up 1

4. 30791Down 1

4. 2343 Up 2
4. 2343 Up 2

Telocity in feet per second at depths below water surface.

° iJ ° SurfaceU fath. 1 fath. 3 fath. 6 fath. 9 fatb. 12 fath. 15 fath 17 fatb

11 10.8
12 11.0
25 11.(1

25 11.6

4. 1216 Up 0.

8

Feet. Ft.

3501110
430110
9-20' no
lOOUUU
35U1UI
430 10.^1

840'UI.'>'

960 111,-.

300 110,

300410
900410
200'll0
800:110

|6. 6666 6.

3. 9215 4.

66666.

2553J4.

6666 6.

16(ii!4.

66666.
2553 4.

>'4(;i :i.

6666,6. 4516 6
3478 4. 3478 4

-ini:';. ^ini.i

2500 5. 8823 5
2553'4.oSi6|3,

2631

7,'.-.'i;:i.

14',m;4.

4. ...•.no 4.

:l. 7111.111:;.

4. 5666 4.

J4.
2738 3.

|4. 3961 4.

4. 1666 4.

J4.
5454 4.

'III! 4.

;i-'iiii4.

5(iGi;4.

952'.)' 1.

367l'4.

oSl6 4.

5454' 4-

1-Jll I.

-I-I- 1.

l-Jll l.iiii-,

rii.'.i 1. 1:1:

5454,4.5454 5.0000:4.6511

4. 2984 4. 3463 4. 2745 4. 1580 4. 052S 3. 9481

I I I

4482
•..r.lii; ::;.(;, ;;;:;:;. 7246
1. 1-Jil :;. ::.jii ;. 44S2
I. :.:iiiii -I, (i.",iiii4.44oo

l.:'.:.iiii4, ITiiii 1.01)00

;. 7 1;;. ..71)1':;. 5100
l.r.l.-il 1.4441 4, 1666
;. -ii-T, ;.(ij.,S 5.5087
1. i::i7 l.:;-i;i 1.4641

1. ir.r.iM.ii-n; i.nooo

J. 1282 5.0000 4.6511

Snh-siirfacc velocity observations at high stages of the river, the water being about 10 feet deep.

station at CarroIIton.

Prime base

Race-course base
Locks base

Prime base

True mean

1851.

May 26
" 29

June 3

4

4

9
13
26

Feet.

3. 815:

3. 8913
4. 1580
3. 6420
:i. 6420
4. 1271

4. 3773
4. 3051

4. 1279

Up 2

Up 2
Up 3

Up 3
Down 1

Down 1

^a

Feel.

1400
1600
1360
1700

2070
1720
1(>20

1500

Surface 4 fath. 1 fath. 3 fath. 6 fath. 9 fath. Ill fath.

2 !3. 1251 il:!. 076;! 3. 1746 3. 27^(. 3. 44S2 3. 33331^.

8 •-'. -H": J. ;ii:..-i:'.. iiir.l :;. ii:.:ih:'.. i:',iiii:;. ill-";.

4. Ill'

i3.
m;ii

14. :15I)1'4.

!3. •x->>\.\.

3.533^i;^.
,3. 8461:i.

:.: 1. iv. 1. iiMii 1. ii-iiiii,iiiiiiii.;.

ri.-.ii 1. ;;:iiin \.-y»^ \.x i. :;:iiii- 1.

:,.",i)ii.l. i;:,M(i i.:,:.Mii i
.-,:,m(i i. ithh:;.

4724;!.i;4::ii::.:iii: :;.:io: :;.:,:,-:i:;.

4^45 3.i;Tiiii;;.i;:;i;:;.;.7;;Ui:;.r.ii:.l :;.

8461 3. 9215,4. 0816 4. Oslli 4. 0816 3.

3. 6551 3. 6999 3. 5843 3. 491

2239
I54S
s.-,00

17(H)

S50()

4724
4845
8461

Sub-surface velocity observations at high stages of the river, the wafer being about bbfeet dec}).

station at CarroIIton.
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Sub-surface velocity observations at low stages of the river, the tvater being about 100feet dee}).

station
at

Carrollton.



242 EEPOET ON THE MlSSISSim EIYER.

deduced. The method adopted for this combiuation was to plot the mean ciu'ves

on a scale so distorted that thousandths of a foot of velocity were readily dis-

tinguished. The entire depth was then divided into ten equal parts. Horizontal

lines were drawn and the velocities at their points of cutting the curves noted. These

numbers were the most coiTect interpolations that could be made for the velocity at

each tenth of depth, and they were next combined in the ratio of the number of obser-

vations at each point of the original curves of observations. The points inclosed by

circles in figure 16, plate XI, exhibit the mean points thus determined, the grand

mean of all the observations from anchored boats. They are plotted from the first

column of the next table. Each point is fixed by 222 observations ; enough, as the

residt proves, to eliminate ii-regularities and to reveal the law governing the transmis-

sion of resistances thi-ough the fluid.

The curve foiiued by connecting these points is evidently symmetrical, having a

horizontal axis whose depth below the surface is about three-tenths of

B i 8^o /^ e s'lfu- the total depth of the river. The peculiar form suggests that it may

curve. be one of the conic sections. To decide which one it must be, if either

of them, the general equation of these curves is assumed referred to

rectangular co-ordinate axes, the origin being at the vertex, and the axis of X being

the axis of the cm-ve.* The cm-ve can be passed thi-ough any two points, y, x, and

y,, ^n> ^y assigning the following values to E," and 2 P, viz.:—

W=
X., X. X, X,,

2 p— y^'-^'-^/"

X,

By a well-known law of the conic sections, when R-— 0, the curve is a parabola
;

when R= < 0, an ellipse ; when R* > 0, an hji^erbola. If, then, the known point of

the curve most distant from the axis be assumed for x^ y^, and the intermediate points

successively for a;,, ?/„, the corresponding values of R= will decide which, if either, of

these curves represents the law of change of velocity below the surface. It should be

added that, as a mathematically regular curve never results from actual observations,

it is not to be expected that R" shall become absolutely zero, even if the law be para-

bolic, but only that its different values shall be very small and of different signs. The
first four columns of the next table exhibit the details of the aiDplication of this process

to the curve in question. The values of .r„ represent the differences between the maxi-

mum velocity (3.2611) and tliat at the depth considered. The values of y,, denote the

distances from the axis (assumed at 0.3 of the deptli below the surface) of the given

points
;
the entire depth being considered unity.f The values of x, y, con-espond to

• y-^= R- J- + 2 P X.

t Thia peculiar unit of depth was adopted fjr convenience, since it abridges tbe labor of computation. The final
formulae, in which depths are expressed iu feet below the surface, are arranged to adjust themselves to this unit with-
out a change of constants.
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a depth of 0.9 D, viz., x^ = 0.2852
; y^ = 0.6. The vahies of R- in the fourth cohimn

of this table prove concusively that, if the curve which reveals the law of transmission

of resistances through the fluid be either of the conic sections, it must be considered a

parabola ; for the term R" a? varies in sign, and has, uniforml}', too small a numerical

value to be of any importance. Wliether it is this curve or not, must be decided by

the degree of coincidence between the observations and the corresponding points of

that parabola which gives the minimum mean difference. The next step, then, is to

deduce the equation of this parabola.

The most rapid and convenient method in practice is the following, in which much

calculation is saved by the eye, and all requisite accuracy attained. The equation of a

common parabola, referred to rectangular co-ordinate axes (the axis of X being the

axis of the curve), with the condition imposed of passing through two points, the co-

ordinates of one of which are denoted by x, and 0, is

—

The axis of the cmwe of observations is approximately constructed, and assumed as

the axis of X. It cuts the cuvve at the point .r, 0, and thus fixes the value of x^. The

known point most distant from the axis of X is assumed for the point x,^ y,^. The

constants of the equation being thus known, the values of x for all the depths at which

observations have been made are computed. To make the parabola accord as closely

as possible with the observations, the difi"erence between the sum of these values of x

and the sum of the observed velocities, divided by the number of points determined,

is then applied as a correction to the arbitrary constant and to each computed value of

r ; a positive sign being used when the sum of the observed velocities is the greater,

and a negative, when this sum is the less. Computing other points, if desirable, this

parabola is now plotted on the same scale as the curve of observations. When a copy

on semi-ti-ansparent tracing-paper is placed upon the curve of observations, the eye at

once detects if a closer approximation can be made by slightly changing the depth of

the axis, or the position of the point x^^ ?/„. After a little experience it is seldom

necessary to make more than one or two trials. By this process, the following equa-

tion was deduced for the parabola corresponding to the grand-mean curve of observa-

tions :

—

Vrr — 0.79222 f?,;-f 3.2611,

in which V, taking the place of x, is the velocity in feet, and (/„, taking the place of y,

is the distance from the axis, in fractional parts of the whole depth, considered unity.

The last columns of the following table exibit the comparison between the observa-

tions and the parabola.
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Sm-
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necessary a study of the laws by which these quantities varied, althoug;h tlie subject

was rather unpromising in appearance.

Neglecting for the time the position of the axis, the law of change in the parameter

(and, consequently, in the form of the curve) was first investigated. To

this end a new curve had to be determined, which should exhibit the investigation
of the laiw gov-

law of change in the parameter. The data, as already seen, consisted em^gtiie change

of the parameters of the grand mean, of the high-water mean and of the

low-water mean ciirves; the first known accurately, the second quite closely, and the

third only approximately, in consequence of discrepancies of observation having par-

tially vitiated the form of the curves of observations, from which it was deduced. The
reciprocals of these qi;antities were taken as the abscissa?, in the parameter curve. The
first question which arose was, what are the corresponding ordinates? that is Avith what

do the reciprocals of the parameters vaiy? with any particular velocity or with the

mean velocity of the curves themselves? or with the mean velocity of the river! That

they should vary with the velocity at any particular point of the curves themselves

seemed highly improbable, since, in that case, they must be functions of the position of

the axis, which, as will soon be seen, is liable to constant change. It remained then

to consider whether they varied with the means of the abscissae of the velocity cui'ves

themselves or with the mean velocity of the river. A little reflection shows that in

either case, the important inference may be drawn, that if either of those quantities

becomes zero, the velocity curve becomes a right line, coinciding with the axis of Y.

This requires the parameter of the velocity curve to become infinite, which makes its

reciprocal zero, and thus adds a fourth to the known abscissae of the parameter cm-ve.

Plotting these four abscissa? of the parameter curve with the mean of the abscissje

of the corresponding velocity curves as ordinates, a laborious but unsuccessful effort

was made to discover an equation by the curve tlms formed, which should reveal any
reasonable la^y. The mean velocities of the river Avere next tried as ordinates for the

parameter curve, being computed by dividing, by the total number of observations at

each point, the sum of the products of the number of observations at each point upon

each day by the corresponding mean velocity of the river. It seemed more natural

that this should be the velocity upon which the form of the curve depends, because

this form in any vertical plane must be governed to some extent by that in adjacent

planes, and hence be affected by any change in the mean velocity of the river. Althouo-h

it became apparent that some law existed connecting the reciprocals of the four param-

eters and the corresponding grand-mean velocities of the river, yet the slight difference

in the latter quantities and the somewhat uncertain detennination of the parameter of

the low-water curve rendered the result of the investigation unsatisfactory. It was

found impossible to deduce sufficient proof to establish the existence of any mathe-

matical law.
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Baffled by the curves of sub-siu-face velocities themselves, a clue to the law was to

be sought for elsewhere. It was reasoned, since the form of these
The result be- , ,

, i i / . . r •

ing uusatisfac- curves depends upon the general law ot transmission ot resistance to
tory, a further . iin-iii
clue is sought in separation tlu'ough the fluid, that the same law must govern the fonn
the curves of
surface veioci- of the curve of velocities from one bank to the other in a horizontal
ties.

plane. Hence the deshed clue might be found by a study of the curves

of surface velocities, which were well deteiTained at all stages of the river, both at

Columbus and at Vicksburg. This subject, therefore, was examined at this stage of

the discussion of sub-surface velocities.

Velocities near the surface at various distances from the hanks.—In the series of obser-

vations at Columbus, Vicksburg, and Katchez (plate III), recorded in
Columbus

curves selected full detail ill Appendix D, the uniform depth of 5 feet below the surface
for study.

was adojited for all floats. At the first-named stations many observa-

tions were taken at every stage of the river at every point between the banks; but at

Natchez the work was discontinued too soon to obtain a full series. At CarroUton,

the only other permanent velocity station, the floats were obsen'ed at different depths,

and were, consequently, variously affected by the resistances transmitted from the

bottom. The use of those at the surface or at the same depth, would afford few

observations compared with those at Columbus and Vicksburg, and although the cm-ve

would not probably be materially affected by the source of eiTor stated—since the

variation in velocity fi-om bank to bank is very gi-eat, while that from sm-face to bottom

is very small—still, as the Columbus and Vicksburg series were not liable to that

objection, they alone were used in studying the law of change at different distances

from the banks. An inspection of the plotted cui-ves of velocities near the smface, in

the different divisions at Columbus, at once showed that the entire curve, fi-om one

bank to the other, diffei-ed but slightly from a parabola ; while that at Vicksburg was

so modified by change of depth and by direction of the cun-ent, that it did not, as a

whole, approximate to any known cun-e. The accidental regularity of the Columbus

curve was'a great advantage in the investigation, and it was accordingly selected for

study.

In deducing the approximate discharge of the river, the daily velocities in each

di^dsion of 200 feet in width, given in Appendix D, had been already

ytis^of'them"^ Carefully computed, and plotted in curves, whose ordinates were the

velocities, and whose abscissa? were the corresponding distances fi-om

the base-line. These daily curves were fii-st grouped according to each even foot of the

approximate mean velocity of the river, obtained b}' di^•iding the approximate discharge

by the total area of cross-section. Eight mean curves Avere thus obtained from the

year's series of observations, every point being a mean of many days' obser\'ations.

These curves are indicated on figure 19, plate XI, l)y the points inclosed by circles. The
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law already discovered to hold below tlie siuface, that the less the approximate mean

velocity the flatter the curve, was at once apparent to the eye in these curves, while

their number and regularity promised success in deducing an analytical expression for

the law of change. The first step was to deduce a grand-mean curve of all the obser-

vations, and to determine whether, as was hoped, it was a conic section. This was

done by combining the eight mean curves, giving each, for simplicity of computation,

equal weight (since each was evidently well determined), and then following the process

ah-eady explained for deducing the equation of the sub-surface velocity curves. The

grand-mean curve was found to differ but shghtly from a parabola whose equation is

—

¥5 = 6.6528 — 17.0665 iv^J",

in which u\^ is the distance of the point whose velocity is V5 from the axis, expressed

in decimals, the width of the river, from the middle of division I to the middle of

di^ision XI, being unity. Since this width is 2000 feet, each division of 200 feet

becomes 0.1. This scale is convenient, as it renders the parameters of surface and

sub-surface velocity curves directly comparable. The following table exhibits the

comparison of the parabola with the curve of observations, a comparison also shown

by figure 22, plate XI.

Grand-mean surface curve of velocity at Columbus.

Division.
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that tAvo half parabolas may be nearly adapted to a surface curve, the double axis

lying at the thread of the current. In general, however, the form of the cixrve is so

modified by the varying depth and the set of the cm-rent, that any general equation

would necessarily contain functions of these quantities. It was remarkably

fortunate for this investigation that these functions disappeared from the Columbus

equation.

It having been established that the curves of surface A-elocities at Columbus were

2?arabolas, the next step was to endeavor to deduce the law by which
Their parame- , .

,
• i u i i i i -i i / no.i\

ters vary with tlieu' parameters varied. 13y the process ah-eady detailed (page Z6o)
the reciprocals , .

' i-'iiii • • i
of the square the cquatious 01 parabolas were deduced, which should coincide as
rootsofthe ., .,, . , . rn-,mean velocities nearly as Dossible with the eight mean curves ot observations. The
of the river.

.

reciprocals of the parameters of these parabolas were then plotted as

abscissa?, the corresponding approximate mean velocities of the river being tlie ordi-

nates, it being remembered also that the reciprocal of infinity, or zero, corresponds to

a mean velocity of zero. The curve formed by connecting these points could evidently

be very nearly represented by a parabola, whose axis was the axis of Y. In other

words, tJic rccqirocals of the ]}arameters of the surface-vchclty curves were proportional to

the square roots of the corresponding mean velocities of the river. This, then, appeared to

be the desired law governing the change of form. The equation expressing it, being

that of a parabola refeiTcd to its axis and the tangent at tlie vertex, becomes known

when any point of the curve is known. The point to be selected, because best deter-

mined, is evidently that whose co-ordinates correspond to the grand-mean curve of all

the observations. The reciprocal of the parameter of the parabola most nearly agree-

ing with the grand-mean yearly curve, as already stated, is 17.0665. The corre-

sponding approximate mean velocity of the river, giving each of the curves equal

weight, is 5.3494. The co-ordinates of the point are therefore 17.0665 and 5.3494;

and the equation is

—

_ 5.3494 .2

^ — (IT.OCGof'*^"

In this equation, x is the reciprocal of the parameter of the surface curve which corre-

sponds to a mean velocity y of the river. Substituting irp for x, and v for </, and reduc-

ing, the following general parameter equation for all surface curves at the Columbus

base results:

—

g-p = (54.4482 v)K

The parameter given by this equation for each of the eight curves of surface

velocities differed but slightly from tliat already found for eacli by
Method of test- . p i . i i

ing this law by exjterimeut, the accordance between the curves oi observation and the
the observatious.

resulting parabolas being rather more close than that given by the para-
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bolas first constructed, thus coufiruiing the law deduced. Its accuracy is now to be

tested by basing upon it a general formula for velocity 5 feet below the surface at the

Columbus base, and then noting the accordance between this formula and the actual

measurements.

If the above general expression for ~ be substituted in the general parabola

equation, \\ = ,„ V5 — ^ p u\^~, we have the eqiiation

—

V:, = ,„y, - (54.4482 /)' ^v,:\

in which V-, is the velocity 5 feet below the surface at any point of the velocity section

at Columbus; ,,,,¥5, the maximum Aclocity at the same depth; r, the corresponding

mean velocity of the river; and w^^, the distance from the axis (or line of maximum

velocity) to the point whose velocity is V,,, expressed in fractional parts of the width of

tlie river less 200 feet.* This quantitj^, «;^,, being expressed in a unit practically incon-

venient, it became desirable to substitute for it an equivalent expression, in which the

variable should be the distance in feet from the base-line to the desired point. Denot-

ing this variable by »', and the distance in feet from the base-line to the axis or line of

maximum velocity by «<;,, the difference between these quantities, or w— tv^, is the dis-

tance in feet between the axis and the desired point. The essential sign of this expres-

sion is unimportant, since its sipiare alone enters the formiila. To reduce this to

decimals of the width, divide by AV — 200, in whicli W is the total width. The
(IV ^^ tv ^ ~

Yy OQO ) is evidently equivalent to iv,^~. Substituting it, placing

for W its numerical value, 2200, and reducing, the equation becomes

—

(1) V5 = ,,„y. - (54.4482 vy (0.0005 [w - w;] f.

Tliis general equation, being now in a convenient form, was tested by applying it

to the eight curves of observation. The values adopted for iv^ and ,,,,¥5

require explanation. The former was readily determined by inspecting
accordswiThthe

the plotted curve, which must, of course, be synnnetrical \\ith respect and^tuus^eatab-

to its axis. Its different values, given below in a note to the text, of the parameter

show that it varies but slightly, doubtless proportionally to the varying biJ^.
^°'^ ° """"

force of the wind bloAving across the river. At any rate, no normal

change due to a change of mean velocity can be detected. The quantity ,,.¥5 was at

first assumed in each curve to be the maximum observed Aelocity. When the ciirve

had been computed, a correction for this value was deduced l)y dividing the difference

between the sum of all the observed division velocities and their corresponding com-

puted vtalues by the number of divisions. The effect of this correction, when applied

with its proper sign, was to make the sum of the computed velocities equal to that of

* As the middle of" each division is the point whose velocity is known, a diminution in width, of 100 feet ateiich
hank, results.
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the corresponding observed, thns eqnalizini;- di^icrepancios. The corrected values tlnis

found are given in tlie note below.*

The following table exhibits the result df the test, which is also graphically rei)re-

sented by figure 1?, ])late XT. The slight numerical values of the diflerences are within

the limits of errors of observation, effect of wind, etc., and thus l)y demonstrating that

the formula is correct, establish that at ( 'ohunbus the jjarameters of the curves of velo-

cities 5 feet below the surface varv proportionally to the sijuare root of the mean

velocity of the river.

' Altbough of no especial practical importauce, it may be reiuark«ii tbat tUey are directly proportioual to tbe meau

velocity of the river, beinj; very closely given by the equation

—

.^. _ (l.lG9!)r+ 0.3.533) !

I- + 0.0001

as will be seen by tbe following comparison :

—

r
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Mean surface curves of velocity at Cohiinhits, Ky.
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Ill order to decide wlietlier the panniieter law deduced fromtlie preceding observa-

tions is merely local, it was tested l)v the Vicksbnrg' observations. ' It

Theparameter is seen livaii inspectiuii of the Hve curves ( timire 20, plate XI) thatlawfiirther ' vfc '1 /

Inlaysls '^of the
'"^'*'^' '^^^'' "^^ ^''^1^' curve is not regular. For the four divisions nearest the

f^c'^e'^cul^ls.^"'^
Vicksburg- shore, however, the form is evidently ])arabolic. thus admit-

ting- of a test of the law of change in the ])arameter. The processes

already detailed for the ('olunibus observations were adopted for this purpose. The

equation of the parabola most nearly agreeing- -with the grand-mean ciirve deduced by

combining- the five rurves—giving each equal weight—was found to be

—

V5rz5.7li:il — il.5744 /r,;-',

the corresponding a])proximate mean velocity of the river being- 4.8487.

The parameter equation deduced by j)assing- a parabola, referred to its axis and

the tangent at its vertex, through the }ioint -whose co-ordinates are 31.5744 and 6.7fl91,

the axis of Y being- the axis of the curve, is

—

.,p=(20r).i;l()3 r)K

The general equation is, therefore

—

V, = „ V, — (205.G103 r)Kn.OO05 ["-«-J)^

The values of „,V,-, and h\ corresponding to the ditierent values of <- were determined

in the manner already explained for the Columbus observations.* The following table

• It will be seen tliat ic, is a constant, and that ir,V^ follows the law already deduced from the Columbus observa-

tions, being directly proportioned to c. Its equation is very nearly—

( 1.0445 !•
-I- 0.7786) r

= r+T.OOOl '
M'.Vs:

as shown by the columu of differences.
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exhibits llie result of tlie test, -wliit'li is also graphically rei)reseuted in ligiire 20,

plate XL

by some observations made upon ii small feeder of the Chesapeake and Ohio canal in 1859, of which the details will

soon be given. The followinj; table exhibits the observed iiiaximuui surface velocity and that computed by the

expressions just deduced for v;Vr. at Columbus and Vicksburo;, a velocity which, for the great depth of the Mississippi,

is equivalent to that at the surface in small streams.

Date.
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Mean surface curces of velocity at Vicksburg.
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The existence of this law in this chxss of curves justities the assumption tliat it also

holds good in sub-surface velocities. It is not necessar}-, however, to

depend upon analogy, since the curves of observation below the surface, ,
it can be tested

L L cjj I
fQj- sub - siirface

although not sufficient for the deduction of a law, ai-e mnnerous enough curves by the ob-
o ' c^ servations.

to confirm or disprove one whose existence is suspected. This discussion

will, therefore, be now resumed.

Parameter chai/ges in suh-surfacc curves.—The same process of reasoning- was fcd-

lowed in applying the above law to sub-siu'face curves in a vertical

plane as had been emi)loyed in the case of the Yicksburo- horizontal ^°''.^*'?'^. p"''"

t: I .. & pose It IS intro-

curves near the surface. If the law hold good, the equation of the geulrli "fo°muia

parameter curve must be that of a 2:)a)"abola referred to its axis and the [^^ the°surface^

tangent at its vertex, the axis of Y, or of mean velocities, being the axis

of the curve. The best determined point from which to fix the })arameter is that whose

abscissa and ordinate are the reciprocal of the parameter and the mean -selocity of the

river corresponding to the grand-mean curve, or 0.79222 and 3.3814, respectively.

The equation of this parabola is

—

3.3814 ..3

Substituting .y-p for .r, and v for ij, and reducing, this becomes

—

A^ = (0.1856 r)».

Substituting this general value of .^-p in the general equation for a sub-sui-face curve,

V=V,, —-yp^/,/, we have

—

V = ¥,,,- (0.1856 v)^(?,;,

in which v is the nieau velocity of the river; V,,, the maximum or axis velocity in the

vertical plane considered; \, the velocity at any point in this plane; and d ^, the dis-

tance of the point whose velocity is V from the axis, expressed in decimals, the total

depth of the river being unity. This unit for d^^ is not convenient in a general formula,

U
'

j is therefore substituted for it, in which (/ is tlie

distance below the surface, in feet, of the point whose velocity is Y; d^, the distance

below the surface, in feet, of the axis or line of maximum velocity ; and D, the total

depth of the water, in feet. The formula thus becomes

—

(2) Y = Y„, - (0.185G r)* (^^Y-
This general formula is now to be tested as rigidly as possible by all the observa-

tions taken upon the Siu-vey. Besides the measurements from anchored

boats, some additional data were collected, which, although less exact some data uot
yet mentioned

in character, and therefore not admitted into the grand-mean curve, are are available for

for that very reason especially valuable for this purpose; the constants formula.

of the formula being deduced independently of them. Agreement witli
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.suc]i iiulepeiKlent observations tiirnislies the highest proof of general appheal-)iht^'.

Tlie nature and amount of these additional data will be described before proceeding

to test the formula.

Observations were made on Ajjril 11, 1851, upon bayou Plaquemine, about 800

feet below the upper mouth or point of efflux from the river. The dav
Observat ions , ,, iiii i- i.iupon bayou was calm and tavorable, the bavou benig at a stand near high-water

Plaquemine.
i mi r i' i •

"
. n. . , , .

mark, ilie torm ot tlie cross-section was semi-elliptical and quite reg-

ular, the width being about 300 feet, and the area of cross-section oSTo square feet.

For 150 feet near the middle of the bayou, the deptli was uniformly about 27 feet.

The observations were conducted in the usual manner, the base-line being 400 feet in

length. The floats were cylindrical blocks of green sweet-gum wood, G.5 inches in

diameter by (> inches in height. They were slightly loaded with lead and supported

by surface floats of white pine, 7 inches square by 0.75 of an inch thick. The flags

were 3 inches square. The velocity was measured at the surfai'e, and at 10, 15, and

20 feet below it, throughout the central portion, where the depth Avas uniform; and

the results were plotted as usual. To reduce the observations to the same vertical

plane, for the purpose of comparing the velocities at difterent depths, it was assumed

that the change of velocity from bank to bank, in horizontal planes at the different

depths at which floats were observed, was the same. This assumjjtion was necessary,

since there was not a sufficient number of observations at each depth to form a hori-

zontal curve for each plane. The surface curve was very well determined. It was

divided into six divisions, each 25 feet in width, and a scale of correction constriicted,

b\- whicli the velocity of any fliiat could be reduced to that of a float passing at the

same depth in the vertical plane selected, which was placed Avhere the greatest number

of floats at all depths had passed. The proper correction from this table was applied

to each float, thus reducing them all to tlie same vertical plane. A mean of the

velocities of all the floats at each depth was then taken, and the results were plotted

in the manner already described. These data are given in the following table, and

represented by figure 7, plate XI.

Similar observations were made on bayou La Fonrche, on April 19, 1851, about

2500 feet below the npper mouth or point of etflux from the river. The
Observations , ,. , , r,,, , ^ ^ i i • i j. i

upon bayou La dav was tavorablc. ihe bayou was at a stand near high-water mark;

the cross-section regular and semi-elliptical; the uniform average depth

for about 150 feet near the middle, 27 feet; the total width, about 225 feet; the area

of cross-section, 3G30 square feet. The \elocity was measured as on bayou Plaquemine,

the length of base-line, the kind of floats, and their deptlis being the same. The same

method was also used in deducing the curve of velocity below the surface, which is

shown in figure (1, ))late XI, and given in the following table.
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Similar observations were made upon the Mississippi river at Columbus, Kentucky,

at various times dmnng the discharge measurements conducted there in

1858. Throuo-h a misai^prehension of his instructions, the enoineer in Observations
' o upon the Missis-

charge of this party observed no floats at a greater depth than 50 feet ^^^^ ^^ Coium-

Tliis was, however, sufficiently near to the bottom to serve most of the

purposes of the observations. It was designed that a series of floats should pass at

every 10 feet of depth in several difierent vertical planes, but the impossibility of hold-

ing the boat by oars in a fixed position long enough for this purpose unavoidably caused

the floats to be somewhat distributed. Corrections, to reduce the observations to their

respective jilanes, were deduced and applied in the manner described for the Plaque-

mine observations. The results of these measurements will be found in the followino-

table, and are represented by figure 11, j^late XI.

Some observations of this kind were made at Vicksburg, Mississippi, in the year

1858, by the party stationed there. They were conducted and computed

by the methods employed at Columbus. A few of the observations were up^the^MifsTs!

made at nearly the high-water stage, when the mean velocity of the burg'.
^^ '^^'^^^'

river was much greater than during similar measurements elsewhere upon

the river, and—although too meagre to result in a smooth, well-determined curve

—

were of great value as affording a confirmation of the law. The principal curve is

shown in figure 8, -plate XI, and all the data are given in the following table.

Some observations of this class were made at CaiTollton in 1851, but the floats

were too much distributed to furnish data available for the present pur-

pose. The careful observations from anchored boats were, therefore, Tables exhib-
iting these addi-

aloue depended upon for the law at this place. tiouai data.

The following tables exhibit the additional data just described:

—

Sub-surface velocity observations upon the bayous.

Locality.
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Sub-surface veJocitij ohscrrafious upon the Miss'issipiti at medium stages, the depth heing

ahout 65 feet.
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Formula first

tested by the
frnm fourmean curves,
iiuiii

Tables of results.

The formula was first applied to the mean curves In which the ob.serviitions had

been combined by tenths of depth In the manner already explained.

These curves were four In number, namely : the high-water mean

and low-water mean curves deduced from the observations

anchored boats In 1851 ; the mean Colmubus curve; and the mean

middle-stage VIcksburg curve. The corresponding approximate mean velocity of

the river was carefully deduced for these ciu-ves, the mean velocity on each day

entering in proportion to the number of observations on that day. The correspond-

ing mean depth was found in the same manner. The value d^ was taken from the plot.

V(j, was at first assumed equal to the maximum velocity, and afterward corrected so that

the sum of the velocities of all the observed points and the sum of the corresponding

computed values should be equal. The following tables exhibit the results of this com-

parison, which are also shown by the dotted lines on figures 15, 14, 12, and 13, plate XL

Mean Idgh-icater suh-surface vdocity curve at CarroUton.
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Ilean medium-stage siih-surface velocity curves at Columbus and Viclcsburg.

Depth of float below surface.
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Mean low-water subsurface velocity curves at Carrollton and Baton Bouge.

Low water ; depth 100 feet.

Depth of float helow surface.
Yg]|jcjt;„

by obsei'-

vation.

i Feet.

Surface I 1.9302

Gfeel I 1.9185

Point of max. velocity...
Bottom

Sum of common iwiuts..
Mean of common points..

1. 943t

1.9727
1.9394
1.9062
1.9043
1. 8929
1.81)72

1. 8596
1. 8247
1.7996
1. 7388
1. 6891
1. G390

27. 8320
1. 8555

Velocity
by

formula.

Feet.

1. 9362
1. 9424
1.9444
1. 9424
1. 9362
1. 9261
1.9218
1. 8935
1. 8710
1. 8446
1.8140
1.7794
1.7406
1. 6978
1.6510
1. 9444
1. 5061

27. 8314
1. 8554

Feet.

0. 0000
— 0. 0239
— 0. 0006

+ 0. 0303

+ 0. 0033
— 0. 0199
— 0. 0075
— 0. 0006
— 0. 0038
+ 0.0150
+ 0. 0107

+ 0. 0202
— 0. 0018— 0. 0087— 0.0120

(depth 18 feet.)

0. 1582
0. 0105

Low water ; depth 80 feet.

Velocity
by obser-
vation.

Feet.

2. 5951
2. 4239
2. 3998
2. 3738
2. 3492
2. 3134
2. 29.52

2. 2530
2. 228'

2. 2170
2. 1703
2. 1940
2. 0181

29. 561
2.2740

Velocity
by

formula.

Feet.

2. 3819
2. 3896
2. 3903
2. 3840
2. 370'

2. 3504
2. 3231
2. 2887
2. 2474
2. 1990
2. 1430
2. 0812
2.0118

2. 3909
1. 9084

29. 561
2. 2740

Velocity
by obser-
vation.

Feet.

4-0.0132
+ 0. 0343

+ 0. 0095— 0. 0102— 0. 0215
— 0. 0370
— 0. 0279
— 0. 0357
— 0. 0187

+ 0. 0180

+ 0. 0267

+ 0. 0428

+ 0. 0063

(depth 9.6 ft.)

0. 3018
0. 0232

Low water ; depth 60 feet.

Feet.

2. 3804
2. 3910
2. 3887
2. 3504
2. 3404
2.2929
2. 2434
2. 1988
2. 1379
2. 0628

22. 7867
2. 2787

Velocity
hy

formula.

Feet.

2. 3674
2. 3811
2. 3824
2.3711
2. 3472
2. 3107
2. 261'

2. 2001
2. 1259
2. 0392

2. 3834
1. 9399

22. 7868
2. 2787

Feet.

+ 0. 0130

+ 0. 0099

+ 0. 0063
— 0. 0207
— 0. 0008
— 0. 0178
— 0. 0183
— 0. 0013

+ 0. 0120

+ 0. 0236

(depth 9.6 ft.)

0. 1297
0. 0130

Mean medium-stage sub-surface velocity curves at Columbus and Vicksburg.

Depth of float below surface.

Surface
Wfeet
20 "

.30 "

40 "

50 "

60 "

70 "

Point of mas. velocity...
Bottom

Snra of common points..
Mean of common points..

Columbus ; depth 65 feet.

Velocity
by obser-
vation.

Feet
3. 9826
4. 0864
4. 1659
4. 1917
4. 1843
4. 1875

24. 7984
4. 1331

Velocity
by

formula.

Feet.

3. 9875
4. 0959
4.166
4. 1998
4. 1953
4. 1531

4. 0733

4. 2025
4.0193

24. 7983
4. 1331

Feet.

— 0. 0049
— 0. 0095
— 0. 0008
— 0. 0081
— 0.01 10

+ 0. 0344

(depth 33.8 ft.)

0. 0687
0.0114

Vicbshurg; depth 75 feet.

Velocity
by obser-
vation.

Feet.

7. 5000

7. 5400
7. 2700
7. 3300
6. 8200

36. 4600
7. 2920

Velocity
by

formula.

Feet.

7. 5339
7. 5733
7. 5733
7. 5339
7. 4551
7. 3370
7. 1795
6. 954,'^

7. 5782
6. 8694

36. 4600
7. 2920

Velocity
by obser-
vation.

Feet.

- 0. 0339

+ 0. 0849
— 0. 0070

+ 0. 1505
— 0. 1345

(depth 15 feet.)

0. 4708
0. 0942

Vicksburg ; depth 55 feet.

Velocity
by

formula.

Feet.

4. 5810
4. 5700
4. 5375
4. 3945
4. 1850
4. 0190

26. 2870
4. 3812

Feet.

4. 5676
4. 5705
4. 5153
4. 4020
4. 2307
4. 0012

4. 5764
3. 8657

20. 2873
4. 3812

Feet.

+ 0. 0134
— 0. 0005

+ 0. 0222
— 0. 0075— 0. 0457

+ 0. 0178

(depth 5.5 ft.)

0.1171
0. 0195

Mean sub-surface velocity curves in the bayous.

Depth of float beluw surface.

Bayou Plaquemine ; depth 27 feet.

Velocity
by obser-
vation.

Velocity
by

formula.

Bayou La Fourche ; depth 27 feet.

Velocity
by ob.ser-

vatiou.

Velocity
by

formula.

Surface
b feet
10 "

15 "

20 "

Point of maximum velocity
Bottom

Sum of common points
Mean of common xioints...

Feet.

6.500
6.520
6. 350
6.300
6.020

Feet.

6.485
6.480
6.406
6. 267
6.054
0.491
5.644

Feet.

+ 0.015

+ 0. 040— 0. 056

+ 0. 033
— 0. 034

(depth 2.2 ft.)

Feet.

3.160
3. 230
3.250
3. 220
3.150

Feet.

3.103
3.231
3.249
3.221
3.141
3.250
2.950

Feet.

— 0. 003— O.OOl

+ 0. 001
— 0. 001

+ 0. 009
(depth 9.5 ft.)

31. 090
6.338

31. 692
6.338

0.178
0.036

16. 010
3.202

16. 005
3.201

0.015
0.003
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This weig-bt of evidence in favor of the truth of the formuhi and of tlie acciu-acy

of the reasonino- by wliich it has been deduced is thou"ht to be in-esist-
The result en- . ,

tireiy satisfac- ible. When it is remembered that the forms of all these curves are
tory.

fixed b}' one and the same equation, it must be admitted that so close

an accordance with observations in localities and circumstances so different cannot be

accidental.

That the numerical coefficient of r* should remain constant for so
Investigation of

the parameter m-eat chauoes in cross-sectiou was a matter of surijrise, and the ques-
lavr further ex- ^ •- i ' i

tended by apply- fjoj^ arose whether, for Still smaller streams, it mitifht not varv. Boil can's
ing the general ' ' o .

ll'^fJ"^f
*° ®'"^"' admirable observations on his wooden canals atiurded a means of testing:

er streams. o

the matter.

As stated in the last chapter, Cajjtain Boileau considers his observa-

Anaiysis of tions to indicate that the vertical curve below the point of maximum
Captaui Boi- '

uaas
°'^^®"'^" velocity is a parabola whose axis is at the surface, while the curve

above the point of maximum velocity follows no discovered law. The

first set of experiments was made in a wooden canal or trough about 2 feet wide and 1

foot deep. The observations near and below the point of maximum velocity were made

jiartly with a new kind of hydrometric tube and partly with a current-meter. Above

the vicinity of the point of maximum velocity, Boileau depended on floats which were

observed only at the surface, thus leaving a relatively wide gap in the curve undeter-

mined by measm-ement. Now it is evident that the difference between the sm-face

velocity and that near the point of maximum must be affected by any error in the

constants of the formulae for computing the velocity from the tube and ciu-reut-meter

observations, and also by the retarding effect of the side-resistances, if the floats

de-\-iated ever so slightl}^ from the exact plane of the rest of the observations. If the

surface velocity was diminished by these causes of error to an amount equal to 0.077 of

a foot per second, the entire cui-ve agi'ees very well with a parabola whose vertex is at

the point of maximum velocity, 0.178 of the depth below the surface. Boileau's second

series of experiments, made when the depth was reduced to 0.G7 of a foot, fully con-

fij-ms tliis opinion, as this curve is evidently one and the same parabola both above and

below the point of maximum velocity, which is about 0.237 of the depth below the

surface. The two lower observations should probably be rejected, as they differ

enough from the law of the others to suggest some anomalous influence of the bottom

upon the current-meter. The following table exhibits a comparison between these-

curves of observation and the parabolas given by tlie formuhc

—

V = 2.8254 - 1.520G (^j^^is")

V rr 2.0079 - 1.2683 (j^^J-
The axes are placed 0.178 and 0.237 of the depth below the surfoce, respectively, and
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the parabolas adjusted so that the mean of all the observations shall determme the

mean of the corresponding' jioints of the parabolas, disregarding, in the first case, the

observation at the surface, and, in the second, the two observations nearest the bottom.

The means of course include those observations.

Siib-surface velocity curves from Captain Boileau's experiments.

First experiment.
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small stream. A feeder of tlie Chesapeake and Ohio canal at the Little Falls of the

I'otomac, near Georg-etown, D. C, Avas selected, and incidentally another valne of h

was determined. The details of these exjieriments, so far as they relate to suh-snrface

velocities, will now be given before finishing the discussion of h.

The observations were made by Lieutenant Abbot, on December 2, 1859, a calm

and pleasant day. The clear water-way of the feeder, at tlie point selected, was 17

feet in width and 7.1 feet iu dei)th, with a nearly rectangular masonry cross-section.

The total width of the feeder was 23 feet, but in this vicinity one bank had partially

caved in, thus obstructing the channel and more or less disturbing- the water for about

G feet from one edge. Throughout the remaining 17 feet, the cuirent flowed with

iincommon regularity from sui"f;ice to bottom, thus affording an advantageous location

for the experiments. Every care was taken to obviate errors of observation. An

examination of many published experiments had led to the beHef that the subject, suf-

ficiently difficult in itself, had been greatly complicated by the use of instruments

whose intricate machinery introduced so many errors as to conceal the true form of

the curve. Oftentimes, different instruments had been used at different depths, almost

necessarily introducing relative errors. The double float had been generally rejected

—

apparently without sufficient grounds—and it was therefore decided to give this method

a fair trial.

The lower float was made by bending in the middle two strips of sheet tin, 8

inches long by 2 inches wide, and then soldering the bent edges together, all the

ano-les included between the tovx fims thixs made being right angles. This sub-float,

itself 2 inches in height, was supported by two pieces of cork, each 2 inches in diameter

by half an inch in height. One piece was secured permanently to the toj) of the tin,

thus increasing by its own area the area of the lower float. The other, forming the

surface float, Avas attached by a very fine iron wire. It was submerged only about an

eighth of an inch, and, therefore, exercised no appreciable effect upon the rate of move-

ment of the lower float. By varying the length of the wire, the velocity at any depth

could be measured, especial care being taken to place the centre of figure of the lower

float at the exact depth required, a very important matter, especially for observations

at considerable distances from the point of maximum velocity.

The vertical plane in which to measure the sub-surface velocities was carefully

selected so as to be as nearly as possible that of the thi-ead of the current, because the

flatness of the horizontal curve in this vicinity would give to slight deviations of the

floats from the exact vertical plane their minimum effect in inducing errors.

The velocity was determined by noting the times of transit of the floats between

two cords 51 feet apart, stretched across the feeder just above the water surface. A
chronometer was used with all the care employed in nice astronomical observations.

The floats were placed in tlie -water sufficiently far above the u})per line for the lower
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tloiit to sink and attiiiii tlie uniform velocity of the water at the desired depth before

reaching' the cord. Twelve series of observations were made in succession. The fol-

lowing table exhibits the data in full with a comparison of the g-rand-mean curve with

the parabola whose etpiation is

—

V=2.52ir;-i.i(''-^,^-^').

Sith-surface velocity observations upon a feeder of the Chesapeake and Ohio canal.

Series.
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ever, tlie depth becomes 7.1 feet, a sensible increase is noticed, the quantity becoming

0.58, and Avhen a further reduclion to (t.O of a foot is niade, the (juantity slig-htly

exceeds unity, its value being about 1.1 (nie;in of Boileau's two results). The following

expression fultils tlioso ((.nditions witli all neodfid Mcinrnc\-, ns is shown bv the table

of values:

—

l.CO
(3) hz:i

(D+1.5)4
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A niatlieinatii-ally exact expression for tlie mean velocity of the whole curve at

once results from what has already been estaljlished and from the well-

known ])roi)erty of the parabola, that the area of the segment included Exact equa-
^ ' "^ ^

_
'^

tioii for mean of

between the co-ordinates of any i)oint is eiiual to two-thirds of the rect- ""^^^^^ vertical
' '

' curve ofvelocity

angle constructed upon those co-ordinates. Indicating by V,,^ the mean ^^^e"^
^"^^ '"'^'

of the whole vertical curve, the following" equation results, each member

being an expression for the area on figure 5, plate XI:

—

V,„ D =
I
(y„, - \-„) ,1^ + V„ ,1 + 1 (V„ - V,) (I) - d,) + V„ (D - d,).

By reduction it can be brought into the tV)llowing convenient form lor use:

—

(5) v,„ = ^v„,-fJv„+;^Qv„-^v..).

It only remains to deduce an equation for one of the two variables Locuaof max-

in equation (4). For several reasons, not necessary to mention, d, was l^ve^cli curve

selected for study in preference to Y\. gated.

Position of axis or locus of maximum velocity.—For this investigation, it is evident

that only the five combined mean curves can be used, since in these

alone are the observations sufficiently numerous to insure the close Observed facts
•' and general in-

agreemeiit with the parabolic form which is necessary to an exact ^f'^«="'=es from
^ i- J tUem.

determination of the })osition of the axis. These five ciu-ves (figures

12, 13, 14, 1.5, and 16, plate XI) indicate that this po.sition varies from near the surface

to below mid-depth. The fallacy of the prevailing idea, that the maximum velocity

is necessarily at or very near the sui-face, is apparent from these diagrams. As theory has

been carefully avoided in discussing this subject, the object being to state correctly

the facts expressed by the observations themselves, no attempt will be made in this

jjlace to explain the cause of this submersion of the axis. The fact itself, however,

with tlie consequent inference that there is a well-marked, strong resistance at the

surface, is established. As the distance from the surface increases, the effect of

this resistance diminishes until it becomes equal to that of the resistance propa-

gated by the same law from the bottom. I'liis point of equal effective resistance

from surface and bottom is the locus of the maximum velocity, or in other words, the

vertex of the parabola; its <lepth below the surfsice l^eing d^. Since d^ evidently varies,

the relative resistance at the surface and bottom must vary. But the resistance at the

bottom at any given point can change only with the velocity, a cause of variation

which must similarly affect the surface resistance. The surface resistance, however,

in addition to this cause of variation, must lie affected by every varying wind. Here,

then, is a cause which ought to make the axis change its position. Its -effect must,

therefore, be first eliminated from the five curves of observation, assuming, for the
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time, thnt a cliauge in velocity of the river affects tlie ' surface and l.)Ott<^m resistances

proportionalK', and hence has no influence upon the position of the axis.

Full notes were made of the force and direction <if tlie wind at the time of all the

observations, as mav he seen bv reference to the preceding tables. The

hurricane bv force 10. The hisjhest wind at which
of the effective
force of wind

f ,,. .„ ,) .,,„
acting upon the '•'l^*- "- '""

orob3«vati'o''u9^ velo.-ity ol)servati..ns were possible was found to be force 4. The fol-

lowing process was adopted in determining the eft'ective force of wind

acting upon each of the five mean curves. The observations were separated into three

classes: those taken when the wind l)h'\v uj) stream; those taken wlieu it lilew down

stream; and those taken in a calm, or when the A\ind blew directl}' across the ri\er,

and heuce produced no eiTect. For the first two classes, the sum of tlie jiroducts of

the number of observations at each point by the numbers designating the correspond-

ing forces of the wind was found. The difference between these two sums was divided

by the total number of oliservations at all the points of the curve. The result was

the effective force of the wind, which blew up or down stream, as the sum of the

products of the fii'st or second class predominated. The following table exhilnts in

full the data for the axis determination:

—

No. of ohs. at
each point.

Force of wind.
Approx. mean
velocity ofriver.

Grand mean—Carrolltou
High-water mean— Carroll ton
Low-water mean—Carrolltou

Mean—Columbus
Mean—Vicksburs;

Down 0.2
Up 0.

3

Dowu 1.

1

Up 1.

2

Down 1.

0.297
0.35U
0.150
0. 520
0.100

Feet.

:?. 3814
4. 1605
1.99S4
3. 4070
4.1599

As already stated, the first step was to eliminate the efiect of wind, and thus

determine what the mean position of the axis would have ])een, liad all
Its effects ana-

lyzed and eiinii- the observations been made duriii"' a calm. Since the mean effective
uated. ...

wind acting upon the curves was very slight, its influence was assumed

to be directly proportional to its force, whether blowing up or down stream—a law

Avhich was subse(|uently demonstrated to be true even for high winds. It is also evi-

dent that the effect of an up-stream wind will be to lower the axis, since it increases

the resistance at the surface, while a- down-stream w ind must have a contrarA' efiect.

Making, therefore, x zz depth of axis in calm, expressed in decimals of depth of river,

and ij rr effect of wind force 1 in raising or lowering the axis, expressed in the same

unit, it is evident that .'must be ecpial to x increased or diminished bv the ])roduct of

the number indicating tlie force of the wind 1)\'
//, according as tiie wind blows up or

down stream. Apjtiying these principles to the five mean curves, and giving each
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curve a weig'ht propoi-tion;il ti) its mimbev of observations at each point, the following

equation results:

—

222 (.r- 0.2//) \ / 222X0.2117

+ 142 (.»• + 0.3 //) ) ( + 142 X O.^AO

+ 80 (.x; — 1.1 [/)
' — J + 80 X 0.150

+ 62(:r+1.2//)t /+ 62X0.f.20

+ 20 (,r— 1.0,y)/ \+ 20 X "-100

B}^ i-eduction this becomes

—

J- = 0.3036 + 0.01(2 //.

It is also evident that the ditiference between 'and x is e([ual to y multiplied by the

uumber indicating- the force of the wind. Hence tlie following equation results:

—

222 (./ - 0.297) \ / 222 X 0.2 i/

+ 142 (0.350 - X)
j

( + 142 X 0.3 >/

+ so (./ — 0.150) \ - (+ SOX 1-1.'/

+ 62 (0.520 - r) I / + 52 X 1-'-^'
//

+ 20 (./ — 0.100) / \ + 20 X 1-0
i/

By reduction this becomes

—

x = 0.025 + 2.011 I/.

Combining ami reducing these two equations, the f( dlowing values of x and // result :

—

2; = 0.3170.

?/rr 0.1462.

The next step is to apply these values to the five curves, and then to seek, in the result-

ing differences, the effect upon the axis of a change in velocity in the river.

The following table explains itself:

—

Grand mean—CarrolHon
High-water meau—Carrolltou.
Low-water mean—Carroll ton .

Mean—Columbus
Mean—Vicksburg

Down 0.

9

Up 0. .3

Downl. 1

Up 1.

2

Down 1.0

Observed

d,

0.297
0.350
0.150
0. 520
0. 100

Obaerved j^

reduced to caln

0. 297 + 0. 2 X 0. 1452 = 0. :?26

0. 3o0— 0. ;i X 0. 14.52= 0. 30(i

0. 150 -)- 1. 1 X 0. 14.52= 0. 310
0. 520— 1.2X0. 1452= 0. 340
0. 100 + 1.0X0. 1452 = 0. 245

Mean
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about three tenths of the depth below the surface, ivhatever be the mean velocity of the river.

This is a great jjoint gained, since it renders it possible, by a process hereafter to be

detailed, to deduce accurately the desired ratio between the velocity observed at 5 feet

below the .surface and the true mean of tlie vertical curve, fur calm iJmjs at all stages

of the rirer.

The next stej), nanii-h', a study <'f the etlV-ct, in raising' i>i- lowering the axis, of

winds of dift'erent forces, led to dilticulties apparently insunnountable.

anaiyzing'the'ef^
'^'''*^' ^^'^ mean curves wcre but slightly affected Ijy wind, and afforded

the*^ lociis" of'^he "" '^'^^'^ '"^i' j^iflg'ioy of the effect of a strong wind. But few observations

city. for \elocity below the surfiice were made when the force of the wind

was greater than 1; and, when grouped in up-stream and down-stream

classes and combined, each set was found to be insufficient in number to eliminate

eiTors of ol)servation, so as to give a parabolic curve whose depth of axis could be

accurately determined. Even if this had been possible, it would have been a wide

generalization to assume that the mean etfect upon the axis at all points of the river

surface was the same as at isolated points generally located near the tluvad of the

current. Here, then, the discussion must have closed, had all the data u))on the sub-

ject consisted of the actual sub-surface observations. Fortunately, this was not the ca.se.

As alread\' deserilied, an a})proximate discharge per second ha<l been computed

for each dav's observations at Columlnis, ^'icksburg, and Natchez, by

takini>- tlie sum of the iiroducts of the areas of each <Ii\"ision 1)v the
Errors attribii- ' '

table to the effect velocitv ob.served iu it 5 feet below the surface. These dLscharyes were
of wnnd percept- > o

moximate^%om- pl'^^tcd in curves wliosc abscissu^ were dates and whose ordinates M'ere

putations of dis- ,i i- i I » j • i" i 1 i.1

charge attheve- "'*" 'lischarges per second. Any one uesn-ous ot studymg these curves
oci yfa a lous.

^.^^^ himself can easily do so by plotting them on plate XIII from the

colunni marked "approximate discharge" in Aj)pendix I). The printed

cui'ves on this diagram exhibit the ''revised discharge." It is e\ident tliat such curves

ought to be smooth, without such irregidarities as produce a serrated appearance, pro-

vided the discharge be accurately known. Irregularities were, however, found to

exist. A refei'cnce to the wind-record for t]i<' da\s in (juestion accoinitcil i'nr ihi in.

The depressions, indicating too small discharges, were found to occur with remarkable

uniforniity when, according to the record, the wind had blown up stream; the sharp

elevations, indicating excessi\'e discharges, on the contrary, corresponded to down-

stream winds. Not only was this true, but the great irregularities corresponded to

winds of great force, while gentle breezes produced less effect. This is precisely the

resnlt which the laws of change of velocity in a vertical plane, already deduced, would

lead oiu; to expect. An up-stream wind increases the siu'face re.><istance, depresses the

axis, and therefore moves farther from the vertex the point of the curve o feet below

the surface. The ratio of the observed velocitv to the mean of the curve is therefore
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greater, and tlie discharge, as j'et uncorrected b}' tliis rati(^, nnist be too small Witli

a down-stream wind, the eftect is exactly the reverse.

This evident relation, existing between the irregularities and the recorded force of

the wind, suggested the feasibility of deducing an empirical correction

for wind-effect. The Columbus observations were selected for the trial, rectioii"deduced

and the curve and wind-record carefully studied together. It is evident

that, where the curve is nearly parallel to the axis of Y, a slight error in the ordinates

—

in other words, in the discharges per second—cannot be detected. Such jJortions of

the curve were therefore neglected. For the other portions, the following system was

adopted. A table was formed, containing columns for wind force 1, force 2, force 3,

and force 4, both up stream and down stream. The curve was examined at each daily

j)oint, and the estimated correction in cubic feet per second which would remove its

seiTated appearance, was written in the colunm corresponding to the recorded wind

force for that day. When the whole curve had been thus revised, a mean of each

column was taken. (3ne result, not altogether unexpected, was evident. Up-stream

and down-stream ^\inds of any given force produced about equal effects upon the dis-

charge, the signs of course being <lifferent; in other words, they lowered or raised the

axis by nearly equal amounts. There ^are some theoretical reasons for a tendency

toward this result, but an absolute equality of eftect could hardly be anticipated. A
down-stream wind acts upon the water first by relieving- it from the resistance of the

calm atmosphere, so that its whole force is effective in raising the axis from the position

it occui^ies in a calm, and is equal in amount to that of an up-stream wind of the same

force. The effects of the two winds in creating waves, however, are different; that

of the down-stream wind being proportional to the difterence between its own and the

river's velocity, while that of the uj)-stream wind is proportional to its whole force.

The force of the wind is more effectively exerted when the waves are large than when

they are small.*

Although, as just remarked, no perceptible difference could be detected in the

amount of the irregularities in the curve of discharge caused by up-stream and down-

stream winds, great differences were evident in the effects of winds of different force.

The following- is the numerical result of the study of the Columbus observations :

—

Cubic feet
per second.

Up-stieara or dowu-.stream wiud, foice 1, iliminishcs or increases the computed discbarge 7, 000

" 2, " " " " 1-2,000

" " " " 3, " '• " " 19,000
" " " " 4, " " " " 33,000

* Enongb has now been learned to justify the remark that the resistance at the surface in calm weather can be

only partly due to the friction against the air, otherwise a down-stream wind, moving with equal velocity with the

water, must reduce it to zero and raise the axis to the surface—a result contrary to the observations. It occasions no

surprise, however, to one familiar to the boils and whirls of the Mississippi, that they should cause a great loss of living

tbrce at the surface, and consequently a great retardation of the surface current.
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This empirical table of L-orrectioii was applied to the Columbus, Vicksburg-, and

Nateliez curves of discliarge. It was found to diminish their serrated

it^Tsi^ted^'' appearance greatly, but the correction was evidently too great for the

low and too small for the high stages of tlie river. It was merely an

empirical rule, and each corrcdlon could properly he applied onh/ in that staye of the river

for icJiich it teas deduced, that is, when the )iican rclociti/ iras ahoiit the same as the »ieati of

the mean velocities of the claijs from ivhose observations it n-as dedaced.

This iilea appeared to furnish a clue to the solution of the prolilem analvticallv.

Tile effect u])on the disi-harge of a certain mean dav for each of the four
It is made the

basis of an ana- J^sired forccs of the wiud mi"ht fairly be considered to be known. If it
lytical investi- " '

gation of the ef-
^^y^.l•^, possible tVom tliis to dcducc the amount which the axis of each offectof^wind l

the"max'rm"u m ^^'*^ uiean sulj-surface velocity curves of those four days mu.st have moved

nfean'v^rtical fi"<>ni its calui ])Osition to jiroduce this observed etfect upon the com-

^ ^"^'
]aited discharge, data would be deduced from which it might be ])Ossible

to disco\'er the law governing the eftect of the wind uj>on the axis. An etl'ort to accom-

plish this object formed the next step in this investigation.

The process was identical for each of the four forces under consideration, althougli

the data were, of course, entirelx" distinct for each. A list of the days
Numerical,.

i • i i • • i ^ • 111 it i i n-n
values of the troui wlucli tiic empirical correction liau been deduced was made. 1 here
quantities enter-

i i- i i • t i

iug the compu- Were, tlieii, computed tor these days a mean ;ipproximate discharge, a
tation.

. ,.',,.
mean ap])idxiinate mean velocity ot the rivei-, a mean gauge-reading

—

and from this the corresponding mean radius of the river—an unneutralized efl'ect of

wind, found b}' dividing the number of days on which the wind was blowing in one

direction more than in the other by the total number of days,—and, lastly, a mean

velocity 5 feet below the surface. Tiie latter was found by taking a mean of all the

tabulated velocities for all the divisions on the specified days. These mean cpiantities,

together with the deduced empirical correction for the force under consideration, con-

stituted the only data necessary for solving the proldem. The following table exhibits

these data for each of the four forces of the wind, together with some quantities deduced

therefrom in a manner subse([nent]y to Ix- explained:

—
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Assuminfif equations (2) and (5), and substituting for V, V^,, D, V,„, V„, and ¥„,

respective]}', U, U,,, r, U,„, 11^, and Uo, the following- general formuhe

for large streams, applicable to the mean of all vertical curves, result:— ^^^^ unueu-
(T 1 V .1 tralized effect of

'Y wind upon the
r J observations

eliminated.

(7) u„.=:|u„ + Ju,. + ';:Qu.-Ju,.).

If now, in equation (G), the tabulated values corresponding to the Avind-force imder

consideration be substituted for U, x\ and /•, together with the corresponding value for

(/, namely, f), it is evident tliat the formula contains only two unknown quantities,

U,,, and f/,, and that if the corresponding value of either of tliese quantities can be

determined, the other can be computed. The mean calm value of r/^, namely, 0.317 r,

cannot be assumed, since the curve is still acted on by a certain fractional wind-force.

This force is, however, known (see above table), and, from the given data, it is possible

to compute what U5 would have ])een had there been no wind ; in other Avords, to com-

pute a new value for U5, which shall correspond to the known calm value of (/,. The

etfective force of the wind in each case is so small that no corresponding etfect will be

made upon r, which will sensibly change the small function of it that enters the formula.

The new value of U5, corresponding to a calm, is deduced from the following considera-

tions. For small changes, the mean velocity .5 feet below the surface may be assumed

to be directly proportional to the mean velocity of the rivei-. But the latter is dii-ectly

proportional to the discharge, when, as in this case, the area of cross-section remains the

same. Hence U5, in the above expression, is, for slight changes, directly proportional to

the discharge. But the effect of the wind upon the computed discharge can be readily

deduced, since the direction of blowing determines its sign, and the product of the

fraction showing the effective force, by the empirical correction, its amount. Desig-

nating, therefore, by U'5 the value U5 w^ould have had if no wind had been blowing,

the following proportion and resulting equation are deduced :

—

Approximate discharge as computed : Approximate discharge, had it been calm : : Us : U',.

^^1 y.r Ap])roximate di.scbarge, had it been calm
5

—

^i Approximate discharge as computed

By this formula, the values given in the preceding table, in the colunm headed "U'5",

are deduced. Using these values for U, and 0.317 r for rf , the other quantities re-

maining as before, equation (6) can now be solved, and the value of U^ deduced.

These values are given in the preceding table, in the column headed "U'd". Substi-

tuting these values for U,,, in equation (6), with the tabulated values of v and r and the

mean calm value of (?,, 0.317, and then making d — i) and d — r, the values of the

velocity at the surface and at the bottom, contained in the column headed "U'o" and

"U'/', are deduced. All the quantities contained in the second member of equation (7)

being now known, the values contained in the column headed "U„" are computed.

35 K
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What the approximate discharge and the curve of velocities in tlie mean ver-

tical plane would have been on each of tlie four mean days, had no wind been

blowing, has now ))ren legitimately deduced. Monniver, the absolute

Analysis of
tjisclmj-o-e ]ier sccoud nnist be unaftected by any wind of uniform

the problem: OI j j

f^cfofwlnd force. This reduces the ])roblem to the question how much the axis

oftTe m^aximum must bc raised or lowered from its calm position," in order to make the

nfe°an^vertica1 jiroduct of the approximate discharge corrected for wind, plus or minus
plane '

u,„
each of the empirical correcticms in turn, by q™ ecpial to the product of

the ajiproximate discharge corrected for wind by ..;, the (piantity U''^, being the mean

of the velocities 5 feet below the surface corresponding to tlie jjarticular wind-force

under consideration. To answer this question, reference must again be had to equa-

tions (6) and (7), and values for the constants must be deduced, adapted to a curve

acted upon by the several wind-forces in turn.

The same course of reasoning as that foUoAved in deducing- U'j will lead to the

following expression for U"..,, in which only known quantities enter the second member.

The computed values are entered in the ])receding table, in the columns headed "Wind

up U"5" and "Wind down U"s".

TT// T
J/

Approximate discLarge corrected for wiud ± wiud correction for force under consideration
' 5 Approximate disciiarge corrected for wind

For '0, the ap])roximate mean velocity of the river in the above table mav be used

without sensible error.

For d, use 5.

For r, use the mean radius given in the above table.

For U,„, use the value in the above table already computed, since it is evident

from the following considerations that this quantity is unaifected by wind. Whatever

be the uniform force or direction of the wind, the true discharge, and hence the true

mean velocit}*, remain the same, lint for a uniform rectangular cross-section, U,„ r= r

The difference between these quantities, l)eing solelv due to the form of cross-section,

must be independent of wind except for its inap]irecia1)le effect ujion the level of the

surface, and hence upon tlie fonn nt' i ross-sectinu.

For U"o and I'",., the following formula' i-esult l)y assigning the [)roper \alues to

d in equation ((J), — the (piantities v ;ind r for eacli wind-force having the numerical

values just named.

LI"„=U",,-(o.lsr,(; r)^('''y.

h",-h",,-{0.\)^:A\ r)'{^
^. 'J.

If this set of values be substifuted in the two generMJ fornuda' (C) and (7), it will be

found that onlv two ouimtities i(in;iin unknown, nauudv, U",, and d , the numerical
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values of wliirli may tlieretoro be computed. By a somewhat tedious process of com-

binino- these equations, ehminating l'"rf,, and reduciuii', tlie foHowing vahie of d,, in

terms of known quantities, resuhs :

—

. _ (0.1856 v)'' (5 r - ^r- - 25) + r' (U", - U„.)
, ^''~

(0.1856 I')* (10 - »•)

The resulting- values of r/^, in decimals of the total depth, are given in the columns

headed " A^'ind n\> ^[ "and " Wind duwn '][ '. These values of -', it will lie remembered,

are the nmnbers for which this laborious inve.stigation was undertaken, and by which

it was hoped that the law governing- the action of the wind upon the axis of the mean

sub-surface inirve might be revealed. The following tal)le exliibits an analysis ot these

values :

—

Down—force 4

Down—force 3

Down—force 2
Down—force 1

0. nriO

0. or:!

11.067

n. o:i7

0. Ku
n. 007
0. 064
0. o.w

0.060
0. 060
0.060
0.060
0. 060
0. 060
0. 060
0.060

+ 0.010
— 003
— 0. 007

+ 0. oo.-j

+ 0. 003
— 0. 007
— 0. 004

+ 0. 005

0.042

No clearer revelation of law could lie desired. The effect of the ivimJ, 7rhether

blowing up or doirn stream, is directly proportional to its force, in the former

case lonrriuf/, a)id in the latter, raising the axis. Also, the amount of sitch g^^^^ienVrri

hneering or raising is independoit of the mean relocifg of the rirer. When
f„ cVa°of "^t h e

it is rememliered that every part of the data for detecting the effect ot locity in the

each wind-force is entircdy independent of that for the other three forces, plane,

the slight amount of the differences in the last column of the above table

is no less surprising than satisfactor)'. It is e\'ident that d^ is no longer an unknown

quantity in equation (6). Its equation, which will receive a short discussion in the

next chapter, is

—

(8) (?, = (^O.;317 + O.06/)r,

in which./" is the nundicr indicating- the force of the wind ; a calm, or a wind lilowing-

at right angles to the current, l)eing denoted bv (', and a Imn-icane by 10. Its essen-

tial sign is positive when the wind lilows u]i stream, and negative when

down stream. „ , .• ,
Explanation of

The especial object of this investigation of the laws governing- tlic
"^'^tajfj^g c°a°n

change of velocity below the surface is at length attained, since th
^o-w be resumed
putationa
now? be rea

where it was
complicated and varying ratio, necessary to correct the work of the year '''" °" ^^^^ ^^°'

18,58, can now be readily deduced.
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FINAL DETERMINATION OP DAILY DISCHARGE AT VELOCITY-STATIONS AND ELSEWHERE.

Method of correcting discliarge mensuremoits for changes cf reloeity heloiv the surface.—
It will be reniemljered that the method of deterniining the discharge

Anequationfor from the Velocity measurements has hei'ii already fully explained, upon

u."
necessary to

^|jg suiipositiou that the velocity in any vertical idane iiarallel to the
complete these

_

"

r i • •

equations. current is the same at all depths. The principles and e([uations just

(h'duced render it possil)le to correct these approximate discharges for

the error introduced by this assumption. This can evidently be done by multiplying

them by the ratio j—'. It only remains, therefore, to deduce an analytical expression

for this ratio, and to explain how it has been practically a]>i)lied.

It iedeciuoed. Sul)stituting iu equation (7) for V„ and U,. the fidlowing values (de-

duced fnim e(juation ((i) l)y substituting the proj)er values of (?), viz.:

—

(9) l\=lh-{hry(''^.y,

(10) i\ = i\,-{ijry-(^:^y,

and reducing, the following \alue of U,,, may be obtained:

—

(11) v„ = v,„ + iiryQ + '^^^^).

Substituting this value of T,,, in equation ((!), giving d^ its value in equation (8), mak-

ing (7 — 5, and di\ iding the expression U,„ = U,„, member by membei-, liy the resulting

efpuition, the following analvtical expression for the desired ratio results:

—

V,
U

I

(^
I

(0.3 17 + 0.06 /)J10r->-^)-2.^W^\^

The numerical values of this expression were com])Uted and talnilated for each

velocity-base by the following process. The days on Avhich observa-

termining the tioiis were made wei'e grouped according to even feet of the approximate
numerical values , . . , -,

. i •. i • i i t n-
of the quantities lucau Velocities ah-cady computed, it being assumed tliat the enect upon
entering the sec-

, , . , . i t i i • i • ,> i i

end member of tile desired ratio, produced by clianges in mean velocit)^ ot less than one
this e q nation

;

with table of re- foot luiglit lie neglected. Each groui) was then examined in connection
suiting values of
the ratio for Co- ^yifli the wiiid-reconl, aud days were rejected until only calm davs, or
lumbus, Vic KB- •' ' •

burg aud Natch- ^\^(,i^^, ^y^^ which the wind lilew directly across stream, or those on which,

when combined, the wind-effects balanced each other, were left. The

resulting mean dav in each groiqi was equivalent to a calm day, so far as wind-effect

was concerned. The following mean quantities were then deduced for each mean day

by dividing the sum of the quantities by the number of days going to make up the

mean dny, ^iz.: an approximate mean velocity of the river, a gauge-reading—and

hence a mean radius—and a mean velocity 5 feet below the surface (found by taking
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a mean of the tabulated velocities of all the different divisions). Substituting in equa-

tion (6) these mean values for v, r, and U, giving d its corresponding value, 5, and

making d^ zz 0.317 r, antl 6 — 0.1856, only \J^^ remained unknown. Its numerical

value was therefore computed and substituted, Avith the same values for r, d^, and /•,

in equation (6), which now contained only two variables, d and U. By making d=: 0,

and (/ =: r, and deducing the corresponding values of U, the velocity at the surface and

bottom became known. Sul)stituting in equation (7) these values, together with those

computed for U^ , d^, and r, the value of U^ resulted. Substituting in equation (12)

these values of U,„, a\ ith tho.se already deduced for v and r, and making b z=: 0.1856, /
alone remained unknown. By giving it successively its value for each of the various

forces and directions of the wind, the following table has been computed. It will be

noticed that eight ratios were deduced for Columbus, five for Vicksburg, and one fen-

Natchez; and that they differ very slightly at the different stations.

Table of ratios for corrediny the ''upproxiwate" discharges of the Ilississijijii-
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"Mean velocity." Tlie same operation Ava.s performed upon tlie following- observations

in 1851, in which all tlie floats passed near the snrface, viz.:

—

Roiith's point February 25.

Red- river lauding Sfareb 16.

Raccourci cut-ofl' JIarch 11'.

Baton Rouge... April 1 aud April 2il.

Bonnet Carre May 20.

These corrected values are plottetl on plates XV, XVI, and XIII. ( In the two

loriiicr, the ordiiiates are the daily ganue-readinjjs, and the absci.ssa^ the
Internal evi- t i t i i i

' dence of accu- furre.spoiKling' discharges per second. ( )n the other, the ordinates are
racy.

the daily discharges per second, and the abseisste the corresponding

dates. Many references will lie liereafter made to these diagrams. At present, they

are mentioned only to call attention to the evident smoothness and regularity of the

curves. This is a severe test of the accuracy of the woi'k, as the scale is sufficiently

laige to re\eal readily by a serrated form aiiv irregularities from d;n' to day. To avoid

complicating tliese diagrams, the "approximate discharge" has been omitted, but the

curve can easily be added from the tabulated values in Appendix D, if it be desired. It

will show tliat much of tlie t'reedom from irregularities is due to the application of the

correction-ratios given in the last table. Indeed, it niav reasonablv be claimed, since

this table is aftected liy every princi})le thus far enunciated in this discussion, that the

effect of the deiluced corrections upon the curves of apjiroximate discharge would be a

sufficient guarantee of the truth of tlie whole new theory for velocity below the

surface, even if it rested upon alistract reasoning alone instead of upon observations.

The (orrcrtfil values are of course used in all the discu.ssioiis of this report. To

guard against any cavillings which may be directed against a process so
Concluding le- .

, . .
"^

,

marks. long aiid intricate as that by which these ratios have been deduced, all

the data have been ])resente<l, necessarv to eiialile an\ jiersoii to correct

the approximate tlischarge, by any other desired ]irocess, for the <lif[ereiice between the

velocity 5 feet below the surface and the mean of the whole vertical curve. • It fortu-

nately happens that the deduced correction-ratios differ so slightly from unity, that nu

general opinion can l)e based upon the revised result, which might not with ecpial pro-

priety be drawn from the first approximation, wholly uncorrected.

Interpolations of dalhidiscliarge at vdoc'dij-statious.—One uniform system was ailo))ted

at the several vehicity-stations for determining the discharge on those

General system days oil which iio curreut-observations were made. The discharges
of interpolating
the discharge actuallv measured Were plotted both with resiiect to time, as on iilate
when n o raea- " ' i ' i

suremeuts were XIII, and with respect to the stage of the river, as on i.late XV. The
made. — Miss is- ' ^^ J

sippi river. determined j)oints on one of the diagrams were then connected so as to

make as smooth a curve as possible. The interjiolations indicated by

this curve were next tested and corrected by plotting tlieni on the other diagram. A
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few trials will convince any one that, where observations are as nnmerous and exact as

on this Survey, such interpolations are entitled to the same confidence as actual obser-

vations. They in fact amount to tlie same thing-. For the tributary streams, the fol-

lowing explanations are required.

The measurements upon the Arkansas, at Napoleon, were sufficiently numerous to

allow the system of interpolation just described to be employed for that
, . p c 1 1 1 .

Arkansas river.

river. A correction was necessary tor a tew days when the river was

highest, in order to allow for some water which poured across the Ijend just al)Ove

Na])oleon. The amount of this correction from day to day was carefully estimated from

rehable notes and records, and may be easily determined liy comparing the discharges

given in Ap])endices D and E.

The discharge of White river has been assumed the same as that of the Arkansas,

at Napoleon
;
partly because the measured areas of cross-section of the

VVliitG rivGr.

streams near their mouths are about the same, and partly because the

large connecting bayou or cut-off has the effect of equalizing the discharge through the

two channels below it, no matter from which river the water originally comes.

In addition to his measurements upon the Mississippi river, in 185S, ]\rr. Pattison

was charged with occasionally gauging the Yazoo river, and with l'ull\'

c • 1 • 1 '
i- 1 1

~ Yazoo river

informing Inmselt, from the regular packets plying between Vit-ksbiirg

and Yazoo City, of its daily condition. During high water, these measurements could

be readily made, since he could pass in his skiff through the swamps, and retm-n the

same day. After the river fell the work could not be prosecuted without interfering

with the operations upon the Mississippi, and it was accordingly discontinued. Exact

memoranda obtained from gentlemen residing njion the river, together with the mea-

surements and notes of I\Ir. Pattison, furnish the means of accurately fixing the daily

dischai-ge from December, 1857, up to the last gauging on July 23, 1858. Subsequent

to that date, it is not attempted.

The contributions of Red river, during the flood-period of 1858, were determined

with much accuracy by a general system of checks. Throug-h the kind- „ ^ .J J o J & Red river.

ness of Mr. Thomas K. Smith, at Alexandria, the information needful

for a knowledge of tlie daily stage of Red river at that point, was secured. The gauge

of Mr H. D. Mandeville, at the crossing of the Vidalia and Harrisonburg road, supplied

all desired infoiTnation relative to bayou Tensas. Besides the gauge-register at Red-

river landing, Mr. Torras kept a daily record of the direction and force of the current

in (Jld river. The gaugings of Red river, bayou Atchafahna and Old river, made in

1851 by Mr. G. C. Smith's party, and repeated in 1858 by that of Lieutenant Abbot,

afforded a definite idea of the capacity of these rivers for discharge. The measure-

ments at Vicksburg, transferred down the river in the manner soon to be explained,

fully checked and established the accuracy of the discharges estimated by discussing
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and studying these various records. It fortunately happened that, during the critical

period of high water, ]\ed river was low, and the Atchafalava carried oft' the crevasse-

water which drained through Black river. The water in (_)ld river thus remained sta-

tionary, or nearly so, at this most imjjortant time, and no error of any practical im-

portance can exist, therefore, in the estimated contributions of Red river to the Missis-

sijipi during the Hood.

Bayous Plaquemine and LaFourche so nnich resemLle waste-weirs, that the amount

_ _, received for any "iven stand of the Mississiijpi must be a nearlv unvary-
Bayoiis Plaque •' '^ 11 .J

FouJ^he'"'*
^^

'"f^ (|uantity.* By the aid o\' tliis priiuiplc, tlic measurements of the

Survey afford all needful facilities for determining accurately the daily

discharge during the tlood-j)eriod, when a gauge-record has been kept. The following-

table has l)een coiu])utfd f<>i- this pui-pose from the data contained in Ajjpendix I) :

—

Scale of discharge for the hayous.

Mississippi below high water. 1851, at upper
mouth of bayou.
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known), togetlier witli the coiTespoiHling gauge-records at different jioints of the river

—the dail}' discharge per second at various important points selected tVn' stud\

.

One uniform s^^stem lias been adopted for all such transfers of measured

discharges. The mean i-ate of nl0^ement of the water having been Outline of the
process adopted

cominited by dividing the aiiproximate, discharge by the aiiproximate for transferring
1 -^ '' ' ^ o J II measured d i s -

mean area of the river between the points considered the water-prism charges.

measured at the velocity-base is traced to the point where the discharge

is required, and corrected for the losses by crevasses, and for the contributions from

tributaries, shown by the measurements to have occurred at the dates of its passage.

This is all that is needful, provided the river is at a stand while tliis prism is passing,

which it is always at the top of the Hood, Avlien exact accuracy is most important.

If, however, it be rising or falling, the prism is affected thereby; and a correction,

found l)y multiplying the mean area of river surfiice between the stations b}' the mean

rise or fall per second wiiile the prism is passing, is to be applied Avitli its proper sign

A single example will show the practical application of this proces^.

Let it be recpiired to find the discharge per second at Helena on July 15, 1858.

When the Mississippi is at high-water mark, its mean area of cross-
Example,

section from Columbus to Vicksburg is about 194,000 square feet, and

its discharge per second about 1,200,000 cubic feet. This gives for the rate of move-

ment of the water about 100 miles in twenty-four hours This rate may be assumed

without sensible error for the flood period. The distance from Helena to Napoleon is

102 miles; thence to Providence, 132 miles; thence to Vicksburg, 70 miles; making

a total distance of 304 miles from Helena to Vicksburg. It may, therefore, be assumed

that the water-prism Avhich, moving at the rate of 100 miles per day, passed Helena

between sunset on July 14 and sunset on July 15, passed Napoleon between sunset

on July 15 and sunset on July 16; passed Providence between sunset on July 16

and sunset on July 1 7 ; and passed Vicksburg, where it was measured, between sunset

on July 17 and sunset on July 18. Corrections are, therefore, to be taken from the

tabular exhibit in Appendix E, and the tables of crevasse discharge given in Chapter

^T, to correspond to those dates, thus:

—

Cubic feet por secoud.

Measured discharge at Vicksburg, July 18 1,225,000
Deduct discharge Yazoo river, July 18 137, 000

, , , „ .

,

i^ TT- 1 1 T 1 1 S right bank 37
Add creva.sses, I'rovideiice to v ick.sbiirg, J iily 1-

. , T> iiauk '^4

1,088,000
37, 000

000

Approximate discharge at Providonce, July 17 1, '49, 000

,,, -vT 1 » D •! T 1 ,, S right bauk 2,000Add crevasses, JJapoleou to rrovidence, July 17 , p i i. a qqq

Approximate discharge at Napoleon, July 16 1, 159,000
Deduct discharge Arkansas aud Wliitc'rivors, July 16 160,000

999, 000

,,, „, i XT , T 1 ,,.S right bank 16,000Add crevasses, Helena to JVapoleon, July 16
J

i .7. i „ i. 63 000

Approximate discharge at Helena, July 15 1, 078, 000

36 H
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This computation sliows that, if the rivor had l)een at a stand during the passage

of this prism of water, the discharge at Helena on .Inly 1") would have been 1,07S,00()

cubic feet per second. l>y reference to tlie gauge-records at Helena. Xai)oleon,

Providence, and Vicksburg, however, it is seen that the river was falling during this

period, and that, conserpiently, the discliarge at ^"icksburg was greater than that at

Helena l)v the amount of Avater draining out of the channel between Helena and

Vicksburg. Tlie amount per second of this supply must, therefore, be deducted from

1,078, out), in order to find the true discharge per second at Helena. The gauge-

records show that tlu' i-iver fell

—

Feet.

At lleleua, July 14 to July lo 0. r!

At Napoleon, July 15 to July Itj 0.5

At Providence, July 16 to July 17 0.7

At Vicksburg, July 17 to July 18 0.0

Since the river fell O.S of a foot while the water-prism was passing Helena, and 0.5 of

a foot while it was passing Xa2)oleon, it fell -—i

—

~ rr 0.G5 of a foot while passing

through the channel between those two places. In like manner the river fell 0.60 of

a foot in passing- between Napoleon and Providence, and ().u5 of a foot in passing

betAveen Providence and Vicksburg. Since these places are nearly equidistant, the

entire auKnint of Avater whiidi was added to the discharge at ^'icksburg• on July 18

by the draining of water from the channel between Helena and Vicksburg, can be

oljtaiiied b}' multiplying the area of water surface Ijctweeii tliose places in scpiare feet

(304 X o2feO X 4300) by
0-C-^> + 0-60 + 0.35

^
^^,j^.^j^ ^..^.^^ 3,(iSl, 100,000 cubic feet. Divid-

ing this amount by 86,400 (the number of seconds in 24 hours), we have 43,000 cubic

feet for the amount thus added per second. Subtracting this amount from 1,078,000,

we have 1,030,000 cubic feet for tlie retpiired discharge per second at Helena on

July 1.5.

In practical application, this process can be some\\hat siiniditied
Simpler nieth- ^

. .od of computa- by stating it in the form of an etpiation, and reducing the numerical

coefficients. Thus, in the example just given, the process is represented

by the following expression:

—

Kiseatllukna liilj ll-i:

Clian.R.I correction =^'y-^l^??^L><il*'0 ^ 1 | -f Twice rise at Napoleon .July 15-16

8(i,'lOO 6
J

-)- Twice ri.se .at Proviflence July 16-17

-f Rise at Vickslinrj;

...July 16-17 /

...July 17-IH 1

By reduction the coefficient Ijecomes, say 13,000. The method of computing the daily

discharge at Htdeiia, during a flood stage of the river, may then be indicated l)v the

follow ing exj)ression:

—
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Discharge per second at Vicksburg July 18

— Discharge per second of Yazoo river July 18

+ Discharge per second of crevasses, Providence to Vicksburg July 18

+ Discharge per second of crevasses, Napoleon to Providence July 17

Discharge pur second > / — Discharge per second of Arkansas and White rivers July IC

at Helena, July IS S \ -|- Discharge per second of crevasses, Helena to Napoleon July 16

, Rise at Helena July 14-15

) 4- Twice rise at Napoleon July 15-10 f

\ -j_ Twice rise at Providence July 16-17 t

^ -\- Kise at Vicksburg July 17-H ''

This method of computation has been applied, without exception, to all cases where

local discharges have been determined from those measured at the velocity-bases. It

is evidently a strictly mathematical process, allowing' no latitude in its application.

No further exijlanation is believed to be necessary to give an exact idea of the

manner of determining all the discharges of the Mississippi river and- of

its tributaries, which enter into the discussions of this report. It may remarks"
^'"^

seem that an unnecessary degree of detail has been attempted, but,

since practical conclusions of great importance are based upon these numbers, it is

essential to demonstrate fullv that they are worthy of confidence.

FIELD OPERATIOXS UPON CREVASSES. RESULTING FORMULAE, ETC.

The requirements of the 8urve}' made it imperative to undertake the measurement

of the discharge of water through crevasses, or breaks in the levees, at

seasons of high water, although the operation is so exceedingly diffi- nonfena^atteud-

cult that it has rarely, if ever, been heretofore attemj^ted. Several a"^ "o^°"water

careful observations upon crevasses were accordingly made during the lasse".^
^"^^

progress of the field work, and the results, although necessarily less

accurate than the gaugings of the river itself or of its tributaries, yet seem, so far as

they can be tested, to be worthy of confidence.

Before jjroceeding to detail these observations, a few preliminary remarks upon

the general phenomena attendant upon the fiow of water through crevasses may not

be out of place. It is true of every crevasse, great or small, that its effect upon the

currents of the river extends only a short distance from the bank. This was the case

even with the Bell crevasse, when, on May 13, 1858, it was 327 feet in width, and,

probably, about 15 feet deep along the line of levee. Even with these dimensions, no

sensible influence was produced upon the line of motion of floating bodies passing at

about 200 feet from the edge of the natural bank (or 300 feet from the break in the

levee). The day was calm, and no known anomalous influence existed. Between the

cx'evasse and this outer limit of its influence, there is always a movement of water

toward the break from all points—below as well as above. This movement gradually

increases in velocity until it passes the break and reaches the level of the ground in
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rear of the levee, when it rapiilly dimhiishes; the water spreading in all directions, but

mostly flowing toward the swanii)s. There is a sensible slope from tlie outer line of

crevasse influence to the line of levee, where there is oftentimes a kind of cascade.

In passing the break, whether Ijy a cascade or not, the water is higher in the middle

of the opening than at either side. These conditions are evident to the eve in large

crevasses, unless, as may happen, the wind or a pecnliar situation of the Ijreak with

respect to the current of the river modifies the flow of the water. It mav, therefore,

be inferred that they exist in small crevasses also.

The difficulty of measuring the discharge of a crevasse can now be ajipreciated.

The rush of the torrent through a break generally renders the use of a
Difficulty of ^

. .

gauging a ere- l^oat impracticable. The area of cross-section is constantly enlarged by
vasse. ^ o .1

the caving of the levee and washing of the natural bank, and can

rarely be accurately determined. The swelling already mentioned, due to the exce.-^-

sive velocity in the middle of the break, besides tU-awing the floats from the sides to a

narrow path near the thread of the current, prevents any very accurate measurement

of the sk)pe of the water surface. The constant change in A'elocity, from the outer line

of crevasse influence to the point of .spreading out o\er the groiuid back of the levee,

renders the method of gauging by floats objectionable, but the almost irresistible force

of the current and the great slope of the water surface make anv other plan impracti-

cable. From these considerations it is evident that strict accural- \- cannot be exjiected;

but the close agreement of several experiments, conducted bv difl'erent individuals upon

varied plans at difl'erent crevasses, induces the belief that a knowledge of the laws of

discharge has been attained.

Ohserrations upon the rdocitij of crecasses detailed and discussed.—On several occa.

sions, the velocity of the thread of the current of difl'erent crevasses was
Rough meas-

urements of ve- rouiihlv measured liv tiniino- floats past base-lines of difl'erent lengths,
locity. ^ . . .- 1 e '

extending froui tlie levee toward the swamp. The following table

exhibits these results:

—

I

Doyal
'

April 24,lSr>].

Oardaiiiie March :i2, IHTA.

Gardaiine March •>9, l!*:A.

Millaiidon April Ul, IKM.
Hi»p.-ria .May 22, IWS.
La BraQcbu Juue 2,1858.

Feet.

im
2UII

200
250
20
104

Observed ceu.
tral surface
velocity.

Depth oa
line of

levee. (Ap-
I
proximat-e.)

Feet per sec.

7
Feet.

3

:!. .T

10(f)
7

Feet.

220
90

i;i0

lou

135
307

Mr. G. C. Smith.
Prof. C. G. FoKshey.
Prof. C. G. Forshev.
Prof. C. G. Forshey.
Mr. H. A. Pattisou.
Mr. W.H. Williams.

In each of tliese cases, exccj)! at the Ilesjieria crevasse, tlie l)ase-liiie was so long that

the water must have undergone many and great changes of velocity, rendering it imjios-

sible to deduce from the ol)servations that velocity with which it i)assed the line of
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levee—tlie only liiu- iijxoi which the area of cross-seetioii of the .stream can be deter-

mined even a})proximately. Moreover, the relation between the slope and the gener-

ated velocity not being noted, these observations caimot be used in deducing a general

rule for discharge; nevertheless, they are of value because they show how much the

popular idea respecting the velocity of ci'evasses is exaggerated.

In addition to the above, three sets of observations were made

with all possible exactness and with great care to obviate causes of DetaUed meas-
urements,

error and arrive at practically useful results. They will be noticed in

turn.

Observations upon the crevasse at Fausse Eiviere were made by ilr. (}. C. Smith's

]iarty, on Marcli 28, 1851. This crevasse occurred where the levee was

about 6 feet in height, with the water about 4.5 feet against it on
creva^ss^e

^'^'^'^^

March 28. The water, after rushing through a break 700 feet in width,

passed into Fausse Eivifere, and, being restrained by the banks, flowed for a time in

the old bed. Tlie measurement for discharge was made in this channel, where the

stream had apparently attained a nearly uniform velocity, the surftice being 3.2 feet

below the river surface. The area of cross-section was 3420 square feet; the maximum
central surface velocity, 6.5 feet. The ratio between the maximum surface velocity

and the true mean velocity of a stream of about those dimensions may be assumed at

0.85, as will be hereafter seen. Hence the discharge per second of tliis crevasse was

3420X6.5X<^-85z=18,9()0 cubic feet. By the usual formula for discharge through

weirs, with Castel's coefficient for reduction in the case of a canal throiio-h a dike * we
have the discharge equal to 0.527 X5.348X700X (4.5)' = 18,830 cubic feet. This

coefficient (0.527) was deduced by Cast el with great care from experiments upon a

weir about 0.7 of a foot wide, with a canal 0.7 of a foot long, whose slope was 10 upon

133, and with a head varying from 0.16 to 0.36 of a foot. The closeness of the ao-ree-

ment of this formula with the observation is certainly satisfactory.

Observations wpon the Gardanne crevasse were made by Prof. Forshey's party on

April 19, 1851. The crevasse was 350 feet in width, the levee being 7

feet high, with the water about 5 feet against it on April 19. A pile-
^_^<^3'^'3a"ne cre-

di-iving boat, about 80 feet in length, was moored in the crevasse, and

the measurements were made from it. The velocity of the water in passing its entire

length was 8 feet per second. Where it passed the line of levee, falling 2.5 feet in 10

feet, the velocit}^ acquired at the latter part of this distance was 15 feet. The floats

passed in the line of maximum velocity. Adopting the above ratio, the mean velocity

is 15X0.85= 12.75 feet. Hence the discharge is equal to 12.75X350X(5— 2.5)

= 11,156 cubic feet. The discharge detemiined by the weir formula with Castel's dike

*Q =0.5-27 (5.348 W H^); in which Q = discharge,W = width of the weir, and H = the head of the lower edge

of the weir.
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coefficient is equal to 0.52 7X 5-348X SoOX o- = 11, <•-•"> culjic feet—again in close

accordance Avith tlie observations.

Observations upon the Bell crevasse were made by Lieuti-nant Abbot, assisted by

My. W. H. AVilliams, on May 13, 1858, the crevasse being 237 feet in

its^dept^^"^^^^' ^^'i'lth. The levee was generally about 7 feet high in the vicinity, but

at the crevasse it varied greath", being, at some places, 2 feet above the

water surface, and, at others, so low that a row of gunny bag-s tilled with earth, upon

the top, Avas necessary to prevent the water from flowing over. This crevasse differed

from the others upon which measurements were taken, by the water's liaA-ing rapidly

excavated a channel below the natural surface of the ground. The actual mean depth,

on May 13, cannot be absolutely ascertained, but an approximation to it may be made

by two distinct processes. Mr. G. W. R. Bayley, when attempting to close it, found a

depth of 22 feet at the lower end, near the spot where he was driving piles on May 4.

The water stood about 6 feet deep on the natural bank (see the Carrollton gauge),

showing a local excavation at that time of K! feet. A detailed survey of the site was

made at low water (see figure 5, plate III), and an excavation of 40 feet found in tlie

same hole, although the mean excavation in the part of the crevasse open on Ma}- 4 was

only 25 feet. Hence, assuming the mean depths to be proportional to the depths in

this hole, we have 40:in::25:8, giving 8 feet for the mean excavation across the whole

crevasse on ^lay 4. The second process of approximation is as follows: At low water

the widtli of the crevasse was 731 feet, an increase of 400 feet having been made at

the lower end of the break since May 13. On this 400 feet a mean depth of 15 feet

below the natural surface had been excavated by the water. Assuming the rate of

excavation to be uniform, it is evident that the abrasion made previous to May 13 over

the space of 327 feet must have subsequently increased 15 feet in depth. But, as

already stated, the mean depth of excavation found at low water on this 237 feet of tlie

crevasse was 25 feet. Hence the mean excavation of the crevasse on the line of levee

on May 13 was 25— 15rrl0 feet. These two independent computations agree so well,

giving 8 feet for the mean depth of excavation on May 4, and 10 feet on ^lay 13, that

no material error need be apprehended in adopting the latter for tlie true mean depth

excavated on the line of levee on May 13. On the natural bank, outside the levee,

the abrasion Avas much less. By the survey at low water a mean excavation of only

14 feet was found on this line in front of the break made previous to May 13, while

on the line of levee, as already stated, a mean dei)th of 25 feet had been excavated.

Hence, allowing the rate of evcavation on these two lines to be proportional, we have

25:10:: 14:5.6, giving o.H feet for the depth excavated on the natural bank in front of

the levee on Isl&y 13. Adding 5 feet for depth of water above natural surface, we have

10.6 feet for the mean dejith of water on this line, and 15 feet for that on the line of

levee on Jlav 13.
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The excavation, although witli a much less mean depth, extended some hundreds of

feet back from the levee. Consequently, it modified the ordinaiy condi-

tion found at crevasses, where there is usually a well defined and sudden

fall in water surface at the line of levee. The current moved smoothly from the outer

edge of the crevasse influence with a rapidly accelerated velocity thi-ough the break, and

for perhaps 100 feet beyond, when it broke into violent boils, undoubtedly due to the

irregularities of the bottom, and then spread outward in all directions. The land was of

course flooded, but a small spot remained uncovered, 66 feet back from the levee at the

ujiper end of the crevasse. One instrument was placed on this island, and the other on

the levee, and the time of floats in passing the distance between them noted. A mean

of thu'teen surface floats, tolerably well distributed across the crevasse, gave a mean

velocity of 10 feet per second for the current from the line of levee back 66 feet. Mr.

Bayley, while driving piles to close the crevasse on May 1, found exactlythe same velocity

by noting the transit of two or three floats past his boat, which was 60 feet in length.

The measurements of May 13 will be discussed with a view to deducing the dis-

charge of the crevasse on that date. As already stated, the velocity of the current, in

passing from the line of levee rearward 66 feet, was found to be 10 feet per second. As

dm-ing the whole period of this transit it was apparently imdergoing a uniform accel-

eration, tins velocity may be assumed as that of the current at a point 33 feet back

from the line of levee.

The water surface at the lower velocity-station was found by careful levelling to be

3.2 feet below that of the river outside the crevasse influence ; assuming the nearly

stationary water surface 200 feet above the crevasse to be uninfluenced by the break.

As ah-eady remarked, the water surface in the middle of the torrent rushing tlu-ough

the crevasse was considerably above that at the edges, estimated on the spot at half a

foot. Hence, assuming for reference a horizontal datum-plane passing through the water

surface at the lower velocity-station, the height of the Avater sm-face where the floats

passed, near the middle of the crevasse, 66 feet back fi-om the levee would be -f- 0.5,

and that of the river sm-face -\- 3.2 feet. At the middle of the torrent, opposite the

upper velocity-station, the depression of the sm-face below that of the river was esti-

mated as closely as possible, by sighting throiigh the level, at from 0.5 to 1 foot. Assum-

ing it at 0.7 of a foot, the reference of this point above the datum-plane is 3.2 — 0.7 rz 2.5

feet. Considering the slope uniform between the two velocity-stations, the reference

above the datum-plane of the point midway between them, where the velocity was 1

feet per second, is, then, ' "^
' — 1.5 feet. But at the outer edge of crevasse influ-

ence, the crevasse velocity was zero, since the direction of the river current was parallel

to the break in the levee. Therefore a fall of 3.2 — 1.5 ^1.7 feet generated a velocity

of 10 feet per second. But the general expression for the discharge on the line of levee



288 REPORT ON THE MISSISSIPPI RIVER.

is W D V, in which W is the width of the break, D its depth (which may be estimated

with sufficient accuracy from the plane of the river surface), and v the mean velocity on

the line of levee. The width of the cm-rent, 33 feet in rear of the levee, may be assumed

to be the same as that at the break ; the depth, considering the gi-ound horizontal

between the two lines, is D — 1.7; the velocity U) feet. The discharge on this line,

33 feet in rear of the levee, is, therefore, W X (D — 1.7) X 1*^- Since the discharge on

the two lines is equal, the equation results—
WDiJ = WX(D-1.7)XlO.

By simple algebraic reduction, the following value for the velocity on the line of levee

can be deduced :

—

(13) ^ = 10-g.

The next question which presents itself is important. Did the deep hole excavated

on the line of levee increase the discharge of the Bell crevasse over

the dis°ch"?ge what it would have been, had the depth there been the same as on the
6X6rt6d bv liolcs

in the bed of a natural bank between the levee and the river ? In other words, is D
crevasse.

. .,., -ri
equal to 15 or 10.6 in the above expi'ession and in the expression for the

area of cross-section WD? It is thought that it can be conclusively shown that the

deep hole did not increase, but rather tended to diminish, the discharge, and consequently

that D cannot be greater than 10.6 in these expressions. In support of this opinion, it

is claimed to be a well-established principle of hydraulics, that a limited hole in the

bed of any stream, even if lai-ge enough to increase materially the local area of cross-

section, has no accelerating, but rather a retarding, effect upon the velocity of the cur-

rent. This is })robably due to the vertical eddies and boils which it occasions ; but

whether this be the ti-ue solution or not, the fact can haj-dly be disputed since the pub-

lication of Venturi's well-kno-wn experiments. To test the matter, he caused water to

flow from a reservoir through a pipe whose diameter was alternately enlarged and

then contracted to its original dimensions. These enlargements uniformly lessened the

discharge. A pipe, 36 inches long and 9 lines in diameter, discharged nearly double tlie

amount of a j)ipe of the same dimensions, hut enlarged in five places to a diameter of 24

lines.

Although these experiments are very valuable for establishing the general principle

in question, they are not necessary to prove that, for this particular case, the hole on

the line of levee should not be allowed to increase the value of D in the formula. This

can be proved by simple computation from the data just given. The area of cross-

section on the line of levee, as already seen, was 327 X 15 rr 4905 square feet. But

the area of cross-section on the line a, b, c, d (figure 5, plate III), was equal to

10.6 (142 -f 127 -f 142) =4357 square feet, or 548 square feet smaller. The discharge on

these two lines was of coiu'se equal. It follows, therefore, that the velocity on the Hne
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a, h, c, (J, must have been greater tliaii tliat on the line of levee. But this is manifestly

absurd, since, both according to observation and to the general laws governing the flow

of all crevasses, the rate of movement of the water underwent a constant acceleration

between these lines and even for some distance after passing the levee. The absurdity

arises from using too large a value for D, and the conclusion to be drawn from it is in

perfect accordance with Venturi's experiments.

Witli tlie depth on the natural bank in front of the crevasse, the discharge on Mav

13 becomes 327 X lO.fi X (K^^* — t1,V-) = -9,1"<» cubic feet per second.
^"•'i Discharge of the

The same values in the weir formula with Castel's coefficient make the ^^}^ crevasse
when gauged on

discharge 0.527 (5.348 X 327 X (lO.Gji-'^ r=3],su6 cubic feet. The
^^^ '^^

near accordance of theie two values leads to the belief that 30,000 culjic feet per

second, although probaldy somewhat excessive, is as close an approximation to the

discharge of the Bell crevasse on May 13 as can be made. It will be noticed that it is

nearly three times the maxinuun discharge of bayou La Fourche, and five-sixths of

the maximum discharge of bayou Plaquemine

!

This concludes the discussion of all the observations made upon cre\asses, but

there are to be derived from them some general practical rules for com})uting the dis-

charge, when, as was generally the case, no direct observations were made. Expres-

sions for the velocity and the dimensions of cross-section are necessary. The foniier

will be first considered.

FormulcB for velocity of crerasse.n.—The preceding tests of the weir formula with

Castel's dike coefficient go far to establish its applicability to crevasses.
General rule

Di\'iding both meml)ers l)y AV D, the following exin-ession for the mean for velocity of
' crevasses.

velocity results :

—

/• = 0.527 X ;">-3-t8 L)i - 2.818 D^.

Before adopting this formula, however, it is well to examine the general expression

already deduced for the mean velocity of the Bell crevasse, viz.:

—

(13) '-^lo-n-

From the manner In which it was deduced. It ought, If the discharge of this crevasse

was governed l)y the usual laws, to apply to all crevasses of similar depth, although

from its fonn, it evidently cannot be used wdieu D is less than 3 or 4 feet, since v be-

comes zero when Drr 1.7. To test its general applicability to deep crevasses, it will

be applied to the observations on those of Fausse Riviere and Gardanne. For the

fomier, it gives

—

Q = 700 X 4.5 (lO -li) = 19,530.

For the Gardanne crevasse, it gives

—

Q zr 350 X (lO - ^^) = 11,550.

;57h
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The following tnl)le exhibits a comparison of these results with the measured dis-

charges and with those given by the weir formula with Castel's dike coefficient :

—

Crevasfe.
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feet These facts establish that on July 29 the discharge of the crevasse became equal

to the amount which was draining from the basin into the gulf; and also that in the

forty-eiglit days subsequent to that date, a volume of Avater 1000 square miles in area

l)y 7.4 feet deep, plus the total amount received from the crevasses in those days, drained

into the gulf The character of the outlets through which this water drained renders

it fair to assume that the discharge from the basin on July 29 was sensibly equal to

the mean discharge from it in the forty-eight days under consideration. But the hitter

quantity was l!!r'^"^' ^ •^"'!? ^
I't = say .')(),0()0 ciil)ic feet per second, increased by the

mean discharge per second of the crevasses. The latter quantity (see Chapter VI) was

107,000 cubic feet per second. Hence the approximate mean discharge from the

l)asiii in the forty-eight days—or its e([uivalent, the discharge of the two crevasses on

July 29—\vas 50,000 + 107,000 = 167,000 cubic feet per second. By the formula it

was 144,000 cubic feet per second, giving a difference of only 13,000 cubic feet, whieli

may be accounted for by rain-water draining from the basin. This accordance leaves

no doubt as to the exactness of the computations.

Width of crevasses.—The rate at which a crevasse increases in width depends u])0ii

so many fortuitous circumstances, that it is, in the nature of the case,

impossible to frame any rule of universal application. Still, as some fof detlrmini'ig

approximation to this constantly varying ijuantity must be attempted crevasses,

in computing the daily amount of water taken from the river l)y the

different crevasses, the subject has received attention. The folkiwing list exliibits the

only known series of accurately determined widths of the same crevasse at different

dates. Although much shorter than could be desired, it will be s(h'1i tliat it includes

both oreat and small crevasses.

Crev.issD.
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increases rapidly until a considerable width, say about 100 feet, is attained. After-

ward the width increases at a nniforni but slower rate, until the river has fallen con-

siderably below high-water mark. Douljtless, if tlie river were to fall very gradually,

the caving of the levee would partially cease before the water returned to its banks,

but it almost always happens that, after the first two or three feet of fall, which do not

seem to atfect the caving much, the river subsides very rapidly.

The last-named result of the study of these observations is important, as it affords

a rule for aj)proximating to tlie width of a crevasse whose date of breaking and maxi-

nuim width are known, facts which can generally lie ascertained. For simplicity of

statement, the rule niay Ije put in the form of an ecjuation whose second member shall

consist of two terms; the first being the width of the crevasse for each of the first five

days of flow (assiuned uniformlv at 100 feet), aiul the second the product of the lunn-

ber of subse(|uent days by the mean rate of increase after tliat time. This e(|uation

is

—

(14) W = 1 00 + (» - 4) (^^."-f*^v̂
in which W represents the width on an\- desired dav; W,, the width after the water

has ceased to flow; n, the number of da}s of discharge which have preceded the given

day; and N, the total luimber of days of discharge. When n is less than 4, the Avidth

is uniformly assumed at 100 feet, as a sufficiently close approximation.

Sif)iopsis of manner of coinjndltig crevasse discharges.—To ])revent all ambiguity, a

brief s} nopsis of the manner of computing the discharge of a crevasse
Recapitula- „ . , -ii i i t^ • i' i

tion of general for a givcu day Will be i)resented. Knowing, from the measurements
method of com-

-i c t • c ^ n it-i iipi-
putiiig crevasse uuide after tlie cessation of the now, the hiffh-water depth of the given
discharges.

. ... . .

crevasse,—estimated on the line of levee, if no material excavation was

made there, and on the batture in front of the levee, if Iwdes were dug on the line of

the break,—the depth on tlie gi\en dav was found bv subtracting for this high-water

depth the .stand of the river below high-water mark, a (|uantitv which was always

known either from local information or from a comparison of the nearest river-gauges.

Entering the table on page 275 with this depth, the velocity of the crevasse was found.

Knowing the date of breaking, and of ceasing to flow, from exact information, and the

maximum width from measurement, the width on tlie day in question was computed

by the exjiression just given. The jiroduct of this widtli by the depth multiplied into

the velocity gives the recpiii-ed discharge pin- second. ^IMie whole operation can be

represented liy a formula,—e(|untion (1;"0 l)einguseil if D exceeds 3 feet, and equation

(16), if it is less than 4 feet.

(1.5) v = (,n„+,„-4,(%=i;»))l.(,o_>;)

(ic) t,. = (io.i+,„--n('^-™))i)(2sisi).).

This i)rocess was applied t.i nil the crevasses lielow the mouth of Ked river.
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whose discharges are estimated in this report. In discussing the flood of 18.58 in

the ffreat region above the mouth of Red liver, as yet comparatively

uncultivated, a coefficient of correction was evidently required, since ^"^^ general rule.

the conditions governing the flow of the water where these formuht were deduced

were materially modified in that region. In many cases, the levee was so far distant

from the river that the depth at the edge of the natural bank was much less tlian that

at the base of the levee, a cause which diminished the actual discharge, although not

allowed for bj' the formula. Oftentimes, trees, a dense growth of saplings, or other

obstacles to the free flow of the water, existed in fron't or in rear of the break, and

greatly reduced the discharge. The reported depth of the crevasses generally included

whatever excavation existed on the line of levee, and thus both the velocity and the

area of cross-section were iinduly increased. Add to these sources of error the natund

exaggeration which must exist in much of the information iipon which the calculations

are based, and we are prepared to find a much too large result for the discharge of tlie

crevasses in this part of the Mississippi valley. The next point to be considered, then,

is a method for deducing a practical coefficient of correction for gencrnl ;ipplicatioiis ot

the formula to crevasses in this ujiper part of the river.

Coefficient of correction for exceptional case of crevasses.—The daih' measurements

of the discharge of the river and its main tributaries, the tolerably exact
^

_ ,
Outline of pro-

information relative to all the crevasses which discharo-ed into the Yazoo cess for deter-
'- mining a practi-

bottom, the determination of tlie nmountof water actuallv in this swaniii cai coefficient of
' " 1 correction for

at the date of high water in 1858, and the Smithsonian records of rain-
tMa^exceptionai

gauges, received from Professor Henry, render it possible to determine

this coefficient with considerable accuracy.

It has been seen that the area of the Yazoo bottom liable to be submerged is 0800

square miles; that, on December 1, 18.37, this area was dry; that, at high water in 1858

(July 15), this area was submerged to a mean depth of .3.08 feet, and consequently, that

this reservoir received between those dates 6800 X (5280)^ X 3.08 = 583,885,209,600

cubic feet of water more than was discharged by the channel of Yazoo river, its sole

outlet. The total diseharge of this outlet, from Decemljer 1 to July 14 inclusive, was

—by the measurements of this Survey—1,408,665,600,000 cubic feet. Assuming^

then, in order to be on the safe side, that all tlie water in the swamp on July

15 eventually found its way into the Mississippi, we have 583,885,209,600 +
1,408,665,600,000 = 1,992,550,809,000 cubic feet for the total volume of water which,

entering the Yazoo basin between the dates considered, eventually passed througli it to

the gulf. But water enters this reservoir only by direct fall of rain upon the bottom

lands and upon the bounding water-shed, and through the Mississippi crevasses. If,

then, it be possible to determine what amount of rain, falling in the hydrographic b s n

of Yazoo river in the period considered, eventually drained oft' into the Mississippi
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river, it is evident that the total (H.soliarge of the crevasses into the bottom, np to the

(hite of liig'h water there, ma}' bc^ determined, and tlie results given!)}' the crevasse

formida tlms be cliecked and corrected, b}' snl>tracting- the amonnt of this rain-water

from l,992,r)50,8()9,(Ii)n. The operations of the Survev render tliis compntation pos-

sible.

Tlie first step in tlie pmcess is to determine the total fall of rain in the Indro-

gra])hic basin of Yazoo river l)et\veen Decemlter 1, 1857, and July If),

Yazoo°ba8/n in lx^)>^. This (puuititv is cipial to tlio product of the area of the basin

ered'° °" by the depth of downfall in it. The area of the basin (see page 73)

is i;5,85<> sqnare miles. The depth of downi'all during the time con-

sidered is fonnd by taking a mean between the (juantitv of rain at Memphis and that

at Jackson, where accurate observations were made bv Dr. Mitcludl and Mr. Hatch

respectivel}', the former observing for the 8mitlisoniau In.stitution, and the latter as an

amateur. The quantit-s' at the two places was 3.19 feet and 4.08 feet respectively,

giving for the re(juired mean downtall in tlu; liasin of the Yazoo river, whit'h lies

between tho.se two places, 3.(j4 feet. The total fall of rain in this basin is, then,

13,850 X (5280)- X ?''!4 = 1,405,461, (;57, 600 cubic feet.

The next point tor consideration is what proprntion < it this (n eutualh' drains off into

the Mississippi river. This ciU(\stion of the ratio between downfall and

rain*'and^drahi- drainage, wliicli has already been treated in a general manner in Chap-

basin. Geiferai t"'!' Hi has been iiiucli discussed bv engineers charged with constructing
view^s upon the ...,,, , • .- i i
subject. various Civil works, sncli as canals, reservoirs tor water-works, etc.; and

man}' direct observations and measurements have been made to .solve

the problem. It has been satisfactorily shown that the ratio is very variable, depend-

ing upon the local conditions which govern the amount of evaporation and intiltration.

The following table exhibits the results of many measurenieuts, and establishes the fact

that, in certain localities, by far the greater part of tlie rain-water passes awa\' in the

channels of the draining streams. It has lieeii mainlv taken from a pamphlet by

Mr. Morris upon the iin])ro\ement of the <.)liio river, l)ut is slightK' corrected in a few

instances hv reference to the English authorities.
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Ratio between downfall and drainage.

295

Locality.

Bauu reservoirs .

Greenock
Bute
BelmoDt, 1S«...

1811...
1845...

" 1846...

Riviiigtou j)ike .

Ashton
Paisley wafer-works .

Glasgow "

Greenock
Peak Forest Summit .

Longeudale
Schuylkill Nav. Res.

Eaton brook
Madison brook
Patroon's creek

Long Pond
West Fork Res
Entire Mississippi valley
Oliio and Upper Miss, valleys..
Mo., Ark., and White-river val's.

Red-river vallev

Moorland.
Flat moor.
Low country.
Moorland.

See Chapter 1

Sq. miles.

5. If

7. S8
7.80
2. 81
2.81
2.81
2.81
16.25
16.25
3.18
3. 18

0.59

1,244,000.00
383, 000. 00
70, 7000. 00

97, 000. 00

Inches.

72
60
45
63
50
55
.50

55
64
46
48
40
54
50
65
33
60
36
34
35
46
42
40
36
30 +
39—
23 +
39+
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Girardeau and Vickshurg are dry; tliat is, the bayous carry oft' the rain-water and the

drainage from tlie hills as fast as it is received. During floods, however, these regions

are submerged by water coming partly from the Mississippi river, partly from the

streams draining the surrounding water-sheds, and ])artly from direct rain. If, there-

fore, an entire Hood, reckoned from one low stage to the following, be considered, the

loss of water into the swamps bv overflow <loes imt diniiuisli the tiit;d dixliarge of

the Mi.ssi.s.sippi at points l)ekiw them, since the water which enters the swamp during

the flood is drained out again into the Mi.ssissippi when the river falls. Hence, if the

total (juantitv of water passing the latitudes of ( 'olumbiis and of N'icksbnrg be known

for this river year, the dift'ereiu-e between them, diminished by the discharge of the

jVrkansas and White rivers, and corrected for the difterence between the quantity of

water in the chainiel of the Mississipjii at the end and that at the beginning of the

vear, will l)e the true drainage from the l)asins above named. The quotient of this

drainage by the total downfall, as measured by rain-gauges, will be the mean ratio

sought.

Before proceeding to reduce tins process of reasoning to flgui-es, it will be well to

explain that, as the discharge of a few crevasses enters into the inuuerical value of the

ratio songht, the final ex))ressiiiii tor it unist inMilve, besides knoMU terms, the as--vet-

unknown coeflicient of correction for the crevasse formula. This cau.ses no diflicultv in

the process alreadv indicated for deducing the numerical value of this coefticient, since,

l)eing the onl\ unknown (piantity, it matters not in h<nv many terms it ajipears in the

equation. In order to sinqtlify the c.ipJauatioii of the process, however, this algebraic

work will be avoided by using the w>r«7tY(' crevasse discharges in deducing the inuueri-

cal value of the downfall and drainage ratio.

To iind the numerical values of the quantities which enter into this

Total discharge
j-jifj,, is flu^ uext stcii of the i)rocess. The water which passed the lati-

past latitude of i i i

i?°6"th^year^"" f'"^»' ^'^ ("ohmibus, from December 1, 1857, to Noveml)er 3(1 1S58,

inclusive, was ec^ual to the discharge measured at Columbus, increased

b\- the water which passed into the St. Francis bottom through the Cape Girardeau

inlet, and througli the crevasses and gaps between Commerce bluffs and Columbus.

The discharge at Columbus during the river year was, by exact measurement,

i:i,47(»,8r)8,278,OO0 cubic feet.

.\ii accurate survey of the Cape Girardeau inlet was made in November, 18;')8.

"^i'he higli laud which forms the west bank of the Mississippi river is here for the first

time interrupted. The gap is al)out 3 miles in width, and conducts to the upper part

of the great St. Francis bottom. At a distance of 2.") miles from the river bank a

macadamized road, raised to an average height of about 4 feet, has been built across

the swamp, fonning a kind of levee. During the high water of 1858, a i)ortion of the

northern part of this road, 10,500 feet in length, was submerged during nineteen days
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(June 9 to June 27, inclusive). The liigli-water depth Avas 3.7 feet, but the mean

depth for the whole nineteen days was about 1.2 feet less, or 2.5 feet (see Cairo gauge),

giving 2(1,000 square feet for the mean sectional area of discharge for the whole time.

The velocity of the current through this break was estimated by an intelligent gentle-

man residing in the vicinity at about one-third of the low-water velocity of the Mis-

sissip2)i river in this part of its course. This is ecjuivalent to a velocity of about one

foot per second, and is probably excessive, since the dense forest on each side of the

road must have greatly retarded the flow of the water, and the narrow branch of the

swamj) into which it first spread must have soon become choked. To guard against

any under-estimate, however, this velocity has been adopted. The total quantity of

water which passed through this outlet during the year is then equal to 26,000 X 1 X
86,400 X I'J = 42,681,600,000 cubic feet.

Below this gap, the Commerce bluffs border the river for a few miles. From the

point where they terminate to Columbus, the swamps were protected against all but the

June* rise by levees or high natural banks. Duri)ig this rise, water entered the

swamps by many small crevasses and by flowing over the tojis of the levees. The

average high-water depth over the natural bank, where these crevasses occurred, was

about 5 feet. The discharge through them began about June 9, and continued for

some twenty days. (See Cairo gauge.) From Mr. Smith's reconnoissance, from the

observations of Mr. Fillebrown's part}', and from definite information obtained from

well-informed residents, it is concluded that these numerous breaks may be assimilated

to a single crevasse, 1,000 feet wide on June 9, and 10,500 on June 28, with a daily

depth given by the Cairo gauge, and a velocity given by the corrected crevasse formula.

This gives a total discharge, during the twenty daj's, of 70,367,040,000 cubic feet

As this quantity is sufficient to flood the whole New Madrid swamp, into which it

entered, to a mean depth of over 3 feet, and as the actual mean depth in this receptacle,

including rain-water and the discharge of all the numerous crevasses below Columbus,

was estimated by old residents at onl}- about 5 feet, it is believed that this amount can-

not differ materially from the truth. At any rate, no error can exist large enough to

affect sensibly the final result of the computation.

The total quantity of water which passed the latitude of Colmnbus from Decem-

ber 1, 1857, to November 30, 1858, inclusive, was, therefore, 19,470,858,278,000 -f

42,081,600,000 + 70,367,040,000 rr 19,583,906,918,000 cubic feet.

The next step is to ascertain how much passed the latitude of Vicks-

burg during the year. This quantity is equal to the discharge at Vicks- paat^ia'^jtude'^o^

burg, corrected for the difference between the quantity of water in the i^g'^the'year!^"'^

channel at the beginning and that at the end of the year, plus the

* A very little water entered at the top of the April rise, throngli a few small breaks, but it was so small a quantity

tbat it need not be estimated.

38 H
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amount which escai)ed throug-h crevasses below Xa])(>leon ami flowetl thiv^ugh the

swamps west of Vickshurg.

The water wliich passed Cohimhns lUiriiig tlie year from December 1, 1857, to

November 30, 1858, inchisive, passed ^"icksburg during the year from December 10,

1857, to Decendjer 9, 1858, inchisive; since tlie mean rate of movement at the kiw

stage is about 3 miles per hour, and the distance between these two places is 589 miles.

The total discharge at Vick.sburg from December 10, 1857, to December 9, 1858, inclu-

sive, is, therefore, what is required by the problem. The exact discharge at Vicksburg

from January 1 to Februai-y 18, 1.S58, inclusive, results from the measurements at

Natchez; the discharge from February 19 to Decendjer 9, 1858, inclusive, from the

measurements at Vicksburg. The discharge from December 10 to December 31, 1857,

inclusive, was not directly measm-ed ; but, since tlie river was within banks, it can be

quite accurately estimated by adding to the measured discharge at Columbus from

December 1 to Decendter 22, 1857, inclusive, the contributions it received from the

successive triljutarios on its way to Vicksburg, and deducting the amount which

remained in the channel to produce the rise that took place in this period. The dis-

charge at Colnndjus from December 1 to December 22, inclusive, was 1,34(),215,080,000

cul»ic feet. Full inftrmation was obtained respecting the state of the tributaries, and

all needfid measurements Avere made. The 8t. Francis and V.'hite rivers were backed

up, and contributed nothing. The Arkansas added about 95,817,000,000 cubic feet,

aud the Yazoo about 73, 180,800, 0()0 culjic feet. In tlie 5^9 miles of river channel

between Columbus and Vicksburg, the records of the Survey show a mean rise of about

18 feet in the twenty-two days. The mean width of the river in this distance is 4300 feet.

There remained therefore in the channel 589 X 5280 X ^'^00 X 18 = 240,707,808,000

cubic feet of water. The total discharge for the twent3--two required days at Vick.sburg

was then 1,346,215,680,000 + 95,817,600,000 + 73,180,800,000— 240,707,808,000

n

1,274,506,472,000 cubic feet. Hence we have for the total discharge at ^'icksburg

during the year the following value:

—

Cubic feet

Diecharge December 10-:!1, 1657, transfcmd imm Culmubun 1,274, .006, 472,000

Discharge January 1 to February 18, 1858, trausferred from Natchez 4, 4(i5, 815, 552, 000

Discharge February 19 to December "J, 1858, measured at Vicksburg 20,257,698,240,000

Discharge at Vicksburg, December 10, 1^.57, tii December 9. 1 j.'jS 25. 99", 1120, 2(1 1, 000

The total quantity of water which escaped through crevasses lictwcen Xapoh'on

and 'S'icksburg on the right bank was 296,092,800,000 cubic feet.

Hence the total quantity of water which passed the latitude of Vicksburg from

December 10, 1857, to December 9, 1858, was 25,998,O2O,2(;4,0C0-j-29(;, 092,800,000 =
26,294,113,064,000 cubic feet.

The total measured discharge! of the Arkansas and Wiiite rivers, during the }ear
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considered, which, for Napoleon, extended from December 7, 1857, to December 6,

1858, inchisive, was 2,035,089,388,800 cubic feet. Of this, 597,456,-

000,000 cubic feet—the amount which, according' to the measurements A^'aSsas^\ n°d

of the Survey, escaped from the Mississippi river into the White-river dur^gthe^year^

swam})S—was no part of the real discharge of the Arkansas and White

rivers. This real discharge was, therefore, 2,935,089,388,800 — 597,456,000,000 zz

2,337,633,388,800 cubic feet.

There is yet to be determined the difference in the amount of water in the chan-

nel of the river between Columbus and Vicksburg, on the first and last

davs of the A-ear. The records show that the river was lower at the Channel drain-
•' -' age between be-

end of this period than at the beginning by a mean difference of 6.8
ff't'ji'"^ ^a"*^

^"*^

feet. The mean width between Columbus and Vicksburg at this lovv^

stage is 3300 feet. The water which passed Vicksburg from the draining of the chan-

nel was then 589 X ^riSO X 3300 X 6.8 = 69,786,604,800 cubic feet.

The total drainage for the year from the Yazoo, St. Francis, ,
^^^ drainage

^ •' '
' during the year

Tennessee and Kentucky bottom lands, exclusive of the crevasse from t^e basins
' ' considered.

water, results from the numbers just deduced, by the following process:

—

Cubic feet.

Water passing latitude of Vicksburg 2(5,294,113,064,000

Water passing latitude of Columbus 19,583,906,918,000

Difference 6,710,206,146,000

Deduct discharge Arkansas and White rivers 2, 337, 633, 388, 800

\ 4,372,572,757,200

Deduct for channel drainage 69,786,604,800

Rain drainage from the basins 4, 302,786, 152,400

The next point to determine is the area of the bottom lands in question and of

their water-sheds. The extent of the Yazoo basin has been alreadv
mi £• 1 ci T^ • •

"" Area of the
given. That of the St. Francis basin and of the Tennessee and Ken- basins con-

sidered.

tacky basin, which includes the region lying between Memphis and

Cairo, and draining directly into the Mississippi by various small streams, has been

computed with great care from the best maps extant, as explained in Chapter I. The

determination i.-: believed to be accurate.

Square miles.

Yazoo bottom '.

7, 110

Yazoo water-shed 6,740

St. Francis bottom 6,900

St. Francis water-shed 3, 600

Tennessee and Kentucky bottom lands 750

Tennessee and Kentucky water-shed 9, 500

Total 34,600
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The mean fall of rain in this region, during the year considered,

Mean fall of rain
,^,„f;f now he determined. With the excei)tion of the record at Jackson,

dunng the year '

in the basins con-
] . ^f . Hj^tcli, the oidv available data are those furnished l)v the

sidered. • '

Smithsonian Institution. By these records it appears that the total

precipitation from December, 1857, to November, 1858, inclusive, was

—

Fptit.

At Now Harmony, Indiana i.^'i

At West Salom, Illinois .' 4.02

At St. Louis, Missouri 5. 18

Mean = down fall at lu^ad of region 4. :!8

At Memphis= downfall at middle of region 4. 4'2

At Jackson = downfall at foot of region 4. 911

Mean = mean downfall in region considered 4. fiO

The total downfall in the basins of the Yazoo and St. Francis rivel's and in the

Tennessee and Kentucky bottom lands and their water-sheds, during the year cdii

sidered, was, therefore, 34,G00 X (5280)= X 4.G rr 4,437, 12fi, 144,000 cubic feet.

For the desired ratio between the downfall and drainage, we have, therefore,

4,.302,7SC,1.52,-100 ^..^ rp, •

i r u a .\ r

r437 r*6 14f000 — ^^'y value lully conhrms the intei'ence

between down- drawu from the preceding table of published results. From the vast
fall and drainage . . - ., .

, i . i i

in the alluvial extent ot tlic rcgiou coiisidered, ami trom the grand scale on which tlie

regiouof the Mia-
"

i i i i ^ , . .

sissippi. ol)servations were conducted, absolute exactness ot determination can

hardly be claimed; but the result, that nearly the whole of the great

downfall in the basins below the mouth of the Ohio eventually glasses into the Missis-

sippi, cannot be questioned. The practical importance of this new proposition will be

discussed elsewhere. Here it is a subordinate matter.

The value for this ratio having been deduced, the computation of the i)ractical

coefficient of the crevasse formula?, may be resumed from })age 294-

„ ^ ^ , The total amount of rain which fell in the basin of the Yazoo riven-
Deduced value

ficiSorexTep" between December 1, 1857, and July 15, 1858, was there shown to

pry"nL^^crevasa; '->« 1,405,4G1, 657,600 cubic feet. Of this amount, ninety-six hun-
formuice.

dvedtlis, or 1,349,243,191,300 cubic feet, eventually drained off into

the Mississippi. The difference between the latter quantity and

1,992, 550,809, 600 (the total water which, entering the Yazoo ba.sin between the dates

considered, eventually drained off into the Mississippi) is 643,307,618,300 cubic feet.

This is the total amount (if ovi-rllow from the Mississippi river into the Yazoo basin up

to July 15, the date of high water in the swamp. This quantity, as computed by the

uncorrected crevasse formula, is 1,758,153,600,000 cubic feet. The desired coefficient

of correction for the ioriimhi is, therefore

—

<i4:},307 ,r)l 8,300 ^1
l,758,r>3;GdO,0()0

— '^•'y 3'
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This closes the subject. It was shown at tlie outset, from considerations there

adduced, that wlien the crevasse formula, deduced from observations in the open, culti-

vated region of lower Louisiana, where all the conditions were accurately ascertained,

was applied to the comparatively unsettled country above the mouth of Red river, a

very material reduction in the computed discharge would be required. The measui-e-

ments of the Survey confirmed the inference; for, at the date of highest flood, the

crevasse discharge below Helena, as computed by the uncorrected formula, would of

itself liave consumed the whole Columbus discharge, and drained the Mississippi at

Vicksburg. The above close analysis of the measurements has resulted in a coefficient

for practical correction. In the discussion of the flood of 1858, in reference to local

high-water marks, it will be seen that the measurements reduced by the corrected

formula accord perfectly with each other and with the Mississippi observations, and

bear the severest tests. This coefficient may therefore be relied upon for the kind of

crevasse for which it has been deduced.



CHAPTER V.

expI':rimextal theory of water in .aiotion; new laws,

formulae, etc.

Laws governing the actiou of cohesiou.—Locus of the maximum vehicity in the meau vertical plane.—Ratios hereto-

fore proposed for ganging rivers of but little practical utility.—Relation between the meau of all vertical curves

of velocity and the mean velocity of the river.—The ratio of the mid-depth velocity to the meau velocity in any

vortical plane discovered to be a sensibly constant quantity, unaffected by wind.—Practical advantages resulting

from this discovery.—List of new formulie for velocities in vertical planes.—A new formula for the mean velocity

of rivers, in terms of the dimensions of cross-section and slope of water surface, deduced upon the supposition of

modified uniform motion.—Observations to determine ita constants.—Aualysis of this new formula.—Formula for

the effect of bends in retarding the llow of rivers.—List of all the old formuhe for meau velocity.—Table exhibiting

their relative accuracy as compared with the new formula.—Double test of mean-velocity and bend formulae.

—

Problem of the effect exerted upon the surface level of a river by increasing the di.schargoa given amount, solved

upon the supposition that the now slope is known.—Discussion of changes in local slope.—Resulting general

efjuations.—Combined tost of all the new formula! for computiug the increased height to bo apprehended in the

floods of the Jlississippi, the increase in discharge being known.—Concluding remarks.

When, in tlie last clitapter, the subject of change of velocity below the surface was

discussed, the especial olyect of deducing- a ratio between the surface

TheHcieuceof j^^^j ^Iie mean velocities of the entire vertical curve in any given plane
river hydraulics J id l

sidered""^
^°"'

^^ '^® kept Steadily in view, and no general use was made of the princi-

ples deduced. It is now proposed to consider tlie subject more fully,

and to endeavor by the aid of these new principles to simplify the different methods of

gauging rivers. For the , signification of the symbols employed, reference should be

made to page 206.

APPLICATION OF THE NEW LAWS TO THE GAUGING OF RIVERS BV MEASUREMENT.

.New expervnentnl tliconj for cluinfjc of vdociiij helon; the surface.—The observations

already detailed prove that even in a perfectly calm day there is a strong
Law governing

"

. ^ , , i n n i. it
the action of the resistance to the motion or tlie water at tlie .surtace as well as at tne
force of cohesion.

, ii •
i

bottom, and—as will soon be seen—that it is not wliolly or even mainly

caused liv iViction against the air. One important cause of this resistance is

believed to be the loss of living force, arising from ujjward currents or transmitted

motion occasioned by irregularities at tlie bottom. This loss is greater at the surfoce than

near it. Tlie experiment of transmitted motion through a series of ivory balls illustrates



EXPERIMENTAL THEORY OF WATER IN MOTION. 303

this effect. It is likewise illustrated on a large scale by the collision of two trains of

cars on a railway, in which case it lias been observed that the cars at the head of the

train are tlie most injured and thrown the fiirthest from the track; those at the end of

the train are next in order of injury and disturbance ; while those in the middle of the

train are but little injured or disturbed. Other causes may and probably do exist, but

their investigation has, fortunately, more of scientific interest than practical value. For

all general purposes, it may be assumed that there is a resistance at the surface, of the

same order or nature as that Avhich exists at the bottom. As the distance from the loci

of these two resistances is increased, their effect, propagated by the cohesion of the

different particles of water to each other, is diminished. Where these diminished resist-

ances become erpial, the current acquires its maximum velocity. Let this point in any

vertical plane parallel to the current be considered the vertex of a parabola whose axis

is parallel to the water surfiice, and the velocity at an}' depth in this plane will be given

by the abscissa of the curve, the axis of the curve being considered the axis of X, and

the origin of co-ordinates being taken at a distance from the vertex equal to the maxi-

mum velocity. The parameter of this curve, or in other words its curvature, varies

with a known function of the depth and mean velocity of the river. The depth of the

axis varies in direct proportion to the force of the wind, increasing for up-stream, and

diminishing for down-stream breezes, but without producing any effect upon the form

of the curve. The mean and maximum velocities of the curve are so related to each

other that when either, with the depth of the axis, is kno^^'n, the other and the curve

itself may be determined. It may be added, that the difference between the greatest

and least velocities is always a very small fraction of the mean of the curve.

To illustrate this experimental theory, figures 17 and 18, plate XI, have been pre-

pared. The former represents the mean sub-surface curves at Columbus
1 1 T 1 1 f 1 1 f Diagrams tom calm weather, correspondmg' to tliose near the surtace shown by figure uiustrate this

la'w.

19 of the same plate. The change of form due to the combined influ-

ence of variations in mean velocity and depth in passing from low to high water, and

the relations existing between the velocity measui-ed at a point 5 feet below the surface

and the rest of the curve, are both represented by this diagram. Figure 18 illustrates

the extreme effect of wind upon the high-water curve at Columbus, when velocity

observations were practicable, i. e. when the wind was blowing up stream with foi'ce 4

and down stream with force 4, respectively. The extreme variation produced in surface

velocity is evidently about 0.6 of a foot.

The above experimental theory suggests reasons why the problem has heretofore

defied aU efforts for its solution, and whv its study has g-iven rise to
-> •/ o jt reveals the

such incongruous results. Besides the great difficulty of takinj)- the difficulties of its
° " -^ ° own discovery.

observations with sufiicient nicety to detect the very slight difference
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of velocity at the dirt'erent depths, there is a second cause of faihire, namely, an almost

constant relative change of velocity at the diffei'ent depths. The axis can rarely be at

rest ; every varying- breeze, however gentle, nnist affect its delicate adjustment, while the

stronger pulsations of a high wind must produce an oscillatory movement even greater

than that in the tops of the tallest trees. Different floats, therefore, although they may

pass ((t the same depths heloic the surface, may yet pass at veri/ different distancesfrom the

a.t:is, and thus measure tlie velocity at very different points of the curve. This idea may

explain in part a phenomenon noticed by the observers, and recorded in the note-books of

the Survey as a pulse in the river, owing to which there seemed to be a regular increase

and then decrease in the velocity of different floats observed consecutively at the same

depth.* But there are other sources of variation in the velocity. The eddies to be

found in every reach of the river change their magnitude and position at each instant,

and must produce corresponding oscillations in the velocity of the river at any given

point. Wind magnifies the pulsations of the eddies, and thus produces a double effect

upon the variation in the velocity of the given point. As an instance of the force thus

exerted by the wind, it may be mentioned that a southeast storm created an eddy just

above Red-river landing, more than half a mile in length, Avith a width nearly half that

of the river, and with an up-stream current exceeding 7 miles per lioiu-.f It is mani-

fest from these considerations, that no certainty of deducing the law experimentally can

be had without taking a vast number of exceedingly accuivite observations, and even

then it seems remarkable that great discrepancies should not remain uneliminated.

This variation of axis may also accoiuit for the different forms heretofore assigned

to the curve. If the observations be taken when an up-stream wind

It suggests a forces the axis nearly to the mid-dei)th, the observer may well mistakecommon cause •' ^ ' •'

e'rro^^eous^theo* ^^'^ curve for an ellipse. If a down-stream wind raises tlie axis above

prcmuugated^"'^^ ^''*^ surfacc, the curvc closely aj)proximates to a right line. If the axis

be at the surface, a slightly defective set of observations may cause it to

resemble a broken right hne ; or this accidental circumstance may be assumed to be

a general law, and the curve considered to be a ])nrabola or hyperbola A\hose axis is

always at the surface. All these forms have been assigned to the curve by different

observers.

.The preceding general remarks apply to the velocity below the sui'face in any verti-

" It may iilso .accoviut in part for the oscillations of "sawyers," as the sii.'igs which are lightly securetl by one end

to the bottom are called. These logs, even at points far removed from any eddy, are constantly raising; their upper

ends above the water surface and then subsiding entirely out of sight below it. If the maximum force of the current

is successively ai)plied to points at different distances from the bottom, as would bo the case shonld the axis change its

position, this phenomenon, which is otherwise sufficiently perplexing, may be readily expl.aiued.

t The small diagram on plate XII, which indicates the normal eli'ect of a lieiid upon the local form of cross-section

also shows the changes of ilirection that occur in the surface and bottom currents. Floats were placed in the river in

juxtaposition, on section 50— one at the surface, the other at the bottom. New lloats were pnt in the river ou section

BO, and again between sections 90 and Vi. The paths of tliese lloats indicate that the surface and bottom currents which

correspond above a bend separate widely in p.assing it, but resume their original relative positions at the termination

of the next bend, if the two bends .are of c(|ual curvature.
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cal plane in any part of the river cross^sectiun. It is now proposed to consider tlie

grand mean of all such curves. An algebraic expression for the position Discussion of

of the axis of this mean curve has been already deduced and explained, maxfmuL°vefo^-

but it will require some further notice here. It is

—

ca\'^curves.^^"'"

(8) r/, = (0.317 + 0.06 /) >•,

in which /is the number denoting the force of the wind, a calm being represented by

0, and a hurricane by 10. Its essential sign is negative for a down-stream, and posi-

tive for an up-stream wind. It is evident fi-om the formula, that a hurricane will de-

press the axis to a position only one-tenth of the depth above the bottom, if blowing

up stream, and raise it to a position three-tenths of the depth above the surface, if

blowing down stream. Also, that a down-stream wind, force 5, will place the axis very

near the surface. As wind, force 1, is generally considered to move at a rate about

equal to the average velocity of the current, it is evident that the effect of friction

against the air in calm Aveather depresses the axis 0.06 r, leaving (0.317 — 0.06) rrr

0.257 r for the eifect of other causes in placing the mean calm position of the axis

below the surface. Whether these causes are common to, and have equal weight upon,

all streams, cannot be decided from any existing data; but the fact that exact observa-

tions during calm weather—like those of Boileau, those upon the Little-Falls feeder,

etc.—place the maximum velocity considerably below the surface, appears to indicate

that this is the case.

But one other remark about d^ seems required. It is in reference to the two dis-

tinct values deduced from the experiments for the coefficient of f, when / is unity.

The first of these values was deduced by comparing the observed depths of axis of the

different curves of sub-surface observations, and computing the mean wind-correction

which would best eliminate the irregularities due to this cause. The value thus found,

when/z= 1, was 0.145. The second Aalue of this coefficient was deduced by comput-

ing how nuich the axis of the mean vertical ciu've must move from its calm position in

order to affect the computed discharge by the amount of the empirical correction for

eliminating wind-effect, taken from the plotted curve of discharge. By this process,

the mean coefficient for force 1 was found to be 0.060. It should be remembered that

there is uncertainty- in the determination of the force of the wind, that the two values

were deduced by entirely different processes from entirely different sets of observa-

tions, and that the values are not directly comparable, since one applies to the mean of

the curves in certain vertical planes of the river section, while the other applies to the

mean of the curves in all these vertical planes. Still, the difference between them has

a very slight effect upon the absolute value of d^. For a depth of 60 feet, which is

about that for which both corrections were deduced, this difference in the computed

values of d^ amounts to onh* about 5 feet. For less depths, it is of course proportion-

ally less.

39 H
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Discussion of the (Jiffvrciit methods in use for (jaityinu ricrrs hi/ jiartial inrastormeiifs.—

The ratio wliicli has been most sought for practical use in gau"iii<;-
Analysis of the o j. o

different ratios streams is that between tlie maximum surface and true mean velocities,
heretofore pro-
posed for prac- -^ jjgin"-, in oeneral, erroneously assumed that the surface velocity is the
ticalusemgaug- s^' t" ' • "

ing rivers. maxiuuun velocity in any vertical plane. The e([uations deduced by this

discussion render it easy to show that even witli large streams, where h is a constant,

the ratios '', and -^, and even -^ and j^, vary with so many different quantities as

to be of no practical utility when great accuracy is desired,—a result which might

almost have been anticipated from the great difference in the numerical values deduced

by different engineers.

Confining the attention first to the vertical plane containing the maximum surface

velocity, the expressions for the surfiice and true maximum velocities

„ ^. . , derived from equation (2) are as follows:

—

Ratio of maxl- 1 \ /

mum to mean ve- / (h\~
locity of rivers is (17) „. V,, = ,„V,, — (0.1856 /') I f» ) •

toovaiiabletobe ^ ^
' ' ^ ^ \L> /

of practical use. ^ //
\'^

(18) ,,V,,=r„y„ + (().1856r)^(l-j;),

Since these two equations involve three varial)les, ,,.Vo, „,V,,,, and „,,Vd, no general

numerical values can be deduced for the ratios in question ; l)ut it is evident that they

must vary with the mean velocity, the depth of the stream, and the depth of the axis-

In other words, no innnerical values of g-eneral applicability, as proposed by many

hydraulic engineers, can exist. Moreover, the simple formuhc proposed by Dubuat, de

Prony, and Young, for the ratio -^ are evidently erroneous, as has been suspected by

engineers, since they do not contain these variables. Indeed, it is now manifest that

no reliable forunila can ])e derived for either of these ratios until the laws connecting

the velocity in consecutive vertical planes parallel to the current be known.

To show how great are the practical variations to which this maximum surface

and true mean velocity ratio is liable, the following table has been constructed from

the measurements of the Survey detailed in the Appendices; assuming, for the Missis-

sippi observations, that the velocity measured 5 feet below the surface is in effect the

same as that at the sm-face. The ratios are computed by dividing the corrected grand-

mean velocity on all the days on which r varied between the limits indicated in the

first column )iy the niaximnm vclocit}- of the corresponding mean curve of velocitie'"*

near the surface. For single days the ratios varied still more, as should be expected.
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It may then be considered as fully proved by this discussion, that no numerical

value for the ratio between v and either ,(,¥9 or „,,¥(,, or Uo or U^, can be

established, Avhich Avill be of practical use when exactness is requu-ed. aii simple
^ i methods hereto-

Thus ftxr, the new formula? have onlv served to show the inaccnracv i°\^ proposed
' ^ J lor gauging large

of all previously received simple methods of gauging rivers, and to ex- dJfecUve^
^^^'^

hibit more clearly the difficulties to be met in making such measure-

ments accurately. It Mall now be detei'mined whether they furnish the means of over-

coming these difficulties in a less laborious manner than that used on this Survey.

New method proposed for gauging rh-crs hg measurement.—If the ratio of the velocity

at any given point in any given vertical plane to the true mean ve-

locity of the river could be shown to be constant or nearly so, the The greatest
1./.. I'l-ii !• !• Ill ^

practical simpli-
greatest simplmcation ot winch the subject admits would be made, fication which

mi • 1 1 1 1 T T I
"-^^^ ^^ reason-

Ihis result, however, cannot reasonably be expected in the present abiy sought,

state of our knowledge, since no general formulae are known, connect-

ing the velocities in the different vertical planes with each other or with the mean ve-

locity of the river. Such formula? must, of necessity, be exceedingly complex, mak-

ing it improbable that any simple relation, of the nature sought, exists. It seems,

therefore, that efforts should be directed to simplifying the determination of the mean

of all the velocities in ang vertical plane. If the ratio between the velocity at any given

depth and the mean of the vertical curve is independent of any of the variables in the

general formula for ^-elocity below the surface, this object may be accomplished.

To determine whether this is the case, let the following general equa-
Algebraic au-

tions be assumed, the second being- deduced from equation (5) by a pro- aiysis of the
'

°_
_

^ \ J J I problem.

cess similar to that used hi deducing equation (11) from equation (7)

:

(4) Vz=V,-(/>r)>('^').

(22) V, = V,„ + (/>.)> (5 +''-^i"—>
By combining these equations and reducing, the following expression results :

—

(23) V = V. + {h ry (^' - '
''

"3-j^^.
'' + ''

''^

If the expression V,„ = Y„, be divided, member by member, by this equation, Ave have

for a general eciuation of the ratio in question

—

Now it is evident that no value can be assigned to d Avhicli will reduce the fraction in

the denominator of the second member to zero, and that the variables h' and r* must

therefore remain in the ratio. If, however, d be made i D, this fraction reduces to l„ and

both of the other variables, D and (?,, disappear, the equation becomino-

—

(24) ViD~ V,„+ jV(<'r)
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This O(]uation reveals a fact of great j^ractical importance in gauging rivers, namely,

that the ratio of the mid-depth velocitv to the mean velocity in any ver-

The ratio of the tical plane is independent of the widtli and depth of the stream,—except

city to the meau for their almost inappreciable effect upon h,—absolutely independent of
velocity in any

i i i ^ . . .

*

.

vertical plane is the depth of the axis, and, from the small numerical value of ,^ b^, nearly
sensibly cou- 12 '

.'

^*^°*- independent of the mean velocity. But this is not all. From the form

of the second member of equation (24), it is e\ndent that changes in

V,„, except when it is very small, will not sensibly affect the numerical value of the

ratio. If, then, for V,„, its value in the mean vertical curve, 0.93 r, be substituted, it

Avill be possible to iiredict from the resultintr exijression, viz., -7^73

—

'-,—=—-5—r-, the

absolute numerical value of the ratio for any curve of actual observations, provided

the corresponding mean A-elocity of the river be approximately known.

Neglecting, for the time, its imjDortance in gauging streams, this discovery suggests

a method by which the new theory of velocity below the surface can be

the^whoietheonr^ Subjected to the severest possible test, not only by the observations of

discovery
l^^*""*^

^1"'^ Survcy, but also by all available published experiments, even when

too impertect to show a parabolic form in the curve. To aid in this

comparison, the following table has been con.structed, containing the values of the above

expression for the different values of r usual in rivers, the quantity // being assumed

0.1856.

V
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For these, V^ lias been uniformly deduced by taking- a mean of all the observed

velocities, including that at the bottom, found by rectilinear interpolation, provided

the observations were made at equidistant depths. If the depths were variable, the

cm-ves have been plotted on a large scale,—the observed velocities connected by right

lines,—and ¥,„ considered equal to the mean of a series of ten or fifteen equidistant

velocities, including surface and bottom, taken from the resulting curve. The mid-depth

velocity, if not directly observed, has been found 1)y interpolating in the same way.

The theoretical values in the last column are cominited by the expression j-—5

—

' /'
,

—

-

remembering that, for the Little-Falls feeder and for Boileau's canal, it becomes

^,—rr, since in these the cross-section is sensibly rectangular.
» + T2 (^ i^)'

"

Gr. mean—aiich'd boats|I'r f. FmslifV-

H. w. meau— " "
;

" "

L. w. mean— " ''
'' "

Mean—Coluuilins Mr. Filk'browu.

Mean—Vicksbuig Mr. Pattisou.

Bayou Plaiiuoiuiue i.Mr. G. C. Sujilli.

Bayou La Fourclie I " " "

C. and O. canal feeder. -Lieutenant Abbot
Experimental canal !M. Boileau.

Experimental canal .. -.1 " "

Rhine L\I. Henuocqne.t
Rhine l.M. Delontaine (tig. 5)

Rhine "
(fi«- 6)

Rhine " (tig.7)

Rhine "
(fig. B)

Down 0. 2 0.

lip 0.3 0.

Diivvn 1. 1 0.

Up 1. 2 0.

Down L 0.

Down 2. 0.

Up 0. 7 0.

0.

0.

0.

0.

0.

0.

0.

Peet.

82. 000
W6. 000
7.5. 000
65. 000
55. 000
27. 000
27. 000
7.100
1.100
0. 670
8. 100

4. 000
4.900
4.900
4.300

w

Feet.

2300.

2500.

2200.

2200.

2600.

300.
22.''>.

17.0
2.2
2.2
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when the relations existiui;- between those veh)cities are exprcssL-d in tlio languag-e of

analysis.

The eonstano_y of this ratio neeessarily implies that the velocity of

The discovery (lip mid-deiith layer of water in a v'wrv is not aiiected bv any chanires
proves that the i ^ ^ j r>

velocity at mid- that take i)lace in the direction and force of the wind, whatever their
depth 1 s abso- ^ '

lately iinaffect- (Extent niav be, even from a calm to a hurricane. (See fi"-ure IS,
ed by wind. - ' v & '

plate XL)

'riiis conclusion may be erpially derived from a consideration of tlie observed effects

_ of the wind and the manner in which it acts ui)on rivers. An un-.stream
The same con- i l

iu'a^nother^mal^
^viud, for instance, at first diminishes the velocity at the surface a cer-

"^'^'
tain amount, which diminution extends Avitli a constantly decreasing

effect to the bottom. During a brief period, the volume of discharge is diminished and

an accumulation takes place in the bend above. (A corresponding depletion takes

place in the bend below.) The slope, and therefore the velocity, is thus increased until

the original volume of discharge is restored, since it has heev. observed that the level

of the surface in the reach is not appi'eciabl}' affected by wind. It is to be remarked

that the new surface velocity cannot be ecpial to the original surface velocity, for in

that case the volume of discharge would be increased. As this remains the same, the

new slope adds as much velocity to the river as the Avind consumes, and this effective

increase of velocity must be greatest at the bottom, since the wind retardation is least

there. It diminishes in proportion to the distance from the bottom. The resulting

effective decrease in velocity is greatest at the surf;ice and diminishes in proportion to

the distance from the surface. As the effective increase of velocity and the effective

decrease of velocity are erpial to each other—the one greatest at the bottom, the other

at the surface—the velocity of the mid-depth layer of the fluid mass must remain

unaffected.

This being estabh.shed, it follows that the mid-depth velocity is independent of the

po.sition of the axis, and therefore is not affected by irregularities of the
Deductions. ^ ,

, . . . ,

bottom. As it IS alwaj-s greater than the mean oi the velocities m the

vertical plane, and as that mean must be less, in rivers of the same dimensions and

slope, in pro])ortion as the inequalities of the bed are greater, the ratio of the mean and

mid-depth will l)e less in that proportion. Again, as the mean of the velocities in the

vertical ])lane increases as the depth increases, the ratio of the mean to the mid-depth

must be greater in large and deep rivers, than in small and shallow rivers. These con-

clusions, which logically result from the formula, are supported b)' the last table. From

the nature of this ratio it is evident that its variations must be .small; their actual extent

is exhibited in the table just referred to.

To fhose who are practically familiar with the liability to inaccuracy and the
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laboriousness of the methods used for gauging \avge rivers, the discovery of

this ratio will seem most valuable. It at once sug'g'ests several „ . , ^~" Field opera-

methods of deterniinini;!- with great nicetv the mean velocity, and hence tio"sfor saugiijg
f^ o ^ J ' small str e a ni a

the discharge, of a river. The field operations will vary according to based^'upon^lie

the accuracy demanded. If the stream be small, and considerable
^^°°'^^'^y-

exactness be required, tlie boat should be anchored at various equidistant statitms, the

banks being considered two of them, and the actual mid-depth velocity be mea.sured by

any of the known methods. The number of these stations should be large enough to

prevent any material change of velocity between consecutive stations. In tlie case of

a large river, where this method is not convenient, if the depth is tolerably uniform,

sufficient accuracy may be attained by observing, in the manner adopted on this

Survey, a number of double floats well distributed across the river-section, the keg-

being uniforndy sunk beneath the surface to a depth equal to half the mean radius of

the river—a depth which can be readily computed from the plot of the cross-section

by dividing the total area by twice the perimeter. The paths of the floats should then

be plotted and grouped by divisions of equal width, and the mean of all floats in each

division taken. By the former of these methods, the measured velocity will be abso-

lutely, and by the latter nearly, unaffected by the wind, na matter what its direction or

force may be.

The method of computing the discharge from these observations will vary accord-

ing to tlie accuracy required. A close approximate result may be
, . T , , . f ^^ ^ Tpf • t • • • i

Three methods
obtamed by taking a mean ot ail the ditierent station or division nml- of computation,

the one to be se-

depth velocities. In this method, there are two causes ot error which lected depending
upon the degree

very nearly balance each other, namely, the inequality in area of the of accuracy le-

diff'erent divisions, and the difference between the mid-depth and mean

velocities in any vertical plane. If greater precision be required, the mean of the

different division mid-depth velocities may be substituted for Uj,. in the following

formula, whose second member thus becomes known:

—

(25) i'r:([1.08 Ujr+0.002 5]*-0.045 ?;*)-.

This formula is deduced by substituting for U,„, in the general expression Uj^^

U,„-f :r., (?j '')> '^^ value deduced from equation (19), and reducing the resulting equa-

tion. As has been already stated, when the mean radius exceeds about 12 feet, h may

be assumed to be 0.1 856. The formula would be exact, were it not for the eiTor arising

from variations in the quantity represented l)y A in the expression for U,„. It has

been already seen that, for the Mississippi river, this quantity is constant, and, as it

depends on the deviation of the form of cross-section from a rectangle, it is quite pos-

sible that nearl}' the same value may apply to all rivers. Should, however, so great

nicety be demanded as to forbid this assumption, it may be avoided, and accuracy,

40 H
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affected only by iiixtrunieiital errors of observation, be secured, by sul)stituting- tlie dif-

ferent station or division mid-depth velocities successively for Vj ^ in the formula

—

(26) Y„,= V,^-l^(hv)K

The resulting values will be expressions for the mean velocities of the different divisions

in terms of r- and known quantities. The sum of the products of these expressions bv

the corresponding- division areas should then be placed equal to the product of r by

the total area of cross-section. The resulting equation, involving only r and r'' ;ind

known terms, may be reathly solved and the values of v determined. There will be

two such ^•alues, both positive; one, the lesser, corresponding to the actual case in

nature, when the velocity at the axis is the greatest of any; the other, the greater,

corresponding to the hypothetical condition that this ^•elocity shall be the least. It

need hardly be added that the former is the true mean velocity of the river. It is

l)elievc(l that the latter process of computation, apj)lied to careful observations taken

in the manner already detailed, will furnish the most accurate determination of the dis-

charge of a large stream which can possibly be oljtained. It is, however, laborious,

and the other methods, which are very simple, will probably furnish results in which

tiie inaccuracies of the computation will be less than those arising from unavoidalde

instrumental errors of observation.

liecajiifulation of the most hnportant neiv formuUc for vdocitij hcloic

of^mw'fo.'mu?^ *!'C *»/;/«cY>.—Before bringing this section to a close, the most important

low the°.5mface^ of the new general formuhe for velocities below tlie surface will be

repeated, the form of some of them being slightly modified for conve-

nience in computation. The signification of the symbols is explained on page 20(^.

For velocity in any plane, these formulip are as follows—numljer (29) being deduced

by combining (4) and (22) and reducing. It Avill be remendjered that for all values of

D greater than about 30 feet, h is sensibly O.lS.'jfi. For less values, if great exactness

is required, il nuist be especially conqmted l)y its ccpiation, viz : ^' = (ij"_rrj -u • ^'^'i"

tlie mean of all vertical })lanes, D becomes r in tliis expression.

(4) Y^X,-^hry.Q^y.

(2s) v„^v„_(/.r)»(^i_';;y.

(2(1) \\_,,= Y„.+ l.Ahry.

(22) V,=V,„ + (^r)^(^-^"^-^)

(2i.) V = V„, 4- 0' ,y(^^li^^-^l^+/i2rl,-,n
y



EXrEEIMENTAL THEORY OF WATER IN MOTION. 315

For velocity in tlie mean of" all vertical pianos, tlie following forniuhu have been

deduced. P]quation (8) can probably be made applicable, without material error, to

the velocity in any plane l)y substituting- D for r.

(8) f/,= (0.317 +O.OG/)r.

(19) U,„z=0.9.", r.

(30) U = 0.93 V + Q
^ri0.G3i + 0A2f)-jl _ ^^^ ^_^ ^^^^^^y^ ^^,^

(20) Uo = 0.93 V + (0.01 6 - 0.06/) (h v)'.

(31 ) U, = 0.93 V + (0.06 /- 0.3.50) {h v)K

(21) Urf, = 0.93 r + (^[0.317 + O.OG/]- - 0.06 /+ 0.016") {h vY.

(25) V - ([1.08 Uj^ + 0.002 //]5 — 0.04.5 h'^-.

APPLICATION OF THE NEW LAWS TO THE GAUGING OF RIVERS BY FORMULA.

Thus far, in this investigation, the object has been, first, to determine the true method

of computing the discharge from the data collected in the field, and

second, to simplify the pi'ocess of gauging streams by the application of this Survey de-

1 IT 11 rm • '11 1 11 1 niand an exact
tlie newly discovered laws. I here remains still another problem, mucii formuiaexpress-

TV11 -1 fi 1- 1 in ine; algebraically
more difncult than either of these, whose solutionis no less essential for the relations ex-.. _ __ istiug between
the purposes of this Survey.' It is the mathematical determination of the dimensions

of cross-section,

the relations existing between the cross-section, the sloiie, and the mean ^^^ slope of
'- water surface,

velocity. A knowdedge of these relations is necessary in order to deter- fn^ the mean ve-
•> <^ J locity of rivers.

mine the amount by which the surface-level of the river will be raised

by the volume of water confined to the channel l)y levees. It is true that the most

obvious and apparently direct method of solving this important jiractical question is

to measure the quantity of water passing at tlie ditl'erent stages of the river, and thus

determine how much additional water passes for each additional foot of rise. This, as

already seen, was done ; but, as anticipated, it was found that the increase of water for a

unit of rise varied greatly in different localities and at different stages of the river.

Reasoning based entirely upon such proportional increase of rise must therefore be

liable to the objections which can always be urged against the assumption of certain

values for variables whose laws of variation are not known. It w'as therefore deemed

necessary to find a general formula which, by a close agreement with actual observa-

tions, should inspire confidence in the accuracy of its predictions in cases where direct

observations were impossible.

The fii-st step taken was to collect and apply to certain observations, made especially

tor the purpose or published in standard works, all formula^ ever pro-

posed for the mean velocity of water flowiny in onen channels of Noneoftheoid
' " o 1 formula proving

known dimensions and slope. These formuhTC, with a sketch of the *° ^^ exact, a
^ ' nevy one is to be

manner in which they were deduced, have already been given in ChajJter
^e<5"<=^'^-

III. The result of the comparison was not satisfactory, as may be seen
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by referring to a table in tlie latter part of lliis chapter. The development of the laws

governing the change of velocity below the surface, and the possession of new and exact

data, afforded the means of applying the principles of hydraulics to the deduction of a

new formula, which should iit least be free from certain theoretical errors believed to

exist in all those alread}- proposed. The following train of reasoning was pursued.

Prinnples which ddermhie the form of the itriv formula.—In Chapter III it has been

shown that there are two classes of formula' applicable to water moving

Of the two in open channels: those based iipon the supposition of "uniform" mo-
cl asses, that .. , ,, .

based upon the tion, and tlioso based upon the supposition ot "permanent motion. It
supposition of

i i t v
unifoim motion ]ias also been shown that the only difference between these two classes
is adopted.

^

"

is that the one has not, while the other has, a term Avhich takes into ac-

ctiunt the changes in living force produced by gradual changes in cross-

section. It was evident that such a term as this would be of no practical utility for the

purj)oses of this Survey, because it would imply a more extended system of soundings

than the limits of the appropriation woidd allow, and a greater degree of refinement

in the computations than the exactness of any determination of the amount of water

to be added could justify. The supposition of "uniform" motion was therefore adopted.

The condition of this motion—that each particle of the fluid shall pass through the

orresponding jxiints of the several elementar}- cross-sections of the channel with equal

velocit\-—can never be strictly fulfilled in a natural channel; but, by selecting stations

where the bed is most regular, a certain approximation to this condition may be obtained.

The difference between this practical approximate and the theoretical absolute unifor-

mity of motion, the numerical values of the constants ought to correct : provided the

observations from which they are deduced are properly conducted. The precautions

necessary to be observed to this end will be noticed hereafter. At present, the form

only of an equation based upon the sup])Osition of perfect unifonnitv of motion is

under considei'Ution.

The truth of Duljuat's two theorems: that, when water is moving unifonnlv, the

total accelerating force is equal to the total resistance; and that, tor all

Formula to be *^'P*^"
channels, the accelerating force arises solely from the slope of the

ing^expi^ssi^ons ^vater-surfiicc,—is considered undeniable. The first hidicates the most

a n d^'retliTdi"! simple s\-A\ of dcduciug sucli a formula, namely, to etpiate expressions

braic v.iiue^of for the accelerating and retarding forccs. The second suggests an ex-

pression for the former, namely, the product of the weight of the water

1)y the sine of the sloj)e of its surface, a ([uantity which mav in practice

be assumed to be equal to the fall in a limited distance diWded by this distance.

The accelerating forces are therefore represented (for nomenclature see i)age 20G) by

(} () a I ' An expression Ibr the resistances iiui.st be deduced.

The water of a river may be considered to ilow through a natural pipe, whose



EXPERIMENTAL THEORY OF WATER IN MOTION. 317

inner surface is formed by tlie bottom and sides of the cliannel and by the atmospliere.

It has been demonstrated by experiment in tlie preceding chapter, first,

that there is a strong resistance to the movement of the water, appUed forces. Distinc".,,. -, 111- • tion between
where it conies in contact with tiie air; and, second, tliat this resistance, adhesion and

1 • T • f 1 1
cohesion.

AvliateA'er its cause maj'' be, is of the same order or nature as that

at the bottom and sides of the channel, since the hxw of transmission through the fluid

is the same in each case. One resistance to the flow of the water may therefore be

compared to tlie friction arising from the forcing of a solid body through a pipe. Its

locus is the entire outer elementary layer of the fluid, and, for want of a better name,

it may be called the resistance due to the adhesion of this layer to the foreign bodies

forming the inner siu'face of the great natural pipe. It retards the velocity of this

outer elementary layer, but directly affects no other. The velocity_of every other

particle is diminished in accordance mth the laws of an entirely different resistance,

namely, that of the cohesion of the different particles to each other. This is properly

a secondary resistance, l^eing that which regulates the distribution of the effects of the

primary resistance of adhesion among the different interior particles of the moving

mass. The force of cohesion is of an entirely different order or nature from that of

adhesion, and of far greater intensity. It admits of only a very slight difference of

velocity between the different consecutive elementary layers of the fluid, while that

of adhesion allows a velocity, often amounting to several feet, to exist in the outer

layer of the fluid.

These views concerning the nature of resistances to the movement of flowing

water are, in some respects, different from those advanced by any writer upon the

subject whose works have been consulted. The admission of a resistance at the sur-

face, of the same order as that at the bottom, is entirely novel; but the results of this

Sm-vey, already detailed, and an examination of those of other surveys, with the clue-

afforded hj the fomier, renders it absolutely necessary. The distinction drawn

between the resistances of adhesion and cohesion is not admitted by most writers,

although it has its advocates, among whom M. Dupviit is conspicuous. Writers in

general consider the resistance of adhesion to be infinite, thus causing the layer in

contact with the bed to remain stationary, and reducing the effective resistances to the

friction of a liquid moving upon a stationary liquid layer, or, in other words, to the fric-

tion arising from cohesion. The reasons which have led them to adopt tliis assumption

have been twofold: first, because experiments seem to indicate that the resistances are

independent of the nature of the surface of the channel; and, second, because an

ignorance of the laws by which cohesion acts has rendered it impossible, without this

assumption, to deduce any formula for the mean velocity. The reasoning which has

led to the rejection of this hypothesis in framing the new formula is briefly this. The

developments detailed in the last chapter, relative to the change of velocity below the
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surface, have made known the hiws governing- the action of coliesion, ami shown that

the change of velocity Ijetween the consecutive layers of the licjuid is ver^- slight, and

in accordance with the parabolic law (see figure 18, plate XI). If, then, the velocity

of the bottom layer were zero, that of the next layer would Ije infinitely small, and

the successive increase from layer to layer, up to the point of maximimi velocity,

would be regular, being shown by the arc of a parabola ha-\-ing a horizontal axis, the

vertex being- at the point of maximum velocity. The meastired velocity near the

bottom would, therefore, always be A-ery small compared with the maximum. 13ut all

experiments upon streams have shown that this is not so. Uj^on the Mississippi river,

for instance, the velocity, as near the bottom as a float could be made to pass, w-as

often as great as 5 or 6 feet per second, the difference between it and the maximum

velocity rarely, if ever, exceeding half a foot. The supposition of this stationary layer

is, therefore, clearly inadmissible. The question has been ably argued by M. Dupuit,

who has arrived, from purely theoretical considerations, at this same result, which he

has illustrated by reference to well-known physical facts. Should the correctness of

the conclusion be doubted, it is hoped that a reference to his work, or to a synopsis

of his reasoning- on this point, contained in Cha])ter III of this report, will be made

for a more elaborate demonstration.

The deduction of an expression for tlie retarding forces, l)ased ujjon the views

already stated, is very simple. It is evident that the accelerating forces

Algebraic ex- are primarily consumed in overcoming the resistance of adhesion, cohesion
preasion for re-

_

""

. . ^ , . „
tarding forces. acting merely to govern the transmission of the effects of those resist-

ances througli the fluid. But the absolute resistances of adhesion are

directh' i)roportioned to the length of channel considered, nmltiplied by the circumfer-

ence of the fluid, or I (i? + W), and to some functi(»n of the mean of the velocities of

all the elements of the outer layer of the li((uid. But Uo is the mean of all the surface

velocities, and U,. that of all the bottom and side velocities. Hence the expression for

the mean of the velocities of all the elements of the outermost layer ot tlie fluid is

"... "^- '^^ Tlie resistances of adhesion are therefore iiroijortiimal to

—

W -I- /(

\\\ ('(plating this expression with tltat ah-cady deduced for the

New geiierni accelerating forces, the following general formula results:

—

formula.

ix
(J
al 1 = 1 {}> + ^^ ) ^^ {^w+j^J-

1 )ividing both members of the eipiation ]iv (J // /—since, for t'onnnla' a])i)lving- to water,

G (/ may be assumed constant for any moderate change of latitude—and substituting

for .'its value, s, and for Uuand U, their \alues for ordinarv river cross-sections, given
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by fornniLr (20) and (31), remembering- that 0.317 + 0.0n/= ',', this expression by

reditetion becomes

—

(^52) ,v + /.
= f'

}
*'-^-' '" + ^'' '•) V^^ ^^^ ) ^

This is the e.xpression corresponding- to tlie ahiiost universally adopted fonnula:

—

an , s

y = ^ ('').

It is believed to be theoretically tar more accurate, while its absolute practical difference,

as will soon be seen, is so slight as to account for the general accordance between tlie

old formula^ and the pidjlished ex})eriments upon small .streams ; an accordance wliicli

could hardly exist if 31. Dujiuit's expression, — —
<p (U,.), were correct. Since the

resistances at the surface are overlooked l^y this writer, it i.s evident that his expression

cannot be considered theoretically exact.

Substituting (/ p for AV in the fraction of the last term of the second" -^ Practical sim-

member of ecjuation (32), it becomes

—

piificatioiis.

0.333 q-'ltq + lL- 0.667

5 + 1

But for rivers r/ is never (juite—although always very nearly—equal to unity. For the

Alississippi, its mean value is about 0.99. No sensible error can, therefore, arise from

assuming it equal to unity in the above fraction, which thus becomes — 0.167. The

sign of this c[uantity must be changed,* since, in the ultimate expression for v, whicli is

a root of an equation of the .second degree, the difference between the radical and the

other term is the root of the equation corresponding to the true mean velocity. With-

out this change of sign, the deduced value of the numencal coefficient will correspond

to the other root of the equation, which is the wrong one, since it does not become zero

when the slope is zero. Substituting, then, the value + 0.167 for the fraction in the

second member, equation (32) becomes

—

(33) ^^^ = cp (0.93 V + 0.167 U v') = cp {z).

Tluis far in the investigation, the views adopted respecting- the forces in question

indicate every step of the process with mathematical precision. This
, •, .',„ -.ip. ., Constants o f

IS no longer the case, smce the lorm oi the iunction coniposmg the the new foimuia

second member of this equation can only be detemiined by the study of mined from ob-
servations,

obsei'vations. A somewhat extended discussion of the conditions which

* It would have been better to leave this sign uuchanged, and to make the correction by nsing the negative valne

for \/r in the ultimate expression for it. As, however, the numerical value of c iu equation (34) has been deduced to

correspond with the positive value, no change iu the formuUe can now be made without a corresponding change in that

quantity.
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such observations should f'ultil, seonis to be required, as extraordinary errors have at

times been made by hydraulic engineers of standing, both in conducting such measure-

ments and in applying the various fornud;v for mean velocity to particular cases.

Observations for (Icduc'mg the constants of the ncio formula.—It is plain that, in such

observations, all the variables in equation (33) must be accurately

cousumed'Tn measured. The manner of performing the necessary field work for

thre^e'd^is UEcf measuring all exce})t the slope has l)een detailed at the beginning of the

aucer, which pist chapter, aud no further Comments are required. The determination
mustbeex-,

. . . .

pressed by two ot the truc s suggests mauv nnportant considerations. 1 his quantity, tor
ctistinct formu-
la;, whose ecu- rivers, is nsuallv stited to be equal to the quotient resulting from the
stauts cannot be "

determined from division of the fall of the Water's surface in a st-iven distance bv this
obs ervations °
upon pipes aud distance. This is inaccurate langfuaa'e, and has led to manv errors in
troughs. o o ' ^

applying the formuhT?. The fall of any natural stream in any consid-

erable distance is consumed in overcoming three entireh^ distinct resistances: first, that

already described as due to the joint action of adhesion and cohesion ; second, that

arising from the loss of li\-ing force when the stream is deflected by bends ; and, third,

that arising from the loss of living force caused by changes in width and depth. The

first, only, of these is taken into account by formulae whose constants are derived fi-om

observations in which the condition of uniform motion is perfectly fulfilled. If, there-

fore, such formulfB are applied to rivers, the mean area, width, and perimeter between

the upper and lower points considered must be used with a slope computed by di%4ding

the actually observed fall between those points diminished hy that expended in overcoming

the other two resistances, by the total distance. For the portion of the fall consumed in

overcoming the resistances of bends, a formula will be hereafter discussed. For tliat

consumed in overcoming the resistances due to changes in cross-section, it is clear that

no practical equation can be framed, if for no other reason than that the requisite

knowledge of the exact form of cross-section cannot be obtained in practice. Formulje

Avhose constants correspond to perfect uniformity of motion, then, cannot be applied to

rivers. Hence, the constants of xixav formula} must be deduced from observations

upon natural channels, not, as generally heretofore, upon pipes and troughs.

An extended examination of rivers with moderate slope (to which alone formula^

are usually apphed) will show that, in general, where the stream flows
Effect of chan- ., ., ,, „ . iii-i

ges in cross-sec- witli a Straight coursc, the clianges ot cross-section are gradual; while,

lowed for by ill bends, they are abrui)t, n^ivinij rise to violent eddies and boils. This
modifying the ,

"^ i 'o o
constants of the tact suggcsts the proper method of allowing" for their effect. The con-
two formula;. oo i i o

staiits of e(piation (33) should be adjusted to correct for the effect of

ordinary, slight changes, while those of the bend formula should take hito account the

abrupt and Aiolent changes.

The above considerations indicate that three conditions should be fulfilled by obser-
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vations conducted for the purpose of deducing the form of the function composing

the second member of equation (33). First, they should be made Hence certain

upon a natural channel. Second, the bed must be straight at the be^fumued by

locality, in order to avoid the effect of bends upon the slope. Thu-d, from which the

, ,
constants of the

the cross-section must be sensibly uniform, in order to avoid the effect mean velocity
formula are to be

of sudden variations upon the slope. To these it may be added, that determined,

the distance must be considerable—as great as possible, in fact—in order to reduce to a

minimum the percentage of instrumental error in measuring the slope.

Even in a locality fulfilling all these conditions, the measurement is an operation

of exceeding delicacy. The water sivrface, even then, is by no means a ^.„^ •' 'J J Difficultyof

plane. The different velocities at different distances from the banks nieasuring the
I fall of water sur-

destroy any such character, since water in motion exerts less pressure '^^'^^•

than when at rest. This causes the level of the surface near the thread of the current

to rise, in order to maintain the equilibrium.* The difference of height due to this

cause is usually estimated by the formula : f hzz -—-,—'—. Thus the difference of level

between the water moving near the bank with a velocity of 1 foot per second and that

g2 -p

in the thread of the current, mo^dng at the rate of 8 feet per second, is
.^

=z0.98

of a foot, or more than 11 inches. If, therefore, the water move with different velocities

at the two level stations, error will result. The air, also, is seldom entirely still, and

even a gentle wind, besides producing oscillations in the surface, may sensibly affect

the relative level at the two stations. The almost constant rising or falling of the river

greatly increases the liability to error. Add to these and to local causes of variation

—

such as eddies and boils—the exceedingly small numerical value of the slope for most

natural channels, and an idea can be formed of the difficulty of its determination at

any particular locality.

This measurement was attempted at Vicksburg, Columbus, and Carrollton, in con-

nection with observations for discharge. The locality of Vicksburg° JO
Details of this

being especially favorable for the purpose, several observations were operationat

made to determine the slope at different stages of the river. An exceed-

ingly careful transit and level survey was made by Mr. Pattison, between benches

established at E and Gr, figm-e 4, plate III, the line of levels being run five times with

an accm-ate instrument, and finally testing to within a very small fraction of an inch.

When the slope was to be measured, graduated stakes were planted in the water oppo-

site the bench-marks, and carefully referred to them by means of the levelling instru-

ment. Accurate obseiwations of the height of the water sm-face upon the stakes were

then made simultaneously by different observers. Between these two stations, the

* Seo some interesting measurements to test this matter, by M. Baumgarten, detailed in Chapter III.

t Weisbach.

41 H
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current flows nearly parallel to the Louisiana shore, the cross-section is regular, and

the difference of level of the water surface divided by the distance between the stations

g-ives a result as near to the true slope as can possibly be obtained by measurement on

the Mississippi river. The oi^eratiou was performed five times in 1858. The corre-

sponding area, width, and perimeter were found by taking a mean of all the sections

indicated on figure 4, plate III, including as one section a mean of those at the velocity-

base. The mean velocity of observation was obtained by dividing the discharge found

at the velocity-base by tliis mean area.

At (Jolumbus peculiar difficulties existed, as may bo seen by reference to figure 3,

plate III. The eddy and bend above, the island below, and the rapid

changes of width in the cross-section rendered it nearly impossible to

measure properly the slope affecting the discharge at the velocity-base, where alone

the dimensions of the cross-section were determined. The fall in water siu-face between

the stations at G and A, on figure 3, plate III, was measured by Mr. Fillebrown, and

in default of a better determination, the result is admitted, although probably some-

what inexact from instrumental errors, which the shortness of the line rendered very

important.

At Carrollton the locality Avas tolerably favorable, the chief objection being the

small numerical value of the slope, wliich rendered its measurement

difficult. This was performed by the levelling party in charge of Mr.

Ford. The upper station was in all cases at station A. (See figure 2, plate III.) The

lower was, for observations No. 1 and No. 3, at station B; for observations No. 2 and

No. 4, at station C. The area, width, and perimeter used in each case were foimd by

taking a mean of those quantities on all sections indicated on the diagram l3'ing

between the stations. The mean velocity of observation was found by dividing the

measiu'ed discharge by the mean area.

The slope of the water surface of bayou La Fourche was measured within about

5 miles of the head, on May 6, 7, and 8, 1851, by the levelling party
Observations r t r< /~\ ht n l r' ti • .i i i r^ snni\ c

upon bayou La of the burvoy. On May 6, the fall m a mile was found to be O.Zov oi
Fourche.

^

^
a foot. By the bend formula, soon to be explained, 0.042 of a foot of

this were computed to be due to bends (sin." u, measured on the transit-sheets of the

Survey, being 0.G89). On May 7, the fall in 1 mile, and on May 8, that in about 2

miles, were accurately determined in two different localities, where there were no

sensible bends. The gauge-readings on those dates being known, the corresponding

areas, widths, and perimeters were computed by taking a mean between the mean of

tlio three sections at the mouth and that at Pain Court, distant about 9 miles from this

point. Tlie discharge was not measured, but was accm-ately determined by an inter-

polation between the quantities found by measurement when the water at Donaldson-

ville stood 1.2 and 7.3 feet below tlie high water of 1851 (being 10,250 and 5150 cubic

At Cairollton.
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feet per second at these two stands, respectively). Since the discharge depends directly

upon the stand of the bayou at Donaldsonville, this must give a very close determina-

tion. The party also determined, by water-marks on trees, the total fall in the first 5

miles (less a few feet) at the high water of 1851. It was 1.231 feet. By the bend

formula, 0.105 of a foot of this were found to be due to bends (sin.^ d, measm-ed on

transit-sheets of the Survey, being 1.485.) Deducting this quantity, the slope to be

used with the formula was deduced. The area, width, perimeter, and discharge were

found in the same manner as for May 7 and 8.

On January 16, 1859, Mr. Pattison measured the chscharge and corresponding

slope of bayou Plaquemine at its upper mouth. This slope, which was

measured between A and B, figure 7, plate III, was evidently affected piYquemhfe^°"

by bends and marked iiTegularities in cross-section. The total observed

fall was 1.03 feet. By the bend formula the effect of these resistances was computed

to be equal to 0.408 of a foot, leaving 0.62 of a foot for the fall to be used with the

formula. The corresponding area, width, and perimeter were found by taking a mean

between a mean of the three sections near the mouth and that near the mouth of Ijayou

Jacob.

The field work of the Survey had been already brought to a close before this stage of

the office investigations was reached. As the importance of further

observations upon very small streams became apparent in the course of
pYi''°'f ^l"'^'

the investigation, the Little-Falls feeder of the Chesapeake and Ohio to^a^o'c^^
canal, near Georgetown, D. C, was selected for this purpose. The

observations were made on November 26 and November 28, 1859, near where the

feeder leaves the Potomac river at the Little Falls. At the spot selected, the feeder,

for a distance of about 350 feet, has a straight course, and uniform, nearly rectangular

cross-section, the bed being lined with stone masonry both on the sides and bottom.

Above, the channel gradually enlarges to receive the water from the river, aiid below,

it expands into a small basin. The banks are several feet above the water surface,

and, in a few places, the sides have partially caved in, thus creating local eddies. Apart

from this, the place is very favorable for such experiments. To measure the slope of

the watei^ surftice, two benches, 335 feet apart, were established, one near the upper

and the other near the lower end of the place above described. The difference of level

between these benches was determined with great care by five successive levellings,

giving the following results for the height of the upper bench above the lower: 0.247,

0.249, 0.248, 0.252, and] 0.251 of a foot. The mean, or 0.249 of a foot, was adopted

as the true difference of level. The benches were about a foot above the water sur-

face, and by measuring this distance exactly, the fall in 335 feet, and hence the slope,

coidd readily be found whenever desired. To determine the cross-section, a cord,

graduated by bits of red tape to lengths of 2 feet, was stretched across the channel
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where no caving had occurred, and tlie depth measm-ed with an ordinary lead and Hne

at every bit of tape. The resuhing area wa.s tliat used in determining the discharge,

as the floats were observed thi-ough a clear part of the channel. The area to con-espond

to the measiu'ed slope was found by deducting from the water-prism—computed by

multipl3ang this^area by the distance between the levtd-stations—the cubic contents of

the small portions of the wall Avhich had caved in. To measure the velocity, the tin

double-floats, described on page 264, were used. The lower float was unifonifly sunk

to the mid-depth. The floats were made to pass at different distances from the banks,

their velocities and paths being fijsed by noting the times and points of crossing two

graduated cords stretched across the feeder, 100 feet apart. A very slight down-stream

wind was blowing on both days, but, as ah-eady demonstrated, it could exercise no

influence upon the mid-depth velocity. The method of computation was the following:

As the cross-section was nearly rectangular in form, it was considered imnecessary to

subdivide it into partial areas for computing the mean velocit}'; this cpiantity being

sensibly equal to the product of the mean of all the velocities in the horizontal plane

at mid-depth by the ratio between the mid-depth and mean velocities in a vertical

plane. To determine the mean velocity in the mid-depth horizontal plane, the paths

of the floats were plotted and grouped, and the resulting velocities at different distances

from the banks plotted in the form of a curve. It was e-vidently one and the same

parabola on both days, being nearly given by tlie following equations, which only

differ in the values of „.Vjd:—
(Nov. 26) VjB=3.3G42-8.78 (^.-O.os)'.

(Nov. 28) ViD-3.0000^8.78 (j^
- 0.58)'.

The following table exhibits a comparison between the observations and tlie velocities

given by these fonnulc?;

—

Measurements njion the ChesajjeaJxe ami Ohio canal feeder.

November 26. November 28.
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Since tbis comparison leaves no doubt tbat the actual curve was nearly tbat given

by tlie above equations, the mean A-elocity in the entire piano from bank to bank was

computed by equation (5), substituting oVm, ,0^1 d, and w^jd, respectively, for Vq,

V,,,, and Vd. Tliis quantity, for November 26, was 2.5754, and for November 28,

2.3070. Multiplying these velocities by 0.9G24, the ratio taken from the sub-surface

curve of observation given on page 311, the following mean velocities resulted:

November 26, 2.4785 feet; November 28, 2.2202 feet; giving for the discharge 367

and 324 cubic feet per second respectively. The mean velocity corresponding to the

slope was the quotient of the discharge by the area corrected, as already explained,

for the caving.

All the original data of this Survey have now been enumerated. In relation to

those found in published works, strange as it may seem, there is a very

great scarcity of such observations upon natural channels, although such^data^^ven

there are many upon pipes and troughs. The measurements of the works?^^'*'^^**

discharge and coiTesponding slope of a river are such delicate operations

that a full statement both of the mode of conducting the observations and of the method

of computation is essential in order to inspire confidence in the accuracy of the work.

When this is not given, but little weight can be properly allowed to the data; for such

detailed statements have generally revealed errors in some part of the process, even in

experiments conducted by engineers of ability, as the following criticisms show.

Dubuat's six observations upon the Canal du Jard, a very small draining-canal, and

four upon the river Haine, comprise all made by him upon natural

channels. The width of these streams is not recorded. For the Haine,
se^v^a^rous^

°'^"

this may be deduced by subtracting from the perimeter half the mean

radius—tb.e usual rule for rivers; but for canals, no such relation exists, and errors,

which the small size of the Canal du Jard would render important, would probably

result from any such assumption for that stream. Moreover, in neither case did

Dubuat measure the mean velocity, but trusted to deducing it from the observed cen-

tral sm-face velocity by his empirical fomiula. For these two reasons, the observations

upon the Canal du Jard have been rejected. Two of the four observations upon the

Haine were made when a lock interrupted its flow and reduced it to a kind of elon-

gated basin, with an almost inappreciable slope. It cannot be assumed that this

anomalous condition of the stream produced no effect upon the ordinary ratio between

the central surface and tnie mean velocities, and these observations are, therefore, also

rejected. The other two observations upon the river were made with great nicety

under favorable circumstances, and have been admitted.

Ki-ayenhoff made five careful measurements of the discharge, slope, etc., of cer-

tain rivers of Holland in 1812. The slope as measured requires some

coiTection; for, since the level-stations were several miles apart, the observlaions.
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observeil fall must have been affected by bends and ineqnalities of cross-section. By

the bend fornmla, soon to be discussed, the reductions on this account are computed

as given in the fourth column of the following table, sin." a being 0.75 per mile:

—

Distance

between level-

stations.

Observed fall
/»«»"»!' '=''°-

in water Bumedinover-

sarface.
coming bends,

Difference ; or

part of fall con-

samed in over-

coming adhesion
and coheaion.

Tho Rhine at Byland
The Khine at Pannerden.

.

The Waal at iijiper mouth
The Khine below the Yssel

The Yssel at upper mouth.

Feet.

60,553
60, 553
6-2,111

44,496
5, 190

Feet.

6.7
6.7
7.1
5.6
0.6

Feet.

0.8
0.7
0.6
0.4
0.0

Feet.

5.9
6.0
6.5
5.2
0.6

The mean velocity was measured by means of vertical floating rods extending from

the surface nearly to the bottom. The error arising from the rods not extending quite

to tlie bottom was probably counterbalanced by Ki-ayenlioff's method of computation,

in which the mean velocity was considered a mean of the different division velocities

without regarding difference of area.

Robison incidentally records the result of a gauging of a small canal by "Watt,

but without giving any of the details of the measurement. The great

TT^us^
°^^^'^' reputation of the engineer and the scarcity of published observations of

this kind, have induced the use of this observation. The mean velocity

is computed from the observed central surface velocity by de Prony's eight-tenths rule'

In Destrem's operations upon the Neva, the velocity was measured by surface

floats, from twelve to twenty-three being obseiTcd, accorthng to the

se^atioM^
°^' ^'^^^'^^^ of the stream. The discharge was computed by taking the sum

of the discharges of the several partial areas into which the cross-section

was divided. The mean velocity of each partial area was computed from the surface

velocity observed in its central portion, by de Prony's formula for the mean velocity

in tenns of the central surface velocity. "With a view to test the con-ectness of tliis

novel use of the formula, which certainly was never contemplated by de Prony, a veiy

few observations were made upon the relative velocity, in passing over the same path,

of a surface float and one composed of a series of jointed rods so loaded with lead as

to remain vertical and extend from the surface nearly to the bottom of the river.

Although the observed ratios varied greatly among themselves, Destrem decided that

they justified this use of the formula. If so, the formula is greatly in eiTor, for neither

de Prony nor Duljuat, of whose original formula this is a modification, designed any

suhdivision of the cross-section. As they proposed the formula, the mean velocity thus

found would be—not that of the stream itself—but that of the stream subdivided into

as many dillViviit stivains as tlu-re are divisions; a jjrocess which would greatly
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diminish the velocity by tlie increase of friction. Tlie observations of the Delta Sur-

vey jn-ove that Destrem—not de Prony and Dubuat—must be in error in this matter,

and a recomputation of all his discharges seems therefore necessary. This would not

disturb their close accordance among themselves, as computed by him, while they

would all be materially increased. The admirable manner in which they are reported

renders their recomputation easy, and it has been undertaken in the two instances

(Neva river, Table 2, and Great Nevka river, Table 6) in which the slope was meas-

m-ed. The sum of the products of the observed surface velocities in the different

divisions by the areas of their respective divisions, divided by the total area of cross-

section, is computed for an approximate mean velocity. The ratio between this and

the true mean velocity is then deduced by the new process, fully explained in the last

chapter. This ratio is respectively 0.9946 and 0.9922 for these two measurements;

giving mean velocities of 3.2296 and 2.0486 feet, instead of 2.6441 and 1.6415 feet, as

computed b}^ Destrem. By de Prony's formula, applied as he designed it, these mean

velocities are 3.2834 and 1.8074 feet, respectively; showing that Destrem's own meas-

urements do not justify his novel application of it. For the purpose of testing de

Prony's general formula for discharge, Destrem measured the fall in these two cases

for about 3 and 5 miles respectively, immediately below his sections. In this operation,

also, he was unfortunate. The detailed map accompanying his report shows that in

neither case did the measured slope correspond to the flow at his section. In the fii'st

case, a large bend, a new tributary and a great increase in width are noticeable

between the upper and lower level-stations. In the second, after passing the upper

level-station, the stream bends gradually to a kind of delta, where it divides into a

maze of channels forming large islands, on one of which the lower level-station was

placed. It is evident that no formula based upon the supposition of imiform motion

can accord with these observations, as they are stated, without thereby establishing its

own inaccurac)'. In default of a better method, the observed slope has been coiTCCted

by the formula already mentioned; the values of sin.'' «, measured on Destrem's map,

being 1.44 and 2.17 respectively. The slopes as coiTOCted become 0.00001389 and

0.00001487 in the place of 0.00002665 and 0.00002040. No great weight can be

attached to these measurements, but, as observations upon the discharge of rivers,

possessing such a degi-ee of exactness, are very rare, it would hardly be justifiable to

reject them, when thus corrected. They serve as approximate tests of the different

foiTQulie.

The gauging of the Tiber, including the slope measurement, detailed by Buffon,

is superior in exactness to any already noticed. The velocity was

measured by long floats, consisting of small bundles of rods, so loaded servatioua^

at one end as to float almost vertically, and extending from the surface

nearly to the bottom. The time occupied in passing a distance of about 200 feet was
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noted for twelve floats well distributed in different paiis of tlie stream. The area of

cross-section was carefully measured by sounding, and the discharge computed by

taking the sum of the products of several partial areas by the mean of the velocities

observed in them. The measurement of the slope Avas unexceptionable. The admi-

rable method used in reporting the data collected has afforded the means of making

two slight corrections in the mean velocity as computed by Buffon. The first error

arises from his assuming the velocity at the bank to be the same as that of the float

nearest it. This is manifestly eiToneous, and a new value has been deduced by assum-

ing the same rate of increase of velocity between the bank and nearest float as between

this float and the next. A simple diagram at once shows the necessity for this change.

The second correction is for an error fully appreciated by M. Buffon, but which he had

no data for eliminating. It is the excess in the measui'ed velocity due to the fact that

the rods were unaftected by the water between their lower ends and the bottom of the

river. Very careful and extended experiments have been made by Mr. Francis at

Lowell, Massachusetts, to determine the error ari.sing from this cause, and the follow-

ing un})ublished formula for the coefficient of correction has been Icindlv furnished by

him as the result deduced :

—

Coefficient = 1.000 - O.IK; ( F^-^'l* - O.l).

In this formula, D denotes the depth of the Avater, and D, the length of tlio immersed

part of the rod. The mean velocity computed by Buffon is 3.6582 feet. The first

correction reduced it 0.0925 of a foot, and the second 0.1525 of a foot, making tlie

true mean velocity 3.4132 feet. This is believed to be still a little excessive, as the

measured velocity of some of the floats (of float Xo. 3, for instance) is evidently too

great ; but, on the whole, it is considered a very trustworthy experiment.

On ]\Iarcli 12, 1851, Mr. Ellet measiired the slope of the water smiace for several

Eiiefs obser- "^ilcs down bayou Plaquemine, at stations 1 mile apart. The details

bayou^ Plaque" o^' this measurement were not published, but the original diagram is on

file in the Bureau of Topographical Engineers, at Washington. The

fiill in the first mile was 1.45 feet, the Mississippi at Plaquemine being 2.1 feet below

the high-water level of 1851. The discharge was not measured; but, as this quantity

was accurately determined by the Delta Survey when the Mississippi stood 6.3 and 0.6

feet below the high-water level of 1851 (being 16,000 and 33,300 cubic feet per second,

respectively, for those stands), the discharge on March 12 may be deduced by inter-

polation, 'i'his determination nuist be quite exact, as the quantity of water passing

down the bayou depends entirely upon the stand of the Mississippi, and, for any given

stand, can undergo but slight variations. The area, width, and perimeter were readily

C()ni])uted from the cross-sections made by the Survey, the stand of the river being

given by j\[r. Ellet. As the bayou winds considerably in the distance in which the

fall was measured, the con-ectiou for bend-effect, hereafter to be explained, must be
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applied to the observed fall. Sin.^ a, measured on tlie transit-slieet of this Survey,

was found to be 1.746, giving- by the bend formula 0.36 of a foot for the fall due to

bends and other resistances. This leaves a fall of 1.09 feet per mile for the true

slope.

Jlr. EUet's gauging of the Ohio in 1858, including the measurement of the slope,

was admirablv executed, as far as the field work was concerned, and
EUet's obsei-

equallv well reported ; but exceljtion must be taken to the method of vations upon
i - i ' ^ the Ohio.

computation. The velocity was measured by surface floats well distrib-

uted across the river, and the discharge computed by taking eight-tenths of the sum

of the products of the several subdivisions of the cross-section by the velocity observed

in them. The correction-ratio, eight-tenths, is certainly not allowed by the best au-

thorities. It seems to be a repetition of Destrem's misapplication of de Prony's rule.

By applying the process deduced from the observations of this Survey—already fully

explained—the true value of this ratio is foimd to be for this case 0.96, giving a mean

velocity of 2.5152 instead of 2.1, as computed by Mr. Ellet. To prevent errors in

testing this result, it may be added, that the "mean surface velocity" (a quantity

which enters the formulis) is not, as considered by Mr. Ellet, the quotient of the ap-

proxmiate discharge by the area of the cross-section, but the sum of the products of

the widths of the different subdivisions by the mean surface velocity in them, divided

by the total Avidth of the river. In other words, it is in this case 2.50 instead of 2.62.

The above summary includes all observations upon water flowing in natural

channels, published in sufficient detail to be entitled to confidence, that

could be collected after diligent search. It is to be regretted that the No more data

if-ni- T-nii'T • >
available

;
but

works ot Lytelweiu and Fiiiik, which contain reports ot such measure- those collected
suEBciaiit for all

meuts, have not been accessible in the present investigations. It may, the practical
^ " '' purposes of the

however, be doubted whether the operations therein detailed were con- Survey,

ducted with the requisite accuracy. A new and extended series of such

observations upon rivers of great slopes is absolutely necessary to the entire determi-

nation of the form of the function composing the second member of equation (33).

The data above mentioned, however, which are all contained in the table on page 335,

are sufficient to determine it for natural channels with slopes less than 0.0008 and

cross-sections larger than 100 square feet,—limits amply sufficient for the practical re-

quirements of the present Survey. The process used in determining the form of the

fimction remains to be explained.

Determination of the constants of the new formula.—Since the enunciation of

Coulomb's law, it has been the general custom to assume q> (v) — which,

as already explained, corresponds with most writers to gj (.?) in the new e^for^the "ai^e-

foi-mula—to be equal to an expression of the form B v -f C v\ and then these dk^i^^'^
°^

to find values for the coefficients B and C which would make the for-

42h
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mula accord with experiment. De Prony alone (excepting Eytelwein, who followed

his method) has exactly defined the process adopted in finding such values. He em-

ployed La Place's two methods, the one giving the mininuim value for the maximum
error, and the other the mininuim value for the sum of the errors,—the curve whose

co-ordinates are ^ and r (in this case '^ and z) being a rir/Jit line. As the expression

represented by ~- contains v and t'^ if terms involving its first and second powers are

allowed to enter the formula, the final expression for v will be very complex. More-

over, a trial of this process proved that a right line would not conform with sufficient

exactness to the data collected. For these reasons, it was necessary to try a new

method. The expression cp {z) in equation (33) Avas placed equal to the expression

C z^, giving by reduction the following equation :

—

The second member containing only known terms, its numerical value was computed

for the different observations already described, and it was at once evident that C could

not be assumed to be constant. To detect its law of vaiiation, the different values were

plotted as ordinates to the coiTesponding values of ... , r, and s, successively, as ab-

scissae. AVhile sen-ated curves, following no apparent law, resulted when C was plotted

with „ or V, a quite uniform resid^ was obtaind by using s. It was then reason-

able to conclude that C was some function of this quantity. Much laljor Avas

expended before an equation representing this function was found. At first only

the data obtained on the regular field work of the Survey were used; then, in suc-

cession, the data described above for the higher slo2)es were added. The successive

additions modified the results already obtained, by requiring a change in the curve for

these higher slopes. To give a detailed account of these trials would extend the discus-

sion beyond its proper limits without answering any useful pm"pose. Suffice it to say

thatfew classes of continuous curves for wliicli eqiiations of conditions for passing through

two, three, or even four points can be conveniently computed, were left untried. There

seemed to be some fatality from which there uniformly resulted either large discrep-

ancies for some of the observations ; or an absurd result when the quantit}- s ap-

proached its maximum real value, unity ; or an expression so complex that it produced

an equation of the tliird degree or higher, wdien solved with respect to s ; or the

necessity of leaving the curve and following a tangent, for slopes above a certain limit.

At length it was discovered that the very simple curve

—

p _ si

^-195

would fulfil certain necessary conditions, which could not be forced upon curves whose
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equations are of a much higher degree. It was accordingly adopted. When this

vahie for C is substituted in equation (34), it can be put under the form

—

(35) ^=(f^y-
This is a g'nieral equation, from which tlie vahie of any one of tlie five variables may

be deduced when the other four are known. It should be remarked,

however, thatW and « are hardly indei^endent variables, as a knowledg-e Algebraic vai-

\
-' ^ ° uesofeachofthe

of one often imijlies a knowledge of the other. Even when this is not four variables
^ " in the resulting

the case, it will be found, for ordinary natural channels, that only a general formula,

small percentage of error will arise from assuming^; ^ 1.015 W. This

reduces the variables tofom-: a, (p + W), s, and z. The last-named quantity is strictly

a function of v and r, but the coefficient of r is so small that it may be neglected, and

2 be considered, for all practical purposes, a simple function of v. The following equa-

tions exhibit the value of each variable in terms of the other three :

—

(36) '=(;^)'.

(36) -e^^s^)'-
(") «=s^4fc^"-

195 a si
(38) p + ^Y =

It will be rememljered that ^ is a variable of which only two absolute values are

known, namely, that for a rectangular cross-section and that for an ordinary river

cross-section. These are respectively

—

Substituting these values in equation (35), and sohdng with respect to v, we have the

two equations

—

(39) ^= (V0.0064 b -f (195 r, s*)* - 0.08 &»)',

(40) V= (VO.0081 h + (225 r,siy- 0.09 &^)'-

As equation (39) is only applicable to a verj- limited class of streams flowing in arti-

ficial beds, it will receive no further notice. It is of exactly the same form as equation

(40), and susceptible of the same simplifications for practical use.

For small streams, b, as already shown, varies with r, being given by the equation :

i = '-

T) h^^l^ fo'' rivers, whose mean radius exceds 12 or 15 feet, ^. ,.^ ,.
[r + 1.5)* Simpbncations

inthesefor-
the condition of most streams discussed in this report, b may be assumed muias for large

' •' streams.

to be 0.1856. This makes the numerical value of the term involving- b
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SO small that, for any but tlieoretically small velocities, it may be neglected, thus

reducing equation (40) to

—

(41) r= ([225 r,s^P- 0.0388)-,

which is an approximate formula applicable to rivers as large as, or larger than, bayou

Plaquemine. From this equation the two following formula? may be dedviced, which

are sometimes convenient in finding approximate values of the quantities in question:

—

,.,.. (r» + 0.0388)^

(43) '=C't^T''J-
It may happen that the discharge and two of the four variables in equation (35)

are known. In this case, both the others may be computed, provided
Solution wrheu

the discharge a and v are not the two known variables. This can be done by
aud two of the "^

four variables eliminating the unknown variables in the second member of that one
are kuowu. ^

of the above equations whose tirst member is the variable sought, by

substituting for it its value deduced from the equation

—

(44) v = ^.

No difficulty will be found in performing the opei'ation except when s and (j) + W)
are the two known variables. An equation of a liigher degi'ee than the second cannot

in this case be avoided, and the following method of computation by successive approx-

imations will be found convenient. Let a value of a be assumed, and the con-espond-

ing value of v be computed both by equation (40)—or (39) if the cross-section be

rectangular—and by equation (44). If these values are identical, the assumed value

of a and the corresponding computed valiie of v are coiTect. If these values difter, a

slight change in the assumed value of a should be made and the operation repeated

until any desirable degree of accordance be obtained. If the stream be large, this

process may be greatly simplified by using equation (41) instead of (40) and putting

it under the fonn

—

-("'(IflJ-)'-"-"^^'^)"
Before proceeding to detail the numerous tests wliicli have been

new formulae applied to these formulae, the various resistances opposed by bends to
temporarily de- inn hit t •

ferred. the now of Water Will be discussed, inasmuch as some of the tests involve

the use of the formula adopted for eliminating the effect of that class of

resistances.

luffed ofhrnds, abrupt incquaUtics of section, etc., upon fJic fall of rivers.—When water,

mo\ang uniformly in a straight channel, encounters a bend, the addi-
Bends in a river .

.

analogous to tioiial poAver required to make the change of direction can only be
dams.

obtained b}- an increase of slope, and the water is backed up until this

increase is attained. Tlie fall in the reach above is adjusted to the level at the head of
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the bend, for a short distance above which the slope is less than in the straight reach,

owing- to the accixmnlation of water. On leaving the bend the water resumes its

normal condition. The eftect of ever}- bend is, therefore, like that of a dam, to elevate

permanently the plane of the water surface above it without affecting that a short dis-

tance below. The changes in the depth, the enlargement of the channel, and the eddies

usually noticeable at bends tend to increase this effect, since they increase still more

the resistances in the bend.

As already seen, it is an important practical matter to determine how nuxch of the

actual fall of a river is consumed in overcoming the increased resist- ,, ^° Dubuat s em-

ances met in passing round bends. The exceedingly complex nature of
muiTfor^'^*^ es"^

the movement of the different tillets of water renders any summation of

the resistances encountered by them impossible; but it is not to be inferred that no

empirical expression can be found which shall satisfy the practical requirements of the

hydraulic engineer. A very simple formula of this kind has been pro^Dosed by Dubuat

in his great work. His reasoning was, briefly, as follows: If /t,, denote the fall required

to overcome the increased resistance, it is evident that it must be proportional to the

number of bends, to some function of the mean velocity, and to some function of the

angle of incidence. Denoting by a this angle of incidence, which must not exceed a

certain value, say from 36 to 40 degrees, and by e a constant, he assumed for trial the

expression

—

He found by many careful experiments upon })ipes of various dimensions tliat, with e

equal to 2!J!J8.o French inches, h^, and v being also expressed in tliis unit, this fonuula

accorded well with the observations. When reduced to English feet it becomes

—

h.-
2(i6.3

It is evident that, being deduced entirely from observations upon small pipes, the

numerical value of the constant cannot include the effect of the abrupt

changes in cross-section always noticeable in river bends. A new value for determining

must therefore be deduced for natural channels. Measurements for this adapt this for-

. T»-r-« i/-~<ii mula to rivers.

pm-pose were made at various bends between Baton Rouge and Carroll-

ton during the progress of the level-survey between those points in 1851; and, with

still greater nicety, at Vicksbui-g during the progress of the discharge measurements

there in 1858. At the latter station, the work was imposed in addition to the xisual

onerous labors of the party, and the exertions of Mr. Pattison to accomplish it without

allowing any interruption of the daily velocity observations, will be appreciated from

the following statement. He made an exceedingly careful transit and level survey

between permanent benches at the points marked A, E, and Gr, on figure 4, plate III,

a distance of about eiffht miles, running the levels five times, and making the work test
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to within a small fraction of an inch. He established graduated rods in the water

opposite the three benches, and accurately determined their reference to the common

datum-plane. Selecting times Avhen no wind was blowing, the height of the water on

these rods was observed simultaneously by different observers, and the true fall in

water surface between them thus determined.

The method of deducing the effect of the bend upon the fall of the river from these

observations is simple. If the bend had not existed, the slope measured

the observatiouB. i'^ tlic sti'aight poi'tion of the river, multiplied by the distance between

the extreme stations, would give the fall between them. The difference

between this quantity and the observed fall is /*,,, the fall expended in overcoming tjie

additional resistances occasioned by the bend. The corresponding value of a was

found b}- plotting a line, containing angles of incidence of about 30°, upon the transit-

sheets of the Surve}', near the mid-channel. The sum of the squares of the natural

sines of these angles gave the numerical value of sin." a. For the Vicksburg obsei^a-

tions, V was directly measured. For the bends between Baton Rouge and Carrollton,

the discharge could be readily computed from the daily measurements at CaiTollton

and the known distance and rate of movement of the water. The corresponding areas

of cross-section were not measured, for the reasons stated in the letter transmitting the

rejoort. The widths, however, were knoAvn from the transit-sheets, and the con-e-

sponding perimeters were found with sufficient accuracy by the rule above given.

Knowing these two quantities, together with the discharge and the slope in the sti'aight

portion ot the river, the corresponding value of a was computed by the general formula

in the manner already explained.

When Dubuat's formula is aj)plied to these data, it gives too small

and i ts tests by valucs for k , wliicli—as has been shown—ought to be the case for
the observations.

"
_ i i

•
i i

rivers; but with the new value 134 for e, it agrees closely with the

observations. The formula, for English feet, thus becomes—

7 l7^siD.^((

(45) 134

The following table exhibits the data above described, together with a comparison

between the values of /;„ deduced from the measurements and those computed by

fonnula (45):

—

lionil.
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Considering the great difficnlties to be encountered in measuring such a quantity,

the amount of the differences in the last colimm is surprisingly'small. It is not upon

this alone, however, that the proof of the applicability of the formula to rivers depends.

It will soon be subjected to a further test, which is thought to establish its correctness.

The subject which was deferred for this discussion of bend resistances mil now be

resumed, and a detailed accouut given of the tests which have been applied to the

various formulae, new and old, designed to express mathematically the relations existing

between the cross-section, the slope, and the mean velocity of water flowing in natural

channels.

Tests of formulce for velocity, slope, etc. of rivers.—The most obvious

test, and that first applied, was to compare the results of the various for testing mean

formulse with the direct measm-emeuts contained in the following table, for v ers.

which has been already fully discussed when explaining the manner of

determining the form of the function that constitutes the second member of equation

(33):-

Measurements of cross-section, slope, and resulting mean velocity of rivers.

Mississippi river-

.

Bayou Plaquemiue.

" LaFourcbo..

C. & O. canal feeder

Ohio river
River Haine ,

Canal
River Rhine

'• Waal ,

" Rhine
" Yssel
" Tiber
" Neva ,

" Great Nevka

Columbus.
Vicksburg.

Near upper mouth.

Near Georget'n, D. C

Point Pleasant.
France.

England.
.viand.

Pannerden.
Upper month.
Below the Yssel.

Upper month.
Rome.
Russia.

1851

1851
1858

High w. 1851

May 31,

June 3,

May 15,

June 7,

H. w.
Nov. 6,

Dec. 18,

Dec. 24,

Mar. 12,

Jan. 16,

H. w.
Ma.v 6,

May 7,

MaV s,

Nov.-ji;,

Dimensions of c

Sq.ft.
193, 968

195, 349
ISO, 968
183, 663
148, 042

1858(178, 137
1858|179,502
18581 78,828
18581 134, 942
1858150,354
18511 5,560
18.59

1B51
1851
1851'

i-r.i'

259
3, 738
3, 025
2, 957

,X>

.M.

Jnne

—

June

—

June

—

121
119
218
248.

306.

50
18121 19,135
"

,
6, 304

" 14,782
" 5, 341
" I 1,930

2,355
43, 461

17821

1782

18211

IS-
IS— 15,554

Feet.

2653
2656
2421
2429
2214
2729
2732
2507
2556
2580
292
268
223
223
223
223
23
23

1073
48
50. f

18

1155
5.57

1328
700
321
243
1218
881

Feet.

2693
2696
2461
2469
2247
2779
2782
2530
2589
2621
303
278
238
232
231
230
32.7
32.

5

1074
50.5
53.4
20.6

1163

563
1334
704
324
249
1227
893

Mean
veloc'y.

Slope.

Feet.

. 9288
5. 8869
4. 0338
3. 9775
6. 9575
6. 9496
6. 8245
3. 5234

.580

136
136
131
132
as
100
101
63
83
90
28
24
27
24
24
23
7.6
7.5
8
8?
9?
4

20
17?
17? 3. liU-

3. 0765 ,0.

2. 8430 0.

2. 8069 0.

2. 7894 0.

3. 0323 11.

2.7227 0.

2. 5152 0.

!. 4947 !0.

!.
.').')79 0.

1. i:i;!i; n,

3. r.Ti'.i II,

2. 9167

2. 7727
3. 4132
3. 2296
2. 0486

00002051 Delta Survey.
00001713
00000342
00000384
00006800
00006379
00004365
00002227
00003029
iiiiiimsii •• "

I Ji 11,11 Mr. C. Ellet.

iiiinll:'.?-.' Delta Survey.
00n044Us " "

000037311 "

00003655! " "

iinon4:";-^4' " "
iiiiiii;;i-.-,i " "

iiniii;;i-.-,l " "

U0lli|ii:;.;>4 Mr. C. Ellet.

001116534 M. Dubuat.
00015.")'.I3 "

ll(lillir.;il3Mr. Watt.
iiiiiiiii.iTii'.i .M. Krayenhofl'

iiiiiilii-i:!- " "

00011744 "

000116.57 " "

0001306l!M. Buflou.

00001389JM. Destrem.
00001487 "
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For convenience of reference, a complete list of the old forranlse (see Chapter III)

is here repeated. Tlie follo\ving table exhibits the resnlt of the test.

List of the old The figures denote the amount of the discrepancies, and the signs
formulas for the
meaii velocity of (leiiotc the maimer in which they are to be apijlied to the comijuted
rivers, and table
exhibitiug their mean velocities in order to reduce them to those given in the pre-accuracyas '^ '

compared with ceding- table. Tlius, under the first observation, the error bv the Dubuat
that of the new o ' » .

formula. formula being + 3.1820 feet, the computed mean velocity is 2.74G8 feet,

.since 2. 74G8 + 3.1 S20 = 5.9288 feet, the measured mean velocity.

Chezy

.

Dubuat.

(Young's coefiicient) ?' — 84.3 {r s)*.

(Eytelwein's coefficient) r — 93.4 {r s)\

(Downing's and others' coefficient). . v — 100.0 (r «)*.

. _ 88.49 (>•* — 0.03)
0.086 (r*— 0.03).

Qirard.

Be Prony.

(0'-H^+-)'
In wliich L zr common logarithm nmltiplied liy 2.302585

V — (2.69 + 26384 r s)*— 1.64.

/ (For canals) v — (0.0556 + 10593 r s)» — 0.2357.

UFor canals and pipes) r = (0.0237 + 9966 rs)* — 0.1542.

(Eytelwein'scoeffieient)r = (0.0119 + 8963 rs)*— 0.1089.

(. ( Weisbach's coefficient) r — ( 0.0()024 + 8675 ;• 6')* — 0.0154.

1 (i!.ytelwein s

( (Weisbach's

^'««"'i' *' = (3I + (i#a)0 ~ i^^'a-

In whicli A = o,W.nO.U (413 +^-3^-^^),
B= 0.0000001 (J^ + ^, (271.25 + 'f + «:'MH^)).

Dupuit rr=^{|^, + (0.0067 + 9114 r s)^ - 0.082.

St. Vcncuit. ..V — 106.068 (r s%

Ellet V — 0.64 (A H)^ + 0.04 A H.

In which A denotes the maxinnim depth of the stream, and

H the fall in water surface in 1 Entilish mile.
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Tests of the several formulre for mean velocity.

Kumbor of obeerr

10.

13

+0. 0094
+0. 0033
+ 0.843-1

+0. 9837
+ 0.9835

0. 8184
1.3535
1. .')406

+ 0.4038

-I 0.0901

+ 0.0364

+ 0.0901

+0. 1952!

+0. 457?!

+0. 2978:

+0. 40041

0. 5513'

1+0. 4503
29 +1. 3598i
30 +0.6919

20..

23...

27

Feet
+ 2 6888

+ 2.916'

+2. 6973
+2. 5522

+ 1.3152
1. 5591

+2.3506
+ 1.3028
+2.r -

+1

p^

Feet
+2. 3390
+2.5961
+2. 5530
+2. 3984

+0. 7061

+0. 9772

+ 1.8677
+1. 0631

+ 1.8469

+ 1.4131
0. 5507

—0. 4238

+ 0.6023
+0. 7829

+ 0.7866
0.6056
1, 7162
I.

000!^'

+0.17

-0. ir,:.D

.1-0. 1534
—0.0117
+0. 1288

+ 0.3115
' + 0.1305

,+1.1579
+0. 5455

Feet
+ 2.0854
+2. 3636
+3. 4484
+2.3868
+0. 2643
+0. 5553
+1.5174
+0. 8893
+1. 5847
+ 1.0654
—0. 9569

-0. 7334
+0. 4375
+0. 6374
+0. 6439
+0. 4513

2. 0517
2. 33-16
(1 11111(1

— 0. 0673 -

—0. 2361 -

—0. 0682 -

+0. 1376 -

—0. 1015 .

+ 1.0115;-

+0.4393,-

Feet
1820+1.1140
4374+1.5736
35431+3. 6307
3073+2.4183
5090—2. 3975
7733—1.9346
6733—0. 3106
62341+ 0.5812

I. 5718
1.1721

1. 1965
1. 0583
.0077
. 1533
.1535
I. 9686
. 7040
.9857

I. 0098
0153

• 111)33

i 1478

+0. 5389
-0. 7304
—3. 3932
—2. 1974
+0.1116
+0. 5428
+0. 5695
+0. 3926
—3. 7470
—4.0141
-0. 2313
—0. 7803
- 0. 9301
+0. 1788

2315,-1. 5005
4877
34781—0. 9577
4037,—0.5617
5584-0.1711
4894—0. 8867
4974, +0.9109
9601+0.6026

Feet
+2. 2017

+2. 4887
-1-3. 6208
+2. 4572
+0. 3004
+0. 5998

+ 1.5929

+ 1.0377

+ 1.6975
+1.1425
—0. 9055
-0. 6407

+ 0.5750

+ 0.7964
+0. 8039

+0. 6073
—1. 9699
-3. 3520

+ 0.1623
—0. 2148
—0. 2940
+0. 0737
-0. 3224
+0. 062'

—0. 1078

+0.0712
+0.2-
+0. 0238

+ 1.1702
+0.6112

Sum 32.9430 28.4411 26. 6988 40. 4417 37. 4472 28.0905 38. 1506 29. .5258 28.8413 33.3834 25.1488 30.6619 45. 3.'i47 6.3920

Feet
+3. 3430
+2. 5204
+ 2.5978
+3. 4369
+ 0.4281
+0. 7184
+ 1.6784
+1. 0434

+ 1.7427

+ 1.3203
—0. 7942

0. 5738
+ 0.5817

+ 0.7900
+0. 7963
+0. 6044

-1. 8913
-2. 1741

+0. 1643
.3028

—0. 2779
+0. 0425

-0. 2761
+0.0891
-0. 0797
+0.0871
+0.2918
+0. 0553
+1.1641
+0. 5888

Feet
+3. 3974

+2. 6584

+2. 6378
+3. 4820
+0. 7288

+ 1.0038
+1. 9078

+ 1.1361
+1. 9037

+ 1. 4530]

—0.5211
—0. 3760'

+0. 67511

+ 0.8069
+0. 8651'

+0.6821!
-1.67331
—1. 9576'

+0.3504!
—0. 0990
-0. 1671

+0. 0655
—0. 1133
+0. 3179
+0. 0520
+0. 1976
+0. 3845
+0. 1928

+ 1.2357
1+0. 6300

Feet.

+ 3.3644
+2. 6206
+2. 5725
+3, 4182
+0. 7388

+ 1.0091

+ 1. 8968
+ 1.0853

+ 1.8726

+ 1.4411
—0. 5194
-0. 3963
+0. 6245
+0. 8040
+0. 8076
+0. 7270
-1.
—1. 9723
+0.1977

•0. 1467
—0. 2128
-0. 0040
—0. 1439
+0. 1774
+0. 0125
+0. 1518
+0. 3337
+ 0.1587

+ 1. 1790

+ 0.5649

Feet
+ 2.6547
+2. 9000
+2. 7822
+2. 6320

+ 1.1238
+ 1.3344
+2.2359
+ 1.3343
+2. 1690

+ 1.7785
—0. 1556
-0. 0801
+0. 8751

+1. 0393

+ 1.0613

+0. 8657
1. 3746
I. 6003

+0
+0. 1054
+0.0447
+0. 1871

+0. 1506
+0. 4493
+ 0.3863

+ 0. 4107
+0. 5803
+0. 4315
+1. 4133

+ 0.7771

Feet
1.0536
1.4621

+3. nr,:.

-0. iri"

-0. 4731

+0. 8166

+0. 8041
0. 6254
1. 4981

—0. 8769
+0. 4812
+ 0.7353
+0. 7447

+ 0.5499
-1. 9100
—2. 1895

+ 0.1520
—0. 2003
-0. 3847

+0. 0257
—0. 5043

0. 0070
0. 1630

+0. 0629
+0. 2855
— 0. 0107

+0 9731

+ 0.5348

+ 1.17371

+ 1.9437

+ 2.0143
-o.?i-:
-0.31'"
+0.71-."

+ 0. ,-:i-ji

+0. »y5-)

+ 0.7156
—I. 6470
—1. 8953
+0. 2864
—0. 0593
—0. 1265

+ 0.0684
-0.07:11

+0 e: -.

+(),--'

,

+ 0. i.!--,'

+ 0. 4-J-Ji

+0. 2347

+ 1.2671

+0. 6463

Feet.

+2. 883':

^3.1501

+1. 485-Jl

+2. 69531

+ 2.34421

1.-J44-'

+ 1. 0997|
-1. 4773
— 1. 7497

+ 1.0,-<67

+ 0.5240
+0. 5194
-1-0. 3-113'

1 ^«c-

+ 0.9410]

+ 1.8.-

+ 1. 1009

Feet
+0. 0385

r 0.2425
0, -^593

' in;58

I -0D3
11 4602

+ 0.0713
—0.3978
+0. 0430
-0. 19SS
- 0, 0448

11 3871
1 2071

u, 0213

-u. 030
-0. 0768
—0. 070!'

—0. 35B-I

+0. 029f

+ 0.0357
—0. 0886
— 0. 1905

11. 4H09
:i.0,>l4

ii l,•iO^

II. 11973

-l-U. 2993
+0.1378
—0. 4976
—0. 5191

The discrepan-
cies of the old
formulae have in
general the
wrong sign.

Tlie great superiority of the new fomiula, for natural channels, is evident from this

table. Moreover, erroneous as the old formulae are made to appear,

they are—with the exception of the Prony-Eytelwein and Ellet for-

mulae—in reality too favorably represented by these columns of differ-

ences. This is plain when it is remembered that their constants were

almost exclusively deduced from observations where nearly absolute uniformity of

motion existed ; and that, therefore, when applied to natural channels, where a certain

part of the actual slope is consumed in overcoming the resistances opposed by the

inequalities of cross-section, they ouglit to give too large a mean velocity. Exactly the

reverse is in general shown by the above table, and the formulae, therefore, give results

not only erroneous in amount, but also in sign. They ought to give too large, and they

really give too small, a mean velocity.

If this is true, the converse is also true ; that is, a correct river foruuihi, ^vlien

applied to observations made upon water flowing with perfect uniformity,

ought to give too small a mean velocity. To test this question—and

incidentally the new formula—it has been applied to Dubuat's observa-

tions upon his small wooden trough, where by ingenious contrivances he

succeeded in seciu-ing perfect uniformity of motion. The result was in

accordance with these views. Moreovei", the deficiency followed a definite law for

43 n

This idea con-
firmed by apply-
ing the new for-

mula to Dubuat'a
observations on
a wooden trough.
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noarl}' all tho observations, requiring the addition of a function of the true mean

velocity, given Ijy the expression : 0.66 (y — 0.4). The large numerical value of this

correction was not anticipated. It may possibly be in part due to water having a less

adhesion to smooth wood than to earth. For a long time after Coulomb's experiments,

this question was Ijelieved to be decisively settled in the negative ; but later writers,

among whom may be named Dupuit, whose works place him in the first rank of those

who have treated of hych-aulic science, consider it to be still a subject for experimental

investigation. The following table exliibits the results of the computations. It should

be added, that it would doubtless be easy to deduce a new value of C, which would

make the formula, without any empirical addition, accord closely with these observa-

tions ; but, not being required for any practical i)urpose, this has not been attempted.

New formula applied to Buhuafs observations on Ids trough.

OKsorvation.
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out further trial. This has not been deemed proper, however, because the rejection

of this foiTQula necessarily destroys the basis of some of the most important practical

conclusions of Mr. EUet's report. It has, therefore, been decided to apply to it, as-

well as to the new formula, the other, severer tests, which are considered essential'

before triisting to any formula where interests involving' so many millions of dollars

are concerned.

The second test is very severe and applies equally to the mean

velocity and bend formulje. It consists in computing, by equations Meau - velocity

(36) and (45), the fall in water surface between those points on the both to be tested

tr- • • •
-I

• -I r>i'ii 1 T
by computing the

Mississippi and its tributary streams tor which the necessary data and mean slope of the
water surface in

the real difference of level are known. These data are the mean dimen- the Mississippi
river and in cer-

sions of cross-section, the discharge corresponding to the known fall in t^i" '^^ 't^ tribu-

water surface and the value of sin." d for the distance considered.

For the Mississippi river below the mouth of the Ohio, the first two

of these quantities have been detennined with tolerable exactness, at

both high and low water, by the operations conducted durinof the years „-°^*^ .'^°'' ^^^
'^ ' •/ i- o J Mississippi nver.

1851 and 1858. The method of computation by which they are derived ^^^ qua'^n t ity

from the observations, as well as a full discussion of the corresponding ^^^-^ "•

slopes of the water surface, will be found under the proper headings in

Chapter II and Chapter VI. The values of sin.^ a have been carefully deduced from

the best maps extant, viz.: from Fort St. Philip to New Orleans, on Captain Hughes'

map ; thence to Red river, on the original large-scale maps of the Delta Survey ; thence

to the northern bomidary of Mississippi, on La Tomrette's map ; thence to the northern

boundary of Arkansas, on Langtree's sectional map; thence to the mouth of the Ohio,

on Hutawa's State map of Missouri. As a rough test of the accuracy of these meas-

urements, which are somewhat delicate, it was reasoned that, as the value of the sin.^ a

depends upon the number of bends between the points considered, it should be approx-

imately proportional to the excess of distance by the river over that by an air-line_

Denoting this quantity expressed in miles by M, it was found that with a coefficient

of 0.34, giving the equation

—

Sin.* a = 0.34 M,

a much closer accordance with the measurements Avas secured than had been antici-

pated. It is very probable that a still more accurate formula might be deduced of

the fonn sin. a = q) (M), but as the subject has little practical importance it was not

pm-sued. The following table, comparing the measured values of sin." a with those

computed by the above expression, is given as an illustration that, so far from being,

as often declared in popular writings, a river without rule or beyond the restraint of

law, the Slississippi is in reality controlled by laws that can be expressed in simple

algebraic formula?.
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Curvature of the Mississippi.

Cairo to Columbus
Columbus to Memphis
Memphis to Helena
Heleua to Napoleon
Napoleon to Lake Providence ...

Lake Providence to Vicksbnrg .

.

Vicksburg to New Carthage
Now Carthage to Natchez
Natchez to Ked river

Red river to Baton Rouge
Baton Rouge to Donaldsonville

Doualdsonville to CarroUton
Carrollton to Fort St. Philip ....

MiU».
i

83
29
44
c;i

37
(j

35
17

2(;

24
22
28

Sum.

Observed sin", d. Computed sin.' d.' Difference.

2.04

~aco
1L<>2
19. 79
11.9')

3.47
12. OS
9.20
7.17
8.22
12.30
9.30

1.02
2S 22
"9! 86
14.96
21.42
12.58
2.04
11.90
5.73
e.S4
8.16
7.48
9.52

+ 1.02
— 4.45
— 0.26
— 3.04— 1.63
— 0.63

+ L43
+ 0.18
+ 3.42
— 1.C7

+ 0.06

+ 4.82
— 0.22

140. 81 141.78 22.83

Besides the data for the Mississiiipi river just indicated, the operations of the

Survey furnish the means of extending the test to l)ayou La Fourche and bayou

Plaquemine in tlie manner now to be explained.

The total fall of bayou La Fourche from Donaldsonville to Lockport, at the high

water of 1851, was determined with accuracy. A close approximation

L ^r'^urche^^^"" ^^ ^^^ coiTCspondiug mean area, width, and perimeter of the bayou was

had by taking a mean of the sections made in 1851, at Lockport, Thibo-

deaux, Pain Court, and Donaldsonville. The high-water discharge is about 11,500

cubic feet per second, as shown by the measurements at Donaldson-s-ille so often men-

tioned. The distance and sin.* a were taken from Powell's map of La Fourche Interior,

drawn on the scale of 1 inch to the mile, which is sufficient!)' large to in.sure all need-

ful accurac}'.

The comparative level of the high waters at Donaldsonville and Lockport for the

years 1851 and 1858 was also found by exact marks; but a crevasse wliich occurred

a short distance above Lockport on April 11, 1858, so lowered the water at that place

that it did not subsequently attain the level of April 11, although the bayou at Donald-

somalle rose 1.6 feet between that date and May 10-11, when it stood at its highest

point for the year. The actual fall on April 11 was 8 feet; being equal to 11.9 (the

fall in 1851), less 1.9 (the high water of 1858 being 0.3 below the high water of 1851

at DonaldsoiiA-ille), less 2 feet (the elevation of the water on Ajiril 11, 1858, above the

high-water level of 1851 at Lockport). As the cross-sections at Donaldsonville and

Lockport are the onl}^ ones known on April 11, a mean between them is taken, in de-

termining the area, width, and perimeter, to coiTCspond to this foil. The values of tlic

sin.'fl and the discharge are found as just explained for 1851.

The fall of bayou Plaquemine at high water in 1850 and 1851, between Plaque-

mine and Indian Village, was detennined by this Survey by careful

pia^uemin^'''^" levelling between accm-ate marks at the two localities. The correspond-

ing discharge of the bayou results by interpolation from the measure-
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ments made when the bayou was 0.6 and 6.3 feet below the high water of 1851. The

distance and sin.^ d have been exactly measured on the transit-sheets of the Survey.

To find the mean area of cross-section is a more uncertain matter, since no sections

were made except near the mouth. As an approximation which is, probably, suffi-

ciently exact, it has been assumed that the same ratio exists between this measured

area at the mouth and the true mean of the bayou as between the con-esponding

quantities in bayou La Fourche. This gives, for the high-water area in 1851, 5700

square feet instead of 6175 as measured at the mouth. On March 12, 1851, Mr. Ellet

measm-ed the slope of the water surface from Plaquemine to a point just above Indian

Village (exact distance 8 miles). These data, wliicli were not published, may be found

on file in the Bureau of Topographical Engineers, War Department. The levelling

was apparently done with care, checks on the water surface being made every mile

;

and it has been accordingly used as a test of the formula, the values of the different

variables being found in precisely the same manner as for the fall at the high water of

1850 and 1851, just detailed.

As already explained, this test has been applied to the new formula

and to that proposed by Mr. Ellet. As he intimates that he allowed for Application of,-„.,,.,.„,. . , this test to Mr.
bend-efiect in deducing Ins coetncients, no separate computation on that Eiiets formula,

account is required with his fonnula. By it the value of h is

—

— 52S0\L A -I Av
The following table exhibits the data and the results of the test. Its severity is

evident when it is remembered that the formulaj give the fall per foot,

and that, consequently, the discrepancies shown in the columns of
tesif^its severity

eiTors are really the products of the errors by the number of feet Ije- ^nce™°
sigmfi-

tween the level-stations. It must also be borne in mind that the

fonnulas do not require a change of level in the surface of the river, independently of

the bottom, equal to the amount of the discrepancies, but only that the whole river,

surface and bottom, shall be raised or lowered so as to afiect the total fall by the

amount of the discrepancy, without at all changing the present dimensions of cross-

section.
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question what the Bew slope is, or rather assuming for the time that the new slope is

known, the remaining part of the computation will be explained.

The following method is considered an improvement upon any heretofore sug-

gested. It consists in deducing algebraic expressions for the new area, width, and

perimeter in terms of known quantities, and of the rise or fall in feet produced by the

change in the discharge. This rise or fall in feet will be called x. Designate by a,,

P,j ^^/i Q/» '^"'^ ^'/> t'^® given area, perimeter, width, discharge, and mean velocity

(the latter being the quotient of Q, by «J, and by a,,, }),,, W,,, Q,^, and v,^, these

quantities after the change in the discharge. Let 5, be the primitive slope, computed

.from the given data, and s^, be the new slope, supposed for the time to be a known

function of s, and x. On figure 8, plate III, let E D B F denote the cm've of inter-

section of the natural bank and the plane containing the soundings, Gr B being the

water surface before, and H D the same after, a certain increase in the discharge. It

is evident that a straight hue A B can always be drawn, wliich shall coincide suffi-

ciently for all jjractical purposes with E D B F wathin the limits considered. The line

B C represents x. Denoting by <? the angle C B D and by ^^ the corresponding angle

at the other bank of the river, the foUo^dng expressions can be readily deduced from

the trapezoid representing the increase of area due to the rise :

—

ff„ a, + X (W, + ^x [tan. & + tan. .i>,])

(40) p„ +-W-„- ^ w, -H X f tan. * + tan. *, +^+ --^V" '

V COS. T* ' COS. if, J

(47) V- ^^' id ^' T I

-(Q»-^V^v^ V
^ ^ ' ~ tan. * -1- tan. -5',

"""
V Ltan. * + tan. if,\ '^ v„ (tan. ^ + tan. »,)J

'

In general, unless a very great change in the discharge occurs, the banks may be

assumed, without sensible eiTor, to be vertical, in which case the above expressions

become

—

(48)
_ a, + W, X

By the aid of these equations, the method of successive approximations, which is neces-

sary to avoid an equation of a higher degree than the second in solving the problem,

becomes very simple. Let a value of x be assumed, and — ",y , in equation (46)

or (48), be computed. With the value thus found, and s,,, v^, can be deduced by
equation (41); or, if the stream be small, by equation (40) or (39). With this value

oft',,, let X be computed by equation (47) or (49). If the value thus found is the

same as that assumed, no change is required. If it differs, the operation should be

repeated, assuming new values of x, until a .sixfficiently close approximation is made.
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The new slope (s„) is now to be discussed. It must evidently Ije a function of the

primitive slope (s,) and of the change (.r) in surface level produced by

the new slope, the cliang'e in the discharge. The .subject would be comparatively
Its value cannot . ,

..
t ^ • ttii -i

be deduced for smiplo, SO lar as the practical jiroblem is concerned, it the slope in long
any paiticular
locality by not- distances Only was to be considered. But even then it is evident, from
ing the change In

the mean slope f]^Q following Considerations, that different rules would be required for
for longdis- ^ ^

tanoea. different parts of the Mississippi river.

AVhile the level of the gulf is not sensibly affected by a flood of the

Mississippi, the level of the water surface in the cliannel of that river is raised by an

amount which increases nearly proportionally with the distance from the gulf until a

point near Natchez is reached, where the range from extreme low to extreme higli

Avater exceeds 50 feet. For any point in this part of the river, therefore, the new mean

slope is evidently equal to the primitive mean slope increased by the fraction

—

Distance in feet to unchanging water level

Between Natchez and the mouth of the Ohio, however, totally different conditions

exist. The extreme range at these two localities is about equal, and there is, there-

fore, no sensible difference between the mean slope of this portion of the river at high

and that at low water. If intermediate points are considered, however, even this rule

fails, since the range, affected by local causes, is not uniform ; and hence, for some

long portions of the river between these localities, the mean slope at high water is

greater than at low water, while, for others, directly the reverse is the case. No gen-

eral rule, therefore, can apply to this part of the river.

Even if a general rule, governing changes in mean slope for long distances, could

be deduced, it would have little practical value in discussing the levee question, because

the variation in the quantity of water added at different parts of the river is so great,

that a knowledge of the mean elevation of liigh-water mark in long distances would

not be sufficient to solve the problem. It is apparent, therefore, that the laws govern-

ing local changes of slope must be ascertained, in order to fulfil the practical require-

ments of the Survey.

Some important information respecting changes of local slope may be derived from

an inspection of plates XIV, XV, XVI, and XVII. For a given stand of

Local slope, the river, variations in discharge can only be produced by variations in
Experimental , . n i • . i • i • n in i- i

laws which gov- slopo, siuce all otlier quantities which innuence the now ot the water
em its V a r i a -

t mi
tious. remain unchanged. The practical effect of variations m the slope upon

the discharge, amounting at Columbus, for some stands of the river, to

400,000 cubic feet per second, or about one-third of the usual flood discharge of the river,

is apparent to the eye. liy critically studying these three diagrams, the following

general laws are perceived: First, the absolute value of the slope at any given stand
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of the river may be very different t<,)r ilillereut rises. This is especially true when the

river is above mid-stage. The variation is much greater in the upper than in the lower
part of the river. Second, the sloiie increases during a rise. The rate of tins increase

does not differ ver)- nnu-ii for different rises, but is generally more rapid, the higher the

stage attained. I'hird, during any given oscillation, the slope is much greater when the

river is rising th;in \vhen it is falling, but the two jiaits of tlie cur\e formed by plottino-

this slope with respect to gauge-reading- are nearly parallel. Fourth, the niaxinunn

discharge for any given rise usually occurs when the river is a little below the highest

point attained during thnt rise.

The explanation of these facts i-eadily suggests itself When a tributary discharges

a sudden Hood into the l\Iississippi, producing- a rise, tlie water thus

added mo\es toward the gulf in an inunense wave, whose convexity th^m'''^"^"°°
°*^

depends upon the amount of water added per second, and upon the

stage of the Jlississippi above and below the mouth of the tributary. When this

wave is passing a given locality, the local sIojjc will be determined by this convexity.

As long as the river is rising, the toj) of the Avave has not yet arriAed, and tlie slope,

and lience the discharge, at any given stage of the river will have its maximum value

for that oscillation. AVhen the river reaches its liighest point, the top of the wave is

passing, and, the slope being less than before, the discharge must (.liminish. When the

river is falling, the rear of the Avave is [)a.ssing, and the slope, and hence the discharge,

at any given stage, will luive its niiiiiinuin value for that oscillation. Since the wave

(see the gauge curves on plates V, VI, VII, VIII, and IX) has a tolerably regular

form, the daily change of slope in rising and falling will be similar for any given stand

of the gauge, and the two parts of the slope and gauge curve will thus be parallel.

Lastly, since the channel of the Mississippi is a vast reservoir, the wave gradually

loses its convex form by diffusion throughout that channel. The slope in the lower

parts of the river is, therefore, liable to comparatively little fluctuation, lieing governed

by the gradual fdling and emptying- of a reservoir, rather than by a succession of

waves.

This experimental theory to account for change of local slope suggests the proper

method of treating the subject algel»raica,lly. It is evident that, when

an exin-ession for the increase of slope between the foot and the toii of Algebraic an-
'^ ^ i alysia of varia-

a rise has been found, it may be ai)i)lied without sensible error to any V°" '" local
' -J I I J slope, and re-

part of that rise except near the top and near the bottom, since the for coiumbu"°"

rising and falling- branches of the curve are nearly parallel. Near the

top and bottom, the branches of the curve turn to unite, and the change of slope

becomes too involved for algebraic analysis. If, then, a general expression for the

increase of slope between the foot and toj) of rises at all stages of the river can be

deduced for any given locality, the problem is solved for that locality. There were six

44 n
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\vclI-<l('liiiL'(I rises at ( 'itliimlnis duriiiu' tlic rniiliiui.nicc of the ilischiirye measurements;

and, as that station is situateil where the •'wave" system is in full force, the general

algebraic laws governing the change of slope can be more readily deduced for that

localitv than for placos lower down the river, where the [irobleni, although really

nuicli sinij)lei', does not admit of so close an analysis, ("ohnnbns, therefore, was first

selected for study. The data furnished by the six rises will Ijo found in the fidlowing

talde :—
Vuilatlon in local slopr at C'oltiiiibiis.

DeceiiiVier ;i, l-^.'i/ .

December 21, " .

March 17, 1858.
March 28, " .

April 11, " .

April 26, " .

May 7, " .

Jiiue "22, " .

July 17, " .

July 27, " .

October :«), " .

November 8, " .

Gauge.

Fefi.

7.0
32. :i

lit. 7

34.7
18.7
37.4
2fi. 3

40.9
1!».C

20.

2

4.1
ICO

Siiuare

92,

147,
ll'.l,

1.V2,

117

l.W,

134,

iri6.

Hi),

133,

86,

111,

w

Feet.

2102
2212
21.^>7

2214
2157
2220
21'.«

2237
2157
219;>

2073
2157

Fee*.

2115
2255
2200
2251
2200
2256
2242
2280
2200
2242
2086
2200

Q

VuUcfnt.
220, 000

l,ir^,ooo
500,000

1,120, (HIO

.570, 000

1,260,000
776, 550

1,;183, 080

424, 530
C65, 430
143,710
441,990

5j comput^Ml by

equation (36.)

00O0015(">.S

O0007t)902

000017575
O000514.^8

000017087
000070144
000027412
O(i007ri.")72

000004-74
000015091
000000432
000008495

Increase in slope

0. tK>0075334

0. 000036913

0. 000053357

0. 000049130

0. 000010217

0. 000008063

A diagram was tirst made by plotting the slopes as abscissa-, and the gauge-readings

as ordinates, and connecting the points indicating the top and bortum of each of the

tliti'erent rises, respectively, Ity a right line. These lines were not parallel, showing

that the rate of increase of slope varied for the ditfereiit rises. To ascertain whether

this variation was normal, six lines were drawn through the origin of co-ordinates

parallel to those just named. The acute angles which these lines made with the axis

of X were found to be less for rises in high than in low stages of the river, indicating

that the rate of increase of slope was greater for rises in high than in low stages of the

river. To determine whether this variation followed any algebraic law, a curve was

constructed, whose ordinates wore the elevations of water surface al)0ve dead low water

(gauge-reading minus 5.7 feet), at the to[) of tlie different rises, and whose abscissa^ were

the corresponding values of "~ '

, the natural cotangent of the acute angle which

the lino denoting the increase of slope makes with the axis of X. The curve result-

ing from connecting these points must evidently pass through the origin of co-ordinates,

a condition which adds another to the known points, besides simplifying the equation.

This curve was found to be smooth and regular, being very nearly a parabola whose

etiuation is

—

in which 2 P is a constant and in which r denotes the elevation above extreme low-
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watermark of the iiriinitive surliire of flie river. 1>\- re'diictioii, tliis O([iiation can be

put iiiidci' llic form

—

Since this e(juatioii is uotliiiiy Imt an algebraic enunciation of tlie general laws

revealed b>- plates XIV, XV, and XVI, 2 I' may reasonably be supposed

to be a function of the rano-e of the river, of the dimensions of cross-sec- Tins equation is
^ general. Method

tion, and of the convexity of tlie flood "waves." If this be so, the °f deducing the
' J ' numerical value

equation is general and can be madea])plicable to any particular locality
pa,t^cuiar°[oc^ah^

where e is known, by substituting- the local value for 2 P. The data coiumbus.vfcks-

coUected at Vicksburg and Carrollton demonstrate tlie correctness of ronton^

this inference, as will soon be seen, and thus establisli that one general

law governs the variation in local slope throughout the whole river. The numerical

value of 2 I' for any i>articular locality can be readily com}iuted, provided e, the gauge-

reading, the cross-section, and the discharge at the foot and top of any given rise be

known; or (since the rising and falling portions of the slope and gauge curves are

parallel to ea<-]i otlier and lience to their mean line) provided the above quantities be

known at any two times between Avliich the river is either rising or falling uirifonitli/;

In eitlier case, the reciprocal of 2 I* i.s etpial to the quotient arising from dividing the

dilference between the tAvo compnted slopes by x (e-\-x)-. For Columlnis, its value

proved to be O.OOOOOOOOir) ; for Vicksburg, O.0O0OOOO012
; and for C^arroUton,

0.00000001.5.

It is needless to give separate tables exhibiting the tests of equation

(50) with these several values, because its accuracy is necessarily proved The data are

11 • !• ipifi i-i- 1 T1 furnished for the
by the satisfactory result ot tlie nnal test wlucii is now to be applied to fui-ther prosecu-

-, . . . ,
tion of this in-

the new velocity formula. tShould itlu; desired, however, to discuss the vestigation if
desired.

suliject more fully, the preceding and following tables of data and the

Appendices afford ready means of so doing.

As this third test of the formula' involves identically the same com- Recapituiatioii

putation as that which will hereafter be ap})lied to solving the great thod of solving

1 T 1 !• 1 1 1 1 • 1 r r- 1 Tir- • • • the problem.
practical problem ot how much the lugli-water surnice ot tlie JMississippi

will be raised by perfecting the levee system, the process Avill be reca-

pitulated in detail.

For the new formula', .s, is computed from the given data liy the TVith new for-

/• 11 • . . , . , „ , ,, ,,,.-. 1 mulae.
tollowiug e(|uati()n, in which i'^zrO.O.l /',+ 0.0r2 v/:—

A value of ,r is next assumed, and the numerical values of the first members of the two

following equations are deduced, 2 P having its proj)er local value:

—

(48) «,, _ a,+W,x
^
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(r,0) s,-.9,+^l^(f+.r)^r.

Witli tliese Valiums, r
,

is ((Hii|pnto<l l)y tlic follnwiiiL;' ctinatioii:—
(41) .v-([-5.,/^^]^-o.o;]ss);

With this value of" i\^, tlic value of x is compiiteil h\ tlir t'iil]ii\\ iui;- oquation:

—

(49) „.=Q,^=ai..

It' this value is identical with that assumed, it is the true value soui^lit; il" not, the pro-

cess is to he rejjeateil until such accordance is ol)tained. 'J'he true value of. *• is always

intermediate hetween that first assumed and that hrsf comiiuled, and a few approxima-

tions will give the result with any desired accurac\'.

In applying this test to ]\[r. EUet's hirninla, a dilHeultv lias arisen in resjiect to the

\alue to he a(h»pted for the new sIojjc. He gives no rule whatever,
With Mr. EUet's , . . , , -n , . i • i i p

fonnuiEe. hut, ui a praetual example to illustrate Ins method ot computation,

increases the fall per mile l)v an amount e([ual to the (piotient of the

increased elevation of water surface Ity the distance to the gulf Etpiation (5<t) cannot,

without a change of constants, he used with his fornnila, and it has therefore heen

thought hest to adopt tlu^ plan indicated in tlie examjile gi\en in his re|ioit. The

l)rocess of com|)utation, then, is this. I'^iom th(^ gixcn data, Ji^ is computed 1)\ his

equation

—

A value of./- is next assumed, and the numerical \ahie of the first meiiihers of the two

following eijuations deduced; L repieseiiliiig tln' distance in miles from the given

locality to the gulf:—

H»=Ti,+j;

A,^= A,-f.r.

^^'ith these values, r^^ is computed h}' his equation

—

t'„=0.G4 (A„ H„)*-f 0.04 A„ ll„.

AVith this value of /•
, the \.due of,/' is computed hy the same general eciuation as with

the new formuhc (eipiation 4!)). If the resulting value of a- is identical with that

assumed, it is the true one. If not, the jirocess is to be repeated with new values of .r

until such accordance is ohtained.

The follt)wing tahle of data lias heen selected from the Apjiendices
Data for t h e . , . t -ii i i ii i i

• • • i i i

thiid test. Re- tor tlus tcst. It Will be secu tliat every well-marked rise is included,
suit for the newr

i
• / • i i

formulae and recKoumg from its day of lowest to its day of hiiihest gauge-reading.
for those of Mr.

'

_

. .
.

•

^

Eiiet. The other data, which can 1)e increased at Avill from the Appendices,

have heen taken at random, when the river was rtshiij or faUuKj at a

tukrahhj iin'tforni rate. Near the top or the foot of rises, as already inti-

mated, the change of slojie is so irregular that it can hardly be computed.
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Tests for theformula for oscillation caused hij variatio7i in discJiarge.

Locality.



CHAPTER VI.

rnOTECTION AGAINST THE FLOODS OF THE MISSISSIPPI.

Plan adopted for iiieaHuriug tbe effect of the swamp lauds upon tLe maximum discharge of tlie river.—Daily

discbarge of the tributaries, of the crevasses, aud of tbe Mississippi itself, tlirougbout the alluvial region in

tbe flood of liS>8.—Test of tbe exaetuess of tbe determination.—Elfcct of tbe swamps upon the discharge of tbe

tributary streams.—Keservoir inlluence of tbo chauuel.—What would have been tbe maximum discbarge thiough-

out the alluvial region in ISfiS, had the levees been perfected.—Kfl'ect of tbe swamps upon tbo river

floods in their present, their former, and their eft'ectually leveed conditions.—Comparative analysis of tbe flood of

1858 with tbe floods of 185'.), 1851, 1850, and 18-28.—Flood of 1858 a safe stjindard for estimating tbe proper

exteut, and comparing tbe reljvtive adv.antages, of thedifl'erent protective mc,T.sures.—Cnt-oft's pernicious iu the

Mississippi valley.—Plan of diverting tributaries impracticable for the Missouri, the Arkans.is, the Red, or

other brjinches.—Plan of artificial reservoirs chimerical, so far as restraining floods is concerned.—Outlets

highly eflicacions in reducing the river floods, but, except to a very limited extent, destructive to tbe great

iutercsts of Louisiana.—Plan of levees the most practicable, economical, and safe that can be adopted, both for

tbe present time and hereafter.—Recommendations.—Proposed local heights and cross-sections to be given to

the levees.—Suggestion relative to an outlet near Lake Providence.—Cost of a perfected levee system.—Impor-

tance of a systematic and continnous scries of oljservations.

Entertaining tlic n)iiiiiuii that a loii*^- sevio.s of ohservations must lie made l)efbre

tlif various jilioiKiinciia of the l\rississi|)j)i coulil In- siilijcctod ti) accurate

„. ,, calculation, ;i ijlaii of investiyation was ailoiited far more oxtcndt'd thanThe problem '1 o '

agahist* Iminda- '^"3' pi'<'vi()usly attempted upon iuiy river. It Wii.s, in Itrief, to measure

adoubie're^on! "''lily " itli accuvacy tlie tllscliarg'e of the Mis.sissii)ia, and of its impor-

sy^tem^ of^'fiew taiit tributaries, throxighout the alluvial region; to ascertain precisely

p ra ions.
j^^^^^^ nuicli watcr escaped in time of flood from the cliannel, and at

what points; and thus to determine for any locality the increased

discliarge at high water Avhich would have resulted had the river been confined

to the channel. The operations necessary to cany out tin's plan, it was conceived,

must furnish the mass of material essential to establisli tlic I'undamental ])nnciples

of the science of river hydraulics. After accomplishing this, and deducing the iu-

creased high water discharge to be guarded against, the i)roblem of the best method

of preventing inundations could be subjected to the exact reasoning of algebraic

analysis, and thus be definitely solved.
Oiiereasonhas ,,,, ^ ., . , . i- • i i i- i . •

been already 1 In; contributions to the scieuce ot rivcr hvdraiilics, ri'sulliiig troiii

elaborated and , i- • • i •

the results of the tlic apphcation ot tliis sy.stcm, have been elaborateK^ stated in the
investigation
announced. preceding cluiptei', where it is demonstrated that all knowledge recpii-

site to accomplish the objects cif the present investigation lias been secured.
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'J'lie iiiiixiiniini Hood (liscliargo vvliich would occur at any point heluw Cape

Girardoaii, were tlie river confined to tlie channel, is now to be de-

termined. The mechanical operations in the field, and the reduction now\o°be^coii^

of tlie data collected, have both been described in detail in Chapter IV.

All data necessary to tin entire reconiputation of the vvx)rk have been presented either

there or in the Appendices. Here, then, the attention will be restricted to the final

results of ojierations and computations, which involve an amount of labor that lew but

those engag-ed upon the work will appreciate.

EFFECT I'KODUCEI) UPON THE MAXIMUM DISCHARGE OF THE MISSISSIPPI BY RECLAIMING

ITS SWAMP LANDS.

It has been already stated that extensive gaugings of the river were made in 1851

and 185S, both of which, fortunately, were great flood years. In the

histories of the floods contained in Chapter II, it is shown that in iSf^S steps "proposed

much the more general and extensive inundation occurred, and, more- ga'tiou^
mvesti-

over, that in that year the system of measurements extended over the

whole alluvial region of the Mississippi, while in 1851 it was not carried out above the

mouth of Red river. The o])erations of 1858, tlien, form the basis of the discussion

of what would have been the maximum discharge at the difterent localities below Cape

(iirardeau, had no water escaped from the channel of the river. Having settled this

important (piestion fitr the flood of 1858, the other great floods (where the data admit

of it) will 1)6 snbjecttid, in turn, to a comparative analysis, in order to decide wliat

may safely l)e adopted as the increase in maximum discharge to be guarded against

when the whole river is confined to the channel. This quantity will then form the

touchstone by which the difterent plans for protection Avill be tried and their merits

ascertained.

Aimh/sis of (lie flood o/1858.—The plan of operating from the head of the alluvial

region downward was matured in the autumn of 1857. The parties

were organized in December, under the immediate direction of Lieu- men'^"emlnt°™f

tenant Abljot, and were soon established at their several posts. It was ils?.
^°'^ '"

fortunate for the objects of the Survey, that one of the greatest floods

ever known in the river was thus subjected to exact observation from its beginning to

its end.

Daily gauge-readings wei-e recorded at Cairo, Columbus, ]\[emphis,

Helena, Napoleon, Providence, Vicksl)in-g, Natchez, Red-river landing, ^^^"^
gauges.

Donaldsonville, and Carrollton. (See Appendix II)

The daily discharge of the Mississippi, at Columbus and at Vicks- su?emeiits^^on

burg, was measured with all possible exactness. (See Appendix E.) ^ ississippi.

During the floo<l-period, the daily contriljutions of the Arkansas,
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Upon tnbuta- AVIiito, Ro(l, itiid Yazco rivcis, and tlic ilaiK loss 1)\' l)av(>us I'lanueiiiine
ries and bayous

;

'
. . . i

^uits^^^^^
°^ '^^ and La Fourche, were determined witli all re((uisite exactness, as ex-

))laiiied in Chapter IV. Tliey are exliibited in the following table.

Full ^elllal inl'urniation of the aetion of the St. Francis ri\er was also secured, as will

be hereafter ex|ilaineil.

Vi^cluDi/c per .'iccoiul ()Jtrdjulurk--i ami Ihiijuks.

MarcbSO.
ai.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.

1.April

Muy

Yazoo river.

Ciibic feet.

120, 001)

125, ono
128, 000
1 :!•-', 000
134,000
13S,000

110,000
U-2, 000
111,000
1-18, 000
1.'.0,000

ir,2, 000
ir.4, 000
i.'^iO, 000
!.'.( Olio

I."..1,000

1(10,000

ir.o,ooo

100,001)

100,000
I.".8, 000
l.'.(i, 000

l.'il, 000
l.VJ, 000
118,000
110,000
112,1100

i;!i,ooo

131,000
128, 000
128, 000
120, 000
120, 000

128, ono

128,000
130.000
132,000
132,000
i:!2, 000
132,000
1311, (JOO

128,0110
.

120,0(10

I2(i, 01)0

120, 000
128,000
128,000
130,000
i:m,oo()

132,000
134,000
i.3(;, 000
120,000
130,000
120, 000
120,000
132, 000
134, 000
130, 000

138, 000
140, 000
142,000
142, 000

Cubic feet.

Hi, 000
80, 000
75, 000
70, 000
05, 000
60, 000
50, 000
40, 000
30, OOO
20, 000
10, OOO— 5, 00()

— 20, 000— 2.5, 000
— 20, 000
— 10, (K)0

— 5,000
— 1,0(10

1,000
2, 000
7,000
10,000
15, 000
20, 000
.30, 000
45, 000
55, 000
60, 000
60, 000
70, 000
70, 000
70, 000
68, 000
6(i, 000
64,000
62 000
60, 000
.58, 000
.56, 000
54,000
&3, 000
52, 000

48, 000

45,000
:i,5,ooo

30,000
20, 000
15,000
0, 000

5, OOO
2,(10(1

1,000

Cubic feel.

46, 000
46, 000

47,000
4S,000
40,000
.50, 000

52, 000
.54,000

56, 000
5.-(, 000
(ill, 000
62.0(10

61,000
6.'., 000
OC, 000

67,000
6S, 000

60, 000
611,000

70.000
7(i,000

71.000
71,000
71,0(10

72,000
72,000
73,000
73, 000
74,000
75, 000
75,000
76, 000
77,000
78, 000
7".), 000
80, 000
81,000
82, 000
83, 000
84, 000
86, 000
87, 000
HM, 000

00, 000
01,000
'.•2,000

'.•1,0110

05, 000
; 16, 000
07,000
!)X, 000
oo, 000
100,000
100,000
1111,(100

1112,000

103,000
lo:',, 000
1((1,0I1()

1(15,000

106, 000

100, 000

107, 000

1.
j
Bayou La Fourcbe,

Cubic feet.

15, 000
14,000
14,000
15,000
15, 000
Iti, (HIO

17,000
li), 000
20, 000
21,000
21,000
21,000
21,000
22, 000
2:'., 000
21,000
25,000
211,000

27, 000
27,000
28, 000
28, 000

20, 000
2><, 000

28,000
2S,000

28, 000

20, 000
20, 000
2'.), 000
30,000
30, 000
30,000
30.000
30, 000

30, 000
31,000
31,000
32, 000
31,000
.31, 0(H)

31.000
31^000
31,000
32,000
32,000
32,000
33, 000
33,000
.34, 000
34, 000
34, 000
34,000
33, 000
34,000
.33, 000
33,000
33, 000

32, 000

32, 000

32, 000
32, 000
32, 000

('«6ic feet.

6, 000
6, 000
6, 000
6, 000
6,000
6,000
7,000
7,000
7,000
8, 000
8, 000
8,000
8,000
8,000
8, 000
8, 000
;), 000

y, 000
;), OOO
'.), 000
'.), 000
0, 000
10,000
10, 000
10,000
10, OOO
10,000
10,000
10, 000

10, 000
10, 000
10,000
10, 000
10, 000
10, 000
1(1.11(10

111,0(10

III. 110(1

10,000
10, 000
10, 000
10,000
10, 000
10,000
11, (KM)

11,000
11,000
11,000
11,000
11,000
1 1

, 000
11,(111(1

11, mill

11,011(1

11,(111(1

11.111111

11,11110

11.0110

11,000
11,000
10,000
10,000
10,000
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Discharge per second of tributaries and hayous—Continued.

35^

May

Arkansas and White

July

28.
29.
30.

31.
Angiist 1

.

3."

'uhic
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BlscJiarge per second of tributuries and hayous—Continued.

Data
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List of crevasses in flood of 1858.

Begiuuinj^ GeaBiDg
I to tu
discharge, discharge.

Just ;ibo\'o Holoua .

10 miles below lleloua.

Just below No. 2
Just below No. 4

Just above Delta
Between Di^lta and Friar's Point
In lIoi-Mi'-sboe b.Miil

Oppositr f,.,.t cil' Island G3
OpiHisili, Island CI

Opposite Island (!()

Near toot of Island G(i

Opposit,. Island CS

NearConeordia
Opposite foot of Islaud 74
1 mile below Helena
Between No. 1.5 and Old Town..
Opposite Island (iS

1 mile below No. 17

1 mile below No. 18....
5 miles below I'.olivar ..

Opposite^ Island '6

Opposite Islaiul (SO

Belowloot of Island S4.

American-bend crevasses.

.

Ojiposite Islands 80 and 87

Opposite foot of Grand Lake .

Just above Island Si
2 miles above Colnmbia
Above American-bend cut-otl'

4 miles below Islaud 86
1 mile above Louisiana line

Above Tallnla
Above Brunswick
Near Island 100
Below Lake Providence

Loft

Left
Left
Left
Left
Left
Left
Left
Left
Left
Left
Left
Left
KigUt
Right
Kigbt
Right

Right
Left
Left
Left
Left

Left
Left

Left
Right
Right
Right
Right
Right
Left
Left
Left
Right

1858,

March 27

June 25

Juue 25
Juue 25
Juue 23
lune 18
June 20
.luno 25
April 23
April 30
Juue 17
June 17
luue 10

June 8
July 1

1858.

July 19

July 14

July 19

4 miles below Lake Providence . Right
Near Warrenton Left

4 miles below Baton Konge ! Left

4 miles below Vicksbur

Just above Ellis's elitt's

1 mile below No. 40
Near I.sland 116
Near Island 116

Near Red Church

0.5 of a mile above upper bound-
ary of New Orleans

Eight

April 4

June 27

April 4

March 2S
April 5
April 2
April 5

April 4

June 25

May 10

April 2
April 3
April 5
April 5
April 4

June 15

April 10

March 2!

Juue 17

April 30
June —

April 11

May 22

Right
Right
Right
Right

Right

May 6
May 6
May 10

Juue 1

May 3

April 11

July 12
July 10
July 11

July 13

July 13

July 24
July 22
July 22
July 28
July 22
July 17

July 16
July 17

July 19

July 17

April 10

April 15

April 15

April 17

July PJ

luly 19

July 14

April 15

April 15

July 20
July 17

July 28
July 28
July 28
July 23
Aug. 10

Aug. 8
Aug. 1

April 19

Aug. 10

Aug. 9
July 31
Aug. 15

Aug. 17

Sept.

Sept. 12

Feet.

2,900

3, 0.50

1,900
225

1,000
7,000
1, 000
i,noo
200

4,000
1, 900
1,000
512

1, (130

900
20, 000

420
940

730
1 , .500

1,000
300

2,180

3,410
3, 475

360
120
600
350
150
300
80

,500

10, 000
400

3, 435
7,500

210

1.52

300
2,500

1.50

860

1,050

Twobre.aks. Bottom much :i

evenly washed.
Eight breaks, separiited by remains

of levee.

Two breaks. Bottom much washed
Old bayou.

Many small breaks.

Caused by fall of a tree.

Supposed to be cut.

Supposed to be cut. Much damage.
Three breaks.
Many small breaks.
Two breaks ; one in an old bayou
Snppos.'d to be cut.

Flood.d lUlona.
Many small lireaks and gaps.

Three breaks caused by old logs in

loveo.

Three breaks caused by crawfish
Closed after April rise.

Closed after April rise.

Closed after April rise.

Three breaks. Closed after April
rise.

Seven breaks.
Caused by bank caving. No esca-

vatiou.
Three small breaks.
Closed after April ri.se.

Closed after April rise.

Much excavation.
Two breaks.
Much excavation.
Caused by log iu levee.

Hole 23 ft. deep, nearly whole width
of break, and excavated from bank
rearward several hundred feet.

No serious excavatiou.
Water returned at once through
Big Black R.

Closed by Mr. Louis Hbbert, State
Engineer, La.

Width May 24, 27, June 12, and Aug.
10, was 152, 135, 35, and 152 ft

respectively. Much excavation
SupiM.srd lo in. cut.

Caused In (Lvin-.
Wat. I iviiiinrd ilirough Red R.

Three bleaks. Water returned
tluoii-li Red R.

Width Mav 9 was 75 ft. (See figure

6, plate ill.)

(See figure 5, Plate III.)

* Below No. 16. hetween OKI Town and the head of Island 68, there were iinmoroas small breaks on the licht hauk. Many of these, how-
ever, only served as outlets for the swamp water to return to the Mississippi, as, for iustaiice, those ni'ar the loot of Islaud 62 and near tlie

head of Island 68. The iufonnation colhited about them is sntlicient to establish that these outlets retiuu full.v as much water as was received

by the rest of the breaks, and I lie whole series is accordingly neglected in the computation. Any error arising from this cause will be coun-

terbalanced by the computations liasetl iipeii the size of No. 16, which is probably somewhat exaggerated.

I From Island 69 to Island 71, there were only a few detached levees. Thence to Napoleon thore were uone. As much water returned to

nee. .iLid no detailed estimate is, therefore, attempted of tlio dilfereut outlets and iulots. It depended upon the

esiieet Ut the bends, whether the water flowed to or^from the riyer.

gh bank about 1.5 miles below Cypress slough (6 miles above head of Island V8), there are only about 3 miles

1 enters this region is turned back by the high ridge, and is discharged back into the Mississippi in Cypress bend.

^ This crevasse is near the end of continiious levees on this bank. Between it and Vicksburg, no water of consequence drained into tlie

zotj bottom, siuco whatever passed over the bank was immediately returned by Old River.

II
From Big-Black river to Batou Itonge, the hilla border the river so closely that no importaut quantity of water escapes.
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Siiict' tlie water Idst tliinugh fievasjse No. 37 retiirnecl almost iinmediately to the

river, it liail only a local ('ffeet and has not Iteen computed. No. 38 was

compm'atfous.^^ closed so s..oii that it had no sensihle influence upon the river. The

dail}- discharges ol' the others, arranged in convenient groups for dis-

cussing the Hood, are given in the following table. "^I'he comjiutations have been made

with great care, in accoi-dance with the principles laid down in Chapter IV. Much

a.ssistauce has been derived from local information respecting the daily stand of the

water at localities intermediate between the regular gauges, and it is believed that this

tal)Ie does not contain any material I'rror.

Discharge per second of crevasses.

Helena
to

Kapoleou.

Napoleon
to

Lake Providence.

Lake Providenc
to

Vjcksbur;r.

Rigbt bank] Left bank. Kif;htbank| Left bank.iKight bank Left bank

18.''i8. Cu.f,el.
March 30 2(1, (MH)

April

May

39, 0(K)

4r.,(Kl()

411, (Min

5(1, (11)0

50, 000

48, 000
45, 000
42,000
ai,ooo
22, 000
10, 1 II K

I

'

10,000
lil.WHI

28,000
37, 000
45,000
52, 000
51), 000
04,0110

(i8,(llH(

71,0110

74,liOO

7(1,000

5 78,0(10
(•) tiO.OOO

7 81,0(111

8 81,0011

SI, 000
10..

11..

12..

13..

80, 000
7;). (HKl

70,1101)

4U, (100

40,000

44, 000

Cu.fe,t.

1,0(«)

1,000
2,000
2, (iOO

2,000
2, 0(»0

2,(HI0

2, 000
1,000
1,000

1,000
1,000
2, 000
3, 000
4,000
5, 000
(), 000
8, 000
8,000
11,000

0, (Mill

11,000

11,111111

S, Olio

0,0110

4,000
2,000
1,000

II

Cu.feef.

1,0(H)

2,000
4,000
5, 000
5, 000
5, 000
5, (KIO

4,000
4, 000
3,000
3, 000
2, 000
2, 000
1,000
1, 000

1,000
1,000
1,000
2,000
2,000
2,000
2,000
2,000
2, 000
2,000
3, 000
3,(11111

3,(1011

3, 000
3, 000
3,000
3,000
3, 000
3, 000

3, 000
3,000
3. IK II

3,01111

3,1100

3, 000

3, 000

3,000

Cu./eet.

1,000
3,000
4,000
C,000
8, 000

10, 000
10, 000
10, 000
9, 000

7, 000
7.000
(i.OOO

5. 000
4,01111

3, 000

2, OIMI

2, 000
1,000

(I

1,000
2,000
2,000 i

4,000
4,000
4, 000

5, 000

5, 000

5,000
5, 000
5, 000
o, noil

r.. Ill 1(1

0,(11111

7,000
7, 000
7,000

I

7,000
8,000
8, 000

9, 000

9, 000

9,000
9, 000

10, 000
10,000

'

10,000

Cu.ftft.

1,000
1,000
1,000
2, 000

2, 000

3, 000
3, 000
4,000
4,000
5, 000
5, 000
6, 000
7,000
7, 000

8, 000

8, 000

9, 000
10.000
10,000

Cu.fct.

5, 000

10, 000

14, 000
1S»,000

20, 000

20, 000

20, 000
19, 000
18,000
16, 000

15, 000
14,000
12,000
9,000
7,000
5, 000
5, 000
5, 000
8,000
11,000
13, 000
1.5, 000
19, 000
22,000
2t), 000

27, 000
27, 000
27,000
20, 000

24,000
22,000
20,000
20, 000
19, 000
19, 000
19, 000
19, 000
19, 000
19, 000
19, 000
18, 000
IS, 000
18, 000
18, 000
18,000
18, 000

Vickuburg Katckez Red river 0pp. New
to- to

I

to Orleana t

Natcbez. iKed Kiver. CarrolHon. (No. <5.)

Rigbt bank Right bank Right bank Right bank

Cu.ftel. Cii.fcet.

1,000
1,000
1,000
2,0011

2,111111

2,0(111

2,0110

2, 000
3,000
3, 000
3,000
3,000
3,000

1,000
2,000
2, 000
2, 000
3,000
3, 000

5,11110

5,111111

5,0110

0, 000

6,000

Ctt.feel. Ctt.feei.

1.000
2.000
3,000
;vooo
4,000
5,000
.5,000

1

6,000 '

7,000
7,000
8,000 :

9,000 !

10,000
11,000
11,000
12,000
13,000
13,000
14,000
15,000
15,000 I

10,000 I

17,000
I

l.M, 000

19,000
20, 000
21,000
23, 000
J."., 11110

•,'7,iiliO

•J-, tmo

29, 11(10

311,000

311,11(10

3(1.(100

30, 000
30, 000

31,000
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Discharge per second of crevasses—Conthmed.
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Ileli.ua

to
Napuleou.

M:,y
i8r.8.

19...

20...
21...

€ii. feet.

42,ono
41,00(t

40, 000
40, 000
40, 000
41,000
42, 000
415, 000
44.000
46, 000

29 48,000

26.

Ri^M^.^L^«^.H^

51,000
54, 000
.57, 000
61,000
66, 000
69, 000
72, 000
75, 000
78, 000
81,000
84, 000
87, 000
89, 000
91, 000
93, 000
95, 000

15 97,000
16
17

July

99, 000
101,000
103, 000
105, 000
107, 000
109, 000
110,000
111,000
112,000
1 12, 000
113,000
114,000
114,000

29 115,000
30 115,000

116,000
116,000
116,000
115,000
115,000
114,000
113,000
111,0(10

108,1111(1

105,(1(1(1

97.000
83,000
67,00(1

44,000
35, 00015

Hi
I

loiooo
17

18
8, 000

2, 000
1,000

Gil. feet.

1,000
1,000
2,000
2, 000
2, 000
3, 000
3, 000

3, 000
4,000
4,000
4,000
4,000
5, 000
5, 000

6, 000

6,000
7, 000
8.000
9, 000
10,000
11,000
12, 000

13, 000
14, 000
16, 000
18, 000

20, 000

22, 000
26, 000
32, 000
38, 000

43, 000
47, 000

52, 000

58, 000
63, 000
08, 000
75, 000
87, 000
98, 000
112,000
124, 000

136, 000
144, 000
150, 000
152, 000
154, 000
155, 000
1.',"). 000
l,-,:;,oiio

li,:,, (100

or, 000

85, 000
72, 000
63,000
53,000
42,000

I

32,000
I

22,000
]

10,000
12,000

9, 000
6,000
4, 000

Napoleon
to

Lake Provitlence.

C'«. feet.

3, 000
3,000
3,000
3, 000
4, 000

4, 000
4,000
4, 000
4, 000
4, 000
4,000
4,000
4,000
4,000
4, 000
4,000
4,000
4,000
4,000
4,000
4,000
4,000
4,000
4,000
5, 000
5,000
5, 000
5,000
5,000
5,000
5,000
5,000
5, 000
5,000
5, 000
5,000
5,000
5,000
5,000
5, 000
5,000
5,000
5,000
5,000
5,000
5,000
5, 000
5,000
5, 000
5, 000
5,000
5, 000

5, 000

4, 000
4,000
4,000
4, 000

3, 000
3, 000

2, 000
2, 000
1.000
1,000

Lake Provideuce Vioksburg

Vickabnrg.

Cm. feel.

11, 000
12, 000
13, 000
14, 000
15, 000
16, 000
17, 000
18, 000
19, 000
19, 000
20, 000
20, 000
20, 000
21,000
21, 000
21,000
22, 000
22, 000
22, 000
23, 000
23, 000
23, 000
24, 000
24,000
24, 000
25, 000
25, 000
25, 000
26, 000
32, 000
33, 000
34, 000
35, 000
30, 000
37, 000
38, 000
40, 000
42, 000
44, 000
46, 000
48, 000
49, 000
50, 000
50, 000
51, 000
52, 000
53, 000
53, 000
54, 000
55, 000
55, 000
55, 000
56, 000
56, 000
5(), 000
56, 000
50, 000
56, 000
57, 000
.57, 000
.57, 000
57, 000
57, 000
58, 000
58, 000
58, 000
,59,000

57, 000

Natchez.

Cu.feet.
18,000
18, 000
18,000
18, UOO
19, 000
19, 000
19, 000
19,000
19, 000
19, 000
19, 000
20, 000
20, 000
20, 000
20, 000
20, 000
21,000
21, 000
21, 000
21,000
21, 000
22, 000
22, 000
22, 000
22, 000
23, 000
23, 000
23, 000
23, 000
23, 000
23, 000
24, 000
24, 000
24, 000
24, 000
25, 000
25, 000
25, 000
26, 000
26, 000
26, 000
27, 000
27, 000
27, 000
27, 000
27, OCO
27, 000
27, 000
27, 000
27. 000
27, 000
27. 000
28, 000
28, 000
28, 000
28, 000
28, 000
28, 000
27, 000
26, 000
24, 000
18, 000
15, 000
10, 000
8,000
6,000
3,000
2,000

Cu.feet.

4,0(10

5, 000

7,000
6,000
6,000
6,000
6,000
5,000
5,000
5,000
5, 000
4,000
4, 000
4,000
3, 000
3,000
3, 000
3,000
2, 000
2,000
2, 000
2,000
2, 000
2,000
2,000
2, 000
2, 000
3,000
3, 000
3, 000
3,000
4,000
4, 000
4,000
5,000
5,000
5, 000
4,000
4,000
5,000
5,000
5, 000
5,000
5,000
5, 000
6,000
6,000
6, 000
6,000
6,000
6,000
6,000
6,000
6,000
6,000
6, 000
6, 000
6,000
6,000
6,000
6, 000
6,000
6, 000
6,000
6,000

Red river
to

Carrollton
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Disclianje per second of efera^ses—

(

'iiiitiiiuc<l

July
1858.

ac...

:{o..

;5i..

August 1..

y.'.

4..

Sept.

Napolo

lUglit bauk Left bank

Cm. feet.

Right bauk Left bank.

CiLfeef.

3, OUO

2,00(1

1 , 000

Kapoloon
to

Lake Providen

Ca, feet.

Rigbtbank Left bank. Uigbt bank Right bauk

C'tt. feet.

Lake Providonco
to

Vickslmrg.

Vickpbnrg
to

Natchez.

Cu.feet.
X,, 000
f) I, Olio

17,000
\:,, 0(10

a;», 000
:ir>,ooo

31,0(10

'17. 000
y.', 000
U», 000
i:i,ooo

10,000
7,000
.',,(100

:i, 000

1,000

Nat.-bi.z

to
Red river.

Cu.feel.

1,000
Cu.feet.

(>, 000
(i, 000
.',0110

Ti.OOO

.^,(10((

;>, 000
.'),0(I0

T), 000
:i, 000
:i, 000
n, 000
:i, 000

2, 000

2, 000

1,000

Cn.feet.

21, 000
24, 000
21!, UOO

2:!, 000

22, 000

22, 000
21,000
20, 000
I'.l, 000
IS, UOO

17, 000
16,000
l.'i, 000
14,000
i:!,ooo

12,000
11,000
0, 000
s,ooo
C, 000
4,000
2, 000

Right bauk

0pp. New
Orleans
(No. 45).

Right bank

Cu. feel.

04,000
64,000
6.^, 000

66, 000

67, 000
68, 000
6"J, 01.10

61), 000
70,000
70, 000
71,000
71,000
71,000
71,000
71,000
71,000
71,000
71,000
71,000
70,000
70,000
(,;), 000
6M, (Hill

67,000
66,1100

65,00(1

64,000
(i2, 000
60,0011

57,000
5.5, 000
52, 000
49, 000
45.000
41,000
37,000
32, 000
28, 000

24, 000

17, 000
y.ooo

I'll. feet.

76, 000

77, 000
78, 000
78, 000

79, 000

79, 000
80, 000
80, 000
80, 000

81,000
81,000
81,000
81,000
81,000
81,000
81 , 000
81,000
81,000
81,000
81,000
81,000
HO, 000
80,000
79,000
79,000
78,1100

77,000
75,1100

74,000
72,000
71,000
69, 000

66, 000
64,000
62, 000

59, 000
.S6, 000

.52, 000

49, 000

45, 000
40,000
36,000
31,000
2(), 000
20,000
15, 000
9,'OOn

4,000

Tlie next, stej) is to (k'ttM-niino, in iicrordance with tlio principles laid dd-wn in

('iia|ilci- IV, wliat llie aclual daily discliarf^-e during- the ihxjd pciiod

was at th(^ lullitwin^- localities, selected as heinjf nearly etpiidistant and

siillicieiit in mnnher to answer all jiractical purposes: Helena., Napoleon,

Lake Providence, A'icksburg-, Natchez, Red-river landing, Donaldson ville,

and Carrolltoii. Tiie measurements at ('oluinbiis are evidently not a\ail-

alilc I'or this purpose, since the daily loss between that jilace and Helena,

l)y gaps ill the levee and by creva.sses, could not be determined. Even if this (jnantity

had been known, it would have been a very delicate operation to transfer discharges

in this part of the valley, because the continual and excessive oscillations of the river

—

Transfer of the
discharge meas-
ured daily at
Vicksbiirg to the
points selected
for study.
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involving cliano-es of level amounting sometimes even to 3 feet in a clay—would have

made the amount of the channel correction enormous and very difficult to estimate,

especially as the mean width of the ri\er is here so great. Vicksburg, therefore, is the

important position from which the measured daily discharge is to he transferred both

up and down the river. The following expressions, deduced in the manner described

in Chapter IV, exhi])it the rules for ascertaining all such discharges in the high stages

of the river, the unit being the cubic foot:

—

Discbarge per second at Vicksburg July 18

Discharge per second of Yazoo river July 18

+ Discharge per second of crevasses, Lake Providence to Vicksburg July 18

I -)- Disch.arge per second of crevasses, Napoleon to Lake Providence July 1

Disch.irge per second,
; _ )— Discbarge per second of Arkansas and White rivers July 1G|

Helena, July 15 ' N -j- Diseb.arge per second of crevasses, Helena to Napolean , July Ki

/ Rise, Helena July 14-15 \

I 4- Twice rise, Napoleon July 15-16 f
-H 13,flOO \ (

i -\- Twice rise. Lake Providence July 10-17 I

' + Rise, Vicksburg July 17-18 /

Discharge per second at Vicksburg July 18 \

-Discharge per second of Yazoo river July 18

„. , 1 y -f- Discharge per second of crevasses, Lake Providence to Vicksburg July 18
,Discharge per second,

} j
" I

.. , T 1 /• (
=^ \ -f- Discharge per second of crevasses, Napoleon to Lake Providence July 17

Napoleon, July 16 > j ^ „ i > i j

^ Rise, Napoleon July 15-16^

-f i;!,(iOO ^ -f Twice rise. Lake Providence July 1G-17>

( + Rise, Vicksburg July 17-18)

!

Discbarge per second at Vicksburg July 18 \

— Discbarge per second of Yazoo river July IS )

-|- Discharge per second of ci'evassos. Lake Providence to Vicksburg July IS \

c Rise, Lake Providence Inly 10-17 ) \

+ 10,000
^ ^ jji^e^ Vicksburg July 17-18 i /

f Discharge per second at Vicksburg July 18 ^

Discharge per second, ^ 1 — Discharge per second of crevasses, Vicksburg to Natchez .July 18f

Natchez, July 1'.)
'>~ \ t Fall, Vicksburg July 17-18 j L

(_
'' I + Fall, Natchez July 18-19 S J

Discharge per second at Vicksburg July 18
'i

- Discharge per second of crevasses, Vicksburg to Natchez July 18

Discharge per second, a \ — Disch.arge per second of crevasses, Natchez to Red river July 20 ,

Red-river landing, (
"

'( + Discharge per second from Red river July 20

July20 ) ) ^ Fall, Vicksburg July 17-18

+ 10,0(111 ) -I- Twice fall, Natchez July 18-19
j

( + Fall, Red-river landing July 19-20
.

Discharge per second at Viclcsburg July 18^

Discharge per second of crev-asses, Vicksburg to Natchez July 18

Discharge per second of crevasses, Natchez to Red river July 20

Discb.arge per second, ^ \ -f- Discbarge per second from Red river .July i

Donaldsonville ^ ^ )— Discharge per second of bayou Plaquemine July 21 \

J .^j S \ — Discbarge per second of bayon LaFourche July 21 /

/- F.all, Viclssburg July 17-18 >

\ -f Twice fall, Natchez July 18-19
{

'

J -f- Twice foil, Red-river landing July 19-20 i

\ 4- Fall, Donaldsonville July 20-21 >
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Discharge per second, )

Carrolltou, Jnly 22 )

'

Table of results.

Discharge per second at Yicksburg July 18

- Discbarge per second of crevasses, Vicksburg to Natchez July 18

- Discharge per second of crevasses, Natchez to Red river Jnly 2u

-f Discharge per second from Ked river July 20

I

— Discharge per second of bayou Plaqnemiue July 21

Discharge per second of bayou La Fourcho July 21

• Discharge per second of crevasses, Red river to Canollton July 22

^ Fall, Vicksburg July 17-18-

\ -(-Twice fall, Natchez Jnly 18-19 i

4- ]ii,0(KI <^ -I- Twice fall. Red-river landing Inly l'.)-2o|

/-I- Twice fall, Donaldsonvillo July 20-2n
^ -)- Fall, CarroUfon Jnly 21-22

Tlie following table exliibits the results obtained b)- applying this

2)rocess to the data given above or contained in Appendices 1j and E:

—

Discharge 2)0' second of the il//ssmy*/n river.

Date.
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Discharge 2>cr second of the Mississ'q^j^i river—Continued.

Holena. Napoleon,

1858.

May 7.,

8.,

9.

10.

11.,

U.
i:?.

14.,

15..

ir>.,

17.

18.,

19.

20.,

21.
22-
23.!

24.
.

2.->.

20.
27.
28.

29.
30.
31.

Juue 1.

2.

3.

4.

30.

July ]

1 Cubicfecf.
\

.1 777,000
!

.i 787,000

.i 800,000

.1 620,000 I

.' 889,000

., 955,000 i

., 970,000
I

. 1,005,000

., 1,030,000
!

.' 1,030,000

.' 1,011,000
!

. 1,008,000

.: 1,005,000

. 990,000 I

.1 982,000

.1 985,000
!

.i 1,010,000 I

.' 1,045,000 i

., 1,078,000

.1 1,114,000 1

., 1,133,000
i

.! 1,137,000

.' 1,140,000
!

. 1,140,000
s

.' 1,142,000 1

. 1,143,000
I

. 1,151,000

. 1,1G1,000

. 1,175 000

. 1,185,000

. 1,195,000

. 1,200,000

. 1,222,000
,. 1,241,000
,. 1,255,000
,. 1,270,000
..! 1,281,000
,. 1,300,000
.. 1,318,000
.. 1,319,000
.. 1,:S88,000

.. 1,403,000

.. 1,403,000

.. 1,400,000

.. 1,398,000

.. 1,395,000

.. 1,3,"'3,000

.. 1,3C.O,000

.. I,3:!0,0(i0

.. i,2si;,ooo

.. 1,259,000

.. 1,220,000

..1 1,157,000

.. 1,090,000

. . 997,000
841,000
740,000

.. R/l.OOO
040, 000
019,000

.., 602,000

..' 508,000

.., 533,000
500,000
490, 000
4S5, 000

-I
477,000

.-, 404,000

. . I 400, 000

..| 400,000

.- 443,000

.. 425,000

Cubicfeet, i

1,083,000 I

1,089,000
1,073,000 '

1,096,000
1,008,000
1,097,000

I

1,092,000
i

1,083,000 1

1,070,000

:

1,076,000
1,068,000
1,071,000
1,070,000
1,074,000
1,075,000 I

1,074,000 I

1,006,000 I

1,075,000
1,082,000 I

1,075,000 !

1,080,000
i

1,096,000
1, 100, 000
1,116,000
1, 118, 000
1,117,000
1,125,000
1,122,000
1,117,000
1,114,000
1,116,000
1,126,000
1, 132, 000

1, 141, 000
1,136,000
1, 137, 000
1,147,000
1,150,000
1,159,000
1,167,000
1,109,000
1, 185, 000

1,197,000
1, 217, 000
1,226,000
l,ai4,000
1,251,000
1, 250, 000
1,216,000
1,245,000
l,2.')'.l,00n

J,26S, 000

1,291,000
1,309,000
1,324,000
] , 327, 000
1, 332, 000
1,323,000
1,32.5,000

1,334,000
1, 328, 000
1,309,000
1,305,000
1, 275, 000
1,2.12,000

1,190,000
1,162,000
1,123,000
1,075,000
1,030,000

989, 000

963, 000

Cuhicfeet.

1, 125, 000

1, 134, 000

1, 145, 000
1,130,000
1, 146, 000
1, 135, 000
1, 149, 000

1, 152, 000
1,101,000
1,101,000
1,100,000
1, 162, 000

1,105,000
1, 170, 000

1, 174, 000
1, 177, 000

1, 174, 000
1,109,000
1, 174, 000
1,180,000
1,174,000 '

1,174,000 :

1,178,000
;

1,180,000
1,189,000
1,184,000 I

1,191,000
1,192,000
1,191,000
1,192,000
1,180,000
1, 109, 000
1, 178, 000
1, 185, 000
1, 190, 000

1, 183, 000
1,179,000
1, 183, 000
1,178,000
1,18.5,000

1, 189, 000

1,187,000
1, 197, 000
1,200,000
1,212,000
1,209,000
1,221,000
1, 219, 000

1, 210, 000
1, 199, 000

1, 189, 000
1. 189, 000

1,188,000
1. 190, 000

1, 202, 000

1, 203, 000

1, 202, 000
1,201,000
1, 196, 000
1, 198, 000
1, 208, 000

1, 208, 000
1,210,000
1, 206, 000
1,194,000
1, 1.88, 000

1, 17.5, 000

1, 172, 000
1,161,000
1,1.55,000

1,134,000
1,112,000

CxCbic.feet.

1,106,000
1, 116, 000
1, 125, 000

1, 134, 000
1,121,000
1, 134, 000
1,127,000
1,140,000 •

1,142,000
j

1,147,000
1,148,000
1, 153, 000

1, 149, 000
1,147,000

I

1,156,000
j

1,160,000
i

1,101,000
1,100,000
1,154,000 !

1,15.5,000

1,162,000
i

1,159,000
1,157,000 I

1,158,000
1,100,000
1,169,000 !

1,162,000
1,171,000 I

1,171,000
1

1,169,000
1,168,000
1, 157, 000 i

1,14.5,000
'

1,152,000
1,159,000 !

1,164,000
1,157,000
1,1.52,000

i

1,156,000
1,149,000
1,160,000
1,160,000
1, 157, 000
1,106,000
1, 170, 000

1,1.80,000

1,176,000
1,188,000

' 1,185,000
1,176,000
1,164,000
1,153,000

! 1,153,000
1 1,1.53,000

i

1,161,000
1 1,100,000

i

i,i(;o, 000

I

i,i6(;,ooo

1,16.3,000

1,1.59,000

1, 161, 0(M)

1, 170, 000

1, 172, 000
1,176,000
1, 172, 000

1,107,1
1,161,01111

1, lo:t, I

1,164,0110

1,163,1100

1,1C>9, 000

1,102,000

Cuhicfcet. '

1, li'4,000
\

1, 181, 000

1, 190, 000
i

1,200,000
I

1,209,000
I

1,200,000
1,211,000
1,204,000
1,218,000
1,220,000
1,223,000
1,224,000
1,230,000
1,22,5,000 ;

1,223,000
j

1,232,000
1,234,000
1,235,000
1,235,000
1,227,000 1

1,227,000 \

1,230,000
1,2:33,000

1,230,000
1,230,000
1,232,000
1,241,000
1,233,000
1,241,000
1,242,000
1,240,000
1,238,000
1,227,000
1,214,000
1,220,000
1,225,000

1, 229, 000

1,222,000
1,216,000

1, 219, 000

1,212,000
1, 218, 000

1,222,000
1,21S, 000

1,220,000
1,231,000
1,238,000
1,234,000
1,2-1.5,000

1,242,000
1,231,000
1,220,000
1,209,000
1,207,000

;
1,206,000
1,216,000
1,219,000
1,219,000
1,218,000
1,21.5,000

1, 212, 000

1,212,000

1, 220, 000

1,224,000
1 •.>->6, 000

1, •.>.>:;, 01 III

1, •.ill, I II Ml

1.-J1S,IHI0

1 , 22-', 000

1,220,000
1 221,000

li 229, 000

Kod-rivor
landiug.

Cuhicfcet.

1,17,8,000

1,174,000
1,181,000
1,1S7,0(IO

1,109,000
1,209,000

1

1,200,000
I

1,214,000
j

1,204,000
1,219,000
1,221,000

,

1,224,0011 I

1,223,000
1,229,000
1,224,000
1,223,000
1,22.8,000

1,229,000
1,22.8,000

1,22.8,000

1,221,000 I

1,220,000
1,230,000
1,229,000
1, 224, 000

1,225,000
1,227,000
1, 237, 000

1,226,000
1,236,000
1,239,000
1,230,000
1.234.000
1,223,000
1, 212, 000

1, 218, 000

1,219,000
1, 224, 000

1, 221, 000
1,214,000
1,210,000
1,210,000
1,217,000
1,219,000
1,215,000
1,223,000
1,228,000
1,233,000
1,230,000
1,239,000
1,237,000
1,225,000

I

1,215,000

I

1,200,000
I 1,203,000
i 1,201,000
1,214,000
1,214,000
1,215,000
1,214,000
1,210,000
1,207,000
1,200,000

I
1,213,000

' 1,218,0(10

1, .'-'0,(1011

1,217,0(111

1,211,(300

1,211,000
; 1,217,000
1,214,000
1,215,000

Cuhicfcet.

1, 213, 000
1,221,000
1,207,000
1, 207, 000

1, 205, 000

1, 212, 000
1,210,000
1, 202, 000

1, 213, 000

1, 203, 000
1,217,000
1,218,000
1,221,000 1

1,219,000 I

1,224,000
j

1,221,000
1,219,000
1,224,000
1,229,000
1,233,000

I

1,238,000
1, 235, 000

1, 234, 000

1, 238, 000

1, 233, 000
1,221,000
1, 218, 000

1, 219, 000

1, 229, 000
1,217,000
1,220,000
1, 230, 000
1,225,000
1, 224, 000

1,211,000
1, 201, 000

1, 205, 000

1, 206, 000
1,211,000
1, 209, 000

1, 201, 000

1, 201, 000

1, 190, 000

1, 203, 000

1, 204, 000

1, 199, 000

1, 207, 000
1,211,000
1, 216, 000

1, 212, 000

1,220,000
1, 218, 000

1, 207, 000

1,195,000
1. 185, 000

1, 183, 000

1,180,000
1,194,000
1, 191, 000
1,195,000

1, 194, 000

1, 189, 000

1. 186, 000

1, 186. 000

1, 193,000
1,19-, 000

1, -'Oil, (Mill

1,191'., 000

1,195,000
1,191,000
1,199,000

1, 195, 000

CuMcfeet.
1, 165, 000

1, 167, 000
1,175,000
1, 161, 000

1, 160, 000

1, 103, 000

1, 160, 000
1,174,000
1, 159, 000

1, 170, 000

1, 162, 000

1, 174, 000

1, 177, 000

1, 179, 000

1, 177, 000

1,184,000

1, 182, 000

1,179,00(1

1,183,00(1

1,1.88,0(10

1,192,000 1

1,197,000
1,194,000
1,193,0(10

1,197,001'

1,194,0(111

1,180,000
1,177,000
1,178,000
1,188,000
1, 176, 000

1, 183, 000

1,189,000

1, 184, 000

1,183,000
1, 169, 000

1, 150, 000

1, 163, 000

1,161,000
1, 168, 000

1, 168, 000

1, 101, 000

1, 101, 000

1,1.55,000

1, 102, 000

1, 164, 000

1, 158, 000

1, 100, 000

1, 169, 000

1,175,000
1, 171, 000

1,179,000
1,178,000

1, 165, 000

1,15.5,000

1, 144, 000

1, 142, 000

1, 139, 000

1, 153, 000

1,153,000
1,154,000
1,152,000
1,140,000
1,140,000
1,145,000
1,1.52,000

1,157,000
1,159,000
1,154,000
1, 155, 000

1, 1.50, 000

1,158,000

Cuhiefeet.

1, 100, 000

1, 160, 000

1, 163, 000
1,169,000
1, 157, 000

1, 155, 000
1, 162, 000

1,163,000
1,170,000
1,156,000
1, 105, 000

1, 1.50, 000

1, 168, 000

1,172,000
1.171,000
1, 169,000

1, 177,000

1, 108,000

1. 170,000
1,173,000
1,179,000 i

1,1.82,000

1, 1.88, 000
1,1 '13, 000

1, 1-1.0(10

1,1-0,000

1,181,000
1,1(!8, 000

1,1C>3,000

1, li;3, 000

1,171,000
1,160,000
1, 166, 000

1,171,000
1, 164, 000

1, 163, 000

1,14.8,000

1,133,000
1,141,000
1, i;!9, 000

1,144,000
1, 1 16, 000

1, 136, 000

1, 137, 000

1, 129, 000

1, 135, 000
1,137,000
1, 129, 000

1, 136, 000

1,137,000
1,144,000
1,140,000

1, 147, 000

1, 146, 000

1, 131, 000

1. 122, 000

1 , 108, 000

1, 106, 000
1,101,000
1,114,000
1,112,000
1, 112, 000

1,107,000
1,101,000

1. 103, 000

1,098,000
1. 104, 000
1,108,000
1,108,000
1,103,000
1,10-2,000

1, 095, 000

46 H
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Discharge j)cr second of the Mississippi river—Continued.

Date.
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transt'ernng discli.irge, as already explained, is a purely mathematical one, allowing-

no latitude in its application. The direct comparison by transfer of these results is

thus a complete test of the exactness of the entire system of measurements and com-

putations.

This test of the character of the work is represented by plate XVII. Excepting

the curves for 1858 at Providence, Donaldsonville, and Carrollton, where large cre-

vasses just below the towns modified the usual form, all of these curves accord with

the laws laid down in Chapter V. To this jwesumptive evidence of their accuracy is

added the remarkable agreement between the operations of the two years. At Red-

river landing—and at Donaldsonville and Carrollton, prior to the breaking of the

crevasse.s—the two curves are nearly coincident, and it will soon be seen that what-

ever differences do exist are explained by known differences in the conditions govern-

ing the discharges. The great test, ho^vever, as already intimated, is the comparison

between the results obtained in 1851 by actually ganging the river, and those obtained

by trausfcn-ing the discharge measured at Carrollton up to the same point. Eight of

these actual measurements were made at Baton Rouge or Red-river landing, and they

are all represented on this plate. The gaugings were conducted at points more than

100 miles apart, between which the river was changing its stage, and discharging its

surplus water through two large bayous and several crevasses. When corrected for

these causes of rariation and transferred to the same point, the two independent residts

unifoniib/ accord so closely with each other, that even a slight variation in the force or

direction of the wind, if neglected, would have produced errors in either of the discharges

greater in amount than the actual differences between the two. No further demonstration

of the exactness of the work can be required to entitle it to confidence.

We are now ready to proceed with the analysis of the flood of 1858.

Neglecting, for the time, the modification which would have been pro-

duced upon the reservoir action of the channel by confining the flood crevasses below
Helena upon the

between its banks—a very imiiortant matter, as will be hereafter seen— discharge at
points below

the first step is to ascertain the amount by which the hio'h-w\ater dis. ^^^^ tovrn. to be
' ./ o first luvestigat-

charges at the several localities under consideration were diminished by ®^-

crevasses, supposing the river above Helena to have remained in its

actual condition.

Below Red river this can be done by tracing each day's discharge down stream and

adding to it the discharge of the different crevasses during its passage

past them. Aljove Red-river landing, the question is more complicated, ^ 'SJowildge'^of

since the actual discharge of the different tributaries was greatly tfo^usVroper" of

augmented by the return of crevasse-water through their channels, utarill*"^^'

^"^'

The allowance to be made for this augmentation will be considered for

each tributary separately.
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The swamps near the mouths of Arkansas and ^^Hiite rivers are comparatively

small, as may be seen by reference to plate II. They Avere open to the

Aikansas aud Mississippi for several miles near the mouth of White river in 1858,
White rivers.

and were thus gradually filled as the Missis.sippi rose. AVhite river

itself also discharged much water into them during its great rise in March and April.

They are not, therefore, to be regarded as reservoirs at the top of the flood in July,

since they were already full of water, and whatever entered by crevasses and gaps at that

time nnist have forced out a nearly equivalent amount tlu-ough the two channels into the

Mississippi. The measurements of the Survey demonstrate the correctness of this

opinion, as will now be shown. Definite information relative to the condition of the

Arkansas and ^Miite rivers during the flood period was obtained. There was but one

important rise in each river. In the Ai'kansas this occurred in !March, being at its

height at Little Rock on March 22, when it was only 3 feet below the great flood of

1844. The White-river flood occuiTed early in April, being at its height at Des Arck

about April 10, Avhen it was onl}- 1 foot below the flood of 1844. Mtcv the month of

A2:)ril, both rivers remained low, with occasional, unimportant rises, during the entu'e

flood period. Let us now examine the discharge measurements at Napoleon, given in

a preceding table. At the height of the combined flood, which occurred between

April 5 and April 8, the two rivers were forcing about 160,000 cubic feet of water per

second into the Mississippi, notwithstanding a large rise in that river, then passing-

Napoleon. As ah-eady stated, Arkansas and White rivers fell to an ordinary stage by

the end of April. The measured discharge tlu'ough their channels to the i\Iississippi,

however, remained A\'ithout any important diminution until August. From what source

was the water derived which thus maintained the dischai'ge after the supply above had

failed? Evidently from the Mississippi itself, which poiu-ed thi-ougli the crevasses and

the gaps near the mouth of ^Miite river a large volume of water which returned imme-

diately by the channels of the two rivers. What proportion of their discharge was

upland drainage can be ajiproximately determined m two ways. By the above tables

the total discharge of the Arkansas and Wliite rivers between April 23 and July 19,

inclusive—the period during which the last great rise of the Mississippi was forcing

water into their swamps—was 1,072,396,800,000 cubic feet. The total crevasse dis-

charge into their bottom lands dming this time was 558,144,000,000 cubic feet. On
July 19 no more water remained in the swamps than was in them on April 23. The

diS"erence between these total discharges (514,252,800,000 cubic feet) is, then, the

araoimt wliicli Arkansas and White rivers proper contributed to the Mississippi in the

eighty-seven days imdor consideration. This is at the mean rate of 63,000 cubic feet

per second for the whole time. The second method of approximating to the daily dis-

charge of the two rivers during the great rise is as follows: By August 6, the river at

Napoleon had fallen over 11 feet, and all the water had draiue.l from the White river
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and Arkansas swamps. During tlie succeeding fifteen days, when (according to tlie

facts gathered concerning the condition of those rivers at points above the influence of

the Mississippi river) the supply from above continued to be about the same as during

the great rise of the Mississippi, the average discharge of tliese two rivers was 54,000

cubic feet per second. This ({uantity differs so httle from the result of the former pro-

cess, that no material error can arise from assuming that the Arkansas and Wliite

rivers together discharged above G0,000 cubic feet per second of drainage 2woper into

the Mississippi during the last great nse. This estimate is sufficiently large, and is

tlierefore safe. During the rise of the Mississippi in March, these .swamps were doubt-

less reservoirs, wliich received and I'etained the water lost through the crevasses.

They, however, partially returned it as the river fell between the two rises.

The uiformation collected respecting the condition of the Yazoo

river during the flood was equally exact and decisive. Two rises of Yazoo river'^'^^

importance, independent of Mississippi water, occun-ed. One took place

in January and the other in April. Subsequent to the latter, the river fell rapidly,

and would have remained low for the rest of the season, had it not been for crevasses,

which admitted water from the Mississippi. The contributions of the Yazoo at the

height of its April rise (April 10) amounted to about 70,000 cubic feet per second.

From that date they diminished, until, by the latter part of June, they could not have

exceeded 30,000 cubic feet. To estimate that the latter discharge, independent of

crevasse-water, continued during the flood is safe, because it is probably slightly in

excess.

To determine what would have been the condition at Red-river landing, had no

crevasses, draining into the Tensas and Black-river swamps, occiuTed,

is a more complex problem. Old river, situated just above the landing, ri^e^r*a8°^m?di^

13 a former bend of the Mississippi, which Slu-eve's cut-off transformed Atchafaiaya.^""

into a kind of lake. Its level depends directly upon that of the Missis-

sippi, with wliich it is still connected. It receives the water of Eed river, and is

drained by bayou Atchafalaya, a species of immense waste-weir, which, for any given

stand of Old river, must dischai'ge a nearly unvarying amount of water. The direc-

tion and force of the current in the mouth of Old river thus depend directly upon the

relative discharge of Red river and Atchafalaya bayou. "When the former sti'eam dis-

charges more water than the Atchafalaya can carry off, its siu'plus empties into the

Mississippi ; and when, on the contrary, its sujiply is iiisuflicient to maintain the dis-

charge of that bayou, the deficiency is made up from the Mississippi. By reference

to the table on page 353, it will be seen that for nearly the whole of the flood period

in 1858 there was no seiisiljle current in the mouth of Old river. Consequently, during

this time the discharge of Red river into Old river was just sufficient to maintain the

normal discharge of bayou Atchafala}'a. In order to determine, therefore, what would
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have been the condition at Red-river landing, bad the Mississippi been confined to its

channel during the flood, the facts respecting Red river itself must be ascertained ; for

the Atchafalaya would have drawn from the Mississippi at that point precisely the

amount which was actually contributed by the MIssissij)pi crevasses to increase the nor-

mal discharge of Red river.

About 25 miles above its mouth, Red river receives the waters of Rlack river, an

important tributary, which drains the whole swamp country west of the ^Mississippi

between Cypress creek and Natchez, into which, in 1858, many crevasses were dis-

charging. For this reason, the condition of Red river proper must be determined from

observations above the mouth of Black river. At Alexandria tlie following fiicts rela-

tive to it Avere observed.

The first rise of Red river occurred in January. It was highest on Januarv I'J,

Avhen it was 7 feet below high water of 18-49, the greatest recorded flood in the i-iver.

This rise was the highest which had occurred since 1851, when it stood, on ]\Iarch 2<t,

1 foot below the high water of 1849. Ry the last of Januarv, 1858, the river hail

fallen about 4 feet, and then again began to rise. On February- 1, it was 9.G feet

below high water of 1849, and was discharging 82,000 cubic feet per second. On

February 2 it had risen 0.3 of a foot, and was discharging 90,000 cubic feet per secoiul.

It continued to rise mitil February 23, when it was only 3.9 feet below high water of

1849. It then fell, at first gradually, and then rapidlv, until about the middle of

.March, when it was 19 feet below high water of 1849. It then began to rise, until on

April 22 it had attained its highest point for the year, being only 3.0 feet below high

water of 1849. It then gradually subsided to low-water mark. On June 24 it Avas

exactly 23 feet below higli water of 1849, and discharging very little water. It shoidd

be added that the extreme range of the river at Alexandria is 47 feet. The mouths of

May, June, and July being those of highest water at Red-river landing, it is evident

that Red river proper had no sensible eifect upon the flood, and that tlie water which

entered Old river through its channel, and supplied the whole of the discharge of

Atchafalaya, came from Black river and the swamp bayous below it. Black river,

then, is next to be examined, to ascertain what was its real discharge, independently

of ]\Iississippi crevasse-water.

This river is formed by the junction of three streams, the Washita and Little

rivers, and bayou Tensas. The latter drains the Mississippi sAvamj) land, and the two

former the hilly country to the west of them. There was no great flood in 1858 in

either of these two streams, independent of the backing up occasioned by Mississippi

water. They nnist have been cpiite low during the three iiood months (I\lay, June,

and July), since this was the condition of both the Arkansas and Red rivers, which

drain the country just north and south of their water-shed. With respect to bayou

Tensa^, more definite information was obtained. Mr. ^laudeville, who resides at West
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wood, near wlicre Mr. Pattison's line of levels crosses the stream, has for many years

kept a record of the oscillations of the bayou during floods, a copy of wliich he kindly

presented to the Survey. These notes will be found in Appendix B. They show that

in 1858 the bayou rose very slowly until August 5, wlien it was at its height. Its

cross-section was then 1G,000 square feet. (See Appendix C.) Its velocity during the

flood period was estimated by Mr. Mandeville to vary from 4.5 to 5.0 feet per second.

Assuming the latter rate for high water, we have for the discharge 16,000 X 5 =
80,000 cubic feet per second, of which much the greater part was Mississippi crevasse-

water. Add to this the hill drainage and the contributions through Cocodrie bayou

and through the swamps themselves, and it is evident that Black river must have dis-

charged over 100,000 cubic feet per second into Red river, and, by its channel, to

Old river, from which, as already seen, it all passed into bayou Atchafjxlaya. The

discharge of this l)ayou is next to be considered. It was gauged three times din-iiig

the Survey.
Cubic foot.

On February 11, 1856, it was 7.G feet l>elow high water of r-^riS, and discliargcil 77,01111

On March 8, 1851,
" ^.7 " " " " "

98,00(1

On March 0, 1851,
" 3.5 " " " " " 105,000

From Ma}' 2 to August 3, 1858, it v\-as never more than one foot, and a^'eraged

only some 4 or 5 inches, below high water of 1858. During this period, then, it must

have discharged 120,000 cubic feet per second, which accords closely with the amount

just indicated above as its probable supply.

Having thus demonstrated that bayou Atchafalaya discharged some 120,000 cubic

feet of water per second during the flood, that this amount was necessarily derived

entirely from the channel of Red river, that all the hill tributaries of this river were

low, and, lastly, that the swamp tributaries were flooded by Mississippi crevasse-water,

the conclusion is inevitable, that, had the Mississippi levees remained unbroken, bayou

Atchafalaya would have served as an outlet to reduce materially the quantity of water

passing Red-river landing. In Maj-, judging from the comparatively high stage of Red

river pro]ier, and from the small amount of water actually passing through the cre-

vasses, this diminution would probably have been trifling, but at the height of the flood,

in the latter part of June and in July, it could not have been less than 90,000 cubic

feet per second, unless Red river be allowed more drainage from its basin than was dis-

charged b}' either the Arkansas, the AVliite, or the Yazoo rivers at that time.

Having thus analyzed the actual eff'ect of the Mississippi crevasse-
. .

Resulting rule

water upon the several tributary streams below Helena duriner the flood for determining
^ •' ^ what would

in 1858, we are prepared to decide how much the crevasses diminished ^^''^ been the
'^ ^ discharge at

the maximum discharge at the several stations selected; bearing in P?i"t8 below
f ' to Helena, had no

mind, however, that the results are still to be corrected for the reservoir cu^ed^l^e low
influence of the channel. The system of computation is general. The iectingTe°e:^ofr

actual discharge at each locality for each day during the flood period channel"
'^^
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is to be increased hj tlie amount of Avater lost in passing the crevasses above it, and

to be diminished by the diflerence between the actual discharge of any tributary

passed and its true discharge independent of crevasse-water. Thus, for example, we

have for the discharge at Carrollton, at the height of the hood, the following

expression :

—

Actual discharge per second, Carrollton July (•'

4- Di-scharge per second of crcTassos, Helena to Napoleon Jnly 2

+ Discbargo per second of crevasses, Napoleon to Lake rrovidenco. . . July 3

1 + Discharge per second of crevasses, Lake Provideuco toVicksburg-.Jnly 4

I + Discharge per second of crevasses, Vicksburg to Natchez July 4

I
-f Discharge per second of crevasses, Natchez to Red river July G

' + Discharge jjcr second of crevasses, Ked river to Carrollton July 6

— Discharge per second of Arkansas and White rivers on July '2 — C0,000

Discharge per second of Yazoo river on July 4 — 30,000

,
—90,000 (for Atchafalaya.)

Discbarge per second, >

Carrollton, July 8 >
~

Maximum dia-
The dotted lines on plate XVIII indicate the approximate discharges

putel^ by*^t°h^a ^^ ^^^^ Several localities, computed by this process. The following table
rule, vrith ex-
planatory r e -

marks.

ffives the errand results:

—

First ajyproximate maximum discharge i^er second, with levees perfected.

Locality.

Helena
Napoleon
Lake Providence..
Vicksburg
Natchez
Ked-rivor landing .

Baton Koiige
Donaldsouvillo ...

Carrollton

July r.

Juiv r>

July 7

JulV 8
July 9

Julv 10

July 11

Julv 11

July 12

C«6ic
1,:!34

1,393
1,391
1, 420
1,419
1, 333
1,333
1,292
1,292,

feet.
I

,000
,000
,000
,000
,000 i

,000 ,

,000
,000
,000

Upon the supposition that there were no
crevasses below Helena, and uo reduction by
channel filling.

This discussion and resulting table present the subject under the most unfavorable

conditions possible. It assumes the Arkansas, White, Yazoo, and Red rivers to have

been securely leveed, so that they could not have been backed up enough, during the

great rise Avhich would have occuiTed in July, to diminish perceptibly their drainage-

discharge into the Mississippi. All the swamps below Helena being thus protected are

suiiposed to remain absolutely dry ; the greater part of their rain-water even being

poured into the ]\Iississippi by the four rivers just named. The discharge of bayous

Atchafalaj-a, Phupiemine, and La Fourche is supposed to remain unaflccted by the

increased height of the ]\Iississij)pi at their upper mouths, or points of efllux. In a

word, every minor circumstance tending to dimini.sh the volume of the flood is neg-

lected, in order to guard against all jiossibility of an under-estimate.

Hefore proceeding to determine the efToct of the great channel reservoir in dimin-

ishing the maxinnnn discharges indicated by the above discussion and table, ihe effect
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exerted by the bottona lands above Helena ujion the discharge at tliat point and

below it, mil be considered. This effect may be estimated quite
Effect of the

closely, although, as already stated, the data for tracing out the local abov°e°He1efa

effect bet'^^'een the head of the alluvial region and Helena are somewhat ^um 'dilc^^^e

defective. The history of the flood of 1858, already given in C-hapter town; stiuneg-

n, should be consulted for details bearing upon this siibject. voir influence
of the channel.

The greatest discharge at Columbus occurred between June IG and

June 22, inclusive, when it was about 1,400,000 cubic feet per second. According to

the notes of the Survey, about 35,000 cubic feet per second were entering the swamp

through the Cape Girardeau inlet, and about 40,000 through the breaks between Com-

merce and Columbus. The total amount of water entering the head of the alluvial

region was then about 1,475,000 cubic feet per second at the height of this flood. At

Helena, the flood was highest between June 30 and July 6, inclusive, the discharge

being about 1,330,000 cubic feet per second. Thus the rise was fourteen days later

in date, and the discharge 145,000 cubic feet per second less in amount at Helena than

at the head of the alluvial region. But the discharge at Helena contains the drainage

proper of the St. Francis bottom, estimated, as we have ah-eady seen, at 30,000 cubic

feet per second ; and tlus quantity miist be subtracted from the discharge at Helena

before the full reservoir effect of the St. Francis bottom at the top of the flood of 1858

is obtained. Thus deduced, it is 175,000 cubic feet per second.

This general conclusion as to the effect—uncoiTCcted for the reservoir influence

of the channel—exerted by the St. Francis bottom upon the high-water discharge at

Helena, will be compared with the corresponding effect of the Yazoo swamp upon

the discharge at Vicksburg, which, as already seen, was accurately determined-

These two swamps are similar in dimensions, and, usually, in depth of overflow ; and

general conclusions based upon the analogy existing between them are entitled to

some confidence.

As already seen, the top of the flood passed Helena between June 30 and July 6,

inclusive. By reference to the table of crevasse discharges given above, it will be seen

that this prism of water lost 208,000 cubic feet per second into the Yazoo swamp. It

passed the mouth of Yazoo river betT\'een July 3 and 9, inclusive, and received from

that ti-ibutaiy (table on page 353) 133,000 cubic feet per second, which was 103,000

cubic feet more than it woxild have received if no crevasses had occurred. The differ-

ence (105,000 cubic feet per second) is then the amount by which the Yazoo bottom

diminished the discharge past Vicksburg at the date when the highest flood would Imvo

occmi-ed at that place, had the levees remained unbroken below Helena, and had the

channel exei-ted no moderating influence.

It mu.st be borne in mind that the St. Fi-ancis bottom was much less protected

against the flood than the Yazoo bottom, and that the depth of ovei-flow in the fonner

47h
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was reported to 1)0 ninch greater than was ever before known. It is evident that

175,000 cnliic foet per second mnst be added to each of the differences in the last table

before they can be considered to include the influence of all the swamps

below Cape Girardeau.
Moderating in- rr\\ • i i • • i • i n> i • i

fluence exerted 1 lio ucxt stcp ui tlic analysis IS to determine the eiiect whicli,
by the great
channel reser- uiidor tlie new conditions indicated liv this taljlc, would have been
voir upon the
maximum dis- cxorted uiioii the maximum discharp-c hv the moderating reservoir
charge in floods. _

c- . o

influence of the channel. As heretofore, the river is made to speak for

itself.

The rise in December, 18.57, admirably illustrates this influence, since the water

was then entirely confined to the channel, and the effect of crevasses is

Its effect upon , i . . -i ^ , , , rni • • • i • i / r, ,- c
the riae in De- thus ehmmated trom the iiroblem. 1 his rise was at its height (8.5 leet
cember, 1857.

l)elow high water of 1858) at Columbus on December 21, the maximum

discharge being 1,190,000 cubic feet per second. The St. Francis river was backed

up, and contributed nothing. At Napoleon, the rise attained its highest point (7.1 fee

below high water of 1858) on December 28. On December 29, the measured discharge

of Arkansas river was 65,000 cubic feet per second. On Januaiy 1, the river had

fallen 2.2 feet at Napoleon, and the measured discharge of Arkansas river was 59,000,

and of White river 48,000 cubic feet per second. It is evident, then, that these two

rivers must have added at least 100,000 cubic feet per second to the top of the flood

wave, as it passed. At Yazoo river, according to accurate data, it received 45,000

cubic feet per second more. At the top of the flood at Natchez, which was 8.3 feet

below high water, 1858, the discharge then .sliould have been 1,190,000 + 100,000 +
45,o0<l = 1,335,000 cubic feet per second. It was measured on January S, when the

river had follen 1.6 feet, and Avas found to be 845,000 cubic feet per second. Allowing

a very liberal estimate for diminution of discharge at tliis date, the rise when highest

could not have carried past Natchez more tlian 935,000 culjic feet per second. IIow,

then, is this enormous diflerence of 400,000 cubic feet per second to l)e accounted for.'

Only in one way. The reservoir furnished by 550 square miles of channel Itetween

Columbus and Natchez absorl)ed it all. Tliis is an extreme case, because such a rise

at so low a stage is almost unprecedented, but it jilainly shows that so important an

element cannot be neglected in discussing tlie subject of river floods.

The oil])- other rise in the flood of 1858 whicli produced a sensible oscillation in

the lower river was tliat which occurred near the end of March. Tliis
Its effect up :)n , ,

, . , t i i i • • n
the rise in tlicii was the Only Other rise sensibly modihed by the reservoir mnu-
March. 1858. •

i i
"

ence oi the channel. It was highest at Columbus on March 28-9,

wlien it was 6.1 feet below high water fif 1858; at I\[emi)his, on April 2, when it was

1.8 feet below the same flood; and at Helena, on April 4, when it was 3.8 feet below

the same flood. It was of very short duration, and did not break the le\ees of tlie
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St. Franci.s bottom. Very little water entered these swamps, and its volume was

counterbalanced by the excess of the discharge of the St. Francis over 30,000 cubic

feet per second. This river was pouring out a flood of rain-water from upland as well

as swamp drainage. The maximum discharge at Columbus in this rise was 1,130,000

cubic feet per second. It was increased 30,000 cubic feet per second by the St.

Francis river, and should therefore have been 1,160,000 cubic feet per second at

Helena. The actual discharge at Helena was 1,020,000 cubic feet per second. The

difference between those two quantities, 140,000 cubic feet per second, is the measure

of the reservoir influence of the 250 square miles of channel between those two places-

Let us trace this rise still farther down the river. On arriving at Vicksburg, it

had lost 75,000 cubic feet per second by crevasses and received 225,000 cubic feet per

second from x\.rkansas. White, and Yazoo rivers. It should then have amounted to

1,170,000 cubic feet per second. It was measured, and really amounted to 1,145,000

cubic feet per second; the difference, due to the reservoir influence of the channel,

being 25,000 cubic feet per second. The comparatively small amount of this effect in

this part of the river is explained by the comparatively small and gradual oscillation

of the river's surface, so clearly shown by plate XIII. Below Vicksburg, this influ-

ence upon the maximum discharge became practically unimportant, amounting only

to some 5,000 cubic feet per second at Red-river landing.

The above are all the data collected by the Survey from which we may estimate

the numerical value of this important influence which the channel

exerts in moderating the maximum discharge in floods. They are by itfimp^ortan?e°'

no means all that establish its existence. A single glance at plate XIII

is conclusive upon this point. The enormous and evidently normal differences con-

stantly exhibited between the discharges measured at Columbus and at Vicksburg are

susceptible of explanation in no other way. The channel is evidently an immense

reservoir, into which the floods of the tributaries are successively poured. In the

upper river, this produces the constant oscillation which every gauge-record of the

Survey exhibits. In the lower river, the channel becomes a simjjle drain from a lake,

the supply of which is maintained by the successive contributions of the tributaries in

all parts of the valley.

The question now to be considered is how much this moderating influence may
be safely counted u})on for reducing the maxinmm discharge in the

great rise which would have occurred in June and July, 1858, had the its probable•1 -i-ii* -pii n effect upon the
river been connned to its channel. An inspection of the diagram will maximum dis-

^ charge in 1858
.show that the liune wave must have produced a far ereater oscillation if "o water had

^ " escapedfromthe
in the channel between Columbus and Helena than the very consider- "^^"^ channel.

able one which actually occurred, and that its rate of oscillation must

have been at least equal to that of the March rise. Its effect may then be safely
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assimilated to that measured in the March rise; that is, it maj^be estimated at 140,000

cubic feet per second. Below Helena, it is apparent from plate XVIII, that the river

would have been lower when the rise occiirred, and much higher at the toj) of the

flood, than was actually the case. The oscillation Avould jirobably have exceeded that

at the height of the flood in Mai'ch, and the influence in question have been corre-

spondingly greater. Nevertheless, to guard against nndeiTating the practical diflicul-

ties to be overcome iu protecting these swamps from ovei^flow, the measured influence

of the March rise only is allowed to enter the estimate.

To detemiine, then, what would have been the maximum discharge at the several

localities considered, in the flood of 1858, if the swamp lauds from

Cape Girardeau down had all been eftectually protected, we are to add

Final termin- to the maximum dlscharofes per second g-Iven in the last tuljle 175,000
ation of the in- o i c
crease
maximum

in the cubic feet, minns, for Helena, 140,000 cubic feet; * for Napoleon, 150,000

charge in this
p^l-,;g fg^t; for Lake Trovidence, 100,000 cubic feet; for Vicksburo-,

Z^teA from pr^ 165,000 cublc foct; aud for Natchez and all points below, 1 70,000 cubic

swSSp laud be^ feet. This process is equivalent to deducting from the total volume that

de'Iu*?''^^
°^"" enters tlie head of the alluvial region, the channel elfect at each point,

after having added to the first the successive contributions of the tribu-

taries. The following table exhibits the final results; that at ^lemphis

being deduced b}- deducting from the discharge at Colund)Us the proportional part cf

the ihanuel correction between Coliunbus and Helena, considering It to be pro[ior-

tloiial to the distance between those places:

—

Flood of 1858.

Locality.

Columbus
Memphis
Helena July
N.ipoloon .June 22.

Lake Providence .June 23.

Vicksburg lunc 24.

Natchez June
Ked-river lauding Jlay ;iO.

Baton Rouge
! May 31.

DonaldsonviUe May 31.

Carrollton May 2d.

iihic feet.

, 403, 000

, 334, 000
,221,000
188, 000
'245, 000
239, 000
23S, 000
2:JS, 000
1U7, 000
18S, 000

MaxiiiHim <lisc1i.irge, had 1 Diffcrpnop, or
swanipa below Cay« Girar-

|
rcilnrtiou of-

1

diKchargo Ity

swamps be-
low Cape Gi-
rardeau,

i

deau been reclaimed.

June
Juue
Juuo
,Iiuie

Juue
Juue
Juuo
.luuu
Juno

ruhic

1,478,

1, :?80,

l,3ti9,

1,418,
1,40(;,

1,430,

1, 424,

1,338,
1, 3:te,

1,297,

1,297,

feet.

000
000
000
om
000
000
uoo
000
000
000
000

CiiJiic feet,

75,000

35, 000
197,000
218,000
185, 000
18.->, 000
100, 000
100, 000
100, 000
109, 000

This table, the most important which has thus far a2)i)eared In the report, gives

a definite answer to the first part of the first question to be considered

in solving the problem of the best method of iirotecting the bottom

lands below Cii\)0 Girardeau from overflow; namely, nhat teas their

Its accurate
character.

* Tliis cstimato allows about tUo usual auiouut of raiu-wator drainage to have been dischurgetl by tho St. Francis

river, 30,000 cubic feet per second.
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actual effect tqmt the maximum discliarge of the river in the flood of 1858. It exhibits tlie

results of years of patieut labor and research. Every successive step of the analj'sis •

is based ui)on direct measui'ements, the accuracy of which has been demonstrated by

luunerous and constantly recurring checks. The final result, then, exhibited by this

table is believed to be entitled to confidence even where such immense interests are

at stake.

The next point for consideration is whether the flood of 1858 may be safely

adopted as the standard, in estimating the extent of the artificial works reqiiired to

l)rotect the country from overflow in the future. Before entering

upon this subject, however, a qnestion which has an important bearing is the flood ofIT • f ^ n 1 n i
1858 a standard

upon the discussion of the floods of 1828 and 1850 must be considered, for estimating
the proper

That question relates to the effect the great swamp regions above Red "^ a urea for
'

^ . .
protection?

river produced upon a flood in the Mississippi, before levees were built.

The so-called reservoir influence oj the hottom lands.—The topographical features of

the three great swamps, the St. Francis, the Yazoo, and the Tensas,

are described in detail in Chapter I, and it is only necessary here to ^fT^^of these

recapitulate their general characteristic features. Each great bottom is f^^^g
bottom

a flat plain, sloping from north to south at about 0.6 of a foot per mile,

and from the Mississippi toward the bordering uplands, at a mean rate considerably

less. Their systems of drainage are identical in character. On the outer border of

the Yazoo and Tensas bottoms there is a river, which, rising in the uplands, collects

in Its course nearly the entire swamp drainage and . pours it into the IMississippi *

at tlie southern boundary of the region. The same general system exists in the

St. Francis bottom, although modified by several limited basins, which drain directly

into tlie Mississippi—not into the St. Francis river. This modification complicates

the local problem of protecting the swamp against overflow, but does not afiect the

general problem now under discussion, inasmuch as each of these basins, being but

a type of the larger swamp country, produces a similar effect upon a flood in the

Mssissippi.

By reference to plate I, it will be seen that these bottom lands are situated in

that part of the great basin of the Mississippi where the precipitation of

rain is nearly at its maxhnum, the average annual downfall being about aowufau of rSu^°

45 inches. It has ah-eady been shown in Chapter IV that their sub-

stratum of clay and thick growth of forests render both absorption and evaporation

very slight, and that by far the greater part of their rain-water is therefore discharged

* This remark needs some qualification for the Tensas bottom, there being no upland on the right hank of Kcd
river for nearly 100 mUes from its month. Thus, whenever there was a coincidence in the Hoods of that stream and
of the Mississippi, a part of the water from the Tensas swamp did not return by Red river, but poured over its banks
into Atchafal.aya basin, and eventually discharged into the gulf through the draiuiug bayous of that region.
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into the Mississippi. The presence of tliis rain-water in the swamps in the spring of

• the year constitutes an important element in their action upon the floods.

In their former condition, these regions were always more or less flooded in the

spring by Mississippi water which escaped into them through many bayous, both

large and small, and over the natural banks. At present, levees to ex-
Their influence ini. i ,• i ^ ^ re • ^

upon the Missis- tlude this Water are under construction, anil are already suihciently
sippi in former •ni • i-i mi
times to be de- advanced to modifv materiallv the action or the swamps. Their eiiect
duced from the ^
measurements upon the flood of 1858 was accurately measured, and it is proposed,
and facts col-

J^ _

' ^
_

lected by this ^j-gf to analyze this efl"ect, and, second, to endeavor to deduce from it
Survey. ' -^ 7 » ?

and from such other facts as can now be a.scertained, the influence ex-

erted by these so-called reservoirs upon the great floods of former times, when the

natural condition of the country remained undisturbed. The Yazoo bottom is selected

for this investigation.

The tables of discharge of the crevasses into the Yazoo swamp, and uf the Yazuu

river into the Mississijipi in 1858, already given, show that during the last great rist'

of that year the discharge of the crevasses, from having been much

charge to a n d Icss than the discharge of the Yazoo river, suddenly increased greatly,
from the Yazoo

,

'"

, i i • i" i i ,^ ,> /
bottom in flood throuyli the occuiTence oi many new breaks in the u]ii)er liall ot the
of 1858. "^

,
'

.

swamp front, so tliat on June 28-29 it became equal to the Yazoo river

discharge, or 130,000 cubic feet per second. During the six days from July G to

July 11, when the volume entering the swamps through the crevasses was at its

maximum, or 212,000 cubic feet per second, it exceeded the discharge of the Yazoo

river l)y 80,000 cubic feet per second. By July 16, the crevasse and river discharges

became again equal, being about 137,000 cubic feet per second. After that time, the

crevasse discharge continued decreasing rapidly, so that by July 28 it was only 3000

cubic feet per second, Avhile the Yazoo river discharge was 140,000 cubic feet per

second.

The Avater in the swamp began to rise in the latter part of June, and reached the

liighest mark along the mid-length of the swamp at dates nearly corresponding to the

beginning of the decrease in supply from the river, showing that the changes in the

swamp were rapid, and that the water, pouring tln-ough constantly enlarging inlets

into a nearly empty swamp, passed through it like a wave. For these reasons the

Yazoo bottom must have served as a reservoir in tin's flooil. The extent to \\hich it

thus acted may be computed in the following manner.

It has ah'eady been explained in this chapter that, of the vuluine discharged by

the Yazoo river during tlie period now considered, 30,000 cubic feet per second was its

own rain di-ainage, leaving 103,000 cubic feet per second for the amount of crevasse-

water returned to the ^Mississippi at the period of maximum crevasse discharge, A\hen

tlie swamp was receiving from that river 212,000 cubic fert per second. Tlie dilleronce
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between the two, or 100,000 cubic feet per second, was then tlie quantit}- hekl back

by the swamp.

Let us now endeavor to determine wliat would have taken phico, if the river had

not been leveed. In former times the effect of the river ujion the

swamps began when the rising water surface attained the level of the wen-estab-

beds of the connecting bayous, that is, when it rose to within some 10 tive to the floods
. „ , ^ , 111 nil (' , fv , ;

'° these bottom
or 1.5 feet of the top oi the natural banks, ilie hrst eiiect was to stop lands before le-,,. . vees Tvere con-
the discharge ot these bayous, and thus to accumulate the rain-water m structed.

the swamps. Even the Yazoo river itself, at tliis phase of the flood,

was sometimes backed up so as to discliarge no water into the Mississijipi. In general,

however, the amount of rain-water in the SAvamps was so large that the discharge f»f

this Stream into the l\Iississippi continued without any cessation from the beginning of

the rise. The Mississippi continuing to rise, the water poured into the bottom lands

through the numerous bayous and finally over the natural l)anks.. It is a well-

ascertained fact, attested by those familiar, from personal observation, with those great

bottom lands, that the water in the swamps continued to rise as long as the river rose,

readied its highest level at the same time icitli the river, and began to fall when the river

began to fall. This f;ict leads to the solution of the problem of the general effect of

those swamps upon the floods of the river; for the water in the swamp being always

several feet below the high-water surface of the Mississippi, the existence of such con-

ditions as those just described can only be accounted for by supposing the discharge

from the swamp back to that river by the great swamp drain to have gone on increasing,

as the water in the SAA-amp increased, until at the top of the flood it was equal to the

dischai'ge from the Mississippi.

This necessary inference from one observed fact is confirmed by another. It is

the testimony of every intelligent resident upon the main draining rivers of these

bottom lands, that in the great floods, before levees were constructed, there was always

a iiowerfnl current ])ouring into the 3Iississippi at the top of the flood. Many assert that

the current exceeded in velocity that of the Mississippi itself. This was particularl}-

noticed at the mouth of Yazoo river in the floods of 1828 and 18.50, and at the mouth

of the St. Francis river in those of 1844, 1849, and 1850.

From these two well-established facts, each independent of and
Necesaary in-

perfectly consistent with the other, it must be infeiTcd that in gi-eat ference, that in
• •! C3 their unleveed
flood-years, before levees were made, the flood-wave received about as condition they

' ' did not act as

much water at the foot of each of these g-reat swamp regions as it had reservoirs at the
'^ 1 o date of high

lost in passing along their fronts; and hence that thej' exerted no sen- '"^'^sr.

sible influence uijon the maximum dischariic at points below them. This idea to be
^ o i tested by the

Let us now see how these conclusions accord with the numerical measurements
made m 1858.

data collected re.specting the flood of 1858 in the Yazoo bottom.
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Wc must first ascertain what would have been the discharge into the swamp,

had no levees existed. The high-water mark was about 4 feet above the bank along

the Yazoo front. From April 23 to July 20, the river surface along that

Probable dis- {yQn^ -^yj^g j^^t at any time less than 3 feet above the bank. Tlie river
charge into tne -^

Wees'es^suid"" '\\ould then have been discharging a large volume into the swamps for

a period of two months jirevious to the anival of the great June flood.

What the amount of tliat discharge would have been cannot be computed with exact-

ness; but the volume actually discharged through the crevasses on both banks from

the head to the foot of the Yazoo swamp during that time (50,000 to 60,000 cubic

feet per second), and the amount of the reduction of the river discharge required to

sink its .surface to the level of the bank, and the proportional efl'ect of the swamps on

either bank,* indicate that it would have been not less than 110,000 cubic feet per

second into the Yazoo swamp, and 55,000 cubic feet per second into the Tensas

swamp, making a total of 165,000 cubic feet per second. What would have been

discharged into those two swamps at the top of the flood may 1)0 estimated in a

similar manner. It would probably have been for the Yazoo swamp 270,000 cubic

feet per second, instead of 212,000, and for the Tensas as for as Vicksbm-g, 140,000

cubic feet per second, instead of 60,000.

The next points to be considered are the probable depth of ovei-flow in the Yazoo

swamp which would have been caused bv this discharge, and the conse-

This value re- fpieut probablc amouut of the discharge back to the river. The history

ormuch^water of the actual ovci'flow iu 1858 has already been detailed in Chapter I,

from the swamp , . . ,
, n • i i i

in order to ac- auci it IS ouly uccessaiy here to recall to mind that there was verv
cord w^ith the

. ." . i
"^

• i i i i •

probable depth littlc JMississippi ovcrflow lu that swamp—thouah mucli rain-water ot
of overflow.

• i i

^

its own downfall—when the top of the June flood came do\\n, and,

breaking the levees, raised the swamp water in twentv days to

the level of the flood of 1828 in the Bogue Falaya, and even as far as the

Sunflower river, which is about midway between the Mississippi and the hills. Kear

the eastern border of the swamp, however—at ]\IcXutt and Greenwood—where the

general level is several feet below that near the Sunflower, the ovei-flow in 1828 was

2 feet deeper than that of 1858. Now, knowing the area of this swamp (Chapter I),

it is easy to compute that if—with the supposed discharge into it coiTesponding to

its unlcveed condition—the discharge of the Yazoo river in May, June, and July,

1858, had been equal to that actually measured during that time, the ovei-flow from

the ]\[ississippi would have raised the surface of the Avater throughout the entii'C region

to the level of that of 1828 by the 1st of June, a foot above that level towai'd the

*Tho Tensa-s swamp w.is coinp.aratively well protected ag.iinst the Hood of is,'>!j. If there had been no levees,

the discliar';o into tlio two swamps would have beou distributed between them iu proportiou to the exteut of their

fronts, that is, iu the proportiou of 2 to 1.
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latter \yM-t of that month, and a foot and a half above it by the 8th or 10th of July.

But there are many considerations* wliich lead to the conclusion that the depth of

ovei"flow would not have ditFered greatly from that in 1828. Hence the supposed dis-

charge l)ack to the Mississippi used in this computation was much too small. The

swamp could not have acted as a non-returning reservoir, even to that extent, but

must have discharged a much larger volume l>ack to the Mississippi.

We are now to see what relation the })roIjable discharge of Yazoo river Ijears to the

discharge into the swamp at the top of the tiood. As the dejjth of the

overflow in the swami) and th(^ duration of the flood would not have ^."^^^^ probable
^ discharge of the

been materially difitrent from tlie.se quantities in 1828, the discharge
locates "hat "at

back into the IMississippi would have been nearly the same as in that much^ate^r es^

flood. But, as already stated, the strength of the current at the top of swamp "^a™ eu^

that flctod was estimated, by those Avho oltserved it, to be even greater

than that of the ]\Iississippi. Now the mean velocity of the Missi.ssippi,

from the mouth of tlic ( )hio to tlie gulf, at tlie top of such a flood as that of 1858, is G.O

feet per second.f It may, then, be assumed that the mean velocity of the Yazoo river

at its mouth, at the top of the flood in 1858, would have been G.O feet per second, had

no levees been constructed. Since the area of cross-section was 50,000 sqnare feet, this

gives a discharge of 300,000 cubic feet per second. This quantity is ideiitii-al with the

probable discharge from the ]\Iississippi into the swam]) (270,000 cubic feet per second),

allowing 3o,000 cubic feet per second for tlie proper drainage of the Yazoo basin.

Hence tlie proposition that the swamp coulil not have acted as a reservc)ir at the top of

the flood is perfectly consistent with the other probable conditions.

It is not claimed that the iireceding figures are minutely accurate, but they are

sufficiently so to demonstrate, first, that the great Yazoo swamj), even

when unleveed, cannot have acted as a receiving, non-returning re-
' ^' o Preceding

servoir, inasmuch as the water marks now e.xistln"' are much too low to ^"^'yf'»
deruon-

' o stratesthat
admit the possibility of such action ; and, second, that the conclusion ia^nds^°ev'e'u

logically derived from the reiterated statements of actual witnesses of ^uid uot^have

the old inundations, namely, that the discharge from the swamp to the at date of high

nver at the top of the flood was equal to that from the river to the

swamp, is perfectly consistent with the probable numerical Aalues of

these quantities resulting from the operations of 1858, as well as with

the actual depth of oveiflow in the swamps themselves.

*Near the head of the Yiizoo swamp, the Missittsippi wm about 1.5 foet higher iu 18."i8 thau in l&iS, while at the
foot it W.I.S about 0.6 of a foot lower. At Natchez, in 18i-i, the river stood diiriug two months within a foot of the top
of the flood, .and during four and a Iialf mouths, within 4 foot of tliat mark. In 1858, the river there stood for nearly
three mouths (two mouths and three weeks) within a foot of the top of tlie flood, and for more than four mouths withiu
four feet of that mark.

t At Columbus it was 8.5 feet iier second, and at Vicksburg 7.1 feot [ler second. 15ut these wore narrow places,

with sui.allerare.os of cross-section than the mean. At Carrollton, where tlie area of cro.ss-sectiou is a mean of that

part of the river, the velocity was 6.2 feet per second.

48 H
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The followiiit;- final conclnsioiis respecting- these swani]) regions in their iinleveed

_ , C()n(liti(»n must therefore he considered estahlished. First, thev jn'O-Conc 1 u s 1 o n s ' .' i

LILIt^'^'V^^i'^'^® diiced no efTect wliatever upon tlie vohune nt' the niaxiiuuni discharjreenect of these » cj

HpmiThe' floods ^'^ *^^^' Mississippi, ahove or hclow them, in great flood years. Second,

Bippi''
'*'^'S"

tliev did re(hico tliis vohune along tlieir fronts, and by an amount

wliich increased from their upper to tlieir lower limits.* Third, they

retarded both the rising and the falling of the river at all points below them. Fourth,

they tended to increase the duration of the floods tln-oughout the alluvial region.

It may he added that, in their ])re.sent semi-reclaimecl condition, they do serve as

reservoirs, inasuuichas the levees keep the swamps comparatively empty until near the

top of the flood, when they break and relieve the river of a part of its excessive

volume.

Aiiali/tical comparison vf great Jioods.—The foregoing conclusions having been

readied, we may ])roceed A\itli the discussion Avhcthcr the flood of 1858
The extent of _

"

this comparison, may be safelv ado))fed as the standard in t'stim.iting the extent of the

artificial works reipiired to protect the country from overflow in the

future. "^I'lii.s can only l)e determined by comparing it with the other great flooils, whose

histories, so far as they can now be learned, have already been given in ( 'liaptcr II. It

is there shown that the data in relation to those prior to the year 1828 are of too vague

and general a character to be used for the present purpose; that none of those subse-

quent to 1828 were erpial to that of l.sr)8 at the head of the alluvial region, and hence

that the latter is a fair .standard for all points above the mouth of the Arkansas; and

lastly, that the floods of 184 I and 1S41) below that ])oiiitwere similar to and manifestly

less than that of l.S,5(), and hence that an especial study of them is unnecessary. These

facts reduce the present discu.ssion to an analytical comparison of the floods of 1828,

1850, 1851, and 185'J, with that of 1858. They will be treated succes.sively in an

inverse order of date.

1. The flood of 185'J has already been so elaborately descrilied and discussed in

. , ('hanter II, as to render a detailed notice of it unnecessarv here. The
Analysis of ' '

1859*^°°'^ °f full information collected respecting it, together with the known rela-

tions between the stand of the river and the discharge at the several

localities named in the following table (subject to the modifications soon to be noted

in this ch.ijiter in discussing the height reipiired for the new levees\ renders it easy

to apply an ajiproximate analysis similar to that adopteil for the Hood of 1S5S. The

following table exhibits flu; result:—

* It must not be infurred that they diiniiiished the hiiijht of the flood in precisely this manner, since the back-water

occasioned by the returning volume mnst have been felt for a considerable dist.iuce above the foot of the swamp. The
etiectof the return of water at the foot of a great Bwami) in anomalously raising the river surface will be fully illus-

trated in discussing the Hood of 1S51 at the mouth of Red river.
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Flood of 1859 compared tvith that of 1858.

379

Locarit,v.
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known gaug-e-readiuu' at tlieir upper inoutlis tlicir daily (liscliargp durino- the flood, as

given in the next table. (See Chapter I^^)

All crevasses oeeurring- lietween Red-river landing and New(Orleans were accurately

surveyed, and all data necessary to determine their daily discharg-o secured. There

were eight of these crevasses, of whiidi two, Nos. 7 and 8, were Ix-low the velocity-base

at Carrolltnii. The following table exhibils all the t-lcincnls which (exclusive of the

dail}^ gauge-record) are es.sential to a coniputatlou of the disctiarge of tluj.se crevas.ses

by the formula' already explained :

—

Crerasses in flood of 1851.

i

so

1

o

3
4

5
6
7

8
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comparison, that measuved at Carrollton is .dded, toget].er with the .lis.haroes of the
crevasses and of the two bayous. °

'

Discliar[le iier secoml in 1851.
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Discharge i)er second in 1851—Continued.

Dat«.
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Tliis second- fact is that the crevasses in 1.S51 had scarcely any influence upon

the actual maximum discharge in that year, and hence that they tlid not

materially modify the high-water mark. This result is very different showslhat^Mr*

from that arrived at by Mr. C^iarles Ellet, Jr., who conducted, under the fiofis ^reTpecting

authority of the United States Government, a system of measurements ureiy'enoiieou's"

in 1851, sinuiltaneons with those of the present Survey. He reported

that "if it he determined hereafter to rely exclusively on levees, and prevent the occur-

rence of crevasses altogether, these levees, to sustain a flood like that of 1851, nuistbe

made from Red river to New Orleans, competent to resist an increase of ten per cent,

in the volume discharged by the river; or, in the view of the writer, at least 2 feet higher

than the present banks. Tliis condition, it is apparent, would involve the entire recon-

struction of the embankments on both sides of the river; and hence, in order to rda'm

)iierclij (he crerasse-watcr of this year, the levees must be entirely reconstructed, and

made 2 feet higher; or new outlets must be opened competent to vent 100,000 cubic

feet per second—which is more than the volume now drawn from the IMississippi at

high water by tlie Atchafalaya itself"

Such contradictory conclusions as these, in regard to matters of so great practical

importance, seem to demand some inquiry as to the causes of discordance. The data

and the reasoning of Mr. Ellet will therefore be briefly examined.

His opinion that "in order to retain merely the crevasse-water of this year, the

levees must be eutirely'reconstructed and made 2 feet higher," is founded

solely upon his belief respecting the amount taken from the river by da^auponwhich

crevasses at the date of actual high water. This cpantity he computed baaed^'"'""
'^

to be 100,000 cubic feet per second by the following process.

On April 26, when the river had fallen 2.3 feet, he gauged the Mississippi below

the mouth of Red river, and found the actual discharge per second to be 1,054,000

cubic feet. By his formula, whose errors have ah-eady been illustrated in Chapters

III and V, he computed that at high water the discharge per second must have been

80,500 cubic feet more. Hence he inferred that at the date of high water the discharge

per second at Red-river landing was 1,134,500 cubic feet. Plate XVII exhibits the

relation of his single observation (there indicated) to the true maximum discharge; and

hence the radical errors of any such method of determination. If he had happened to

make his measm-ement on March 17, the date when the rising river had attained to

the same stage as that of April 2G, he must, by the same process of reasoning, have

inferred that the discharge at the date of high water was 100,000 cubic feet per second

more than his actual result; hence that the crevasses discharged double what he

actually computed, and hence that the levees from Red river to New Orleans ought to

be raised four feet instead of two, m order to restrain this flood. It is plain that a senes
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(if il,iil\- iiicnsiircnifnts nlouo cim 1)c depeiideil uiniu ior settliiij^' so ini|)ortimt an ek'incnt

1)1' llic (•(iin|iutivti(iii. This ])l;ni, as alroadv seen, was earned out by tliis Hurvey, and

llie result (see last talile hut one) sliows that the actual dischai\i;e per second at Red-

rivei- hnahui;' at the date of hi;^!i water Was 1 ,1 HINDOO eiihic feet, or (;i,r)(»() cuViic feet

nuire than Air. I']lli-t cdniiiute"!.

]\lr. Kllet next eoui[)uted the hii^h-wafer dischaii^c of the I\Iississi|([ii helow New

Orleans at the top of llic flood 1>\' precisely the same process. He gauged the river at

a point 11 miles below the city on April 1(1, when the water had sultsided 0.5 of a foot,

and found the discharge per second to be !I7'.I,"_' 10 cubic feet. Aihling ir),7(;o cubic

feet, the anunint indicated l)y this t'orniula, as tiie diminution caused by the subsidence,

he inferred that the discharge per secontl at hiiih water was '.»!ir),000 cubic feet. Pro-

fessor Forshey's actual measurements at ( ^arrolltou (see last talile lint one) slanv that

at that point this (piantity was 1,111,000 cubic feet. Oidy one crevasse (No. !S),

between Carrollton and the point where Mr. EUet made his gauging, was flowing at

the date of high water (March L'7-."iO). (Jn March 2r», l)y actual measurement, this

break was l;50 feet wide by (i feet deep, and its discharge [)er second was therefore

GOOO cubic feet. Deihicting- tliis amount from the measured high-water discharge i)er

second at (^Jai'rollton, we have for the true high-water discharge per second at the site of

Mr. Ellet's gauging 1,105,(»00 cubic feet, ov 1 10,000 cubic feet more than he computed.

Mr. Ellet's next stej) was to determine the discharge of bayous Plaijuemine and

La Fourche. He does not mention the dates at which he g'auged these bayous, but

states their high-water discharg-e per second to be respectively 28,500 cubic feet and

10,200 cubic feet, giving 38,700 cubic feet for the discliarg-e per second of the two.

The detailed operations of this Hiirvcy (see Appendix D) show that these (piantities

should be 35,000 cul)ic feet, 11,500 cul)ic feet, and 46,500 cubic feet, respectively.

Mr. ]'lll(^t's discrepancy here, then, is comparatively small, being' only 7800 cubic feet.

These three fjnantities form the basis of Mr. Ellet's determination of the discharg'e

(if the crevasses at the dat(^ of liigh water, 1851; for he argues that they must have

discharg^ed the (|uantity fmnid by subtracting- the discharge of the two bayous from the

dilTereiu-e l)etween the actual dischaige bcdow IJed river and that below New Orleans.

The following is tlie computation:

—

At date of high water, 1851.
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Tliis table shows that, granting Mr. Ellet's reasoning to be correct, lie was led to

apprehend more than double the real difficulty in restraining this flood,
, 1 ^ 1 • 1 .., .11 /.I They account
by the errors he made in determmnig the numerical values of the quan- for oue-haif of

titles which enter his computation. The computed discharge per second

of the crevasses at the date of high water, which lie made 100,000 cubic feet, should

have been only 45,000 cubic feet.

The next point to be illustrated is that the foregoing train of reasoning, upon

which Mr. EUet bases his estimate of what is necessary to restrain the

flood, is essentially erroneous. His method of computation is based "^^^ °^^^^. ^^"
' -J 1 viras occasionea

upon two assumptions: first, that whether the levees are broken or not,
^Jasoning^"^^"'*'

the date of actual maximum discharge at any locality remains un-

changed, and hence that what this discharge would be with levees perfected may be

computed by adding to the discharge at actual high Avater the quantity then escaping

by crevasses; and second, that the dates of maximum discharge and of highest water

are necessarily identical. Neither of these suppositions is admissible. The first is

clearly shown to be erroneous by the curves of daily discharge with and without cre-

vasses, in the floods of 1851 and 1858, exhibited by plate XVIII. It is evident from

this diagram that, had no crevasses been discharging below Red-river landing at the

date of actual high water (about April 1), the discharge would not have been sensibly

greater than that which was actually passing prior to the occurrence of any break in

the levee, say about March 15. Hence, if Mr. Ellet's second supposition were correct,

the high-water mark was absolutely unaffected by crevasses in this flood, instead of

being lowered 2 feet as he supposed. In other words, his reasoning, applied to the

actual conditions existing during this flood, leads logically to the conclusion that the

levees, as then made, were of sufficient height to protect the country from overflow.

Mr. Ellet's second supposition, however, is erroneous, as has already been fully

shown in discussing the subject of local slope in the last chapter. The

flood of 1851 at Red-river landing illustrates this subject very prettily,
correct ex la

as may be seen by inspecting plate XVII. From Mai'ch 15 to March compVex^phe^

19, the discharge per second remained uniformly about 1,200,000 cubic edTy"this''flood

feet. At this time, Red river was pouring out a flood sufficient to sup-

ply the entire discharge of bayou Atchafalaya, and to contribute besides

nearly 100,000 cubic feet per second to the Mississippi througli tlie channel of (31(1

river. (See Appendix D for details of measurements.) Floods from Red river, how-

ever, are of short duration, and this was the case in the present instance. By March

23, the supply had diminished somewhat more than 40,000 cubic feet per second, and

the rate of rise at Red-river landing began to be retarded, as usual Avhen the river is

about to fall. But at this date the water from the Lookout crevasse (see Chapter II)

began to pour in large quantities from the Tensas bottom lands into Red river, and,

49 n
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ioinliio- tlirougli Old river tlie gradually increasing discharge of the Jlississippi from

above, produced a second gradual increase in discharge at Red-river landing, until on

]\[arcli 29-31 it became sensibly equal to wliat it had been on March 15-19. The

stand of the i-ivcr, though, was 2 feet higher titan at that date. Tliis result, apparently

so anomalous, is really perfectly in accordance with the principles which govern the

changes in local slope. The diminution in the supply diminished the local slope, and,

had it continued, would soon have produced a fall in the river. This was not actually

the case, because a second increase in the supply took place, occasioning a new

increase in local slope. But this new increase in slope was added to a primitive slope

smaller than it would have been had no dimimdion in supply previously occurred. Hence a

hirjher stand of the river iras necessary to carry off the increased discharge. Tliis important

tact is well illustrated by the diagram (plate XVII). When the discharge began to

decrease, the gauge read about 44.5. If the increase of aboiit 40,000 culnc feet per

second, which actually occurred between March 23 and March 30, had occurred at

this time, the curve shows that

—

ns actually u-as the case in 1858—the river would have

risen about 1 foot higher, or to about 45.5 on the gauge, and would at that stand

—

which was 1 foot lower than the actual height attained—have discharged 40,000 cubic

feet per second more than its actual maximxim discharge in 1851. Hence it is clear

that the Lookout crevasse, so far from lowering the high-water level at Red-river

landing in that year, actually raised it nearly 1 foot by its mischievous influence upon

tlic local slope.

'What the height of the flood of 1S51 would have been at points below Red-river

landing, considering the crevasses above that point to have occurred as

Probable height tlicy did occiu', and those below it to have been prevented by better

uuder certain Constructed levees, can be easily estimated from the discharge of the
modified condi- . . i i i /> i i mi t-. -t.

tions. crevasses given m the table before the last. Ihus at Ijaton Rouge, at

Donaldsonville, and at Carrollton, these quantities being on April 1

about 30,000, 40,000, and 40,000 cubic feet respectively, the increased height of the

flood would have been about 0.7, 0.7, and 0.5 of a foot respectively. If there had

been no crevasses above or below Red river, the flood at Carrollton would have risen

0.3 of a foot higher than the height actually attained.

3. For the flood of 1850, the data are too meagre to admit of the close analysis

which has bcou aj)plied to the floods of 1859 and 1851. Indeed, for

ill thL°uppe'i river ^'"^ region above the mouth of Red river, none can be attempted. It is

certain, however, from a comparison of the high-water marks of the two

years in the river itself and in the great swamps, that the flood of 1858 was the greater

of the two in the upper river. If we bear in mind the principles already laid down

relative to the action of these swamps, the following computations—leased upon the

surveys maile Ix'lnw Red-river laiuliug by the field j)arties in 1851, and upon tlie facts
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collected by them or derived from published documeuts of the State of Louisiana

—

render this equally certain for the lower river.

The dimensions of all the crevasses between Red-river landing and New Orleans

were measured by the parties of this Sm-vey, and all facts bearing upon

their discharge determined. The following table exhibits the data col-" " Data for com-
lected. The bank in front of crevasse No. 1 was caving badly, and it

pyting the dis-
o •' ' charge of the cre-

is probable that from this cause the width of the crevasse as measured
Rea^. river ^and^

at low water was greater than when it was discharging. Crevasse No. 2 "^^'

occurred where the levee crosses a neck of land, and where the supply

of water was therefore indirect. Both of these crevasses, as well as No. 6, where the

levee Avas several hundi-ed feet from the edge of the bank, occurred where a dense

growth of timber prevented the free flow of the water. These facts indicate that their

discharge as computed by the usual foiTouhii should be corrected by the coefficient

deduced for the breaks into the Yazoo swamp in the flood of 1858. The exact date

of occurrence of several of these crevasses is somewhat uncertain, but no material error

in this res]ject can have been made.

Crevasses in the flood of 1850.

o
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hence, how much the water surface would have been below the liigh-water level of

1851. Multiplying this number by the ratio of the total ranges of the river at a point

(33 4\
TjY )i the depth below high water of

1851 at the three crevasses is determined. Deducting 0.4 of a foot for the recorded

height of this flood above that of 1850 at this locality, we have a set of relatively cor-

rect depths below the high water of 1850 at the three crevasses. But the recorded

date of this high water -was Blarch. Hence the difference between the depths com-

jiuted for this month and for any one of the rest, deducted from the maximum deptli

given in the above table, leaves the true depth of the crevasse in that month. At Red-

river landing, the flood began to subside on June 11. There Avere oscillations prior to

this date, but, as no record of them was kept, the river has been assumed, in the com-

putation of the discharge of crevasse No. 1, to remain at high-water mark. Crevasses

2, 3, and 4 were midwaj- between Red-river landing and crevasses 5, 6, and 7. Hence,

for their depth in any month, one-half of the depth of water surface below high water

of 1850 at the latter was subtracted from the maximum depth given in the above table.

The following table exhibits the result of the computations :

—

Mean discharge per second of crevasses in flood of 1850.

18,50,

J.aiinary...

Fobniary ..

March .. ..

April
May
Juijo 1-15.
June IH-oO

.

Right bank of tbe river.

Cii. fcil.

3, 000
7,011(1

10, 000
i:!, 000

5, 000

Cu. feel.

S, 000
r>, 000
G, 000

7, 000

4,100

Cu. feci.

IG, 000
28, 000
33, 000
3i), 000
24,000

No. 4.
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tlie river would have stood in that month, if this crevasse had not occuri'ed; and

vasse discharges in the two years. No actual measurements of the maximum discharge

at Berwick's bay in a great flood have ever been made, but the difference in this quan-

tity in the floods of 1850 and 1851 may be computed by the new formulae, since all the

qixantities upon which it depends Avere measured. The corresponding difference in

rain di'ainage may be determined from the observations made by the Medical Depart-

ment of the United States Army. The corresponding differences in the bayou contri-

butions result from the measurements of tliis Survey. The discharge of the crevasses

in 1851 has been already given. These quantities all being known, the exactness of

the last table evidently admits of a direct test. The numerical value of each of the

quantities which enter the computation will now be considered. ,

The high-water dimensions of cross-section, and the elevation of A\'ater surfoco

above the gulf, at Brashear City, were determined for the floods of 1850

and 1851. The distance from Brashear City to the gulf level is about 15 Diflference in
., .„, ,,.,.,. , , , maximum dia-

miles, ihe cliannel in this distance undergoes great changes, so that charge of Ber-
. . , . , Til f 11

'Wick's bay In
the viean dimensions of cross-section which correspond to the known fixll i850 and i85i.

of water surface cannot be infeiTed from the known cross-section at

Brashear City. The absolute maximum discharge in neither of the floods, then, can be

computed. This is not true for the relative discharge, hoAvever, since the variations in

the cross-section and slope at Berwick's bay are both known. The diflference in the

maximum discharge in the two floods, as just seen, is all that the present problem

requires. The following are the data for its determination, and the result of the

computation:

—

Tear.
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than in April, 1851, discharged 10,000 cubic feet per second more. Bayou

Difference in Plaquemiue, being about 2 feet lower, discharged 6000 cubic feet per
corresponding - . _,, , . , l t ,•

-i i • • ^ n~ /\ ibayou dis- sccoud Icss. 1 he quantity entenug the Atchatalaya basui ui I80O by
charges.

these bayous was then 10,000 — 6000 z= 4000 cixbic feet per second

more than in 1851.

From the table before the last it appears that the discharge of the crevasses in 1850,

when the water was highest at Bra.shear City (June 1-15), was

Difference in 124,000 cubic feet per sccoud. By the table on pao^e 381 it appears
computed ere- ' •' ^° ^'^

vaase discharge, that iu 1851 the Corresponding discharge (April) was 30,000. The

difference, 94,000 cubic feet per second, was then the difference of

crevasse discharge in the two years.

Hence the difference in discharge at Brashear City in the two years, if the compu-

tations of the crevasse discharges in 1850 are right, was 15,000 +
^^Resuit of the

4,joq ^ 94^000 zz 113,000 cubic feet per second. The computation

of this difference by the general formula gives, as just seen, 132,000

cubic feet per second. A discrepancy of only 19,000 cubic feet confirms the exactness

of the determination of the quantities entering both computations, especially as it may

be accounted for by the fact that Red river was over its banks at the mouth of Black

river, and hence that there was probably some OA'erHow into Atchafalaya basin in that

vicinity.

What Avould have been the maximum chscharg-e l)elow Red-river landing in 1850

provided none of the levees below that point had broken, may now be
Flood c o m -

^

pnred with that ascertained. The actual discharge per second at Carrollton nia>' be
of 1858.

_ . . .

'

clo.sely determined for any day on which the gauge-rcatling is known,

by means of the curve on plate XIV. Adding to this quantity the coiTesponding lUs-

charge of the crevasses given in the table preceding the last, we have the following

result :

—

Discharge at Carrollton in flood o/1850.

January ...

February ..

March
Ainil
May
June 1-15..

Juno 16-30

.

TT-„i.„„» i: i
Actnal discharge per aoc-

I
Biscbargo per s(*con»l with

n.ghestgange.reading. ^^^ (See plato SuV.) I levWperfected.

Feet.
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Any measures calculated to restrain a flood like that of 1858 nuist then he ample to

restrahi a Hood like that of 1850.

4. The Hood of 1828 occurred so many years ago, and under conditions so dilFerent

from those now existing, both in resijoct to levees and cut-olTs, that it . ," ' J " Analys is of
ought perhaps to be classed with the traditional floods, which cannot fe°ss'^exLt than

now be satisftictorily analyzed, because we cannot be sure of the essen- ha^°e^ ^p^cVded

tial facts upon which their discussion depends. This view would be
"'

taken, were it not for the extravagant ideas prevalent respecting the flood, which

render some general discussion of it advisable, if for no other reason than to fix an

approximate limit beyond which it would be idle to entertain fears of inundation

It is therefore to be borne in mind that this analysis is of a different character from

those which have preceded it, being offered with )io pretence to the same accuracy

Grounded, liowevei-, upon all the recorded facts which a diligent search has Ijrouo-ht to

light, and conducted upon the principles which actual observations have indicated to be

true, it is considered to be as complete and exact a discussion of this Greatest of all

recorded overflows as can now be made.

The St. Francis, Yazoo, and White river swamps were entirely The northern

unprotected by levees. Therefore, as already explained on pages may°be di "r^e^

375-6, they produced no eflPect upon the high-water level below cu'^ssin'^ thfa

Vicksburg, and may bo neglected in discussing the flood for Louis- ana,

iana.

The Tensas bottom was flooded to such an extent that, opposite Natchez the

water level in the swamp was nearly the same as in the river. Escap-

ing in vast quantities at the southern border of this region, the water the°floo'd fn

encountered a great flood in Eed river. No natural channels existed

for the discharge of such an immense accumulation. The result was an overflow of

the entire southern bank of Red river from Alexandria to its mouth (excepting the

Avoyelles prairie), and of the bank of the ]\Iississippi from the mouth of Red river to

the head of the levees, which then extended nearly up to Red-river landing. This o-reat

waste-weir saved the region bordering upon the Mississippi below the head of the

levees from inundation, only one serious break—that near IMorganza—occurrino-

below that point.

These recorded facts show that the analysis of the flood is really more simple than

that of any of those already discussed ; since it is only necessary to

determine how much water escaped through this natural waste-weir, analysis." *
^

the bayous and the crevasse, in order to determine what the maximum

discharge would have been, had the levees been perfected.

The object, then, is to ascertain how much water would have been flowing in the

Mississippi just below the mouth of Red rivei', in the flood of 1828, if all the river-water
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discliavg-ed into the Tonsas swamp had been returned to the ]\Iississippi at that point

(or, what is the same thing, if the overtlow of that swamp had been retained in the

river), and if all the water discharged into the Mississippi by Red river had been

retained. This quantity is equal to the actual discharge of the Mississippi below

Plaquemine, plus the volume lost into the Atcliafalaya basin by Red river and the

Mississippi.

The first step is to ascertain the actual high-water discharge of the river below

Plaqnemine, from which point to the gulf there was no lateral discharge

charge'^of^ th^e excepting through bayou La Fourche. The gauge-records at Natchez

beiow^ the ?ast for 1828 indicate that the river remained at full-flood stage near the
poiutvehere i/./. • i ii • ^ t i • n n i •

any overflow gulf for a Considerable period. Its elevation at Larrolltou during
occurred.

-, ^ • ^ ^ i t ^ 111 • 1
that period liavmg been notetl, the discliarge can be closely estimated.

(See plate XIV.) It is to be observed that, when the river at Carroll-

ton is within 3 or 4 feet of the flood height, the difference betwen the rising and fiill-

ing discharge at the same gange-reading is 90,0()0 cubic feet per second, and between

those conditions and a stand of the river at the same height, the difference in discharge

is one-half that quantity. Hence the discharge below Plaquemine at the highest stage

of the river in 1828 (gauge 15.2) was, according to the diagram, 1,110,000 cubic feet

per second.

Volume lost Tlio iiext step is to determine the volume discharged into the
into Atcliafalaya

_ i r- i i • i •

basin next to be Atcliafalaya basiu at the top of the flood, from Red river and from the
considered.

. . .
'.

Mississippi.

In the analysis of the flood of 18,50, it was shown that the xVtcha-
It can be de- "

duced from the falava baslu drained into the sea through Berwick's bay, and that tlie
measurements at •' ° '

Berwick's bay. difference in discharge at this point between two floods can be computed

by the general formula (equation 40), the cross-sections and elevations

above the gulf being known. These quantities were measured* for the floods of

" lu assuming that tho greatest discharge through Berwick's bay took place at the top of the flood in 1S28, the

luoet unfavorable ease is taken. Tho assumption is probably correct for that flood, since tho discharge from Red river

and from the Mississippi was almost entirely over banks and through bayous, and only to a small amount through

crevasses.

If it be objected that the area of the channel at Berwick's bay has been diminished by the deposit of sedimentary

matter since 1S2S, it may bo replied that the soundings of the Survey in 1853, and those of Mr. Bayley, Chief Engineer

of the Opelousas railroad, in 1853 (see Appendix C), were made upon exactly tho same line, and that no change what-

ever occurred between those dates. Tho location of tho soundings made by Professor For.shey, in 1851, could not bo

determined with suflicient precision in 1858 to admit of remc.asurement, and none was therefore attempted. So far as

actual soundings are concerned, then, there is no reason for supposing any diminution of area since 1828. The samo

conclusion is suggested by the following general considerations: the average number of days in a year duriug which

water was flowing over the banks into tho Atchafalaya basiu at tho epoch of 1828 was small ; crevasses draining to

that basin have generally occurred in the great floods since 1828 ; tlio bayous discharge certainly as much now as they

did formerly ; there is, then, no reason for supposing that the scouring power has materially diminished since 1828.

Moreover, tho maintenance of tho depth of the channel is not in reality dependent upon the strength of the current

during river floods, but upon the .almost entire absence of .sedimentary matter transported by the water. This is

evident from the following consideration : the Atchafalaya river flows from a lake; tho bayous that supply that lake,

deposit at their mouth most of the matter they transport ; hence whatever deposit tho Atchafalaya river makes in its

bed must take place chiefly if not entirely at the time of the annual change from high to low water in the Mississippi
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1851 and 1.S2S. Tho toUovviiig tablo oxliil.its tliusij data and tlic rt-sults of the

computations :

—

Year.
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'riic next (lU.intitN l<> l)c ciiiisidcinl is the ;H-tiial disci inr^'C i'rom I\e(l river niul tlie

I\Iississi|)])i into the Atdial'ahiya liasiii at tlie Hood of 1S51. The dis-

Actuai dis (diari;(' from l\ed rivei" btdow Alexandria tlirouoli Ijayous to the Atclia-
charge from Red ' '

.

river and the fala\a liasiii iiiav l)e neglected.* Tlie discliari:-e per second of the
lVIi.siiis.sippi i u • ./ •-' .-'1
flood of 1851. l,;,y(,n Atcliafahiya at its efflux, in the Hood of ISf)], was 120,000 cubic

feet [)er second. Tlio discliai'go per second of the crc^'asses between

lied river landini;- and bayou i'la(|uenn'ne at that perioil was .")(), (100 cubic feet. The

discharge per second of ba\'ou I'hupieuiine (hu'in^- the same time v\as ;')(i,000. Hence

tlie total dischari;e prr second into the Atchafalaya basin from lied river and the ]\Iis-

sissippi was 12(»,000 | ;;o,00() 4. .")(;,000— 186,000 culiic feet.

riie numerical \alues of the several (jnantities which determine tlie

Resulting vol- ... . i> t • , , ^,. . '. . . 1 a 1 i- 1 1

uuie lost into discharm^ from Ived river and tlic i\lississ]|»])i into tlie Atcliatalaya basin
the Atchafalaya

'

. . .
."

basin in flood of at the Hood of 1 S2.S liavilHi- been thus asci'l'tailied, the followill"' com-
1828. ...

putatioii t;'i\es the liiial result.
Cubic feet per seound.

CuiiJiMiticI <li(r,.i,.|M.,- „\- .lisili:,!-.- wl IViuicU's Lay 2(i8, 6(10

llidiiit txicss of rain .Iniiuago 40,000

228, 0(M)

Add the iliscbarye iuto Atchafalaya liasiu in lii:A 186,000

Di.scbar'jo iiilu AUhal'alaya liasiu in 1>*2S =- IIJ.OOO

Tllis volume, addeil to the 1,110, 0(10 cubic feet |)er second, dis-

charge j'mft be- «'hari;eil l>y the river below J'laquemine, yives for the result desired

1828, if "levees (namely, the discharge per second of the IMississippi just below the

fected. mouth of b'ed riser in 1S2S, if all the overflow into the Tensas swamp

and all the dischar<.;e of l\ed river had been retained in the river chan-

nel) 1,524,000 cubic feet per second.

The lied-river cut-ofT, completed in Is.'ll, has modified the condition of the Mis-

sissippi at this point; and in the discussion of the floods of 1S,'>S and

„ ,
other \ ears, l\ed-river landin"', situated l)t'low the efflux of Atchafalaya,

Result trans- ' '^'
•" ^

ferred to Red- ]|.,^ liceii the point, ill this section of the riv(n\ to which the analvsis hasriver landing ' ' •'

w" h theflood'cff
''•'"•'>

'''PI'''''''-
'*'"' •'"'f I'ciison, the discharge just obtained for the flood

oi' 1S2S at tli(^ month of K'ed river will bo transferred to Re<l-river land-

ill^. .\s the object of this discussion is to determine the efl'ect of the

recurrence of such a Hood as that of 1S2S, the (lischari^inj;- caj)acitv of the bayou

Atchafalaya will be taken to be that of its present cross-section, with the surface at

the actual elevation of 1.S2S. Uiuler those conditions it would be 150,000 cubic feet

])vr second, inakim;- the discharjio per second of the JlississippI at Ked-river landin<,f

" It haH been alriiiidy rcniarkud, that l.bo volume rocoivod from Rod river by the Coiirtablnaii and Teche tlnoiigh

bayou licriif was ex(,'fedin;ily Bniall in IS.'",!. That jMirtion of its volnmo sunt off tlnongh (Mioctaw bayou wbicli

cinptiiid into tbo Atclialalaya throni^b bayou Kouge may bo omitted, since it is to be ])ri'Kum(Ml lliat tlioso bayous will

be ahvjiys kept open, and that that iKution ot lied-river discharge whieii is now carried oH' by them will always con-

tinue (o be di.-iebarged ill that manner without reaching the Mississippi river. That portion of the Red-river volume

which pasNi'H into tlie Atchafalaya by the bayon do Glaize is taken into account in the discharge of the bayou Atcha-

falaya at its elilux, for reasons elsewhero given.
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1,374,000 ciiljic feet. But, as already seen, tliis (jiiantity in l.sr)S would have been

1,838,000 cubic feet, givin«^- an excess in 1.S2S of 3(i,000 cubic feet.

With reference to a Hood similar to that of 1828, it should be further remarked

that the banks of Old river, west of tlu^ Atchafa.hi3a, as well as the western bank of

Red river for many miles al)Ove its mouth, are without levees ; and that the discharj>'e

into tlu; Atchatalaya basin through this natural waste-weir would reduce the volimie

of the ri\-ei' Ik'Iow to such a degree that the discharge at points between Red-river

lauding and the gulf would not exceed that determined for 1858. The volume thus

poured into the Atcliafala}a )ja,sin would not raise the surface of Grand lake as high

as it was in 1850, even under the supposition of the simultaneous occurrence of the

excessive downfall of rain adopted in discussing the flood of 1828. Indeed, the dis-

charge into that basin, exclusive of that of bayou Plaqiuimine, would not exceed the

volume of Red river itself in its flood state. Assuming, then, that this strip of low

land is to remain unleveed, whicli appears to be probable, such a flood as that of 1828

would not produce a greater maximum discharge below lied-rivcr lauding than that

which would have occurred in 1858.

This completes the analysis of all the great floods for whi( h the necessai-y data

exist. The investigation establishes that, supposing the levees below

Cape Girardeau to have been perfected, the maximum discharge in the

Jime and July rise of 1858 would have exceeded the maximiun dis- anniyaes^'^e^atai>

charge in any of the other floods at all points above the month of Red flood of 1858 is

1 • • -< r.r> T 11 • 1 1 111- 1 •* safe standard
river; and, exceptmg ni 1828, at ail pomts below that locahty; aJso by which to es-

1 ... , . ,. , 111 1 1 • 1 1 •
timate the nec-

that u tile strip of low land above and near the mouth ot lied river essary measures
for protection

remain unleveed, tlie last exception need not be made. This flood, against over-

then, is a safe standard by which to judge of the merits of the different

methods of protection, and it has accordingly been adopted for that

purpose. For convenience of reference, the table exhibiting the actual maximum dis-

charge, and the maximum discharge with levees perfected, is here re])eated :

—

Flood of 1858.

Columbus
Memphis
Helena
Napoleon
Lake Providence.
Vicksburg
Natchez
Ked-river landing
Baton Ronge
DouaUisonvUle
CarroUton .

Actual lliaximura diHCliargo por

.Inly

June

May :i(l.

"
31.

" 31.
"

21*.

iihic feet.

, 403, 000

334,000
2-21,000

188, 000
245, 000
239, 000
238, 000
233,000
197, 000
188,000

Maximum diacharso, li.ad .sw.ampi^

below Cape (Jirardeau been re-

claimed.

Juno

Juuel

1(f)

'CO
H?)
•(?)

Ciihl,

1, 47S,

1,100,

i,3(;ii,

1,'llH,

1,400,

1,430,

1, '124,

1,338,

1,338,

1,297,

1,297,

trel.

,000
(Kill

000
000
1)0(1

000
0(»0

000
000
000
000

Bifferonco = re-

ductioaof dis-

cliarge by
swaiups below
Cape Girardeau.

Cnhie feel.

75,000

Sf), 000
197,000
218, 000
18.^,000

185,000
11111,000

100,000
100, 000
109,000
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ANALYSIS OF I'hANS FOR I'KOTECTION.

Tliree distinct systems luxvc Ijecn proposed for tlie i)rotection of the bottom lands

aj^iiinst overflow. These are: First, to niodif\' tlie actual relations exist-

Geneialclasoi- . , ,
, . ,

,.,.'.,, , .
,

ficationof plans uig' hctweeii tlie aeeeleratiHL;- and rctanhni;- torees ni the cliannel, ni such
foi potectioii. Ill- >• 1 1 n 1

a manner as to enahle tlie tornier to carry on the surplus nood-watcr

without so i;reat a rise in the surface as tliey now rctpiirc. To this system beloni>-

cut-otl's. Seccnid, to reduce the maxinniiu dlscharnc of tlic river. To this system

belong diver.sion of tributaries, artificial reservoirs, and artificial outlets. Third, to

confine the water to the channel, and allow it to regulate its own discharge. To this

system belong levees, or artificial einliankini-nts. Each of these systems has its advan-

tages and its disadvantages. Before deciding, then, upon the best practical system of

protection from the floods of the ]\Iississippi, each .system must lie examined in respect

to its feasibilit}-, its dangers and its cost, as ;i]iip]i(*d to that river. This will lie done

separately for each jdan in turn.

Cut-offs.—The .system of diminishing the natural resistances o]tposed to the flow of

the water, by cutting off the bends of a river and tliiis lowering the

System of cut- surface, has often been advocattnl for restrainino- the floods of the ]\Iis-
tiug off bends, to ' '^

surface'^''

water
j^j^^ippj rivcr, and has even been partially ajiplied under the authority

of the General (bivernmeiit and of State legislation. It .should there-

fore be fully thscussed.

It is an essential ])art of the svstem ofciit-oHs, .is |ii-o|ii,Md 1)\- writ, rs on Indrau-

liis, that the cuts siiall be made continuoiisK from the mouth of the
It is not appli- .

,
. . .

"

i i i i- i

cable, as pro- river to that portiou where it is proposed to reiluce the heiglit ot the
posed i>yiiy"^, ,,,,..
drauiic writers, floods. I his IS Urged iipou the grouiid that the greater velocity of the
to large rivers

' ' '

like the Missis- \v;iter ill file |i;irt wlieiv tile slope li.is been increased bv a cut, will
sippi.

_

'

bring a larger Aolunie in floods to the portion below the cut, where the

slope fuis not been increased, and where, consefpienth', the water will rise higher than

before. A second cut ninst therefore be made below the first, .iiid so on to the month.

This reasoning' may be sound when applied to the small streams had in view l)y the

writers, Avliere a few hoiiis make a material change in the Hood, but evidently it is not

applicalile to the Mississijipi, where the water often remains for weeks at flood height.

iVloreo\er, such extended <.per:itions are manifesth- impracticable, and, tlierefore, need

not be considered.

appiifdlo'T^n"
'''" l""!it'ti("il effect of cuttiug ott' a single bend of the Mississipjii

rive?^have'been
*''"' he determined with much certainty from the measurements made

accur.,ieiy raeas-
^^^^^^^^ j,^^. Ked-river and Raccom-c.i cut-offs, and this will first receive

attention.
Effect above the , . ,, , i i. i • > • ,v
cut by measure- it IS Well Kiiowii that tlie Kcd-river and iiacconrci <Mit-olls are in

close proximity to each other. The first was made in 1S.",1, and short-
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eneil the river 18 miles; the second Avas made in 1S4.S and 1849, and shortened

the river 21 miles. The Hood of iSal was as liigh as that of 1828 at points 100

miles above and below the mouth of Red river, and the accessions received from

Red river were the snine in each flood. It is concluded, therefore, that ihu rivei' woidd

liave been as liiyh at Kouth's point in 1851 as in 1828 but for the cut-offs. The flood

of 1851 was, however, 4.(i feet below that of 1S2S. This, then, is the eflect of the two

cut-fitfs in lowering;' the flood level just ahoNc their site.

It is conceded that little coniidence should be placed, iu such a discussion as this,

upon results computed by formuhv. Still, when careful observation has
By conipiitation.

indicated that certain efi"ects are produced, additional weight is given to

such conclusions, if it can be shown that they accord with the general laws of flowing-

water as expressed by reliable fornmla;. The following analytical discussion of the

subject, based upon observed facts, is therefore added.

Let it be projiosed to compute how much the high-water level in 1851 was lowered

at Routh's point by the two cut-ofis, a.s.snming that they produced only a local effect

upon the bed of the river. Tliis proljlem will l)e solved in two ways, by discussing,

first, the effect produced upon the river above, and seconr], the effect produced u]ion

the river below, Routh's point.

The preceding- comparison of the high-water level of the different floods has indi-

cated that no sensible effect was produced by the eut-offs at a distance of about 100

miles above Routh's point. 'I'he first object then is to compute //'; that is, the fall of

water surface in this distance, if the cut-offs had not existe<l. For mean dimensions in

tills part of the river we liave the following:

—

«' ir mean high-water area ^ 1 99,000 sq. ft.

W := proportional between mean widths above and below Red

river _ zn 3,450 feet,

j/ rr width increased by about half moan radius zz 3,480 feet,

Q' n discharge by Delta-Survey measurements — 1,150,000 cu. ft.

Sin.- u m value measured on La Tonrrette's map. — 14,

/' zz distance considered . . = 528,000 feet.

Applying ecpiations (36), (44), and (45) to tlie.se data, we find h/ — 15.95, and h\^ z=

3.49, giving // = 19.44 feet. If, now, x denotes the lowering effect of the cut-offs upon

the water surface at Routh's point, expressed in feet, it is evident that the actual fall

in the distance considered, at high water in 1851, denoted b}' //', will be equal to // -j-a';

that the actual mean area (a") will be equal to a' r,— , and that the actual perimeter

{p") will be equal to }>' — ^', all the other quantities remaining unchanged. Computing

the value of .t by the method of successive a})proximations, we find that when ,r — 4.4
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tlie analytical coiulitions are very nearly .satisfied; that is, we have ///' — 20.06 and

h^l' zz 3.77, and hence It" — /;/' + 7;^/' = 2.3.83 feet, which very nearly accords with the

value given above, viz.: It." — h' 4-.rrr23.84 feet. The eftect of the cut-offs is, then,

by this com]mtation, to lower the level of the water surface at Routh's point at hi^h

water in 1851, 4.4 feet.

The problem will next be solved by coni})nting the effect of the cut-offs upon tlic

river ])i'low Konth's point, assuming- what the water marks establish, that

co^npiuaUon°"^ '"^ scusiblo effect was produced at Donaldsonville, and that, although

there was an actual increase of mean area between the lower end of

Raccoiirci cut-off" and Donaldsonville, the change in direction of the currents jjroduced

such an increase of I'esistance as to be equivalent to a diminution of mean area.

Since the mean dimensions of cross-section between Red river and Donaldsonville,

already deduced, correspond to the actual high watei' of ls,'")l, we have the following

numerical values for this flood :

—

u" — 2O(),U0U square feet,

W" = 3,000 feet,

p" zr 3,03.5 feet,

Q" = 1,200,000 cubic feet.

Sin.- h" z= 15.39,

/" =: 047,330 feet.

Applj'ing equations (3G), (44), and (45) to these data, we find ///' — 17.0 and h^/' =z 4.1,

giving /«" — 21.1 feet. This (piantity, as actually measured by the level parties of this

Survey, was 22. S feet, and, coiisecpU'ntlv, the final result of tliis coiu])Utatiou must be

increased in the ratio of 22.S to 21.1. If, now, the cut-oHs hail not existed in l.'-i.")l,we

should have had

—

// rr //'+,/

// , W".c
(I =(1 + -^^,

!>' =1>" +'',

Sin.-a'rr 23.19 (from map),

Tzr 858,530

Q'r=Q" = l,200,()U0,

W'rrW"= .".,000.

Conqmting the \Mlue of ./ by successive ajiproxiuiations, we find it to bealiout 3.9 feet,

since with this value we have // =r /«"
-f .r rr 25.00 feet, and //':=/// -f //,/ rr 19.05 -f

5.88 = 24.93 feet. Increasing //' and hf and A,/ in the ratio of 22.8 to 21.1 , as already

explained, we have for tlie lin.il rcsnlt of tiie compntatioii, //' — 20.C -f- (M = 27.0 feet,

:ind hence r = 27.0 — 22.8 — 4.2 teet.
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The result of these two computations may be stated as follows. ]'.y dist ussiiii;-

anal}'tioally the lowering eflfect of the cut-oflis upon the level of the top

of the H()o<l of l.Sf)! at Routh's point, we find that the effect was equal Couciubiou
^ 1 relative to the

to 4.4 feet, if we consider the river above this locality, and that it was ^'^f*^*
above the

'
•' ' cut.

4.2 feet, if we consider the river below this locality. By coraparini;-

the high-water marks of different years, we have already decided that this effect was

al)Out 4.G feet. It is hardly possible that these coincidences are accidental, and it must

therefore be conceded that they demonstrate the actual effects produced by cut-offs

above their sites.

It remains to determine this effect just below their site. At Baton Rouge the floods of

1828 and 18.^)1 were practically of the same height, and the latter flood at

this point was therefoie uiialfected by the cut-c)ffs. The total measured the cut, bymel^

fall between Routh's point and Baton Rouge in 1851 and 1828 was 16.24

and 20.84 feet respectively, the slope per mile being 0.222 and 0.188 of a foot respect-

ively. Assuming the slope uniform between these U\o places, tlie river at the foot of

the Raccourci bend in 1828 was 12.33 feet above the river at Baton Rouge, and in 1851

14.7 feet above the same level. But it was ascertained by careful measurement that in

the flood of 1851 (and also in that of 1858) the fall per mile tlnnugh tla- Kaccourci

cut-off was 0.5(j of a foot, which woidd reduce the elevation at the foot of the Raccourci

bend in 1851, as computed by the general sloi)e, to 14.3 feet. The difference between the

two elevations (1828 and 1851) was, then, 2.0 feet. It measures exactly the amount

by which the water has been raised at the foot of the two cut-offs by those works.

The same result is deduced by another process. By measurement in March, 1851,

when the river was rising and within 5 feet of the top of the flood at Red-

river landing, the fall from Routh's point to the foot of the Raccourci uiement v»ith

cut-off was found to be 1.8 feet. The fall at the top of the flood was

not materially different. Hence the river at the foot of the Raccourci cut-ofT at the

flood of 1851 was 6.4 feet below the high-water mark of 1828 at Routh's point. At

the top of the flood of 1828, the river at the foot of the Raccourci cut-off was, by

levels, 8.4 feet below the surface at Routh's point, giving the same luunber as before

[2 feet] for the increase in height of the flood below the site of these cut-offs.

We may, then, decide that the high-water mark of 1851 at Routh's point was 4.6

feet lower, and at the foot of Raccourci cut-off 2.0 feet hii-her, than it „. ,
' " ' Final coiiclu-

would have been if the cut-offs had not been made. sious respectms
the effect of cut-

The elevation of the river's surface at the head of a bend, necessary to °*^^"

overcome the excess of resistance in a bend over that in a straight part of tlie river, will

disappear when the cut-off" is made, and the surface at the head will be lowered by this

quantity. This effect in the two bends under consideration is 1.8 feet by equation (45).

In 1828 the fall of a straight part of the river in 39 miles (the length of the two bends
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less tlie length of tlie two outs) w.is 5.5 feet, or 0.14 nt' a font \n-r iiiilc ( )iH'4iaU" of this

(juantity, increased hy l.H I'eet tor the bend-eft'ect, gives 4.55 feet, precisely the amount

found as the actual de|)ression of the high water of 1851 at Kouth's point, the head of

the Red-river cut-oil'. V>y comparing the flood of ls,")S with that of 1S28 at Routh's

point, the difference in the conditions of Red river in ilw. two Hoods being taken into

account, the same result is obtained ; and it must, therefore, be concluded that the river

at the head of a cut-off will be depi'essed by the whole amount of the elevation at the

head of the bend due to the bend's resistance, and by one-half of the fall in a straight

part of the river equal in length to the shortening' of the river.* Let us now determine

how this conclusion accords with the facts observed at other cut-ntTs.

It is stated that the Fausse Riviere cut-off was matle in 1722, when there were

no levees. It shortened the river '20 miles, and nuist have depre.ssed it

Tested by cut-
, , , , c • r , -jir .1 i 1 i < 1 ii- 1

off at Fausse at flood iiot less tliaii 2.4 feet at Waterloo, the head of the rnt-otl. In
Riviere. -ii-i 11S51 a small levee, 18 inches high, was tliiown up there for the nr.st

time, the liigli water being above the liank, an evidence tliat, fiom some cau.se, the

surface of the river in that vicinity had been niised.

The American-bend cut-olf, !I0 miles below ^,'a|)ol(un, o( ( nn( d on April ITi, ls58.

On the Dth of May, when examined in connection wiili this Survey, the

By Ameiicaii- following couditious existcd. The cut-off shortened the river 7.0 miles,
beud cut off. o

.lust above the cut-off the river was 2.3 feet below the highest point

attained pie\ioiis to that date. At CJrand lake, just l)el<)w the cut-off, tlie river was

0.25 of a foot below the highest point pre\ioiisly attained. From a scrutiny of the

gauge-records at Napoleon and \'icksl)urg, tlie cut-off being midway between them,

it appears that if no crevasses had existed at that time between those places, and if no

other disturbing causes existed between them, the river at the cut-off ought to have

been 0.2 of a foot below the highest point it had reached early in April of that year.

The crevasses existing between Napoleon and \'icks1)urg at that time were sufficiently

large to depress the river's surface about 0.8 of a foot. The bend-effect (eqiiation

* Tbe higb-wat er uiarks of 1828 aud IHIl at the Iioatl of Ihe K«d-river cut-off aiul at points 100 miles above and

below have been adduced as evidence that (be effect of a cut-oft' was to depress tbe surface of tbe river .at the head of

tbe cut-off more than the whole fall in tlie bend so cut off, and to depress the surface of tbe river at points billow tbu

cut-oft', instead of ilevatin^ it. Tliis conclusion is evidentlv contrailicted bv tlie facts above cited. The only new

force which would diminish the slope below the cutoft' would be the impulse derived from the increased velocity of (he

river ill falling tbroiifjh the cut. This would be e.\hauslcd in a short distance. It is stated that UKI miles above the

Ked-rivor ciit-olV, the ftoo.l of 18-14 Wiis cinal to that of ]S-iS ; that it wi«§ below that mark at Natchez, 0.6 of a foot ; at

the bead of the cut-oil', '^.1 feet; at Moi';;anza, 1.7 feet ; at Baton Kouse, 0..S of a foot ; and at CarroUton, 0.7 of a foot

Now it is to be rcin:u'Ucil that all the facts relating ti) the Hood of Iriii are not known. Among the items of informa-

tion gathered hy this Survey is a statement made at Waterloo, that there w:is a crevasse in the vicinity of Morgan/a in

1*14. This woiilil have depressed the Hood at that place. I5ut tlic great cause of tbo depression of the flood in I-<44 at

points below tbe mouth of IJcd river was the fact that Rod river was low during tbe flood of tliat year, and that,

consequently, between 50,000 and 100,fHI0 cubic feet per second of Mississippi water was discharged tbroiigli tbo Att h-

afalaya. In IS'Js and I'^.'d, on tbe contrary, Ihe Ued-rivir ami Missi.ssippiriver floods were nearly coinciileiil. In the

great flood of IS'iO, tbe Mississippi at points 100 miles above the Ucd-rivcr cut-off' was as high .is in the IIcmhI of l&iS,

while at Kouth's point it was 1 foot below the high water of I'^M, and at least 1.3 feet above it below the K.iccoiirci

cut-oft', uotwitbstaiuliug the unmerous aud large crevasses of that year between Red river aud New Orleans.
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(45) ) was equal to 0.5 of a foot. The fall of the river in that part of its course, irre-

spective of bend-effoct, is 0.2G of a foot per mile, and in 7 miles is 1.8 feet. The fol-

lowing result, then, is to be anticipated, if the laws above deduced are correct. The

river at the American bend on May 11, without cut-off or crevasses, wduld have been

0.2 of a foot below the height it reached early in April. But 0.8 of a foot depression

at American bend from crevasses; 0.5 of a foot depression at head of cut-off from

bend-cifect; and 0.9 of a foot, effect of shortening the river 7 miles, give at the head

of the cut-ofF a total depression of 2.4 feet, which con-esponds nearly to that observed.

At the foot of the cut-oif, the ri^'er, if undisturbed by cut-off or crevasses, would also

have been 0.2 of a foot below the height it reached early in April. The elevation

from shortening the river 7 miles was 0.9 of a foot; the depression from crevasses was

0.8 of a foot. These two effects nearly balancing each other, the level of the river

shoxdd have been on May 11 about the same as it Avas early in April. It was found

to be 0.25 of a foot below that stand; a sufficient! }' close approximation, when tlie

somewhat uncertain nature of the data is considered.

The laws indicated by the Eed-river and Raccourci cut-oflfs apph' to tlie Po.

Thus it was stated in 1854 by M. Cattaneo, Engineer in charge of the

Hydraulic Yv^orks in tJie district of Rovigo, that rectiiications had been thf ril''er^P(^^°°

made in recent years upon the Adige, for the purpose of protecting the

banks from erosion; that such a rectification was made in 1854 at Boara, about 10

miles from Rovigo (plate XIX), in which the cut was one-half the length of the bend:

that the eftect upon the surface of the river in floods, as noticed since that time, Avas

to depress the sixrface at the head of the cut 0.8 of a foot, and to elevate it at the foot

0.4 of a foot.

The investigations of the Chevaher Elia Loml)ardini, Director-General of Pul^lic

Works in the province of Milan, have brought to light the following interesting par-

ticulars. About midway between Pavia and I'iacenza, the course of tlie Po is straight

for many miles. This straight part extends from Albera to ]\Ionticelli. Above and

below, the course is winding. Along the east bank of the straight part, the marks of

former bends are still visible. On the west bank, all traces of those shown on the old

maps are obliterated by the deposits of gravel and other heavy material brought down

in large quantities by the short streams froni the Apennines. The longer streams from

the Alps, on the east side, bring a comparatively small quantitv of light material. All

the bends in this part of the river were cut off in the fourteenth century. At Port

Albera, the head of these numerous cut-offs, the levees are only a few feet high; at

Monticelli, the foot of the cut-offs, they are IG feet high. The slope of the Po between

Pavia and Piacenza is not less than 1.5 feet per mile; its bed not being in alluvial soil

in this part of its course.

So far as observations are concerned, tlien, it uuist be admitted that the foregoing

51 H
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conrlusions, based upon the observations on the Red-river and Raccourci cnt-ofTs,

A theoretical
^^'^ general. If it be objected upon tlieoretical grounds that tlie

ab^lvT'conc^^ clcvatiou of tlio rivcr surfoce below tlie cut wouhl give an increased

sioEs, met.
slope and an increased cross-section to the river there, and thus cause

an increased discliai'ge, while in reality the discharge of the river remains constant, the

reply is obvious. If the river were not leveed, the cut-off would really increase the

discharge above, through and below the cut-off in floods; because, its surfixce being

depressed above the cut, it would carry off through its channel what it before shed over

its banks. But when the river is leveed, it sheds no water over its banks, and of course

. the discharge cannot 1)0 increased by the cut-off in the manner before described. IIow,

then, in this case, can the increased cross-section and increased slope below the cut-off

be reconciled with the fact that the discharge is not increased? The cross-section and

velocities measured at Routh's point give the clue to the explanation. The greatest

velocities in that part of the river are not in the deepest water. No cut-off upon any

river has been made so as to introduce the current from the cut to the reach below

in the same direction that it had before the cut was made. As a consequence, the

swiftest current does not run in the deepest part as it did before ; the resistances which

it encounters are therefore greater than before; and in order to carry off the same

discharge the surface must rise, and thus increase the slope and area of cross-section;

unless, indeed, the power of the current is sufficient to excavate the bed at once. This,

as will hereafter be seen, is not the case with the Mississippi, whose bed is not in

alluvial soil but in an older geological formation of hard clay, which yields so slo^^ly

to the current that it may be considered almost permanent. The condition of the

river for many miles below is thus changed by the cut-off. That the bed will gradually

wear until the swiftest current flows in the deepest part of the channel, in those por-

tions where the relations of the two were disturbed, is probable; but the process will

be so gradual that the injurious effect of the cut-off in raising the surface of the river

below may for all practical purposes be considered permanent. It should, however,

be- remarked that this elevation is comparatively local. In the two cases of the

Red-river and Raccourci cut-offs, it did not reach below Baton Rouge, but its precise

extent could not be ascertained. It is apparent that the ciuTent must tend more

and more to resume its old direction, the greater the distance from the cut. The

depression above the cut-off extends to a mut'h greater distance, certainly not less than

100 miles.

It has Ik'CU shown by the preceding discussion that a cut-off raises the surface

The system as
^^ ^^^^ Hver at the foot of the cut nearly as nuu-h as it depresses it at

prt^tection^for *^^^ head. The country above the cut is therefore relieved from the

vaiiey^'is'Th^'u floods Only at the expense of the countr}- below. Moreover, if a scries

pernicious.
^f (.^i.^fi-f; ^y^.y^, to be made extending to the mouth of the river, the
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principles educed sliow tliat the heights of tlie floods would be regularly decreased

from a point near midway of the series to the upper end, and regularly increased

from the same point to the lower end. The system, therefore, is entirely inajiplicable

to the Mississippi river, in whole or in part.

Diverting frihufaries.—It has been proposed to protect the lower Mississippi valley

from overflow by diverting the course of certain main tributaries, and

thus diminishing the discharge in floods. The general principle already ing tdbut^^a!*

enunciated, iipon which this plan is based, is unquestionably correct;

and we have only to determine whether the practical application of it would produce

results commensurate with the requisite exj^enditure.

Beginning in ihe northern part of the basin, the first proposed application is upon

the Upper Missouri, which, it is suggested, might be turned into the Red

river of the North. The cut would have to be made throuo-h the belt .^^^ Misaomi
~

river.

of prairie land lying between the "great bend" and Mouse river, a dis-

tance of 40 miles in the narrowest place. The following facts, taken from the report of

Governor I. I. Stevens contained in vol. I Pacific Railroad Reports, are sufficient to

show that the project is so costly as to be utterly impracticable.

Mouse river in this vicinity is 120 feet wide and 7 feet deep. It flows in a narrow

valley varying from half a mile to 2 miles in width and bounded by blufts some 200 feet

in height. Massive sandstone rocks are occasionally seen in these bluffs. Between this

valley and the Missouri, there is a plateau, averaging some 600 feet in height. 'In gen-

eral, the substratum is a clayey loam, but boulders and stones are often mingled with

the soil. The general level of the Missouri and Mouse-river valleys is about the same,

but the information upon this subject is not sufficiently definite to decide which is the

higher.

Even if this project were feasible at a moderate cost, its jiractical utility for the

piu-pose contemplated would be more than doubtful ; for floods in this part of the i\Iis-

souri are to be little feared below the Ohio. It is the sudden rises in the lower tribu-

taries Avliich work the ruin below. Floods in these upper branches are nearly expended

in the vast reservoir of the channel, and have but little influence upon the oscillations

at St. Louis. Lastly, siich a work would interfere with the navigation above the point

of diversion, which extends for several hundred miles, and is every year becoming

more im[)()i'tant to the country.

The next tri])utary for which this plan presents any a])pearance of feasibility is the

Arkansas. It has been proposed to turn the floods of this stream into

the Ijayou llartholomew or bayou Macon. The practicability of this ^'^^^^
Arkansas

undertaking cannot be decided without a careful survey; but, as the

plan nmst include the permanent jirotection of the banks of the bayous from over-

flow, its execution would necessarily be costly. It is stated that the bayou IMat^on rises
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within' two or tliree miles of tlie Arkansas river, and that the intervening- soil is light

No exact information respecting the cross-section of this hayon near its head, or re-

specting that of the hayon Bartholomew, has heen collected, but they are believed to

be too small to give much encouragement to the project. Assuming, however, tliat it

is feasible, the i)lan has its advaiitages and disadvantages.

The floods of the Arkansas are particularly disastrous to the lower ilississippi.

The operations of the Survey estaldish the foct that a given rpuintity of water intro-

duced into the channel at the head of the alhn-ial region produces a less rise in the lower

river than the same qiumtity added by one of the lower tributaries. This effect is due

partly to the reservoir influence of the channel above the tributary; partly to the dam-

ming effect of conflicting currents near the mouth of the tributary; and, partly, as at

the mouth of Red river, in the flood of 1851, to interference with normal changes

in local slope at points below the tributary. The observed fact accords perfectly with

the views of planters residing upon the IVIississippi below Arkansas and Red rivers, who

have frefpiently stated that they dread the rises of these streams far more than those

of the Ohio or of the Missoiu-i. Keeping the Arkansas floods out of the Mississippi

must, therefoi-e, have a peculiarly beneficial effect from Napoleon down to Red-river

landing, where the water would, of course, again make its appearance through the Red-

river channel. Above Napoleon the effects Avould be but little felt. Below Red river

rliev would be in some measin-e injurious, as just indicated. The plan nuist, therefore,

be considered purely local—applicable, however, to the very part of the riser where

the diiliculties to be o\ercome in restraining the floods are the greatest.

The objet'tions to the scheme, supposing it to be feasible at a moderate cost, arise

chiefly from the difiiculty of preventing injurious effects upon the na^^gability of

the Arkansas river; but it may also be objected that it would only furnish protection

against certain classes of floods; for it often happens that the Arkansas is low, when the

flood from above is passing its mouth. This was the case in the great July flood of

1858, Avhich has been adopted as the basis of this discussion. As ah-eady seen, pro-

vision for a discharge some 200,000 cubic feet }jer second greater than that wliich actu-

ally passed at the height of this flood, was necessary to protect the country between

Napoleon and Red-river landing from overflow; while the diversion of the entire waters

of the Arkansas would only have relieved the river of 30,000. The works necessary

to guard against this flood of 1858 would, so far as it is possible to foresee, be suflicient

to restrain any probable condjination of floods in the two rivers. The union of the

greatest floods in both rivers is of course possihle, but so highly improbable as to amount

to a practical impossibilit}-.

The next and only i-emaiuing tributary, to which this system might be apidied,

is Red river. It has been suggested, first, to turn the surplus waters of
The Red river.

. _ . .

this stream into the channels draining to bayou Teche; or, second, to
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compel tlic Atchafolaya to cany oif its entire discharge by closing Old ri\er, above

Red-river lauding-.

To the first of these projects, the remarks just made respecting the Arkansas river

apply, excepting that the advantages to be derived are materially less, and the practical

difficulties to be encountered even greater. The latter fact Is evident from the followino-

considerations. The shortest air-line distance between Red river and the Teche is fully

•10 miles. These streams were formerly connected by a chain of bayous, 90 miles in

length, but their communication with Red river has been cut off" for the secvirity of the

plantations u^jon their banks. The chief link, bayou Bocixf, is only some 60 or 100

feet wide, and its cross-section does not probably exceed 2500 square feet. From the

description of the Teche itself,* it is, doubtless, a partially deserted channel, with a

cross-section capable of dischai-ging about 10,000 cubic feet per second more than now

passes through it. The bayou Courtableau, also, which forms, for a few miles, part of

the chain connecting Red river and the Teche, and discharges into the Atchafalaya,

might carry oft' the same additional volume. l)ut it will be perceived that, oven if it

were important to draw oft' so small a quantity as 20,000 cubic feet per second, the

works to eftect it must be enormously costly.

The second project—to close Old river—would, if executed, entail disastrous conse-

quences. Undoubtedly the Red river at times pours its flood into the Slississippi when
that stream is so high as, in the defective condition of the levees, to render the eftects

dangerous to the lower countr}-. This occurred in 1828 and 1851, but usually the

floods of Red river do not raise the surfoce of the Mississippi to a dangerous height.

Generally the Atchafalaya serves, directly or indirectly,t as an efilcient outlet for the

floods of the Mississippi. Such an outlet should not be sacrificed merely to guard

against the contingency of a coincidence of floods, the worst eff'ects of which, so far as

indicated by the past (see discussion of the flood of 1828), will be provided against in

the plans for protection based upon the standard flood of 1858.

But this is not the only evil that would follow the execution of the plan. The dis-

charge of Red river at its mouth, in floods caused by its own drainage, is 225,000

cubic feet per second. This discharge of the Atchafalaya at full banks is only 130,000

cubic feet per second. If, therefore, the entrance of Red river to the Mississippi should

be closed, the Red-river valley, the settlements along the bayou de Glaize and the

Atchafalaj-a basin \\ould all be deeply inundated at the recurrence of every Red-river

flood.

* For more than 100 miles above its mouth, the area of its cross-section exceeds 4500 square feet, aud its slope is at
least 0.16 of a foot per mile.

t When this action is indirect, it is obscured by the existence of dead water in Old river. Thus at the top of the
flood in 1858, the bayou, although apparently inoperative as an outlet, carried off 90,000 cubic feet per second of Mis-
sissippi water which drained to it through the Tensas bottom. (See pages 3(35-8.) If the lovoos of the Tcusas swamp
had remaiued unbroken in that Hood, the bayou would have drawn oU' the same amouut through Old river, and its

bcuclJcial action would thus have been uuuiistaUable.
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Itcscrvoirs.—This plan is to hold back, in the flood season, by systems of artificial

lakes upon the trilmtaries of the Mississippi, such a volume of Avater as

relervo^rs!"
° maybe requisite to reduce Avitliin banks the Hoods of that river. The

volume thus held back is to be retained for improving- low-water navi-

gation. The discharge of each tributary is thus to be more nearly equalized through-

out the year, and a double advantage secured.

The plan, in theory, is admirable, and has long been a subject of discussion among

European engineers. Artificial lakes for protection against floods were
Its auticjuity.

''

constructed as early as 1711 upon the upper Loire, and they have

since been advocated, both for improving navigation and for restraining floods, by

eminent writers, among whom may be cited Isl. Polencean, M. Lombardini, M. Bou-

langc, and I\I. Yallee.*

This equalizing tendency of lakes was pointed out in the first report u})on the

improvement of the navigation of the Ohio river [Report of the Board

^ates'^^^
^^" of Engineers on the Ohio and Mississippi rivers, by S. Bernard,

Brigadier-General, and Joseph Gr. Totten, Major Engineers, and Brevet

Lieutenant-Colonel—New York, December 22, 1822] not as a means to be resorted to

for tliat object, but as exhibiting the condition of other rivers, the Rhine fur instance,

in contrast with that of the Ohio.f

* lu July, 1847, JI. Boulaugt5, Euginoer iu Chief of liiiJges and Roads, in a brief notice of the iuuudatious of tUo

Loire in 1846, described the works ou that river just referred to, aud indicated wliere otbcrs of a similar character

should be placed to prevent the iuuudatious altogether, or restrain them within harmless bounds. (See Anuales des

Ponts et Chaussees, 1848.)

Previous to this, M. Poleuecau had proposed a somewhat similar system for the rivers of France, with tlie sauio

object.

In 1842, M. Vallee, Inspector of Bridges aud Roads, Chief Engineer of the Canal that unites the Rhone and the

Rhine, projiosed to convert the lake of Geueva iuto an artificial reservoir, by constructiu}; certain works at tlie ettlux

of the lake, with a view to keep back the lioods of the Rhone aud to improve the navigation of that river iu low water,

by supplying it in greater abundance than the natural flow from tbe lake at those periods.

For these objects ho contemplated holding in reservejabout 30,000,000,000 cubic feet of water, to be .supplied to tlio

river at Lyons (135 miles distant) during the periods of low water (the mean duration of whicli is stated to bo forty-

three days annually), iu ([uautities varying from 6 to 40 millions cubic feet per hour, which, iu addition to the natural

flow there, wonld give a depth suitable to the navigation. By holding back 35,000 cubic feet per second from the dis-

charge, M. Valle6 expected to reduce the height of the flood nearly 5 feet at Lyons, and y.5 feet at Avignon.

Tlio obstacle to the oxecutiou of this project has been of a political rather than a physical character. France

possesses no portion of the shores of lake Leman (Geneva), which lie within tlie territories of two Swiss cantons aud

Sardinia.

Among those who were of opinion that the atlvantages anticipated during the low water of the Rhone would be

obtained by tho execution of such a project, was M. Elia Lombardini, Director-General of Public Works in the

province of Milan, one of the ablest and most learned liydranlie engineers living, if, indeeil, he may not more properly

be classed as the first hydraulic engineer of tho age.

In a i)aper upon the nature of lakes, and of tho works reiinired to regulate their elllux, read before the Imperial

Royal Institute of Lombardy, in August, 1845, and published at Milan in ISKi, M. Lombardini dwells upon tho beiie-

licial influence of the lakes of Italy iu regulating the flow of tho waters of the Po, in restraining its floods by diminish-

ing the volumes of its great tributaries to one-half and one-third of what they wonld bo but for tho interposition of

these lakes (which at such times discharge so much less water than they receive), and in preventing excessive low

water iu that river by iiiereasing tbe flow at that time, thus tending to eiinalizi^ the volniue of water at all seasons.

This moderating influence of the lakes h.ad been previously pointed out by M. Lombardini, in detail, in a paper

published iu 1843.

At his suggestion, arliliiial works linve been sueeessfully resorted to al the outlet of one .if tlicHe Ilaliaii lalies, (o

prev<'n(,iii conjunction with other worKs, inundations on the riviu- issuing from il,iii the coiiiitiy below.

t The Report states: "A geographical ciieumstaiico of great imiiortaiiee as regards the supply oi' rivers is llie
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Among' American engineers who have advocated the appHcation of a system of

artificial lakes to our western rivers are Mr. Charles Ellet and ]\Ir. Elwood Morris

The former, in a pa2:)er published liy the Smithsonian Institution in 1849, and the

latter, in a series of articles which appeared in the Journal of the Franklin Institute sub-

sequent to that date, have urged its adoption for the improvement of the na\'igation of

the Ohio. Mr. Ellet has also, since the publication of his first paper, repeatedly recom-

mended the system for restraining the floods of the Mississippi, even in the delta.

It will be noticed that two distinct advantages are claimed for this system. One is

the im2)rovement of navigation in low water ; the other, protection

against floods. The former is foreign to the puq)Ose of this report, and itsdoubiecha-
• • 1 1 T . -11 ^ ••11 racter. Its ap-
it IS not intended to discuss it, especialh' as the requisite data nave piicabiuty to

restraining
never ])cen collected for the Mississippi or for any of its main tribu- floods oiUy to

'^ •'

_
becons idered

taries. It seems possible by establishing a system of dams in the iiere.

mountains upon many tributaries, accumulating the rain which falls

during many months in the year, and pouring it into the channel of the river in its

lowest stage, to eiTect a marked improvement in the low-water navigation even of

the Mississippi itself To what extent this system is practicable, and what would

be its probable cost, can only be decided by careful and extended investigation and

survey. As already stated, it is a subject with which this report has no connection.

The second advantage claimed for the plan, however, is very different. It is proposed

by it "to protect the whole delta and the borders of every stream in it, primary or

tributary, from overflow."* This branch of the subject, therefore, will be carefully

examined.

Little consideration is necessary to make it apparent that this system is not appli-

cable to restraining the floods of all rivers. Certain topographical

conditions are essential to its success. The valley must be of such a
J General c o n -

character that dams of reasonable dimensions can be constructed,
g'u^c*l^°^\ ^^l

which shall keep back the identical ivatcr n-likh otlierwise would make up umpph^aWe* t

o

the flood. It is not sufficient for this purpose, as for improving naviga- fToo'^^s'of the

tioii, that a large volume of water may be collected by the accumula-

tions of months. The floods of great rivers are torrents, caused by
eitaation of large lakes at or near their sources. These, by retaiuiug the waters, are so many reservoirs, regulating

the expense of water in seasons of floods, and supplying an equivalent to this expense long after the causes of floods

have ceased." As an instance in point it cites the Khine, which rises in the Alps, whore the melting of the snows is

successive, and prolonged even to July. " In its upper part it traverses lakes, which economize the water and serve

as reservoirs for seasons of scarcity." From the varied aspects of the different parts of the basin, winds from dilFer-

cnt directions blow at the same time in difl'erent parts of the same general valley; consequently the rains are not

simultaneous over that valley, and the tributaries bring their floods in succession. The floods in th« £hine are not,

therefore, great, (ju the contrary, the winds blow at the same time from the same direction in the whole basin of tlic

Ohio, and the rains are simultaneous throughout the whole general valley. The mountains in the southern half of the

basin are low, and the snows are melted rajiidly and nearly simultaneously by the warm southerly winds and rains.

The tributaries contribute their floods nearly at the same time, and the floods of the Ohio are therefore of great

height.

* Report of Mr. Ellet, Idol.
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rapidly melting snows and by widely extended and heavy rains. The greater part of

this water does not drain from the remote mountain sides, and issue from the distant

mountain gorges. It foils in the valley itself; and the nearer to the main river, the

more sudden and disastrous will be its effects
;
partly from the more rapid accumula-

tion in the main stream of the contributions of the tributaries, and partly from the

absence of the natural reservoir furnished by the various channels, which must be filled

before a freshet originathig near the sources can reach the lower part of a river. To

control such floods with certainty and economy by artificial reservoirs, it is, therefore,

essential that certain important tributaries which drain relatively large portions of the

basin shall debouch near their mouths from narrower gorges, where dams can be con-

sti'ucted at reasonable cost, and where artificial lakes can be formed Avithout injury to

other interests.

But these essential conditions are the very reverse of those existing udou the lower

Mississippi. It is emphatically a river which drains a plain. Tlie area of the narrow

border of mountains around it is insignificaut, when compared with the great extent of

its basin. Moreover, the downfall of rain upon these moimtains is but little more than

half of that which falls npou the same area near the great artery itself; for, as alreadv

seen, it derives by far the greater part of its annual and of its flood discharge from the

central and nearly flat portion of its valley. If we add to these peculiarities the fact that

its main tributaries are all navigable rivers, which are too valuable, as routes of com-

munication, to be interfered with by dams, even if the system were otherwise practi-

cable, it is evident that reservoirs can be located only in the narrow belt of mountains

npon the borders of the basin, where, as already seen, they can have but little effect

upon the floods.

In order to o-ive a more definite character to these conclusions, the}-
This can also "^

.be established yy]]\ i^q reduced to fifjures by aid of the data collected resi)ecting the
by computa- o ^ i o

ti°e'dafacoiilct° S^'^^^ Jii^e flood of 1858, by which the merits of all these different plans

ed iu 1858. ^^ protection are to be tested.

To have protected "the whole delta and the l)orders of every stream

Quantity of i" it, primary or tributary," against this flood, not more than l,or)0,000

lesei-voirs must cubic fcct per sccoud could have been allowed to enter the head of the
have hold back, ^^ . ^ . -r-i , • iii ij ^ c
to be successful, alluvial region.* Even this quantity would have submerged much oi
iu the Juae flood
of 1853. the lower country, had not the tributaries below the Ohio been so very

low that their united contributions, joined to this amount, would only

have been sufficient to maintain the river at full banks. The conditions of this flood

were then the most favorable possible for the reservoir system.

* If it he oliji'cted that, in the Decoinbor risp of 1857, nearly 1,200,000 cubic feet per second entered the head of

the alluvial ioj;iou, and passed down without raising the river above the level of the banks, the reply is obviou.s. TIio

river at the coinniencoment of this rise was low, and the water was expended during the brief rise in filling the

comparatively empty channel,—a condition which, produciug a great local slope, also materially depresses the water

surface. (See page 370.) In the flood season of the year, the river is always so nearly at the level of its banks that no

such enormous reservoir exists.
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During- the thirty-six (la3-s in 1858 from May 25 to June 29, inchi.sive, the total

amount of water passing the hititude of Cohimbus exceeded by 648,172,800,000 cubic

feet that which would have resnlted from a discharge per second of 1,050,000 cubic feet

.

Eeservoirs situated above the mouth of the Ohio, and sufficient to have kept back in a

single month fully 000,000,000,000 cubic feet of water, would, therefore, have been

essential to the security of the delta, if this system had been depended upon for

restraining this flood.

Where these reservoirs must be placed is the first question which presents itself

The character of the basins of the U2:)per Mississippi and lower ]\Iissouri

is such that the system is impracticable in them. (See Chapter I.) It \where the re-

servoirs must be
is, then, in the Ohio basin that their locus must be sought. The northern placed.

slope of this basin presents few or no advantageous sites. The southern

slope, on the contrary, is mountainous near the head-waters of the tributaries, and it is

there, if anywhere, that reservoirs can be constructed.

The downfall of rain in this region is next to be considered. Tlie Downfall of

extended system of meteorological observations conducted under the gTon^at'^'thTa

auspices of the Smithsonian Institution has rendered it possible to
^^""^

trace, with great precision, the rains which occasioned this flood. They occurred in

tlie month of May, and were heaviest north of the Ohio river. Thus the do\vnfall in

that month varied, through the States of Ohio, Indiana, and Illinois, from 7 to 12

inches, the mean from observations at nineteen well distributed stations being 9 inches.

None of these stations were upon the immediate banks of the Ohio, where local

influences could be suspected ; and this is doubtless a correct estimate of the mean

precij^itation over the whole of this area, as well as over much of the basins of the

Upper Mississippi and of the lower tril:)iitaries of the Missouri, to which these rains

also extended. But since none of this vast region is adapted to the reservoir system, a

knowledge of the downfall in the mountainous j)art of the valleys of the southern tribu-

taries of the Ohio is demanded by the present investigation. The following table

exliibits all the data available for this purpose, grouped in such a manner (plate I) as

to represent truly the mean downfall throughout the entire region in question.

52 H
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Murraysville, PeDiisylvania..
Cannousburg, Peunsyl vania .

.

Somerset, Penusylvauia

Kanawha, Virginia
Poplar Glove, Virginia

Jlillerslmrg, Kentucky
Paris, Kentucky '.

,

Glenwood Cottage, Tennessee

Jackson, Miasissjjipi ,

Green Springs, Alabama

Mean

40 23
40 15
40 0-i

;« 25
38 20

33 20

38 10

32 20
32 50

79 35
80 10

79 02

81 48
81 21

84 10
84 16

90 11
87 4G

Kain in May, 1558.

Gronpeil to
represent
true mean.

Inches.

5.6

3.3

2.8

4.5

5.4

4.5

3.0

Inches.

7.1

3.0

4.9

4.5

2.9

Drainage area
required was far
greater than the
topography o f

the country
would allow.

For May, then, the averac^e downfall in tills mountain region was
Amount w^hich

^

*

_

might have been 4.5 inclie.s. Acloptino- Mr. Ellct's e.stimalc, wliic'h i.s certainly ample, Go
collected. la j i.

per cent, of this might have been collected ; that is, 0.24 of a foot.

Having thus determined the total quantity of water to be collected, and the mean

depth of the availal)le downfall, we can determine what area in the

mountains it would have been necessary to drain into reservoirs, in

1 , i J. ii 1 u r n J, 600,000,000.000 ..o, ^,,,,
order to protect the delta irom overflow, it is ,-—f-— ,-..^,>„ rr 90,000

^ 0.24 X (oiisof '

square miles, an area much larger than the whole mounta'm region drained

hij the Ohio.*

The impracticability of the scheme requires n/j further diemonstration, since this

flood was of the character which the reservoir system is best adapted to conti'olling

;

that is, it was a flood of the upper tributaries of tlie ]\Iississippi, all those below the

Ohio being at a low stage.

It would be a work of supererogation to discuss questions of cost, now that the

physical impossibility of protecting the alluvial region from overflow by

cost,^ supposing this System has been made so evident ; but to give some idea of the

favorable.
'^ ^ enoiTiious expense Avhich would attend its application, even if the

topography of the ilississippi basin were favorable to the scheme, refer-

* It may be objected to these coutlusions, that the observations upon the fall of rain did not extend sufficiently

into and over the mountain region, and hence that the eSect of the Alleghany range in increasing the amount of raiu

is not taken into account. Observation has not yet determined the eli'ect of this mountain system upon the fall of rain,

nor has the general Ian- of iucrea.so produced by mountains been ascertained with sutiicient precision to admit of ils

numerical application to the Alleghany range. Nevertheless, an approximation to the efl'ect m.iy be made. The mouut-
aius upon the west coast of England increase the downfall of 40 inches at their foot-slopos to 57 inches at about their

mean elevation, thus adding between one-third and one-half. If it be a.ssumed, then, that tbe ctfect of the Alleghany
range is to increase the rain ne.ar the foot of its slopes to a me-in rain one-half greater over the whole area of its declivi-

ties, an a.ssnmption highly favorable to the reservoir project, the above estimate of downfall would only be increased

one-sixth, since these mountain declivities do not oecupy more than a third part of that portion of the basin of the Ohio
south of the river. Upon this supposition, the area of drainage reipiired for the reservoirs would bo 75,7(10 square miles

instead of 90,000 square miles, and the above remarks as to the eutire impracticability of the scheme would still apply
with equal force.
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enco will be made to the cLita collected by Jlr. Ellet in 1858, in a snrvey for a site of

an artificial lake upon a branch of the Kanawha river. The character of the work is

snfliciently explained in the note below.* Mr. Ellet's estimate of cost is as follows:

—

Total estimated damages $154,200

Estimated cost of dam 215,500

Estimated cost of preparing cliannel of Kanawliii river for iucreased discharge 125, 000

Total $494,700

This site is doubtless one of the most fiivorable which conki be selected in that region

for constrncting an artificial lake ; but if, for the sake of argument, Ave admit it to be

a fair standard, we see that, according to Mr. Ellet's estimate, an outlay of about half

a million of dollars must be made in order to collect the drainage of 201 square miles.

To have protected the alluvial region against the June flood of 1858, by this system,

would then have required an estimated expenditure of about $215,000,000; and to

have guaranteed "the whole delta, and the borders of every stream in it, primary or

tributaiy," against inundation by floods from aiit/ of the great tributaries, the amount

required would have been much greater.

To guard against misconception, it may be well to repeat that the advantages of

a reservoir s}-stem upon certain western rivers, for certain objects, are

not cpiestioned. By it, the low-water navigation of important streams mf"k^^""^'"^
'^^'

flowing into the Ohio—perhaps of that river itself, and possibly even of

the Mississippi—may be improved. The data for deciding whether the advantages

accruing from such works would be commensurate with the expense of constructing

them have not yet been collected. But the idea that the Mississipin delta may he econo-

mkallij secured against inundation by such dams has been conclusively proved by the

operations of this Survey to be in the highest degree chimerical.

Outlets.—This plan consists in reducing the flood discharge by waste-weirs, and

conveying the surplus water to the gulf by channels other than that of

the main river. From its nature, it is only applicable below the ^^^ °^ outlets.

Arkansas river.

The advantages of this system have been stoutly contested by many writers, on

the ground that reducing- the discharge of the Mississippi will occasion

deposits in its channel, and eventually elevate rather than depress the duced againstciii'i- X f ^ • • • 11 1 ^^^^ plan.
surface levef ot the river. In support oi tins opinion, they have urgeii,

* The foUowiug extracts are takeu from Mr. Ellet's report :

—

" I propose to convert tliis entire area iuto au artificial lake by forming a mound of earth or a stouo dam across its

outlet. This dam will be Crf feet high from the low-water surface of the river to the bottom of the waste for the dis-

cbarge of the surplus water.

" The length of the mound will bo 140 feet at bottom, where the banks of the river draw near together, and 875
fe-jt at the surface of the lake, C8 feet above the river.

'• The length of the lake thus formed will be 21.4 miles. It will cover au area of 10,800 acres, or 1G.9 square
miles. *»**»»»»»««»»

"This great basin will hold no less than 13,587,815,000 cubic feet of water. It will receive the drainage from
20;).2 square miles of territory, the whole of which, exclusive of the meadows which will form the bottom of the lake,

is composed of steep, and, to a considerable extent, very elevated mouutains, from the slopes of which the rains and
melted snows will descend rapidly into the reservoir."



412 EEPOPvT OX THE MISSISSIPPI EIYER.

first, tliat actiuil measurements upon the river at certain crevasses prove that deposits

are made when the velocity is thus cliecked; and, second, that theoretical reasoning

indicates that such deposits ought to be anticipated.

Certain operations of this Survey were conducted with especial reference to deter-

mining the eflPects of outlets, and they demonstrate, with a degree of certainty rarely

to be attained in such investigations, that the opinions advanced by these writers are

totally erroneous. Their various arguments will be answered in detail.

Direct me as- If actual measurements establish that crevasses—which, so far as
urements do not
show that de- tliev affcct the river, are outlets under another name—do produce
posits occur in '

the river chan- deposits in the cliamiel below them, the iniurioiis effects of the svstem
nel below ere- ^ ' .»

vtisses.
j^j.g proved. That measm-ements do establish this fact has l)een

repeatedly asserted, and appears to be generally l)elieved,

Tlie direct evidence adduced in support of these assertions, so far

What such
f,^ p.^jj \yQ ascertained, consists solely of certain soundinjifs made above

measurem e u t a ' •' o

order to°p^l^ove
^^^^ below two crevasses—the Fortier crevasse of 1849 and the Bonnet-

have cfc'iu^redlu Carre crevasse of 1850

—

after tliey had ceased to flow. Because, in each

the crevas'se^
° of tlicsc cases, the cross-section of the river proved to be smaller below

than above the crevasse, it was a.'isiimcd that the difference was due to

deposit caused by the diminution of velocity which the crevasse occasioned. If these

lines had been sounded before the crevasses occurred, and the cross-sections had been

idund to be equal; and if the operation had been repeated after the crevasses had

ceased to flow, and tlie cross-sections had been found to differ as stated ; then it would

have been a legitimate inference that the change had been produced b}' the crevasses.

As it is, no siich inference can bo drawn. It will be seen by a glance at Appendix C,

that such differences in cross-section are itsualli/ foitnd when several sections are made

at short distances apart. Unless the soundings have been made previous to the occur-

rence of a crevasse, the only possible mode of demonstrating that it has occasioned a

deposit in the bed of the river below it, is to prove both that a bar does exist below

the crevasse when it is closed, and that this bar is washed out by succeeding floods.

This has not been done in either of the above cases, as will be shown for each in turn.

The Fortier crevasse occurred in April, 1849, on the right bank of the ^Mississippi,

about 13 5 miles above New Orleans. In Augtist, 1850, the engineers

Bhow^thts fo'r
'^'^'^ siu-vej'ors accompanying the Senate Committee of Louisiana made

lassl"''^'^'^
"^' twelve soundings on a line 400 feet below the site of the crevasse, and

fifteen soundings on a line half a mile above the site, with a view to

determine the area of cross-section on each of these lines. The degree of exactness

which is claimed for these measurements is shown by the following extract from their

report: "These [soundings] Avere taken with lead and line from the deck of the steamer,
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in crossing- between the points indicated on shore. The distances apart of the soundino-s

are as nearly equal as the depth would admit. To enable us to treat these soundino-s

as equidistant, the committee have added ten per centum to the arithmetical mean
depth as derived from the soundings. This mean depth was then added to the height

of the adjacent adopted water mark, above the present surface, and the whole depth

thus obtained multiplied into the high-water width, for the high-water sectional area.

The result is presented only as an approximation, the best we could expeditiously

obtain."

The "approximate" areas of high-water cross-section thus determined are 183,000

square feet below the crevasse, and 228,500 square feet above it—difference, 45,500

square feet. In October, 1851, Professor Forshey, then an assistant on this Survey,

re-sounded the lower of these lines with greater exactness, and found the high-water

area of cross-section to be 174,700 square feet, thus showing this area to be 8300 square

feet less than the approximate area determined by the Senate Committee. Tliis differ-

ence only serves to confirm the want of exactness in the first measurement, so freely

admitted by the engineers.

So far, then, as any conclusions can be derived from these facts, they are that the

bar was not ivaslied out hij the succeeding floods of 1850 and 1851, and hence that it prol-

abhj existed before the hreaking of the crevasse. The details of Professor Forshey's meas-

urement having never before been pubhshed, the survey of this crevasse has been

frequently adduced as proving that crevasses do occasion deposits in the bed of the

river below them, whereas it evidently indicates dii-ectly the reverse.

The great Bonnet-Carre crevasse of 1850 occurred in December, 1849, on the left

banlc of the Mississippi, about 5 miles below Bonnet-Carrd church.

Subsequent to the date when it ceased to flow, soundino-s, the results of ^^^y ^° °°*
'- ' o ;

^ " show this for the

wliich are given in the following table, were made above and below its
Bonne t-car re

° ° ' >^v^iwn iL.:i crevasse, but di-

site by several engineers. Those of Professor Forshey in 1850 were versl^
the re-

made before his connection with the Delta Survey. At the time of his

measm-ements the water stood 10 feet below high water of 1 849. The exact area between

that stage and high-water mark was only approximately determined, but subsequent

measurements in the vicinity by parties of this Survey have shown that 30,500 and

31,800 square feet, respectively, should be added to his upper and lower sections, as

sounded, to reduce them to high water of 1849. These numbers do not differ mate-

rially from those of liis estimate, in wliich the increased width at high water was disre-

garded. Mr. Ellet's sections were made in February, 1851. His published high-water

areas refer to "between banks." In order to compare them with the others, they

have been brought to "between levees," by adding 12GG and 15G7 square feet, respect-

ively, to his upper and lower sections—numbers found by comparing his high-w^ater
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widths "between banks" with those measiu'ed by this Survey "between levees." Mr.

Smith's and Mr. Pattison's sections (see Aj^pendix C) are reduced to hig-h water of

1<S49, by applying the correction given in the table in Chapter II.

At the Bonnet- Carre crevasse of 1850.

Above crevasse. Below crevasse.

High-water area, > Xumber of High-water area, Xumber of
lc49.

j

soundings. 1^49. < soundings.

Professor Forshev-
Mr. EUet
Mr. G. C. Smith...
Mr. Pattison

Mean—say

.

July, 1350
Feb. 1851
Jiiue, 1851
Feb. Ig59

Square feet.

216,300
200, 000
207, 400

207, 500

208, 000

Sipiare feet.

1-17.500

151, 000
107, 000
151,200

155, 000

' From plot in Topographical Bureau of the War Department.

These sections were made on nearly the same liue.s—just above and just below

the site of the crevasse—but being made by different parties without tlie use of com-

mon station marks, their exact location must vary somewhat, and absolute accordance

in resulting area is, therefore, not to be anticipated. This being understood, the evi-

dence they furnisli, that no sensible change has taken place in the channel of the river

at those two localities since the date of the crevasse, is too strong to be resisted. The

succeeding floods have not Avashed out this so-called bar. Hence the persistent

assumption, that it was caused by the crevasse, is unfounded.*

But tliis is not all. The so-called bar undoubtedly existed before that crevasse

occurred. Indeed, by one acquainted with the locahty, its existence

Moreover, the might liavc been predicted before the soundings were made. The cre-

tioii below this vasse occuiTed just below a bend. The upper section is near enough
crevasse was re- „ . ... ... -, .ii irt>/-ii
quired by a gen- tor its area to DO increased m accordance with the usual enect of bends;
eral law^ of the
liver. while tlie lower section, being about 7000 feet farther down the river,

is in a straight portion, and, consequently, ought to be smaller. To

illustrate this fact, reference is made to the map of Carrollton bend on figure 2, jilate

111. The two Uonnet-Carrc section-lines are shown Ijy llie transit work of this Survey

to be situated, with re.spect to the bend, almost })recisely as sections GG and DO on tliis

map. The area of section C6 is 214,000 square feet; tliat of section 90 is 185,500

square feet. The difference is 28,500 square feet, \\hlch is less than that existing

between the two Bonnet-Carre sections, but still largo enougli to lead to the inference

that those two sections were not equal in area.

Jt is therefore evident that, so far from indicating a deposit in the channel, tlio

" See Appendix L.
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measurements made upon the Fortiev and Bonnet Carrd crevasses—tlie only meas-

urements adduced-:-prove that no change oftliis kind occurred. The it is therefore
an error to sup-
pose that meas-
urements prove

chiim that actual measurements confirm the opinion tliat outlets must pose'^hat'^meas-

occasion deposits in the channel thusfalls to the ground, and the theo- outlets to be dig

1 . T . , 1 1
advantageous to

retical reasonuig alone i-emams to be considered. the river.

The arguments in favor of the hypothesis can hardly be better stated than in the

follomng extract from the writings of Major J. G. Barnard, Corps of

Engineers, United States Army, one of the ablest of the eufiineers who Theoretical
" ' •' ' o reasonuig upon

have treated of the Mississippi river:* "It is pretty well established, ^^'faVasld.'''""

that certain relations exist between the configuration of the bed of a

stream and the velocity of its current. This relation is the most clearly discernible,

and capable of being subjected to calculation, in rivers (like the lower Mississippi)

whose beds have been fonned of materials brought down by their own currents; in

other words, which have made and shaped their own beds.

"I find this principle laid down in the work of Frisi 'On Rivers and Torrents,'

which was placed in my hands by W. S. Campbell. He quotes and confirms the rules

established by another engineer, Gruglielmini, which are, that ' the greater the quantity

of water a river carries, the less will le its/all,^ and 'the greater the force of the stream,

the less will be the slope of its bed.' And, again, 'the slope of the bottom in rivers

will diminish in the same proportion in which the body of water is increased,' and vice

versa. These rules have their explanation in the facts, that the beds of rivers, of the

character above mentioned, are capable of resisting, unchanged, only a cei'tain velocity

of current; and, on the other hand, that the sedimentary matter, contained in the

river-water, requires a certain degree of velocity to keep it in suspension. From the

counteracting tendencies of the above two causes, a mean becomes established, at

which the current ceases to deposit its sediment, and the bottom ceases to be abraded;

in other words, the bottom becomes permanent. But if, from any cause, such as

throwing off a portion of the water through a waste-weir, the velocity of the current

is diminished, it is no longer able to maintain its sediment in suspension, but will con-

tinue to deposit in its bed, until, through the elevation of the bed, its velocity again

becomes, what it was before it was disturbed, sufficient to maintain its sediment in

permanent suspension."

It will be noticed that two important assumptions are necessary to support this

reasoning: First, that the Itottom of the Mississipin is composed of its own

alluvion, ivhich can he readily acted upon hi/ the current; and, second, that ^j^'^g ^
u"'o'u

its ^vater is ahcai/s charged with sediment to the maximum capacity alloived ^^^g i's'^base^^

hy its velocity. The fii'st of these assumptions seems to have been

' De Bo^^'s Keriew of the Southern and Southwestern States, August, 1650.
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universally adopted, at least for the lower river. The second, while it has been

adopted by some without due consideration, has been clearly perceived by others to

be essential to the argument.

Thus Major Barnard proceeds to state: ''Paradoxical as it may appear, tht-n, it is

a certain result of the foregoing principles, that, the more water we throw off by waste-

weirs, after ice have passed that limit at ivhich the velocity is just sufficient to l:ecp the led

clear, the higher will the surface ultimately become. "What that limit is, I do not pre-

tend to decide. If we assume that the present velocity is necessary for that purpose,

and that any diminution will cause a deposit in the bottom, then we cannot throw oft'

a single cubic foot of the water now necessary to maintain tliis velocity, without caus-

ing an ultimate rise both in the bed and surface." U2)on this assuinjition, he compiites

by Dubuat's formula the ultimate rise in the bed at CarroUton which would follow

certain reductions of the high-water dischai'ge.*

An extended series of measurements has been conducted with especial reference

to testing the correctness of the two important assumptions upon which is based the

conclusion that outlets will raise the mean level of the bed of the ]\Iississii)pi. They

have demonstrated both to be erroneous.

The character of the channel of the river has already received a full discussion in

Chapter II. Here, it is sufficient to recall to mind that, tlii-oughout the

already proved whole distauce from Cairo to Fort St. Philip, the true bed consists of a
to be erroneous.

. i . n . tt i ni • i -i i i i i

tenacious clay, whicli is unhke the alluvial soil, wears slowly under the

strongest currents, and is proved, Ijy conclusive eA'idence, to belong to a geological

fonnation antecedent to the present. This disposes of the first assumption.

We come, then, to the second assumption, viz.: that the water is at all times

charged with sediment to the maximum capacity allowed by its velo-
The second as- . t.- i i i p t t/v

sumption — that citv. It tliis DC SO, the amoiuit ot sediment at dmerent stages must

ways charged to Vary proportionally with the mean velocitv.f To determine tliis ques-
its maximum ca- , ' '

_

'

pacity with sed- tioH, an extended series of elaborate dailv measurements was made.
iment.

These experiments have been fully detailed in Chapter II. From the

table there given, the mean number of grains troy in a cubic foot of water has been

computed for each week during the continuance of the velocity measurements both at

CaiTollton and Columbus. The corresponding mean velocities are taken from Ap-

* Although Major Baruard guarded himself so carefully against misconception, he has been misunderstood and
quoted as dpducing from his corapntatious (supposing the values of the variables in the formula to bo correctly .assumed)

that the ultimate elTect of an outlet, of the dimensions of the Konuet-Carr^ crevasse of 1850, would bo an elevation of

the bed of the Mississippi at Carrolltou, amounting to 18.5 feet. Evidently ho did not present this as his opinion, but as

the rrsult which would take place nu})po'<ing the walir to be chaigtd to its utmost caimiili/ iiilh sediment, a question which he

i' d id not pretend to decide."

t According to Dupnit's theory, the power of a river to hold sedimeutary matter in suspension is proportion.il to the

diflereuce in the velocity of the consecutive tilaments of the water. This, however, does not militate in the le.ost agains t

(,ho above proposition, for, as has already been seen, this dilVerence, depending upon the parameters of the curves of

vertical and horizontal velocity, varies with a function of the mean velocity.
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pendix 1). Tlie follo\viii<;- Initio oxliilji'ts tlie results wliioli are represented on plates

XII and XIII:—

WccUjj sediment and velociti/ of the Mississixypi river.

'M\ in Fe1)iiiaiv--

4tli " ...

Ist ill Mrllcll

2d "

M "

4th "

1st in April
2(1 "

Sd "

4tli "

1st in May
2d "

•M "

4th "
tM\ "

1st in .Tfino .

2d "

;m "

4th '

lat in Jnlr
2d
3d "

4th '

1st in Ani;nst
2d "

3d "

Carrollton, 1851-2.

Moan ve-
locity of
river.

Feet.

3.94
5.31
5.70
5. 96
6. IG

5.91
5.90
5.68
5. 58
5.53
5.32
4.93
4.44
4.01
3.51
4.04
4.26
4.41
4.31
4..'il

4.75
4.76
4.85
4.71
4.70
4.05

Grains.
224
447
432
321
2.52

197
175
149
143
201
172
154
123
103
95

2.55

346
C41
392
322
334
395
468
436
482
430

Columbns, 1658.

Moan ve-
locity of
river.

5.03
7.18
7.02
5.28
5. 85
7.37
7.53
5. 78
6.47
6. 73
7.08
7.63
7.95
8.27
8.07
6. 22
4. 35
3.78
4.22
4.84
4.09
3.98
3.50

Sediment
per cable

Number of week.

268
276
370
468
295
286
274
175
284
271
306
320
290
363
569
634
651
406
243
465
485

4th iu Angust...
.5th

1st in Septouiljor

.

2d
3d "

4th "

Ist iu Octol)er...
2d
3d
4th "

1st iuNovemher.
2d "

3d
4th
5tU "

1st in Docombp.i',
2(1

3d
4th
1st in .Tann.ary...

2d
3d "

4th "

5th
Ist in Fohrnary..
2d "

Cari-ollto
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The observations of tlie Survey, however, in e.stablisliing- the fact that the current

is rolling- along upon the bottom of tlie river a certain quantity of earth)-

suggest °a'^new T'i^tter, suggests a UOAV subjcct of inquiry. I\Iay not an outlet so diniin-

quiry'^
"'^ '" i~*b the velocity of the river below it, as to cause an accinnulation of

tills material, and thus partially fill up the channel ? To decide this

question, it is necessary first to form a, definite idea of the i-etarding eflect that will be

produced upon the velocity at the bottom by any outlet likely to be made; and, second,

to determine whether this reduction of velocity will cause an accnnndation of the

earthy matter.

The data necessaryfortlie first partof the discussion have been obtained bymeasure-

nients at tlie site of the great Bonnet-Carre crevasse of 18.50, where it has

isting^in'the ve-
•'"^•^''1 been proposed to form a permanent outlet. They ajipear in the

beiow%he'B^on- pvecediug analysis of llie Hood of 1850, or in the tables on pages 088, 3i)0,

vasse. iind 414. When the discharge at the crevasse was at its maximum, or

1 I l,(tOO cubic feet per second (February-April), the river Avas 2 feet

below the high water of 184'J; and its area of cross-section Avas 2()2,000 square feet

above, and 148,000 square feet below, the site of the break. The discharge above the

crevasse was 1, loo, 0(»0 cubic feet per second. The mean velocity of the river was then

1,100,000 r ir +• <- 11 . <»SC,()0<I ,>,,,,, , ,, .,
'}Tpr(uin ^^ ''^•J '*^'*^t per second above, ana ..s; (().)

^ ''*''' '><'I<'W, liie crevas.se; tlie corre-

s]ionding velocit3'at the bottom Ijeing (equation 31 ) 4.72 and o.HO feet re.spe<-tivelv.

The jirevalent error of su])j)Osiug that the "bar" below this creAasse was occasioned

by the jiceiiiiiul.ition of material, iVoiii aiiA source, collerted in eituse-

AVhy the sc- (picuce of a dimiiiutiou of velocit\-, is thus exposed.* Tlie nJocili/ a( flic

called bar ivas
not washed hoffoiii iiniiiciJiafrJi/ licliiir tlic hrcah ircifi more than a foot per srcoriil qrcalcr
away, the real
problem. //,,/// (],(tf (,lii,rt\ and the problem sliould ratlier be to ascertain win the bar

was not Avaslied aAvay in the fiood. Its composition furnishes the solu-

tion. The soundings of this .Survey slioAv that the bar is composed of the lictrd hliie chii/

so otteii iiK-iitioiied, which the Arisslssijijii cuneiits wear so slowh'as seemingKto produce

no eflect, unless the surfac(; is occasionally exjiosed to the air. To this natural ridge

might w ith some plausilnlity be ascribed the caiisr of the crcA'asse, esi)ecially as a second

break occinred .it the same ])liice in 1851).

Since tliis cre\asse Avas situated al)0\c a natural contraction in tlie

General iiives- ch.iunel, it cannot l»e inferred, from the facts connected with it, that an
tigation as to
the actual re- outlet iliili/ Hot occasion a seliolls reiluctloll of XclocitA below its site,
tardation in ve-
locity at the bot- Hence, to deteniiiiie the etVect of; ntlet noon the iik/d/ river, the
torn caused by '

an outlet M|-,.at I'.ell cn\:isse of 1S5S (No. 45) will be considered, and the cross-

section assumed to be equal above and below the break.

* Seo Appimdix L.
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The aiiKiuiit liy wliirh the depression of the water surt'ace, due to the crevasse,

dinniiislied tlie area et' tlio river section is first to l)e determined. It is evident, since

the sh>pe is heie at tlie rate ot" only about one indi per mile, that the depression of

water surface just below the break must be sensibly eiptal to that just altove. But the

depression above can be exactly estimated by referring to tlie CarroUton curve on plate

XIV, which shows that when the crevasse Avas discharging most (August 1-17), the

river surface Avas 1.5 feet lower than wlien, in 1851, the riA er at a similar stage was dis-

charging the same amount (990,000 cubic feet per second). This difference of 1.5 feet,

then, measures the maximum effect produced upon the river surface by the Bell crevasse.

Hence the high-water area (gauge 15.4) being say 185,000 square feet, and the width

say 2500 feet, the actual area of cross-section on August 1-17 (mean gauge 12.8) Avas

185,000 — 2500 (15.4 — 12.8) = 178,500 square feet; while, if the break had not

occurred, the area (gauge 14.3) would have been 185,000— 2500 (15.4 — 14.3)= 182,300

square feet. But the actiuil mean discharge per second below the break Avas 910,000,

Avhen, 1)ut for tlie break, it A\ould have been 990,000 cubic feet. Hence the actual

mean velocitv below the lireak Avas ,„,',... ^ 5.10 feet per second, wlicii, but for the
17b,5((0 '

1 I •. Ill 1
On(»,000 r ... 1- ^ 1 HM • • r il

break, it would Jiave been r..7r..,^A = 5.4.J leet per second. iins yives lor tlie mean
1.SJ,.jOO ^ '^

bottom velocity (eipiation 31) 4.40 and 4.70 feet respectively; difl'erence, 0.3 of a foot,

or about six per cent. We may therefore infer that the actual reducti()n of velocity, to

be apprehended from an outlet, is very slight.

AYe noAv come to the second division of the suliject. ^V'ill such
1 • c 1 • 1 • • c 1-1 . , So small a r€-

reduction of A^elocity cause a deposition oi any part ot the material duction of veloc-
ity will cause no

moving along the bottom F accumulation of

_
material rolling

To this question it may be reidied that even moderate winds often upon the bottom
^ -^ ^ of the nver.

occasion much larger reductions of the bottom velocity; Avhile local

variations in the area of cross-section are everywhere effecting similar changes,

some of Avhich exceed a foot per second, or nearly twenty per cent, in amount.

This fact in reality decides the question in the negative upon general considerations
;

for, if the riA^er Avere always rolling along upon the bottom the maximum amount of

earthy matter of Avhich its velocity Avas capable, deposits Avould be made in the large

sections; and the area of cross-section would thus become uniform throughout. Since

actual observations pro\'e that great variations in the cross-section exist everyAvhere, it

is evident that the maxiinum transporting poAver of the current is not called into recpii-

sition; and hence that no accunndations are to be apprehended from so small reductions

of velocity as Avill he occasioned by outlets,—which, after all, are only designed to

reduce the river to its normal condition before levees were made. If measurements

of the quantity of the material transported along the bottom had been practicable, as
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it wiis ill tlie case of tli(3 sudiiiicutary iiiatk'r, this ooiic-lusioii woulil duubtlcsfi have

I'teii coiiiinneil by direi't ob.servatiuiis; for the quantity collected at anyone time was

al\va3S small.

The facts a1)ove cited estalilisli tliat there is no evidriicr that any liliini; up of tlie

lied e\ IT dill occur in conseciuence of a ]li^il~\vat(•^ outlet; and, moreover,

Outlets are ,||.|( j, j^ iuiiiossible that it ever should occur, either from the depositiontheuofgreat I ' *

the'rivcTis^coT- "' scdiuuMitary matter held in suspension, or from the accumulation of

are'\^rtiiaUy'im^ material (hil'tiui;' aloni;- the bottom. The conclusion is then inevitable,

ole'^d'ifficu'ity^of that «"./((/ (!s iJic rivcf ilsclf is coHCcnied, they are of (jrcat iitilili/. Few

water.
''

practical problems admit of so positive a solution. Unfortunately, iiow-

ever, tin; n Ikf of the ricer itself is onlij half oj the il((/ietilti/. The water

taken from it still remains to be disposed of Creva.sses solve the itroblem by

discharj>in;;- this water into the swam[).s. The natural drains there, however, are

insufficient, and the backwater gradually rises mitil the plantations upon the river

banks are submer^^ed, and ruin is thus spread far and wide. A ehaimel to eondavt the

water to the (jnlf iititst then be prepared. Ilm-e lies the great practical ditHculty which

rt'iiders the system of compai'ativeK' littli' a\ail for protecting Liiuisiana against over-

How. This will be a|i[)areiit when an ath'inpt is maile to sehsct an advantageous loca-

tion tor the works.

As already intimated, no outlet is [)Ossible above the Arkansas ri\er. Between that

stream and the Yazoo river, where the ditlicult}' of restraining the Hoods
Au outlet be- , , . , r i n • i ...

tween the Ar- IS greater tlian 111 any other part oi the alluvial region, it is proliable
kausas and Red

"

i i i • •

rivers possibly that a iiseiul purpose may be served b\' drawing olV a i)art ol' the sur-
advantageous
to a limited dis- pbis watcr and discliariifino' it into bayou Tensas. This plan, which
trict.

'

_

^ '^ -^ i
'

will be fully discussed in the ne.xt division of this chapter, would q\\-

deutlybeof no service to the region below Red-ri\er landing; since the

water taken fnini the Mississippi would pass through the Red-river channel to bayou

Atchafalaya, and exclude a corresponding amount of ^[is.sissippi water which otluM'wi.se

would enter tlirough Old river. The plan is, therefore, purely local, and of iiopossii)le

ntilit\' to lower Ljouisinna.

llelow K'ed-river lauding, on tlie right liank, tlirt'e natural outlets—liayous .\tclia-

falava, I'laquemine, and La Fcuirche—already e.xist ; and, owiiiL; to tlie
No artificial ^ ' l ' j i i ,--

outlet practica- character of the tlelta, new outlets cannot be oiK'ned on that bank at a
ble on the nght '

bank below Red suHicieut distance from the gulf to l)e of i>ractical utility. The cost of
river. o 1 J

so enlarging the chaiineLs of the three bayous as to enabletliem to carry

off a volume sulliciently large to depress the floods materially, would be so great that

the project is virtually imiiracticable.

i,,?,J,' ^h^J^i!^* ' *'i <l'e left bank, three localities have been suggested as iieculiarlybank Uiiee lo- ' <^f^ I »'

been 'sugg-tJd' ^(hantagcous sites for outlets.
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Tlic first is the oi<l cluinuel ot Iwyi^ii Maiichac, a formc-r ontlut to

the Amite river, and theuce to lake Pontcliartrain. Its dimensions
' Old bayou

were always insignificant. Du I'ratz, writing about a century ago, calls Manchac.

it a "chetuil,^' or natural canal. Tlie following extracts fi-oni the report

of 3Ir. A. 1>. Wooldriilge, St;ite Engineer, suluuittcd to the Senate of Louisiana in

1X52, demonstrate the disadvantages of reopening this bayou :

—

" The bayou ^Jlanchac is the first of the natural outlets of tlie Mississippi on its

eastern side, and is situated at the distance of fourteen miles from the terminus of the

high lands below Baton Rouge. lu periods of high water, it fonnerly connected the

Mississippi with the gulf of Mexico by way of the Amite, lake Maurepjus, and lake

Pontcliartrain. The distance from the head of the bayou, by its ineanderings, to the

Amite, is about 22 miles, and the whole distance of the water communication with lake

Borgne is about 100. During the last war with England it was greatly obstructed to

prevent the British from reaching the interior by that route, and in 182C it was closed

by a substantial dike to prevent its water from ovei"flowing the settlements upon its

banks and in its vicinity.

" In descending the baN'OU, its first tributary is the bayou (Jroco<lile, on its southern

bank, wliich drains Spanish lake and its inlets into the Manchac. The junction is i)

miles fiom its head. About half a mile below, it receives the bayou Fountaine on its

northern bank, and a few miles below. Ward's creek on the same side.

"At its head, it is about 90 feet by a depth of 12, and its elevation above tlie lowest

water of the Mississijipi, 20 feet, the greatest rise of the river here being 32 feet. Con-

sequently, it is necessary for the river to be 20 feet above low water before its waters

can escape by the bayou. From its head to its junction with bayou Crocodile, it is

usually a dry bayou and very tortuous in its course. It diminishes very rapidly in

size as you descend from the river, and at a distance but little over a mile from its

source, it has only a width of 44 feet from bank to bank, a depth of 10 feet, and a width

at bottom of 15 feet. It is but little larger than at tliis point till it reaches tlie Croco-

dile. Below its junction with the Crocodile and Fountaine, it is 100 feet wide by a

depth of 15, at the water surface Ijeing 70 feet. This may be considered as the veiy

highest point of navigation in its present condition. The banks of the bayou are very

low near) V all the way on its southern bank from its source to the Crocodile, and on

the north to the bayou Fountaine. PVom these points to the Amite there is tolerably

high land on both .sides. The overflow for some miles, in <;i-;i- of < if vasses, above the

Crocodile and Foimbiine, is from 8 to 15 feet.

"By taking cross-sections at the end of every mile from the head to the Crocodile,

it is found that the average channel of discharge is .'JOO feet."*********
"As a depleting outlet, therefore, of the river, the bayou Manchac is utterly iusig-
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iiiiicaiit, mid as its bed is fdiiiposud of a close, stilVchiy, it is uiiivasomdjle to siij)j)Ose

its iiMiiortunce Avonld ever be luiiterially aiie^niented."

* -x- * * * * * * *

" It' tlie l)a)(Hi wcix', opeiiud, as an iuuvitable coiiseqiU'iK-e, a large portion (it the

jiarislios of Asrriisioii and IJatoii Rouge would be overflowed. Several luuidred thou-

sand acres <(t" laud, nnich of it highly ini[)roved, would have to bo abandoned. The

loss(>s would ha\e lo be counted by millions of dollars. Sn|t[)ose this could be pre-

vented by leveeing the banks of the bayou, still the expense would be very great.

Levees would have to be built of miles in length, from 12 to If) feet in height to sustain

the backwater frt>m the Amite, as well as that coming down from the j\lississi])pi. But,

even with this, the country could uot be protected."

•X X » * •>;- -s * * *

" Tn \ie\\ (>i the calamities that would be inflicted upon a worthy [)eople, wholuive

settled and iinpro\e<l, in good faith, and \\ithout expectation of t'hange in the State

polic\', an important and fertile ]iortion of the State, if the bayou were simply 0])eued

without ste])s being taken for their security, and of ihe vast cost of protecting them,

and oi its insigniflcance as an onllet of the river, 1 wouM respectfnll\- recommend

that tlu' bayou IManchac be permitted ti> remain in its jiresent condition.

" ( ,'ircumstances of a peculiar character, in the early histor\' ol' our Slate, gave

an undue importaiu-e to tlu; l)a\on Manchac or the famous river llpei\ille, ami this

impoi-lance has been awarded to it to Ihe present day,probabl\ I'roiu the fact of its being

closed up li'om observation, its ancient fame and reputation abroad soon vanish when

it is seen."

The next locality on the left bank suggested for an outlet is at the site of the great

crevasses of 18r)0 and 1851), in the bend below Bonnet-Carre church.
Proposed out-

let in Bonnet- "Pile distauco betwecu the baidc of the MississiniM and lake Pontchartraiu
Carre bend. '- '

is here only G nnles. The fall in Avater surface between the river and

the mean level of the lake is at high water (1851) 19. G feet. There can therefore be

no doid)t that by making two knees from the river to the lake and cutting the ]\Iissis-

sippi levee between them, a high-water outlet of any dimensions can be made. Such

an outlet woidd be of utility in reducing the height of floods for many miles al>ove and

l)elow, but its construction would be followed by consequences disastrous to Louisiana,

'idle following discussion of the subject M'ill show that the works must be dillicult and

costly; that the navigation oi' the lake will be rapidly destroyed; and that tln-re is

danger that eventually the outlet will become a main branch of the river, and the navi-

gation at the i)resent mouths be thus seriously imjiaired.

With reference to the extent and cost of the works, it is apparent that a channel

must be prepared for the outlet entirely tlirougli the swamp to the lake,
Ext entand . ^ <• , . -. .^i ,

costly character SO as to give a tree discharge to its waters; ior, ii they were merely

conducted to the swamp, ihe tliick growth would so impede their flow
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that enomioiis levees would be required for many miles aljove and below the outlet, in

order to ])rotoct the rear of the plantations from o^'Crflow.

The first (juestion that presents itself is the discharging- capacity that should be

given to the outlet. To reduce the maximum discharge of the flood of 1858 to that of

18.51 would require the abstraction from the river of 150,000 cubic feet per second.

Applying the new formula; to the data already given, the computed width of an outlet

of that capacity would be 9000 feet, and the mean velocity about 3 feet per second

This discharge would raise the surface of the lake 2.0 feet,* and in this condition the

occurrence of storms—tlie effect of which is sli<:>\vn in Chapter II—would flood the rear

of plantations, which at the edge of the swamj) are now but 1 or 2 feet above the lake.

Le\'ees nuist therefore be built along the edge of the swamp. Thus an outlet of a

capacity only sufficient to I'ediu'O the flood of 1858 to that of 1851 nuist occasion larg'e

expenditures for levees both to form its channel and to prevent the lake from partially

overflowing cultivated land.

But the flood of 1851 caused several crevasses; and the discharge of the river

nmst be reduced still more, if outlets are to be refied upon as a sxire means of protec-

tion. When we consider the cost of opening, to lake Pontchartrain, a stream a mile

and a half in \vi(ltli, and the great inconveniences which would result, we must con-

clude that the outlet should be of a capacity sufficient to reduce to almost nothing tlie

yearly expense of maiiitaining the river levees along tlie extent to be protected hj the

outlet; that is, in snch a flood as that of 1858 it should de])ress the surface of the river

at all jioints below it to the mean level of the banks, or to o.?> feet below the flood of

1851. (8ee page 164.) The reduction of discharge necessar}^ to this depression of the

river surface is 3(lO,(KH» cubic feet per second, and that nmst l)e the capacity of the

outlet. By the formuhx' and data before mentioned, its width would l)e 18,400 feet

and its mean velocit)^ 3.0 feet per second. In order to determine accurately how much

such a discharge would raise the surface of the lake, the elevation of the shores, over

which it would empty into the gulf, nmst be known. This information has not been

collected, nor is it essential to the general discussion of the subject. It has been

assumed to be 4 feet in the outlet mouth.

The next question is whether this outlet would be closed by its own -Wouid the out-
let letaiuits

depositions and the rapid growth upon it of willows, cottonwood, etc., primitive dimen-
* • ^ , sious.

such as usually springs up upon the alluvial depositions after the subsi-

* Tbo re.-wling of the mean level of the lake during February, March, April, May, and .Tune, 185(1, while it received

the discharge of the Bonnet-Carr6 crevasse, was 9.7 feet. The river beg.an to fall rapidly about July 1, and by the

middle of that month no longer discharged through the creva.sse. The mean reading of the lake gauge during July.

August, aud September (the only mouths of the remaining part of the year of which there .ire records) was 8.0 feet.

The reading of the me.au level of the lake duriug February, March, April, May, .and June, 18.51, the season of the year

during which, in 1850, the lake was elevated by the crevas.se, was 8.0 feet. These facts show conclusively that the mean

discharge through the Bonnet-Carrd crevasse (105,000 culiic feet per second) elevated the level of the Like 1.7 feet-

By a cou)parisou with the mean yearly level of the lake, the same result is obtained. The greatest diseh.arge of the

creviiase iuto the lake was during February, the mean level then reading W.2 feet. Tlius the greatest elevation of the

lake by the Bounet-Carr6 crevasse was 2.2 feet.
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ck'iice of a flood; or wlietlitT it would cxravate its ht-d; and if tlic latter, t<)^Allat

extent.

Wherever there was a continued current inside the levees from the Bonnet-Carre

crevasse of 1850, there was lU) deposit and no growth whatever. There

cioseTtseif**
'^°^

'^i therefore, no reason to anticipate that there would ])C any in the l)ed

of the outlet, 'i^he cessation of the How of water throutih it would be

siuhlen, and the current would l)e of nearly eijual rapi(hty as long as there was anv

discharge. It wouhl be fortunate if a growth of willows did spring up every year in

the channel-way; for the annual cutting of such a growth Avould c()st coiu})arativelv

little, and the stubble and roots woidd ))rotect the bed Ironi the wearing which is to be

apprehended. By referring to Ohaj)ter VII, it will l)e seen that a stream situated like

this would not be closed by the bar whieh would form around its mouth. It does not

appear jirobable, then, that the outlet would l)e closed from any natural cause. We
have next to see whether it woidd not excavate its bed.

From all the information collected, it appears that on the bank of the river in this

vicinity the soil, to the depth of the mean level of the gulf, is comj>osed

vltelt'^^el^''^' <'f ;»lltivial deposit, and that pure clay is met with for the first lime at

about that dejith. At what dcjith it will l)e encountered on the lake

shore is not pc).siti\ely asrertained. In the low ground, west of the river, it is found in

some places at or near the level of the gulf, in otheis several feet below the gulf Mr.

Bayley, formerly State Engineer, who is familiar a\ ith all parts of the alluvial region of

Louisiana, states that in the swamps on the east side of the river the first bed of clay

lies at a much greater depth than on the west side. It will, therefore, be a.ssumed that

on the lake shore it will be met with at the mean depth of the lake (13 feet), since the

l)ottom of the lake is chiefly c]ny. Now, although the alluvial surface .soil along the

river has considerable tenacity, }et it is imable to resist a current of 3 feet \wr .second,

a velocit}' which the curients that began to wear the Phupiemiue efllux could not have

exceeded. The bed of the outlet Avoidd therefore be cut down to the clay stratum, and

the outlet would become an innnense bayou or branch of the river, ami, like the Atcha-

falaya, the Plaquemine, and the La Fourche, would advance a delta regularly into the

receptacle of it.s discharge. That discharge would become enonnous; indeed, the outlet

would be tlie main river at high water, even if the deepening should cease at the first

bed of cla}'. The injiwious consecpiences that would follow from the discharge into Lake

Bontciiartrain, of an outlet having the original capacity of that described (300,000 cubic

feet per second), wouhl of course be aggravated in proportion to the increase of that

volume. (_)ne of two courses must therefore be adopted ; either the bed of the outlet

nuist be ])rotected against the wearing of the current, at an innnense cost, or the outlet

nuist be made originally of such dimensions that, when the current has excavated the

l)ed to the day stratiun, the maximum discharging capacity shall be erpial to 3<>(),0(M)
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cubic feet per second. A proposition to protect the bed of the outlet no one will

seriously consider. The consequences flowing from the second proposition must be

traced to their end.

An outlet to discharge 300,000 cubic feet per second, when excavated to the clay

bed, must be 3200 feet wide. Its original maximum discharge would
Dangers of

then be 5G,000 cubic feet per second, and its velocity 3.2 feet per permitting this
* to occur.

second. When the clay bed is reached, the mean flood velocity would

be 5.5 feet per second ; the mean annual velocity 3.8 feet per second. The thickness of

that first stratum of clay is not known. Before undertaking the construction of the out-

let, tlie nature of the strata forming the channel of the river in that locality, and those

underlying to a considerable depth the proposed bed of the outlet, should be carefully

ascertained by boring. In Chapter II, on page 101, under the head of geology of the

banks of the river, the character of the various strata pierced in the boring of the Arte-

sian well at Xew Orleans, to the depth of 580 feet below the surface of the gulf, is given.

At the level of the gulf, a clay stratum begins, which is 19 feet thick. It is followed in

the next 20 feet by various strata of little coherence. At that depth the marine strata

begin, or those belonging to an earlier geological age than the present, or at least to a

period before the material, brought down by the Mississippi river as now existing, began

to accumulate in this locality. For the next 71 feet these strata consist cMefly of dif-

ferent kinds of sand, separated by thin layers of clay or compacted shells, the thickest of

which is G feet in thickness. At this depth, 110 feet below the gulf level, a yellow-clay

bed 34 feet thick begins, followed in the next 50 feet by alternate strata of sand and

clay, the thickest of the latter being 9 feet through. At the end of this series, 194 feet

below the gulf, a blue-clay bed 32 feet thick is found, followed by one of sand 23 feet

thick, which is succeeded by another clay bed 39 feet thick, and so on. The strata at

the site of the proposed outlet are undoubtedly of the same general character as these,

although probably not precisely of the same thickness. The bottom of the Mississippi

is always found in one of those thick beds of clay. When it has worn through one, it

at once passes tlu'ough the layers of sand to the next clay bed. AVhat length of time

would elapse before the outlet would wear through the first stratum of clay, which may

be supposed to be 18 or 20 feet thick, of course cannot be predicted ; but that, with its

great annual velocity and volume, it would finally, though doubtless at a remote day,

wear thi-ough that stratum and greatly deepen its channel, and thus become perma-

nently a low-water as well as high-water branch of the Mississippi, seems to be prob-

able. The consequent reduction of volume in the main river would lessen the depths

upon the bars at its mouths, besides impairing the navigability. Constant examination

would therefore be required to ascertain whether such changes were taking place,

which, if detected, could be arrested only by closing the outlet.

These views are not speculative. There are well-authenticated instances of the

54 H
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Po and the Rhine, under circumstances somewhat simikir to those attending the exist-

ence of the supposed outlet, having opened new channels to the sea, which are now

either the main stream or principal branches of the rivers.*

But another important change, the filling of lake Pontchartrain, would certainly

follow uj)on the opening of a great outlet at tliis site. Supposing the

Serious iujiiiy wide Outlet to be used with a protected bed, the mean annual duration

low the opening of its discharge would be about equal to the mean number of days the
of any great out- .., , iii/-<n i- iiii
let at this site. nvcr IS above the natural Ijank at Carrollton, that is, one nundi-ed and

twenty-seven days. Its mean discharge during that time would be

154,000 cubic feet per second, and the volume of sedimentary matter carried from the

river would cover a square mile to a depth of 21 feet. (See Chapter II.) The lake

has an area of 600 square miles, and a mean depth of 13 feet. According to these

data, the outlet would, in tln-ee hundred and seventy-five years, discharge into lake

Pontchartrain earthy matter sufficient to fill it. It is true that this earthy matter

Avould not all be deposited in the lake, but a large portion of it would be.

Supposing that the outlet 3200 feet wide were used and its bed were allowed to

reach the first clay stratum, near the level of the gulf; its mean discharge during the

year being 128,000 cubic feet per second, the volume of earthy matter annually carried

* Changes in the Po.—The researches of the Chev.-ilier Eli.a Lonih.irdiui, Director-General of Public Works in

Lombardy [Hydraulic system of the Po, etc., etc., Milan, 1840 and 1852] establish that, previous to the ye.ar 115(1,

the Po ran in a single stem to Ferrara (plate XIS), where it w.-is divided into two branches—the Po di Volano and the

Po di Primaro—the mean distance to the sea from this point being 51 miles. In 1150 a crevasse occurred on the left

bank of the Po at Ficaro'.o, near Stellata, 16 miles above Ferrara, the disch.arge through which was carried to the

lagoon of Adria by a natural depression. Thus a new branch of the Po was formed, called the River of the Ficarolo

crevasse, which finally became the sole cliaunel, and is now known as the Po di Grande. [It has been supposed that

this depression was a former bed of the Po, but this opinion is inconsistent with the authorities quoted by Lombar-
dini.] The increase of the Po di Grande or Venetian Po was gradual. Before 1600 it had become the chief branch,

and about that time the Ferrara branch was closed by dikes. In a short time after the crevasse at Ficarolo, the Po
di Grande filled up the lagoou of Adria, and advanced beyond the cordon littoral into the sea, having a length from

Stellata to its mouth of 51 miles. lu 1604 it had advanced nearly 7 miles farther into the sea, and the mouths being

directed toward the entrances of the lagoon of Venice, it w.as feared that their navigation would be impaired by the

depositions of the Po. For this reason, its course was turned from that direction by a cut, which shortened the

course to the sea. At the present time, the distance from Stellata to the two principal mouths of the Po is 64 miles,

which is less than it was in 1150, when it reached the sea through the two branches of Volano and Primaro. Other

instances of the formation of new brauches of th e Po by cuts and crevasses are cited, and similar changes in the Adigo

are related.

Changes in the Rhine.—The Rhino [Lcfons de Gdologie Pratiriue, par L. Elie de Beaumont; Paris, 1845] in the time

of Ciesar had two branches (pl.ate XIX); the right, called the Rhine, emptying into the sea at or near Katwyk, with

a length of 96 miles ; the left, the Waal, the larger of the two, which, after a course of about 70 miles, joined its estu-

ary at a distance of 30 or 40 miles from the sea. The Y.ssel was then a small stream rising in the sand and gravel hills

of Holland, and running p.arallel to the Rhine for the space of 20 or :iO miles above the point of bifurcation of that

river. At the distance of about 6 miles below that point, the Yssel turned at right angles to the Rhine, and run-

ning between two ranges of sand and gravel hills, emptied into Lake Flevo, now the Zuyder Zee. The ground where
this change of direction took id.xce was low

; the distance between the two streams about H or 10 miles. The Romans
then occupied Holland (Batavia), and at the beginning of the Christian era, Drusus connected the Rhine and Yssel by

a cut in the locality just described. The increased volume of water thus introduced greatly enlarged the channel of

the Yssel, which after a time became a principal branch of the Rhine. Its length of the Zuyder Zee was and is about

70 miles. Thirty miles below the point of separation of the Yssel, on the right bank of the Rhine, near the foot of the

last line of sand-hills, Wiis a Roman camp. Tbe opposite bank was low and defended from the overflows of the river

by a heavy dike, built by the liom.ans. The surface of both banks is at present composed of alluvial deposit. In the

first century, tlio Batavians, retreating before the Komans, cut this dike, the river being at llood. The crevasse thus

made finally became the arm of the Rhine known as the Leek. The length to its estuary was probably at that time
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by it from the river would cover a sqixare mile to a depth of 50 feet, and in one

hundred and fifty-six years would be sufficient to fill lake Pontchartraiu. The navi-

gation of the lake would be obstructed long before the termination of these period?.

With such indications as these before us, it is unnecessary to attempt to follow the

precise progress of the mouth or mouths of the outlet through the lake.

If the project were tried by the conditions existing at the only other localitj^

where it has been proposed to apply it, similar results would be found
T • • mi • 1 T • 1 -1. r. .

Proposed out-
to attend its execution, ihis locahty is where tlie Mississippi most let to lake

^ ^ Borgne.
nearly approaches lake Borgne—about 1 1 miles below New Orleans.

The distance from the stream to the lake is about 5.5 miles. The fall of the ground

from the bank of the river to the edge of the swamp (a distance of about 3000 feet) is

8 feet. From that point to the lake, the country is nearly flat, being for 2.5 miles

a dense swamp, and for the rest of the distance a prairie or marsh, liable to be over-

flowed by the lake when the gulf is unusually high. The fall between the river sur-

face at high water and the mean level of the lake is 13 feet. The velocity of the

current would undoubtedly be sufficient to open the channel to the first clay bed at

whatever depth that might be found. The area of lake Borgne being about one-third

that of lake Pontchartraiu, and the mean depth about tlie same, it would be filled in a

what it is uow, about 40 miles. The estuary is at the preseut tiuie about '23 miles lousj. TUo correspoudiug leugtU of

the OUl RUluo was aud is about 70 miles.

Tlie Waal branch carries off two-thirds of the volume of the maiu stem. This distribution of the waters is care-

fully preserved. The banks are revetted and each year soundings are made to ascertain whether any changes have
taken place. Of the remaining oue-third which passes down the Rhine branch, the Yssol carries off one-third, aud the

remainder goes to the sea by the Leek, the old Rhine having been entirely closed by dikes.

Changes in the Vistula.—[II. Spittel, Engineer in Charge of the Works for the division of the Vistula.—Pamphlet of

M. J. W. Pfeft'er, Inspector of Harbor Improvements, upon the hydrographio relations of the Vistula .and the Nogat.

Dautzic, 1849.] The Vistula divides into two br.anches (plate XIX) at Montauor Spitze (Moutau Point). The right,

called the Nogat, after a cour.se of 30 miles empties into the Frische Haff, an arm of the Baltic sea. Previous to 1840,

the left branch, called the Vistula, upon which Dantzic is situ.ated, emptied into the Baltic at a dist.auco of 45 miles

from Montaner Spitze, sending off a small sub-branch, called Elbing-Vistula, to the Frische Hatt' at a point 18 miles

above the mouth in the Baltic. In 1840, the ice brought down by a January flood gorged at a point about 9 miles from

the mouth of the Vistula and cut a channel through the sand-hills to the sea. This is now the mouth of the Vistula,

that passing Dautzic having been closed by a dike.

The area between the Vistula and the Nogat is protected against floods by levees from 20 to 2.5 feet high.

The Nogat was not originally a branch of the Vistula, but a small river, holding relations and position tow,ard the

Vistula similar to those of the old Yssel to the Rhine. A communication between the two existed during the floods

of the Vistula at a point a few miles below the locality now called Montaner Spitze. A dense oak forest protected

the Nogat from the floating ice of the Vistula, and prevented the complete union of the two streams. To improve

the low-water navigation of the Nogat, the half-formed channel between them was perfected in 1552, and the oak

forest in the vicinity was cut away. This uniting channel, however, soon began to enlarge, and the floating ice, which
now passed into the Nogat, gorged at the narrow places (the river being very irregular in width) .and caused disastrous

crevasses. Attempts were soon made to arrest the enlargement of the channel, and for three centuries the proper

division of the discharge of the main stream between the two branches has entailed great Labor aud expense. In 1840

the point of sep.aration was from 2 to 3 miles above the original site. The 0)ieuing of the Nogat branch, being deeper

than the Vistula branch and more nearly in the direction of the upper river, carried oft' two-thirds of the volume in

low water, and a constantly increasing quantity during floods, though less .at such periods than the Vistula branch.

Too large a proportion of floating ice also passed down the Nogat. To remedy these evils, aud apportion the flow of

water iu each branch so th.at at all times the Vistula branch should carry off two-thirds of the whole river, and the

Nogat oue-third, immense works were begun in 1848. In 1853 the Nogat was closed at Montauer Spitze, and a new bed

prepared tor it some 2 or 3 miles below, at the site of the channel excavated in 1552. Same idea of the m.agnitude of

the works may bo formed from their cost, '2,000,000 Prussian dollars. The cost of similar works in this country would

be at least the same number of American dollars.
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proportionately shorter time; and at the end of that period the entrance to k^ke

I'ontchartrain woiild be nearly closed, as the channel from it to the gulf would be

merely sufficient for the discharge of its drainage. If outlets are to be used, however,

this is the locality for their trial, since the results would be less injurious here than at

lake Pontchartrain.

Enouuli has been said to demonstrate, with all the certainty of

*t advfsabie^"^^
which the subject is capable, the disastrous consequences that must fol-

low the resort to this means of protection.

Levees.—In Chapter II, a brief account has been given of tlie progress and of the

present condition of the artificial embankments or levees now in use

This most im- foj. protectiuir the alluvial region of the !Mississii)pi valley from over-
portaiit measure i o o i j. .

Of protectiou to
floy^. It is there shown that the system is far from complete; and that

betreated under ' -

itT°exte^"a*iid
'^^ ^^^^ uevcr yet been fully tested, inasmuch as crevasses have alwaj-s

6ws.°^^'^^^
^'^'^'

I'elieved the river of large volumes of water in the great flood years,

and have thus materially reduced the liigh-water level. Gre-iit practical

good, however, has resulted even from the imperfect application of the system; for

without it the greatei- part of the alluvial region below the mouth of the Ohio would

be an uninhabitable swamp in the liigh-water months of tlie year. Tliere is no doul)t

tliat the plan will continue to be universally practised throughout the valley to the

almost entire exclusion of all others, and it is therefore entitled to a most careful and

thorough analysis. This includes: First, a discussion of the extent to which the sys-

tem must be carried in order to afford present protection against river floods to all the

alluvial region below Cape Girardeau; and, second, a discussion of the dangers whicli

may ultimately arise from confining the flood waters to the channel of the river.

These divisions of the sul)ject will be treated in turn.

1. To judge of the extent to which the levee s3-stem must be carried in order to

afford present protection to the valley, it is only necessary to determine

Plan for deter- the amouut by wliicli the high-water level of the river would have been

tent necessary raised, luid the watcr been confined to its channel in 1858; because, as
to be given to

.

the system in alreadv proved, the maxunum discharo-e under such conditions would
order to insure

" ""

protection. probaljly never have been greater than in this flood. The table on

l)age 372 exhibits the amount by which tlie maximum discharge at

several nearly equidistant points of tlie river would liave been increased, had no water

escaped into the swamp lands below Cape Girardeau. In Appendix C, the dimensions

of cross-section at these localities are given, and on page 103 will l)e found the corre-

sponding range of oscillation IjetWL'cii liigli-watcr and low-water mark. These data,

together with the gauge-records in Appendix B, and the table of dischai-ges on page

3G0, render it easy, in accordance with the principles laid down in Chapter \, to

determine exat-tl}- how much higher tlie water would have risen at each of thc^e
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localities, had the increased volumes, indicated in the table on page 372, been confined

to the channel of the river.

The first step in the computation is to deduce the numei-ical values of~ for the

several localities. Tliis lias been done precisely as described in the last

chapter, and no explanations are needed except in the case of Memphis,
"^^hies deduced

At this city, as no discharge measurements were made by the Survev, '^-l'^
eral localities.

and as the method of transferring the measured discharge from Columbus

or Vickslnirg could not be applied, owing to the general breaking of the levees of the

St. Francis bottom, it became necessary to make use of the observations conducted by
Lieute;iant ^Marr, U. S. N., under direction of the Secretary of the Navy (Bureau of

Ordnance and Hydrography) in 1850-51. An account of these operations has been

given in Chapter III. The surface velocity only was measured, and Lieutenant Marr

deducted one-tenth to correct for supposed retardation below. It has been already

seen that the velocity at the surface is sometimes greater and sometimes less than the

mean of all the velocities in the same vertical plane parallel to the current, but that it

never differs materially from this quantity. The reduction by Lieutenant Marr, there-

fore, was erroneous, and it has been corrected by adding one-ninth to the discharge as

computed by him. When the measurements, thus corrected, are plotted in a manner

similar to that shown on plates XII to XVII, it is manifest from the serrated form of

the curves that the observations were less exact than those conducted by this Survey;

as indeed must have been the case from the comparatively rough manner of operat-

ing. B}' drawing a smooth line through tlie serrated parts of the curve, however, it

is easy to correct approximately for these errors, and thus to derive tolerable data for

determining the numerical value of ^ at Memphis. The following table exhibits

such data, together with those derived from the observations of this Survey for the

other localities under consideration. The degree of exactness of the several values

deduced for ^p is shown by the last columns of this table.
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Tdhics of ,, p at various h/califics.

Coliimbua*
Memphis

Helena

Napoleon

Lake Providence.

Ticksbnrg*
Xatchez

Red-riverlanding

Baton Ronge

Duualdsonville. .

.

Carrollton*

April 4 to April IP, 1850
April It" to April 30, "

Kov. % to Dec. IS, "
Feb. 8 to Feb. 28, 18.')1

Fell. 20 to May 3, 1858
April '21 to May 3, "

April 17 to May 8.

May l.T to June 16,

Feli. 2-1 to Aprils,
April n to April 30, "

March 25 to March 31,
'*

Aug. to Aug. 17,

March 32 to April 28,
"

Anpr. 15 to Ang.24,
Feb. 21 to March 16, 1851
April 31 to May 12, "
Feb. 24 to March 15, "

April 20 to May 12, "

e,
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observed at this period, due to a measured increase of 400,000 cubic feet per second

in the discharge. Apph'ing the fomiulte then to this case, we find that if the dis-

charge at the top of the rise had been 1,380,000 cubic feet per second (the maximum

discharge Avith perfected levees) instead of 1,000,000, the rise would have been 17.0

instead of 10.1 feet. But on April 18, 1850, the river stood 12.1 feet below the actual

high-water level attained in 1858. Hence a discharge of 1,380,000 cubic feet per

second would raise the river 17.0 — 12.1 rr 4.9 feet above the high water of 1858.

Adding 0.3 of a foot for the usual rise after the discharge begins to diminish, we have

5.2 feet for the computed increase in height of the flood of 1858, had the levee sys-

tem been perfected. Again, as already stated, the computation may be based upon

the Columbus measurements of 1858. By reference to plate XIII, it will be seen

that about May 17, 1858, the discharge at Columbus underwent but very slight varia-

tions for several days, and that, in consequence, the stand of the river both at Colum-

bus and ]\Iemphis remained nearly constant, and at too low a level to allow of any

escape of water into the swamps. It may, then, be assumed that the dischaig-e at

Memphis on May 19, 1858, was the same as at Columbus, or about 1,010,000 cubic

feet per second. The dimensions of cross-section at this date are known from the

gauge-reading- and Lieutenant Marr's tables. Applying the formulae to this condition

of the river we find that if the discharge had been increased to 1,380,000 cubic feet

per second, the river would have risen 7.9 feet. But on May 19 the river was 2.9

feet below high water of 1858. For the rise above the latter level, then, we have

7.9 — 2.9 rz 5.0 feet. Adding the 0.3 of a foot, we have 5.3 feet for the computed

height which the flood would have attained above the actual high-water level of 1858,

had no water escaped to the swamps. This result, it will be noticed, differs only

0.1 of a foot from that deduced from Lieutenant Marr's data. So very close an agree-

ment is doubtless accidental ; but it is evident that no serious error can exist in the

determination.

This result is confirmed by an analysis of an entirely difi'erent character. No tri-

butary worthy of the name enters the Mississippi between Columbus

and Memphis (llatchee river having a high-water section of only 8000 by another to-
/. . T /-i\ iT'i 1 • • 1 1 1 ^ ^ r tally different

square leet; see Appendix C). When the river is below the level oi method,

the natural banks, then the water which passes Memphis is sensibly

the same as that which jiasses Columbus. Hence by comparing the actual oscillations

at these two localities, shown by the gauge-records, we may ascertain the law which

connects them, and thus infer from the Columbus gauge the eff'ect produced by the swamp

lands upon the Mem})his gauge, when the river is above the natural banks. It is clear

that such a comparison can only be made at the tops and bottoms of rises, because at

other stages it is impossible to determine what gauge-readings at the two localities

correspond. The only existing data for the comparison are those furnished by the
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gauge-records for 1857-59 coiitaliuMl in Apjienilix 15. Tliefollowinii- talile cxl

analysis of these records :—

Conipariso)i of rises at Cohimhus and Memphis.

iiiiits an

Colambus.
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and to disdiarge 1,369,000 cubic feet per second (tlie inaxiinuni discharge with per-

fected levees), it must rise 7.4 feet. But on May 3 the river stood 3.5 feet below high

water of 1858. Hence, without the anomalous influence acting upon the slope, the

river would have risen 6.7— 3.5 n: 3.2 feet higher than it actually rose, in order to

carry ofl' the maximum discharge ; and 7.4— 3.5 zr 3.9 feet higher than it actually

rose, in order to carry off the maximum discharge which would have occurred had tlu;

levees been in a perfected condition.

At Lake Providence, .also, the normal condition of the river was affected by the

large crevasses below the town, as shown byijlate XVII. The Point
'^ ' ./ 1 Tl)e computa-

Lookout crevasse occurred on April 30. The river, which had been Hon for Lake
^ ' Providence.

steadily rising for several days, soon began to decline, although the dis-

charge continued to increase. On June 23, the date of the actual maxiuuim discharge,

it had fallen 1.3 feet. To avoid the anomalous effect of these crevasses, a date prior to

their exercising any perceptible influence, for instance April 30, ought to be selected

for the ])rimitive stage in the computation. Applying the formuhie to this stage, Ave

find that, to discharge 1,188,000 cubic feet per second (the actual maximum discharge),

the river must rise 3.0 feet; and to discharge 1,406,000 cubic feet per second (the

maxinunn discharge \vith perfected levees), it must rise 10.0 feet. But on April 30 the

river stood 0.5 of a foot below the highest point attained in 1858 (April 8). Deduct-

ing this amount, and adding- 0.3 of a foot for estimated rise subsequent to date of

niaxinnnn discharge, we have for the elevation above high water of 1858, due to tlie

actual discharge unaffected by the local crevasses, 2.8 feet ; and for that due to the

discharge which would have occurred with a perfected levee .system, 9.8 feet.

Donaldsonville is the next point for consideration. Plate XVII indicates that the

two crevasses below the town (Nos. 44 and 45) increased the sloiie of
^ ^ The computa-

tlie 1-iver, and materially lowered the surface. To avoid this anomalous t'o» ^o"^ Douaid-
•' sonville.

influence, it is necessary to select for the primitive stage a date prior to

its existence, say May 2. At this time the river was 0.9 of a foot below high water of

1858, and the discharge was identical with that at the same stand in 1851. Applying

the fornuila', we find that to discharge 1,197,000 culjic feet per second (actual maximum

discharge), the river must rise 1.0 foot; and to discharge 1,297,000 cubic feet per second

(maximum discharge with perfected levees), it must rise 2.8 feet. Adding 0.3 of a foot

for probable rise subsequent to the date of maxinnun discharge, and deducting 0.9

of a foot for the depression of the primitive stand below high water of 1858, we have

0.4 and 2.2 feet for the respective heights which the river would have attained above

the actual high-water level of 1858, supposing these discharges to have been unaffected

by the local influence of the two crevasses. The former number fixes the amount by

which the river was lowered at the date of maximum dischai'ge (May 31) by the

influence of these two crevasses; since, instead of l^eing 0.4 of a foot aliove the actual

55 n
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liigli ^yater of 1858, it was at tliis date 0.9 of a foot below it. Hence the infliienoe iu

question amounted to 0.4 + 0.9 z=. l.S feet.

AtCaiToUton the usual law of discharge of tlie liverwas affected far more than at

Donald.sonville, fvs maybe seen by inspecting plate XYII. The town is

The computa- .i, ^ • n t

' iii'i
tion for Carioii- sittiatctl Ijetwecn the sites ot the two crevasses, and only a tew tlioii-
toa.

sand feet above that of the larger (Bell's). To the influence of this

creA'asse alone, then, is to be attril)uted the anomaly of a greater discharge when the

river was falling than when it was ri.sing. In order to eliminate all errors, a date

before the crevasses exercised any perceptil.)le influence, and when the river discharge

accorded with that at the same stand in 1851, is to be selected for the primitive stage.

April 15 fulfils these conditions. The formula; indicate that, to carry off 1,188,000

cubic feet ]ier second (actual )na\iinuni discharge), the river must rise 1.2 feet; and to

carry oft" 1,297,000 cubic feetrper second (maximum discharge with perfected levees), it

must rise 2.6 feet. Adding 0.3 of a foot for probable rise subsequent to date of maxi-

mum discharge, and deducting 0.5 of a foot (stand of river on Api'il 15 below actual

liiiili w.iter of 1858), we have, for the increase in height above the actual high-water

level of 1858, in the two cases, 1.0 and 2.4 feet respectively. The depression occasioned

by the crevasse at tlie date of maxinuim discharge in the river (May 29) is e([ual to the

former number increased bv tlie actual stand of the rivei- at that date below higli water

of 1S5S, /. c. to 1.0 + 0.7 zz 1.7 feet.

ResuiLs of the
''''^' fi'Howing tabic; exiiiliits thi- dafa aljove indicated for all tlic

tatio'us.'^v^i'th localities under consideration, ami the results of the com|»ntafioiis based
data. ,,Upon tliem:

—

Effect tlidt ivdidd hare been jirodneid upon tlic Jiood of 1858 if the levee sijatem had been

j)erfccted.

Locality.
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had" been confined to its proper channel. As ah-eady seen, eacli nund)er in it i.s tlie

result of a careful analysis of the local problem. The investig'ation, ho\ve%er, is too

important to be brought to a close without exhausting every possible check upon the

accuracy of the determinations. One further test can be applied.

The second test of the new foruuda> (see Cha])ter V) establishes that their indica-

tions necord perfectly with the actual ilood conditions existing- in the *

four grand divisions of the lower'Mississippi ; namely, that between the test"*
'"^ ° *

'^

Ohio and the Arkansas; that between the Arkansas and the Red; that

between the Red and bayou La Fourche ; and that between bayou La Fourche and Fort

St. Philij). The increase in flood height given in the last table determines the new mean

dimensions of cross-section, and the new mean slope in each of these divisions. These

quantities being- known, the new maximum discharge can be computed by the formula^.

If this quantity accords with that derived from the new maximum discharges at the

several localities, the exactness of the local determinations of the new flood heights

will receive the strongest possible confirmation; since the new condition of the river

will thus be shown to harmonize with the laws which govern it in its present

condition.

The ap[)lication of this test is simple. The increase in the area is found ])y multi-

plying- the width between banks by the mean increase in flood height. Numerical
The latter (piantity is found by dividing, by the total distance included qua"futies enter'^

in the di\ision under consideration, the sum of the i)ro(bicts of tlie tation!*^ a*ii<?^'its

mean increase of height between consecutive stations into the distance

between them. The width, of course, undergoes no variation. The ijerinieter is

assumed to remain unchanged, in order to allow, approximately, for the inconsider-

able discharge which takes place between the edge of the natural bank and tlie levee.

The sin." a is a constant quantity for each division. The new fall in water surface to

be used in computing the new mean velocity is found by deducting the effect of bends

from the presejit f^xll, increased by the new rise at the upper extremity of the di\'ision

under consideration, and diminished by that at the lower. The real mean discharge

to be compared with that computed by these data is derived from the new maximum

discharge at each station, in the manner just described for deducing the mean increase

in flood height in the several divisions.

The only explanations i-equired for the local application of this general process are

the following: The distance from Columljus to Memphis is 2'25 miles, or about double

that between the other stations. Most of the surplus discharge in floods escapes into

the swamps above a point midway between these two localities. The increase in flood

height at this point, produced by confining the entii-e discharge to the channel, must

then be about the same as at Memphis, i. c. G.5 feet. Again, midway between Helena

and Napoleon, the increased height of the flood level must be greater thnn at the latter
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of tliesu places, on aciouiit of tliu iiiHiieiice exurtud by the AVhite-river bottom hnids.

A comparison of the amount of crevasse-water which escaped into these s\\ani[)s, with

th;it which returned l)y the White and Arkansas rivers in 1858, indicates tliat tliis

increase is about 2 feet i^reater than at Napoleon, i. e. about 'J feet. These numbers

liave been used in computing the mean increased height of the flood level between the

( )hio and Arkansas river.s. In computing the new mean discharge below^ lied river,

ba\'on Phupiemine has been assumed to discharge 10,000, and bayou La I'ourdie

,')000, cubic feet jier sec<.>nd more than in the flood of 1S5S, on account oi the increased

rise of the .Mis^issippi at their upper mouths. The followiug table exhiliits these data

and the results of the computations :

—

Division of livtr.
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whore it will lie t'lilly treiited. Here it i.s sufficient to state that its rate of progress is

so slow as to render its etFect ui)Ou the level of the water surface of the „,
'- The prolonga-

river iiiai)i)reciable, unless very lomi; periods of time are considered, tio" of the delta
11 ' joi neeanotbe

(See lignre 1, plate IX.) It may, therefore, be neglected in estimating "^"^eacieci.

the heights now to be given to the levees.

The eftects of cultivation are in a measure conn lensatorv. „„ , , ,1 -' Effects of cul-

(Jii forest ground, the effect is to drain lakes, ponds, marshes, bogs,
J^easure^'c om^

and meadows, which served as reservoirs; to render the surface smoother; P^'isatory.

and thus to increase the I'apidity of drainage and the heights of freshets. On the con-

trai\', the removal of the matted undergrowth, and the softening- of the earth, cause a

greater quantity of rain to be absorbed ; and the exposure of the surface to the sun

inci'eases evaporation. There will be less snow on the ground in the sju-iug to be

melted by the rains brought by the warm southerly winds. Snow, however, will be

melted much more rapidly in the' spring. The removal of forests on mountains will

tend to increase the auntunt of rain by creating heated upward currents. In a prairie

country, cultivation, by rendering the surface smoother and removing matted grass and

roots, will increase the rapidity of drainage, and absorption, and also of evaporation,

because tlie soil will be more exposed to the sun, and earth is a better conductor of

heat than vegetable matter is. The growth of trees which cultivation produces on

prairies \vill tend to increase the amount of rain by increasing the inecjufdities of the

face of the country and of the temperature in air.

Thus in forest, mountain, and prairie countries cultivation brings into existence

causes which tend some to increase and some to decrease the floods. It appears to be

probable that the former will be the more powerful, and that the effect of cultivation

will therefore be to render the floods greater and the low waters lower.

As the progress of cultivation over the basins of the great tributaries of the Mis-

sissippi, however, is not made at uniform rates, its relative effects on the floods of those

tributaries will be unequal,* and may tend either to increase or to decrease the floods of

the Mississippi, according as the contril^utions are thus made more or less coincident.

Very careful observations through the whole period of progress could alone furnish the

means of detecting such changes. It cannot be said that any, until recently, have even

been attempted. The laws deduced from the operations of this Survey have placed it

in the power of any one to determine the influence of this disturbing agency in the

future, b}' keeping correct records of the oscillations of the river, year after year, and

computing from them the mean annual and the flood discharges tlu-ough long continu-

ous periods of time. (See Chapter II.)

* The following table gives approximately the nnuiher of acres of cultivated land iu the Mississippi basin, together

with the appvoxiniate population, at intervals of teu years, commencing with 1800. This cultivated land lies east of

the 98th meridian west from Greenwich, and the area of that portion of tho basiu of the Mississippi which compriaes it

is 700,000 square miles, or 448,000,000 acres. The annual downfall within those limits varies from 25 to 65 inches, the
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Lastlv, tlic efVect prixlucc'd iipini the Ix'd l)y thv iiicionsod velocity due to

Effect of the tlie levfcs is to lie coii.sidered. Several points reijuire exainina-
iucreased veloc-
ity of the river, tloll.

1. Levees can, of course, exert no influence except dui'ing- the period when the

The increased I'ivcr is aljovc the Icvcl of Its natural banks. With a view to give a

short^duratiou° general idea as to the duration of tliis period in diflerent parts c>f the

river, the following- tahle has l)een jirepared from the gauge-records in

A2)pendix B:

—

Duration of Mississij)2n Idgh tvatcr.

l.m';ilily.

Coliiiiiliiis

Mciupliis

Napoleiiu
Lake Providence
Vicksbiirf;

New Cartilage .

.

Natchez
Red-river laudinj
Baton Rongc ...

Doualdsonville .

C'arroUton

^ o
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tion is ubout lOO <l;iy.s; at Donaklsouville about 50 days; and at points liiglier up tlie

river still less.

2. The effects of levees are compensatory, for, while they increase the liehjhts of

floods, they diminish their duration, as niay he seen by examining plate

XVIII. It is, then, possible that the .system may not increase the abso- veiocityTs^l^r^

lute excavating power exerted by the river upon its bed during the flood by tue^shorter

period; since the increase of force may be balanced b}^ the diminution Hood period,

in its period of operation.

o. The hard and permanent character of the bed of the river, already so often

mentioned, demonstrates that none but very gradual changes can occur

in its level. If, then, the flood velocity is increased by the levees suf- posed of too hard

ficiently to enable the river to enlarge its channel, this enlargement lapidiy abraded^

must be chiefly at the expense of the com])arativel}" soft alluvial banks.

The width, not the depth, will be increased.* It may be added, that wherever sound-

ings have been made b}- the Delta Survey, at difterent times on the same lines, no

cliange of area attributable to a change of level of the bottom has ever been detected.

4. The increase in velocity, which Avill result fi'om the extension of tlie levees, is

not alarmini'-, when compared with that which has already occurred.^ ^
_

_ _

•' The absolu te
This is shown by the followiii"' table, which is based noon comiiutations increase of ve-

•' o / 11 locity is slight.

already made:

—

Division of river.



440 REPOlfT ON THE MlSSISSIPn UIYER.

These considerations lead to the conclusion that, in constructing the levees of the

i:)resent day, no allowance should be made for any influence to be
Arguments fa- tii iiir-i- t-.c i-i

voring the theory cxcrtcd by tlicm upou tlic Dctl 01 tlio nver. IJeiore closnig the subject,
of a change of . in • . i . ibed to be now uowcver, it may be well to notice certain aricuments which su"-frest a
noticed.

.

different conclusion.

Tlie first is based upon an error of fact, which has been very generally propagated

upou the authority of a distinguished name, that of M. de Prony. This

General niisap- ciTor is that the Icveos of the Po liave raised the bed, and lience the
prehensi on re- . ,

specung the ef- surfacc, of that river to an alanning extent. T. he statements made b}-
feet oflevees

,

upon the Po. ]\I. de Pi'ony respecting the Po at Ferrara (plate XIX), upon informa-

tion collected by him in a brief visit to Italy, have been shown to be

entirely erroneous, by the Chevalier Lombardini, in his memoir* upon the Changes in

the Ilydiaulic Condition of the Po, published at ]\rilan in 18r)2. An exact translation

ot the language of this writer will Ite used wherever it can be conveniently quoted-

He says, speaking of Cuvier:

—

"In his celebrated discourse on the revolutions of the surface of the globe,t he

expresses iiinisclf in the following manner: 'Eveiy one can see in Holland and in

Italy, with what rapidity the Rhine, the Po, and the Arno, now that tlify are inclosed

Ity levees, elevate their beds; to what extent their mouths advance into the sea, form-

ing long promontories on the coasts;' and can judge from these facts how few centuries

it has required for these streams to deposit the low jtlains througli whlcli fhev How

at the i)rescnt time.' ***«*«*
" 'My learned as.sociate at the Institute, M. de Proii}', Inspector-deneral of Poads

iuu\ Bridges, has communicated to me information e.Kceediiigly valuable as explaining

the changes that have taken place in the shores of the Adriatic! Having been com-

missioned by the government to ascertain what remedies .should be ajijilied to ])revent

the deva.stations caused by the floods of the Po, he states that this river, since the

construction of the dikes, has elevated its bed to such a degree that llic surface of the

r'trcr is voir hif/hcr t/iriti the roofs of the houses in Ferrara, while, at the same time, its

alliixiuii lias advanced into the sea with such ra])iditv that, on coinjiaiing the ancient

ehaits with the present, it is found that the river has gained more than (1000 toises

since 1(!04; which is equal to 150 or 180 feet, and in some places 200 feet (French

measure), ])er year. Both the Aduje and the Po are at this (hi// hiijhrr than all the eountrij

which tics Letween them; and it is only bj' opening new beds for them in the soil which

they fonnerly deposited, that the disasters which are now threnlened can be averted.'

"^lost of the books which liave been published on the other side of the mountains,

on physical geography, geology, hydrography, and hydraulics, have repeated the same

' Dei Cangiamenti cui Sof;p;i;iC'l"e I'ldraulica Coiulizioue <U1 l\>. iiel Terntorio <li Ferrara.

t Paris, ISiO; paj^e I'lO.

t In a note from the Extract fioiii the Ucsearchcs of M. de Prony on tlii' li\ draiilic system of Italy.
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statements with regard to the Po; and, when discussing projects for embanking rivers,

have pointed to the solitary example of this river to warn others from follo^ving the

same plan.

"In some of my works I have confirmed the observations of de Prony toucliin li-

the advancement of the alluvion of the Po into the sea, but at the same time have

succeeded in showing the errors of his statements with regard to the rising- of the bed

of the Po, both in respect to its progress and its elevation compared with that of the

adjacent country. But in his report, the Po and the Adige are represented to be in

nearly the same condition, and the evil is asserted to be so far advanced as to leave

no remedy but that of excavating new channels.

"The engineer Baumgarten, who was charged with the direction of the improve-

ments of the river Rhine on the French frontier, jjassing through Milan in 1844,

requested me to communicate to him some facts which should demonstrate the errors

of de Prony, at least as far as they were stated by Cuvier. I sent them to him in a

letter, which he published in connection with an extract from my writings on the rivers

of Lombardy, in vol. XIII (1847) of the Annales des Ponts et Chaussdes of France-

In that letter I promised to submit to him some other facts concerning the territory

and city of Ferrara, which I have not been able to do, owing to the cares of my
official duties. Since then, there having been forwarded to me a letter from M. Minard,*

Inspector-General and Professor of Construction in the School of the Corps of Ponts

et Chauss^es of France, one whom I hold in high esteem, wherein I have been asked

to fiirnish the information I had promised touching a subject which they wish to

examine thoroughly, and iipon which they entertain some differences of opinion, I

have prepared myself, not only by a collection of the facts, but by an examination of

them, accompanied by reasonings which were necessary in order to demonstrate the

truth."

M. Lombardini then demonstrates, by reference to historical records and ancient

maps, that the distance to the sea (plate XIX) from Stellata—the ancient point of

bifurcation, 16 miles above Ferrara—by the present course of the river is 6 miles

shorter than it was in 1152, as stated in the reference to his woi'ks in that part of this

chapter in which outlets are treated; and, consequently, that the sm-face of the river

at that point could not have been elevated since that day by the prolongation of the

Po. Next, he pi'oves, by references to the foundations of flood-gates, that the extreme

low-water surface of the river has not changed sensibly in more than two centuries,

and, consequently, that the bottom of the river has not been elevated during that time,

* Elsewhere M. Lombardini says :
" In the letter of M. Minard, he speaks of the /est .floor, and not of the roof^ of

the houses in Ferrara. It would seem that the exaggeration is due rather to Cuvier, and was not to be found iu the

test of de Prony, with which I am unacquainted, and from which the former published a solitary fragment."

The memoir of M. de Prony is not to be found in the Library of the British Museum nor in the Biblioth(5que

Frangaise, Paris
;
probably it was never published.

5G H
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although local changes iu the bottom have taken place. Then, by means of careful

levellings, he shows that the high-water mark of ISod (the greatest flood known), if

transferred by the measured slope, from Ponte Lagoscuro—on the bank of the Po, 3

miles east of Ferrara—to Stellata, and thence to Ferrara by the old course of the river,

will be 3 feet below the surface of the ancient embankment of the Po, and 5 feet above

the ancient natural bank. The palace in Ferrara is about 1000 feet distant from the

edge of the natural Ijank, and the ground there is lower than on the river shore.

Referred to this locality, the flood of 1839 is 10 feet above the pavement, and 2.5 feet

lower than the actual high-water line at Ponte Lagoscuro. An hydrometer is erected

near that locality, with the high-water marks of several years upon it. At Ponte

Lagoscuro, the levees are nearly 30 feet high. Before the crevasse of Ficarolo, this

locality formed part of a great swamp or lake, and the lowest part of the ground back

from the river is but 2 feet above the low-water line of the river. The name Lagoscuro

(dark lake) refers to its ancient condition. The range of the Po at this point is about

28 feet; its mean depth at low water is 3 feet.

M. Lombardini also establishes that the regular increase of height (3.3 feet) that

has taken place in the floods during the last century and a half has been caused by

the gradual perfection of the levee system, by which crevasses have been constantly,

diminished in number, the country has been more and more eff"ectually protected

against overflow, and the volume of the river in floods has been constantly increased.

The prolongation of the Po, as ascertained by M. de Prony, was from a.d. 1200 to a.d.

1600 at the rate of 81.5 feet per year; from a.d. 1600 to the present century, at the

rate of 227 feet per year. But this is likewise shown b}- M. Lombardini to be erroneous,

and to have arisen from the conclusion of M. de Prony that, in a century after the

occm-rence of the crevasse of Ficarolo, the Ferrarese branch of the Po was cntirelv

closed, and that the Grande was the sole channeL This really did not occur until

A.D. 1600 instead of a.d. 1300; and the rate of progress from a.d. 1600 to the present

day is merely one-fifth greater than formerly. This increased rate of prolongation

is attributed to the greater volume which now reaches the sea, owing to the improved

condition of the levees, and to the greater quantity of earthy matter brought down from

the mountain sides since the forests have been cut down. An additional cause has

been also suggested, namelv, that this denudation of the mountains has likewise

sensibly changed the meteorological conditions of the basin of the Po.

M. Lombardini further shows that the bed of the Po is nowhere above the level

of the adjacent country, although it i)asses throagh and adjacent to low grounds,

formerl}' swamps, and lakes which are now wholly or partially drained.

The slope of the Adige in its lower trunk is three times greater than that of the

Po. In prolonging itself through these swamps and lakes, its bed was formed in

its own deposit, just as the passes of the Mississippi are now formed in the deposit of
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tliat river. The bottom of these swamps and lakes is now dry ground, and is in some

places lower than the deposit formed upon it, in which the bed of the Adige lies.

It is hoped that these researches of M. Lombardini will remove the apprehensions

tliat may liave heen excited by M. de Prony respecting tlie injurious consequences of

levees.

Upon the Rhine the subject has been less elaborately examined; but in 1<S.50 the

observations upon the liydrometers at Keulan, Emmerich, Doornenburg

(near the first division of the river), and Arnheim, extending over a rmi^.^
""^"^ '^'^^

period of eighty years, from 1772 to 1849, were published vmder the

authorit}' of the government. The tables and notes, or memoir, accompanj^ing them

were prepared for publication by M. I. G. W. Fijnje, h3'draulic engineer, in the service

of the goveruuient. These observations prove that there has been no change at the

localities of the hydrometers in that period in the level either of the flood, or of the

low water, or of the mean yearly stand of the river.

The second argument in support of the theory that levees affect the bed of the

river is advanced b}' Professor Forshey in a memoir upon the Physics

of the Mississippi, published in 1850. It is based upon a comparison of PaUacy of the

1 1-1 /-( 11 / ^ 1 c TT. 1 T N 1 .
argument based

the mean high Avaters at Uarrollton (transterred trom v Klaha) dunng upon comparing,^
,

'high--water
periods ol ten years each, from 1817 to 1846. The resulting mean of marks,

the second decennial period being 4 inches lower than the mean of the

first period, and that of tlie third 6 inches less than that of the first, Professor Forshey

attributed these results to tlie levees, which he states did not exist to any considerable

extent above Vidalia previous to 1827, but wei'e in full operation for a long distance

above and below that point after 1837. To show that this result was accidental, the

following table of high waters at Carrollton (those previous to 1847 being deduced

from the observations at Vidalia, used by Professor Forshey), for every year from 1811

to 18G0, arranged in series of ten years each, has been prepared:

—

Comparison of different liigh-ivater marks at Carrollton.



444 EEPOET OX THE MlSSISSim EIYER.

By compai'Ing the nieaus of the periods, we see that the greatest was that fi-oui

1840 to 1850, or ofcer the levees were "in full operation a long distance above and

l)elo\v Vidalia," and the least that frona 1850 to 18G0. But the decennial period from

1850 to 18S0 is remarkable for three years of very low water; the high water of

1855 being nearly 25 per cent, lower than the lowest high water during the fifty years

considered. This obviously exerts an undue influence on the mean result. Omitting

that year, we find tliat the period of lowest high water is from 1830 to 1840, hefore the

levees were "in full operation a long distance above and below Vidalia."

Again, if the high waters are aiTanged hi sets of ten years, beginning with 1815

and extending to 1855, we have ionv complete decades. By this arrangement, the

period of highest wate/is from 1845 to 1855, or after the levees were " in full opera-

tion;" and the lowest high water is from 1825 to 1835, or before they were "in full

operation;" results indicating an eff'ect precisely contrary to that attributeil to the

levees by Professor Forshey.

The fact is, that to determine the question whether levees elevate or depress the

surface of the river l)y comparing the high waters of several years, it must first be

ascertained that tltc (junntitij of wafer passing in each year iras the same. This quantity

may be afi"ected in two wa\"s. First, the quantity passing down tlie whole river may

be less. Second, local causes may depress the surface in one year, when the siipply

at the point of observation is the same. Such local causes are cut-offs, crevasses, and

the varving condition of natural outlets and affluents below the point of observation.

All variations due to these sources must be eliminated before the table is in proper

condition for use.

]\Iany of the high waters in the preceding table are largely affected by crevasses.

The data for their correction exist in some cases, but not in all. The corrections have

not, therefore, been made, nor can any reliable conclusions be drawn from such

observations, until all errors have been eliminated.

Moreover, it Is a fundamental principle in observations of a series of fiicts from

which laws ai-e to be deduced or mean final results obtained, to continue the observa-

tions until the mean is not affected by any single observation, however largely differing

from the mean. Since the omission of 1855 changes materially the mean of the period

from 1850 to 1860, it is evident that periods of ten years are not sufficiently long to

give a proper mean, even if all errors arc eliminated and the high-water marks of

equal discharges alone used.

Another argument to prove that in floods tlie surface of the Mississippi does not

„ „ ... rise anv higher now than it did before levees were built, is based uiuin
Fallacy of the - '^ ' i

up^Lu^the e^st^
^''^' stiitemeut that there are points where the natural banks have never

urarb/nklinThe
^»-'*-'" Overflowed, within the recollection of any one living. The natm-al

^^^^^' bank at Algiers has been referred to as a well-known instance, and will
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be taken as a type of these cases. It was visited by the parties of this Survey in

1858—on one occasion on May 15th. At that date, earth had been shovelled up

at the highest point, ojjposite the Belleville foundery, for the space of 100 feet, to

prevent overflow. The ground along the river front in this vicinity had evidently

been disturbed at different times. It is used for ship yards. According to the

levellings of the Delta Survey, the ground, where ajiparently undis-turbed, was 0.3

of a foot below the high water of 1858. This shows the natural bankthere to be

nearly on the level of the highest floods. But it is a sufficient answer to the con-

clusions that have been based upon that fact, to state that there never has been a

flood since levees were built, without the occurrence of a large number of crevasse,

below Red river, and, consequently, that the full volume of a flood has never yes

passed New Orleans. These crevasses may reduce the surface of the river as low ast

if not lower than, it would have been if the natural banks existed in their orio-iual

unleveed condition ; for the mean level of the natural bank, where the levee system

has been in operation for many years, must from constant ca\dng be lower than it was

originally. It may also be added that the enlargement of the bayous Atchafalaya and

riaquemine, since the construction of levees, is a well-established fact. This enlarge-

ment has contributed to depress the floods at New Orleans.

These various considerations show that by none of the agencies enumera1;eT'^are

enumerated will the heights of the floods be affected to such a degree impVrtaut"fn
T r !• • ••TT • 1

estimating the
as to be ot j^ractical miportance ni estnnatmg the dunensions to be height of the

given to the levees of the present day.

RECOMMENDATIONS.

The preceding discussion of the different plans of protection has been so elaborate

and the conclusions adopted have been so well established, that little

remains to be said under the head of recommendations. It has been ieve"e °s^yTt e m
demonstrated that no advantage can be dei'ived either from diverting ed upon for pro-.,. . •iiii<',v>i tection agai nst
tnbutanes or constructmg reservou-s, and tliat the plans ot cut-ofis, and floods in the

Mississippi val-

of new or enlarged outlets to the gulf, are too costly and too dangerous ley.

to be attempted. The i^lan of levees, on the contrary, which has always

reconmiended itself by its simplicity and its direct repayment of invest-

ments, may be reUed upon for protecting all the alluvial bottom lands liable to inunda-

tion below Cape Girardeau. The works, it is true, will be extensive and costly, and

will exact much more unity of action than has thus far been attained. The recent

legislation of Mississippi in organizing a judicious State system of operations, however,

shows that the necessity of more concert is beginning to be understood. When each

of the other States adopts a similar plan, and all unite in a general system so far as

may be requisite for the perfection of each part, the alluvial valley of the Mississippi

may be protected against inundation.



446 EErOET ox TUE MISSISSIPPI EIVER.

To secure tins end in the most economical manner, the operations of this Survey

, . . , indicate that levees should he constructed. Xear the mouth of the Ohio,
Proper neignta '

thei'evler"
*°

^^^^'Y
-^lio^i^"^^ ^^^ made about 3 feet above the actual high-water level of

1858, which has been selected as the plane of reference, because more

unvarying than the surfoee of the ground. The height above this level should be

gradually increased to about 7 feet at Osceola. Thence to Helena, the latter height

should be maintained. Thence to Island 71, the height should be gradually increased

to 10 feet. Thence to the vicinity of Xapoleon, it may be gradually reduced to 8 feet.

Thence to Lake Providence, it must be gradually increased to 11 feet. Thence to the

mouth of the Yazoo, it may be gradually reduced to about 6 feet, and sliould be thus

maintained to Red-river landing. Between that locality and Baton Rouge, it should

be kept uniformly about 4 feet, and below Baton Rouge about 3 feet. If the water-

mark of 1858 be unknown- at any locality, it may be reduced to any well-determined

local mark by the table in Chapter II. The above estimate is exclusive of settling,

and allows about a foot for possible rise above the height necessary for restraining the

flood of 1858.

It should bo ri-marked that these heiglits are based upon the supposition of ahsolutc

securiti/, so tar as its conditions can be ascertained. lu building the levees, it may bo

mi^re economical to incur certain risks of inundation than to expend so large an

auiount at once in the constiiiction of levees. Thus for the region above the mouth

of tlie St. Francis river the flood of 1858 far exceeded any other of which Ave have

records, except that of 1815. The data presented and the principles so fully elabo-

rated in this report will render it easy for the engineers in charge of the work of con-

struction to decide what degree of protection it is economical to secure. It should be

remarked, however, that below the upper limit of the influence of the Arkansas and

White rivers, it will be unsafe to make any material reduction in the above heights of

the levees, computed with reference to resti-aining the flood of 1858.

It will be noticed that near Lake Providence the levees must be constructed of

enormous height to restrain the floods. It may, therefore, be well to

L ake"p^rovi- roducc tlicm by constructing, near that town, an outlet leading to bayou

advislibTe!' ^ Teusas and Black river. Its capacity should not exceed 100,000 cubic

feet per second, a volume which might be made to pass off through the

natural drains of the Tensas swamp without producing serious inundation. Those

drains have always discharged a large amount of crevasse-water in the great flood

3-ears, and may be depended upon for sensibl}- relieving the river in that vicinity.

Abstracting 100,000 cubic feet per second at that point would reduce the river flood

three feet throughout that part of the region between Xapoleon and Vicksburg which

it is most difficult to protect, and would thus materially reduce the cost of the levees

and the danger of crevasses. Before undertaking the project, however, extensive
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borings should be made to ascertain the character of the substrata. Unless a solid

bed of clay should be found at a moderate depth, the outlet should not be under-

taken, lest it might become too large for the safety of the region bordering upon bayou

Tensas and Black river. Under any circumstances, it would be an injury rather than

a benefit, to the country below Red-river landing (see discussion of flood of 1851), and

in the event of coincident floods in the Mississippi and Red rivers, it would be disas-

trous to the lower part of the Tensas and to the Black river country.

With reference to the proper cross-section of the levees, and the mode of con-

structing them, it may be remarked that the dimensions adopted by the

State of Mississippi appear to be excessive, except where the soil has and"^°modre'^'o'f

but little cohesion and is very permeable. The area of the cross-section f^vees"^*^'""

of these levees is from one-half to one-third greater than the area of

cross-section of the dikes of Europe* in soil of the same consistency and permeability.

(See plate XVIII.) Experience has proved the latter to be sufficiently strong. Tlie

dikes of Europe, in localities where the soil is loose and sandy, have about the same

area of cross-section as the levees of the State of Mississippi. The additional cost

resulting from these excessive dimensions becomes important when the height is great;

and except where the soil is \ery porous and sandy, they may be reduced, and propor-

tions adopted similar to the following, that is—the width at top equal to the height

—

the oiiter slope 3 to 1—and the inner slope 2 to 1. These dimensions being used, the

cost will be diminished about one-fourth.

The mode of constructing the levees of the State of Mississippi (see Chapter II)

* The French dikes ou the Rhine iu that part of its course lying betsvesn the Blacli Forjst and the Vosges moun -

tains, where the height is 7 feet, have a width of 10 feet, the slope toward the river being 2 to 1, and toward the

land 1.5 to 1. When the height exceeds 7 feet, the width is increased by a banquette on each side. The area of cross-

section of this dike, 7 feet high, is 154 square feet; the area of cross-section of a levee of the State of Mississippi, of thiit

height, is 252 Bquaro feet.

The dikes of the Rhine' iu Holland, when near the river bank and when used for the road, have a width of 20 feet

on top, when 16 feet high, a slope of 3 to 1 on the river side and a slope of 1.5 to 1 on the land side. The outer slope>

when exjiosed to running ice, is protected by a revetement of brick or fascines. When the dike is not ne.ir the river

bank and is not used as a road, the width is only 6.5 feet. The area of cross-section of the first dike is 900 square feet;

of the second, 640 square feet ; a levee of the State of Mississippi, of the same height, would have an area of cross-section

of 1230 square feet.

The dikes ou the Po (those of the Adige have similar dimensions) are 2.5 feet above the highest flood mark;
usually the width is equal to tlie height, aud the slope of the sides is 2 to 1. When the soil is permeable, they are rec'n

forced at the height of the me.an floods (10 feet below the top of the dike) by a banquette, whose width is 20 feet when
the height is 20 feet or over. The area of cross-section of this dike is 1400 square feet ; a levee of the State of Mississippi

of the same height, would have an area of cross-section of 1800 square feet. Where the soil is very sandy and has but
little cohesion, the dikes of the Po, when 20 feet high and over, have a width at top of 26 feet, two banquettes of 20
feet width, an outside slope of 3 to 1 and an inside slope of 2 to 1. The area of cross-section of this dike, 20 feet high, is

1H40 square feet; a levee of the State of Mis.sissippi, of the same height, would have an area of cross-section of 1800

square feet. The river roads are usually upon the levee or the banquette.

The average height of the dikes on the Vistula is 20 feet. The top of the dike is from 2 to 3 feet above the highest

flood ; the thickness at top is 15 feet, or three-fourths of the height, and the slopes 3 to 1 and 2 to 1. The area of cross-

section of snch a dike is 1300 square feet; a levee of the State of Mississippi, of the same height, would have an area of

crosvsection of 1800 square feet.

The highest dike ou the Vistula is 28 feet in height. It has a width at top of 13 feet, and an area of cross-section

of 2460 square feet. A levee of the State of Mississippi, of the same height, would have an area of cross-section of 2660
square feet.

The dimensions and forms of the cross-sections of these dikes are shown on plate XVIII.
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is admirable. Manj^ good hints upon this siibject mav also be found in a treatise upon

levoes* published by Mr. AV. Hewson in 18G0.

Although no precise estimate of" the cost of perfecting the levee system can be

made until exact sm-A-eys are extended throughoiTt the entire alluvial

Approximate region, an approximation will be attempted in order to show that the
estimate of the c

'
i i j.

^

cost of a per- expensc of securinor this country arainst inundation is not larg-e, in com-
fected levee sys- ^ ° - <= '^ '

'^^™- parison with the interests to be protected and tlie advantages to be

gained by the execution of the work.

The dimensions of cross-section just proposed for levees, and the rules of construc-

tion adopted by the State of Mississippi, will be taken as the basis of this estimate.

Experience has shown that 105 miles of this levee—including about 4,000,000 cubic

yards of new embankment (after allowing one-sixth for settling), 500 acres of plough-

ing and clearing, and the salaries of the engineers—can be perfected in six months

at a cost of 20.35 cents per cubic yard. (Report of State Engineer, June 18, 18G0.)

This accords with the reported prices in other States, and the sum of 20 cents per

cubic 3"ard will therefore be adopted. The high water of 1858 will be assumed to be

4 feet aboA'e the level of the natural bank from the Ohio to Red river, and 3.5 feet

above it below the latter point. The height of the present levees, assumed to be con-

tinuous, will be taken at 4.5 feet, except on the front of Yazoo bottom, where the new

State levees will be supposed to be completed to the proposed height (about 10 feet).

The cross-section of the present levees above Red river (except the Yazoo-bottom

levees) will be assumed to be the same as that measured between Red river and Car-

rollton (Chapter II), or 38 square feet.

It will first be suj)posed that no levees exist, and the cost of constructing them

with the proper dimensions to secure the country against inundation will be computed.

The cubical contents of the present levees under the conditions above assumed will

then be given. "What otu/ht to be their cubical contents with their present heights will

next be presented. In each of these cases, the levees will be supposed to extend

from the mouth of the Ohio to the head of Yazoo bottom on the right bank; thence to

the mouth of Yazoo river on both banks; thence to Red-river landing on the right

bank, and in detached portions equivalent to half this distance on the left bank; thence

to Baton Rouge on the right bank; thence to Fort St. Philip on both banks. To per-

fect the system of protection, levees must be extended up the swamp rivers, but the

infonnation necessary for the determination of their extent and cost has not been

obtained.

*Priiiciiiles and Practice of Embanking Lami from Hivur Floods as applied to Levees of the Mississii)pi. Xew
York, 18C0.
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Estimated cost of levee system.

Cairo to Osceola
Osceola to head of Tazoo bot-
tom

Head of Yazoo bottom to Is-

land 71
Island 71 to Napoleon
Napoleon to Lake Providence
Lake Providence to Mouth of
Yazoo

Month of Yazoo to Red river
Red River to Baton Rouse. ..

Baton Rouge to Fort St. Philip

Total

Propiised levee (supposed to be entirely

19,712

23,114

24,952

,701.000

809,000
3,294,000

1,284.000

2.478,000

539,000
1,204,000

3,701.r00

809.OU0
3,294,000

5.402.000'

l.lJlS.OOOi

fi,58e,oon

2,.';68,ono

3,717,000

539,000
2,408,000:

1,018,000112,726,000
2fi0,000i 3,251.000

981,000,18,201,000

446.00o' 5..573.000

1,34.5,0001 673,000

520,000l
l,54G,0U0! 1,540.000

13,744,000
3,511.000

13,242,000

6.019,000

2.017,000
.120,000

3,092,000

Proper cubical contents
with present height.

Ou. yds

1,902,000 9,377,000
466.000 2.:)9fi000l

1,833,000 9, II38,0U0

i

833.000 4.107,000

2,513,000 1,257.0011

972.0001 I

2,888,000.2,888,000

11,279,000

2,882.000

10,871,000

4,910.000

3.770 000
972,000

5,776,000

192,000

112,000

177.000
4,5,000

170,000

77.000
351,000
90.000

537,000

This table sliows tliat the additioual sum which ought to have been expended upon

the existing levees, in order to give them a proper cross-section with their present height,

is about two millions of dollars. Every engineer who has written upon the subject

declares that the embankments are entirely too wealc, and this opinion is fully sus-

tained both by theory and by experience. AYhenever the river rises 3 feet above the

level of the natural bank, disastrous crevasses occur.

The table further shows that the total cost of protecting the alluvial region against

inundation, provided tJiere ivere no levees in existence, would be about twenty-six millions

of dollars, and that the cost of bringing the present levees from their assumed dimen-

sions to this state of perfection would be about seventeen millions of dollars. It is

probable that this sum does not largely exceed the amount which has actually been

spent in abortive attempts to solve practically the great problem of protection against

overflow.

It may be well to exhibit, in connection with this approximate estimate of the cost

of leveeing the alluvial region, the extent and probable value of the

lands which, thus protected from overflow^, will be rendered available ^ levee system?

for cultivation. The area of those lands from Cape Girardeau to Red

river is 19,450 square miles. It may be assumed that one-half of this area will be

rendered cultivaljle, and as its value per acre may be set down at 25 dollars, the total

will amount to 160,000,000 dollars. The area of the alluvial land under cultivation

below the month of Red river is not less than 1,000,000 acres, which, at 100 dollars per

acre (by no means an extravagant estimate), gives 100,000,000 dollars for the value of

the plantations in that section, making a total value of 260,000,000 dollars for the land

that will be rendered perpetually cultivable by the expenditure of 17,000,000 of

dollars.

There is another aspect under which this part of the subject may be presented.

57 H
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The nnmber of acres thus protected is 7,000,000. Each acre of alluvial land will pro-

duce one hale of cotton, worth, on the average, 45 dollars. AYe tlms have, for the

value of the aiuuuU product of the alluvial lands, 315,000,000 dollars. The loss in the

Tensas bottom, from the flood of 1850, furnishes an instance of the injuries resulting

from inundation. It was estimated that the loss thus occasioned exceeded five millions

of dollars.

In concluding these recommendations, it may be added that the importance of pre-

serving accurate registers of all the oscillations of the river, and e.spe-

Practioai im- ciallv of securing- cai'oful records of all facts resi)ectlnij the areat floods,
portanceofa " ' """^
continued and cannot be too strouglv urji'ed ui)on engineers charged with the construc-
careful system o ./ ._ i t, o
of observations, tiou of these works. By the aid of the tables already given and the

principles laid down, such records, if sufficientlv extensive, may be

made to test the correctness of tlie practical conclusions announced in this report

respecting the levee system as applied to the alluvial region of the Mississipju.



CHAPTER VII.

DELTA OF THE MISSISSIPPI.

Boundaries of the delta.—Its area and character.—Outlet bayons.—Dimensions and discharge of bayou La Fourche.—Its

levees and their increasing height.—This iihenomenon never yet explained.—True explanation.—Proper height

to be given to the levees.—Speculations as to the original character of the outlet bayous.—Characteristics of an

original outlet illustrated by bayou Teche.—Two suppositions to explain the present character of the outlet

bayous.—Speculative geology of the delta.—Hills.—Mounds, ancient and modern.—Shell mounds and strata.

—

Prolongation of the mouth of the Mississippi.^Tho origiu.al mouth was probably near Plaquemine.—Ancient

depth of the gulf in this vicinity.—Probable age of the delta.—Future advance.—Changes which may have

occurred in the condition of the Mississippi river.—Separation of branches may be effected by storms, by waves,

and by drift.—Ancient geography of the delta.—Bayou Atchafalaya was never the jirolongation of Red river.

—

The Mississippi extends its delta .along the deepest part of the great marine valley.

According to the usual acceptation of the term, the delta of the Mississippi begins

where it first sends off a branch to the sea. This point is the head of

baj-ou Atchafalaya, which is therefore adopted as the northern limit of boundaries of

the delta, although it is not believed that the mouth of the river ever

occupied that position.

BOUNDARIES AND AREA.

This region is naturally subdivided into four parts.

1. The Atchafalaya basin, which, beginning at the mouth of bayou Teche, follows

the meanderings of that stream to a point southeast of the town of Opelousas; thence

to the town of Opelousas ; thence in a northerly direction through Ville Platte and

Chicotville to the dividing ridge between the source of bayous Boeuf and Eapides
;

thence north to bayou Eapides ; thence down that bayou to Red river ; thence down

Red river to the southeast corner of T. 2 N., R. 2 E.; thence easterly to bayou de

Glaize, excluding the Avoyelles prairie ; thence Avith bayou de Glaize to northeast

corner of T. 1 N., R. G E.; thence to upper mouth of the Atchafalaya; thence w^ith

Old river to the Mississippi river ; thence with the meanderings of that river to the

upper mouth of bayou La Fourcho ; thence down bayou La Fourche to the town of

Thibodeaux ; thence to a point on bayou Black, west of the town of Houma ; thence

down that bayou to bayou Boeuf; thence down the Boeuf to the Atchafalaya; tlience

up the Atchafalaya to the mouth of the Teche, the initial point.

2. The Terre Bonne district, which, beginning at the town of Tlilbodeaux, follows

down the bayou La Fourche to the gulf of Mexico ; thence westwardly along the coasts
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of the g-ulf, bays, inlets, etc., to the moutli of bayou Petite Anse (a bayou emptying- into

Vermilion bav) ; thence iu a northeasterly direction to the town of New Iberia on the

Teche ; thence (hnvn the Teche to its mouth ; thence down the Atchafalaya to the

mouth of bayou Ba'uf; thence up the Boeuf to bayou Black; thence up that bayou

to a point east of the town of Houma ; thence to the town of Thibodeaux, the initial

])(tint.

o. The La Fuurche district, which, beginning at the town of Donaldsonville, f( illows

tlie meanderings of the ]\Iississippi river to the gulf of Mexico; thence westwardly

\\ith the coast of the gulf to the lower mouth of bayou La Fourclie; thence up that

bavou to the town of Donaldsonville, the initial point.

4. The lake Pontchartrain district, which, beginning at the old mouth of the bayou

Manchac, follows that bayou to the Amite river: thence down that river to lake

JtLaurepas; thence with the southern coast of that lake to pass-Manchac light-house;

thence along the southern coast of lake Pontchartrain to Fort Pike; thence with the

pass of the Rigolets to lake Borgne; thence with the southern coast of that lake to the

gulf of Mexico; thence with the coasts of the gulf, Ijays, inlets, etc., to the mouth of

tlie Mississippi river; thence up that river to the old moutli of bayou ]\Ianchae, the

initial jioint.

Its area and '^pjig area of tlicso siibdivisi( ms, nitasLuvd with care on La TouV'
cUavacter.

rettf's State maii of I>ouisiana, is as follows

—

Square i.ak-3.

Atch;it':ilj:i basin 4,(U0

La Fomcbodistiict 2,420

Torre Bounedistriet 2,930

Lake I'ontcbartiaiii ilistrict 2,340

Total 12,300

The soil of the first division lies above the level of the gulf Of the three other

divisions, about 4000 scjuare miles, or one-half the total area, is composed of sea marsh.

The cross-sections on plate IV exhibit the characteristic slopes of tliis region, the

entire surface of which is below the level of the river floods, and comjDOsed of alluvial

or fluviatilc matrtr. It contains several lakes, and is traversed by man}- bayous, three

of which, the Atcliafalava, the Plaqueniine, and the La Fourche, are connected with the

Mississippi riviT. It is important for several reasons to ascertain the real nature of

these bayuns; and with this object, one, tlie La Fourche, will be selected for examina-

tion in detail.

OLTLKT r.Avors.

IJayou La Fourche, the last of the outlets of the Mississippi, in many respects

ivst'inbU'S an artificial canal. Its cuiTcnt does not exceed 3 feet per

acter^^
^"^ second. Its bends are few in number and gentle in curvature. There

are no boils, whirls, or eddies, nor are the banks abradL<l to any per-

ct'ptiblc extent.
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Dimensions and discharging capacity.—Its width between the natural banks averao-es

about 230 feet and undergoes but Httle variation. Thus, at Donaklson-
Widtb.

ville, it is 210 feet; at Pain Court, 210 feet; at Tliibodeaux, 230 feet;

and at Lockpoi-t, 240 feet. There are, however, a few narrow phaces above Lockport.

The width at extreme low water is, at Donaldsonville, 80 feet; at Pain Court 90 feet-

at lliibodeaux, 110 feet; and at Lockport, 120 feet.

At the head of the baj'ou, where the range is about 24 feet, the greatest deptli in

extreme low water is 3 feet, the gulf being at the mean level. A great

depression of the surface of the gulf may leave the bed dry or nearh^ so.
^^

The greatest depth at extreme low water between Pain Court and Lockport, the "-ulf

being at its mean level, is from 8 to 10 feet. Below Lockport the depth is o-reater.

On the bar in the gulf the depth at mean tide is 7 feet.

The levels of the Survey show that the natural bank is at Donaldsonville 23 feet

and at Lockport 8 feet, above the mean level of the gulf That is on

the bayou in its natural state, the slope in the upper half was nearlv
°^^

twice as great as in the lower half, an instructive fact to which attention will be drawn
hereafter.

The area of cro.ss-section with the water at the level of the natural banks also

diminishes rapidly below the head of the bayou. Thus by the measure-

ments of the Survey made in 1851, and repeated with the same result sett^ion°wiuifn

in 1859, this area is at Donaldsonville 3500 square feet, at Thibodeaux
"^''"'^^^ ^^"^®-

2(J00 square feet, and at Lockport 2000 square feet. According to the measurements
of Captain G. W. Hughes, Topographical Engineers, made in 1842, this area in the
lower part of the bayou, below the levees, was 2000 square feet. These facts are also

important, and their bearing will be discussed in connection with the levees.

The maxinuun discharge at the head of the bayou is 11,500 cul)ic feet per second
the mean velocity being 3.0 feet per second. The mean annual dis-

charge at the same place is about 2000 cubic feet per second, the mean
Discharge,

velocity being about 1.0 foot per second. This subject for each of the three outlet

bayous has already been fully treated in Chapter IV, under the head, ''Interpolation

of daily discharge at velocity stations."*

So far as we have documentary evidence, these general dimensions of the bayou
have undergone no change during the present century. Thus in Major The earlier rec-

Stoddard's Louisiana, published in 1812, it is stated: ''The hed oi this SeVayou /o r

-

outlet [at low water] is about 90 feet in width, and usually dry in its^ p?ese n t'^d

^

the summer season for a few miles from its head, when the water makes

* For bayou Plaquemine the maximum discharge is 35,000 cubic feet per second, the mean velocity being 6.0 feet
rer second. The mean annual discharge is about 5000 cubic foot per second, the corresponding velocitv heiD-r 1.5
leet per second.

* °

For bayou Atchafalaya these four quantities are 130,000 cubic feet, 5.0 feet, 50,000 cubic feet, and 5.0 feet
respectively.
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its appearance." Darbv, in his Geographical Description of Louisiana, pubhshecl in

1817, sa-\'s: "The La Fourche, when leaving the ^lississippi, [at high water] is not

more than 80 ijards iride, and [the bottom] very little Ijelow the ordinary autumnal

level of that stream. In some extraordinary seasons, the La Fourche has been di-ied

at its efflux; it is fordable nearly every year in October and November.'' The

measurements of this Survey sIkiw tliat no change, either in widtli or depth, took

place above Lockport between 1851 and 1858.*

Lcrce sijsfem of haijou La Fourche.—Levees were commenced at an early day, and

were extended rajjidlv down one-half the length of tlie l)ayou. It is

stated in the Abstract of Documents of the State and Treasury Depart-

ments, 1802-05, that "on both banks of this creek there are settlements one plantation

deep for near 15 leagues." In 1842 the levees terminated at or a short distance below

Lockport, 56 miles below Donaldsonville, and 54 miles from the gulf. In 1850 they

nominally extended 27 miles below Lockport, altliongh, it is stated, they were not more

than 3 feet high, 12 miles below the town.

The levees are of the same height on both banks, and increase in elevation fi-om

Donaldsonville, where they are 3.5 feet high, to Lockport, where they

in^h^ieht"'^^^^"
"^'^''^i"^ 8 feet high in 1858. They may exceed 8 feet at some localities

between those points. At the head of the bayou, the levees have not

been raised, their height being determined by the sensibly constant level of the Mis-

sissi})pi floods. On the bayou below, however, the liigh-water level has constantly

risen, and the levees have been as constantly increased in height. Thus it is stated that,

when the levees werefir.st thrown up at Thibodeaux, in 1823, they were onh'a foot or

two high. In December, 1851, they were 5 feet,, and in January, 1859, 7 feet in height

at this locality. A comparison of exact high-waler marks at Lockport for the years

1851, 1852, 1853, and 1858, shows that the mark of 1852 was 0.3 of a foot above that

of 1851 ; and the mark of 1853, 0.3 of a foot above that of 1852; and the mark of 1858,

1.4 feet above that of 1 853 ; making a total rise of 2.0 feet in seven years.f It becomes,

then, an important practical problem to determine what additional height should be

" The measurements upon b.iyou Plaquemine, at its efllus from the Mississippi, made by the Delta Survey in 1851

and 1859 (see Appendix C and plate III), show no changes in depth or width, between those dates. Those upon the

Atehafalaya at its efflux (see plate III) denote au increase of cross-section between those years. The reports of the

engineers of the State of Louisiana, detailing measurements made there at difterent periods in the Last thirty-fivo

years, also indicate that the channel is constantly inereaslnj;. The mean annual velocity of the Atehafalaya, it will

be remembered, is 5.0 foot per second ; while that of the Plaquemine is but 1.5 feet per second, and that of tho

La Fourche 1.0 foot per second.

tMr. Morse, State Eujjiueor »f Louisiana, placed a iiormauent bench at Lockport, in 185'2, with a view of accu-

rately detcrminini; the relative heights of former and future Hoods. This bench is a cast-iron bar, with a rectangular

head (wider than the body) measuring about 4 by 8 inches, and having a projecting shoulder on one side. It is placed

un the left bank of the bayou, on the upper (northern) side of the lock, distance 71 feet from the rear corner of the

abutment of the front fbayou) gate, and .")"2 feet from tho front corner of tho abutment of the back gate. Arcs of

circles described from these points with these radii will intersect at the bench, which is buried about a foot below the

surface of tho ground. Tho high-water marks of lSo-2, 185:!, and 1858 are U.C05, G.S7, and 8.21) feet, respectively, above

this bench.
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given to the levees, in order to enable the bayou to discharge, without overflowing

them, the maximum amoiint it receives from tlie Blississippi; and also to decide whether,

if raised at that height, it will hereafter become necessary to raise them still higher.

The explanation usually offered to account for the necessity of constantly raising

the levees in the lower part of the bayou is understood to be as follows;

The levees of the La Fourche were commenced at the head, and were tion of «^s pUe-
.-,, • 1 ^ •Tr-^-ii 1 nomenou.

rapidly continued tlown stream to a point about 50 miles above the

mouth, beyond which they were not extended for a period of thirty years, and where

to all useful purpose they now end. Where the levees terminated, the waters of the

bayou overflowed the banks and raised them by deposit. The current in the ba}'ou being

diminished by this escape of water, a deposit was also made in its channel. This deposit

contracted the water-way and increased the lateral overflow, and thus accelerated the

elevation of the natural bank, which has been in this way raised materially since the

levees were first built. (By some this elevation has been estimated at 10 or 12 feet.)

This has had the eff"ect of backing up the bayou above, and thus of raising the flood level.

To this explanation has been added the opinion that the turbid water of the Missis-

sippi, flowing in the bayou with less velocity than the river, is unable to hold the same

quantity of matter in suspension, and accordingly must raise the bed of the ba}^ou by

deposit, even where the levees have been built.*

Let us see whether these explanations are consistent with the facts

ascertained by measurements in different years, by parties of the Delta ceous^
^^^ ^"°'

Survey.

The natural bank at Lockport is 8 feet above the mean level of the gulf It is

stated on good authority at Lockport, that, in 1858, the crevasse-water

of the Bell and La Blanche crevasses ran over the levees into the bayou low the'^ievees

at a point 1 2 miles below the town, where the levees were 3 feet high, materially

The mark of this crevasse-water at Lockport was 7.5 feet above the

mean yearly level of the gulf; 12 miles below Lockport, its level could not have ex-

ceeded tliis elevation. Consequently, the levees there being 3 feet high, and the cre-

vasse-water passing over them, the natural bank could not have exceeded an elevation

of 4 feet above the gulf A few miles farther down, it is probable that the natural

banks are buf little, if any, above the gulf The conclusion that in the last thirty or

forty years the natural bank below the leveed part of the La Fourche has been mate-

rially elevated above its original height cannot therefore be adopted.

*It has also been suggested, as au additional cause of the rising of the high-water level, that the bayou belovy

Lockport is choked up with rafts and tow-heads. This is a question of fact which can be easily investigated, although
not attempted by the Delta Survey. Lieutenant Henry L. Smith, Corps of Engineers, who examined the obstructions

below Lockport in 1653, with a view to their removal, states that they begin .about 5 miles below Lockport, and consist

of a gre.-it .number of snags, which project above low w.ater, and for the distaueo of 13 miles almost entirely prevent
the passage of steamboats during the low water of the summer and autumn. Such obstructions must, of course, retard

the llow of the water, and to some slight extent raise the Hood level for a limited distance above them, but they are

evidently inadequate to aid materially in producing the constant increase of the Hoods throughout nearly the whole
bayou.
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Neither can it be admitted that tlie current of the bayoit, at points where there are

no levees, is necessarily so much less than AAhere there are levees, as to

no deposit iu the cause a deposit, and thus contract the cliannel-waj'. At flood, the cm-rent

of the bayou where leveed is 3 feet per second ; where not leveed, 2 feet

per second. "What proof have v.e that, where the first velocity exists, the bayou is

either holding in suspension or pushing forward at the bottom a quantity of earthy

matter which a velocity of 2 feet per second is insufficient to transport ? On the con-

trary, the results of the investigation at Carrollton, fully detailed in Chapter II and

discitssed in Cliapter VI, justify the assumption that the velocity in the unleveed por-

tion of the bayou at flood is quite equal to transporting all sucb material. This infer-

ence becomes almost a certainty when the source is considered from which bayou La

Fourche draws its supply. All the river-water that is to enter that bayou at flood

passes within 200 feet of the river bank, Avhere its mean velocity does not exceed, if it

equals, 2 feet per second. This water, after entering the bayou, moves with an in-

creased velocity of about 3 feet jjer second as long as the levees contini;e, and is only

reduced to its original velocity of 2 feet per second when they cease. Keither the

power of suspension nor that of transportation is therefore deci'eased, and no deposit

in any part of the channel can be made.

Actual measurements lead to the same conclusion. Thus, so far as can be ascer-

tained bv a comparison of the soundings at Lockjiort in 1842 (^Military Reconnois

sance—Approaches to Xew Orleans, Captain G. ^V. Hughes, Topographical Engi-

neers, United States Army) and those of the Delta Sm-vey in 1851 and 18r)8, there is

no reason to conclude tliat any deposit has been made in the bed of the ba}-ou in that

A-icinity. There is a difficulty in making an exact comparison of the more recent meas-

urements with those of Captain Hughes, because he did not make a permanent bench-

mark, or even record the relative level of the surfiice of the bayou and the natural

bank. The levees terminated at Lockport in 1842 ; and it is probable, as the soundings

were made in the spring, that the siu-face of the bayou was nearly even with the natural

bank. If so, the bottom has certainly not been excavated since that date, although the

levees have been considerably prolonged. The careful measurements made by the

Delta Survey in 1851 and 1858 give more definite restilts. They show that although

the area of cross-section of the bavoit has been enlarged by the additions made to it in

giving increased height to the levees, yet neither excavation nor deposit has been made

in the bed, which has remained at the same absolute level. The following table

exhibits the numerical results of tlie measurements. (Fur further details see Appen-

dix C.)
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are raised a little. The liig:h water of the following year rij^es sufficiently again to

break them and thus relieve the overcharged channel. Again they are raised still

higher, and again they are broken; and this operation must continue until the dimen-

sions of cross-section tlu-oiighout the bayou are sutficient to carry off the water which

enters from the Mississippi. If the levees had been built at first of such a height as to

make the capacity of discharge throughout the bayou equal to that at the head,

these annual crevasses and overflows and annually rising high-water level woiild never

have occurred.*

There is a second general cause which has contriljuted to increase the heights of

the floods of this bayou, namely, the yearly extensiou of the levees.
The animal ex- "' " "

n i
tension of the At the iioiut where levees terminate, the natural banks are overaowed,
levees h as in -

'
,

creased the dif- and the effect of this lateral discharjre, in loweriuo: the surface in the
ficulty. o ' c

bayou above, is evidently similar to that of a great crevasse. It is not

necessary to determine the exact distance on the La Fourche to Avhich this effect

extends, but it is certainly as great as 20 or 30 miles. Between the crevasse and that

point, the depression is nearly inversely proportional to the distance from the crevasse.

The future extension of levees below Lockport must therefore constantly tend to ele-

vate the surfoce of the bayou there, until after they have been perfected to a point

some thirty miles below the town.

The practical conclusions to be drawn from the preceding discussion are the fol-

lowing: The discharging capacity of the bayou throughout must be

sionstobe given made equal to that at its head. This must be accomplished by artificially
to tll6 16V66S.

^ ^

enlarging the cross-section ; for the experience of from seven to sixteen

years at Lockport indicates that the waters of the bayou, even when
retained by levees from 6 to 8 feet high, do not appreciably excavate the bed.

The cross-section may be enlarged either by raising the levees or by excavating the

channel. The fu-st is the readier and more economical mode. If the levees at Lock-

port are raised so as to pei-mit the sui-fiice of the bayou to rise 2 feet above the high

water of 1858, the area of cross-section there will be 4000 square feet, the same as at

the head of the bayou
; and the fall between the two places (7.9 feet) will be sufficient

to carry off the greatest quantity of M-ater that—with the present height of the Missis-

sippi floods—can enter the bayou, provided that the area of cross-section between the

two places is not less than 4000 square feet. If it be found by survey that the area

of cross-section will be anywhere less than 4000 square feet (as it may be at certain

*Tbe facts collected respecting the floorl of 1S.58 illustrate this action perfectly. Tbus, on April 11, the river at
DonaMsonvillc was 2 feet below the bigh-water mark of 1851. Oa the same clay, at Lockport, the La Fonrcbe was 2
f;et above the high-water mark of 1^51, ami within 6 inches of the top of the levees. The occurrence of a erev.isso
n mile above Lockport, which remained open until the autumn, not onlv prevented the water from rising higher, but
depressed it to such an extent that, at the time of high water at DonaldsonviUe, which w.is 1.7 feet above its stand on
April 11, the bayou at Lockport stood 3 feet below the mark of that date. The crev.asso when largest bad a width of
ouly about 000 feet, but it abraded the bank so that its bottom wiis 9 feet below the top of the levee.
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narrow places), tlie cliannel must be enlarged to that size. Above Lockport, a pro-

portional increase of height must be given to the levees as far as Thibodeaux (and

perhaps somewhat above that town), so that the total height of the levees between

those places shall gradually decrease from 10.5 to 8.0 feet. As far as the levees are

extended below Lockport, they must be about 10.5 feet high, in order to insure a cross-

section of 4000 square feet.

The extraordinary diminution of the area of cross-section and of the slope in the

lower part of the course, the chief cause of the difficulty in restraining the floods of

tlie La Fourche, is not peculiar to that bayou. It is a characteristic feature of the

tlu-ee outlet bayov;s of the Mississippi. Thus on the Atchafalaya, the fall in the first

half of its length is two-tliirds of the whole fall to the gulf. On the Plaquemine, the

same proportion of the total fall is consumed in the first 8 miles ; below that point,

its banks are not cultivated. Difficulties, similar to those that have arisen on the La

Foiu'che, will therefore be certain to occur on these two bayous when their levees are

sufficiently extended.

Speculations as to the original character of the three outlet hayous.—An important

deduction from the observed facts on bayous Atchafalaya, Plaquemine,

and La Fourche is that either they are not delta streams, whose beds are .
^'^® outlet

^ ' bayous are not

formed in their oion deposits, or the dogma heretofore received by hydrau- Cf'thTriv^r."'^'^^

lie engineers, that in delta rivers the slope must be inversely as the

quantity discharged, is erroneous ; for, as already fully explained, the fall in the upper

half of the La Fom'che is twice as great as in the lower half, while the dischai'ges are

as tlu-ee to one, and similar conditions exist on the other two bayous. In Chapter II,

where the geological age of the hard clay wliich composes the beds of the Atchafalaya

and Plaquemine is investigated, the opinion is expressed that it is not an alluvial

deposit, and hence that these bayous are not original outlets, but merely drains that

have been connected with the Mississippi by the erosion of the river banks. The clay

bed of the La Fourche has a similar tenacity, although it may not be of the same

geological age. It will be presently shown that this bayou was probably a marsh

drain, changed to a Mississippi outlet by the erosion of the river banks. It was per-

haps the first so connected, the Atchafalaj-a the second, and the Plaquemine the last,

and in comparatively recent times. The facts which demonstrate this in respect to

the Plaquemine are made known by Mr. Bayley in a pamphlet upon the closure of

that bayou, published in Baton Rouge, 1858.* In reality the only parts of the Mis-

* " But few, very brief, ;ind unsatisfactory allusions are to be found in tlie early histories of Louisiana relative to

liayou riaqnemine. Upon some of the early maps it is shown by a mere line ; upon others it is not at all represented.

The waters of Grand river, at this point, approach within 8 or 10 miles of the Mississippi ; and at low water the ebb
aud flow of the tides was quite perceptible, before the various channels connecting with Grand lake were choked up
with raft and detritns. It is probable that one of the numerous overflow coul<Ss, which existed in every bend before

the construction of lovees, connected—whether directly or indirectly does not appear—the Mississippi river with this

eastern bend of Grand river ; aud snch couli5, however much obstructed by- growing cypress-trees in its channel, would
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sissippi that are true delta streams are the passes. Their beds are formed in the

deposit (not homogeneous however) made by the river-water in the gulf; those of

the greatest leng-th discharge the largest volumes ; the slopes are in the inverse order

of the volumes.

The bayou Teche, which tornis a jiortion of the southwest border of the delta, pre-

sents features directly the opposite of the Atchafalaya, Pla(|U('mino, and

ofauorigiuaJout- La Fourclie, and may be taken as a type of anotlier class of bayous,

those that have been gradually separated from the main stream. As

now existing, the Teche may be described as a small stream that rises in the gray soil

of the pine lands west of ^Yashington. Its length from that town to its mouth in

Grand lake is 140 miles. A mile and a half below Washington, the b.ayou Corn-ta-

bleau, upon which that town is situated, sends off the bayou Can-on, 100 feet wide, to

be used, as aifordiog the uearest approach to the Mississippi, by the small keel-boats used iu the interior navigation of

Louisiana a century ago. Such use would associate it with the route to the early Attakapas settlements, and lead to

its mentiou in such connection by the early historians. Du Pratz, in his history of Louisiana [ 1757], does so mention

it ; and after describing the Iberville (or Manchac) and the La Fourche, expressly says that the Plaqueniine is but 'a

bayou,' and unworthy the name of ' riviere.' The ' river Iberville ' is described by Pittman, iu 1770, as being but 50 foot

wide, and ' obstrncted by wood ' (raft) for six miles from its head.
" The old bed of the Manchac, for several miles from the Mississippi, averages less than 50 feet wide now, as stated

in the Report ot' the State Engineer to the legislature in l^o'2, in answer to a proposition to reopen the Manchac in that

year.

"How insignificant, thin, must have been the Plaquemine if, as compared with a 'river' but 50 feet wide, it was
particularly noticed as being but 'a bayou,' .and unworthy the name of 'riviere'.'

"If the Pla<ineniine—however insignificant according to Du Pratz, who did not place it onJiis maps—really had,

even at high water, any conuectiou with the Mississippi river, then, like the Iberville, it must have been filled up with

wood' or raft, and not navigable from the river. A 'portage' must uecess.arily have existed between the Mississippi

and the Plaquemine, or more probably the bayou Jacob, as is uniformly said to have been the case, by all the aged
inhabitants of Iberville and Attakapas, as testified to very recently by Judge Baker, of St. Mary, formerly a member
of the old Board of Public Works, and for forty-five years a resident of Attakapas.

"Judge Baker at the same time assured us that both the Plaquemine and Jacob were but overflowed couMs, and
entirely covered by a forest of cypress-trees, which trees were cut down, and the stumps recut down several times (as

the bottom was washed away from around their stumps), by the inhabitants and Xavigatiou Company of Attakapas.
"Captain Mayo fas he himself informed me), under the orders of the old Board of Public Works, with the State

hands, superintended the cutting down of said stumps in more than one instance. Cypress-trees conld not grow in the
Jed of an original 'pass' of the Mississippi river. »«..«»,

"According to measurements made by the Senate Committee on Levees, iu the year 1S50 (Doc. No. 2), the width
of the Placiuemine, 1000 feet below its head, was 204 feet; while the average width in 1:^57, according to a series of

measurements by the Commissioner of the Second Swamp Laud District, was 400 feet, with an occasional width of 420

to 430 feet ; thus showing an increase in seven years, with only one very high water (that of 1851) since, of nearly one hun-

dred and fifty feet. According to the United States Land-office maps before referred to, this width in 1:?42 was about 175

feet, possibly 200 feet in places, while in l!:*29, by same maps, it was from 50 to 75 feet wide, as nearly as the same can
be ascertained by the scale upon which said maps are projected. . . » . »

"The cutting of a road through the canebrakes and forest, and the digging of a small ditch or cau.al therein lead-

ing from the Mississippi into either the head of the Plaquemine or Jacob, as alleged to have been done iu the year
1' '"> * * * by Joseph Sorrell, appears to be well substantiated ; and indeed it is rendered probable by
what must have been the circumstances of the case. Judge Joshua Baker recently corroborated what has been stated
by John C. Marsh with regard thereto."

In the list of maps given in Appendix C of Mr. R. Thomassy's G<?ologie Pratique de la Louisiane, mentiou is made
of a map of the Mississi)>pi from the Survey of le Sieur Diron, iu 1719, in which the Plaquemine is called " river," and
the La Fourche " the little river of the Chetiniakas." Also of one prepared by the Chevalier do Noyau (Lieutenant
French Navy), in 17(;'J, on which the Plaquemine as well as the La Fourche is styled " river." The Atchafalaya is

called "bayou." The ilanchac was always called "river." Another mentioned in the list is a map of Florida and
Louisiana, published in 1778, by order of the Freuch Minister of the Navy Department, M. dc Sartine, on which the
Atchafalaya is for the first time called " river "—not "Atchafalaya river," but " Vermilion river." The principal branch
of the Atchafalya is now called Grand river, in accordance with the supposed meaning of its Indian name, "Atchafalya,"
6'»Tii(-ir«(fr—though others have translated it Lost-icaler.
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the Teclie. Six miles below it sends off Little bayou, 15 or 20 feet wide, which like-

wise joins the Teohe. The banks of these bayous are composed of the red alluvial

soil characteristic of Pied river, and the banks of the Teche, from the junction of these

bayous to its mouth in Grand lake, consist of the same soil.

The present bayou is e^-idently flowing through a partially deserted channel

having double banks throughout the greater part of its course, the slielf between the

two being flat, or gently rising. A cross-section of the higher bank presents the

characteristic feature of alluvial formation, a slope from the stream. Above St. Mar-

tinsville the sides of the ancient channel-way are often covered with a growth of laro-e

trees, such as do not flourish in Avet soil. Below St. Martinsville the same fact is

noticeable at one or two points. Twenty miles below Washington the cross-section

of the remains of the old channel has a width between banks of 300 feet and a

greatest depth of 25 feet. At St. Martinsville, 35 miles farther, it has a width not less

than 500 feet, and an extreme depth of at least 30 feet. From that town to the mouth

a distance of 85 miles, the width between the old banks gradually increases from 600

to 1000 or 1200 feet, the corresponding depth being not less than 15 feet. The
dimensions of the channel occupied by the present flood discharge of the Teche are

much smaller. At the mouth the width of Avater-way is usually about 500 feet. At

St. MartinsAdlle the high-water width scarcely equals 300 feet, and 35 miles above

that town, scarcely 200 feet.

The slope of the old bank of the Teche, from its efflux from the Courtableau to

its mouth in Grand lake, is 0.3 of a foot per mile and nearly uniform throughout.

Thus it is perceived that the Teche must at one time have discharo-ed a much
larger volume than now; and, as indicated in another part of this chapter, it was
probably a principal branch, if not the main stem, of the Red river. Thus viewed

the characteristic features of such bayous are a gradually increasino- area of cross-

section, from the point of total or partial separation to the mouth; an inability to

occupy this cross-section fully at any point; and the consequent growth, upon the

unoccupied part, of large trees, such as thrive only in soil not periodically covered

with water. These conditions, directly the reverse of those existing in the outlet

bayous of the Mississippi, strengthen the opinion that the latter are not the remains of

original branches or "passes" of that river.

Assuming, then, that the three outlet bayous are not original outlets of the

Mississippi, and that on an original outlet the slope of the natural bank, like that of

the river, must be nearly uniform from the head to the gulf, let us endeavor to under-

stand how bayou La Fourche (taken as a type) acquired its present peculiarity with

respect to slope, etc. Various suppositions are plausible.

Thus let it be assumed that when the river bank at Donaldson ville had an eleva-
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tion of l(i feet above the gulf (which would make the fall of the tipper half of the

bayou equal to that of the uatural bank as it now exists), the La Fourche

tio^rfo 'expfafa
"''^ ="' ''ii^^t't of about its prcseut leug-th. Next let it be supposed that,

acTet^o^'^the ^^Y '^^"^' h'dg'ing- of drift and accumulation of mud, the bayou was cut

bayous. " ^ otif froui the river, and only reconnected Avitli it at a comparatively

recent period by the erosion of the Mississippi bank. The new alluvial

bank, which would be formed along the La Fourche, would first be made near the

head, because the water would chiefly escape there; Init it would gradually extend to

the gulf. Thus tlie slope of the bank, greater at first near the head than midwa}-,

Avould by degrees become nearly uniform, a condition which it had not attained when

the levees were built at Lockport.

Another supposition, which is consistent with all the known facts, appears to be

still more proljable. It is, that the La Fourche was originally one of

posfuou.
^"^' many bayous that ran through the sea-marsh, like those west of the

Atchafalaya, and between the La Foarche and the Mississippi, connect-

ing the various lakes and bays. These bayotis are generally deep, but when witliin

the boundary of river deposit are shoaled. In this manner, the ujDper portion of the

La Fourche may have been filled in by the Mississippi overflows. A connection with

the river may have been made by the caving of the banks. The alluvial soil would

be cut through down to the clay bed. The bayou would beconwj a delta-making

stream and gradually extend its banks toward the gulf. At first the banks would

extend only a few miles, and the slope would be rapid; but each year, as they were

protruded, the slope would become less; and, finally, a uniform slope to the gulf

would result. When the banks were occupied and levees were built, that condition

was not attained. It is not improbable that the Terre Bonne and Black, also, were

originally salt-marsh bayous, which, partly filled in b}'^ I\Iississippi water from the La

Fourche, Avere next converted into delta streams by the latter, and finally separated

from it by the lodging of drift and consecpient accumulation of deposit. Strips of high

ground, which were xnidoubtedly the banks of small outlets from the La Fourche,

project into the marsh or prairie on either side of that ba3-ou, at intervals in its course

It would give probability to this supposition if it could be shown that the delta

baidc of the La Fourche does not extend to the gulf. There are

firmation of this reasonable grounds for this conclusion. The facts mentioned in con-
supposi ion.

iiection with the Bell and La Branche crevasse-water in 185S indicate

tliat the uatural li;nd< of the La Fourche at a. point 12 miles below Lockport is 4 feet

al)Ove the gidf, and thus show that its rate of fall is the same below as above Lock-

port. This affords reason to conclude that the same rate of fall continues througliout

the remaining part of the ba}-ou that possesses a (U'lta Ijauk,—which wmdd l)ring tlie

natural bank to the level of the gulf aliout niidwav between Locknoi't and tlie gulf
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These suppositions are introduced to sliow tliat there is no difficulty in explainino-

the present condition of these three bayous, without regarding them as

original outlets or mouths of the main river, and hence that they do terinruponThlse

not necessarily prove that the mouth of the Mississippi A\'as ever
^p^^"^"*"""^-

situated in the vicinity of their present effluxes. In other words, they do not in the

least determine the extent of the advance of the mouth of the Mississippi into the gulf.

GEOLOGY OF THE DELTA.

The facts that the alluvial soil throughout the greater part of this region is only a

few feet in thickness, and that it is underlain by strata belonging to a

geological epoch antecedent to the present, have been so fully discussed prfsent^ discul^

in Chapter 11 that they require no further notice here. They com-

prise the most important parts of the practical geology of tlie delta. There are, how-

ever, other facts and certain speculations respecting the changes that have occurred

and are now occurring in this region, which are interesting, and will therefore be

given.

EiJls, mounds, etc.—A description of the hills of Belle Isle, Cote Blanche, Grande

Cote, and Petite Anse, which rise from the sea-marsh south of the

bayou Teche (plate II) will be found in Mr. R. Thomassy's Practical

Geology of Louisiana. He ascribes their origin to volcanic action, and classes with

them a great mud lump, 25 feet high, near the mouth of the Southwest pass.

Darby, in his Geographical Description of the State of Louisiana, says that he

discovered in the lowest and dreariest part of a cypress swamp In the

Atchafalaya basin, between the Courtableau and the Teche, six or ofhiiir*"°""'^^

seven mounds, the tops of which were 7 or 8 feet above the marks of

highest overflow [and probably more than 20 feet above the gulf] ; that their soil was

not alluvial ; and bore trees and vegetation entirely different from those in the swamp;

and such as never grow on lauds subjected to inundation ; that there was no spot

within several miles of the mounds where an Indian village could have existed. Mounds

of a similar character are found in the same region north of the Courtableau. The

plausibility of the supposition that these mounds may be the last hill-tops of the older

formation, not yet covered b}' alluvion, cannot be tested by Darby's account of them,

Avliich contains no other details than those just given. The Toltecs, it is stated, were

the mound builders, and arrived in Mexico from the north in the seventh century of

the Christian era ; though it is considered b}- other archaeologists that that race migrated

northward. According to Squier, mounds are not found on the last terrace of the Ohio,

but exist on all the three older terraces.

The character of the mounds above the mouth of Red river has Mounds above
Red liver.

been sufficiently explained in Chapter I, in treating of the St. Francis

and Yazoo swamps.
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Upon tlie high and gently undnlating banks of bayou Grosse Tete, there are ten or

t^yelve earthen mounds, evidentiv artificial works and of comparatively
Modern mounds ,

-,

'.
, i ,

of the delta. motlem (late, i iiey are mostly m groups oi two or three, and, accord-

ing to vague Indian traditions, were built to commemorate treaties of

peace entered into by different tribes,—each tribe being represented by a mound.

The largest of these piles of earth is at the mouth of bayou Fordoche. It is described

as being of a conical shape, rising to a height of some 25 feet. Traces of the hollow

from '^^hich the earth was taken may still be seen.

Two of the mounds upon the bayou Grosse Tete were visited by a party of this

Survey. They were situated about 800 feet apart, near Mr. Erwin's house, on the north

bank of the ba}-ou, about 2 miles above Eosedale. Both were of the same dimensions,

having the form of a square truncated pyramid 12 feet in height, the slope of the sides

being about 2.5 uj^on 1, and the length of each side, on the top, being about 50 feet.

The western mound had a ramp on its eastern side, with a slope of about 3.5 upon 1.

Both mounds were comjiosed of the alluvial soil Avhich surrounds them, and traces of

the hollows from which the earth had been taken were plainly visible.

Great numbers of mounds, composed entirely of gnathodon shells, are found along

Sheu mounds ^^^® bayous in the delta of the Mississippi, near the gulf shore. It is

The^^Tf
'^ °^" ^^^^(^^ ™ ^"(^tt and Gliddon's Types of Mankind that along Mobile river

and hnj, the shellfish unio and pahuJina exist where the water is per-

fectly fresh ; and that the gnathodon flourishes in brackish water alone ; that the

gnathodon is now rarely if ever found above Choctaw point, 1 mile below Mobile,

although immense beds of its shells exist for 50 miles above that point as well as along

the gulf coast ; that some of these beds contain marks of fire, fish-bones, and fragments

of Indian potteiy and of human bones ; that other beds are covered 2 feet thick with

vegetable mould, on which the largest forest trees are growing ; that the gnathodon was

once a living- species in the Chesapeake bay, but is now only found there in a fossil

state. i\Iajor Ranney and others state that the gnathodon exists in large quantities in

lake Pontchartrain ; it is also stated that it exists in lake Palourde but not in Grand

lake. A thin bed of its shells is observable in the banks of the Teche a few miles from

the mouth, at about the level of the gulf.

rrohngation of the mouths of the Mississ'q)pi.—From the fact that a \\ide strip of

alluvial land bdrders the Mississippi river from the gulf of ^Mexico to

The mouth of , , . , , . . , , ,
„ .

the Mississippi tlic moutli ot the Uhio, somo writers have supposed that an arm oi tlie

was never near
, t n , ... , , i ^r

that of the Ohio, gult oncc extended to that vacmity, and tliat the Mississippi river,

entering near the licad of tliis sound, has gradually tilled it by the depo-

sition of sedimentary matter.

These hypotheses are untenable ; for were tliev correct, tlie alluvial de])osIt near

Cairo would l^e not less than ?>00 feet tliick : wliereas the investigations of tliis Survev
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prove it to be biit 20 or 25 feet thick on tlie river bank along- tlie St. Francis swamp,

about 35 feet thick along the Yazoo swamp, and of a thickness not varying materially

from the latter as far down as Eaton Rouge. The borings of the artesian well at New
Orleans show that it does not there extend farther down than -40 feet below the level of

the gulf. The tough clay bar that projects obliquely across the efflux of the Atchafalaya

from Old river is 35 feet below the bank, and about 15 feet above the level of the gulf

An artesian boring upon General Welles' plantation in the Atchafalaya basin, 10 or 15

miles south of Alexandria, shows that the alluvial soil there is 30 feet thick, the sur-

face of the older formation being about 50 feet above the giilf

Neither could this lon^ line of swamps have been a chain of lakes ; since In the

Yazoo, for example, this would require the alluvial soil at the head of the swamp to be

about 100 feet thick, which is contrary to the fact.*

Considering the position and direction of the general coast line (not of nlluvlal for-

mation) east and west of the Mississippi river, with relation to those of

1/^111 Original 1 y, i t

the shores of lakes Pontchartrani and Mairrepas and Orand lake; was probably
situated near

observing the direction of the line of surface junction of the alluvial piaquemine.

and older soils; and remembering that near the efflux of bayou Plaque-

mine the alluvial soil does not extend much if any below the level of the gulf; we are

led to conclude that the original mouth of the Mississippi was situated not very far

from that locality, and, hence, that its prolongation Into the gulf has been 220 miles.

The slope of the bottom of the gulf, upon which this advance has been made, can

be approximately estimated. Thus, as before stated, at the locality of

New Orleans It is 40 feet below the surface of the gulf That depth of oftue bottom of
the gulf in this

water Is found In the gulf off the coast of Mississippi and Alabama region.

(where there is no fluviatlle deposit, or, at least, none of the present

geological age) at about 20 miles from the shore, the same distance that separates New

Orleans from the north shore of lake Pontchartraln. According to the deep-sea sound-

ings of the Coast Suiwey (see plate XIX), the old gulf bottom Is 100 feet below the

gulf level at the head of the passes. Beyond this point the slope must have been

much greater; since a depth of 900 feet Is found 11 miles from the bar of the South-

west pass, or 28 miles from the head of the passes.

* Probably they were originally svramps, overflowed to a much greater depth, but to a less width, than at present,

which hare been gradually raised by the deposits of the annual overflow ; the alluvial soil, like that of the Nile above

its delta, extending each year farther from the river. This elevation of the banks is not necessarily connected with

or partly in consequence of, the prolongation of the mouth of the river in the gulf, although in the lower part of tlio

river's conrse, as at the mouth of Red river, for instance, the elevation of the banks may be due in part to the prolon-

gation of the river. The area of this tract of alluvial land from Cape Girardeau to the head of the assumed delta, as

given by previous writers, is too great. By careful measurements upon the most authentic maps it is as follows:

—

Square miles.

The St. Fraucis bottom 6,900

The Yazoo bottom ",110

The Tensas bottom 4,440

Sm.all swamps on the east bank from Cairo to IJaton Kongo 1, 000

Total area 19,400

59 n
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If it l)e assumed that the rate of progress has been uniform to the present day—and

there are some considerations, connected with tlie manner in ^Yhich the

of the delta. river pushes the bar into the gidf each year, which tend to estaljHsh

the correctness of that opinion—the number of years which have

elapsed since the river began to advance into the gulf can be computed. The present

rate of progi-ess of the mouth may be obtained by a careful comparison of the progress

of all the mouths of the river, as shown by the maps of Captain Talcott, U. S. Engi-

neers, 1838, and of the U. S. Coast Survey in 1851—the only maps that admit of such

a comparison. They give 262 feet for the mean yearly advance of all the passes.*

This mean advance of all the passes represents correctly the advance of the river,

because in the changes that take place, each pass in succession may become the main

or chief pass. Adopting this rate of progress (2G2 feet per annum), four thousand

four hundred years have elapsed since the river began to advance into the gulf.

The ])ractical importance of this yearly progress into the gulf consists in its prob-

able effect in raising the surface of the river. This cannot be pre-

advance uponthe dieted witli absolute Certainty, but it appeal's to be hardly probable

th3 river. that, in the future changes, the depth of the river below Fort St. Philip

will Ije less than it is now; for the thick clay stratum in which the bed

lies will be found, at points farther in the gulf, to be at a greater depth than it is at

i ort St. Philip. Applying then the new formulas to the existing dimensions of the

nver below Donaldsonville, we find that a prolongation of the river 25 miles into the

gulf will be required, in order to elevate its surfoce 1 foot at Fort St. Philip. Even at

the present rate of progress of the delta, this extension would not be accomplished in

less than five centuries. It is certain that the progress of the mouths of the river into

the gulf will never be more rapid than it is now, although from the great depth of the

gidt 10 miles seaward of their present position, it mav be less rapid. It is shown in

Chapter II that when the swamp lands are perfectly protected from overflow, the sedi-

mentary depositions in the gulf will not be Increased more than one-eighteenth.

How much the progress of the river into the gulf has raised the surface of the

river at points above Plaquemine, and how far up the river this effect has been felt, are

in a great degree matters of mere specidation, and, however interesting as speculations,

are without practical value.

Changes ivhich may have occurred in the condition of the Mlssissijipi river.—The age

* The followuig are the yearly rates for the different passes :

—

Southwest pass, Talcott aud Coast Survey 338 feet.

South pass, Talcott aud Coast Survey 2#0 "

Kortheast and Southeast passes, Talcott aud Coast Survey loO "

P.1SS a, rOntro, Talcott aud Coast Survey ;'.02 "

Mean annual advauco of the passes 202 "

l!y couipariug the maps of de Seriguy, 1720, aud de la Tour, 1722, with the uiap of Captain Talcott, surveyed iu

1838, Mr. Thouiassy finds that the meau annual advance, between those periods, of pa.ss a I'Outre, the Northeast

pass, and the Southeast pass, was 32S-feet (101 metres).
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of the delta lias been estimated at four thousand four hundred years, upon the

a.ssumi)tion that the JMississii)])! river was of equal maofnitude durino-
'

. , . .
" The Mississippi

tlie whole period of its delta-forniino- condition. This assumntion was once a com-

^
paratively clear

inijjlies that the Mississippi was suddenly brought into existence with its
stream,

present condition, or was suddenly converted to that condition. The rapid, simul-

taneous upheaval of the whole basin of the Mississippi would have brouo-ht that river

suddenly into existence with very much the^same characteristics tliat it now possesses;

but geologists do not admit the probability of such a rapid upheaval. If it had been a

delta-forming river during the gradual upheaval of the basin, which at Baton Rouo-e

has exceeded 100 feet, some part of its ancient alluvion would now be found at a

greater elevation than the corresponding part of the river ; but, as it is all below the

high-water surface of the river, the ]\nssissippi must have been in past times a com-

paratively clear stream, not subject to floods.

Its transfoi-mation from a clear into a muddy river may have been the result of

changes which have perhaps taken place in its basin. It will be recol-
,

How it may
lected that midway between St. Louis and Cairo, the Mississippi passes i^^'^^ changed

•' ill this character.

through the northeastern extremity of the Ozark mountains, having,

apparently, cut its way tlu-ough the rocks, which rise perpendicularly from the surface

on both banks to the height of 300 feet. This range probably unites with the crest of

the plateau in which the tributaries on the right bank of the Ohio rise, or with the high

ground which separates the hilly from the prairie region. The similarity of this part

of the river to the Niagara below the falls, and to the Rhine below Bingen, suggests

that, like those two rivers, the Mississippi has worn, a channel tlu-ough a portion of the

range of hills or mountains that crosses it, and that the process has been accompanied

by a constantly receding fall. If so, the beds of the Missouri and Mississippi must

have been at a much greater elevation than they are now, a supposition which their

present character renders highly probable; and an immense lake may have extended

from the falls, or their vicinity, northward, nearly to Prairie du Chien, and over a large

portion of the prairie of Illinois, and perhaps of Indiana, and, ualting with lake Michi-

gan and lake Huron, may have covered a great part of the State of IMichlgan. Similar

lakes mayhave existed on the Missouri and Upper Mississippi. The summit of the cllfts

mentioned is somewhat more than GOO feet above the sea. The surface of lake Michi-

gan Is 57G feet above the sea. The crest of the low divide between the som-ces of the

Illinois river and the southern extremity of lake Michigan is from 20 to 25 feet above

the lake. According to the estimate that has been made by Sir Charles Lyell, of the

rate at which the Niagara falls recede (the level of the upper lakes being supposed to

subside with the crest of the falls), the surface of lake Michigan was, some five thou-

sand years ago, just even with the lowest part of the crest now dividing it from the

tributaries of the Mississippi river.
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The effect of a great lake, siicli as that just indicated, upon the Mississippi river

below the falls would have been twofold. First, the river-water would have been

clear; and, second, its rise and fall would have been inconsiderable. There are several

terraces on the Ohio river, indicating- that its surface occupied greater elevations for-

merl)' than now, probabl)^ caused by the dams nature had thrown across its course.

Thus portions of the prairies and plateaux of that region, and of the valleys of the

tributary streams (where similar obstructions must have existed), were formed into

lakes, the effects of which upon the turbidness of the waters of the Ohio, and upon its

rise and fall, must have been similar to tliose of the supposed great lake upon the

Mississippi. Conditions of the same character probably existed upon the other great

tributaries of the Mississippi or their chief feeders.

Thus it appears that the lower ^lississippi may once have been, somewhat like

the St. La^'STcnce, a clear stream, having but little rise or fall, and pushing forward on

its bed so small a quantity of earthy matter that no bar could be formed at its mouth.

The change from this condition to that of a mvuldy, delta-forming river, having great

floods, and pushing along its bed a large quantity of earthy matter, was probably

gradual. As the surface of the Ohio river sank, from the wearing away of the natural

dams upon its course, the lakes in its basin were di'ained. The character of its lower

course was consequently altered, and this produced a corresponding change in the

Mississippi. As the surface of the great lake was lowered by the retrograde move-

ment of the fall, the nature of the Mississijipi was still further modified, until it finally

assumed the characteristics it now possesses.

This supposition of the gradual transformation of the Mississippi requires an

addition to be made to the age of the delta, as computed upon the sujiposition of a

uniform condition during its delta-forming state, but does not afford the means of

ascertaining the amount of that increase. All this, however, is mere speculation,

indulged in to afford a possible solution of a speculative difficulty that has no practi-

cal bearing upon the present or futiire condition of the Mississippi river.

How hraucJics of the Mississippi may hccome disconnected.—-Some indication of the

manner in which the branches of the Mississippi may be disconnected

branches of" the fi'om tlic main Stem seems to be appropriate to this chapter, although, to

be perfectly understood, a reference to the next diopter may be required.

The following general i)rinciples will there Ijo fully established.

The; jjasses, and the Ijayous leading from them and from the river, have two bars;

one at the mouth in the gulf, the other at tlie point of separation from
Preliminary , . rni • • i i n i

remarks. the rivcr or pass. iJiere are two great river periods ; the flood stage,

which lasts usually six months, and the low-water jjcriod, which lasts

usually four mouths, tlic tnnisitious from one to the other occui)ving on the average

about one moutli. 1 )uriu^- tlie flood stage, a large quantity of river-water is discharged
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tlirough all the bayous with a velocity varying from 2 to 3 feet per second, and the

bars at tlieir mouths in the gulf are formed and pushed forward. In the low-water

period, on tlie contrary, when very little river-water is discharged through the bayous,

this bar formation takes place at the point where the bayou is separated from the

river. Dui-ing the transition from Ipgh to low or from low to high water, the deposit

takes place at every point of the bayou between the two bars, a deposit which is

removed in part or wholly when the river rises. In the ordinary low-water condition

of the river, the sliort bayous discharge salt-water into the river, when the gulf level

is higher than the river at the point of junction.

A separation may be effected by storms, if the banks of the bayou

at the point of leaving the river are not materially above the level of a separa t i o u

the gulf; as for instance, at the head of the passes, where the banks are the 'mouth may

but little more than 2 feet above its mean level ; or at Fort St. Philip, storms^'^
^ ^

where they are less than 5 feet above it.

Let us suppose, toward the close of a great flood, which has been protracted into

the summer, and when the water is beginning to subside, a great southeast storm or

hurricane takes place, which elevates the surface of the gulf 6 or 7 feet above its

mean level in the lakes and baj's on the eastern side of the river, where it must be

higher than in the lakes and bays on the western shore. One of the effects upon the

great passes will be to caiise a less discharge through those debouching- toward the

east, and a greater discharge through those debouching toward the west. The effect

upon the bayous of the east bank will probably be to drive the fresh water entirely

out of those whose banks at the point of leaving the river and passes are below the

raised surface of the gulf, and to make dead-water in those whose banks at the points

of leaving the river are on the same level as the raised surface of the gulf. An eddy

must be formed at the head of the last class of bayous ; and the consequent deposit

might possibly reach nearly as high as their banks, their depths being usually but G

or 8 feet at that point. Upon the subsidence of the storm, the bayous would be thus

cut off from the parent stream ; and, the river being in a falling- condition, the newly

formed bar would be exposed several months to the air, and would become firm.

Should the following year, like 1 855 for instance, be one of low Avater in the river,

when there is little or no flood state, the bar would be covered in the spring and sum-

mer with willows, grass, and other vegetation ; and the permanent disconnection of

the bayou would thus be secured. The deposit from subsequent overflows of the

river would only increase the bank separating the river and bayou, and fill up some-

what the bed of the latter. .

Another process by which bayous and branches of the Mississippi may be separated

from the river, when the point of divergence is but slightly elevated

above the gulf, is the following. The waves of the gulf constantly tend
"^ ^

waves.
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to close the mouths of rivers and the entrances of all bays, sounds, inlets, etc., and to

stretch along them a bank or narrow strip of land, thrown iip from the bottom of the

gulf The variations in the level of the gulf, whether caused by winds or tides, tend to

open and keep open channels through tlie bank thus formed by the waves. During a

low stage of the river, the effect produced by a long-continued series of .storms from the

southeast, upon a branch discharging toward the east or southeast, mightbetorai.se the

bar so as to diminish materially the capacity of that liranch for discharge, Avhile at the

same time it increased the discharge through those branches debouching toward the west,

owing to the less elevation of the gulf on that side. The return of high water of the river

would not uecessarilv restore the former condition of the branch and its bar. Another

series of storms might still fm'ther diminish the capacity of the branch or pass, so that

its bed woidd diminish, and the bar at the point of sej)aration increase. Finally, by a

continuation of such action its mouth might be entirely closed, and a bar at its head,

formed by eddies, would soon afterward cut oif all communication with the river. An

operation like this is observable in bayon ^loreau, once the east branch of the La

Fourche ; whose mouth is entirely closed, and whose bed at the point of divergence

is nearly filled \ip by the accumulation of drift-wood. It may be, however, that the

drift-wood first partially closed the east branch, and that the closure of the mouth

tV)llowed, instead of preceding, the partial separation of the l)ranch from the main stem.

When the rise and fiiU at the head of a bayou is 15 or 25 feet, its

distances from Separation from the river cannot be accounted for without the introduc-
the mouth sepa- . ,. ,i .1 ,i t t , . 1 ,1 1 t
ration can only tion ot Other caiises tliau tliose named. J^et us take the bayou La
becaused by .

drift. 1 oui'che as an example.

The surface of the river, at the point where that bayou separates

from it, is, in dead low water, only L5 feet above the mean level of the gulf; but any

deposit formed near the head, during the period of low water, must be spread over

a considerable extent, since the river sometimes rises G or 8 feet at Donaldsonville

and fluctuates between that height and the low-water stand until the great rise

begins. The transition period from high to low water being on the average only

about a month, and the length of the bayou being 110 miles, the deposit of any day

must be spread over a space of "2 or 3 miles, and must, therefore, be exceedingly

slight. Any deposit made in the Ijayou must then l)e so small as to be removed by

the high-water discharge.

The fact observed at Donaldsonville, that the river in hurricanes like those of ISiJO

rises much moi'e rapidly than the bayou, and discharges into it, shows that no such

accumulation can be formed in the La Fourche as occurs at the point of separation of

bayous at the mouths of the ])asses.

Fiult-r tlic ordinarv roiulitions, ilicu, it is not ca.-v to pciveive wliy tlic Ijottoiu ot

the bayou at the head, or point of divergence, should not always remain at least a loot
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below the low-water level of the river, unless closed by drift-wood. Many bayous at

the mouths of the Mississippi are now in process of closure in this way, and bayous

connected with the Atchafalaya and emptying- into Grand lake are also undergoing' a

similar process. The lodging of di-ift-wood upon the shoal at the entrance of La

Fourche, in conjunction with the earthy matter that must accumulate around it, may
therefore in a few years effectually dam up the entrance and entirely disconnect the

bayou from the river.

In general, then, we may conclude that in a delta river like the Mississippi below

the mouth of the La Fourche, the relations existing between the main

stem and the branches continue permanent unless distiu'bed by some elusions^

extraneous force. These relations are, however, liable to be disturbed?

since the velocity and momentum in these branches are less than those in the main

stem, and are therefore more affected by storms. Some branches are exposed to the

prevalent winds, and for that additional cause are liable to be closed. Drift-wood, which

sooner or later must lodge in the smaller branch streams at the points of separation,

where the depths are always less than in the main stem, must produce still greater dis-

turbance. From these causes, the branches are separated from the main stream as it

advances into the gulf, and the head of the delta proper is thus carried forward with

the mouth of the river.

Ancient geograiilnj of the delta.—Some few ideas respecting the original position and

direction of the gulf shore lines and the river courses will be added,

since they may prove interesting as indications of the changes that lines and river

have taken place. The northern shore of the gulf, or an arm of the

gulf like the ^Mississippi sound, as already intimated, probably passed near where

Plaquemine now is, and extended westward until it met the high ground west of Grand

lake. It will be noticed that the line of intersection of alluvial and ancient soil in this

region is parallel to the general direction of the west shore of that lake. The Avoyelles

prairie is probably the remains of an ancient ridge running parallel to the Mississipjii

as far as the northern shore of the sound, and perhaps separating the Mississippi and

Red rivers. The Atchafala}-a was probably the drain in the lowest part of the valley

between this ridge and the bank of the Mississippi, but not connected with that river.

Red river may have emptied into the ancient sound by a course along what is now

bayou Bteuf or perhaps by Choctaw bayou and part of bayou Teche,—the latter

having evidently been a much larger river than it is now. The fall of Red river at

Alexanch-ia is 0.42 of a foot per mile
; of the bayous Bctuf and Teche, 0.3 of a foot per

mile ; slopes not inconsistent with the supposition of their having once been parts of

the same stream. Black river probably ran to the Mississippi along what is now the

channel of Red river. The elevations caused by alluvial depositions west of the

Avoyelles prairie were probablj^ more rapidly formed than those east of it ; and the
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banks of Red river being- thus elevated, that stream may have overflowed the dej)ression

ill Avovelles jirairie, where Red river now runs. On tlie east side of this de])ression, it

nuist liave found a eliainiel partly prepared by drainage into Black river. Tliis l)y

degrees became a branch of Red river, and finally the main stream.

The opinion has been frequently expressed that Red river was not originally

united to the Mississippi, but flowed to the sea separatel}' in the channL-l

fai^ya°wfs*°not "^^^ Called tliG Atchafalaya, from which it was discoimected by the

of ffedrivlf
'°° changes in the course of the :\Iississippi. This opinion is believed to be

erroneous, because the area of the greatest cross-section of the Atcha-

falaya, at the efflux from the Mississippi, is Init little more than half that of Red river

below the junction of Black river, and becanse the xVtchafalaya has not the capacity to

discharge much more than lialf the volume discharged by Red river in flood. If the

Atchafalava had been the channel of Red river, its subsequent connection with the

Mississippi could not have diminished its discharge or capacity, since the floods of the

Mississippi are of much longer duration than those of Red river, and it is evident, from

the very small slope of Red river above its mouth, that its rise and fall at that jioint

could not have been decreased by a junction with the Mississippi.

The fall per mile of Red river at Alexandria is 0.42 of a foot, and below the junc-

tion of Black river only 0.14 of a foot, while the fall of the Atchafalaya in tlie fi st

half of its course is 0.64 of a foot per mile.

It therefore appears more probable that the Atchafalaya was a mere valley drain,

discharging clear water, until the Mississippi, by eroding its own bank, converted it into

a waste-weir, when, becoming a muddy stream of increasing discharge, the Atchafalaya

beo-an to raise its banks. As already seen, Mr. Bayley appears to have established by

his researches that such changes have taken place in the Plaquemine.

The point of ancient land that now terminates near New Iberia on the Teche,

doubtless extends much farther toward the so'utheast, though now covered by alluvion.

If the shore line of the present Mississippi sound be prolonged, it will pass near Ber-

wick's bay, and it is probable that on this line there existed a chain of sand islands, or

cordon littord, forming the southern shore of the ancient sound. Nearly parallel to this

line is the chain fomied now by the sand islands called the Chandeleur, Breton, Tim-

balier, Last Island, etc., etc.

Ofl' La.st Island and the coast in that vicinity, the bottom of the gulf is composed

of sand, not of the sedimentary matter of the river. The depth in-

The Missis- crcascs ffradually with the distance from the shore, 50 feet water being
sippi extends its ° -'

delta along the obtained at a distance of 24 miles from land. On the contrarv, 11 miles
deepest part of •' '

v^ily^^*
'"^""^

off the mouth of the Southwest pass, the gulf is 900 feet deep. If the

general course of the Mississippi from Baton Rouge to its mouth be pro-

longed- (see plate XIX), it will be found to pass along the line of deepest water in the
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gulf, and load to the entrance of the Florida straits.* The greatest depth on this

line, about mid;yay between the mouths of the Mississippi and the entrance of the

straits, exceeds 6000 feet. Thus the course of the Mississippi in the giilf conforms to

the lowest line of the great marine valley, as, in like manner, above the ancient guU'

coast, its course follows the lowest line of the valleys, converting them, by the sedi-

mentary depositions of annual overflow, into fertile alluvial plains.

* This fact may appear to be somewhat in conflict with the imputed iufluence of the southeasterly winds

upon the direotious of the passes (see next chapter), but in reality it is the necessary result of the manner in

which the bar is formed. If it were formed upon a plane inclined across the river current, the rate of advance

would be least, the depth on the crest and the velocity of current greatest on the side toward the deepest water,

nnd the prolongation would be made on a curved line turned toward the deepest water, which the bar would
fiually reach and advance upon until turned away agaiu by the southeasterly winds—again to return. The pro.

long.ition must therefore be made on curved lines.

GOn



CHAPTER VIII.

MOUTHS OF THE MISSISSIPPI.

DL'seiipliiiti of tlio moutbs.—Classilicatiou of river stages witb reference to the formation of tlie Ijars.—Form ami

dimensions of the mouth of the Southwest pass.—Observations at this pass.—Actual condiiions existing there

at the difterent states of the river and gulf.—Experimental theory of the formation of the bars. It is confirmed

by measurements.—It explains the differences in depth on the various bars.—Modifying influence of waves.

—

Effect of changes in the level of the gulf surface.—Tidal currents.—Winds at the mouths of the Mississippi.—

Their influence upon the form of the delta ; upon the level of the gulf; aud upon the bars.—Eddy currents have

uo governing agency in the form.atioa of ttie bars.—Mud lumps.—Actual deepening operations upon the bars of

the Mississippi.—Classification of plans for improvement.—Kecommeudations.

Between bayou La Fourche (tlie last of the outlet.s) and Fort St. Philip, the ^lis:?!?;-

sippi river flows through a toleraljly uniform channel, averaging at high

the Mississippi! Water 199,000 scpiare feet in cross-section, 2470 feet in width, and 129

feet in depth in the deepest part. In the low-water stage, these dimen-

sions are 1G3,000 square feet, 2250 feet, and 114 feet, re.spectively. Twenty miles

below Fort St. Philip (plate XIX) a great change takes place. The river becomes 7000

or 8000 feet wide, with a maximum depth of about 40 feet, and an area of cross-section

of about 250,000 stpiarefeet. It then separates into three principal branches, called,

from the directions they take, the Southwest pass, the South pass, and the Xortheast

pass,—the last sending off a branch called pass a I'Outre. The dimensions of these

jiasses are shown by the f()llowing table. It will be noted that the lengths follow tlie

same order as the volumes.

Dimensions of the main passes of the ^Tississij)}'!-

Southwest pass
South pass
Northeast pass
Pass il'Outre

Mean width. I Meau dt-pth.

Feet.

1200
700

2.''i00

1300

Feet.

58.5
34
37
3u

Feet.

70
Square feet.

70, 000
24, 000
<J->, 000
47,000

Proportional dis-

cliafize: that of
the Mississippi
being unity.

0.34
0.08
0. 225
0. 234

Kemainder (mainly through Southeast pa.ss) 0. 121

A bar is formed at the mouth of each of these passes, where the river meets the

gulf; and as the conditions existing there vary with the stages of the river, a classifica-

tion of these stages should be made.
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The low-water period usually continues about four months, varjnng- from two to

seven and a half months. (In the latter case, an extraordinary one, it „, .^ ,.^ ' J ' Classification of

lasted from August 10, 1854, to March 23, 1855.) The mean discharge wfthllferenclto

during this period is 300,000 cubic feet per second. *^| bar^''"""
°'

The flood period is considered to include the time during which the

liver is discharging not less than 800,000 cubic feet per second. It usually continues

for six months, varying between four and eight months. (In 1855 there was no flood

period, the maximum discharge not having exceeded 700,000 cubic feet j^er second.

No other instance of the kind has been recorded.) The mean discharge is nearly

1,000,000 cubic feet per second.

The transition periods are both brief. That from low-water to flood usually lasts

thirty-one days, varying between twenty and sixty days ; and that from flood to low-

water, thirty-three days, varying between twenty and fifty days. The fonner usually

occurs between the last of December and the early part of March, and the latter

between the first of July and the middle of September.

BARS AT THE MOUTHS OP THE MLSSISSim.

Before proceeding to detail and discuss the measurements made to ascertain the

law governing tlie formation of the bars, a brief description of the

mouth of tlie Southwest pass, where the observations were chiefly con- meusions of the

ducted, Avill be given. It is compiled from the surveys made by Cap- southwest pass,

tain Talcott, Corps Engineers, United States Army, in 1838.*

Mouth of Southwest jmss.—The mean dimensions throughout this pass have been

given in the preceding table. They are preserved with but little variation (see iiilate

XIX) to a point 7.3 miles from the outer crest of the bar. Here the mouth begins,

the pass gradually widening until on the crest it has a width of 11,500 feet, a mean

depth of 11.5 feet, and a cross-section of 132,000 square feet.

The following numbers (see figure 1, plate XX) indicate the mean full per 1000

feet on tlie bar towartl the river :

From outer crest for 1000 feet nearly horizontal.

In the next 3000 feet 0.5 of a foot,

In the next 17,000 feet 1.0 foot,

In the next 5000 feet 2.0 feet,

In the next 9000 feet 7.0 feet.

The bottom is then horizontal.

* Neither the reports uor the maps of these surveys were published. The hitter (partially represeuted on plate

XIX) wore coustructed upon a very large scale, and a careful compilation was made from them in the Bureau of Topo-

j;r;ipliical Engineers, War Department, and published by authority iu 18IJ9. The reports have never been printed.

They coutaiu uuich vahiuhle information, and have therefore been added, by permission, to this report, as Appendix A.
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The outer slope of tlie l)ar is (•ouiparatlvcl}' nljrupt. Thus the mean fall per

1000 feet is—

From outer crest for 1000 feet 10 feet,

In the next 3700 feet 20 feet,

In the next 38,300 feet 5 feet,

In the next 14,000 feet 43 feet.

That is, at 1000 feet outside the bar, the gulf is about 22 feet deep ; at 4700 feet,

100 feet deep; at 43,000 feet, 300 feet deep ; and at 57,000 feet, 900 feet deep. In

the deep water the liottom is composed of the soft mud lirouti-ht to the g-ulf b}' the

_ . , river.Discharge
through the fpjjg

followiu"' table exhibits the volumes of water entering theSouthwest pass. o o

Southwest pass.

Discharge per second at the head of the Suitthirest pass.

River Stage.
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required to conduct them with accuracy. These Latter experiments were made durinf

two weeks in May, 1859 (flood stage of river), and in the following- August, Septem-

ber, and October (low-water stage), and with less elaboration on various occasions

from that time to June, 1860. They were made on the crest of the bar
; at depths of

20, 30, and 40 feet outside the bar; and extended to 18 feet water inside the bar. All

these experiments are fully detailed in Appendix G, and some of the most character-

istic are represented upon plate XX. Figure 2 of this plate has been prepared to

afford the means of locating the observations exactly, with the aid of the notes in the

Appendix.

After a very elaborate examination of the observations, the fol-
•' ' Results of the

lowing- conclusions have been reached. They may easily be verified observations as
o > J J ^ tothe conditions

by examining the observations themselves in Appendix G.
Tif'^^t'th ^bV^*"

During the period of flood, the water in contact with the bar, as

far as the outer crest, is fresh, and moves seaward with a comparatively rapid current.

Beyond the outer crest and below the stratum of fresh-water, salt-water is found in

contact with the outer slope of the bar, moving seaward with a velocity varying

between 0.3 and 2.5 feet per second, the mean being about 0.5 of a foot per second.

The direction of this motion, however, is not parallel to that of the river-water, the

angle between them being often as great as 20 degrees. On one occasion, during a

strong southerly wind, a little salt-water began to make its appearance below the fresh

on the inner slope of the bar.

During the low-water period, the water in contact with the bar is always salt

;

moving sometimes outward and sometimes inward—but always with a gentle current—

and sometimes remaining at rest. At the outer crest of the bar, when the tides are

greatest and rising, there is an inward current of salt-water at the bottom, increasing

in strength with the rise in the tide. When the tide turns, the current changes its

du-ection and moves outward. In this stage of the river, the surface water is usually

brackish to the head of the passes, and sometimes as far up as Fort St. Philip. During

extraordinary gales, the gulf-water has been known to fill the channels of the passes

\\\{\\ an up-stream current.

During at least half of the two transition periods, any of the current conditions

found at the low-water period may exist.

Such are the conditions existing at the mouths of the Mississippi. The laws in

accordance with which the bars are formed are now to be deduced from them.

Experimental tlieory of the formation of the lars.—Let us suppose the mouth of the

Southwest pass to be removed up to the point where it begins to widen

(7.3 miles above the outer crest of the bar), and the gulf to occupy its sum°"d "j>°"mus-

place, having a mean depth e([ual to that of the pass (58.5 feet). o"the forc^es!'°"

Further, let it be supposed that the river is at the flood stage, and that
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it meets for the first time the waters of the gulf, wliicli, to simphfy the problem, we will

at first assume to remain at a constant level, without currents or other motion.

The force that would resist the entrance of the river into the g-ulf at the depth of

58.5 feet is greater than the force at half that depth (29.25 feet) by
The fresh-wa ^\^q difference between the weight of a column of salt-water and a

ter TwlU nse and '^

spread over the (.oimuji of fresh-water 29.25 feet hitih, and the resistance decreases in
salt-'water. ^ '

this proportion to the surface, where it is least. As a consequence, the

fresh-water as it enters the gulf will rise upon the salt-water at an angle inversely as

the strength of the current. This lifting force of the salt-water must widen the river

current. Since the resistance of the banks of salt-water to the pressure of the river

upon them is less than that of its earthen banks, this spreading will be further in-

creased. The difference in the specific gra^•ities of fresh-water and salt-water will also

tend to produce the same result.

The conditions existing in a vertical direction, Adhere the river-water meets the

salt-water and rises upon it, are somewhat similar to those existing in a

produce vertical horizontal direction, where the river makes a sudden turn and forms a

horizontal eddy, or where a sudden deepening in the bed occurs, and, as

shown liv Venturi's experiments, gives rise to a vertical eddy. In other words there

nuist be a dead angle, Avhere the river-water meets and rises upon the salt-water and

thus forms vertical eddies.

Now, as already exjdained in Chapter II, experiments ujton the river at various

points of its coiirse, at high water and at low water, ^Alien the river was

The mateiiai i-jginnr and when it was falling, established the fact that earthy matter
pushed a 1 o n g <^ '^^

upouthebottom
j^ alwavs rolling along uiwn the bottom. It consists of clav, earth,

will be left be- - . o c i . ' '

thutform'^a bir.* sand, etc. ; that is, of the material of which the delta is foi-mcd. :\Ir.

George G.Meade (now Captain United States Topographical Engineers),

when making a survey of the Southwest pass under the direction of Captain Talcott,

Corps of Engineers, in 1838, also found similar material in motion along the bottom on

the bar of the Southwest pass, the river being about two-thirds flood at New Orleans.

The current in the Southwest pass is quite ecpial to pushing this material along the

bottom, but when the river-water begins to ascend upon the salt-water of the gulf, the

r(dling material is not carried with it, but is left upon the bottom in the dead angle of

salt-water. A deposit is thus formed, whose surface is along or near the line ui)on

which the fre.sh-water rises on the salt-water as it enters the gulf This action in-oditccs

the lar. What modif}-ing efli'eet the vertical eddy has upon this deposit, observation

can hardlx' determine, for there are other and more jjowerful forces at work, xNliich

nearly or (piite obscm-e its action.

At the low-water stage of the river, tlu' earthy matter puslicd along at the bot-
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torn will also be deposited in the dead angle formed by the fresh-water rising

upon the salt-water as the river enters the gulf. There will, how- j^ ,.g ^^jq^^j

ever, be one important difference. The velocity with which the river the ^succeeding

enters the gulf being- in extreme low water about one-fourth, and in oUh^iiver!^^^^

mean low water about one-third that at flood, the angles at wliich

the fresh-water will rise upon the salt-water ^\•ill be greater and probably in about

those proportions. The spreading force also will be less than at the flood stage, and

salt-water will be found at the sides, where at that period there was fresh-water.

We must then conclude that, as there are two great epochs of discharge in this

first river year, so there will be two great periods of deposit : one at high water, when

the deposit may be considered as made exteriorly ; and one at low water, when it is

made interiorly ; the deposits during the changes from high to low water and from low

to high water being made between those two, or on what is ordinarily termed the bar.

Xow let us trace the effect of subsequent floods upon the new-made bar. When
the velocity begins to increase, the current, at the point where the

channel begins to widen and lessen its depth, will not be deflected sequent floods.

'

upward by the lifting power of the salt-water, but by coming in contact

with the deposit of the preceding river year, which it will erode until a channel-way is

formed equal to that of the normal channel of the pass. This erosion will take place

chiefly at the angle where the current is deflected upward ; the wearing upon other •

portions of the deposit being comparatively slight. The new earthy matter pushed

along at the bottom will thus be rolled over the bar and dropped in advance of the

high-water deposit of the previous year. This will cause an annual advance of the

bar into the gulf

In proportion as the cross-section of discharge on the outer crest of the deposit widens

its progress into the gulf will become slower, and the depth of water . ^^J^
govern

-

' '^ o ' X jng tijg advance

upon it will constantly decrease, since the surface of the deposit will °'^ ^^^ ^^'•

always coincide with the inclined plane along which the fresh-water

rises upon the salt-water. Finally, when the j^early advance of this outer crest becomes

equal to that of the excavation on the inner side of the deposit, an equilil^rium will be

established, and the depth and width of the crest of the bar will remain essentially

permanent, so far as afl"ected by the great controlling causes of its formation. The

duration and discharge of the flood, low-water, and transition stag-es all varying, and

the quantity of earthy matter pushed along at the bottom also varying, there will be,

of course, some yearly irregularities in the form and extent of the deposit or bar

Other disturbing forces, to be presently noted, will also affect its condition; but

although the changes thus brought about may seriously affect navigation, the form

and progTess of the bar, so far as its great dimensions are considered, must soon become
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permanent. Let us now see Low these views respecting tlie general permanency of

tlie bar are borne out by observation.

In 1838 a thorough surver was made of tlie mouths of the ]\Iississippi; of the

„. . , adjacent gulf; of the passes; and of the river, as far as Forts Jackson
This lavr con- J j^ Jl ' '

Sfms.
"'^^^'

fii^'^l St. Philip. The surveys previous to that date were not of a suiH-

ciently minute character to admit of a nice comparison.* Since that

time, surveys have been limited to the bars and extended but a short distance inside of

the inner crest. There is no means, therefore, of ascertaining how far the normal

cross-section of the Southwest pass has advanced since 1S38. AVe may, however,

determine with much nicety the relative and absolute advance of the inner and outer

crests since that date.

By Talcott's survey, the distance across the bar, from 18 feet water inside to 18

feet water outside, was 7500 feet. By the survey of Lieutenant-Colonel Long, in 1857,

the distance between these two curves is 7900 feet, showing a nearly equal advance

into tlie gulf (338 feet annually) of erosion and deposit. The Coast-Survey chart of

1851 of jiass ii rOutre shows in the south channel an equal advance of the inside and

outside curves of equal depth. In the other channels the advance of the inner cuiwes

is not quite so rapid as that of the outer. Tliese surveys also prove that the mean

depth on the bar of the Soiithwest pass has remained unchanged.

These facts confirm the correctness of the explanation given of the manner in

which the bars advance into the gulf, and the mode bv which their form and the depth

of water upon them are maintained practically the same.

Taken in connection with the fact developed by the surveys, that the outer crest

• This opinion was formed after a careful examination of all the maps of the months of the Mississippi in the

archives of the Bureau of Topographical Engineers, War Department. Among them is a copy of the map of D'Anville,

prepared in 1732, published in 1752. It has marked upon it "Passe a la Loutre,'' '-Passe a Sauvol" (called now Passa
Cbeval), "Passe de I'Est," "La Balise, Entree pour les Vaisseaux," " Passe du Sud," "Passe du Snd Guest." The South-

cast pass is omitted. The river is called "Saint Louis."

On an old map with no dale, signed by Osgood Carleton, it is stated that there is 18 feet water into the Balise, 12

feet over the bar, 45 feet within, and 50, GO, and 100 fathoms afterward. Yet on the large-scale plot of the entrances

the Soutlieast channel has a depth of only 12 feet, and the Northeast channel only lU feet. Fort Balise and the upper
part of Balise bayou arc marked on the map, and at the inner end of the bayou it is noted " Here large ships land their

cargoes to lighten in order to go over the bar." This remark conforms to a manuscript tracing, likewise in the Bureaa
of Topographical Engineers, with the title "Carte des Embouchures du Mississippi sur les Manuscrits du Dt?p6t des
Cartes et Plans de la Marine, 1744," on which a bar is marked at the .junction of the Balise bayou and the river, and is

called "La Bane;" the bayou is called "Chenal pour les Vaisseaus," and the mouth "Embouchures par ou les Vais-

seanx entrent." The only passes marked and named on the map are "Passe Sanvolle" and " Pass* de I'Est." It

appears to be hardly probable tliat there was a depth of IS feet at the entrance of this bayou from the sea, and 12 feet

over the bar at its junction with the river, yet it is so implied.

French, in his historical records of Louisiana, gives Coxe's account of the expeditions sent by him to Louisiana in

lCt9-. According to tliese expeditious, there were then seven mouths to the Mississippi. The greatest depth of water
found was 14 feet. Three mouths were deep enough for ships to enter.

Mr. R. Thoniassy, in an appendix to his Gifologie Pratique de la Lonisiane, gives a brief account of the maps of

Louisiana and the Mississippi river, that have been prepared from the time of its discovery to the present day. This

account he proposes to enlarge in the American edition of his work. The maps of Messrs. de Serigny, de Lisle, de la

Tour, de Pauger, and others, and of Captain Talcott, and the Coast Survey, which accompany the work, illustrate the
subject of the changes that have taken place at the mouths of the river.
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of the bar of the Southwest pass advances into the gulf 338 feet over a width of

11,500 feet annually, they also show that the erosive power of the cur-^ ' 'I 1 These measure-

reut is only about one-tenth of its depositine' action; since the river °jents establish
•^ J. o ; the numerical re-

opens a channel 1200 feet wide and 338 feet long to the mean depth {fet weeu^thl
of the pass, while it forms a deposit about 11,500 feet wide and 338 ^°rthfdepolk-
feet long to at least the same depth. '°^ ^°"°°-

The preceding theory of the formation of the bars also explains the This theory of
bar formation ex-

relation that exists between the dei^th on the bar and the amount of plains the dif-
ference in depth

discharge over it. The quantities of matter transported along the bottom °" t^^e different

in the different passes are in proportion to their discharges; the slopes

of the planes of ascent upon the salt-water are inversely as their velocities. Tliese

conditions tend to produce equal depths upon all the bars. But the width and cross-

section of the Southwest pass are relatively smaller than those of the other passes, and

its relative velocity is consequently greater than those of the other passes. The erosive

power of each of the other passes, as compared with its depositing action, is therefore

relatively less than that of the Southwest pass. The advance of the deposit of any one

of these passes into the gulf, before the equilibrium between the erosiA'e power and

depositing action was established, must have been relatively greater than that of the

Southwest pass. But the yearly progress into the gulf, after the equilibrium was

established, must have been less than that of the Soiithwest pass. The greatest depth

of water should therefore be found upon the bar of the Southwest pass, a conclusion in

accordance with the fact.

The rate at which the bar of the Southwest pass advances, furnishes the means of

computing the yearly amount prished into the gulf along the bottom of volume of
earthy matter

the riA-er. The depth of the gulf where the bar is now formed beino: annuaiiypushed
^ '^ ° into the gulf.

100 feet, and the bar advancing 338 feet each year, its profile and

other dimensions give for the difference between the cubical contents of yearly deposit

and erosion, 255,000,000 cubic feet, or a mass 1 mile square and 9 feet thick, which

is the volume of earthy matter pushed into the gulf each year by the Southwest pass.

The quantities of earthy matter pushed along by the passes being in proportion to

their volumes of discharge, the whole amount thus carried yearly to the gulf is

750,000,000 cubic feet, or a mass 1 mile square and 27 feet thick. As the cubical

contents of the whole mass of the bar of the Southwest pass is equal to a solid 1 mile

square and 490 feet thick, it would require fifty-five years to form the bar as it now

exists, or, in other words, to establish the equilibrium between the advancing rates of

erosion and deposit.

Influence ofgulf oscillations and currents upon the hars.—TliQ gulf has hitherto been

supposed to remain invariably at the same level and to be at rest. The modifying

effects of its motions will now be considered.
01 H
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Besides waves, we may expect to find tidal currents, and currents occasioned l)_y

clianges of level due to winds. . From the great depth of the gulf near the mouths of

the river, it is also possible that the gulf-stream or its eddy may be felt at certain

seasons.

The oscillating motion of waves, when meeting the bottom, is changed into a

motion of translation, and thus tends to arrange the deposit made by

flueuceSwaves! ^^^^ river into the same gentle slope at which it disposes similar material

at corresponding depths along the shores. These motions of wave

oscillation and translation also tend to destroy a portion of the velocity of the current

of the river-water, and thus induce a de])Osit of sediment.*

A rise in the level of the gulf will diminish the discharge of the river, and increase

Effect of ^^^^ slope of its rise upon the salt-water until the river has accumulated

fevei^of the gulf sufiicieut power to restore the former condition. The opposite effect

will result from a fall in the sm-face. These efiects will be greater for

the same amount of change of level of the gulf in proportion as the discharge of the

river is less. Indeed we might from these causes anticipate inward and outward

movements of salt-water over the river deposit, and that they will be greatest dunng

low water.

As already explained in Chapter II, the tides of the gulf at the moiiths of the

Mississij^pi are of the diurnal or single-day type, being, when the

Tidal current!., moou's declination is least, scarcely perceptible, and, when greatest,

about 1.5 feet.

The investigations of the Coast Survey have also shown that the tidal wave

approaches the mouths of the Mississippi from a southeasterly direction. With this

tidal wave there is, near the coast, a tidal current in the same general direction. The

tidal wave lifts up the river cuiTent in the gulf, and the tidal current passes under it,

though checking it to some extent in so doing. The direction of tliis tidal cuiTent is

modified by its contact with the river current, and to a greater degree by its contact

with the outer slope of the bar deposit. In the case of the Southwest pass, a flood-

tide brings a current from the southeast, which is changed to a southwesterly direction,

more westei-Iy than that of the river current, by the bar deposit along the eastern side

of the mouth of the pass. The ebb-tide is accompanied by a current from the opposite

direction, which is similaily diverted by the deposit on the western side of the mouth

of the pass, the direction being more southerly than the current of the nver. Winds

may change the direction and force of these cun-euts, wliich, in mid-river current, at a

depth of 40 feet, are shown by the observations to var}- from 0.3 of a foot to 2.5 feet

per second, the mean being about 0.5 of a foot. As a velocity of 0.5 of a foot per

second is sufficient to transport the material of which the bar is formed, the action of

* In flood the river-water ia distluguishable in the gulf at the distance of 20 or 25 miles from the bur; in low

water, at the distance of 5 or 10 miles.
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gulf currents in carrying into deeper water the material pushed by the river into the

gulf is evident.

In the tlood stage the river current has sufficient volume and force to keep the

gulf water and tidal currents outside of the outer crest of the bar, and there is there-

fore no tidal current into the mouth of the pass. In the low stage, when the volume

and force of the river current is greatly i-educed, the gulf virtually occupies the mouth

of the pass, and the tidal currents move over the bar.

The winds are a great disturbing agency, since, by changing the

level of the gulf and creating currents, they produce anomalous effects mouths of the

at the mouths of the river. Their general character becomes then an

important subject of investigation.

Diagrams of the winds have been plotted from the "Army Meteorological Observa-

tions" for five years at Key West, from 1850 to 1854, and also for the year from Jmie,

1851, to June, 1852, at the same place. Similar diagrams have been made from the

wind observations of the Mississippi Delta Survey, at Fort St. Philip and at Carrollton.

The great resemblance between the winds at Key West and those near the mouths

of the Mississippi is apparent when these diagrams are compared. Both have in part

the characteristics of the northeast trade-winds. Blowing chiefly between northeast

and southeast, they veer toward the south as the summer approaches, and continue to

blow from that quarter and from the east during the summer and early part of the

autumn; changing toward the north upon the approach of winter, they blow princi-

pally from that direction during the winter months. It is not intended, however, to

decide upon the character of these winds, and to class them definitely among the trades.

The topographical features and physical condition of the basin of the Mississippi, and

its position relative to the great bodies of water lying south of it, must modify the

character of the great normal winds described by Professor Henrj^, in his papers upon

Meteorology, and perhaps produce along this portion of the gulf a resemblance to the

|-rade-winds.

The influence of these winds upon the form of the delta is apparent. Thus, for

several months in the }'ear, the wind off the mouths of the IMississippi
7 li c i r effect

blows fi-om the southeast, and it will be observed that the chief dis- upon the form of

charge of the Mississippi is made by mouths in directions nearly at right

angles to this; the South and Southeast passes—the exceptions—discharging only one-

fifth of the river water. The general direction of the shore line for 40 miles on either

side of the Mississippi is also perpendicular to the du'ection of these prevalent winds

—

all pointing to a powerful modifying effect on the delta formation.

But the action of the winds is not confined to • so general results.

Thus, in the report of the Superintendent of the Coast Survey for 1853, upon the level of

it is shown in a paper upon the tides at Key West, Florida, based
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upon observations made there from Juue 1, 1851, to May 31, 1852, tLat the mean

level of the vpater in that harbor increases in height regnlarl}^ from Januarj-, when it

is lowest, until September, when it is highest, at which time it begins to descend and

falls until January. The difference of elevation is 0.8 of a foot. This change of level

is attributed to the trade-winds, which for six months in the year tend to elevate the

water in the harbor, and for the remaining six months to depress it.

A similar case exists at Aransas baj-, Texas, where, as stated by Mr. A. M. Lea, it

has been noticed that an island, which is never covered bv water during the winter,

has always a depth of about one foot upon certain portions of it during the summer.

The observations made by this Survey upon the level of the lakes and gidf, detailed

in Chapter II and xVppendix B, fully accord with these facts. They show that during

tlie winter of 1851, when the winds were northerly, the gulf Avas nearly a foot lower

than during the succeeding summer and autunm, when the winds were chiefly southerly

and easterly. It shoiild, however, be added that the level of the gulf at the mouths of

the Mississippi is doubtless afl'ectedjjy winds at a distance, which may not entirely

correspond in direction and force with those in that immediate locality. Indeed, it is

noticeable in the observations, that a change of level in the gulf does not immediately

follow a change of direction in the wind, and it may not occur at all if the change of

direction is of brief duration.

The effect of these periodical changes of level, is important in an economical point

of view ; for they occur with sufficient regularity to justify the statement that the least

depth of water will be fovind upon the bars at the mouths of the Mississippi at the

time when the greatest number of vessels is obliged to pass over them, the active busi-

ness season of New Orleans being from the middle of November to the middle of April.*

The effect of the gulf currents created by these wind oscillations, in abrading the

Their effect ^""^^'^ ^^ *^^^ mouths of the Mississippi, is, of course, similar to that

upon the bars. induced by the tidal currents. Indeed it is the more powerful, as already

indicated in describing the latter.

It is now easily perceived how, Avith these various and powerful forces at work, the

eddy ciu-rent at the meeting of the fresh-water and salt-water is partly,

real; a h^a°ve sometimcs entirely, effaced. During the river flood, its existence can
no gov erning iii ii i . • i ii i • i
agency in the ouly be detected when tliere is no tide, and when tlie an* and sea are
formation of the it->'ii ci- t • • i
bars. calm. During the low-water stage of the iiver, the i)rincii)al move-

ments over the sm-face of the bar are those of the gulf currents, which

• To those oscillations, it is thought, shoulilJbe^attrihQted the extraordinary shoaling of the bars at the mouths of

the Mississippi that is said to h.avo t.aken iilace in the early part of the winter of 18o8-9. Upon examining tho gauge

obsorv.itious at CarroUtou—the nearest point to tho mouth at which observations were made—it will be fouudthat the

wind there blew almost incessantly from tho northward during the latter part of December, IdoS, and during January

and the first part of February, 185U ; and it appears to be jirobable that from this cause the depths upon the bars of the

Mississippi were materially less than they were during tho preceding summer and early fall. During the mouths of

December, 1857, and January and February, 18r>8, there was much calm weather and the proportion of northerly winds

to the whole nnmber was not nearly so great as during tho ^^ inter of 1858-9. As a consequence, the depth of water

upon the har was greater.
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thus obscure the eddy cuirent. Even in the short transition periods, when the river

discharge is large, but not sufficient to remove the salt-water from the surface of the

Liar, the tidal or wind currents passing over the bar, into and out of the river, increase

or diminish the eddy current so that it may appear to be much greater than it really

is, or may be entirely effaced. In this condition of the river the eddy current is prob-

ably stronger than at any other time, because, the velocity of the river current beino-

considerable and the depth of salt-water on the bar being small, the vertical extent of

the eddy is very limited and its velocity proportionally great.

These observed flicts expose the fallacy of the theory recently advanced (in 1851)

by an American engineer, that eddy currents are the governing agency in the forma-

tion of the bars at the mouths of the Mississippi.*

3Iud hiin])s.—All the changes and modifications that the bars undergo have now
been enumerated except one, which, so far as it affects navigation, is of

great importance. This change is the sudden rising, upon or near the ing mud^umps.*'

crests of the bars, of masses of tough clay, varying in size from "mere

protuberances looking like logs sticking out of the water," to islands several acres in

extent. They attain heights varj-ing from 3 to 10 (in one instance 18) feet above

the surface of the gulf. Salt springs are found upon them, which emit inflammable

gas.f After the lapse of a considerable time, many of these springs cease emittino- o-as

and water, and the lump is worn away by the currents of the river and "ulf The
origin of these mud lumps has been the subject of much speculation. By some tlieir

source is supposed to lie at a great distance inland; by others, in the river itself; the

communication between the lumps and their source being maintained by i^ermeable

strata. Others have concluded that their origin was due to the generation of carburetted

hydi-ogen gas in the vegetable matter wliich forms a part of the sedimentary material

brought down by the river and deposited in the gulf This gas constantly increases in

quantity, and being covered by the tenacious, clayey mud of the bar (which the investi-

gations of Lieutenant-Colonel Long, Topographical Engineers, show to be rendered

peculiarly tough by contact with salt-water) forms constantly expanding reservoirs.

These extend until the increase of size and escape of gas adjust themselves to tlie supply

of the latter. After a time the material for the generation of gas begins to fail, and the

* The report of M. A. Surrell, upon the Improvement of the Mouths of the Rhone, published in 1847, contains the
same theory, although not endorsed by that engineer. He attributes it to M. Aim(S. The theory is briefly enunciated
iu the following literal translation of the langu.age used in the report : " The river current, in gliding upon the sea
produced a counter current beneath it, in the form of an eddy, which, rubbing against the bottom, carried back into
the river the earthy matter that had fallen from its waters to the bottom of the sea." It may be added that the con-
struction of parallel jetties at the principal mouth of the Rhone, as recommended by M. Surrell, deepened the channel
over the bar, and thus practically demonstrated the fallacy of the eddy theory.

t Major A. II. Bowman, United States Corps of Engineers, who made a survey of the Southwest pass in 1828, states
that he burned the gas collected from these mud lumps. Mr. W. H. Sidell, one of the principal assistants in the Survey
of Captain Talcott, states siieeifically that the gas escaping from them was iullammable. Sir Charles Lyell notes, on
the authority of Mr. Bringier, that during the excavation of the new canal, inflammable gas escaped from the disturbed
earth.
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acti^•ity of the mud lump to diminish. In the operations of the contractors for the

removal of obstructions to navigation in 1858, some of those lumjis upon the bar of the

Southwest pass, which had not yet reached the siiiface of the gulf, Avere broken by

explosions of gunpowder. A strong ebullition of gas over a wide space continued for

more than twenty minutes after the explosion ; and the surface of the bar, within an

area 100 feet in diameter, was found to have sunk, and to have assumed the shape of

the crater of an extinct volcano. This fact favors the views of those who have attributed

the origin of the mud lumps to the material existing in the bar.

PLANS FOR INCREASING THE DEPTH ON THE BARS.

Outuue of the Bcforo makiu"' any recommendations upon this subject, a brief
history of opera- o ^ »^ j '

bars^of "the M^^ rcsumc of what has already been done to improve the navigation at the

sissippi. mouths of the i^Iississippi will be given.

Operations upon the bars of the Mississippi.—The bars at the mouths

of the Mississippi river are always forming, and a perpetual annual expenditure must

be incurred to increase permanently the depth of water upon them. In this all engi-

neers who have written upon the subject agree. The appropriations made by

Congress for that object, however, have been given irregularly and at intervals of

several years; so that the deepening of the channels effected by one appropriation

has been filled in long before the passage of the next. To be of practical benefit

to navigation, the depth of the channels must be permanently increased,—a condition

that could never be attained under the system of appropriations heretofore folloAved.

When the first appropriation for improving the navigation at the mouths of the

Mississippi was passed, in 1837, an extended and elaborate survey of

pd^fon*^^'°' the passes, mouths, and approaches was made by Captain A. Talcott,

United States Corps of Engineers, under the direction of the Board of

Engineers, and the plan of deepening by dredging with buckets was recommended.

This plan AAas approved by the Board of Engineers, sanctioned by the War Depart-

ment, and can-ied into effect as fiir as the appropriation admitted. The plan was based

upon the supposition that a work thus begun would be continued by further appropria-

tions, but no other was made until 1852, wlien the sum of 875,000 was appropriated,

embarrassed, however, with the requirement that the work should be done b}' con-

tract.

A Board of officers was then appointed, by direction of the War Department, to

re})ort a plan of operations. The Board reconmiended:

—

secoud appro- jst. That the in-ocess of stirring ui) the bottom bvsuitable machinery
priatiou. ' '- ' ' •'

should be tried.

2(1. If this failed, that dredging by buckets sliouhl be tried,

od. If both these modes failed, tliat parallel jetties sliould be constructed, 5 miles
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in length, .at the moutli of the Southwest pass, to be extended into the gulf annually,

as experience should show to be necessary.

4th. Should it be then needed, that the lateral outlets should be closed.

Finally, should all these fail, a ship canal might be resorted to.

The recommendation of the Board to dredge by stirring up the bottom was approved

by the War Department, and a contract was accordingly entered into for deejiening the

Southwest pass to 18 feet. The contract was successfully execiited, and a depth of 18

feet obtained in 1853. No further appropriation was made until 1856, and, as antici-

pated, no trace of the deepening was left in 1855.

In 1856 8330,000 were appropriated for opening and keeping open, ^ ^^o^rSfon
^'^

by contract, ship channels through the bars at the moiiths of the South-

west pass and pass h I'Outre.

Upon the passage of this appropriation act, that Bureau of the War Department

having charge of the work invited proposals for its execution by contract, in accordance

with the terms of the act, and a Board of Engineers was convened to take into con-

sideration the offers received.

The Board recommended that the proposals of the New Orleans Towboat Associa-

tion to open and keep open the Southwest pass, by stirring up the bottom, should be

accepted, there beiug no question of the practicability and eificiency of the mode pro-

posed to execute the work; and that the bid of Messrs. Craig and Eightor for opening

and keeping open the pass h I'Outre for five years should be accepted, for the purpose,

as stated, of enabling the lidclcrs, hy actual experiment, to prove the practicaViUty and effi-

ciency of the modes hy tvhich they propose to do this work. Their plan was that of closing

minor passes and of constnicting parallel or converging jetties on the bars. The Board

stated it had great doubts of the practicability of the constructions proposed ; and of

the efficiency of the plan, should the work be constructed; but that an important

point would be ascei-tained by its failure or success. Upon the report of this Board,

the Secretary of War made the following decision:

—

" If the mode proposed by the Messrs. Craig and Eightor to open and keep open

the passes of the Mississijjpi is sufficiently feasible to justify a contract with them for

the jiass h. I'Outre, as recommended by the Board, it is not perceived upon what ground

their bid for the Southwest pass should be rejected, since they propose likewise to open

and keep open that pass for a less sum than any other bidder. Should their plan be suc-

cessful, the appropriation will suffice, on the terms they propose, to secure for five years

a depth of 20 feet in both channels. If their plan should prove impracticable, the

experience of five or six months will probably demonstrate that fact, and if it should

then be necessary to resort to other methods by new contracts, the delay could not be

very injurious to the commerce of New Orleans, as the period, December 1, 1857, at

which the prefeiTcd bidder for the Southwest pass proposed to complete the chainiel of
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18 feet depth, is so remote, ami occurs so late in tlie season of trade at New Orleans,

that the character of vessels destined for that port would scarcely he changed before

tlie succeeding season. Neither is it believed, shoiild it be necessary to make new con-

tracts, that any loss would be sustained by inviting new bids, as those now presented

for the execution of the work by tried means are not sufficient, by any combination

which can be made of them, to open the passes and keep them open for one year.

"The bid of Messrs. Craig and Rightor will, therefore, be accepted for both passes,

due care being taken, by the terms of tlie contract, to insure the prompt commencement

and steady progress of the work, and sufficient guarantees will be required tliat the

channels will be kept open for the whole period of five years."

Contracts with ]\Iessrs. Craig and Rightor were accordingly entered into b}- the

Bureau, for opening botli channels 20 feet deep, and maintaining that depth in them

four and a half years.

The duty of the officer of the War Department connected with tliis operation was

limited to marking out the channel to be deepened, and ascertaining, upon notice from

the contractors, whether the contract had been fulfilled; that is, whether the required

depth had been obtained and subsequently maintained.

The contractors began (see figm-e 2, plate XX) by building on the east side of the

Southwest pass a jetty about a mile long, composed of a single row of pile planks

strengthened at intervals by piles. Portions of this jetty were carried away by storms,

and tlie contractors abandoned the plan, convinced that they could not, with their

means, efifect the desired result in that way.* With the sanction of the Department,

they then resorted to stirring up the bottom with harrows and scrapers, di-edging with

buckets in some places, and blasting the mud lumps. By these methods they succeeded

by June and September, 1858, in opening the two channels to a depth of 18 feet, their

contract having been modified that year, in respect to the depth ; and as long as the

process of stining up the bottom was continued by them, the channels preserved the

requisite depth.

But in the latter part of 1858 those parties refused to comply further ^vith their

contracts to maintain the depth of 18 feet in the channels for a period of fom- and a

half years ; and, in consequence of their fiiilure, the winter of 1858-9 passed Avithout

any work being done upon the bars. A new contract was entered into with other

parties for deepening the Southwest pass, but the}', likewise, failed to execute it.

The Department, in compliance with the ai^propriation law, having thus opened the

work to competition in respect to plans and methods to be used, as well as cost, and

* Attention shovild here be directed to the fact that the plan of jetties has not really been tried at the mouth of

the Mississippi, as the contractors merely built one insecure jetty, of a single row of ])ilc planks, about a mile loufr,

whereas the Board of ier)2 recommended jetties 5 miles long on each side of the channel, each 1-1^ feet wide, composed

of piles 2 feet apart. The plan has been tried, however, at the principal month of the Rhone, a delta river like the

lilississippi, and bascll'ectcd the desired increase of depth. The plan was adopted by the French GoYerumeut, after »

full discussion of the whole subject by the engineer in charge of the work.
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having- thus failed to seciu-e a continuation of the work, was forced to resort to a con-

tract for the use of steam dredges and machinery, to be employed under the direction

of its officers, who, for the first time since 1839, with a remnant ($70,000) of the appro-

priation of 185G, conducted the operation of deepening the channels. The plan used

was that of dragging harrows and scrapers along the bottom of the channel seaward,

thus aiding the river flood in carrying the stirred-up matter to deep water. In the low

stage that material was transported chiefly by the machinery itself. The plan proved

to be successful; and a depth of 18 feet was maintained upon the bar for the period

of one year at a cost of $60,000;

Recommendations for improving the navigation at the mouths.—The development of

the laws which govern the formation of the bars has removed all un-
classification

certainty as to the principles which should guide an attempt to deepen °ro^ementl
""

the channels over them. The erosive or excavating power of the cur-

rent must be increased relatively to the depositing action. This may be done either

by increasing the absolute velocity of the cun-ent over the bar, or by artificially aiding

its action. To the first class of works belong jetties and the closiu-e of lateral outlets;

to the latter, stirring up the bottom by suitable machinery, blasting, dragging the

material seaward, and dredging by buckets. These plans are all con-ect in theory, and

the selection from them should be governed by economical considerations.

If the excavating power and depositing action of the Southwest pass had been equal,

when the yearly advance of the bar was 700 feet instead of 338 feet,
^^^^ ^^ jetties

the least depth upon it would have been 21 feet. This increase of

excavating power may be obtained by constructing two converging jetties, beginning

where the depth of 22 feet Is found, and extended to that depth outside the crest of the

bar, which would give them a length of about 2.5 miles. The experience gained in the

progress of the work should determine where the convergence should cease and the

parallelism begin. The erosive action should be aided at first by dragging and scrap-

ing the hard portions of the bar. The depth of 21 feet thus obtained must be main-

tained by the annual extension of the jetties 700 feet into the gulf, and the reduction

of the mud lumps by suitable machinery whenever they begin to appear. Tliis rapid

extension of the mouth of the pass into the gulf would tend to increase the volumes of

the shorter passes at the expense of its own, and it would eventually be necessary to

resort to another pass for the continuation of the plan.

The plan of stimng up the bottom by dragging harrows or scrapers over the bar is,

no doubt, the most economical and the least objectionable. As already
Plan recom-

sliown, during the low-water stage and part of each transition stage, there mended,

is often dead water or a refluent current on the bar. The operation

should therefore be limited to the flood stage, during which there is an outward

current on the bar. This stage, it will be remembered, usually continues about six

G2 H
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months in the year, but its exact duration in any season may be readily dcteniiiued bj-

observing the oscillation of the river at Carrollton, Avhere its commencement reads

about 11.0 feet on the Delta Survey gauge. (For bench-mark see Appendix B.) After

the remarks upon the frequent variations in the mean level of the gulf, it need hardly

be added, that no exact estimate of the progi'ess of the work can be formed without

careful daily gauge observations at the pass itself.

In conclusion, it shoidd be stated that no plan whatever will prove of any material

Importance of
^^^^^^ to ua-vigatiou, uulcss a permanent fund be pro"\-ided, imtram-

ftind^"^™^"^"^ melled by restriction as to the mode of expenditure, from which a suf-

ficient sum annually can be relied upon for the -continuous prosecution

of the work, after as well as before the channel has been opened to the desired depth.

The bar is constantly foiTning, and must therefore be constantly removed.*

* For more extended investigation and discussion of tbis subject see Appendix M.
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APPENDIX A.

SURVEY OF THE MOUTHS OF THE MISSISSIPPI BY CAPTAIN TAL-
COTT, IN 1838.

No, 1.—EXTliAGTS FKOM THE EEPOET OF CAPTAIN A. TALOOTT TO COLONEL J.

G. TOTTEN, CHIEF ENGINEER.

New Bkigiitox, 30th Januarv, 1339.

Sir :—

17. To the reports of my assistants aud the maps, as referred to in the 1st, 2d, 3d, and ith

paragraphs, I must aslc your attention for information in detail, as required by paragraphs 2, 3, 5, C»

aud 7 of your memorandum.
18. My research for records of astronomical observations, made near thedebouche of the passes,

has been unsuccessful, except in a single instance. In the spring of 1801, Don Jose J. Ferrer made
observations for the latitude of the bar of the Southwest pass. He places it in 283 56', and states

that the observations were made on shore with a repeating circle and artificial horizon. (See Cth

vol. Trans. Am. Fhil. Soc.)

I had expected to lind the bar of this pass something farther south at the present time, but, so

far from it, the most southern point of the curve of 3 fathoms is now found to be in lat. 28° 56' 22",

and what would be considered " the bar," is something farther north.

19. Such old charts as I have been able to collect are also submitted. On one we find it

recorded that the latitude of old Fort Balize, from astronomical observations, is 29^ 06', The old

magazine, which is still standing (see sketch), is found to be in 29° 05' 58".59, a very near coinci-

dence. The same old chart presents a very different appearance of the Northeast and Southeast

passes and Balize bayou to those furnished at the present date,

20. The only chart of the passes that appears to have been projected from actual survey is that

by Gould, from his surveys, carried on from 1761 to 1771, in the gulf of Mexico. Could projec-

tions of this survey be obtained, on a scale sufiiciently large for comparison, I have no doubt it would
afiford'correct data from which could be ascertained the changes wrought in the lapse of seventy

years. All the copies of the chart that I have seen are on a scale too small to be of any value as a

medium of comparison for that object. (See title of the chart annexed ; also. Sailing Directions

for Entering the Mississippi, translated from a Spanish work.)

21. At the suggestion of Major Chase, the line of a ship canal, as projected by him in report of

the 9th February, 1837, was embraced in the survey. It resulted in showing a fine ship channel

leading up to where he proposed it should debouch, and the perforation of the ground to a depth of

40 feet indicated a firm bottom of sand mixed with mud, tenacious of water, and altogether such as

would be considered favorable for excavating, aud on which there would be no difEicultj' iu securing

a foundation for locks or structures ofany kind. The difference of level between the high water of

the river aud low water in the bay is ordinarily 3.8 feet, but when the level of the bay is very much
depressed by a northwest wind, it may be as great, and I am informed has been 4.8 feet at the canal,

a few miles below. The canal just referred to is about 9 miles below Fort Jackson, and aflbrds a

communication between the river and West bay for small vessels. It is furnished with a lock, for
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locking dowu from tbe river to the bay. Tlie proprietor iuformed me that, daring the low stage of

the river, it was no uncommoa occurrence for tbe water to run from the bay into tbe river, wbeu
tbe wind was favorable for elevating tbe water in tbe bay.

During burricanes, tbe waters of tbe bays are elevated to a great bcigbt above tbe river level,

and sometimes above its banks, over wbicb it rushes witb destructive violence to buildings and

improvements on this part of tbe delta.

I was informed by tbe ordnance sergeant stationed at Fort Jackson, tbat during a severe hur-

ricane, iu 1S30, tbe water rose to the spring of tbe arches of the embrasures. Captain Davis, of the

steam tow-boat Porpoise, who was ascending tbe river at tbe time, and some distance above Eort

Jackson, informed me tbat, when tbe bay water broke over the river banks, it was full -1 feet above

tbat of the river.

22. Tbe surveys above tbe point of divergence were not commenced until about tbe end of July,

when a sub-brigade of four assistants, organized for that purpose, commenced the field labors, wbicb

were continued until tbe middle of August. Tbe result of these is exhibited on Map Xo. 2, on a

scale of ^jnr-
23. The irruptions of mud, which are constantly occurring at the mouths of most of the passes,

is an interesting feature, and one which must have an influence in projecting any plan for improv-

ing the natural eutrance. As to tbe immediate cause of these irruptions, I must confess ignorance

nor is it important to the success of the improvements that it should be kuOwu, as there is little

hope tbat it could be removed or counteracted.

Tbe eft'ect of these irruptions is to obstruct, and frequently to change, the channel. Their

tenacity is such tbat it requires a long time tbr the current of the river to remove them, althongh

its velocity is generally very great.

All of which is respectfully submitted by

Tour obedient servant, A. Talcott.

Sailixu Du;ections for Entering the Mississuti, Translated i-hom a Spanisu Work.

The true delta of the Mississippi is called the Passe.i, where tbe river is divided into four parts

or brauches, formed by low, swampy lands. Their mouths form nearly a circle. The first pass runs

to tbe southwest, tbe second to the south, the third to tbe east, the fourth to the northeast. All

these passes take their names from the directions in which they run, and the last named, or Xortb-

east, is also called a I'Outre.

Of all these passes, tbat most frequented, because of the greater depth of water on its bar, is

the east, where there is a look-out to make signals and to advise mariners of their situation ; and

here also pilots can be obtained to take vessels into the river.

Tbe eutrance to this pass, as to all the rest, is so barren of landmarks, that it could not be

known but for the flagstaff, where a large flag is hoisted when a vessel is seen in the otfing. This

flagstaft' can be seen 3 leagues at sea, at which distance there is iO fathoms water; mud, a

stickj- day, in some places mixed witb fine sand. Tbe flagstati' is situated east and west with the

eutrance. Get tbe flagstaft' to bear west, and ruu for it until you get S or 10 fathoms, which" will be

1 mile from the bar, when it is best to anchor. The flagstaff bearing west, it will be better to have

it bear to tbe south of west than to the north, in order that you may be to windward of the entrance

of the bar. At high tide there is generally from 12 to 13 feet water, and in extraordinary cases

from 15 to IG. Its length is 1 league, counting from the entrance to La Fourche or the forks (as is

likewise called the place where it joins the principal trunk of the river), where there is from 4 to 5

fathoms. The depth increases as you proceed up the river, wbicb is navigable to tbe very banks,

until you arrive at New Orleans, which is situated on the east bank, when you moor to tbe bank

witb a plank to the land.

The entrance of tbe river is found by those who are acquainted, and does not require a pilot;

but it is advisable that strangers should procure one. Tbe soundings of all the passes is muddj'

bottom, and at G leagues out you find 50 or GO fathoms. (Dcrrotcro de las Iskts Antillus, dc las

Castas de lierra firme. Madrid, 1810. Page 431.)
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No. 2.—EEPOKT OF ASSISTANT W. H. SIDELL TO CAPTAIN TALCOTT.

SiK :—
The followiug is submitted as a report of the operatious of the first brigade of engineers acting

under my orders, and emploj-ed in the examinations and surveys deemed necessary in forming

a project of improvement of the entrance of the Mississippi river.

The nature of the duties required are thus explained in a memorandum, of which a copy was
furnished me. I give the substance.

The worlv believed to be necessary, previous to forming any plan for the improvement of the

navigation of the mouth of the Mississippi river, is

—

1st. Exact surveys of the branches from the point of divergence to the mouth, with the shoals

at the mouth, and of the gulf out to fathoms at least. The latitude of one of the mouths to

be fixed, and, by a great triangulation, the actual latitude and relative longitude of the other mouths

to be ascertained.

2d. The actual slopes of the surface of the river from the point of divergence to the mouth, at

the time of freshets, and at other times, to be known.

3d. The actual velocity of the river, and far out into the gulf, to be determined.

4th. The quantity of earthy matter held in suspension by the water at different seasons of the

year and at different places, to be ascertained.

5th. The specific gravity of the fluid, within and without the bar, to be determined.

Gth. Observations to be taken to ascertain the existence of a littoral current, if it exists, and

its effects.

7th. Observations to be made to determine the changes that have occurred during the time

employed in the survey, and to learn if these depend on an alteration of the bottom or the surface

of the river, when they occur in the shoals at the mouth. Also, to determine, if practicable, what

changes have occurred in the gulf in the lajise of years.

The operations of the first brigade bearing on each of these points will be stated in the same

order as they are above set forth.

The country in which these operations were performed may be thus described :

—

The Mississippi river, at its debouche, divides into several channels, called "passes." At the

highest or main point of divergence there are three of these passes, to wit, the Northeast, South,

and Southwest passes. They are from 18 to 23 miles in length. The Northeast pass more nearly

resembles a continuation of the river than the others, from its capacity and the fact that other

passes diverge from it. The South pass lies more in the direction of the stem of the river, while

the Southwest pass is the longest of the three. Following the course of the Northeast pass about

3J miles, another pass diverges to the left, called pass a I'Outre, from which again, near its head,

still another pass branches off to the left, called pass Cheval, This is known on Captain Delafleld's

map by the name of Flaherty's bayou. Pass a I'Outre and pass Cheval throw off to the right and

left many baj-ous before they reach the gulf. Following again the course of the Northeast pass,

below pass ii I'Outre, we come, at about 5 miles distance, to a pass or large bayou on the right,

called bayou Balize, on the banks of which, near its head, is the pilots' settlement, called " the

Balize." This was once the main channel. Two miles below this the Northeast pass divides into

two branches, that on the left retaining the name of Northeast pass, while that on the right is

called the Southeast pass. Besides the main divergeuce of these three branches, there are other

channels between the Northeast and Southeast pass, the banks of the latter being by no means

well defined.

The banks of the lower part of the river, the passes, and bayous appear to have been formed

by the alluvion ; for they are uo more than long strips of land, half overllowed and covered with

reeds. The firmest or dryest parts are near the water's edge. Between the peninsulas thus formed

by the passes, there will of course be large bays, and the same remark applies with respect to those

formed by the bayous.

The names given to these bays are as follows : that between the South pass and Northeast pass

and bayou Balize is known as Garden-island bay ; between bayou Balize and the Southeast pass

there is no well-deflued bay, because so many bayous empty there that it is nearly all formed into
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land ; nor between the Soutbcast and lower point of the Xorthcast passes, because tliey arc so near

to each other, and there are so many communicatious between them. Between the Northeast pass

and pass a I'Oiitre lies Blind bay. There is also a pond near the point of divergence which is sep-

arated from Blind bay only by a group of grassy islands. It appears to have once formed a part of

Blind bay, and these islands, which are still growing, appear to have accumulated gradually till the

separation. Between pass a I'Outre and pass Cheval, the bay has no name. Outside of pass Cheval

is the gulf of Mexico ; but the appearance of the numerous islands gives reason to the belief that

there was at one time another pass or large bayou to the north of pass Cheval, which, ceasing to

flow by becoming choked, or other cause, -was finally washed away by the waves of the gulf, leaving

these islands as the only evidence of its former existence. Tradition supports this belief. This

sweep of coast is called bay Ronde, said to have been so called from its shape when enclosed. Xow

that part of the delta lying to the north and east of aline passing through the middle of Garden-

island bay, which includes the land above described, was assigned to this brigade, and to it the

statements of this report are applied. It is called, for distinction, the first division.

For the survey the method of triangulatiou was adopted. A base of about 2 miles was

measured on a sand reef near the mouth of the South pass. (See Sub-Report B.) The greatest

care was observed to obtain it with precision. From this a great triangulatiou was spread over the

part of the delta above described. A smaller triangulatiou was connected with it, and from the two

a still smaller triangulatiou traced the passes and principal bayous. The filling up of the shores,

etc., of the bays was ell'ected by means of the plane-table, which work was also made to depend on.

the well-established points of primary and secondary triangulatiou. The form of the bottom of the

points covered with water was obtained by sounding, and the means used to obtain the place to which

each sounding belonged may be thus described : In the bays where there was no current, where the

bottom was uniform, and where moreover it was a matter of comparatively small importance to

obtain very accurate knowledge, soundings were taken between established points, the boat rowiug

uniformly, and the distance divided into intervalsncarly equal, being modified by the circumstances

of the wind, etc. In one of the bays, however—Blind bay—the method was more accurate.

In the passes, not near their mouths, the places of the soundings were obtained by rowiug the

boat from one known point on the bank to another on the opposite bank, an observer with an instru-

ment being placed at a third point, who took observations to the boat at every even minute, at which

time also the soundings were taken. The intersection of the lines of these observations with the

Hue of the course of the boat would give the places of the corresponding soundings.

For the soundings of the bars, the outside soundings geuerally, aud the part of the passes near

the bars, a plan was pursued which deserves particular notice, because it is uew, aud, for accuracy,

convenience, and quickness of execution, surpasses any previously known method.

It is due to Mr. H. A. Xorris, an assistant engineer of this brigade. It is thus : At two points

on shore, fixed by the triangulatiou, observers are placed with tlieodolites. One of them is supplied

with a chronometer, or other accurate time-keeper, and several signal-flags; he has also an attend-

ant, to manage tliem. The other observer has also au attendaut, whose duty it is to watch the

signal-flags of the first observer and communicate them to his principal. The object of this arrange-

ment is to get simultaneous observations on the boat at given intervals of time, which is efl'eeted

thus: A few seconds before the given time a signal-flag is hoisted, at which each observer directs

the telescope of his instrument at the boat, and continues to follow its motion by means of the

tangent-screw. At the given instant the signal-flag is jerked down, aud the instruments left to be

read in their last position. The engineer in the boat has also a chronometer, aud his soundings

are taken and entered in his book at the corresponding times.

Ou return from the field, the observations for that time are copied from the books of the

observers, opposite the proper soundings, and the places of the soundings ou the plat are by this

means fixed with trigonometrical accuracy.

There are several signals to provide against delays, adjust time-keepers, give notice of derange-

ment of instruments, cessation of work, etc., which cannot be detailed here. Mr. Xorris himself

presents au account of it in Memoir B.

One of the advantages of this method is the great rapidity and ease of its execution; but those

which render it peculiarly advantageous on this worlc are—1st, the absolute correctness of its
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results; 2(1, the llicilit^' with which it traced the sinuosity of the shores and bayous, and noted the

accidents of the bottom; and 3d, the case with which the same localities may be resumed and
souuded after a lapse of time, merely by preservinj; the places of the observers on the shore. E very-

other method has a degree of looseness which would be inapplicable to a survey with the objects

of the present; and this consideration may bo suflicient to justify me in giving so much space to its

exposition.

Having thus explained the manner of conducting the survey, I refer to the mai)s for the results.

There are two principal maps, which embrace the whole of the work of this brigade, viz. : a map
marked A, coutaiuiui^ as much of the stem of the river as was surveyed by the first brigade, part

of the Northeast pass, to the head of pass a I'Outro, pass a I'Outre itself, pass Cheval, parts of

Garden-island bay and Blind bay, with bayous, etc. ; and a map marked C, containing the remain-

der. Both these are ou a scale of one teu-thousaudtb. TMap (J, giving the Northeast bar, and so

much of the pass as is necessary to show the whole formation of the mouth of that pass. Map
marked D, showing the whole of the Southeast pass, and map marked E, showing the bar, etc., of

pass ;\ I'Outre. Maps " 0," " D," and " E " are on a scale of double the size of "A" and "B," or

one fivethousandth.

The latitude and longitu<le of a point having been accurately fixed, the triangulation of this

brigade connected this point with other points of the survey, and proper marks were left at these

IJoiuts, which may be referred to hereafter.

Eespecting the second requirement, " the actual slopes of the surface of the river from its

divergence," etc., this slope was found, from a point about 2 miles below the head of the passes, to

be 2 feet. It was obtained by levelling across the land from the Northeast pass to bay Ronde. Tlie

time allotted to the survey did uot allow of its beiug taken many times.

The actual velocity of the current in the river [)asses, and bayous of the first division was taken

at surface, mid dei)th, and near bottom, with the followiug results for the passes:

—

MEAN VKI.OCITY OF CUHKENT.

lu stem of river 3. 7 foot jior second.

lu Nortlioast pass above pass ;\ I'Outro 3.1) " "

" " between pass i, I'Outre aud Ualizo bayou 3.0 " '

" " below Southeast pass 3.11 " "

In Southeast pass 2.7 " "

" pa«s il I'Outre below p.iss Cheval .- 3.U " "

" l)ass Cheval 2.15 " "

Balize bayou 3.07 " "

Over the bar of the Northeast pa.ss, the velocity at the surface and at eight feet in dei)th was
determined by observations from two instruments, continued for several hours, with these results :

—

.SUUFACB FLOAT.

Ft. per ace.

First observed 3.06,1 mile out.

Middle observation 2.94,1 " "

EICIIT FEET DEEP.

Ft. per aec.

ITirst ob.servcd 2.43, iu channel.

Middle observation 1.61, J mile out.'

Last observed 2. 85, 2i" " I Last observed 2. 13, i " "

The above is the result of many observations, and the velocities stated are the mean of the

surface, mid depth, and bottom velocities. The mid-depth velocity, or mean, does not conform to

that obtained by the ordinary formula showing the relation between the surface and mean velocities.

It will be observed that these velocities are good for the day only ou which they were observed
;

to be extensively useful, they should be taken at -short intervals throughout the year, so as to take

iuto account the fluctuations to which the river is subject.

To ascertain the quantity of earthy matter, a number of exi>eriments were performed, which

resulted in showing 0.5S of a grain in 1000 grains of the river-water, or a little more than ^ij'uo- ^^
this, much was sand. This latter fact was showu by causing the current of the river to pass

through an apparatus for diminishing velocity. The heavier particles of the matter fell to the bot-

tom of the apparatus, aiul were collected in abundance.

"At two-thirds of a mile out, the littoral current (pro tempore) takes and changes its dhection nearly at right

angles. The second velocity is taken at the turning-point.

C3n
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Anotlier cxpciiineut, in wliicli GOOO grains of water were left to settle in a vessel an inch and a

bait in diameter tor an lionr, showed that one eighth of all the terrene matter in the 0000 grains of

water fell in that time, and of this nearly the whole was sand. In fact there is abundance of sand,

of the same character with that found above, in all parts of the passes and on the bars.

These experiments should be carried ou through the year, but of this our time did not admit.

Having determined the velocities of the several streams, and the quantity of earthy matter held in

suspension, it added but little to the labor to ascertain the quantity of water, and, of consequence,

of terrene matter discharged by the passes, as well as over the main bars. For this, cross-sections

of the streams were made at the places where velocities were determined. Both at the places of

starting and arrival of the floats, the mean of these was taken as the mean section of the stream to

which the correspoudiug velocity was due. The results for the large stream are as follows :

—

Maiu trunk of tlio river discbarges --. 60i», 5C5 cubic feet per secoud.

C
Above pass ft, I'Oiitro 467,571 " "

I Between pass i rOatre and Balize bayou 275,260 " "

Nortbcast pass.
<| uelow Soutbeast p.ass 182,142

\ Loss by b.iyous below this point G, 117 " "

„ , ,. > i Below pass Cbeval discharges 1-'1),2M " "

Pas-S I 1 Outre
( Loss liy bayous, etc l-^.('i>7

" "

Soutbiast pass discbarges 7-<, 1114
" "

Balize bayou 14,612 " "

I'asaCbeval (sum of branches) 6,541 " "

The present and former channels of the Northeast bar are included between two mud islands, a

little less than a mile apart; and through this space about nine-tenths of the water finds its way to

the gulf. Nine-tenths of the gauge below the Southeast pas.s, bayons deducted, is 158,423 cubic

feet ; this is the quantity of water that passes through the space in a second.

The specific gravity of the river-water was found, as we shall show hereafter, to be 1.00033.

Now, there are 3.50,081.0 grains of this lluid in a cubic foot, and as in each thousand grains there

is O.aS of a grain of sediment, the whole quantity of earthy matter passing in a day is ecpial to

221,014 ton.s.

We Lave seen that 189,214 cubic feet per sicond is the quantity of water which is thrown into

pa.ss a I'Outre: 18,087 cul)ic feet per second is lost before passing the bar; leaving 170,527 cubic

feet per second for the quantity discharged over the bar. But this passes through two channels,

and also over a shoal. The approximate quantity discharged from each is here showu :

—

Northern chiinuel, 97,81)0 cubic feet of water per second gives 136,3-;9 tons of earthy matter per diem.

Southeru channel, 52,sl2 " " " " 73,631 " " "

Over shoal, 19,915 " " " " 27,775 " " " "

Total, 170,.527 237,795

By the same means we find that there passes over the Southeast bar 110,083 tons of earth

per day.

The two channels of pass ;\ I'Outre correspond, as was before remarked, or will correspoiul,

with the Southeast and lower part of the Northeast passes.

These results apply to the time of the experiments only, though the river then appeared to be

about its average state.

The specific gravity of the fluid, within and without the bar, was also found by a series of ex-

periments. Those within the bar gave, as an average, 1.00033, distilled water being 1.000000.

Without the bar no experiments could give definite results, excepting those in the clear salt water

of the gulf, which was found to be 1.0245. The other experiments give a variety of results, depending

on the state of the mixture. It is to be remarked that the state of the mixture is ditl'erent at times,

according to the then and previous state of the weather. For instance, when the river is high and

the weather calm for several days in succession, the river-water spreading itself on the surface of

the gulf-water, extends directly out to a great distance, without mingling with the salt-water below.

In rough weather, on the contrary, the agitation of the waves serves to mingle the waters, and when

the river is low, the salt-water has been known to extend beyoud the point of divergence of the

passes.
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The observations taken for a littoral current were such as to induce the belief that none exists,

at least within the range of our exiierimeuts. Au inspection of the courses of the 2>f'^scs may lead

to the same conclusion, for their degree of divergence appears to bo equal in all directions, which

would not be the ease if there were a current to carry the earthy matter, which forms their banks,

to the one side or the other.

Temporary causes may produce a current for the time, running in the one or the other direction,

according to the influencing cause. Thus, when the wind has been blowing for a long time in one

direction, it banks up the water of the gulf, bays, and streams that lie in that direction ; this pro-

duces a return current when the wind lulls. The southerly winds, I believe, prevail, though at the

time we were there they were mostly from the north and east.

The observations taken to ascertain changes of the shores, etc., during the progress of the work,

could not be very extensive, but, by inquiry and observation, much information was elicited respect-

ing changes that had occurred in times jiast and those now in progress. Nevertheless, changes of

importance, though not of great extent, occurred during the time of the work. The one most worthy

of notice was this : The boat jwsserf over a certain place on the Northeast bar, at the commencement
of operations, on which there was about 2 feet water. Before their termination a lump at this place

projected 2 or 3 feet above water ; a change which, by comparison with other known points, was
shown to proceed from a rise of the bottom.

This phenomenon is not uncommon, but, on the contrarj-, occurs frequently. A channel of en-

trance may be destroyed by this means, and, until another channel is formed, the bar will be im-

passable. The pilots and captains of tow-boats give innumerable instances of it. Ballast stones

and anchors, which have been thrown overboard or lost, have been brought to the surface. The
lumps appear to be forced through the ordinary bottom by some power acting from below, but what

may be the cause which produces effects so wonderful, future researches must determine.

As a knowledge of this subject has an important bearing on some of the projects of improve-

ment, a surmise will be offered, after a fuller statement of facts. These lumps have a peculiar ap-

pearance. In entering the mouth of the river they may be taken for rockis, from their height, the

steepness of their sides, their compactness, and the appearance of stratification produced by the

cracks. In some cases they rise 8 or 10 feet nearly perpendicularly, and at one place there is a

mound in the form of a truncated cone, ascertained to be at least IS feet high. It is nearly inac-

cessible, through the marsh or flat that surrounds it. By looking at the map of the Northeast bar

it will be found on the north bank near the cape. The material of the lumps is a clay, so fine-

grained as to take the impression of a seal and receive a polish from the hand. When tried by a

blow-pipe it first decrepitates, throwing off scales with considerable violence. By continuing the

heat it bakes like other clay, and finally vitrifies, probably by the agency of the salt, of which it

contains a sufficient quantity to give it a strong .saline taste. On many of these lumps are found

springs of salt-water. The water issues through a well-defined crater, as firm on the sides as a

chimney, generally about G inches in diameter, and, as the salt-water comes up through soft mud, it

brings up some of that material with it, in the form of a very flat cone, about the crater. This mud
appears to be the same material as that of which the lumps are composed. The surface of the lumps

is so hard as to be penetrated with difficulty with a spade, and the mud brought up by the springs

bakes in the sun to the same consistency. There is an ebullition of the water of the springs at

considerable intervals, and inflammable gas escapes, probably light carburetted hydrogen. Au
attempt was made to sound these springs, but there was so much soft mud that the lead could not

be made to go tar without dilliculty in withdrawing it. The greatest depth to which the lead was

sunk was about 4 fathoms. Universal testimony goes to show that no means have been employed

sufficient to reach a definite bottom. It is believed that they extend to the original bottom of the

gulf. It is to be noted, that the water stands in the springs from 2 to 3 feet higher than the sur-

rounding water of the river, though that is fresh, and the water of the springs has a greater density

than the gulf-water. This latter fact, however, may be attributed to the circumstance, that the

spring-water on which the experiments were tried had been standing in pools for some time, and

subject to concentration by evaporation. There were found amongst the mud of one of the springs a

few grains of sand, white, and much larger than the sand of the river. These lumps vary in size,

from mere protaberancos, looking like logs sticking out of the water, to islands of several acres in
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extent. Pass islauil, at the nioutli of the Balize bayou, is oue of a cluster of three large islands,

wliich, from their general ajipearance and the existence of salt springs in them, are known to have

been upraised. This island has been for many years inhabited, and cultivated with success; in fact,

when vegetation comnicnces on the lumps, it assumes at once a more luxuriant character than the

growth of the ordinary land of the delta, which is no more than marsh, producing reeds and coarse

grass, -with a few trees far up the passes.

Another curious circumstance relative to these lumps and salt spriugs is, that they arc only

formed in the immediate viciuity of the bars or next to the gulf. The only instance noted in which

a spring came up through the marsh, was at a place near the bayou running past the northeast light-

house; and at the mouth of this same bayou is a lump about 10 or 12 feet high, around which the

marsh is forming. ^Yith this exception, and tliat of those lying near the mouth of the Balize bayou

(which, by-theby, was once the main pass), the lumps and salt springs are all found near the mouths
of the pri)icq)al pasftcs. It is also curious that uonc of these formations exist at the mouth of the

South pass; nor docs that pass appear to be making out to any extent, at least so it is stated ; but

the South pass is within the limits of the second division.

The lumps are sometimes swept away by the attrition of the water, and sometimes become the

nucleus of shoals, which may in time deflne the banks of the pa.ss in which they are formed.

Itains have also their ellect in reducing them to their general level. Ilurricancs have been known
to sweep away particular lumps at once, and the ebb and flow of the tide of saltwater, when
tlio river is low, wears them away more rapidly than the ordinary How of the river. To this latter

circumstance may be attributed the fact that the water on the bar is deeper when the water of the

gulf sweeps over it, that is, when the river is low, than when the place of the clear salt-water is

supplied by water holding much matter in suspension and ready to be deposited ou coming in con-

tact with the water of the gulf.

It is perhaps proper to mention in this place some experiments that were made to determine if

the deposit of sediment were owing solely to the check of velocity of the current ou meeting the

outside waters. The conclusion was that the efl'cct was not owing solely to this cause. Proper

vessels had been provided for the experiments, and in these as many fit substances as were at hand

were dissolved in a mixture with the water, each in a separate vessel. These substances were com-

mon .salt, epsom salt, alum, sea-water, brine from the salt springs, and sulphuric acid. The river-

water alone took from ten to fourteen days to settle, while the solutions became perfectly limpid in

from fourteen to eighteen hours, or from one-fifteenth to one-eighteenth part of the time. I know
not to what cause to attribute the elfe(!t, uidess it be action of these substances on the vegetable

matter contained in the water, which aids in the suspension of the earthy matter. Boiling the water,

or even keeping it in a bottle for a long time, will .so change its nature as to cause it to settle very

soon after agitation. Wishing to know if soluble compounds were formed by the sea-water and sedi-

ment, C,~th grains of the latter were washed with a solution of 120 grains of salt in 1000 of pure water.

After drying and washing anew with pure water, about 4 grains were found wanting; but this was
attributed to the want of delicacy in the performance of the experiment ; and the opinion is that no

soluble comiMjuuds, material in quantity, are formed.

However, from these exi)eriments we may conclude that the earthy matter is deposited more
snihlcnly than would be the case if it depended ou the check of velocity alone; that the bars will

he formed just at the debouches, or where the salt-water is first met ; and that the greater the (pian-

tity of water brought down, the sooner, on account of the sudden precipitation, will the bars be
formed at the debouches.

Itecurring to the mini lumps niul their mode of formation, we have seen that they form at the

bars only, or where the process of formation of land by deposit is still in progress; th.at they rise

with considerable rapidity, and acquiriTig their maximum elevation in a .short time, so remain until

destroyed by foreign causes, lesembling the ellect that would be produced by a strong force acting

for a limited time. That this force cannot be the pressure of the surrounding water of the river, or

even the waters of the gulf brought through chasms from a distance, is evident; for they rise far

above the surtiice of the surrounding water, and being them.selves more dense, bring with them,
besides, brine of greater specific gravity than the waters of either the river or gulf, or at lea.st as

great as the latter. We sec, moreover, that they must come from ahore the original bottom of the
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gulf, for that wc know the nature of, and the nature of these is not the same ; that they come from
great (lei)ths, for the salt springs on them are of groat depth, and the shells found iu them give otller

evidence of it; that gases are formed below tliem, for we see it escaping in quantity; that this gas
is such as is formed from the decomposition of vegetable^ matter in similar situations, viz., light

carbnretted hydrogen ; and lastly, that the composition of the lumps is of the firmest material.

From these data we proceed. In the outward flow of the river, the lincst material is carried

farthest, and is the first stratum on the bottom of the gulf; coarser strata are deposited over these
in the inverse order of their specific gravity. These finer particles probably consisted of vegetable

matter, or were much mingled with it; this the experiments went to show. The decomposition of

this vegetable matter generates a gas, exerting a great elastic pressure on the plastic and com-
pressed matter next above, causing it to rise, as we perceive in the lumps, bringing with it brine

from the depths where the sea-water may bo supposed to exist. The operation is aided by the press-

ure of the heavier material deposited above.

It is not our object, iu this suggestion, to say that the lumps would sink again into the abyss,

for the space at first occupied by tin; gas is not left an absolute vacuity, but the chasm is refilled by
water and soft mud, in wliich case the force required to retain them in their ])osition is only the

difference of specific gravities; and the material of tho lumps may take a position of equilibrium

even with the chasm, for it approximates to the form of the arch. There is no proof that some of

them do not subside. They disappear, ami it may be in some cases that this disappearance is caused

by a subsidence. It is probable that for centuries back these lumps have been generated at the

then existing mouth of the river, and yet we now see none of them except at tho present bars. Is

it possible that, notwithstanding the vegetation which might serve to protect them, no traces of their

former existence should be discovered, if their disappearance depended simply on tho ordinary

causes ?

If this theory bo correct, it offers another objection to the method of improvements by increas-

ing the velocity by means of levees, for tho lumps would form with great rapidity just opposite

the end of the works.

From all this it would appear (if no other objections exist) that, to prevent the passage of part

of tho river-water over the bar and admit the gulf-water to supply its place, would be likely to be

more eliectual than the works intended to produce the contrary effect. A work to produce effect

might bo constructed in the form of a " redan," with its gorge toward tho sea, and open at its salient

angle, wliich will be located at the commencement of deep water within the bar. Tlie effect may bo

aided by leading off some of the water by artificial bayous.

Here it may be stated, that tho bayous, even the smallest, when they lead off from the passes

and cmi)ty in places wliero they meet the action of the salt-water, are miniature passes, and present

all the plienomena of the larger streams, excepting tho mud lumps and salt springs. Those last do
not appear, for obvious reasons. The bayous must, therefore, be made the subject of experiments,

and the results, if the bayous bo judiciously chosen, will apply directly to the case of the passes.

It was a matter of regret that the time spent in the field was so limited and burdened with other

duties as not to admit this course of experiments.

I will now leave the subject, and jiroceed to state the other changes that camo under my notice.

They are very few, and connect the information derived from others with personal information.

Where the northeast lighthouse now stands is said to bo a quarter of a mile farther from the

bar than it was four or five years since. The marsh surrounding tho building is less frequently

submerged than formerly. Boats could, at times, come close up to the little elevation on which the

lighthouse stands. A wharf or landing for boats still extends from that elevation to the marsh ; of

course it is useless.

There is a pond between the Northeast pass and pass a I'Outre. This has the appearance of

having been part of r)lind bay, but is now separated from it by many grassy islands, which arc

increasing in firmness, and perhaps in number, so as to render it probable that the pond, in course

of time, will bo entirely filled.

The Balize bayou was formerly tho passage for ships, and its bar was at the place where it

diverged from tho Northeast pass. At this point the place was defined. Now the bar is at the
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mouth of the bayou. It has but 3 feet water on it, and 15 may be carried over the place of diver-

gence from the Northeast pass. It was mentioned before that there are three hirge mud islands at

the mouth, besides several smaller. I am not aware of the time of the rise of these islands, but, if

subseijuently to the time when the bayou was practicable, it would go to show that the bar, at the

place of divergence from the Northeast pass, was reduced on account of a smaller volume of water

being drawn over it than formerly ; but, whatever may be the time of their rise, one conclusion

may be drawn from the fact of their existence and the shoaluess of the bar in their vicinity,

which is, that it is not a narrow and straight channel only, which is a panacea for all the disorders

of the river, for the Balizo bayou is narrow and straight, and formerly discharged a large

quantity of water ; nevertheless (or more probably in consequence of it) we see three high mud
islands, besides several smaller, and a bar imutediaiely at its mouth, so shoal as to be practicable

for boats only.

On the north shore of Garden-island bay, not far from the south bank of the Balize bayou, is

to be seen the ruins of a building, probably an old magazine. It is called by the pilots the old

Spanish INIagazine (no doubt correctly). It was about 20 feet square, with an arched roof, and

brick walls about i feet thick, supported by buttresses. The roof has been intentionally broken

through. In other respects the building is in good order. It is now almost inaccessible, it being

diflicult to get even a flat-bottomed skilf near it, and there is no bayou within a reasonable dis-

tance. It is also sunken, having a kind of ditch around it ; and within, as seen through the roof,

there is nothing but mud and water. It was probably once high and accessible. Some idea of the

changes in this country may hence lie obtained. Its situation was accurately determined by con-

necting it with the triangulation, and its latitude found to correspond with that given in Bowditch's

Navigator as the latitude of the Balize.

Bay Eonde, as is called the sweep of coast exterior to the delta on the north and cast, appears

as if once enclosed like the bays between the passes. It is said by the old residents to have been

so, and from its circular form, when so enclosed, took its name. It is very possible that a pass or

large bayou might have diverged to the east, above the present head of the passes, and, as the

general rule is for the streams to form their own banks, its southern bank, as formed, would have

been the northern shore of bay Eonde. When from becoming choked or other causes, the stream

dwindled away, the surge from the gulf, in time of storms, swept away the evidences of its

existence, except the few islands that remain. This, however, is onlj^ conjecture; proper infor-

mation might be obtained by consulting the old maps.

By inspecting the map of pass i\ I'Outre, it will be perceived that there is a wide shoal or mid-

dle ground at its mouth, with channels nearly equal on both sides. It is probable that this shoal

will accumulate till it projects above the water, thus forming two passes, resembling very nearly

the Southeast pass and lower part of the Northeast.

This appears to depend on some cause peculiar to the passes of the first division.

One of the changes which has occurred within the memory of man is the complete formation of

au island in the Northeast pass, just below pass a TOutre. It is about three-quarters of a mile

long, and is still increasing. It has trees along its shore, but its interior is marshy. This alluvial

island dilTcrs in every respect from the islands of irruption on the bar. It should have been meu-

tioned that these latter islands had their relative heights determined by levelling, and stakes left on

them for puri)oses of future reference.

This comiilctes the account of the duties ])erformed by the first brigade, and the conclusion to

which these duties led. There was delay in obtaining proper facilities, so that active operations

were carried on only about four months, and the brigade was not fully ellicient for a longer time

than two months and a half. The distance from a market, and the dillicultics of communication

from point to point, together with the submerged condition of the land, rendered it altogether

one of the most diflicult countries in which to operate that could be imagined ; nevertheless,

a survey extending over more than 200 square miles was made with accuracy and minuteness;

between 20,000 and 30,000 soundings were taken, most of which were fixed with trigonometrical

precision, which it is believed is not the case in any other work. This could be cfTected

only by great assiduity ou the part of the gentlemen attached to the brigade, and this credit is

due to them.
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The uiiniesof these gentlemen, aud the iluties assigned to them, are as follows :

—

H. A. NoRUis, n. Selden, aud 11. N. Isaacs constituted the sounding party.

J. W. Glass executed plane-table work, gauged bayous, and attended to other duties.

A. UOTCHKiss, part of the primary and secondary triangulatiou, survey of pass a I'Outre, and other

duties.

J. E. CKorsEY and F. Schroeder, survey soundings of the Northeast pass and [lart of the stem

of the river ; also of pass Cheval, and gauging the passes.

C. King, Jr., who was attached to the astronomical brigade shortly after the beginning of opera-

tions.

The oflice duties which have occupied the brigade, have been :

—

1st. Calculations of primary, secondary, and tertiary triangulatiou.

lid. Protraction of the shores by the results, and extending the soundings of passes and bays.

3d. Protraction of soundings of three bars on a double scale.

Ith. Calculations and plotting relating to the regimen of the river, and digesting the chemical

and other observations.

5th. Calculations of terrestrial graduation ; their object was to project the work on a cone

drawn secant to the earth and concentric with the tangent cone at the middle of the country sur-

veyed ; the secant cone so drawn that the part of the element betweeu the extreme northern aud
southern limits of the work should be ccpial to the part of the meridian between the same limits

;

the cone then to be developed.

The latter portion' of the work was begun on the 10th August, and coraidetcd on the 31st

December, 1838, excepting the labors of draughtsmen, who were then employed to finish the maps.

The brigade was discharged at the latter date.

The pilots at the Balize were always ready to render all the assistance and information in their

power.

Much is duo to Captain Taylor, United States Ecvenue Ollicer at the Balize, whose liberal

assistance on many occasions, aud information derived from knowledge of the locality and general

intelligence, contributed in a considerable degree to the advancement of the work.

I am, Sir, with great respect, your obedient servant,

WM. n. SlDELL,

Office luipt. Miss, river, Buooklyn, 25tli Jauuary, 1639.

Priucipal Asst. Engiueer First Brig. Eagre., Mi.sa. Survey.

No. 3.—REPORT OF ASSISTANT G. G. MEADE TO CAPTAIN TALCOTT.

Sir :—

I have the honor to submit for your consideration, aud that of the special iioard of engineers,

the enclosed maps, projected from the surveys made at the suggestion of that board, and by order

of the Engineer Department, dated Nov. L'5th, 1S37, with a view to ascertain the practicability of

improving the navigation of the entrance of the Mississippi river, and the following report of the

mode of operations and their results, as pursued in the execution of the surveys of that part of the

Mississippi delta projected upon these maps, aud the charge of which was assigned to me by your

letter, dated Dec. 8th, 1837.

Sheet No. B 1 represents the projection of the survey of the Southwest pass. South i)ass.

Grand bayou, intermediate bay, and adjacent coasts, upou the scale of j^lnnj ^"^^ is the map of

assemblage of the whole work executed by the second brigade of engineers.

Sheets No. B 2 and B 3 arc the projections of the Southwest aud South bars respectively, on
the gcale of ^Jg^.

Sheet No. B 4, the cross-sections made to determine the quantity of discharge of the different

outlets; and sheets B 5, B 6, and B 7, the projections of the curves of the currents at the heads of

the passes aud over the bars.

Mode of operations.—In the mode of operations, reference was had, as far as time aud circum-

stances would permit, to the suggestions contained in the memoir of Colonel J. G. Totten, president

of the special board, enclosed to me in your letter of Dec. Sth, 1837.
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The work was couimcnceil by tbc mcasurciiicut of a base line ou " Steers reef" (see sheet

No. 1), 10,050.0 feet iu k^ugth—this being the most practicable groiiiul for measitremeut on the

delta. Nine points were then established, extending over the whole ground, and determined from

the base, constituting the primary triangulatiou. These points are noted on the maps by a double

triangle, the lines connecting them being in red ink. Their latitude and diUerence iu longitude

from the astronomical station, Northeast Balize, have been deduced from the observations of the

astronomical brigade, and a table containing them placed on sheet U 1, marked " Table No. 1." In-

termediate points, constituting the secondary triangulatiou, were established on all the principal

points of the passes and bars, and determined from the primary triangulatiou. The pa.sses were

then filled up by a minor triangulatiou, having the points on their shores, and the coasts of the bays

were traced out by the plane table. The lines of the minor triangulatiou iu the passes aud of the

stations in the bays were then sounded out. The bars were sounded out with great accuracy, having

the position of the boat deter^iiued at each sounding. Finally, observations were made on the

tides, quantity of discharge, specific gravity of water, relative height of the passes aud bays, aud

the level of the salt-spring formations.

Southicesf pass.—This pass is 15.2 miles long, being 2S00 feet broad at its head, from where it

diminishes to 1200 feet, the width at station " Willow" (sheet B), thence gradually increasing to

\)ioG feet— the width of the extreme points of laud on the bar.

It has a bar at its head, over which -18 feet can be carried. The average depth of the pass is

70 feet, the greatest being 102 feet. The bottom is soft mud, with spots of sand.

The velocity of the pass about a mile below its head (the point at whiifh the observations were

made) is 4.870 feet per second; the quantity of water discharged at this point, 342,002.5 cubic feet

per .second. There are 15 bayous exclusive of the Ofeet channel, through which the discharge is

12,510 cubic feet per second—the 9-feet channel discharging 20,734.5 cubic feet per second.

SouiJn)ass is 11.28 miles in length, and 4.94 miles to the head of Grand bayou. It is 2400 feet

iu breadth at its head, but soon narrows to 700 feet, which is the meau width until it reaches the

bar, where it increases to 3200 feet. Nineteen feet water can be carried over its head. The greatest

dei>th in the pass is 53 feet ; which, with 24 feet, are the limits of the water in the channel betweeu

the bars. The bottom is generally sand, interspersed with spots of soft mud. Sixteen feet eau be

carried into Grand bayou, aud 7 feet over the shoal at its mouth. It is about miles iu length, and

is neither so broad nor so deep as the South i>ass.

At the head of the South pass the velocity is 3.311) feet per second, and the discharge 80,701.39

cubic feet per second.

There are three bayous, exclusive of Grand bayou, flowing from the South pass, of which the

w hole discharge is 7745 cubic feet per second—Grand bayou haxing a velocity of3.342 feet per second

and discharging 15,314.07 cubic feet per second.

In the South pass there arc fewer bayous, the banks are firmer and higher, and the trees of

older growth than iu the Southwest pass—indicating its prior formation.

Bayous, hays, etc.—The bayous liowiug from the Southwest aud South passes have generally

from to S feet water iu them, with bars at their heads and mouths. Most of them are choked up

at their heads with rafts of drift-logs, aud are sensibly filling up.

There are traces iu both the passes of former bayous, which have been completely filled up at

their heads, aud iu the mouths of which the water of the l>ay rises aud falls with the tide. l'>y an

exaniiimtion of the sheet No. B 4, it will be seen, from the cross-sections of the pas.ses and bayous,

that the banks are precipitous—in some instances almost perpendicular. Immediately on the river

they are firm, and a few inches above the ordinary high-water mark, but have a fall of 2 feet to the

bay, and become stift and miry in proportion as you recede from the river. Tfie growth on them is

salt-mar.sh iu the bays, with high reeds and canes on the shores of the passes.

The bay to the west of the Southwest i)ass is very shoal, the 1-fathom curve being 4 miles from

the shore at the mouth of Steer's bayou (sheet No. B 1). in East bay this curve runs up al)Out 7

ndles. The other curves, for want of time, were not run out the whole distance from Southwest bar

to South bar, but they keep very nearly a parallel direction to the 1-fathom.

The bottom of the l)ay is .toft mud at their heads, having a greater proportii)n of sand mixed with

it in the deeper water.
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Southirest bar.—For the examination of the details of this bar, the map upon the scale of ^^'oy

is submitted. The soundings are reduced to the plane of mean low water, marked " plane of refer

ence" on the tide scale.

The dimensions of the bar are 7500 feet from 18 feet within to IS feet without, along the chan-

nel ; 3i300 feet from 15 feet within to 15 feet without ; 5000 feet greatest distance between points of

2-fathom curves ; 913G feet, distance between extreme points of land.

The channel, having an average width of 1200 feet, is straight in a soutiiwest and northeast

lino, and lies on the west of the bar. Thirteen feet can be carried over at low water, and 14.5 feet

at high water ; though the mud in the channel is of so soft a nature that vessels are easily drawn

through an additional foot.

The bar is composed of mud and sand, the matter held in suspension by the river-water, and

deposited on the diminution of its velocity caused by the resistance of the sea. Within and without

the shoal the bottom is soft mud, of a bluish and yellow tint, having a large proportion of alumine.

Immediately on the shoal the bottom is harder, and has a greater proportion of sand. The for-

mation of this shoal is regular, having on it 9, 10, and 11 feet. The greatest irregularities are three

lumps, delineated upon the map, which are uncovered about 2 feet at low water, having diameters

of 4 feet. These lumps are the result of a cause, the facts relating to which are more fully detailed

hereafter.

The water is constantly undergoing changes, both in the level of the surface and in the bottom
;

tlie former from the winds alfecting the tides and from the freshets, the latter by the action of the

salt springs, and the continual deposit and carrying off of the particles, resulting from the different

velocities with which the water discharges'itself. The channel also changes its position, dependent

on the winds giving direction to the main current washing it out.

The water, previous to reaching the bar, discharges itself over two shoals, one on each side of

tiie pass. Between the last points of marsh and the extreme mud lumps, the boundaries of these

shoals are shown by the mud lumps, within which there is from 1 to 2 feet water. Eleven feet can

be carried into the 9-feet channel, and 9 feet out of it. It is, however, so narrow as to be at present

unused.

A cross-section of the bar made along the line joining the extreme points of land is shown on

sheet No. B 4.

iSV(/^ sprimjs.—The islands on the shoals and the lumps on the bar arc formed by upheaving of

tlie mud of the bottom, and are of various heights <above the surface of the water—from 10 to 3 feet.

On the surface of most of them are found springs of salt-water, holding in suspension a large quantity

of mud. These springs are a few inches in diameter, having tlieir sides hard, and are of various

depths, one being 18 feet, situated on the lump " Final " (sheet No. E 2). The whole of the surface

of the lamps is broken into fissures. These, together with the strata formed by the deposit of the

nnid from the springs, have every inclination to the horizon, and present the api)earance of the ex-

ertion of a strong force in a vertical direction from below. Around some of the springs the gronnd

was discolored from the presence of some chemical compound, being of a lead, a pink, and a rcdilish-

broicn hue. Inflamnwblc gas was constantly evolved from the most active. The soil of which the

lumps are composed is principally claj', though some have the chief proportion of sand. Specimens

of the nature of the soil of the principal ones are submitted for the consideration of the specia

board. When first taken from the ground they were quite salt to the taste, as are the weeds which
grow on the islands. The surface of many is covered with white pure salt, evaporated from the de

posit of the springs. The water from the springs, when filtered, was clear, very salt, and weighed
1025.5 grains, the same phial tilled with rainwater weighing 990.5.

Of the cause of the formation of these islands I am unable to give anj' opinion. It would
appear to be chemical rather than mechanical action, as has been presumed. They are not formed,

nor could any traces of their previous existence be found, in the passes or at the South bar. Tiicir

i)roken and distorted api)earance, and their being able to withstand the whole current of the river,

show the force to be of great intensity. In some the action appears to have ceased. The springs

are dried up and the surface become comparatively smooth. Such is the case with theone on which
station Pilot (sheet B 2) is located, and which is now used as a place of residence. In others, as

the one marked Lands-end, the action is very strong, there being nine springs on it. Those imme-
diately in the vicinity of the bar appear to be more active than the farther removed.

G4 n
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Ciiie has beeu t:ikcu to determine the exact position of these islan<ls. They were made points

1)1 secondary trianjrnlatioii, chained and compassed, and their height above the plane of mean low

water obtained. The profiles of the principal ones are contained iu sheet P. 2.

South bar.—The dimensions of this bar, shown on B 3, are

—

6500 feet from IS feet within to IS feet withont, alonj: the channel.

5000 " 15 " 15 " "

3000 " 12 " 12 " "

2000 " 9 " 9 " "

There are two channels, the middle ground between having on it at the time of the survey 2 and

3 feet water. Eight feet water can be carried over the west and principal channel— feet in the east.

The west channel, lying about north and south, has au average width of 1500 feet. The bottom of

the bar is principally fine gray saud, mixed with a small proportion of mud. Without the shoal the

soft yellow and blue mud of the passes is found. The character of the bar is sand (as it is of the

passes and of the adjacent shoals), there being two reefs of sand extending from each extremity of

the South pass, in a north and west direction. These spits of sand, together with the bar, are con-

stantly washing away and reforming from the efl'ects of the wind and action of the .sea. It will be

.seen that the reef to the west of the bar has made more than a mile since Captain DclafieUrs survey

in 1S29.

Although no traces could be found of the salt springs in this part of the delta, the changes are

almost as rapid as when subjected to their control. The middle ground, which in March had the

water on it represented by the soundings, had by the middle of June so much increased that it was

visible at high, and had a large portion of it uncovered at low water ; it was compo.sed of sand, very

firm anil hard, as if cemented by the small ])ortion of clay that was in it. The preci])itous nature

of the bar renders the sea very heavy and the navigation dangerous. There is also a shoal bearing

southeast from south lighthouse, which was not determined for want of time.

Tiilcs.—Observations were made upon the rise and fall of the water during the day at the head

of (Irand bayou in South pass, from 1st to 31st of March ; also during the period of souiuling out

the South bar. Observations were then made upon the tides, and from the 1st to the 31st May
the highest and lowest water, as well as the rise and fall for every half hour during the day, was
noted at the Southwest bar.

The projectio7is of the curves of high and low water at these two places are .shown by the two

scales on sheet B 1 and the scale on .sheet B i. From an examination of these it will be perceived

that the inlluence of the tide is very .slight in ati'ecting the water on the bar, the mean dillerence

between the high and low water on the Southwest bar (see table No. 1) being only 1.22 feet. There

is usually one tide a day, or during the twenty-four hours, governed by the wind as to its height,

and dei)endent on the position of the nu)on as to the time of high and low water; the water being

lower during a north, ami higher during a south wind, than under ordinary circumstances. During
the summer umnths, when the rpiantity of river-water discharged is very much diminished, the

inlluence of the tide is greater, and there is then an under-current of salt-water up the pass, which

has been known to tlow up as high as Fort Jack.son ; but, during the period of our observations,

tliere was no iiillux of the sea, but merely a diminution of the velocity ami a backing of the waters

of th(> river.

The eifeet on the tides by freshets is shown by the curves of high and low water during the days

of the 17th ami IStli and 19th May (sheet B 2), when much drift- wood, indicative of a rise, was
observed to float down the stream. The curves approach each other, the high water preserving its

level, lint the low water is much higher than usual, resulting from the increased body of water

diminishing the effect of the .sea and swelling the river.

The rise and fall is nearly the same in the pass as at the bar. The dillerence can be .seen by a

comj)ari.son of the .scale on .sheet B 1, with tho.se on sheet B 1.

Specific gmrittj of the tratcr.—The difference between the specific gravity of the water of the

river and of rain-water was so sliglit as to be almost imperceptible with a delicate pair of French

scales, although the experiments were made in all iiarts of the delta, as will be seen by the annexed

table (table No. 2).



APPENDIX xV.—MOUTU8 OP THE MlSSIWSIi'PI. 507

The weigbt of a pliial filled with raiuwatcr being 121'J.25, the mean of the .experiments on
tbe waters of the surface was 1210.75 grains ; of those below the surface^ 1220.2G

;
giving, in the

one case, 0.5 of a grain, and in the other, 1.01 in 900.5 grains—the phial weighing 222.75 grains.

The weight of the water on the bar constantly changes—dependent on the discharge of the

river and the force and direction of the winds. During a calm day and large discharge, river- water
can bo obtained for many miles outside the bar on the surface, and to a depth below e<|ual to the

mean depth of the bar; l)ut if the discharge was not great, the tide high, or the wind strong from

one direction, blowing the current toward the other, salt-water, or water mixed with salt, and
weighing the same, could bo obtained on the outside portions of the bar. During the months of

April and May, fresh water, and only fresh, was taken from within the bar, and on the line joining

the extreme points of laud. Beyond this, and when the depth was greater than 11 feet (the mean
depth of the bar), a mixture of fresh and salt water would be brought up, salt in proportion to the

depth.

Amount of deposit.—llaving weighed the water in the phial, it was filtered through a piece of

flltering-paper, the weight of which was determined before and after the filtration, the difference of

measurement giving the amount of deposit.

In the water of the surface, there is O.Go2 of a grain, and below the surface, 0.955 of a grain in

090.25 grains (table 2).

The alluvion brought down by the river is composed of fine sand mixed with clay ; it is greater

in volume than in weight.

Exi)eriments were made on the nature and (piantity of the sand, by sinking a closed box

l)ierced on o^jposite sides with holes of unequal diameter, the larger orifices being placed n|)slreaMi.

The water, in passing through, had its velocity diminished, and de[)osited the coarser particles held

in suspension. In this manner the sand of the bottom and surface currents was obtained in difler

ent parts of the delta, si)ecimeus of which are submitted for the consideration of the special board

The sand of the bottom is a little coarser than that from the surface.

In allowing the water to settle, it was found that in twenty -four hours it became quite clear.

This time was very much diminished when a mixture of salt and fresh water was subjected to the

influence of rest.

Force and ilirection of currents.—lathe passes, the current generally coincided with the axis

of the pass.

In the Southwest pass, at its head, the velocity is l.S feet per second, and at the bar about 3

feet per second (see sheets i> 5 and B C). The bottom velocity is nearly the same as the surface

;

and if there is any wind opposed to the current, the difference will be inappreciable. At the South-

west bar many observations were made to determine the existence of a littoral current. A piece of

drift-wood on the surface and a box with a specific gravity sufficient to sink it to the reijuired dei)th

were allowed to float over the bar, and a boat was left alongside of them, to which angles were taken

at regular intervals. During or succeeding a calm, the current of tlie axis of the pass continues in

its direction till its force is expended by the resistance of the sea. The current of the east or west

side has au inclination to the east or west, resulting from the spreading out of the waters, or their

being released from confinement to a channel.

The velocity is increased when the tide is falling, and diminished when it is rising. If there is

any wind, the current will obey the impulse given to it by its direction. If from the east, the set

of the curreut will be to the west, more or less inclined to the axis of the pass, as the force of the

wind is greater or less. So, if the wind is from the west, the .same circumstances will be percepti-

.

ble with regard to the set of the current to the east. The bottom velocity is slightly less than that

of the surface, and is afiected in the same way, though not in so great a degree, and is much sooner

neutralized by the resistance of the sea.

The prevailing winds being from the east, and the axis of the ])ass southwest, the general set

of the current is to the west ; hence may have arisen the idea of a " icesterly littoral current.''''

Care was taken to make the observations under all circumstances of wind and tiile, and no traces

of the existence of such a current is shown within 7 miles of the land—the extreme poiut to which

the observations were carried.

There are no regular currents in the bays, but such as depend on the wind and tides.
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(S'toj>es of tlic siir/dcc.— It was iiiiito.s.sible, froiu the great breaiUlj ot tlie river, and nature ot tlic

irrowtb ou its banks, to'level the snrl'are of tbe water from the bead to the mouth of tlie pass; but,

in order to arrive at some idea of the slope of the surface, the Southwest pass was levelled with

East and West bays, at its head and mouth ; and, presuming the water in the bay to maintain its

level, the inclination may be deduced.

Table No. 4 contains these observations : tbe nieau height of tbe pass above East bay, li.l'oL'S

feet; and at its mouth, 0.350 feet; giving an inclination of 1.75 feet in 12 miles—the distance

between the points of observation. The inclination is, however, varied by tlie winds, tides, and

freshets—the Southwest jiass, dnriug a freshet in June, having overliowed its banks at its head by

Afoot at high water.

I al.so enclose you tlie journal of the observations of tbe survey, ke[)t in obedience to the direc-

tions contained in your letter of Dee. .Sth, 1837, aud remain, sir,

With much respect, your ob't servant,

Geo. G. Meade,
Civil Engineer, in cbarge Second Brigade.

New York, .Ian. 'Ji, 1h:W.
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TABLE No. 1.

CuHluiniiiij the cuuount of rise and fall of the ivater at Suathwesl bar iluiinij the luouth of
May, 1838, as sJwtvn by the tide scale on sheet B 2.

Date.
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TABLE No. 2.—Ooutiuued,

BELOW TUB SUliFACE.

1h:58.

April

May I'J.

Locatiuu of the observatii

S.\V. ]iiiss, olV Stii.Willow.

Do. do
S. pass, <ili' lie.iil G. bayou.
S.W. i):iss, oli'J ft. channel

.

Do. ilo

Do. do
Do. do

>Ie.ad S.W. jui-ss, E. side .

.

Head South pass, centre..

Me

12 feet.

14 feet.

Bottom ; IH feet.

Do.
Do.
Do.
Do.
Do.
Do.

10 feet.

10 feet.

12 feet.

12 feet.

.") fathoms.
3 do.

Weijiht of
the phial.

1219. 00

12iy. 00
1219. 25
1221. 25
1221. 00
1220. 00
1220. 00
1221. 25
1221. 75

1220. 26

Diff.inwt.of
paper Itefore

0.75
0. [10

1.00
1.25
1.25
1.00
0.75
1.00
1.00

March 31...
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TABLE No. 4.

Contaiuhifi ol'scrralions made to determine the rclat'we heiglit of Southwest pass ivitli, East

and West hays, at its head and mouth.

1 neight above
Date. 1

j

East bay.



APPENDIX B.

DAILY GAUGE REGISTERS.

No. 1.—RECORDS OF TEE DAILY STAND OF THE MISSISSll'Pl KlVKl!.

The following is tlie list of beucli-marks for future reference :

—

At Cairo, the zero of the gauge is at the Cairo City company's "mean low-water maik," which

is 43.54 feet below their bench on Stevens & Williams' store on the levee.

At Columbus, the gauge was situated at the foot of Dabney street. Bench-mark No. 1, left

bank (near velocity base), on oak-tree, reads 40.85 feet on gauge. No. 2, left bank, on poplar-tree,

near northwest corner of Dabney and Front streets, reads 47.718 feet on gauge. No. 3, left bank,

top of northwest corner of l)rick foundation-pillar at .southwest corner of Methodist church, reads

45.395 feet on gauge. No. 4, right bank, on oak tree at station 29, transit line, reads 4C.C21 feet on

gauge. No. 5, right bank, on sycamore-tree at station 32, transit line, reads 42.403 feet on gauge.

At ^[cmphis, the gauge was situated in AVolf river, near the northern boundary of navy yard.

Bench-mark, top of the southeast corner of the water-table of rope-walk, navy yard, reads 4G.2(; feet

on gauge.

At XiiiwlcoH, tlie gauge was situated in tlic nioiuli of Arkansas river, nortli side. Bencli-mark

No. 1, on southeast corner of water-table of JIarine hospital, reads on gauge 49.43 feet. No. 2, at

Prentiss, on .sill of the middle door on the north side of the Jail, reads on Napoleon gauge 47.74

feet.

At Lake Providence, the gauge was situated near wharf-boat landing. Benchmark No. 1, top

of pedestal of east column of Methodist church, reads on gauge 44.10 feet.

At VicMinrg, the gauge was situated at foot of Crawford street. Bencli-mark No. 1, on curb.

stone at northwest corner of Prentiss House, reads on gauge 48.40 feet. No. 5, on northwest corner

of window-sill, depot Southern railroad, reads on gauge 150.50 feet. No. C, on top of third step of

Catholic church, roads on gauge 178.70 feet. No. 7, on projection near door of Catholi(! cluireh,

reads on gauge 183.44 feet. No. 8, on angle projecting a few inches from wall, east of main door

of Catholic church, reads on gauge 184.94 feet.

At Xcw Carthaffc, the gauge was situated in front of th(> town, and the oidy bench mark was

made on a tree, which, in 1859, had caved into the river.

At Natchez, the gauge was situated on Mr. Brown's breakwater. Bench mark No. 1, on

hackberry-tree about 150 yards from the breakwater. The tree is in Mr. Brown's garden. Two or

three spikes form the bench, which reads on gauge 57.00 feet.

At li'cdrirer landing, the gauge was situated at the wharf boat landing, below Mr. Torras'

house. Bench-mark No. I, on north side of locust-tree in Mr. Tiirras" lane, lends on gauge I5..)0

feet.

At Baton liougi; the gauge was situated in front of I\Ir. Brown's mill, above the arsenal.

Benchmark No. 1, upon a post sujiporting the log-way inside of the mill, is marked 30. It reads

30.3 feet on gauge.
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At BonahlsonvlUe, the gauge was nailed to piling of wbarf. Bench-mark Xo. 1, top of pedestal

of column of Land-office, northwest corner, reads on gauge 28.18 feet. Xo. 2, on water-table of

court-house, northeast corner, reads on gauge 28.82 feet.

At CarrolUon, the gauge was situated a short distance above the depot. Bench-mark Xo. 1

(a large railroad spike), on the northwest corner of the uiacliineshop of the Xew Orleans and Car-

rollton railroad, reads 7.92 feet on the gauge.

At Fort <S7. ritilip, the gauge was situated in front of Fort St. Philip. Bench of the fort

(a block of granite ou prolongation of face Xo. 1) reads CO feet on the gauge.

Note.—Throughout these Appendices, all " old style figures" indicate interpolation.

liccords for 1843.

St. Iiouls Arsenal.—Observer, Captain T. J. Cuiir, Topographical Engineers.

Date.
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Hecords for 1844.

St. Louis Arsenal.— Obseryer, Captaix T. J. Crv.ur, Topograpbical Engineers.

Date.
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Bccords for 1848.

Memphis.—From rccoids of Navy Yakd.

Date.



516 EEPOET OX THE MISSISSIPPL IIIYEH.

accords for 1849.

Memphis.—From records of Navy Vahd.

1
a
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Bccords for 1850.

Memphis.—From iccorils of N.vvv Y.ir.D.

_1



518 EErOET ON TOE .MlSSISSim EIVEl?.

liccords for 1851.

Memphis.—From records of Navy Yard.

i
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Records for 1851—Continued.

New Carthage.—Observer, Mr. A. E. Adkins.

1



520 RErOKT ON THE MlSSISSim EIVER.

Records for 1851—Continued.

Red-river landing.—Observer, Mr. Miguel Torras.

Q
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Itecords for 1851—Continued.

Donaldsouville.—Observer, Mk. A. Gingut.

1
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Ecconh for 1851—Continucil.

Fort St. Philip.

a
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Records for 1852—Continued.

New Carthage.—Observer, Mr. A. R. Adkins.

5
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Becords for 1852—Continued.

Baton Rouge.—Observer, Mr. J. \V. Br.owx.

1
a
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Records for 1852—Continued.

CarroUton.—Observer, Puofessor C. G. Forsuey.

1
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Bccords for 1853—Continued.

Baton Rouge.—Obseivor, JIii. J. W. Br.ows.

s
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Records for 1853—Continued.

CarroUton.— Observer, Phofessor C. G. Forshey. Records only approximately exact.

o



528 EEPORT OX THE MlSSISSim EIVEE.

Beconls for 1854—Continued.

Carrollton.—Observer, Pkofessou C. G. Forsiiev. Record only approximately exact.

2
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Eccords for 1855—Continued.

Carrolltou.—Observer, Professor C. G. Forsiiey. Records only approximately correct.

p_
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Records fur 1857.

Columbus.—Observer, Mk. J. M. Moore.

Jannary. Febra.iry

Q'gc ir<«<j.

May.

G> O'ge Wind. Q'gc

November. December.

Becords for 1857—Continued.

Donaldsonville.—Observer, Mr. A. Gingry.

n
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Records fur 1 857—Continued.

CarroHton.—Observer, Mit. W. II. William.s.
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Mecords for 1858—Contimiotl.

Columbus.—Observers, Mk. H. C. Fillebrown, Mr. J. M. Moore.

i

1858
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Records for 1858—Continued.

Helena.

1
Q
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Bccords for 1858—Contiuuetl.

Lake Providence.

Vicksburg.—Observers, Lieutenant H. S. Putnam, Mk. H. A. PATrisoN, Mr. J. J. Conway

i
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Records for 1858—Continued.

Natchez.—Observers, Lieutenant H. S. Tutnam, Mr. R. F. Leauned.

a
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EecoriJs for 1858—Coiitinueil.

Donaldsonville.—Observer, Mk. A. Gixgkv.

6
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Records for ISf)!).

Columbus—Obseivor, Mr. J. M. Moore.

1
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Bccords for 1850—Contiuued.

Napoleon.—Observer, Mr. A. A. Edincton.

Jannary. February

G'ge Wind.

Marcb. ApriL

Gge Wind. (Ige Wind.

Ao^st.

O'ge Wind.

Bccords for 1859—Continued.

Vicksburg.—Olj.server, Mr. A. Y. Nolley.

i
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Ileciinls for 1859—Continued.

Natchez.—Observer, Mu. E. F. Lkahned.

29 36.

30 36.

31 36.

Janij,ary. February. March.

1 59 G'j
1 43. _

2 44.0
44.3
44.3
44.5
44.6
44.7
44.6
44. S
44.4
44.2
44.0
43.9
43.8
43.4

36.

TTind

aw.

NW.
W.
SW.
NW.
SW.
NW.
SW.

W.
NW.

37! 8 SW.

W.
SW.

9 S.

S W.
8 NW.

February. March. April. May. June. July. August.

G'ge Wind. G'ge Wind. G'ge Wind. 6'ge Wind. G'ge Wind. G'ge Wind. G'ge Wind G'ge Wind. G'ge Wind. G'ge Wind. G'ge Wind.

October. November.

IiCCOi'(h for 1859—Contimied.

Red-river landing.— Observer, Mr. Miguel Torhas.

January. February.

G'ge Wind. G'l
35.8 N.
36.1
36.3
36.6
36.6 S.

36.7
36.8
36.8
36.8
36.8
36.7
36.

36.6
36.6
36.4
36.1
36.0
35.7
35.3 CalD
34.9 S.

34.4
34.0 N.
33.4
34 7
32.4 S.

32.0 SE.

31! 4 Calm

Wind. G'ge Wind. G'ge Wind. G'ge Wind. G'ge Wind. G'ge

April. July.

Wind. G'ge Wind. G'gi Wind. G'ge Wind. G'ge Wind G'ge Wind.

November December,
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Records for 1859—Coutiaued.

Donaldsoiiville.—Obsirvtr, Mi:. A. Gincmjv.

t
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Bccords for 18G0.

Doualdsonville.—Observer, JIr. A. GiNtiRY.
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Records for ISHl.

CarroUton.—Observer, Mi;. W. H. Williams.

Q
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No. 2.-REC0RDS OF DAILY STAND OF TRIBUTARIES AND BAYOUS.

Ohscrvafions upon the Ohio rirer.

Observations on tbo " I'ier-mark " at Pittsburg, during the years 1858-59. Compiled from The Louisville Courier.
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Ohscrratioiis upon haijon Tensas at crossing of VtdaVta and Harrisonhurfi road.

Flooil of 1844. j Flood of 1849.
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No. n.—TID.\L ORSEKVATIOXS WITH SIMIT.E (JAUGKnODS.

Tliesc observations are so numerous tliat a synopsis of the most important results is i)iefixe(l.

It is presented in the lullowins' tal)i(>, which exhibits the gauge-readings corresponding to the sev-

eral headings:

—

Biilo.
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Tidal Observations—Coiitinueil.

Date.
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Tklal Observations—Continued.

547

Diite.
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Tidal Observations—Continued.

Date.
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Tidal Observations—Continued.
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2'idal Observations—Continued.
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Tidal Observations—Continued.

551



552 KErORT ON TBE MISSISSIPPI EIVEIf

Tidal Observations—Continued.
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Tidal ObservaUons—Conthmcd.

Lake Pontcbartrain.

553



554 EEPOET ON THE MISSISSIPPI RIVER.

No. 4.—TIDAL OBSKRVATION.S WITH .SELF-REGlSTERlN(i GAIUiE.

Tbfi.sc ob.servations are so iiuineiou.s that a synop.si.s of the nio.st import a lit results is prefixed.

It was ascertained, by corres])oiuliiig observations on a tide-stafl' in the gulf, that tliere is a

rise at the telej^rapb station, due to the river flood. Tiie surfaee at this station rose 0.5 of a foot,

wlien the river at Carrollton rose from the oaugeiiiark of 3 feet to that of 10 feet. To correct the

" mean of tide readings" in the next table for this oscillation, the following subtractions must be

made. By applying tliem the mean level of the gulf will be found to read 1.0 foot on the telegrapb-

station gauge:

—

1859. Feet.

For May 0.7

" June 0.7

" July 0.4

" August 0.(1

" September 0.0

" October 0.

" November 0.0

" December 0.

2

18G0. Feet.

For January 0.4

" I'ebruary 0. (!

" March O.tl

" April 0.4

" May 0.3

The following table cxbibits the mean results ot the whole series of simultaneous observations

at Carrollton and at the telegraiib station at the montli of the Southwest pass:

—

Date.
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Tidal Observutioiis—(Jontiimed.

Date.
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Tidal Ohsi'tratioHS—Continued.
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Tidal Observations—Continued.

557

Date.
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Tidal Obsercations—Continued.
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Tidal Ohservations—Continued.

559



560 REPORT ON THE MlSSISSim RIVER.

Tidal Observations—Continued.
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Tidal Observations—Continued.

561



562 EEPOIIT OX TOE MISSISSIPPI rJVER.

Tidal Observations—Continued.



APPENDIX B.—DAILY GAUGE ItEGISTERS.

Tidal ObserraUons—Continued.

563



564 KEPORT ON TUE M1.SS1S8UT1 JUVEli.

Tidal, Observations—Coiitimicd.
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Tidal Observations—Continued.

565
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Tidal Obsenaiions—Continued.



APPENDIX B.—DAILY GAUGE EEGISTERS.

Tidal Ohservations—Continued

.

567
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CROSS-SECTIONS OF THE MISSISSIPPI AND OF ITS BRANCHES.

No. 1.—SOUNDINGS * IN THE MISSISSIPPI PvlVER.

Distance
fn»in

hasi-line
111 left

bank.

iao4
i:i8C

13!t2

1464
l.'iM

1595
16,"i9

n7.5
1H8B
1«!)7

11144

2041
201(1

21110

Depth
at

high

Section No. 2. Section No. 3.

base-lint

on iBlt

banlc.

1068
Hill

1204
1243
1313
1378
1430
l.'ilO

l.Wfi

lfi06

lull
Itl.l'J

1700
171.^

17.11

177S
1S31
1830
1873
1888
1804
1913
1905
1993
2008
20O8
2023
2020
2047
2003

Depth

liigli

1073
1100
1194
•i:i5i

1381

IDOli

1805
1900
19>(i

2030
2048
2103
21.5(1

high KeniarlfH

Section No. 5.

Distance
fi-oni

base-line
in hift

bank.

Depth
Ht

high Jl,

water,
1858.

Depth

.! h^h

1019
10(i3

1124
1173
1245
1270
13(i9

1423
1480
1008
10(i6

1711

,
1829
1865
1944
2099
2235
23:15

22.10

2275
2383
2284
2398

300
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Somidhujs ill the Mississipp'i rircr—Coiitiuueil.

1
Section No. 6.

1



57rf i;ei'Oi;t on the Mississipn uivek.

SnundbiffS in the llissisaijjpi rircr—Continued.

SectionNo.il. |
Section Ni
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Soundings in the Mississippi river—Continued.

571

Section No. 21.



5t2 REPOKT OX THE MISSISSIPPI EIVEIi.

Soundings in the Mississipju rirer—Continued.

Section No. 26.

Distance Depth
from at

base-line hi^b
on right water.
bank. 1851.

Section No. 27. Section No. 28.

1IS5
1175
14->0

1550
1575
1790
1870
2110
2120
2340
2.')0S

afiOO

2S20
2!'C5

3055
3210
3385
3440
3.570

3595
3700

Distance Deptb
from at

base-line bigb
on right wate!
bank. 1851.

1030
I.-iOS

1S45
2020
2U90
22B0

Distance
from

iKT^e-line

on rit;ht

1300
l.i70

1710
1920
2075
2230

Depth
at

hii:h

wat«r.
1831

Section No. 29.

Distance
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Soiuid'uigs hi the Mississippi river—Coutiuued.

57'

Secliou No. 36.
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Soundings in the Mississipjn river—Continued.

Section N
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Soundings in the Mississi])i)i river—Contiuued.

575

Section No. 56.



576 EEPORT ON TDE MISSISSIPPI IJIVEPv.

Sfmiidinf/.-i ill the Mississipjn river—Continued.

Sec
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Soundings in the Ifississi})})^ river—Continued.

577

Section Ko. 76.



578 liEPORT OX TOE MISSISSIPPI RIVER.

SoinuUngs in the Missmi2)in river—Continued.

Section N
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No. 2.—SOUNDINGS* IN TKIliUTAlilES AND BAYOUS.

Section No. 1.



580 REPORT ON THE MISSISSIPri RIYEIi.

SouKiUmjs ill liibiitdrk'.s and bullous—Coiitiuuuil.

Section Na 6.
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SoiiH(Uii<jd ill tiibiiltnics and hai/oiis—CoiitiiUKnl.

Section No. 10.



582 EEPORT ON THE MISSISSIPIH EIVEK.

Soiiiuliiiffd in tributaries and huyous—Coiitiuued.

Section No. 26.
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Soundings in trihutaries and hayoiis—Contiatied.

583

Section No. 3G.



584 EEPOET ON TUE MlSSISSim HIYEK.

Si>iiiiiJiii(/s hi frihiifarics a)ul Jiai/nus—Confiimcd.
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Soundings in tributaries and hayous—Continued.

Section No. 56. Section No. 57.

Distance Depth
from I at

ba8e-liue liisl

on \\'-\\t wate
bauk. ISfiS.

base-liuc
on risht
bauk.

high
vater,

1851.

Clay.

Section No. 5S.

Distance
from

base-1 ine
n ri^bt
bank.

bisb
watpr
1858.

Quicksand.

Section No. 59.

DistaDce
from

base-lint
D right
bank.

Section No. CO.

high
water,
1608.

Blue clay.

Section No. CI.

74 H

Section No. 62. Section No. 63.
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Soundings in tributaries and layous—Continued.
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No. 3.—COMPUTED DIMENSIONS OF CEOSS-SECTIONS OF THE MISSISSIPPI EIVEE.

Locality.

Measuremeuta.

1 Columbus, Ky. (footof Dab-
ney street) j Lieut. Abbot ..

.

2 The aarae as No. 1 JMr. Fillebrown
3 CoUimbus, Ky. (2110 feet be-

low Dabney street) Lieat Abbot- .-

4|The8ameas No. 3 Mr. Fillebrown
5 New Madrid, Mo. (J mile|

above) LieutAbbot.
6 Osceola, Ark. C2 miles

above)
V'Randolpb, Teno. (J

below)
J flelena, Ark
9 Napoleou, Ark Lieut. Putnam.
lo'Lake Providence, La Prof. Forsbey.

Lieut Abbot.

Mr. Pattison

.

Prof. Forsbey..

Ill
'

ton street)

laiV'icksburg. Miss, (moutb
]

of Glaas bayou)
13|Vicksburg, iliss. (200 feet

above foot ofCrawford st.)'Lieut. Abbot.

.

HIThesame as No. 13
| Mr. Pattison ..

15|Vicksburg, Mias. (foot ofl

Crawford street) Lieut. Abbot.

.

16 The same as No. 15 Mr. Pattison .

.

17 Vicksburg, Miss. (Ferry
I

landing)
IS Vicksburg, Miss. (J mile

1
below t erry lauding) . .

.

19 Vickaburg, Miss. (1 mil
I

below Ferry landing) I

"

|20 New Cartbage, La 'Prof. Forsbey..
21 The same aa No. 20

| Lieut Abbot...
22 Natchez, Mias. (250 feeti

above breakwater) "

23 Natchez, Miss. (50 feet

I

I above breakwater) ' "

;24 Kouth's point, near Ked-

j

I riverlandiBg Mr. G. C. Smith
|2o Red-river landing (iu fronti

1 I of post-office)
I

"

j26 Red-river landing (in^front

I

: of post-office)

!27 Raccourci cut-ofif (upper
end)

28|Raccourci cut-off (500 feet
below No. 27)

20 Baton Rouge, La. (above
barracks) i

30 Baton Rouge, La. (200 feet
below No. 29)

31 Baton Ronge, La. (from No.
29 to Ferry landing)

32 Baton Rouge, La. (from
Ferry landing to Conven-
tion street)

1

33 Baton Ronge, La. (600 feet:

I below State-house) LieutAbbot...
34 Baton Rouge, La. (I mile

below State-bouse) Iprof. Forshey..
35,Baton Ronge, La. (200 feetl

below No.34)
36 2-2 miles below Bonnet]

' Carr6chnrch I Lieut. Abbot. ..

37 Bonnet Carr6 (700 feet'

above No. 38) Mr. G. C. Smith
38 Bonnet Carr6 (300 feeti

\ \ above No.39)
39 Upper end of Bonnet Carr6

crevasse, 1850
j

"

40 Upper end of Bonnet Carr6;

I
crevasse. 1850 i Mr. Pattison . .

.

41 Bonnet Carr6 (650 feet'

i

above No- 42) |Mr. G.C.Smith
42 Lower end of Bonnet Carre

crevasae, 1850 iMr. Pattison . .

.

43 Lower end of Bonnet Carre
crevasse, 1850 'Mr. G. C. Smith

44 Bonnet Carr6 (300 feet be-i

!
low No. 43)

45 Bonnet Carr6 (1,000 feet be-
low No- 44)

j

46 At Sanve crevasae (17 miles
above New Orleans) Prof. Forsbey.

.

47 Below Fortier crevasse (15|

miles above NewOrleaua), "

48 Carrolton, La. (18,400 feoti

above Barataria • canal
locks) Mr.G.C.Smitb

High-water dimensions.

Mar. 1358 Date?

Date?;

Deo.
Sept 1851

Feb. 1858

Deo.

Feb.
Sept.

Feb.
Sept

Feb. 1858 1858

Oct 1851 1851

June, 1851 1851

Feb. 1859 1858

June, 1851 1 1851

Feb.
1859J

1858

June, 185l' 1851

Sq./cet.

161,248
164, 292

195, 844

184, 717

165,649
205, 846
211, 674
173, 630

201, 739

207, 455

Sq./eet.

161, 419
164, 350

No levees.

14, 537

No levees.

213, 462
175, 490

201, 996

207, 632

171, 932

177, 163

162, 187
203, 000
219, 052

231, 973

222, 297

203, 530

270, 208

260, 784

186, 510

182, 000

190, 630

191, 390

180, 010'

182, 890*

150, 250

186, 000

192, 300

202, 051

261, 700

235, 400

207, 540

207, 490

166, 900

151, 244

163, 046

162, 222

179, 500

174, 400

181, 200

172, 471

177, 311

162, 720
210, 000
226, 147

232, 811

222, 842

203, 900

270. 500

261, 300

No levees.

196, 946

197, 694

185, 590'

188. 293'

180, 300

190, 439

196, 939

202, 191

263, 000

237, 000

208, 100

207, 822

108, 000

154, 684

163, .500

162, 700

182, 000

174, 700

181,500

206, 540 215, 643

Feet.
2190
2230

2800
4080
3220
3545

3580

2345

2630

2750

2710
4300
4300

4600

4485

3880

3646

3586

2250

2400

2800

2800

2490'

2460

2190

2190

1900

3080

3100

3085

3050

3380

3200

3145

31-0

2950

2200

2200

Feet.
2200
2200

Nolevees.

7157

Nolevees.

3660
3725

3735

2445

2840

2790

4075

3700

3700

Nolevees.

3160

3150

2790-

2700-

2541

2220

2320

1956

3500

3500

3480

3480

4800

4828

4830

4800

4600

2250

2230

Feet.

3308
2295

6920

7179

2876
49-24

a740
3760

3315

2510

3072
3080

3080
3069

2902

2840

2919
5540
5640

Low-water dimensions.

Tear. Area.

1840 (?)

1858
1851

1851

1855

Sq./eet.

64, 274
65, 585

1852

1853

4949 "

4087 1851

3732

2290

2434

3180

3175

2806*

2715*

2597

2255

2350

2126

3540

3530

3510

3.504

4818

4850

4853

4824

4621

2296

2230

83,290
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Computed dimensions of cross-sections of the Mississij^pi—Continued.

Locality.

Measarementt).

Party of—

High-water dimensione. Low-water dimensioDS.

Prof. Forshey.

Mr. G. C. Smitli -June,

ifov.

June,

Jane,

Oct.

Juno,

Nov.

June,

Nov.

Prof. Forshey

Mr. G. C. Smith

Carrollton, La. (1J,400 foetl

above Barataria- canal'
locks)

J

Prof. Forshey..
CarroUton(lB,050fe6tahovel
locks) Mr. G.C.Smith

Carrollton (17,550 feetabove
locks)

Carrollton (16,550 feet above
locks)

Carrollton (16, 550 feet above
locks)

Carrollton (15,600 feetabove
locks)

55 Carrollton (14,650 feet abovel

I

locks)
56 Carrollton (14,650 feetabove

I

locks)
I

Prof. Forshey
57 Carrollton (14,250 feet above

locks) Mr.G.C.Smith
selCarrollton (14.250 feet abovel

I

locks) iProf. Forshey .

59 Carrollton (13,250 feetabove
locks)

60 Carrollton (12,850 feet abovel
i

locks) iMr. G.C.Smith
61|Carrollton (12,300 feet abovel

locks) IProf. Forshey..
Carrollton (11,600 feetabove'

locks) Mr.G.C.Smith
Carrollton (11,600 feetabove

locks)
Carrollton (10,580 feet above

locks)
Carrollton (10,580 feetabovej

locks) iProf. Forshey
Carrollton (9,700 feet abovel
locks) "

Carrollton (9,500 feet abovel
locks) Mr.G.C.Smith

Carrollton (8,800 feet above!
locks)

Carrollton (8,800 feet above'
lock.s) Prof. Forahoy..

Carrollton (8,600 feet above
locks) iMr. G. C. Smith

Carrollton (8,600 feet above!
locks) Prof. Forshey..

Carrollton (8,400 feet abovel
locks) Mr.G.C.Smith

Carrollton (8,400 feet above|
locks)

I

Prof. Forshey.

.

Carrollton (8,200 feet abovel
locks) Mr.G.C.Smith

Carrollton (8,200 feet above
locks)

Carrollton (8,200 feet above
locks)

Carrollton (8,000 feet above
locks)

Carrollton (8,000 feet above
locks)

Carrollton (8,000 feet above
locks)

Carrollton (7,800 feet above
locks)

Carrollton (7,800 feet above
locks) Pref. Forshey..

Carrollton (7.600 feet above
locks) "

Carrollton (7,050 feet above'
locks) jMr. G.C.Smith

Carrollton (7,050 feet above!
looks) jProf. Forshey.

-

Carrollton (6,250 foot above
locks) |Mr. G. C. Smith

Carrollton (6,250 foot above
locks)

Carrollton (5,200 feet above
locks)

Carrollton (4,200 feet above
locks)

Carrollton (3,800 feet above
locks)

Carrollton (2,800 feet above
locks)

Carrollton (at canal locks).
Carrollton (at canal locks)
Fort St. Philip (50 feet below
boat-shed) iLiout. Abbot .

.

93

Prof. Forshey..

Mr. Pattison...

Mr. G. C. Smith

Prof. Forshey..

Mr. Pattison.-.

Mr. G. C. Smith

Prof. Forshey

Mr.G.C.Smith

Oct.

Fob.

Sept.

Feb.

Sept.

Feb.

Sept.

Fob. 1859

1851

Sept.

Feb. 1859

1851

Sept. "

Oct. "

June, "

Dec. "

June, "

Deo. '

June, "

Jan. 1858, 1858

Sq./eet.

206, 700

216, 610

920, 570

Section

221, 870

226, 330

227, 630

218, 450

212, 000

220, 080

215, 210

Section

242, 100

209, 600

227, 280

199, 860

S13, 760

205, 690

209, 830

182, 350

201, 520

182, 890

203, 880

183, 730

203, 350

177, 740

193, 870

184, 990

163,690

181, 540

172, 610

162, 480

178, 710

169, 990

184, 950

177, 290

196, 080

196, 400

195, 950

175, 800

160, 420

176, 490
211,910
194, 430

231, 300

Sq./eet

215, 806

226, 088

220, 989

line not

231, 255

235, 180

235, 450

226, 267

219, 381

227, 458

282, 594

line not

250, 930

218, 393

236, 069

208,141

222, 036

213, 986

210, 809

190, 080

209,241

inO, 538

211,530

191, 390

210, 937

185, 312

201, 446

185, 338

171, 278

189, 123

173, 014

170, 096

186, 333

177, 656

192, 746

185, 092

204, 627

904, 348

205, 427

184, 574

189, 208

185. 490
220. 246

202, 228

Feet

3020

3055

3060

porpen

2975

2860

2485

2485

2350

2350

2220

perpen

2425

2510

2510

2575

2575

2520

2475

2375

2375

2375

2375

2330

2330

2335

9335

9425

2340

2340

2390

2350

2350

2340

2375

2375

2400

2400

27.50

2600

2640

2600
2585
2450

Feet

3035

3160

3140

dicular to!

3130

2950

2G0S

2605

2460

2460

2460

ilicular to

2945

2930

2930

2760

2760

2765

9660

2575

2575

2550

2550

2530

9530

2525

2525

2705

3530

2530

2670

2540

954P

25.W

2600

2600

9650

96.50

3100

9995

3000
2780
9600

Feet.

3060

3185

3170

the

3155

2985

2685

2665

9520

2510

2505

the

9985

2960

9960

2790

9800

2805

2700

2620

2615

2600

2590

2585

9585

2565

2560

2740

9565

2570

2700

2.575

2575

2590

2645

9645

2695

2690

3195

2960

9980

bankt

1851

banks.

1851

Sq./eet.

172, 493

211,113

185,014

186, 067

192, 767

197, 837

188, 805

184, 731

192, 608

189, 144

219,155

178, 980

196, 656

170, 041

183, 673

175, 811

173, 346

154, 630

172,941

154, 990

17.5, 305

156, 410

176, 019

149, 301

165, 495

150, 030

135, 327

153, 177

138, 200

135,000

150, 520

141, 468

1S6, 033

148, 342

167, 104

166, 885

161, 889

145. 200

149, 010

143, 9-7

180, 000
164, 115

Feet

2740

2830

2825

2895

2705

2410

2390

2160

2160

9000

9325

2325

2320

2355

2325

2335

2245

2265

9275

2280

2940

2260

9223

2238

9260

2219

^59

2220

9930

2235

9270

2295

2300

2345

S345

2645

2500

9595

9.535

2460
2355

212, 500 2335

Feet

2760

9855

2845

2730

9485

9450

9920

2210

2035

2200

9340

2340

2345

2390

2350

2305

2315

2390

2245

9315

2355

9270

2290

2240

2993

2244

2265

2270

2305

2335

9340

2390

2385

2680

9535

9625

9560
2.505

2390

2387
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No. 4.—COMPUTED DIMENSIONS OF CROSS-SECTIONS OF TRIBUTARIES AND BAYOUS.

1 Ohio river, at Cairo, 111.

3 Hatchee river, at cross-
iug of Fulton road

4
I

St. Francis river, 0.7 of
}

a mile above mouth. .

.

5
I

"White river, i of a mile
Ill-low cnt-ott'

6 Cut-otr between Arkan-
sas .111(1 White river...

7 Arkansas river, in front

I

of Marine hospital
8

I .. .. ' ..

9
I Boffue Falaya, at Hal-

lam's ferry
10 I Sunflower river, at

Dougberty's ferry
Yazoo river, at Beck's
ferry, near Greenwood

Yazoo river, 500 feet be-
low Steele's bayou

Bayou Tensas, at Man-
deviile's ferry

Wasbit.a river, ferry

j
lauding.Harrisonbur^

I

Black river, 1000 feet
above mouth

r..iiriv.i,al Alexandria
ll.'.l riviT. i lml|. below
iiM.mli V.'.ink liv.T ...

Kr.lim r, 7001ret.lbov(
1 luoutli
' Ked river, at mouth . .

.

MoutbofOldriver, above
Ecd.river landing....

MoutbofOldriver, 475
feet north of No. ai

MoutbofOldriver, about
3 milesabove Ked-river
landing

Old river, about 4 miles
above lied-riverlauding

Old river, WOfeetNW.
of So. 24

Old river, 1200 feet NW.
of Xo.24

Old river, C295 feet from
muulh Red river to the
ea.st

.

Measurements.

Party of-

Old river, 1425 feet west
of ^'o.27

Old river, 800 feet west
f N<.

Old river, 600 feet west
of Xo.29

Old river, 550 feet west
ofNo.30
Old river, 300 feet west
ofNo.31

Old river, 500 feet west
of No. 32

Old river, 550 feet west
of No. 33

Old river, 1050 feet west
of No. 34

Old river, 450 feet west
of No. 35

Old river, ,iust below
motith of Red river to

the west
Old river, 900 feet west
ofNo.37

Old river, 1200 feet west
ofNo.as

Lieut. Abbot..

Lieut. Putuam

Mr. Paltison.

.

Lieut. Abbot.

Mr. Pattison..

Mi.G.C. Smith

Lieut. Abbot

Mr. G. C. Smith

Dec. 1867

Mar. 185>

Feb.

.Ian.

Dec. 1857

" 185t

Feb.

Jan. 1859

Feb. 1858

1351

High-water dimensions.

Sq.feet.
lag, 150

100, 010

8,157

37, 053

36, 343

24, 500

7,3fi5

14,515

17, 270

49,850

15, 690

70. 700
89, 965

Section.

78, 600

70, 090

42, 200

91, 570

94,770

96,925

99, 415

99, 124*

106, 915-

114, 982*

114,576*

115, 224*

112, 010*

122, 430'

Section.

Section-

149, 560*

181, 870*

184, 885*

37, 250

No levees.

27, 450

X^o levees.

line too

No levees.

line too

line too

Feet.
2992
2925

1745
1840

oblique

1750

1165

1150

2535

2015

2650

2505

2565"

2750*

2810*

2800*

2825*

2865*

2890*

oblique

oblique

2795*

2685*

2710*

for correc

No levees.

for correc

for correc

Low.water dimensions.

1858

Date!

1859

1858

Sg. feet.

54, 000
54, 300

4,300

4,100

6,700
5,900

2,300

3,440

2,330

18, 430

190

26, 100

3,300

3,900

3,500

3,700

3,100

3, 200'

4, 600

8, 900'

8,500-

10, 000'

8, 100*

10, 200*

19, 800'

72, 900"

76, 700<

Feet.
2126
2040

2284*

2215*

2140*

"Corrected for oliliquity of section-line.
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Comimted dimensions of cross-sections of trihutanes and .hayous—Continued.



APPENDIX D,
CURRENT-MEASUKEMENTS UPON THE MISSISSIPPI AND ITS

BRANCHES.

No. 1.—CURRENT-MEASUKEMENTS AT C.VKEOLLTON, BY PARTY OF PROF. C. G. FORSIIEY.

Preston base.

Priran base.

j

Preston base.
Locks b.Tse.

Kace-conrse base.
Prime base.

Preston l»ase.

Race-course base.
Locks base.
Prime base.

18 7.0
20 9.

1

21 1 la 1

22 ;
11.

24 ;
1 1. 8

25 I
12.

1

2B 12.5
:. 1 13.3

3 13.6
4 13.7
5 13.9

6 14.2

8 14.1

10 14.3
11 14.3

12 14.3
13 14.4

14 14. fi

15 14.7
17 14.8

19 14.9

20 14. 9

21
I

1.^ 1

22
' la. 2
15.1

15.2
15.4
15.3
15.3
15.2
15.0
15.1

15.0

May

14.8
14.7
14.6
13.7
13.3
13.0
12.3
12.1
11.5

16
I

11.2

17
I

11.0

20 10.6
21 . 10. 4

23 '. 10.

1

26
27
28 9.9
29 10.

1

le 2 10. 9

3
I

11.0
4 11.1

5 11.1
11.1

7 I IL
9 11.2

10 11. 2
11 11.2
12 I 11. 4

13, 11.5
16 11.7
17 11. 4

Down 2
Down 2
Up 2
Up 3
Down 2
Up 1

Down 2
Up 2
Up 2
Down 3
Down 2

Down 1

Up 2
Up 3
Down 2

Down 3

Up 1

Down 2
Up 2

Up 2
Up 2
Up 1
Up 3
Downs
Down 1

Velocity in divisions numbered—

I. II. in. IV. V. VI. viL vin. ix. x. xi. xii. xm.

6.45
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Cimcnt-measurements at CarroUton—Continued.
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No. 3.—CUERKNT-MEASUREMENTS AT COLUMBUS, BY PAUTY ' OF MH. 11. C. FJLLEBKOWX.



APPEXDIX D.-CUREENT.MEASUEEMENTS OX MISSISSIPPI. 595

Current-measuremetits at Columbus—Continued.

I. n. in. IT. v. VI. vn. vm

Telocity 5 feet below anrface in divisions numbered-

I'eet.

8.70
9. Oi)

!l. 0!)

!l. 5S
10.00
10.00
10.53
lU. 5.1

10.53
10.53
10.53
10.00
9.09
li.'iO

8.70
8.33
e.0;i

7.41
0.45

8.70
8.70
8.70
9.09
9.52
9.52
9.5-2

10.00
la 00
10.00
9.09
8.70
8.70
8.33

9.09
9.09
8.33
8.00
7.69
7.14
7.14
0.07

I

fi.OC

5.20
' .5. 13

IX. X. XI

t). Oi;
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Current-nwnsuremeuts at Columbus—Contimu'd.
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No. 4.—CURRENT-MEASUKEMENTS AT NATCHEZ BY PARTY OF LIEUTENANT H. S. PUTNAM.

Date.
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No. 5.—CURKENT-MEASUEEMENTS AT VICKS15UUG, BV PAKTY OF SIK. II. A. PATTISON.
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Current-measurements at Vklcshwg—Continued.

38.1
37.1
36. S
35.5
34.5
3.I.2

33.4
31.1
27.6
26.5
26.5
24.7
5.3. 9
33.

.21.8
I ai.3
; ao. 6
; 19.3
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Curreut-mcasuremoits at Vkkshurg—Continued.
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No. 6.—CURRENT-MEASUREMENTS UPON THE ARKANSAS RIV^ER AT NAPOLEON, BY PARTY OF MR.
A. A. EDINGTON.

December 29.

1H5S.

Jatiiiary 1.

is!
16.

17.

18.

19.

20.

21.
22.

25.
20.
27-

Fel)rnary 25.

26.
M.arcli 6.

9.

10.
14.

18.

21.
24.

26.

28.
31.

April 2.

3.
4.

5.

6.
7.

8.

15.
16.

17.

26.

27.
Mfty 1.

b!

7.
8.
9.

10.

11.
12.

13.

16.

17.

19.

23.
27.

29.

30.
June 1.

2.
3.
4.

5.

6.

8.

9.

10.

14.
15.

20.

21.

30.
July 8.

13.
14.

15.

16.
17.

18.

21.
26.

76 H

Gange.

Feet.
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Current-measurements upon the Arkansas river at NapoUon—Continued.
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APPENDIX E.

DAILY DISCHARGE AT VELOCITY STATIONS.

No. 1.—DAILY DISCHARGE PEli SECOND, IN CUWC FEET, OF THE MISSISSIPl'I KIVEK AT CAKKOLLTON.

Dny of
moitU.
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No. 2.—DAILY DISCHARGE PER SECOND, IN CUBIC FEET, OF TIIE MISSISSIl'PI RIVER AT COLUMIiUS.

Day of D
month.
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No. 3.-DAILY DISCHARGE PEK SECOND, IN CUBIC FEET, OF THE MISSISSIPPI RIVER AT VICKSBURG"
OR NATCHEZ.

Day of
moutb.
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No. 4.—DAILY DISCHARGE PER SECOND, IN CUBIC FEET, OF THE ARKANSAS RIVER AT NAPOLEON.

Day of
month.
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No. 5.—DAILY DISCHARGE PEE SECOND, IN CUBIC FFET, OF THE YAZOO RIVER AT MOUTH.

Day of
month.



APPENDIX F.

SECTIONS OF MISSISSIPPI SWAMP LANDS.

No. 1.—SECTIONS OF ST. FRANCIS BOTTOM LANDS.

Cairo and Fulton railroad.

i
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No. 2.—SECTION OF YAZOO BOTTOM LANDS.

Section acrosE
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No. 3.—SECTIONS OF TENSAS BOTTOM LANDS.

Gaines' landing and Folton railroad.
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Sections of Teiisas hottom lands—Contimxed.

Locality.

Distance
from the
Missis-
sippi R.

Yicksbnrg and Skreveport railroad.
Vidalia and HarrisonbnrE road, aurveyed by

I party in cbarge of Mr. Pattison.

Flood of 1850.
I

Flood of 1850.

h. w. lev-
Deptb

el at the "'

(121 feet
"o^-

I

ab.golf.) I

Locality.

Black bayOQ ,

Feet.
192, 000
195. 000
198. 000
201, 000
204,000
207.000
210, 000
213.000
216, 000
219, OOO
222.000

i

225,000
228,000

!

< 231,000 I

Bayon Bccnf. 23J, 000

I

a37, 000
240, 000
243, 000

Bayon Siard
i 246, 000

j
249, OOO
252. 000
255, 000

! 258, 000
261, 000

I

Washita river 264, 000

Feet
20.0
19.0
20.0
18.0
19.0
20.0
23.0
31.0
20.0
20.0
*iO
2.1.0

33.0
25.0
23.0
25.0
26.0
24.0
22.0
24.0
24.0
25.0
24.0
25.0
23.0

Distance r< -i

'

Worn thel<5"',°"'li

Miss. E. ./^'"lY^ Depth
at Ticks.

'^,^-J^;-
o?

(100 feet,
fi"^-

I

ab.gulf.) I

Loc.ility.

OppositeVicksburg

"Walnut bavon

10.
i

Grassy lake .

0.0
,

Koundaway bayou.

Tensas river .

Joe's bayou .

.

B.'iyou Ma^on

llavou La Fourche.

Miles.

Distance r-w^^j
from tl,e

'^™°°*'

Miss.K.
h w llv J'^P"'

'»«Vi..a.h.-}e; of

Mitts. R over-

I I

(66 feet *'"'•

ab. gulf.)

14.0
14.0
14.0
14.0
14.0

16.0
14.0
11.5
21.0
11.0

11.0
22.0
11.0
16.5
19.0
22.0
23.0
15.5
19.0
las
17.5
16.5
16.0
15.0
14.0
1&5
13.0
lao
17.5
17.0
17.0
15.5
13.5
12.0
10.5
8.5
K.0
22.0
81.5
2L0
24.0
24.0
31.0
37. .5

37.5
35.0
32.0
29.0
26.0
23.5
20.5
17.5
15.0
12

11.0
11.0
10.5
10.5
10.5

0.0
10.5
•0.0
3.5

5-? I

Vidalia
Bank of lake Con-

cordia
Bank of lake Con-
cordia

Bank of lake Con-
cordia

Bank of lake Con-
cordia

Bank of lake Con-
cordia

Bank of lake Con-
cordia

Bank of lake Con-
cordia

Bank of lake Con-
cordia

Bank of lake Con-
cordia

Bank of lake Con-
cordia

Bayou Tensas.

Ben's bayou..

-

Feet.

I

5,000

10,000

1.5,000

20,000

25,000

30, 000

35,000

40,000

45,000

50,000
55,000 I

60,000
65,000 '

70,000
75,000
80,000
85,000
90,000
95,000
100.000
105, 000 I

110,000 1

115,000
117,000
120,000
125,000
130, 000
133, 01)0

135,000
140, 000
145, 000
150,000
155, 000
160, 000
161,000
162,000

16.0
15.0
13.0
11.0
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No. 4.—SECTIONS OF THE DELTA OF THE MISSISSIPPI.

Morganza to 'Washington. New Orleans and Opelonsas railroad.

Flood of 1850.

Distance
from the Ground
Missis-

I

below
sippi at h. w. lev-

Mor- j el at the
ganza.

(44 feet
ah. gulf.)

iDistance
from the
iliaa. R.

I

opposite

Flood of 1858.

el at the
ilias. K.
(14 feet

ah. gulf)

Flood of 1858.

Distince
from the Ground

IS. R. below
opposite h. w. lev-

New Or- el at the
leans. Miss. E.

(14 feet

ab. gulf.)

Morganza
Jrossing old Ope-
^ luusas road ,

TJank of Courta-
bleau, opposite
"Washington

Miles.

12.25

31.25

5.0

11.0

Baton Rouge to Port Bar6.

Bayou Grosse Tete
,'on Alfibama

Month bayc
Courtableau..

Port Bar6

sippi at
Baton
Rouge.

Flood of 1850.

14.0
11.0
15.0
17.0
16.0
17.0
18.0
19.0
19.0
21.0
18.0
22.0
20.0
20.0
17.0
16.0
17.0

5,000
10, 000
15, 000
20, 000
25, 000
30, 000
35, 000
40, 000
45, 000
50, 000
55, 000
60, Olio

65, 000
70, 000

75, 000
80, 000
85.000
90, 000
95, 000

100, 000
105, 000
110, 000

115, 000
120, 000
125, 000
130, 000
135, 000
140, 000
145, 000
150, 000
155, 000
160, 000

165, 000
170, COO
175, 000
180, 000
185, 000
190, 000
195, 000
200, 000
205, 000
210, 000
215, 000
220,000
225, 000
230, 000
235, 000
240. 000
245, 000
250, 000
255, 000
260, 000
265, 000
270, 000

Bayou La Fonrcbe- 271, 000
27.5,000

280,000
285,000

Terro Bonne 290, 000
295, 000
300, 000

I

3C5, 000
310, Olio

' 315,000
320, 000
325, 000
330, 000
335, 000
340, 000

13.5
13-0
15.0
14.0
10.0

13.0
13-5
13.5
13.0
12.0
13.0
12.5

10.5
10.5
10.0
12.5
12.5
14.5
14.0
16.5
13.0

13.0
12.5
14.5
14.5
14,0
14,0
14.0
14.0
10.0
11.0
13.0
12.5
11.0
8.0
13.0
14.0
14.0
10.0
10.0

10.0
14.5
14.0
14.0
10.0
11.0
11.0
12.0
14.0

Berwick's bay.

Feet.

345, 000
350, Olio

355, 000
360, 000
365, 000
370, 000
375. 000
380, 000
385, 000
390, 000
395, 000
400, 000
40.5, 000
410, 000
41.5,000

420, 000
422, 000

Feet.
14.5
12.0

14.0
14.0
14.0
7.0
14.0
13.0
10.0

Section down bayou Atchafalaya.

Head of b.ayon
Simmsport
Bayou Rouge
Crossing old Ope-

lonsas road
Cow-head b<ayou
Mouth bayou Ala-
bama

Month bayou Cour-
tableau

Grand river
Head of Grand lake.

of the
Atcha-
falaya.

Ground
below h.

w. level

at upper
inth, of
Atchaf.
(50 feet
ab. gulf)

Miles.

3.25

Flood of 18.50.

33.0
42.0
47.0



APPENDIX G.

CURRENT-MEASUREMENTS AT THE SOUTHWEST PASS.

No. 1.—OBSERVATIONS IN 1S51 P,Y THE PARTY OF PROFESSOR C. G. FORSHEY.

Peofessor Foeshey employed tlie velocity apparatus, fully described in Chapter IV, where

a detailed account i.s given of the luetbod adopted for gauging the Mississippi. Ilis first obser-

vations were made at low and at high tide (oscillation 1.33 feet) at the bar of the Southwest pass

on August 8-9, the river being at its " flood"' stage. He found the water both at surface and

bottom flowing outward. At the surface and at 8 feet below, it was fresh; at the bottom it was

brackish. His second observations were made on December 19, at mid-tide (rising), at the same

locality, the river being at its "low-water" stage. He found the water at the surface flowing

outward, and at the bottom at rest. It was brackish at surface and mid-depth, and salt at the

bottom. The following extracts from his report furnish the details of these two sets of observa-

tions :

August 8-9.—" The tide had a range, independent of winds, of 1.33 feet, and reached its

highest point at 4 a.m., and continued to fall from about Gi a.m. till 3 P.M., then was stationary

for an hour or two. *#******»
" I next repaired to the bar itself for velocity observations. A pilot-schooner was anchored

at the bar, just inside, and, for my accommodation, the pilots placed their vessel in the narrowest

and least difficult point of the bar. I found 15 feet large as the depth at this time, low-tide, 6.^ p.

M., August 8th, 1851. I measured 50 feet on the deck of the schooner, established nuiges, and cast

out our float-kegs. The result gave a mean of

—

"Surface 2.56 feet per second.

" 15 feet deep 2. 13 " "

" I then rigged the hydrodynameter, with the steel rods screwed together, and measured four

times at 7 feet, four times at 12 feet, and three at 15 feet, with the results difi'ering a little from the

above; thus, 3.3 feet, 2 feet, and 1.31 feet per second. I prefer the results given by the kegs, as

the friction of the machine, and some doubts as to its real value, must be recollected in using the

meter.

"Then we have a velocity at the bottom on the bar, full 2 miles outside of the land, of 2 feet

per second.

"I then took up parcels of water from the surface, 8 and 15 feet deep; the former two were

fre.sh, the last brackish, although running out. It was turbid like the others.

"In order to test these currents under circumstances the most favorable to an upward current,

I resolved to remain on the bar during the night and continue experiments.

"At 2 o'clock A.M., by a bright moon, I made another set of velocity measurements with the
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kegs. I cast out surface apd 16 feet floats, allowing oue foot for rise of tide since the evening

experiments. Thus

:

"At surface 2. 56 feet per second.

"At 16 feet 1.85 " "

" 1 again obtained \Yater from surface, mid-depth, and 10 feet, and found the former fresh

and the last brackish as before, but still as turbid to the eye as the others."

"In December, 1S51, I made a second survey about the mouth of the river. * * The gauge
at Carrollton ranged from to 1 foot, the lowest water ever known. *****

"The pilot's boat lay ancliored upon the bar where the chaunel depth was 16 feet at mean
tide, having nearly one foot greater depth than when tested in August under high-water influences.

Upon its deck I established a base of 50 feet, and with range sights timed the passing keg-floats

started along the chaunel, past the anchored boat.

VELOCITIES ON BAR.

" Set 1—Surface 1.99 feet per second.

7 feet 1.51 " "

14 feet Touched bottom and bung.

"Set 2—Surface 1.72 foet per second.

7 feet 1.39 " "

14 feet 0.41 "

Tide rising at 0.0 of a foot above low tide when velocities were measured.

" Second series, at 300 feet east of pilot-boat, same base of 50 feet on deck, channel 17 feet

deep.

"Set 1—Surface 1.39 feet per second.

7 feet 0.91 " "

15 feet Stood still ; no current.

" Set 2—Surface 2. 38 feet per second.

7 feet 1.51 "

13 feet Drifted very slowly down.

' Third series, at outer verge of the bar, 15 feet water.

" Surface 2. 38 feet per second.

"6i feet 0.40 " "

f Stood a minute, and in

„ five minutes drifted 50
"ISfeet i „.

, ,leet across channel

I, eastward."
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No. 2.—OB.SEKVATIONS IN 18o'.»-00 UY THE P.VJJTY OF MK. C. A. FULLER.

Prior to his elaborated iiieasuremeuts, ]\[r. Fuller made a set of amateur observations, respecting

which he states :

—

"The observations were made on the 13th, 14th, loth, and ICth January, 1859. The stage of

water in the river being at New Orleans about o.J feet below high-water mark [Carrollton gauge

11.5 feet]. The tide during the four days, as above, ranging about 2 feet betv.een high and low

tide. Very little, if any, wind was blowing, and that little from N. to NNE."
" I do not feel perfectly satisfied with the results of the sub- velocities. Want of time alone

prevented my making experiments on the under currents in a more satisfactory manner. The
results I furnish herewith may serve as tests for other experiments I expect to make during the

ensuing spring, and in making which I hoi)e to be better prepared for ascertaining with correctness

the direction as well as the force of the under current."

The record of these amateur observations is given to make the list complete. The velocities

were obtained by noting the time of passage of the floats between two points, 100 feet apart; the

upper station being designated by a buoy, while at the lower station a boat was anchored, and at

the same time connected with the upper station by a line 100 feet in length.

The surface floats used were made of cypress roots, as light as or lighter than cork. The sub-

velocities were obtained by means of a submerged keg, connected by a line to a surface float (maile

of light wood—about 8 inches diameter at base—in form of a cone—length of axis about 6 inches

—

signal flag at apex), the length of the connecting line being regulated by the depth at which the

velocity was required.
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It was diiectetl tbiit all Mr. Fiillei's ehiboiateil sub .suifacc velocity observatious shoulil be
made with tin sub-lloatsG iucbes iu diameter, and Iroin t) to 12 inches long, connected by a flue wire
with surface iloats inches iu diameter and from 1 to 2 inches deep. The experimeuts of May 12

were made with such floats ; but several of the sub floats having been suddenly broken off (probably
by fish), wooden floats were substituted, wliose surfaces, lilce those of the tin floats, were to each
other as 5 to 1. They were, however, connected by a line nearly J. of an inch in diameter. The
experiments iu August, and all subsecpient to that date, were made with tin floats, connected by a
fine wire. At the beginning or end of each experiment the sub-float was suspended near the bottom,

the wire being held in the hand. This hand experiment was directed to be made from the first, but
from some misapprehension it was for a time omitted. The experiments subsequent to October
were made by suspending a tin float C inches in diameter and 12 inches deep by a flue twine.

When the current observations at the bar of the Southwest Pass, made in May, 1859, are exam-
ined, the tides of the gulf, and the direction of the winds and waves, should be considered; and it

should also be borne in mind that iu an experiment made by Mr. Fuller in August, when the exposed
surface of the surface float was one-fifth that of the sub-float, the latter, although in still water, was
carried forward by the surface float with a velocity equal to one-fifth of its own.

The obser\'atious during the flood stage show tliat there was at no time an inward current of

salt-water at bottom, but that all the salt-water had an outward motion. Where moving slowest, it

had a velocity varying from 0.3 of a foot to 1.0 foot per second, the mean being about 0..5 of a foot

l>er second. Sometimes, where the depth was 42 feet, the salt-water at a depth of 25 feet was
moving outward with a velocity of at least 2.5 feet i)er second. It is stated iu the notes of the

observer that these sub-currents were not in the same direction with the surface currents, but some-

times made an angle as large as 20 degrees with them.

The observations during August, when the river was very low, show that iu that condition the

bar was always covered with salt-water, sometimes still and sometimes in motion uj) the river; the

np stream motion apparently depending upon the wind, and not upon au eddy, for its existence and
strength. This up-streauj current was sometimes just perceptible; at others it was from ^ to J of a

mile per hour. It was stronger on the outer edge of the bar than at the inner edge, which could not

have been the case, if it had been au eddy current. When there was a down stream wind (northerly),

tlie subsurface refluent current was not perceptible either at the inner crest of the bar or on the bar
(the water at the bottom, in the absence of tide, being still) ; while at the outer crest of the bar the

upstream current was just barely perceptible. After an easterly and southeasterly- wind of some
days' duration, this up-stream current was found to be quite strong at the outer and inner crest.

In September and October, the river being then also at its "low-water" stage, and the tide rising

(range about 1.5 feet), salt-water moved in at the bottom on the outer slope of the bar, the thickness

of the stratum and its velocity increasing as the tide rose. When the tide fell, the salt-water moved
outward.

The observations subsequent to October confirm the conclusions based upon those made previous

to that time ; namely, that the salt-water currents sometimes found on or in advance of the bar are

chiefly due to changes in the level of the gulf, caused by wind or tide. The eddy current, although,

theoretically, it must exist, was rarely detected, being usually hidden by the action of other and
more powerful agencies.

It is a fact well established by the observation of pilots and other reliable persons, that in the

low stage of the river, the surface water is usually brackish to the head of the passes, and sometimes
as far up as Fort St. Philii), and that it has been known to extend to New Orleans. Mr. Fuller

reports that in October and November, 1S5'J, the surface water was brackish at Fort St. Philip ; and
that during the extraordinary gales of August, September, and October, ISGO, the gulf water filled

the channels of the passes with an uivstream current.

78 n

\
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The following tables exhibit a cotuiilete record of the el;i,borateil oLiservatioiis niaile by Mi-.

Fuller's party :

—

Anclioi.Tiif*.
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Observations in 1859-GO^Continued.

Anrliorasr.
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Observations in 1859-60—Continued.
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Observations in 1859-(i<)—(Jontiuueil.

1
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Observations in 1859-60—Continued.

!
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Observations in 1859-60—Continued.

Auchora.e.
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Observations in 1859-GO—Cuntiuuetl.
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Observations in 1859-60—Continued.

625

Anchorage.
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Observations in iSoO-UO—Continued.

Anchorage.
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Observations in 1859-GO—Continuod.

Anchorage.

Near npper can bnoy.

Aug. 13, 1859—continued.
Up-stream current at
12 feet, increasing to
bottom ; rather stron r -

er than at can buoy.
Depth and velocity of
salt-water moving up
stream are greater
here than at inner end
of bar, yet velocity of
upper stratum of
fresh-water is much
less ; in fact it is

nearly all checked
and dispersed. If the
refluent sub - surface
current were due to
an eddy force gener-
ated, liy the river-

water, the reverse
would be the case.
It is probable that a
mass of salt-water,
forced up for several
days, is pouring out;
and'it is possible that
at this position, on
outer crest of bar,
part of the up-stream
current at bottom is

an eddy current, oc-

casioued by the salt-

water pouring out
over the bar and com-
ing in contact with
the still water of the
gnlf.

Upstream current at
16 feet, increasing to
bottom.

At upper can baoy.

On board pilot-schooner,
on bar. Near upper
can buoy.

2.37
2.24
1.90
I. 00

9.37
1.74
0.85
0.48

August 16. 1859. Below
15 feet, water nearly
stationary; slight up-
stream motion, which
could not be raea.sur-

cd. No eddy, but act-
ual outpouring of salt-

water. It may be that
the water is still, be-
low 15 feet, because
the tide is just ceas-
ing to run up.

Below 15 feet, slight up-
stream current. Out-
pouring of salt-water
evidently not from
vertical eddy, for there
is no corresponding
inward movement to
maintain the supply.

Near upper can bnoy.
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Observations hi 185U-G0—Contiuued.

Anchorage.
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Observations in 1859-60—Continixed.

Anchorage.
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Outside of bar; depth 30 feet. Water at surface fresh ; brackish at 4 feet; salt from 5 feet to

bottom. Xo refluent sub-surface current.

Outside of bar ; depth 20 feet. Water fresh at surface ; brackish at 5 feet ; salt from 10 feet to

bottom. Xo current at bottom ; at 5 feet above, slightly outward.

Ou crest of bar ; depth 14.5 feet. Water fresh at surface; brackish at 5 feet; salt from 10 feet

to bottom. A very slight refluent current at bottom.

Inside of bar; depth IS feet. Water fresh from surface to 10 feet; brackish from 15 feet to

bottom. Xo reflueut subsurface current. Current at bottom not nearly as strong as at the

surface ; about the same difierence as in previous experiments, viz.: from 0.5 of a foot to 1 foot per

second.

Observations of February 3, 1860, at two-thirds flood. Tide 18 inches. Wind northerly and
fresh. Gauge at Carrollton 12.7 feet.

Inside of bar; depth 18 feet. Water fresh from surface to bottom. Xo reflueut sub-surface

current. Slow current running out at and near bottom.

Ou bar, at middle bush buoy; depth 17 feet. Observations same as above.

On bar, at outer edge; depth 15 feet. Observations same as above.

Outside of bar; depth 30 feet. Water fresh at surface ; brackish at 5 feet; salt from 10 feet

to bottom. Strong refluent sub-surface current.

Observations of February 4, ISGO, at high tide. Tide 26 inches. Wind east, light. Gauge at

Carrollton, 12.8 feet.

Inside of bar; depth IS feet. Water fresh from surface to bottom. Xo refluent sub-surface

current. Slow current running out at and near bottom.

On bar, at middle bush buoy ; depth 17.5 feet. Observatious same as above.

On bar, at outer edge ; depth 10 feet. Observations same as above.

Outside of bar; depth 30 feet. Water brackish at 5 feet; salt from 7 feet to bottom. Slow

refluent subsurface current.

Observations of February 6, 1800, at half flood. Tide 19 inches. Wind northerly and fresh.

Gauge at Carrollton 13.4 feet.

Inside of bar; depth IS feet. Water fresh from surface to bottom. Xo refluent sub-surfa<jc

current.

On bar, at middle bush buoy; depth 17 feet. Observations same as preceding.

On bar, at outer edge ; depth 16 feet. Observations same as preceding.

Outside of bar; depth 31 feet. Water brackish at 4 feet; salt from 7 feet to bottom. Very

slight refluent subsurface current.

Observations of February 8, ISCO, at half flood. Tide not recorded, as the gauge was out of

order. Being a neap tide, it was small. Wind westerly and light.

At outer edge of bar ; depth 14 feet. Xo salt-water. Xo refluent sub-surface current.

Observations of February 9, 1S60, at low tide. Tide not recorded, as the gauge was out ot

order. Being a neap tide, it was small. Wind westerly and light. Gauge at Carrollton 12.8 feet.

Inside of bar; depth IS feet. Xo salt-water. Xo refluent sub-surface current.

On bar, at middle bush buoy ; depth 16.5 feet. Observations same as above.

On bar, at outer edge ; depth 15 feet. Observatious same as above.

Outside of bar; depth 30 feet. Water brackish at 4 feet; salt from six feet to bottom. Xo
refluent sub-surface current perceptible.

Observations of February 10, 1860, at high tide. Tide uot recorded, as the gauge was out of

order. Being near the neap tide, it was less than a foot. Wind northerly and light. Gauge at

Carrollton 12.6 feet.

On bar; depth 16 feet. Xo salt-water. Xo refluent sub-surface curreut.
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Outside of bar; depth 30 feet. Water brackish at i feet; salt from 5 feet to bottom. Slight

refluent sub-surface current.

Observations of March 3, 18G0, at three-fourths flood-tide. Tide li inches. Wiud easterly and
light. Gauge at Carrollton 12.5 feet.

On crest of bar ; depth 1-4.5 feet. No salt-water. No refluent sub-surface current. Surface

current 1.03 feet per second.

Observations of March 5, 1800, at half flood-tide. Tide 15 inches. Wind southeast, light.

Gauge at Carrollton 12.7 feet.

On outer crest of bar ; depth 11: feet. No .salt-water. No refluent sub-surf:xce current. Sur-

face velocity 3.99 feet per second.

Outside of bar; depth 20 feet. Water fresh from surface to 15 feet ; salt at 18 feet. No refluent

sub-surface current perceptible.

Outside of bar; depth 30 feet. Water fresh at surface ; brackish at 7 feet ; salt from 10 feet to

bottom. Slight refluent sub-surface current.

Observations of March 8, 1860. No perceptible tide. Wind southerly and light. Gauge at

Carrollton 13.1 feet.

Inside of bar; depth IS feet. No salt-water. No refluent sub-surface current.

On outer crest of bar ; depth 15 feet. No salt-water. No refluent subsurface current.

Outside of bar
;
depth 20 feet. Water fresh from surface to 12 feet ; brackish at 14 feet ; salt

from IG feet to bottom. Refluent sub-surface current just perceptible.

Outside of bar; depth 30 feet. Water fresh from surface to 10 feet ; brackish at 12 feet ; salt

from 15 feet to bottom. Slight refluent sub-surface current.

In all cases, the current uear the bottom, when not refluent, was sluggish; more so, however,

on the bar and outside than inside, although in the latter cases it was invariably much slower than

at the surface.

Observations of March 18, 1860, at half flood-tide. Tide 8 inches. No swell or wiud. Gauge
at Carrollton 13.2 feet.

Outside of bar; depth 20 feet. Water fresh from surface to 5 feet; brackish at 7 feet; salt

ft'om 10 feet to bottom. No current at bottom either way.

Outside of bar; depth 30 feet. Water fresh from surface to 4 feet; brackish at 5 feet; salt

from 6 feet to bottom. No current at bottom.

Within and uear outer edge of bar; depth 17 feet. Water fresh from surface to 10 feet;

brackish at 12 feet ; salt from 13 feet to bottom. Very slow outward current at bottom. Surface

current 3.0S feet per second.

Inside of bar, at upper can buoy ; depth IS feet. Water fresh, with outward current, from

surface to bottom.

Observations of March 24, 1860, at half flood-tide. Tide 9 inches. Wiud westerly and light.

Gauge at Carrollton 12.9 feet.

Outside of bar ; depth 20 feet. Water fresh from surface to 5 feet ; brackish at 6 feet ; salt

from 7 feet to bottom. Slow refluent current at bottom.

Outside of bar ; depth 30 feet. Water fresh from surface to 4 feet ; brackish at 5 feet ; salt

from 6 feet to bottom. Very slow refluent current at bottom.

Outer edge of bar ; depth IG.o feet. Water fresh from surface to 10 feet ; brackish at 11 feet

;

salt from 13 feet to bottom. No current either way at bottom.

Inside of bar, at upper can buoy; depth 18 feet. Water fresh, with outward current, from

surface to bottou^.
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Observations of March 26, 1860, at three-fourths flood-tide. Tide 10 inches. Wind north-

easterly and light. Gauge at Carrolltou IL'.S feet.

Outside of bar; depth 22 feet. Water salt from 6 feet to bottom. Slow retiiieut current at

bottom.

Outside of bar: depth 30 feet. Water salt from 4 feet to bottom. Slow retiueut ciureut at

bottom.

Ohscrrations of March 20, 1860, at three-fourths tiood-tide. Tide 12 inches. Wind westerly

and light. Gauge at Carrollton 12.3 feet.

Outside of bar ; depth 20 feet. Water fresh from surface to 6 feet ; brackish at 7 feet ; salt

from S feet to bottom. Slow refluent current at bottom.

Out.side of bar ; depth 30 feet. Water brackish at 4 feet ; salt from 5 feet to bottom. Strong

refluent sub-surface current.

Ou bar ; depth 16.5 feet. AYater fresh from surface to 10 feet ; brackish at 12 feet ; salt from

14 feet to bottom. Xo current either way at bottom.

Inside of bar, at upper can buoy; depth IS feet. Water fresh, with outward curieut from

surface to bottom. Current at bottom about half that at the surface, say 1.47 feet per second.

Observations of April 6, 1860, at one-fourth ebbtide. Tide 12 inches. Wind northeasterly and

light. Gauge at Carrolltou 9.8 feet.

Ou outer crest of bar ; depth 15 feet. Water fresh from surface to 10 feet ; brackish at 12

feet ; salt from 14 feet to bottom. No current at bottom.

Ohscrrations of April 7, 1860, at one-fourth ebbtide. Tide 17 inches. Wind SSE., light.

Gauge at Carrollton 9.6 feet.

Ou outer crest of bar; depth 15 feet. Water fresh from surface to 10 feet; brackish at 12

feet ; salt from 14 feet to bottom. No current at bottom.

ObscrratioHS of April 12, 1860, at one-half ebb-tide. Tide 12 inches. Wind northerly and light.

Outside of bar ; depth 20 feet. Water fresh at surface ; brackish at 7 feet ; salt from 12 feet

to bottom. Slight refluent current at bottom.

Outside of bar ; depth 30 feet. Water fresh at surfoce ; brackish at 3 feet ; salt from 8 feet to

bottom. Slight refluent sub-surface current.

On outer crest of bar; depth 16 feet. Water fresh at surface; brackish at 5 feet ; salt from

10 feet to bottom. Slight refluent subsurface current.

Inside of bar, at upper can buoy ; (le|)th 18 feet. Water fresh from surface to bottom. No
refluent sub-surface current.

Obserrations of April 18, 1860. No perceptible tide. Wind fresh from southeast. Heavy
swell outside of bar. Gauge at Carrollton 5.8 feet.

On outer crest of bar; depth 16 feet. Water fresh at surface ; brackish at 6 feet ; salt from 8

feet to bottom. Strong refluent sub-surface current.

Observations of April 10, 1860, at one-half ebb-tide. Tide 7 inches. Wind fresh from south-

east. Heavy swell outside of bar. Gauge at Carrollton 5.5 feet.

Ou outer crest of bar; depth 16 feet. Water fresh from surface to 10 feet ; brackish at 11 feet

;

s.alt from 13 feet to bottom. Very slight refluent curreut at bottom, scarcely perceptible.

Inside of bar, at upper can buoy; depth 18 feet. Water fresh from surface to 16 feet ; brackish

from 17 feet to bottom. Slight outward current at bottom.
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Ohservations of April 21, 1800, at three-fourths ebbtide. Tide IS inches. Wind fresh from

southeast. Heavy sea outside of bar. Gauge at OarroUton 5.4 feet.

On outer crest of bar; deptli 16 feet. Water fresh from surface to 8 feet ; brackish at 10 feet

;

salt from 11 feet to bottom. Slight outward current at bottom, increasing to surface.

Inside of bar, at upper can buoy; depth IS feet. Water fresh from surfiice to 17 feet; slightly

brackish thence to bottom. Slow outward current at bottom.

Ohservations of April 23, ISCO ; beguu at one-fourth ebb-tide, concluded at one-half ebb. Tide

23 inches. Calm. Gauge at UarroUtou 5.3 feet.

Inside of bar, near upper can buoy ; depth 19 feet. Water fresh from surface to 10 feet

;

brackish at 15 feet ; salt at bottom. Surface current 1.93 feet per second ; slow outward current at

15 feet ; slow refluent current from IS feet to bottom.

Three-fourtlis of a mile above outer edge of bar, a little west of channel ; depth 15 feet. Water
fresh from surface to 10 feet ; brackish at 12 feet ; salt at bottom. No current either way at bottom.

Slow outward current thence to surface.

Half a mile above outer edge of bar, east of channel; depth 17 feet. Water fresh from surface

to 10 feet; brackish at 11 feet; salt from 12 feet to bottom. Slight refluent current at bottom.

Surface current 1.92 feet per second.

Near outer crest of bar ; depth 10 feet. Water fresh from surface to 9 feet ; brackish at 10

feet ; salt from 11 feet to bottom. Slight refluent current at bottom. Surface current 1.77 feet per

second.

Outside of bar ; depth 20 feet. Water fresh from surface to 5 feet ; brackish at C feet ; salt

from 7 feet to bottom. Slow refluent current at bottom.

Outside of bar ; depth 30 feet. Water fresh from surface to 5 feet ; brackish at G feet ; salt at

7 feet. Very slow refluent current at bottom.

Observations of April 27, 1800, at one-half ebb-tide. Tide 19 inches. Wind northeasterlj- and

light. Gauge at Carrollton 7.0 feet.

Near outer crest of bar ; depth IG feet. Water fresh at surface ; brackish at 5 feet ; salt from

7 feet to bottom. Slight refluent current at bottom.

Observations of April 28, 18G0, at three-fourths ebb-tide. Tide 8 inches. Wind light from

NNW. Gauge at Carrollton 7.5 feet.

Near outer crest of bar, a little to the eastward of the channel ; depth 15 feet. Water fresh at

surface ; brackish at i feet ; salt from 7 feet to bottom. Slight refluent current at 10 feet ; strong

at 15 feet.

Observations of April 30, ISGO, at one-half ebbtide. Tide 6 inches. Wind southeasterly and

light. Gauge at Carrollton S.8 feet.

Near outer crest of bar ; depth 16 feet. Water fresh from surface to 5 feet ; brackish at 7

feet ; salt from 10 feet to bottom. Slight refluent current at bottom.

Observations of May 1, ISGO, at one-half ebb-tide. Tide 6 inches. Wind northerly ; stiff breeze.

Gauge at Carrollton 9.1 feet.

Near outer crest of bar ; depth 16 feet. Water fresh from surface to 5 feet ; brackish at 9 feet

;

salt from 11 feet to bottom ;
slight refluent current at bottom.

Observations of May 4, 1860, at three-fourths ebbtide. Tide 16 inches. Wind northerly, light.

Gauge at Carrollton 10.7 feet. River rising at Carrollton at the rate of 1 foot in two days.

Near outer crest of bar; depth 16.5 feet. Water fre.sh from surface to 10 feet ; brackish at 11

feet ; salt from 12 feet to bottom. Strong outward current at bottom,

son
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Observafions of May 10, ISCO, at oue-balf ebb-tide. Tide 8 inches. Wiud .southerly, light.

Gauge at Carrollton 7.1 feet.

On outer crest of bar; depth 16.5 feet. Water fresli at surface; brackish at 7 feet; salt at 10

feet. Outward curreut to 11: feet ; thence to bottom slight refluent current.

Obserrations of May IS, 1860, at one-half ebb-tide. Tide 13 inches. Wind light from SSW.
Gauge at Carrollton 5.6 feet.

On outer crest of bar ; depth 16.5 feet. Water fresh at surface ; brackish at 8 feet ; salt at 10

feet. Outward current from surface to bottom.

Olservations of May 23, 1800, at one-fourth ebb-tide. Tide 26 inches. Wind south, light.

Gauge at Carrollton 3.0 feet.

On outer crest of bar; depth 10.5 feet. Water fresh at surface; brackish at 5 feet; salt at 7

feet. Outward current from surface to 11 feet; slight refluent current at bottom.

Observations of May 25, 1860, at young ebb-tide. Tide 19 inches. Wiud fresh from .sonthwest.

Gauge at Carrollton 3.5 feet.

On outer crest of bar; depth 17 feet. Water fresh at surface ; brackish at 5 feet ; salt from 8

feet to bottom. Slow refluent curreut at bottom.

Observations of May 31, 1800, at low tide. Tide 19 inches. Light breeze from WSW. Gauge
at Carrollton 3.0 feet.

On outer crest of bar ; depth 10 feet. Water fresh at surface ; brackish at 7 feet ; salt from 8

feet to bottom. No current either way at bottom.

Observations of June 1, 1860, at one-fourth ebb-tide. Tide 22 inches. Light breeze from SSW.
Gauge at Carrollton 3.1 feet.

On outer crest of bar ; depth 16 feet. Water fresh at surface ; brackish at 5 feet ; salt from 6

feet to bottom. Under current commences running in slowly at 9 feet, and increases to strong

refluent current at bottom.

Observations of June 2, 1860, at young ebb-tide (one hour). Tide 25 inches. Light breeze from
south. Gauge at Carrollton 4.0 feet.

On outer crest of bar ; depth 10 feet. Water fresh at surface ; brackish at 3 feet ; .salt from 5

feet to bottom. Refluent curreut begins at 8 feet, and increases in velocity to bottom.



APPENDIX H.

GEOLOGICAL AGE OF THE CHANNEL OF THE MISSISSIPPI RIVER.

[Annual Report Chief of Engineers, 1870, pp. 62-3 and 352-77.]

DELTA OF THE MISSISSIPPI.

In tlie Eeport upon the Physics anil Hydraulics of the Mississippi River it is stated (page 99)*

that that river is flowing in a channel belonging to a geological epoch antecedent to the present

Ou page 100* it is stated, respecting the strata pierced by the artesian well at New Orleans, whicli

reached a depth of 630 feet, that the geological ages of the strata pierced are not well established
;

but it is evident that none below the depth of 41 feet from the surface (or about 37 feet below the

level of the gulf) were deposited by the river. On page 435t the age of the delta is computed, by
the rate at which the mouth of the river advances into the gulf, to be four thousand four hundred
years old. This is about the age that Dolomien assigns to the delta of the Nile. In the pages fol-

lowing it is shown, however, that it is not probable that the age of the delta can be computed with

any accuracy in terms of our years. The statements and views thus presented have attracted com-

ment, and their correctness has been questioned especially by Sir Charles Lyell. Parts of two let-

ters upon this subject, written by me to Colonel Theodore Lyman, of Boston, and to Sir Charles

Lyell, are appended hereto.

Major H. L. Abbot, in the course of certain survey's he was making on the Yazoo alluvion in

the spring of 1866, had his attention called to some singular springs in the bed of bayou Hush-
puckana, and collected some specimens of the water and deposit, which he subsequently submitted

to Dr. Charles T. Jackson, of Boston, for analysis, the result of which he acquainted me with in a

report upon the levees of the Mississippi above Vicksburg, an extract from which is also appeuded
hereto.

Specimens collected from the bed of the Mississippi, in the progress of the survey, were placed

in the hands of Mr. L. F. de Pourtales, of the Coast Survey, in 1861, for examination. The report

of Mr. Pourtales, made iu March 1866, is also appended hereto.

In the wiuter of 1865 and 1866, Dr. Sanford S. Riddell, of New Orleans, had the kindness to

place at my disposal specimens of many of the strata pierced by the artesian well, collected by his

father. Professor J. L. Riddell, and Dr. Copes, president of the New Orleans Academy of Sciences,

supplied portions of those that remained of the collection of Dr. Benedict.

As Mr. Pourtales was about visiting Europe iu the summer of 1866, and could not make an

early examination of these specimens, I requested Professor E. W. Hilgard, of the University of

Mississippi, and geologist of that State, to undertake the investigation. This he readily assented

to, and I have at length the satisfaction of receiving from him a very interesting jjaper upon the

subject, which is appended hereto.

The papers of Mr. de Pourtales and of Professor Hilgard, and the analysis of Dr. Jackson, all

sustain the views expressed in the report upon ihe Mississippi river which I have quoted.

* Page 92 of this edition. t Page 4C6 of this edition.

(635)
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EEPORT OF EXAJIINATIONS OF SrECIJlENS FROM THE NEW ORLEANS AETESIAH WELL OF 1S56.

BY PROFESSOR EUG. W. HILGAED.
October, 1S70.

Dear Sir : I have the honor to submit to you herewith a detaileil report and discussion of my
examination of specimens from the Xew Orleans artesian well of 1856, which you iu 1S6C referred to

me for the jiurpose of determining the geological age of the deposits penetrated.

The occasion which gave rise to this investigation was, as you will remember, a suggestion to you,

on the part of Sir Charles Lyell, that the statement made in your '' Report on the Mississipi)i River,"

page 99,* viz.: "that the river is flowing through it |the delta region] in a channel belonging to a

geological epoch antecedent to the present," sliould he subjected to the test of a comparison, by

some competent observer, of the sliells collected iu sinking the artesian well at New Orleans, with

tliose of the cretaceous and tei'tiary on the one hand, and those now inhabiting the gulf of Mexico

on the other. Mr. Lyell was inclined to think that the strata pierced at New Orleans, and forming

the bed of the river at Bonnet Carre, might themselves be interpreted as belonging to the delta

formation, since, judging from the profile given by the committee of the New Orleans Academy of

Sciences, marine and fresh-water strata might seem to be alternating in such a manner as to admit

of that interpretation.

You ascertained, however, upon inquiry, that unfortunately the suit^ of specimens collected by

the academy committee had been much broken and dilapidated during the war, while the gentle-

man who had been chiefly active in the matter. Dr. X. B. Benedict, then secretary of the academy,

had since died. Xevertlieless, a suite as complete as possible was made up, at your request, partly

from the specimens remaining at the academy, partly from another suite collected by Dr. J. L.

Riddell (deceased) and sampled for the purpose by bis sou. Dr. S. S. Riddell. A suite of fifty-one

specimens, thus made up, was placed by you in my hands, together with specimens of soundings,

&c., collected by the delta survey, under your charge, which had been previously examined, for the

greater part, l)y Mr. L. S. Pourtales. Of the interesting report made to you by the latter gentleman,

of the results of his microscopic examination of these specimens, a copy was also furnished me.

The general result of the ])relimiuary examination made by myself immediately upon receipt of

the collection is already known to you, and is given in the first volume of Sir Charles Lyell's

'' Principles of Geology," lOth e<lition, page 459. Since then, I have not only made a full examination

of the entire suite, but, as my knowledge of the general geology of the gulf coast progressed, I have

reviewed and rei)eated my previous work in many respects. The investigation was beset with

many ditficuUies, not apparent at first sight. Not the least among these was the condition of the

specimens, many of which had doubtless been exposed to dust, insects, &c., for years. This greatly

increased the difficulties of the microscopic iuvestigation, especially since, in specimens which are

mostly pulverulent, it was not oidy the remains of marine or fluviatile faunas and floras, but also all

the infinite variety of objects which may result from the visits of roaches, spiders, "candle bugs,"

ichneumon wasps, flies, and the vegetable hairs, pollen, spores, &c., which may blow in tiirough

open windows, that had to be distinguished and eliminated. I have, for this reason, confined tiie

detailed microscopic examination chiefly to critical specimens, and such as, being in lumps, ottered

some security against accidental contamination of the kind alluded to.

Other cases of doubt have arisen from the presence of a few large shell fragments in specimens

which otherwise showeil no evidence of marine origin, making it probable that these fragments

were accidentally introduced either in the collection room, or perhaps iu the bore itself, where the

shells of higher strata may easily adhere to some pasty borings while being drawn up in the auger.

The latter cause may also in a slight degree vitiate the mollusk fauna of lower strata. But the

cause of the trouble and uncertainty regarding the debris of animalcule, above referred to, does

not with any degree of probability apply to the mollusks, unless we imagine the specimens to have

been accidentally or wilfull\ commingled, wliidi, so far as I am aware, there is no reason to suppose.

I have therefore not usually pursued the microscojiic examination into detail where strata

were well characterized by shells visible to the naked eye. The latter, of course, were frequently

the larger sftecies, always represented by fragments only, and the proper reference of the latter

' Pafje 92 of tbis edition.
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was, in numerous cases, a matter of uo sligbt difficulty, and sometimes dependent upon a bappy
inspiration, not always at command. I have, iu most cases, when any doubt could remain as to

tbe specific reference of a fragment, verified tbe result by a comparison of microscopic characteris-

tics with those of living species in the concbological collection of the University of Mississippi

(the Budd cabinet of shells), or specimens collected by myself on the gulf coast.

Unfortunately, the minute surface markings, which in such cases may serve to identify species,

are most frequently obliterated in those strata in which shells are usually most abundant, viz.

:

those of beach sand.

The species named in the following record, and on the subjoined general profile, are, of course,

only those of which the identity could be established at least with a degree of probability amount-

ing almost to a certainty. There are, among the debris, not identified, probably from 20 to 25

species, which, while not identical with any of those mentioned, are yet too imperfectly represented

to be positively identified with others, or, perhaps, to be reconstructed from such slender premises

save by the aid of some lucky accident or insiiiratiou indicating the proper direction.

The most hopeful field for additional identification lies perhaps among the large number of

young shells which occurs at some points. Oar knowledge of the development of most of the mol-

lusks of our southern coast is too imperfect to serve for the identification of the species in a very

infantile condition—in fact, as Mr. Conrad has remarked in a letter to me on the subject, the mol-

lusk fauna of the gulf is as yet, in a great measure, a terra incognita, and when we find, in littoral

strata of no very ancient date, fossil shells not as yet described, it cannot with any degree of cer.

tainty be said that they may not yet be living on the waters of the Louisiana coast. The shells of

Florida and the Antilles are comi)aratively well known, because readily accessible. But the mud
flats of the Louisiana coast, apart from being rather an unpleasant trysting-grouud, do not offer to

the amateur collector those brilliant inducements which, while iu the main conducive chiefly to parlor

ornamentation, yet collaterally bring about very frequently the discovery of species heretofore

overlooked by professional naturalists.

So far from considering the subject in hand exhausted, I intend to pursue it further to the

utmost extent of my ability, aided, as I hope, by additional borings into the strata of which a minute
speck only has furnished the material for the present investigation.

RECORD OF THE EXAMINATION OF SPECIMENS OF BORINGS FROM THE NEW ORLEANS ARTE-
SIAN WELLS.

[The numbers of the epecimeus here given are iudepeudent of those of the strata in the profile.]

No. 1.—2 to 17 feet.—Buff and mouse-colored clayey silt, coherent, containing half-decayed

rootlets and fibres, and ferruginous spots. Under the microscope it exhibits chiefly grains of clear

quartz, mostly rounded, small. A few black grains, some mica.

No. 1'.—17 feet.—Woody. stems, somewhat softened, of a shrub, or hard herbaceous plant.

No. 2.—Bottom of stratum, 2 to 17 feet.—Same as No. 1, but with more ferruginous concretions,

yellow, scaly, or concentric.

No. 22.—17 to 20 feet 10 inches.—Dark-colored, stiff clay, with some sand and decayed root-

lets, bark, &c. Dark-colored, rounded, hard ferruginous concretions.

No. 3.—20 feet 10 inches to 31 feet.—Gray silt, somewhat coherent; shows glistening points;

under microscope shows pellucid quartz grains, rounded and angular in about equal proportions;
a few dark grains, and little mica ; no organisms.

No. -1.—31 to 3Sfeet.—Gray sandy clay, coherent, with many iridescent surfaces, some evidently

casts of shells, while others seem to have been formed on the sides of the vessels, it being stated to

have been of the consistency of porridge when extracted ; contains some plates of mica and large

rounded grains of white quartz
; effervescent; no definite forms under microscope.

Xo. 5.—38 to 41 feet.—Gray sandy clay, as above; contains abundant spicidre of sponges,
acicular, ends bifurcate; arcuato acicular and oblong stellate. With it two fragments of Venus
mercenaria, perhaps accidental.

No. 6.—41 feet to 41 feet 8 inches.—Chiefly coarse siliceous sand, part sharp, part rounded,
mixed with a few fragments of shells, and grains of a black mineral, apparently tourmaline. Upon
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washing it yielded turbid water, which, uuder the microscope, showed flue saud and numerous

small bodies of yellowish tiut and pointed egg-shape, sometimes agglomerated into groups, not

soluble in hydrochloric acid. » Cocconeis f

No. 7.—il {42 ?) feet.—Coarse rounded saud, with numerous shells, mostly broken, quite hard.

Mactra lateralis, M. Sayi, Area trnnsrcrsa, Cardium magnum, TeUina Jfexuosa, T. tenia, Lvcina

])Ostata, Venus cribraria, Astarte luniilata, Pandora trUincata. Oliva Uterata, Natica pusilla, N.

camjyeachensis, Acus dixlocatum, Murginella Umatuhi, BiiUina cassaliciilata.

Xo. 8.—43 to 5G feet.—Quartzose sand, finer than No. 0, with more numerous black (sometimes

triangularly prismatic) grains (tournialiue.') and debris of small shells, 4 >ra transversa, TeUina

Jlexuosa, Mactra lateralis, Cardium u. sp. (235 feet), Balanus, fragments of echinoids and crabs.

No very detiuite Foraminifera in the washings (a Coscinodiscus?) and spicules. Sand grains, part

sharp, part rounded.

No. 9.—50 to GO feet.—Uluishgray, tine, marly sand ; microscope shows many fragments of

minute organisms; Xaricula, Actinopti/chus, uml others. Many iridescent casts; great abundance

of Mactra lateralis, Cardium maynum, TeUina Jlexuosa, Xatica campeachensis. Sand grains part

sharp, part rounded, with grains of green mineral, and some si)icules.

No. 10.—CO to C'J feet.—Gray saiul, pretty coar.se, sharp, somewiiat coherent, with Mactra

lateralis, Area transrersa, A. pexata, A. americana, TeUina Jlexuosa. T. alternata, Pholas costata.

No. 11.—70 feet.—Coar.se white beach sand, grains rounded, with a few debris of shells.

No. 12.—75 feet.—Sand similar to i)receding, a little finer, with Area transversa, A. pexata,
' Venus cancdlata. Anemia ephippium, Donax variahilis, Oliva mutica, Buecinum aeutum, Balanas.

>so. 13.—8<i feet.—(Quartz sand of greeni.sh tint, with black grains intermixed, like No. S, but

coarser, and with numerous fragments of infant shells, I'holas, Area, Mactra, Cardium.

Xo. 14.—S2J feet.—Tough, greenish-gray clay, cutting very smoothly, with but little saud

;

some fragments of shells, Area transversa, Venus, Balanus.

Xo. 15.—85 feet.—Saud similar to No. S, but more greenish, and fewer fragments of shells, and

some mica. Grains mostly rounded. A few spicules.

No. 10.—88 feet.—A piece of semilignitized wood. Gray, sandy clay, with white concretions

of carbonate of lime. Sharp saud, but no Foraminifera.

Xo. 17.—89 feet.—Saud similar to No. 15, but no fragments of shells, or detiuite animalcules.

Xo. 18.—90 feet.—Yellowish-white or gray fine calcareous .silt, .somewhat coherent, strongly

eftervesceut. Contains about one-third by bulk of fine siliceous sand, some fine mica scales, no

shells or animalcules.

No. 19.—91 feet.—Saud like No. 15, with one fragment of a shell (accidental ?). No signs of

animalcules. Quartz grains, mostly sharp, mixed with some yellow and black grains. Some

scales of mica.

Xo. 20.—95 feet.—Fine gray sand or silt, slightly coherent and effervescent. Under micro-

scope shows mostly sharp, transparent quartz grains mixed with yellow grains and greeu plates of

mica, also transparent; a few black grains. A single straight spicule of doubtful character.

Reesamiuation, twice repeated, and with higher power, shows nothing more.

No. 21.—98 feet.—Greenish and yellow clay, slightly effervescent ; contains some sand, no

ForaminiJ'era.

No. 22.—99 feet.—Fine greenish-gray sand or .silt, much like No. 20 ; effervescent. No aui-

malcuhe found. Washed to remove day, leaves chiefly sharp ipiartzose sand with numerous mica

scales; some black grains, mostly well rounded. One small quartz prism, and one of a green

mineral, possibly a mica scale. No definite organisms.

No. 23.—104 feet.—Fine sandy mass, or silt, brownish gray, like No. 18 in coherence and feel
;

more clayey than the preceding. Ujion washing shows under microscope numerous scales of mica,

also black and yellow grains, the former rounded, the quartz ores sharp.

Xo. 24.— 109 feet.—Fine sand, greenish drab, glistening with mica scales. Coarser thau No.

22, which it otherwise resembles. Small fragments of shells, not recognizable ; a striated piece of

mother-of-pearl, hard. Decidedly of marine origin.

(Here occurs the first serious gap; no .specimen of the 34-foot clay stratum. No. 20 of profile in

Humphreys' report.)
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No. 25.—14G feet.—Sand, clay, and shells, ^rc« trausrcrHa Aiiomia ephippium, Pecten dentatus

(Sow. ?), Pecten sp., Onathodon cuneatus:

(No specimens of Nos. 28, 29, and 30 of Hiunplireys' report.)

No. 2G.—153 feet.—Cypress bark.

No. 27.—170 to 175 feet.—Concretionary lumps of fine ferrugiuo-micaceous sand, cemented by
lime, effervescent. No auiinalculie found under microscope, but microscopic rhombobedra of calcic

carbonate.

No. 28.—195 feet.—Fine greenish-gray, clayey, micaceous sand, effervescent; grains mostly

sharp.

(No specimen of clay, No. 42 of Humphreys' report.)

No. 29.—230 feet.—Sand like No. 28, with fragments of shells ; Area transversa, Maetra lateralis.

No Foraminifera found.

No. 30.—235 feet.—Coarse sand with Area transversa, Maetra lateralis, Tellinaflexuosa, T. tenera,

Venus crihraria, Semele{canceUato-lamellate), n. sp.. Con., Cardium, n. sp., Con. (allied to C. (/rani-

ferum), Ahra, n. sp., Con. (same as at 41 feet). Pecten dislocatum, Pecten, sp. (same as at 140 feet),

Fasciolaria distans, Buccinum (Nassa) acutum, Acus dislocatum.

No. 31.—241 feet.—Coarse quartzose sand with little mica and numerous black grains, which

are fragments, part sharp, part rounded, of brown iron ore, or a conglomerate of sand grains and
the ore. Maetra lateralis, Area transversa, Tellimi, bits of wood, sand grains, much rounded.

No. 32.—246 feet.—Quartzose sand, finer than the preceding, coherent, nou-etfervescent,

micaceous, greenish gray. No small fragments of shells; one large one of Area ponderosa, iter-

haps accidental. No Foraminifera or diatoms. (No specimens of the clay struck at 252 feet.)

No. 33.—293 feet.—Pretty fine, uniform greenish sand, somewhat coherent, not effervescent.

Small fragments and iridescent impressions of shells.

No. 34.—302 feet {'!).—Greenish clay, very meagre. Is marked as above, but probably corre-

sponds to the clay at 322 feet.

No. 35.—340 feet.—Dark gray or mouse-colored, fine, sandy material, somewhat clayey, effer-

vescent; under microscope, quartzose sand with a few dark grains, almost all sharp. With a 500-

power nothing more is seen, save a few dark spherical bodies with indefinite light spots.

No. 30.—370 feet.—Loose, pure sand, chiefly clear quartz, some amethyst, rose, yellow, green,

and opaque red quartz; a few black opaque grains. All very much rounded, evidently beach sand.

No. 37.—377 feet.—Same as above but coarser, with shells and fragments much worn. Astarte

lumdata. Area transversa (A, ponderosa f).

No. 38.—402 feet 3 inches.—Sand same as last, but less pure. Maetra lateralis, Area transversa,

Venus, sp. Contains granules of sand cemented by a ferruginous cement.

No. 39.—413 feet.—Sand like No. 37, with Tapes, u. sp.. Con., Maetra lateralis.

N'o. 40.—420 feet.—Same as last. Acus dislocatum.

No. 41.—430 feet.—Fine greenish sand, no shells under microscope, grains much rounded,

with lumps of ferruginous conglomerate. Some linear spicules ; no other organic forms.

No. 42.—440 feet.—Greenish sand, somewhat coarser than the preceding, much rounded, no
shells ; some mica and black grains.

No. 43.—450 feet.—Same as the preceding.

No. 44.—463 feet.—Same as preceding, with small bits of wood, more probably recent than

fossil.

No. 45.—476 feet.—Same, with small fragments of shells. Venus cancellata, Maetra lateralis,

Tellina.

No. 46.—475 feet.—A rounded, ferruginous, concretionary pebble, studded with Turhinolia

and shell fragments.

No. 47.—480 feet.—Coarse rounded sand with shells. Gnathodon cuneatus, Venuspaphia. Area-

transversa, A. ponderosa, Pecten dislocatum, Ostrea, sp. (resembling 0. ), Anomia ephippium.

(No specimen of the 63i-foot clay stratum.)

No. 48.—544 feet.—Fine dark greenish, clayey sand, coherent, not effervescent, with fragments

and impressions of shells much decayed and mostly irrecognizable, {Area pexataf), Anomia ephip-

pium, Lucina costata, Bullina canaliculata.

No. 49.—Between 543^ and 546 feet.—Coarse white beach sand, with numerous shells. Maetra
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latemlis, Area transversa, A.ponderosa, Luclna costnla, L. muItiUneata, Pholas costata, Arkmis con-

cenirica, Cardium, u. sp. (same as at 43 lo 5G and 235 feet), BitUina canaUculata, Oliva mtttica,

Pleiirotoma cerinum, Bticcinum acittum, Xatica pusilla, DentaUum, sp.

Xo. 50.—570 feet.—Tough brown clay, inclosing fragments of shells. Astarte lunulata, Area

transversa, Tapes, u. sp., Con.

Xo. 51.—630 feet.—Gray gritty clay, micaceous; no shells. Foraminifera rather abundant

(Pourtales).

In order that the paleontolbgical evidence furnished by the preceding record and profile maybe

more readily appreciated, 1 hare tabulated the result, so as to show at a glance the fauna of each

of the principal shell-bearing horizons, as well as the vertical range of each of the species deter-

mined. For comparison I have also placed alongside columns showing the occurrence of these

species in the waters of the gulf of Mexico, and in the strata described as post-pleiocene and

pleioceue by Tuomey and Holmes, which occur on the Carolina coast.

Table shoiring the distribution of species.
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I do not thiuk that either the paleontological or the lithological evidence justifies any such

distinction. I'liolas castata, Mactra lateralis, TelUna flexuosa, Area transvcrxa, A. pexata, Astartc

luntilata, Buccinum acutum, form the prominent landmarks throughout. There are three horizons

especially rich in species, viz, 41, 235, and jIO feet, and their neighborhoods. These are so inter-

connected by community of species that a real difference iu their facies cannot reasonably be

claimed, especially when we take into account the fact that all the shells found at the lowest levels

are also found either higher up, or living in the waters of the gulf; that, therefore, their non-

occurrence in the higher strata is merely a matter of local accident, and that we might thus with

propriety register all the living species found at lower levels in the columns of the higher ones.

When this is done, the identity of facies becomes almost absolute, except as regards the new species,

The latter, four iu number, were submitted by me to the experienced hands of Mr. Conrad, whose

description of them and remarks I hope to include in this report. He observed, iu letters on the

subject, that two of them espaui.illy impressed him as bsiug of mioceae type, yet that, iu view of

our imperfect knowledge of the gulf fauna, it could not be positively said that these small species

were not living, and had escaped observation.

It happens that one of the shells in question, Abra, n. sp., occurs at 4L feet, and that quite

abundantly. It then recurs at 235 feet, together with two other n. sp., a Samele aud a Cardium

(of the type of C. ); the latter occurring also both higher up (at 50-60 feet) and lower down
(at 546 feet). The «. sp. of Tapes, in its turn, occurs above the latter point (at 413 feet), as well as

below (at 570 feet).

It would thus seem probable that whatever signiticance may attach to the occuri'ence of these

new species must apply to the formation as a whole, since they overlap both above and below.

I confess that, with all due respect for the experienced eye of my honored friend, I cannot let

the consideration of the somewhat foreign typo of one or two of these shells outweigh the over-

whelming evidence of the general similarity of facies and [)reponderance of species in favor of a

much more modern age than the mioceuc. Apart from living species, the strata iu ((uestion do not

contain a single shell in common with the Virginia mioceue. On the other hand, most of their

fauna is represented iu the deposits described as pleiocene by Tuomey aud Holmes, occurring on

the coast of South Carolina; and, as will be seeu by reference to the table, there is a still greater

coincidence with those described by the same authors as " post-pleiocene." Moreover, not only the

leading shells of the New Orleans strata, but the entire list, excepting the new species, might be

picked up in an hour's time on the beach of any of the islands of Mississippi sound. Other,

and especially larger shells, it is true, would also be found, but it would be diflieult for the auger

to bring up these in a recognizable condition unless the exterior markings should be as character-

istic as in the case of Cardium magnum, Artemis concentrica, Venus cribraria, Pliolas costaia, &c.

Fragments capable of being interpreted as belonging, e. g. to the large Fusiden', usually washed

ashore, are not wanting. Yet the probability of striking single large shells is vastly less than that of

finding the smaller species, whose individuals are usually much more numerous, though when scat-

tered on the beach they do not attract attention nearly as much as the sparse individuals of larger

species.

It may be well to divest the question of the now somewhat indefinite terms which, in systematic

geology, have long and usefully served in the subdivision of the later geological periods. It would

puzzle most geologists at the present day to define the exact limits between the tertiary and qua-

ternary, because in all [)robability no such line of division exists in nature. And when it comes to

discussing whether a certain isolated formation shall be called miocene, pleiocene, or pleistocene,

upon the basis of paleontological data alone, the question assumes at times somewhat of the aspect

of scholastic disquisitions of the olden time. Aud whether we hold the Darwinian view of the

origin of species, or that of Owen, or even the old one of successive independent creations, it is not

at all likely that iu different localities there should have been simultaneously au equal or similar

accretion or extinction of species, at a time when ditterences of climate were already as strongly

defined as uow, or even more so.

If it be deemed too improbable au assumption that the four new species might, in view of their

minuteness, have remained unobserved, though existing in the waters of the Louisiana coast, then
81 H
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the foruiatioii uuileilyiiig New Orleans, IVoiu the depth of 31 feet dowu, must be accounted of plei-

oeene age at least, according to the usual definition; therefore anterior in point of time to the drift.

To the assumption, however, there are almost insuperable stratigraphical objections.

Tje various bodies of tertiary deposits south of the Ohio river conform sensibly to the general

outline of the gnlf of ^Mexico, modified by the deep embayment which, in the earliest tertiary times,

reached up into Southern Illinois. Each successive accumulation rendered this embayment less

Iirofouud, until at the end of the latest uncpiestiouably tertiary e])Och (that of the "Grand-gulf"

rojks, when the ^Mexican gulf was merely an inland sea of brackish water), the shoreline was

almost .exactly iiarallel to the present one, if we leave out of ecnsideration the prominence of the

delta. Xow the Grand-gulf rocks are everywhere found overlaid by the deposits of the southern

drift or Orange saud, which in their turn are covered, either by the loess or bluff formation, or,

nearer the coast, both of Mississippi and Western Louisiana, by a series of deposits partly marine,

partly of fresh-water origin, aud which, from their obvious connection with the well-known Port

Hudson strata, I have uanied the "Port ITudsou group.'' These deposits were formed, of course,

previous to the existence of the Mississippi of to-day ; and it would be quite iucomiirehensible how
they could be missing in the central, aud therefore presumably deepest, part of the embayment, or

ba there replaced by a more ancient formation.

The strata overlyiug the drift have beeu found, in Calcasieu, of no less a thickness than ooi

feet. As at New Orleans, they are here found to consist of alternating strata of sand and dark-

(;olored clays with vegetable remains, but only in their U[)per iiortion do marine fossils occur, aud,

further inland, fresh-water deposits alone exist.

On the Mississippi coast, the .strata have not beeu penetrated to a greater depth thau about ."»()

feet; here, too, marine aud fresh-water deposits are uot only superimposed, but in juxtaposition.

Eurther inland, fresh-water strata only, with underlying drift, are found ; aud still higher up, the

drift is found uuderlaid by the rocks of the Grand-gulf age.

There is no reason to suppose that midway between, in the axis of the Mississippi \'alley, the

condition of things should be otherwise. We should, however, expect that from the presumable

greater depth of water in this axis, the formation would be thicker and more prevalently marine.

If in Calcasieu, at a distance from any great channel (unless the Sabine be accounted such), the

formation is found to be 350 feet thick, it need uot sur[)rise us lliat it should uot have been passed

through at C30, in the axis of the greatest channel in the world.

!Much has been said of the possible effects of the earthquakes which so frequently startle, for a

moment, the inhabitants of the ^Mississippi valk\v ; aiul it is more than likely that the record of such

events as those of Xew iladrid and lleelfoot lake will be found stamped upon many a dislocated

stratum hereafter. But there is yet a wide difference between such effects aud the legerdemain

machinery of "local upheavals," which is so readily resorted to by amateurs for the exi)lauatiou of

any unusual phenomenon. The geology of the uortheru gulf coast has beeu traced with no pointed

graver, but has the rough, broad dashes of a charcoal sketch; and no mere presumptions based

upon partial data can be allowed to upset the general order of things. The difliculty of explaiuing

the presence of a truly '-pleiocene stratum at Xew Orleans, consistently with auy probable geolog-

ical hypothesis, is so great that I should rather take into consideration the possibility of extinct

species being found in post-pleioceue deposits, if the new shells should uot turn up living in the

gulf. Sir Charles Lyell still inclines, in a measure, to the opinion that the strata penetrated in the

New Orleans well may be delta deposits. This supposition, however, appears to me to be incom-

l)atible uot only with what we already know of the general geology aud geological history of the

lower Mississippi valley (as shown in former jtapers), but with the character of the strata them-

selves. They are altogether too prevalently of a marine character, so far as examiued.* Nothing

that could properly be supposed to be river silt occurs below lOS feet, and that resembles rather

the fresh-water lagoou deposits I'ctite Anse and Cote Blanche thau the true river silt, formed above

31 feet. The annual, or in some seasons rather mensual. Hoods of the river ought to cause a much

' I may add, also, without attachiug iiudiie importance to tlie circuiiistauce, that I found the moUusk fauna thrown

ashore on tho mud lumps of the delta materially dill'crent from that usuallj' cast upon the islands of Mississippi sound,

aud hut slightly represented among the fossils of the New Orleans well. Area transversa and Biicciiinm aculiim were the

only representatives of that fauna, among about twenty species collected, almost all of which were univalves.
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more frequent alternation and change in the character of tlie deposits than is actually found, espe-

cially in the lower portion of the profile. A river doubtless emptied into the great estuary during
the Champlain period of slow depression, but it was not the Mississippi river of to-day» which exca-

vated its bed partially into these very strata, and acquired its identity during the terrace epoch of

elevation.

One capital objection to the delta-deposit character of these strata is the absence, or extreme
rarity, of the true river fossil, which is rarely absent even from the marine-shell beaches of the

present delta, viz, the driftwood, whose macerated dehris, often not exceeding a few cells loosely

coherent, meet the eye in every microscopic examination of the Mississippi-delta deposits. This

comminution and distribution is the inevitable result of the scouring, grinding, and bruising pro-

cess, which every piece of driftwood undergoes during its voyage; and while, being readily moved
along, these particles are not always abundant in the river silt proper, they rarely fail to show
themselves in the delta formation. There is, of course, no lack of just such fossil wood in the

upper portion of the formation, near what might, for a time, have been the mouth of a river, viz,

at Port Hudson, and some distance below. But that river emptied, probably, into a maze of fresh

or barely brackish lagoons, interspersed with cypress swamps; and as the depression progressed,

the mouth of this continental outlet, receding gradually, must have been vaguely defined as the

point where the waters that deposited the bluff formation ceased to have a sensible flow.

Trusting that this report, though long delayed, may be more satisfactory to you than it could

have been at an earlier period, before more extended researches had rendered an intelligent discus-

sion practicable,

I am, very respectfully, your obedient servant,

EUG. W. HiLGARD,
University of Mississijipi.

Brevet Major General A. A. Humphreys,
Chief of Engineers, WasMngto7i, D. C.

Projilc of the artesian well at New Orleans.

No.
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Projile of the artesian icell at Xew Orleans—Continued.

Nature of materials, from examination of specimens. Depth.

10 Saml. clay, and shells mixed, olive-colored, like mortar .

.

FeeU

10.0 Sand, fine, blaisli, pray, marly, with fragments of sbellsand
iridescent casts. Ma'ctra lateralis, Tellina llexuosa, Cardi-
urn magnum, Natica campeachensis, Navicula-, Aclino-
ptychns, and other Foraminifera ; some spicules

Sand, gray, coarse, coherent, pharp. with Macti-a lateralis.

Area transversa. A. pesata, A. americana, Telliua tiexuosa,
T. altemata, Pholas i-ostata

Coarse white beach sand, with fragments of shells

Xo specimen

Beach sand, with Area transversa, pexata, "Venus cancellata.
AnoDiia ephippium. Donax variabilis, Oliva mutica, Buc-
cinum acutum. Balaims

QnartKose sand, with nnmeroas iufant shells, Pholas, Area,
Mactra, Cardinm

Clay, tough, greenish ; little sand, fra^ienta of shells ; Area
transversa, Venus, Balanns, Foraminifera

Sand, like 43 to 5C feet> more greenish ; fewer shell frag-
ments

Clay, gray, sandy, with concretions of carb. lime, semi-
lignilizcd wood. Ko anlmalcnhc

Sand, similar to preceding, but no shells or definite animal-
cula;

Silt. buff, calcareous, effervescent, coherent. No shells or
animalcnlae

Fine sand or silt, slightly effervescent and coherent : an in-

definite spicule

Clay, greenish and yellow, sligbly effeixescent. Xo organ-

Sand, or silt, fine greenish gray, mach like that at 90 feet.

No organisms

Fine brownish gray silt, like that at 90 feet in coherence,
more clayey than preceding

Fine greenish drab sand, glistening with mica ; small, ir-

recognizable fragments of shells

No specimeu

Sand, clay, and sheU»; Area transversa, Guatbodon cn-
ueatus, Anomia ephippium, Pecten, 2sp

Cypress bark

Concretionary Inmps cf femiginons micaceons sand, effer-

veacoDt; nofossus...!

11
I

Saud, coarse, dark brown ; small C3'pres3 roots, pebbles (?) 4.0

Sand, coarse, light blue ; no shells.

Sand, blue, with fragments of shells.

ShellH exclusively, compacted : pebbles in lowest part. 80.0

1

I

82.5

85. Ol

88.0

89.0

90. Dj

91.0

95.0

98.

Clay, olive-greeu, tenacious..

Hi Impalpable sand .

17 Clay, like No. 15

Sand, gray or bluish.

19
j
Clay, blue, with umber-colored concretions.

20 !
Sand, blue, subtile, with some clay .

Clay and sand, like Nu. i

.

Clay, like No. 19.

Sand, subtile, like German sand for fining glass

.

Clay, dark, pure ifnacious .

108.0

109.0

Clay and sand, blue, soft ; tools siuk.

Clay, dark drab color, like tallow between teeth ; effer-

vesces with arida, leaving pores surrounded by a dark
zone.

1110

146.0

Sand, clay, ebells, and indurate clay .

Clay, blue, tenacious .

Sand, &c., like No. 27.

Clay, Btriated, changing into vegetable mould. ao

Cypress log. sound, with striated plates of siliceous matter 0.

5

Vegetable mould, changing into clay, with triable shells .., 1.0

Sand, greenish blue, with some clay. 2.0

Clay, pure, greenish bin 16&0

170.0Sand, very subtile, adhesive by little clay ,

Clay, drab, tenacious, with lamps like chocolate .

Clay, dark umber-color, tenacions

175.0

176.0
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Profile of the artesian icell at Seic Orleans—Continued.

,No.
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Profile of the artesian tcell at Xeic Orleans—Contiuued.

ITataro of materials, from examination of specimens.

Sand, many minute sbills ami frag

Feet

Darlv, greenish, clayey sand ; Area pexata, Anomia ephip- I

pium, Lucina costata, Bollina canalicnlata 544.01

Coarse white heach sand : Mactra lateralis, Lncina costata.

Area transversa. A. ponderosa.Lncina nialtilineal a, Pholaa
costata. Cardium n. sp. 235 feet, Katica niisilJa.iiassa acuta,

Pleurotoma cerinum, Ballina canaliculata, Oliva mutica,
Dentalium, Artemis concentrica ' 54C0

No^pecimen
i

566,0

I

568.5

Tongh. hrown clav.Astarte lunnlata, Area transversa, Tapes
|

u, sp. Con. 235 feet
|

570,0

So specimen -.-
!

582.0

i
584,01

Gray, gritty, micaceous clav. No shells. Many Foramini-
,

fera. (riartales)
'. 630.0

Clay, hlue, firm, tenacious .

Clav, as above.

Sand and little clay, of stony hardness..

Gray cLiy..

Letterfrom General Humphreys to Sir Charles Lyell.

WAsni>-GTOX City, May 28, ISCG.

Dear Sir Charles Lyell : A letter of mine written from Xew Orleans in February last,

intended for you personally, got a.stray, went to the dead-letter office, and has ju.st come back lo

me. Some parts of it have grown out of date, as I bare the pleasure of sending you witb tbis a

copy of tbe report of Mr. Tourtales upon tbe specimens of tbe bed of the Mississippi, which were

l)laced in bis banil for examination.

A few days before leaving New Oileau.s, Dr. Sandford S. IJiddell bad tbe kindness to put in

my possession specimens of the artesian-well strata taken from those collected by his father. Pro-

fessor J. L. Eiddell. Tbe collection does not comprise specimens of all the strata, but probably

forms a sufQcient number. Dr. Copes, president New Orleans Academy of Sciences, will send por-

tions of the twenty reinaiuiug specimens of the strata collected by Dr. Benedict. As Mr. Pourtales

intends to pass the summer in Europe, Professor E. W. Bilgard, of tbe University of Mississippi,

and State geologist, will examine tbe.se specimens some time after Jnne. I will take pleasure in

sending you a copy of the re.sidt of his examination.

Tbe dead letter referred to above was mainly as follows

:

Having at present a little time to myself, the question of the thickness of the alluvion of the

delta of the Mississippi has naturally presented itself to my mind, since it is a question still mooted,

and which has not been altogether exhausted in the recent correspondence.

The chapter upon the delta was the last written. It was prepared amid the disturbances of the

beginning of the war, when I was deeply anxious for many reasons to complete the work and to

put it beyond the risk of loss by having it printed. I was also desirous of taking part at tbe earliest

day practicalde in the military operations, which, indeed, were likely to separate me from what I

considered the work of my life while it was still in an unfinished condition. A few hours' work,

more or less, under such circumstances became important, and for that reason principally the gen-

eral considerations concerning tbe depth of tbe alluvial ilepo.sit were not entered into, which, indeed,

an accurate description tif tbe strata of the artesian well would render unnecessary.

When 1 came here, in tbe fall of IS.'.O, I was familiar with the views of Sir Charles Lyell upon

the subject, but could not adopt them.

There was no instance on tbe whole tertiary coast of the United States of a sound or bayou

inlet of tbe sea with the great depth he assigned to the ancient sound into which the ^Mississippi

river originally emptied, nor was there anything in the form and character of the adjacent coast

and country (which arc low and flat) to render such original great depth probable.
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The waves ou all coasts foimeil of loose material dispose tlie bottom, as it approaches the shore
withiu 20, 30, or 40 miles, ou a geutle slope.

The greatest depth in Chesapeake bay does uofc exceed oO feet, while oa the rocky coast of the
gulf of St. Lawrence, the Sigaenay river at its mouth, has a depth of 2,000 feet, with a width not
much exceeding the depth.

I have before adverted to the difficulty of delineating from kuowu data the curves representing
the depth and form of the ancient bottom of the gulf where Tt is now covered by alluvion, but
after some study of the subject, have attempted to do so, and enclose you the result.

The Coast Survey report of 1854 contains a sketch of the coast of Louisiana and Mississippi

from Vermilion bay to Jlobile bay, which I enclose. As the Coast Survey reports are probably
accessible to Sir Charles Lyell, it may not be neces.sary to send him this.

It will be perceived that all the sea islands off the delta of the Mississippi have saudy shores;

Marsh i.sland. Last island, the Timbalier islands, the islands forming Barataria bay, Breton island,

Grand Grozicr (Grand Croiseur or Grand Goisier) island, and the Chaudeleur islands are all sand
islands.

The coast of Louisiana west of Last island is incorrectly represented on Plate 11. There is a

s mdy beach all along that coast, with good sheep pastures back of it, the marsh being inside.

The inference from this is that these islands formed the cordon littoi'al of the ancient sound, a

conclusion in accordance with the shape of the coast of Louisiana.

Off Grand Croiseur and Breton islands the sandy bottom indicates that the original bottom of

t'ae gulf still remains uncovered by alluvial deposit. Now, with the aid of these facts and the sec-

tions of the gulf of Mexico, Plate XIX of the report, I have drawu in red curves of 200, 150, 100,

50, 20, and 10 fathoms depth of the ancient bottom of the gulf on a portion of Plate II, enclosed,

and marked No. 1. These curves must be symmetrical, or nearly so, with respect to the general

direction of the river, which advanced through the ancient sound and into the gulf along the line

of deepest water.

The lines of 50, 100, and 200 fathoms water are brought as near to Breton island, and to the

islands of Barataria bay, as they approach the coast of the gulf at any other point.

A brief consideration of the etfect of the waves of southwest, south, and southeast storms

upon the loose material at the depth of 10, 20, 30, and 50 fathoms off the Barataria islands and
Breton island leads to the conclusion that the depth of 10 fathoms will not be found inside of a
uortheast line tangent to the Barataria islands, nor inside of a northwest line tangent to Breton

island.

This fixes the form and position of the line of 10 and 20 fathoms. The return point of the

first is about 15 miles above Fort St. Philip.

The exact depth of the ancient sound inside of the lOfathoms line cannot, of course, be deter-

mined by any process likely to be undertaken. What it was in the vicinity of the point where New
Orleans now lies, a final decision upon the character of the strata pierced in boring the artesian

well will determine ; but to my mind it is clear that the depth of this sound in its deepest part could

not, for the reasons already adduced, have greatly exceeded 10 fathoms.

I have ou another copy of Plate II drawn in red the 10, 20, 30, 50, 100, 150, and 200 fathoms

curves, disregarding Grand Croiseur and Breton islands, although there is no reason why they

should be disregarded. I do so merely as an example; nor have I introduced the etfeets upon

those curves of the southerly storms, which would diminish the extent of the 10, 20. 30, and 40

fathoms curves inside the two islands, those of Barataria bay and Chaudeleur.

That diminution is immaterial in the use I shall make of the curves. This second copy I have

marked No. 2.

There are one or two points respecting which I wish to caution Sir Charles Lyell, when he uses

the data of the re[)ort in computing the age of the delta, particularly as they escaped my recollection

in the hurried recurrence to the subject last June. Thus in using the figures given on pages 149

and 150 for the quantity of earthy matter discharged annually into the gulf by the river: As the

earthy matter carried in the waters of the bayous Atchafalaya and Plaquemine does not reach the

gulf, but is deposited iu the basins of those streams, that quantity is not iuclnded iu the figures
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given on those two pnges. Xeither is the earthy matter of bayou La Fourche, which, however, is

so small that it may be neglected. But wo must include these three outlet bayous, when we wish

to ascertain the quantity of earthy matter annually deposited by the river in the delta (as defined

in the report, page -12:2) and carried to the gulf. Including the earthy matter rolling along the

bottom, it is a column with a base of one square mile and a height of 290 feet, and that is the

quantity which must be used in c(^puting the age of the delta.*

Further, if the levees had been extended to the head of the alluvial rajimc when the quantity

of earthy matter held in suspension by the river was measured in ISol and lSo2 at CarroUton and

had been maintained unbroken during the llood, then it would be proper, if the figures resulting

from those measurements were used to compute the age of the delta, to make use also of the area

of all the alluvial lands up to the liead of the alluvial re<jime.

But it will be perceived, by referring to pages 153, 1.54, and 155, that in 1S51 and 1S52 there

were no levees above Napoleon on the right bank of the river, and scarcely any above Vicksburg

on the left bank.

Thus the St. Francis bottom and the Yazoo bottom were not leveed when the (juantity of earthy

matter held in suspension by the river at Carrollton was measured.

Now, the water that escaped from the river into the St. Francis bottom when it was not

leveed (the condition existing in 1851 and 1852) deposited upon that bottom the usual annual contri-

bution of alluvion, and then returned to the river deprived of its sediment.

The same took place on the Yazoo bottom when not leveed (its condition in 1851 and 1852).

But if these two bottoms had been leveed in 1851 and 1852 and the levees niaiutaiued unbroken,

the earthy matter usually contributed to their soil by the Mississippi river would have been excluded

from them and would have been carried past Carrollton by the river and would have been dis-

charged into the gulf. But as they were not leveed in those years, the annual contributions were

deposited as usual, and did not pass Carrollton. They did not consequently enter into the measure-

ments made there in those years, and when the age of the delta is estimated from the data atlbrded

by those measurements we must exclude from the computation the areas of those two alluvial dis-

tricts. This will reduce the alluvial area one-half. Further, owing to the great breaks in the levees

along the Tensas basin during the high water of 1851. the area of that alluvion should properly be

excluded, leaving only the area below the Ited river, 12,300 .square miles. Indeed, during the great

Hood years the breaks in the levees are so numerous and so large that the volume of water that

passes through them is nearly equivalent to the volume that passes over the banlis in their natural

condition.

To avoid being misunderstood, though at the risk of being very prolix, 1 will extend this a little

further. Sui^pose that there were no levees whatever upon the river,and that measurements for

the discharge and for the quantity of earthy matter held in suspension had been made just below

where the last tributary enters, and above where the first outlet bayou branches oft' from the Jlis-

sissippi : that point is just below the mouth of Bed river. Now, as all the river water that escaped

into the alluvial lands above this point, that is, into the St. Francis, Yazoo, and Tensas bottoms,

deposited its earthy matter upon them and then returned to the river, it is evident that although

those quantities of water form part of the discharge of the river at the point of measurement selected

and are measured as such, yet the quantities of earthy matter they held in suspension before they

entered the bottoms mentioned does not form any i)art of the earthy matter held in suspension by

the river at the point of measurement selected, and is not measured. Hence in computing the age

of the delta fioai such measurements, we should use the discharge as measured there, the (pmntity

of earthy matter held in suspension there, and the area of the alluvial lands belo.v the point of

measurement (with the proper thickness), but not the area of the alluvial lands above the point of

measurement; that is, we should exclude the St. Francis, Yazoo, and Tensas bottoms from any part

• Mean annual discbarjje of the Mississippi at Carrollton, 19,500,000,000,000 cubic feet.

Mean annual discharge of the three outlet bayous above Carrollton, 1,300,000,000,000 cubic feet.

Mran annual discharge of the Mississippi and three outlet bayous, 21,1500,000,090,000 cubic feet.

'I'lie quantity of earthy matter suspended iu this volume of water would form a column with a b.ue on j mile siiuaru

and -203 feet high.
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in the computation. Tlie quantity of eartlij' mutter moving along tlie bottom should of course be

added to the volume of suspended matter.

If, however, all the alluvial lands above the indicated point of measurement had been leveed,

and the river water excluded from them, the suspended earthy matter usually deposited upon them

would be carried past the point of measnrement, and would be measured. Hence, in computing the

age of the delta in this case, the area of all the alluvial lauds above the point of measurement must

be used as well as that of the alluvial lands below it.

Xow, using the red curves of No. 1, and adopting 40 feet as the mean depth of the alluvion

inside of the 10-fathom curve, we have 4,900 years for the age of the delta. (The Tensas bottom is

iucluded in this computation and in the following.)

Using the red curves of No. 2 and the mean thickness of 40 feet for the alluvion inside of the

10-fathom curve, we have .5,400 years for the age of the delta.

The first agrees better than the second with the age computed from measurements made upon

the progress of the mouths of the river into the gulf, which atford a means of determining the age

of the delta independent of any knowledge of the quantity of earthy matter held in suspension by
the river water or of that moved along the bottom of the river.

General Abbot has acquainted you with the result of our attempt to have the specimens of the

artesian-well strata placed in the hands of some suitable person for scientific description. I appre-

hend that the opportunity for preparing such a description has been lost; a disappointment that

causes me great regret.

My letter of last June was written hurriedly, amid many interruptions, and when I was much
occupied with the changes going on in the Second Army Corps aiid in the Army of the Potomac.

Tlie whole subject of the Mississippi river had so completely passed out of my mind, that I forgot

that Mr. de Pourtales, of the Coast Survey, had very kindly undertaken to make a microscopic

examination of the material brought up by the sounding lead from the bed of the Mississippi.

I have written to ascertain from him what he has been able to do in that matter, and will send

you his reply.

I have several times carefully looked over the popular description of the artesian-well strata,

on page 100, and cannot perceive any resemblance between them and the deposits of the Missis-

sippi Iviver that I have observed.

Mr. Bayley, formerly chief engineer of the State of Louisiana, and chief engineeer of the New
Orleans and Opelousas railroad, informs me that in digging the draining ditches of the railroad

where it crosses bayou des Allemands, a whitish yellow clay was met, entirely different froni any

deposit of the river he had ever seen, and he is familiar with all parts of the alluvion of Louisiana.

In making an excavation at Brashear City, Berwick bay, a short distance below the surface they

came upon a very hard blue clay, containing shells, in consistency very much like hard-pan, which

the machine split off in pieces about six inches thick. He describes it as entirely different from the

blue clay which the Mississippi now deposits. He will endeavor to obtain specimens of these clays

for me.

In Sir Charles Lyell's last letter, he remarks that "if the eocene strata, after disappearing

between Vicksburg and Natchez, should be found to reappear more than 150 miles to the south, at New
Orleans, within 40 feet of the surface, it will be a very remarkable fact."

Now the language of the report was carefully chosen, and it does not pretend to affix the age

or character of the strata below the depth of 40 feet, further than to describe them as not having

been deposited by the river as it now exists. Whether the formation at and below that depth was

post-pliocene, or one of the divisions of the tertiary, it did not pretend to decide.

It seemed to me probable that the formation at New Orleans, at about the depth of 40 feet be-

low the surface, was the same as that of the gulf shore of the States of Louisiana and Blississippi,

some 20 miles distant.

It may interest Sir Charles Lyell. to know that, during the war, salt was obtained in large

quantities on Petite Anse, one of the small high islands (so called) on the west coast of Louisiana.

I learn from Professor J. W. Mallet, of New Orleans (professor of chemistry, medical depart-

ment University of Louisiana), recently appointed to the chair occupied by the late Professor Bid-

den, that this salt is a very pure rock salt ; that its upper surface is about at the level of the gulf,

82 H
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aud that they have penetrated it to the depth of 3S feet, without haviug passed through it. Above
the salt is the diluvium or post-plioceue, iu which, near the salt, remains of the mastodon have

been found.

Where the salt pits have been dug the superincumbent soil is about 30 feet thick, some part of

which has been vashed from the adjoining higher ground. The island or hill is about 150 feet

high. No serious effort has yet been made to ascertain the superficial extent of the salt, but no

doubt its area and thickness will be carefully examined into at an early day.

Sir Charles Lyell appears to consider that the fact of there not being any tertiary or post-

pliocene hills protruding through and to a considerable height above the alluvial plains bordering

the Mississippi river is a proof that such hills have been worn down by the river, and that, conse-

quently, the river has otcupied in succession each part of the bottom lands. But I have supposed

that these botttom lands were once prairies or plains, such as exist all through the country adjaceut

to the river, which in the course of centuries have been covered by the deposits of the river.

Some of the crests of Iheir gentle undulations are found in the midst of and above the alluvion,

instances of which, in the St. Francis, Yazoo, and Atchafalaya bottoms, are mentioned in the re-

port.

At the head of the St. Francis bottom we have Mathew's jH-airie, Long jirairic; others are

indicated on the map. The country between Crowley's ridge and ^Yhite river is prairie, and so is

the country as far west of White river as Brownsville.

Along the eastern border of the Yazoo bottom there is a strip of level ground, four or five

miles wide, of nearly the same elevation as the alluvion, but not of recent formation.

The hills come down to the alluvion only at intervals.

On the western border of the Atchafalaya bottom we have the extensive prairies of Attakapas

aud Opelousas, which, I have supposed, once reached to the hills of Port Hudson and Baton Eouge.

We have the remnant of this extension still uncovered iu the Avoyelles prairie.

The soils of the prairies or ])lains and of the alluvial lauds or bottoms are very different, and

by that differeuce the one is distiuguished from the other, rather than by any change in the form

and slope of the surface of the ground.

The Kew Orleans Academy of Sciences has been reorganized very recently, and the subject of

the geology of the delta of the Mississippi has been brought prominently before it by Dr. Copes.

I trust that, through this society, effective steps may be taken to gather the facts concerning the

delta.

As I was about closing this I received a reply from Mr. Pourtales, a copy of which I enclose.

I will forward you a copy of his report as soon as it is received.

Very respectfully, yours,

a. a. humpheets.
Sir Chakles Li-ell,

53 Earlcy street, London.

Coast Surtey Office,
Washington, February 21, ISCG.

Dear General: Your letter of the 8th instant is received. The specimens of bottom from

the bed of the Mississippi which you entrusted to me in 1S61 for examination were submitted to it

at the time, with a few exceptions, but as there was no great likelihood that you would call on me
lor a report during your active military service, I have always postponed putting mj- notes in order.

I will, however, do so now, and hope to be able to forward you a report in a couple of weeks.

The subject is very interesting and important, but, as I find, very difficult, on account of the

occurrence of marine fossil forms and freshwater and (iu the bar) marine recent forms.

The specimens are all in good condition.

Yery respectfully aiul truly, yours,
L. F. PolTiTALES.

Major General A. A. Humphreys, U. S. A.,

KeiD Orleans.
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Washington, March 27, 1866.

Sir: la 1861 you bail the kindness to entrust me with a collection of specimens from the bot-

tom and shores of the Jlississippi river, for microscopical examination. They had been collected

under your direction during the progress of your survey of the delta of that river. I had at that

time examined most of them, but had delayed reporting the results to you, presuming that during

the war the graver duties in which you were then engaged would not allow you time to give this

subject your attention.

I have now the honor to submit to you the results of the examination which I have just com-
pleted, in doing which I have rei^xamined many points of my former work.

For the object in view I have considered it of more importance to conflne my attention to

common objects, which would be characteristic of the origin of a deposit, rather than to look for

rare microscopical forms. The magnifying power has, therefore, been seldom higher than 250
diameters and often less.

I give the numbering and description of the localities as in the memoranda Nos. 1 and 2,

accompanying the specimens, with my minutes.

Memorandum No. 1.

Memorandum of sediment papers collected at Carrollton, Louisiana, by delta survey, 1831.

Sediment papers.—Sediment was collected at three positions daily, from a given amount of

water. The first position was 300 feet from the left bank, depth 100 feet ; the second position was
at the middle of the river, depth 100 feet; the third position was 100 feet from the right bank
depth 10 feet. Sediment was collected at surface, mid-depth, and bottom, except at the third po-

sition, where mid-depth was omitted.

1. Sediment papers from third week in March, 1851. A Eed-river flood joined to Ohio, &c.,

high water.

First position, surface. Grayish brown mud, gritty from fine quartz sand ; the clay looks

greenish, with reddish specks by transmitted light. Minute particles of mica.

First position, middle. Same characteristics.

First position, bottom. The sand appears slightly coarser.

Second position, surface. Same characteristics. Same spicules of sponges and vegetable

fibres (different from filter), but scarce.

Second position, middle. Same spicules of sponges and vegetable fibres (ditt'erent from filter),

but scarce.

Second position, bottom. No organisms found.

Third position, surface. Same material with fragments of spicules ; black particles (coal ?).

Third position, bottom. No organisms found.

2. Third week in June, Missouri flood, greatest amount of deposit in year.

First position, surface. Fine sand and clay, chiefly the former, with some indistinct vegetable

fibres.

First position, mid-depth. The same.

First position, bottom. The same.

Second position, surface. The same, with wood cells and spicules.

Second position, mid-depth. The same.

Second position, bottom. The same.

Apparently more organic forms than in preceding ones. Gas morella, spicules, phytoliths, a

doubtful foraminifera (?), many black specks, perhaps green sand, none of characteristic shape.

Third position, surface. Sand scarce.

Third position, bottom. IMore sand and coarser, but still very fine.

3. Fifth week in August. Eiver falling and banks caving badly.

First position, surface. Little sand, filaments looking like epidermis of minute worm.
First position, mid-depth. Nothing to note.

First position, bottom. Nothing to note.
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Secoiitl positiou, surface. Xotbiug to note.

Second position, miil-deptb. ZSTotliiug to note.

Second iiositiou, bottom. A vegetable scale or leaf of moss.

Third position, surface. Sand appears more plentiful and coarser than usual ; a scale like

preceding.

Third position, bottom. Sand less in quantity and size than at surface.

4. Fourth week in October, 1851. Least percentage of sediment in the year.

There is scarcely any sand in this set, nearly all clay and strongly adherent to the paper.

Nothing was found in the specimens, and the detail is therefore omitted.

5. Third week in January, 1852. A rise from smaller tributaries.

A somewhat larger percentage of sand than in ])receding set. Otherwise nothing to note.

On nearly all the filters minute black bodies are found, just visible to the nalced eye, opaque

elongated, slightly hairy, of cellular structure, probably pollen or spores.

MEMORANDrM Xo. 2.

1. Blue clay, bored from 12 feet, ou the 2 high dry mud lumps, three-fourth mile to the south-

west of Stake island. May 25, 1859. Ash gray when dry, gritty, very salt to the taste, showing

fine specks of mica. Under the microscope looks like the deposit on the filters.

2. In 35 feet water, outside of bar, near outer buoy. May 27, 1S59. Clay and sand, the latter

in rather large proportion ; particles of wood and grass, green sand grains. Could find no diatoms

or foramuiifera.

3. Bottom at A ; outside of bar 42 and 43 feet water, May 12, 1859. Gray mud, with fine

sand, diminishing its cohesion. Sand, white, with a few red specks. A few obscure vegetable

fibres.

4. In channel. Bottom specimen from the bar below west barrel buoy, taken liom the scraper

just after a drag at 12 ni., May 23, 1859. Compact gray mud, very hard when dry, like dried put-

ty, but rapidly crumbling in water. Contains very little sand, foraminifera, such as globizerina

and polymorphina, but not abundant.

5. May 28, 1859. Taken from boriug 3 feet into a mud lump on middle ground. Sounding 12

feet; 400 feet (!) east by south from new west barrel buoy in line of basket upper west buoy-

Same appearance as preceding. Small particles of coal. Foraminifera, rotalina. tentilaria, poly-

moi'phina, very small and scarce. Fragments of large coscinodiocus.

6. Xew mud lump, northeast by east from lower can buoy, near specimens marked A, 3Iay 23,

1859. Stifl'clay, with small (juantity of verj- flue sand. A few woody fibres.

7. Bottom ou bar in 17, 18, and 19 feet water, and 1,000 feet northeast of lower can buoy.

Southwest pass, May 23, 1859. Taken fiom the P. F. Kimball's scraper. Tough clay, gray, etfer-

vescent with acids, containing small foraminifera, such as tentilaria.

8. Bottom of Mississippi at Carrolltou, eddy base, sounding line No. 2, from left to right, Xo.

15, 02 feet below high water, 1851, and 47 feet below the level of the gulf.

(Juartz sand, siv^e of building sand, mostly hyaline, with a few ferruginous specks and black

grains. Sand grains, very much waterworn and rounded. Small marine shells (corbula). Frag-

ments of coral(?). \Vood fibres.

9. Bottom of Mississiiipi at Carrolltou ; sounding line from Mr. Warren's station to right bank
at 70 + 20, Xo. 5, 13G feet below high water, 1851, and 121 feet below level of gulf. Same kind of

sand, but much finer. Much rotten wood.

10. Bottom of Mississippi at Bonnet Carre, line from X. B. C. Vet. St. Xo. 2, Xo. 3, 79 feet

below high water of 1851, and 59 feet below level of gulf. Gray mud, sand, and shells, the latter

broken; appears to be corbula. Foraminifera very scarce; a small rosaliua.

11. Bottom of ^Mississippi river at Carrolltou. Sounding line on Mr. Warren's station, 92 + 45

to left bank ISlo. 0, 101 feet below high water of 1851, and 80 feet below the level of the gulf. Same

sand as Xo. 8. Broken shells, corbula, anoniia. Small angular fragment of agate. Fragments of

barnacles.

12. Bottom of Mississipi)i river at Carrolltou. 31r. Warren's station 135, sounding line from
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left to right No. 1, 95 feet below high water, 1851, and SO feet below level of gulf. Dark clay,

with some sand.

13. Bottom of Mississippi at Carrollton, eddy base; soundiug line lower end from left to right

No. 15, 62 feet below high water, 1851, and 17 feet below level of gulf. Sand of the size of No. 8.

with clay in small flakes. Fragments of shells, small and scarce.

11. Bottom of Mississippi at Carrollton, race-course base, soundiug line lower end to right No.

5, 112 feet below high water, 1851, and 97 feet below level of gulf. Pure sand, with corbula and
anomia.

15. Bottom of JNIississippi river, 84 feet water. Upper Bonnet Carre, 01 feet below level of

gulf. Stiff gray clay, with reddish streaks.

16. Alexandria, Bed river, common earth. Clay of the color of iron rust, efl'ervescent with

acids, slightly gritty.

17. Deposit from Louisiana, opposite Vicksburg, 13 feet above low-water mark. Deposit of

1858. Light gray clay with tine sand. Contains phytoliths and rare diatoms {Surirella).

18. Bonnet Carre, station No. 19. Depth, 150 feet 3 inches, or 130 feet below love! of gulf.

Gray clay with black lumps, chiefly composed of vegetable matter.

19. From bluff at Vicksburg at low-water mark. Stiff, dark gray clay, of the hardness and
feeling of chocolate; contains fine quartz sand (sometimes in nodules) and mica; falls to small

pieces in water. Foraminifera very scarce, producing a slight effervescence with acids; polymor-

phina, nonionina. Small particles of lignite and doubtful grains of green sand.

20. No. 19, station 149, top soil (Yazoo levelings?). Appearance like flour or starch, grayish

white, sometimes slightly compacted and tinged by oxide of iron. It is a very fine quartz sand,

almost pure.

21. Fort St. Philip, station No. 9. Depth, 146 feet, 141 feet below level of gulf. Stiff gray

clay, very slightly, if at all, effervescing. No organism found except a small fragment of diatom.

22. Artesian well at New Orleans, 550 feet deep. Gray clay, slightly effervescing with acids.

No organisms found.

23. New Madrid sand bar, covered in high water. Coarse sand and small pebbles, mostly

hyaline quartz, with green, purple, yellow, and pink grains.

24. Bottom of artesian well. New Orleans, 030 feet deep. Gray clay, w ith greenish tinge when
wet, effervescent with acids. Contains fine sand and mica. Foraminifera and their fragments

rather abundant; uonioniua, polyaiorphina.

Few satisfactory generalizations can be drawn from this explanation. The scarcity of organic

remains was rather unexpected after reading Ehreuberg's paper ou the filterings at Memphis; but

after examining the figures given in his " Microgeologic," some of the forms he has classed under

the phytolitharia appear of very doubtful organic origin. From the figures they might as well be

grains of sand or flakes of mica of unusual form.

Of the filterings, I can only remark that I found scarcely anything but sand and clay, the

former very flue and only a little coarser near the bottom.

Specimens Nos. 1 to 7 in memorandum No. 2 are from the bar. The material in all of tliem is

chiefly stiff clay, mixed with various proportions of sand.

A few foraminifera are found in it, generally very minute. Among them is a globizerina, which
I cannot distinguish from the G. rubia, so common in the deep-sea soundings. Its presence here is

rather remarkable.

Specimeus 8 to 15 and IS are from the bottom of the Mississippi at Carrollton and Bonnet
Carr^. They are interesting in showing that the river at that place is flowing over an old sea-

bottom, though I am unfortunately unable to say if that sea-bottom is of the present epoch or of

an anterior one; the only shell found entire was a very small valve of a corbula, which is insuffi-

cient, especially as I have no specimens for comparison either from the coast or from the geological

formations in the vicinity. The shells are not worn by attrition, a proof that the stratum of sand
is in situ, and has not been disturbed materially by the flow of water. This sand perhaps corre-

sponds to the strata numbered 7 and 9, section of the artesian well at New Orleans, page 101 of

your report.
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Specimen Xo. 15 appears to be a deposit of the Mississippi blue clay, mixed with Red-river

mud.
Xo. 19 is the blue clay in situ, which plays so important a part in the formation of the river

bed. It is an undoubted marine deposit, as is proved by the presence of foraminifera, and is prob-

ably Xo. 3 of the section given by Mr. Hilgard in his Geological Report for the State of Mississippi

page lil.

No. 20 is a remarkably fine white quartz saud; the locality is not given, but I am under the

impression you told me it was from the Yazoo section. A similar sand is described by Mr. Ililgard

as occurring near Eastport, on the Tennessee river, where it belongs to the carboniferous formation.

Layers of sand of similar appearance seem also to have been met at various depths in boring the

artesian well at Xew Orleans.

The most general conclusion which can be derived from this examination is the confirmation

of your opinion that the bed of the river is not composed of recent alluvium, or, in other words,

that the river has not contributed to any considerable extent to the formation of its bed in the

localities examined, but is flowing over a former sea-bottom.

A larger collection of specimens would be a desideratum; in many eases larger quantities would

facilitate the research by allowing, as it were, a concentration of the material by washing, leviga-

tion, &c. The loss of the specimens from the artesian well is much to be regretted.

Very respectfully, your obedient servant,

L. F. POURTALES.

Major General A. A. Humphreys, U. S. A.,

Xew Orleans.

ANALYSIS OF ^VATEB FROM SPRINGS IN THE BED OF BAY'OU HUSHPIXKANA,

Extract from a report of General II. L. Abbot.

May 2, 1860.

General : I have the honor to submit the following report upon the operations, conducted

under your instructions, upon the 3Iississippi levees during the present season.'«** * » * «»»
My attention was called to some singular springs in the bed of bayou Hushpuckana. They are

several in number, and some of them are located on the map. The largest of them is near the

bridge; it flows freely up from several places over an extent of half an acre. The soil is covered

by a yellow slimy deposit, with a metallic bine scum near the rills of water, which has a decided

chalybeate taste. All these springs are in the bed of the bayou, and from 20 to 30 feet below high-

water level of the Mississippi. Major Severson informs me that they flow all the summer, even when

the river is at low-water level (-15 feet below high water), and that the water is much colder than

the water in the vicinity. Xot understanding how these springs could exist in a purely alluvial

region, I thought that some evidence bearing upon the age of the region might be derived from an

analysis of the water and deposit. I accordingly procured samples of both, and submitted them to

Dr. Charles T. Jackson, of Boston, whose reputation as a scientific chemist and geologist is well

known. He gives me the following as the result of his analysis.

Water contains in solution : Bicarbonate of lime, sulphate of lime, carbonate of iron. Deposit

consists of: Crystallized sulphate of lime, carbonate of lime, sulphide of iron, slate, mud.

He considers that the spring derives its character from decomposing iron pyrites, which most

probably belongs to a tertiary formation.

From the facts that none of the tertiary river blnffs are within many miles of the locality of

these springs, which are near Sunflower landing, opposite island GO, in the Yazoo bottom lands
;

that their level corresponds with the appearance of the blue clay ; and that iron pyrites can hardly

be considered an alluvial deposit of the :Mississippi, I think that the conclusions as to the slight
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depth of the alluvium in this vicinity, advanced in the delta report, receive strong confirmation

from the existence of these chalybeate springs.

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

H. L. Abbot,
Major of Engineers and Bvt. Col. U. S. A.

Major General A. A. Humphreys,
United States Volunteers.

Extractfrom a letter of General A. A. JTumplireys to Colonel Theodore Lyman, June 24:, 1865.

I will endeavor to reply to Sir Charles Lyell's inquiries, and will take them in the order in which
they are presented. First, as to the strata pierced in boring the artesian well at Xew Orleans ; I

did not see Dr. Benedict or the specimens, though Lieutenant Abbot (now colonel volunteers, and
brevet brigadier general) did. The statement on page 100, that the shells are miunie shells, is

derived from Ur. Benedict. I do not know where he is now to be found, and cannot at present

undertake to communicate with him. When we have settled down in permanence, I will endeavor

to make Sir Charles Lyell's wishes known to him. I supposed it to be Dr. Benedict's iutention to

publish a complete geological description of the strata pierced before my report was completed.

The value of such a contribution to the geology of that region was well understood. But there

can be no misapprehension as to the identity of the clay found below the depth of 41 feet in the

artesian well with that in the bluffs at Columbus, Vicksburg, &c., and in the bed and channel-way
of the Mississippi.

There is an unmistakable difference between this clay aud that deposited by the river. Some of

the .specimens of the former, collected in the operations of the survey, are no doubt still preserved

in the Bureau of Engineers, where they were jilaced by me before joining the army in the field.

Further, this original depth of the gulf of 41 feet at New Orleans is at least as great as that of

the gulf off the coast of Alabama aud Mississippi, where the sandy bottom indicates that the orig-

inal marine bottom has not been covered with the mud of the Jlississippi. See Plate XIX ; sketch

reduced from the Coast Survey sections of the gulf of Mexico, in which the character of the bottom
is given. See also the soundings west of the Mississippi on Plate II, where the bottom is also sandy
according to the original map of soundings, but which the draughtsman or engraver has not put
down. It was this comparison of depths that was had in view in placing the soundings on Plate

II, and partly in presenting a reduction of the Coast Survey sections of the gulf of Mexico.

The thickness assigned to the river deposit above Plaquemine is the result of observation.

Beside the facts respecting the character of the banks at low water, collected from various sources

the soundings brought up specimens of the bottom and banks from Cairo to Fort St. Philip, and
the peculiar clay, corresponding to that found in the bluffs at Yicksburg, at low-water level, was
considered to mark the termination of the alluvial deposit. Sir Charles Lyell appears to think

that the river has occupied a succession of channels between the lakes (formerly parts of the river)

and the present channel east or west of those lakes.

But that is not the manner in which the lakes are formed. The river, in making a cut-off',

leaves an island thus :^;=::;x^and the portion of the river cut off becomes a lake by the deposit of

the river in the com^J^^J)/ paratively still water of the two points of the old channel at the head
and foot of the cut. y The island a is left undisturbed. It is not cut through by any gradual
working of the river to the present channel, leaving a succession of old filled-up beds. The change
is sudden, and gives a straight course above and below the cut.

The changes that are taking place in the banks of the Mississippi form the theme of general

remark in the alluvial region. The permanence of its bed (below the low-water mark) or channel-

way might more properly be the subject of wonder.

Respecting the rate of advance of the river into the gulf, it is to be remarked that the measure-

ment of the width of the strip of land that advances with it has nothing to do with the question as

I have solved it. Probably Sir Charles Lyell has not read carefully that portion of the report that
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treats of tlie bars at tlie mouth of the river, and of their advance into the gidf. They are formed

by the material pushed along the bottom of the river, and not by the earthy matter carried to the

gnlf in suspension.

These bars advance into the gulf at a certain yearly rate, and it is the rate of advance which
has been used to solve the problem of the age of the delta, that is, of the advance of the river into

the gulf, and this method is entirely independent of any computation of the quantity of earthy mat-

ter brought to the gnlf by the river suspended in its waters. It has been solved as an engineering

problem, not as a geological problem, and because the data for the former could be obtained with

some accuracy, while those for the latter are necessarily defective.

The true measure of the rate of prolongation of the main stem of the river is the mean of the

rates of advance of the branches, one of which must become the main stem. "Why one of these

branches must become the main stem is an engineering problem depending upon mechanical princi-

ples, which will be found treated of in the report. This mean rate of advance includes the eflect of

the changes Sir Charles Lyell refers to.

The report upon the delta does not give any computation of the age of the delta, using the

quantity of alluvial deposit, because the difficulty of ascertaining its depth beyond seaward of Xew
Orleans renders any such result but little more than unsupported assumption. Even such data as

could be obtained from careful soundings oft' the coast are not yet attainable, and the attempt to

continue past the mouths of the river the curves of -30, jO, 100, and 200 fathoms depth of the original

bottom of the gulf, from points ofi the coast of Alabama, where the original sandy bottom of the

gnlf is found, even with the help of the tertiary shore-line of the gulf, will be found very unsatis-

factory. By the method adopted by Sir Charles Lyell in his second visit to the United States,

using the figures of the delta report, we have 4,.j00 years as the age of the delta. The figures used

in this conjpntation are 30,000 square miles for the area of the alluvial land from Cairo to the gulf

and 40 feet for the depth of the alluvium. The area used is a little in excess. Forty feet is the

depth along the river, just above New Orleans. Tbe mean depth of the alluvium above New
Orleans is, however, less than that. Below New Orleans it is greater. But the modification which

must have taken place in the character of the Mississippi river renders all attempts to compute the

age of its delta in terms of our vears futile.
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LETTER FROM MAJOR GENERAL A. A. HUMPHREYS TO BRIGADIER AND BREVET MAJOR GENERAL
RICHARD DELAFIELD, CHIEF OF ENGINEERS, UPON "A PLAN TO RECLAIM THE WASTE SWAMPS,
ETC., OF THE LOWER MISSISSIPPI BASIN BY A NEW SYSTEM OF DIKING, SO AS TO USE THE
DELTA-JIAKING MATERIAL OF THE WATER OF THE RIVER FOR THIS PURPOSE," BY BREVET
BRIGADIER GENERAL B. S. ROBERTS, UNITED STATES ARMY.

[Annual Report, Chief of Engineers, 1S69, pp. 323-327.]

Xew Orleans, February 22, ISGO.

General: I have reoeived your eominuiiicatiou of the 13th instant, enclosing a copy of a

"iMenioir" of "a plan to reclaim'tUe^waste swamps, &c., of the lower Mississippi basin by a new
system of diking, so as to use tbe delta-making material of the water of tbe river for this purpose,"

by Brevet Brigadier General B. S.__Roberts, United States Army, referred to me for report upon

the practicability and expediency of carrying into effect the ideas presented therein, &c.

The plan presented by General lloberts is, in brief, to take from the Mississippi river at high

water "a volume of water equal to, or approximating to an equality with, the surplus of flood water

over the medium flood," and allow it to flow over the alluvial lands bordering the river, and deposit

its sediment upon them.

This would, in his opinion, soon elevate those lowlands to a considerable extent, and at no

very distant day bring them to about the level of the banks of the river, render them cultivable,

and the country healthy.

For the facts and figures which I shall use in this communication, I beg leave to refer to the

report upon the ^lississippi river, prepared by Captain A. A. Humphreys and Lieutenant H. L.

Abbot, Topographical Engineers, and submitted by Captain Humphreys to the Bureau of Topo-

graphical Engineers, August 5, ISGl.

The«knowledge of a few simple facts concerning the region in questiou, well known to those

who live upon the alluvial lands of the Mississippi, would lead one to distrust the feasibility of such

a project.

The swamps and shallow lakes of the alluvial region are filled with rain-water long before the

river reaches its flood condition, and remain so filled until the river goes down. Any material

additions to their volume made by crevasses cause an encroachment upon the cultivated lands, and
should the breaks in the levees be extensive, and the high water of long continuance, the most
serious inundations occur, involving the loss of crops and stock worth millions. The explanation

of this is, that the fall of rain upon the alluvial lands is excessive, and the surface so flat that the

eye can detect no deviation from a level, careful instrumental measurements being necessary to

ascertain the direction, as well as amount, of the slope that exists. The lakes are shallow, except

those along the river, which once formed portions of it, and still retain in part its great depth. The
facts cited indicate that no large volume of river-water can be let in upon the alluvial lands with-

out serious injury to the cultivable j)ortions, the highest parts of the alluvion.

General llobertsjiroposes to draw off from the river during the period of high water and spread

upon the alluvial lands all the volume in excess of that of the medium flood. This would briug the

S3n
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surface of the river very uearly to the level of tbe natural bauk ; iu other words, would restore

the coiulitioDS existing before any levees were built, and subject the whole alluvial region to over-

flow. Perhaps he may dissent from this exhibit of his proposition, but he will not object to my
using, iu a discussion of the [)roject, the quantity of sedimentary matter contained in the volume

of river- water indicated. Let us sec, then, how much earthy matter that volume would spread upon

the alluvial lands. The area of tliose lands is :

.Siiuare miles.

The St. Francis boltoni 6, 300

The Yazoo bottom 0, 800

The Tensas and Macon bottom 1, 000

The alluvial lauds below the mouth of Ped river 12, 000

Total 29, 100

I will take the most favorable case for the i)roject;, the great flood year of ISoS. The river

during that year was less than one hundred and thirty days above the natural bank. Let us

assume it to have been one hundred and thirty days. The surplus volume discharged by it

during that time, over and above the volume discharged by tli3 river when just bank full, was

1,200,000,000,000 cubic feet.

Now, had this quantity escaped from the ris'er into the alluvial lands during the period of high

water of 185S, it would have flooded the whole alluvial region, cultivated as well as uncultivated,

fiOMi Cairo to the gulf during the entire period of one hundred and thirty days.

For the quantity of earthy matter held in suspension by the river water, I will use the largest

proportion found in the investigations made upon the Mississippi river under my direction. That

proportion is yJ,jj by volume; that is, for every 1,200 cubic feet of water there was 1 cubic foot of

earth. This is double the amount of sedimentary matter carried by the river-water during the

mean-flood period. The proportion of y^Vo '^^ould give for the volume of water just noted

1,000,000,000 cubic feet of earth.

I should exi>lain here that when there were no levees the water thrown off by the river into the

St. Francis bottom returned to the river again by the returning bayous and tbe St. Frauds river,

having deposited its sedimentary matter upon the bottom lands. It thus protracted the duration

of the flood.

The water similarly thrown olf into Yazoo bottom returned to the river by the Yazoo river.

The same is to be observed of the Tensas bottom, the water returning to the Mississippi by Ked
river.

Again, iu order to make the most favorable case possible for General Eoberts's project, I will

suppose that the whole volume of water necessary to bring the river within its banks iu the flood

of 1858 entered each bottom land in succession; that is, the bottom lands of the St. Francis, the

Yazoo, and the Tensas.

"\^'e have .seen that that volume of water carried in susiKMision 1,000,000,000 cubic feet of earth.

That bulk, when spread upon an area of G,000 square miles (tbe area of the St. Francis bottom),

would have a thickness of (Jy- of a foot. At this rate, it would require twelve years to make a

deposit 1 inch thick upon the St. Francis bottoui.

Put the time that the flood of 1858 was above the natural bank of the river was more than

double that of the average floods, and we should have, for an average cll'ect of flooding yearly all

the St. Francis alluvion, less than 1 inch of deposit, for twenty-four years of overflow. The mean
difi'erence of level of that swamp and the bank of tbe river is 10 feet. To bring up the swamp to

the level of the river-bank would require more than two thousand eight hundred and eighty years.

If the smaller quantity of sedimentary matter were used, the number of years would be about

doubled.

If the sedimentary matter could be concentrated instead of being spread over the whole bottom,

tbe depth of deposit would of course be increased. Put tbe shape of the country is not ada|)ted

to this ]>rocess. 31oreover, the project of General Ivoberts comprises tbe whole area of the alluvion.

Here let me remark that the i)roject is not new to me; it is probably as old as tbe levee sys-
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tern, and is a fruitful subject of discussion with persons living on tlic alluvion, especially those who
have noticed the deposits made by crevasse water at the edge of the swamp in the immediate
vicinity of the crevasse, when the break in the levee was large and the high water continued. A
notable example of it was given by the Bonnet Carre crevasse of 1850, which, though only six-

miles from lake Poutchartrain, and having therefore comparatively free tlow to the gulf, flooded
an extensive district and destroyed a large amount of property. Such notable deposits are made
only when the crevasse is so large that immense damage to the i)l:intations on the alluvion is

incurred.

It seems to me unnecessary to illustrate the subject further, or ai)|)ly ligures to the other bot-
torn lands. So long as there are vast districts of the higher portions of the alluvial land along tiie

Mississippi river that are unoccupied, and will remain so until the river is effectually leveed, it

appears to me unnecessary to set investigations on foot to ascertain whether some limited localities

of the lower portions of the alluvion can be raised by letting in upon it the turbid river water,
especially as the features of the country are not adapted to the economical use of such processes.

The figures exhibited show that such a process upon a large scale is impracticable. The only
practicable mode of reclaiming the swamp lauds is to levee the river-banks securely, and, as culti-

vation extends inward, to establish a proper system of drainage.

The second view presented by General Itoberts is, that, by spreading a portion of the sedi-

mentary matter of the river upon the swamp lands, there will be less of it deposited in the gulf at

the mouths of the river. In his opinion, the bars will not then extend so rapidly into the gulf as
now, and, as a consequence, the surface of the river in its lower course, or near the sea, will not be
raised as rapidly as it is now (the rise of surface due to the extension of the mouth of the river

into the gulf), and the height of the levees on the lower plantations will not have to be increased

as frequently as now. Further, he is of opinion that there will then be a greater depth of water
upon the bars at the mouth of the river than there is now.

EespectJng the increase of height to be given to the levees in the lower course of the river,

owing to the progress of the mouths into the gulf, I beg leave to refer to pages 435 and 43G, " Re-

port upon the Mississippi Eiver," &c., where it is shown that it will require an extension of the

mouths of the river twenty-five miles into the gulf to raise the surface of the river one foot at Fort

St. Philip, and that, according to the present rate of progress, five centuries will elapse before the

river accomplishes that extension.

Owing to the great depth of the gulf, where the mouths of the river now lie, the rate of prog-

ress into the gulf will be slower in future than it has been in past days.

As to increasing the depth of water upon the bars by reducing the <iuautity of sedimentary

matter brought to the gulf, I beg leave to remark that the depth on those bars depends upon the

quantities of water discharged over them, and not upon the quantity of suspended sedimentary

matter brought to the gulf by the river water. Further, the bars are not formed by the deposit

of the sedimentary matter of the river, but by the deposit of the earthy matter pushed or moved
along the bottom of the river. Uence, a reduction of the sedimentary matter of the river will not

diminish the magnitude nor afl'ect the form of the bars.

Should any further information or views concerning the bars be desired, reference can be made
to the last chapter of the report already mentioned.

Having thus shown the injpracticability of attaining the ends proposed by General Roberts, I

trust I may be excused from presenting a view of the cost necessary to carry out his plans.

The popular impression that the floods of the Nile are allowed to spread upon its alluvion has

been sometimes referred to by persons ignorant of the totally different conditions of the two rivers

as a reason for allowing the floods of the IMississippi to tlow over its alluvion.

The floods of the Nile are regular in their recurrence, the greatest height being attained usually

in September; the planting and sowing season follows the subsidence of the flood. Egypt is in

the rainless region, and the overflow of the Nile fills periodically all the reservoirs, tanks, and canals

from which the fields are irrigated and su])plies of water for every puri)ose are furnished. The
best authorities state that its floods are not permitted to spread over its bank-'.

The floods of the Mississippi are irregular in their period, height, and duration, but on the
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average luay be said to reach tlieir Leigbt about the first of April. The river then remains in

high-water condition, falling and rising, until about the middle of July, and there are uo means of

predicting whether it may not be above the natural bank during all that time. There are, indeed,

two maximum high-water points reached each year, the one about the first of April, the other about

the first of June.

The planting and sowing season on the Mississippi begins just as the river reaches its height,

and the high-water couditiou so late into the summer that uo extensive crops can be gathered

from any i>lanting done after the river has begun to sink to its low-water condition. \\ herever its

floods spread, thick-growing willow and cottonwood spring up, destroying the cotton and sugar

plants, and requiring years for their eradicatiou.

Very respectfully, your obedient servant,

A. A. HniPHKEYS,
Major-Gcncral Volunteers.

Brig, and Bvt. Maj. Gen. Eichard Delafield,

Chief̂ of Corps Engineers, U. S. A.



APPENDIX K.

MEASUREMENTS BY FLOATS OF THE VELOCITY OF SUB-CUERENTS
IN THE GAUGING- OF RIVERS.

UEMAEKS BY GENEEAL A. A. HUMPHREYS.

[Annual Eeport, Chief of Engineers, 1875, Part II, pp. 3G0-3T3.]

Some criticisms Lave been made upon tbe tliickness of tbe cord used in connecting the surface

and subfloats in measuring the velocity of the subcurrents in the Mississippi-delta survey. The
thickness is stated in the report to have been 0.2 of an inch. That the subfloat should be the largest,

the surface-float the smallest, and the connecting-cord the finest practicable was too evident to

escape the observation of any one, and after careful trial with fine wire and cord of different sizes,

and floats of different kinds and dimensious, those used were adopted, it being found impracticable

iu the manipulation of the subfloats in the deep water and strong currents to use a cord finer than

the one adopted.

Lieutenant (now General) Abbot found similar difficulty iu using fine cord for the deep-water

currents, as the previous party of Colonel Forshey iu 1851 and 1852 had done, and used cord of

nearly 0.2 of au inch in diameter.

The ett'ect of the cord and surface-float in reducing the velocity of the subfloat when it is

iu the strongest current—that is, at 0.3 of the whole depth—is very small, even when the surface-

current is about 8 feet per second.

The depth being 100 feet, the point of greatest velocity of current is about 30 feet below the

surface. At this point the subfloat, with an area of vertical cross-section of about 150 square inches,

and a weight of about 150 ounces, drags forward through the watpr the connecting-cord and surface-

float, and drags them with a momentum due to a velocity equal to the difl'erence between the

velocity of the current iu which the subfloat is moving and the mean velocity of the current acting

on the cord and surface-float. The differeuce between these velocities is small, and it is easy to

perceive, without going into any computation, that the retarding eflect of the cord and surface-float

upon the subfloat at this depth must be very small, but it is evidently desirable that the connecting-

cord should be the smallest practicable. Below this depth the retardation of the subfloat gradually

decreases to near mid-depth, where it disappears.

Let us see what will be the eflect of the cord in increasing the velocity of the subfloat when it,

the subfloat, is at the lowest point of depth, say at 90 feet below the surface.

The force which the cord exerts upon the subfloat to accelerate its movement beyond that of

the current in which the subfloat is moving, is determined by the weight of the cord, and the area

of cross section of the cord, acted on by a current equal iu velocity to the difterence between the

mean velocity of the current moving the cord and the velocity of the current at the position of the

subfloat. This difl'erence, even when the mean of all the velocities is about S feet per second, will

be a fraction of one foot per second. But suppose it to be as much as one foot per second, then the

momentum or moving force of the cord will be that due to its weight and cross-section acted on by

a current with a velocity of one foot per second, and this force has to drag through still water the
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subfloat with a cross-section of about 150 square iuclies aud weight of 150 ounces. It is evident

that the amount of the acceleration of the lowest subtioat will be small.

Not only are the areas of cross-section of the cord and subfloat to be considered, but account

must also be taken on the one hand of that part of the moving force or momentum of the cord

which tends to accelerate the subfloat, and on the other of the inertia of the subfloat, and the resist-

ance of the medium (water) it has to be moved in. The cord becomes the motive power, the sub-

float the object moved.

But in the case where such serious exception has been taken to the thickness of the cord used,

the subject has been treated as if the cord and floats had no weight, and the cord is represented as

moving in the form of a curve with the subfloat 30 feet behind the surface float and 10 feet above

the depth it ought to move in. But to get the cord into such shape and the subfloat into such

position, a lifting-force capable of lifting the leaded subfloat to that height must be developed in

the cord by the small differeuce in the strength of the curreuts acting on the two, and during the

lifting process the cord must have been iucliued down stream from the sub- to the surface-float in

order to develop the lifting-power. Now any deviation from the perpeudicular would have made
itself apparent to the observer by the inclination of the flag and wire of the surface-float, and

especial atteutiou was given to this point, particularly when experiments were being made to test

the eftectof the cord on the subfloat before the apparatus was adopted, a long wire being then used

for the flag of the surface-float. These experimeuts did not develop any appreciable effect of the

cord on the subfloat.

Further, the fact that whenever the subfloat drifted into water the depth of which was but little

less than the length of the connecting-cord and subfloat, the float dragged, the flag of the surface-

float always responding to the least touch of the bottom, thus again proving that the subfloat was

not lifted appreciably, for if it had been, it would not have touched the bottom or dragged.

The two effects of retardation and acceleration are very small quautities, and, as we shall see

presently, have not impaired the value of the results of the Mississippi delta survey.

But this question as to the effect of the cord ou the results obtained by the double float system^

and the accuracy of its results, have been already effectually disposed of by Major Abbot in his

report to me of March 17, 1870, printed in the Annual Report from this Office of October 2.5, 1870.

Among the great results of the delta survey was the discovery that the mid-depth velocity

remaiued unchanged so long as the discharge did not vary, while the current iu every other

part of the vertical might change; and the mid-depth velocity bore a fixed ratio to the mean

velocity, being 0.91 of it. This discovery accomplished oue of the great objects sought in making

the investigations, and had been sought for iu vain previously.

The object was to find a point or points iu the cross-section of a river where the velocity of the

current bore a fixed ratio to the mean velocity in the vertical plane or planes, so that, by the meas-

urement of the current at a few peiuts, even in high winds, the volume of discharge could be accu-

rately computed.

Only those who have endeavored to measure the currents of the Lower Mississippi, a river 100

feet deep, with a strong current constantly varying in position, the velocity of all its elementary

filaments, except those of mid depth, incessantly varying iu strength, with great irregularities of

course and bed, with boils and whirls covering its surface eveu in those limited localities where the

bed is comparatively uniform, with masses of drifting trees when in flood, with steamers constantly

passing, and, from the violence of the currents, endangering any row-boat that ventures to cross

the river—only those who have had a personal knowledge of these difficulties in the way of delicate

measurements can fully appreciate their magnitude. The first trial with meters proved that it

was utterly impracticable to use them for the measurement of the curreuts of the river, and as

trials were made it was evident that the means resorted to were the best that could be used under

the conditions existing. Those who have made the criticisms mentioned have had no experience

in the measurement of the currents of the Lower Mississippi.

Iu order to exhibit the inaccuracy of the observations made by double floats, due to the cord

connecting the surface- and sub-floats, one writer upon their use makes a comparison between the

observed velocities on two days at Yicksburg (May 13 and August 17) with the velocities which

.should have been found according to the law determined by all the observations made ou the Mis-
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sissippi liver. This comparisou uudoubtcdly exhibits the errors of observation aud the irregulari-

ties of, or disturbauees in, the currents on those two days from all causes, and not merely errors

that might be due to the cord simply, which seems to have been thought by that writer to be the

only source of error or of variation.

Notwitstanding the many sources of error in the measurement of the current, or rather of

variation in the current, which have just been mentioned, the Mississippi-delta investigations, by
their great number of observations and by the care used in taking them and in deducing the

results, developed the delicate law of change of velocity in the vertical as well as horizontal plane,

and the permanence of the mid-depth velocity aud its fixed ratio to the mean velocity.

The most accurate observations made siuce, in this country, on a river, the character of which

admitted of the most refined mechanisms being used, that is, the observations made by General

Ellis's party on the Connecticut river, confirm the laws deduced from the Mississippi-delta obser-

vations.

Xow, the exact coincidence in the ratio of mid-depth and mean velocities, as determined by

the Mississippi and by the Connecticut river observations, could not have occurred if the Missis-

sippi observations had been vitiated in the manner and to the degree that it is attempted to make
appear.

Failing to find in the hydrometric journals or note-books of 1S51 any memorandum as to the

thickness of the connecting-cord adopted for the floats, inquiry upon the subject was made of Colonel

C. G. Forshey, who had charge of these parties at that time. His reply is herewith, from which it

will be perceived that he states the tliickness of the connecting-cord was 0.1 of an inch iu diameter.

If he should be correct, I am at a loss to account for the statement in the Mississippi-delta report,

that it was 0.2 of an inch, except by supposing that we were misled by the thickness of cord used

for deep floats in 1857 and 1S5S, aud for a part of the time in observing the currents at the mouth of

the river.

LETTER OF C. G. FORSHEY, CIVIL ENGINEER. '^

Galveston, August 28, 1875.

General : Your favor of August 5, instant, has been at my side during an illness that has

unfitted me for labor these two weeks past, aud now that I am able to give attention to your

requests, I have no authorities beyond my recollections to guide my replies. These, however, bap-

pen to be very good, and to cover nearly all you desire respecting our labors iu getting river-current

velocities in the delta survey of 1851, 1852, 1853.

Your requests relate to the dimensions, weight, aud quality of the cords, floats, buoys, and

flags we used in obtaining deep velocities of river currents, as well as to the means we used and

efforts we made to get true aud reliable results.

The experiments we made, it seemed to me, left nothing to be desired that ample means, time,

opportunity, and, as I claim for both of us, fertility of expedient, could suggest or accomplish.

We experimented with the various sizes aud weights of floats, buoys, and cords iu our earlier

measurements, say in March and April, 1851, so that in May (early ?) we had reached such accuracy

of results that our methods were never afterward much varied. We tested several methods by

instruments, among others the elegant current-meter of Saston, and another by Wlirdemaun, if I

recollect right; and we amply demonstrated the impracticability of using any of them in the deep

and turbulent currents of the Mississippi river.

Having discarded the instruments, we tested our float-keg with the various cords. Wire we
found impossible to use at all in the rapid work we required. It " snarled" and " kinked"' in paying

out and taking up, so that it was soon rejected. Catgut you suggested, but we could not obtaiu it

iu length and quantity. Fi.sh-Uncs, like the icire, were unmanageable from the kinking in taking

up, and from its never ceasing to untwist while bearing a weight. It was rejected as a nuisance.

Hemiien cord was then returned to, which I used in my first tests of the float-keg, iu your
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absence. Its merits vrere that it did not untwist after first use ; that when tarred it was nearly of

the specific gravity of water, and that the marline size was handleahle with ease and rapidity, and
it was strong enough to stand a good pull when caught in drift, bank, or bottom.

Tou were undoubtedly in error as to its dimensions, and if it be so recorded in the Physics and

Hydraulics, it needs explanation. It measures (see the inclosed 1 foot of marline), by accurate

caliper-test of Garnoch & Bibby, y',-; iich in circumference = '.1004 diameter. This weighs 28

grains troy, and in water weighs 20 grains. Its specific gravity is therefore .71.*

2fow, 90 feet of this line weighs half a pound nearly, and it measures 103 square inches, and
the cork buoy, 1 inch thick and G inches square nearly, submersed, presents 4:"±, giving 112 inches

against which the currents above the float must act.

The float-cylinders were made of cypress staves, with three or four iron bands ; staves | inch

thick, cylinder 10 inches diameter by 15 high (!). They were brought to a beveled edge below (see

Fig. 1), and a lead band was placed inside, just above this bevel, and continued its plane to facili-

tate sinking. The float, when wet, was nearly the specilic gravity of water, as heart-cypress always

is; when dry, it was light and easily handled.

FiW /

Tig. 1.

of lower tiljio of lioat-kp

It was secured to the cord at three points, 120^ apart, and these met at i inches above center

of cylinder, and the cord then, at proper distance (say 100 feet), was secured to the cork-buoy, as

shown in Fig. 2.

The weight of the whole cylinder, by calculation, when wet, was about 7 pounds, and tiie lead

added was never more than 2 pounds, usually only 1+ ;
just enough to carry the float down.

The device was very delicate and effectual. The flag sprang up the moment the line was taut,

and in drifting with current always responded to the least touch of bottom or bank.

We satisfied ourselves, from the independent, faster, slower, or oblique direi'tions taken, as

compared with super-currents, that this flag was always actuated by the float beneatli. The dilfer-

entsized cords gave the same result, and we adopted that which was most convenient.

" Tills sanipli! liiis been in tlio water to be w(ti;;Iio(l, and tlierofm-o is less compact than -when measured.
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You will be readily reminded of the reason why our sinkers had little weight, and why the floats

and cord were as nearly as possible of water's gravity. The entire difference of gravity had to be
made in submersion of cork-buoy, thus transferring more and moreof our floatage to the river-surface.

It was necessary, when our floats became very dry, to submerse them a time, to give them weight
for sinking.

Should anything more seem required, general, I can, with access to the delta-survey report and
my private journals of those times, perhaps supply you—supplement this letter.

Please address me at Galveston, as my duties will still detain me some time at this post, work-
ing on Eed Fish bar, to which work I shall return on Monday next.

I have the honor to remain, very faithfully, yours,

C. G. FoRsnEY.
General A. A. Humphreys,

Chief of Enfjinccrs, U. S. A.

Si n
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SHOALIXG IX Tin: MISSISSIPPI RIVP:R AT THE HEAD OF THE PASSES.

A comparisou of the maps prepared from the Eugiaeer Departmeut survey of Talcott, ia 1S3S,

of the Coast Survey, ISGG, ami of the Eugineer Department (Major Howell) autl the Coast Survey in

1875, indicate considerable shoaling in the river at the head of the passes \\here the width of the

river is more than twice as great as the normal width. Mr. Eads, contractor for the South-pass

improvement, and his advisory board, have attributed this shoaling to the Jump and Cubitfs gap,

and have adduced it as an evidence of the correctness of the assumption that every reduction in

the strength of a current causes it to deposit some of its suspended earthy matter, and every increase

of its velocity induces the current to resume its former load of earthy matter. Exact observation

has so completely refuted this assumption that it would seem to be scarcely necessary to recur to

it again ; and, indeed, to disprove it in this case, it is only necessary to note that the soundings of

-Major Howell, of the Engineers, in March and Ai)ril, 1875, just below Cubitus gap, when compared

with those of the Coast Survey at the same place in 18GG, show that no shoaling has taken place

at that point between those dates, and yet this is the point where the shoaling should have been

greatest if the views of Mr. Eads and his associates were correct. How then shall the shoaling at

the wide part of the river between the years 1S.j8 and ISCG and 1875 be accounted for? Ths
answer is, by the observation of other facts, and these observations have been made by the Engineer

Department (Major Howell) during several years past. The facts they elicited are that, during the

low-water stage of the river, there is a stratum of salt-water many feet thick at the bottom in the

I)asses and in the wide part of the river at the head of the passes, and extending above that point

some distance, which has but little current either way compared to the current of the fresh water

on top of it; the earthy matter suspended in the river-water falls upon the bottom of the river thus

occupied by salt-water, just exactly as it fiills upon the bottom of the gulf out at sea beyond the

bars, and during the low-water stage a deposit is thus made on the bottom of the river.

The width and area of cross-section at the head of the passes in 1838 was so great that during

the high-water stage of the river the current did not remove all the low-water deposit, and it has

gone on increasing in thickness, and will continue to increase in that manner, until the area of

cross-section becomes so reduced that the current at high water will be equal to sweeping away
the deposit made during low water ; then the shoaling will cease.

Indirectly, the Jump and Cubitt's gap have contributed to the shoaling, not by causing the

river-water to drop its suspended earthy matter, but by reducing the high-water discharge and
the scouring force by which a part of the shoal is annually removed.

April, 1876.
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DrPROVEMEXT OF TPIE MOUTHS OF THE MISSISSIPPI.

LETTER OF GEXERAL A. A. HUMPHREYS CONCERNlIfG THE FORT ST. PHILIP
CANAL AND CONSTRUCTION OF JETTIES.

[Ho. Ex. Doc. 220, 43d Cong., 1st sess., pp. 1-15.]

[Annual Report Chief of Engineers, 1874, Part I, pp. 854-807.]

Office of the Chief of Ejs^gineers,

WasJiinr/ton, B. C, April lo, 1874.

Sir: In transmitting the reports of the Board of Engineers upon the ship-canal from the Mis-

sissippi river, near Fort St. Philip, to Isle an Breton pass, and upon deepening the entrance to

that river by constructing jetties at the month of one of its passes, I abstained from any discussion

of the question of applying the jetty system to improving the entrance, as certain information,

important in the final treatment of the subject, had not then been collected by Captain Howell.

This comprised certain soundings from the bars of the Southwest and South passes out seaward

several miles, as well as other data, including a carefully-prepared plan and estimate of the cost

of applying the jetty system to those two passes.

All the results of the .soundings connected with the bar of the Southwest pass have been

received, and the most important of those, relating to the Sonth Pass bar, and I beg leave to pre-

sent some views upon the subject, which necessarily assume the form of a review of what has been

advanced by others.

The important fact developed by the sonndiugs recently made by Captain Howell relates to

the depth now existing in the gulf, just seaward of the mouths of the river. Taking the maps and

profiles exhibiting the depth as it existed in 1838, and recognizing the fact that the bar of the

Southwest pass has advanced since 1838 at the rate of about 300 feet in a year, the jetty advocates

have taken it for granted that the bars of the Southwest and other passes are now being extended

in a part of the gulf where the water is very deep, into which very deep water the jetties will push

the obstructing part of the bar, which they erode, and also the material which forms the bar's

annual growth, and will thus easily maintain the depth of 25 feet, or greater, on the bar. But

during all this time, .since 1838, the river water, in addition to pushing the bars annually into the

gulf about 300 feet, has been depositing the greater part of the earthy matter it held in sus])ension,

upon the bottom of the gulf, beginning at the outer edges of the bars, and extending seaward

between five and ten miles. This is not the earthy matter forming the bar, which the river water

pushed along its bed until it reached the sea, but the earthy matter which forms the bottom of the

gulf for several miles seaward of the bars.

Upon examining the map of the recent .soundings of Captain Howell, we find that, at the crest

of the present bar of the Southwest pass, there was, in 1838, a depth of 125 feet. We also find

that where, in 1838, at the distance of 13,000 feet seaward of the bar, there was a depth of 115 feet,

there is now only a depth of 45 feet (this point, where the depth is only 45 feet, being 3,000 feet
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seawaitl of the crest of the bar). We find, fnrtber, that this bar is now being extended annnally

into the gulf iu water not so deep as the bar was advancing iu in 1838. We find, also, that from

the crest of the present bar to a depth of 100 feet, the distance is now 8,000 feet ; whereas, in 1838,

from the crest of the bar to 100 feet depth, the distance was -1,700 feet: and we find, farther, that

from this point, where there is now 100 feet depth outward, for the distance of some eight or ten

miles, the deposit made on the bottom of the gnlf, between 1838 and 1873, is between GO and 70

feet thick, or at about the rate of 2 feet per year.

The mean annual amount of earthy matter in suspension carried to the gulf by the Mississippi

river would cover an area of one square mile 211 feet thick. The Southwest pass carries to the sea

0.31 part of this, and the larger portion of this mass is deposited on an area about two and a half

miles wide and ten miles long. If all were deposited on this area, it would form a deposit 3.20 feet

thick. We have found, by the comparison of soundings, that over much the greater portion of the

area the deposit is, on an average, 2 feet thick. The other portions of the suspended matter are

carried ten or twenty miles, or even greater distances, further seaward, and also over greater

widths than the mean I have used of two and a half iLiles.

The opinion has been expressed by some engineers, in discussing the question of the applica-

tion of the Jetty system to the entrance of the Mississippi river, that the earthy matter of the bar

and the earthy matter held in suspension will be pushed out by the jetties so far that a littoral

current, which is supposed by theai to exist outside the bar, will carry this earthy matter awny

from the approach to the entrance.

They seem either to forget or not to know that the greater part of the earthy matter held in

suspension which is brought to the crest of the bars is deposited between the crest and points from

five to ten miles directly seaward of them, and in the direction of the midline of the pass prolonged,

which direction the current of the river maintains after it passes over the crest of the bar.

If there was a littoral current of force sufficient to carry off any large quantity of this earthy

matter, it would not have been deposited where it is now, and always has been, found. What has

been said respecting the recent soundings of Captain Howell exhibits this fact clearly.

Further, upon examining the horizontal curves of equal depth on Captain Ilowell's recently

prepared map, going out as far as a depth of 350 feet, we find tha':, from the crest of the bar to 100

feet depth, the greatest amount of deposit is made east of the axis or mid-line of the pass pro-

longed; between 100 feet and 200 feet depth the greatest amount of deposit is made west of that

line, and between 200 and 350 feet the greatest amount of deposit is made east of that line.

Further, the investigations into the currents made under Captain Talcott's direction in 1S3S

lor the very i)uri»ose of ascertaining whether there was a littoral current, failed to detect its

existence oft' any of the passes, the investigations in the case of the Southwest pass extending

7 miles seaward of the bar.

The very shape of the delta is indicative of the absence of such current. Its increase in the

direction of the mouths of the passes, and the existence of such areas of water as Elind bay. Garden

Island bay, and East and West bays, which would have been gradually tilled in the course of the

delta formation by deposit if such current had existed, all jtoiut to its absence.

The investigations carried on under my direction, in 1851 and subsequently, show, with

sufiicieut precision for any application to engineering purposes, what the nature, direction, and

force of the currents of the gulf are (as distinguished from the currents of the river-water) oft'

the mouths of the JNIississippi river. The effect of these currents upon the passes, their mouths

and bar formations, was discussed in the chapter of the report treating of that subject, and was fully

considered in preparing the part entitled "Experimental Theory of the Formation of the Uars.''

These gulf currents are due to changes of the level of the gulf, owing to tides and winds, and

their resulting efl'ect (together with that of the waves) upon the passes, their bars, and their sea-

deposit, are all shown by the actual position of the passes and the conditions existing at their

mouths; and there is no ground whatever for anticipating any modification of their action by

building jetties ; they will neither carry away from nor bring to the bar or the bottom of the gulf any

more earthy matter if jetties should be built than they do now, and their influence upon the jetty

system is absolutely nothing.

The prominence which has recently been given to the eSect of a littoral current in connection
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witli the jetty system is derived entirely from the iufluence attributed to it in the case of the

improvement by jetties of the Sulina branch of the Danube ; and because the South pass is the

smallest of the passes of the Mississippi river, it seems to be assumed that the conditions of the

Sulina will be found at the South pass.

The Sulina branch of the Danube carries oft' one-fourteenth part of the volume of that river,

and its mouth lies about midway between the mouths of the two main branches, the mouths of the

Kilia branch being about 15 or 20 miles north of it, and of the St. George branch being about the

same distance south of it. The Kilia branch carries off two-thirds of the volume of the Danube,

the St. George one-third, from which the Sulina takes its supply.

The discharge of the Danube, in flood, is about 333,000 cubic feet per second ; iu low water,

about 111,000 cubic feet per second. The discharge of the Sulina, in high water, is about 24,000

cubic feet per second ; in low water, about 8,000 cubic feet per second.

The South pass of the Mississippi discharges, in high water, about 83,000 cubic feet per second,

and in low water about 25,000 cubic feet per second, and carries to the sea ten times as much
earthy matter as the Sulina branch, almost the same quantity as the Kilia branch, and nearly two-

thirds as much as the whole Danube.

The small quantity of earthy matter carried to the sea by the Sulina branch, joined to the fact

of the existence of a littoral current across its mouth, were the two causes which, iu the judgment
of -Sir Charles Hartley, the engineer of the commission for the improvement of the mouths of the

Danube, made the jetty system peculiarly applicable there, and led to its success, the jetties causing

the earthy matter in suspension to be carried out into the littoral current, which then carried a

large part of it away.

This littoral current did not extend to the bottom of the sea or surface of the bar, but merely

a few feet below the surface of the sea. It is stated that there is no tide in the Black sea, the

variations of the level of its surface being due to winds. At the mouth of the Danube, the north-

east winds, being not only the prevalent wind but nearly incessant, causes a littoral southerly cur-

rent along the west shore, the mouths of the Danube being, iu a northerly extension of the Black

sea, about 125 miles wide. The discharge of the Kilia branch, on its way to the Bosphorus, after

it has dropped its earthy matter, j»asses across the mouth of the Sulina branch and strengthens

the littoral current derived from the wind.

Let us examine a little more closely into the facts of the Sulina improvement. I find, by a

comparison of a Russian map of 1829, and the English map of 1857, of and off the Sulina mouth
of the Danube (see Minutes of Pi'oceedings Institute Civil Engineers, vol. xxi, 1801-02), that the

old (1829) inside 12-foot curve of the bar did not progress seaward during that time, but receded

250 feet, and worked to the northward that extent or more.

The old outside 12-foot curve (of 1829) in some places did not move out, in others moved east-

ward 200 or 300 feet, and in others twice as much. Its mean movement is 350 feet in 28 years, or

13 feet per year. The outside 15-foot curve on the old channel line, for the full width of the mouth
of the river, did not move out appreciably. South of the natural channel, the 15-foot curve moved
out 800 feet in the twenty-eight years ; north of the natural channel, it moved out 500 feet in the

twenty-eight years, the mean advance of the curve in the twenty-eight years being something less

than 600 feet, or about 22 feet per year. The mean outward movement of the 30-foot curve, how-
ever, is 3,000 feet iu twenty-eight years, or about 110 feet per year. It is evident, then, that this

crest of the Sulina bar remained essentially stationary, so far as any outward movement is con-

cerned, during the twenty-eight years that elapsed between the two periods of survey.

Further, the sea-shore line at the mouth of the Sulina is also stationary, and we do not find

any recent delta formation at its mouth. The characteristic of a delta-forming river is the constant

annual extension of the shores at its mouth, the constant advance of the crest of its bar and of

the whole bar, and the constant annual advance of the deep channel inside of and behind the bar.

None of these characteristics are found at the month of the Sulina, which has long since ceased to

be a delta-forming river.

But the Sulina bar has^ many of the characteristic conditions existing at the mouths of the

little rivers emptying into the northern lakes, where the Engineer Department has constructed

harbors by using two piers or jetties. Thus, at Chicago there was a depth of only two or three
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feet on the bar at tbe mouth of the Chicago river. Parallel piers -were built there, aud at the first

spring flood followiug their construction a chauuel of considerable depth was secured out. That
was the commencement of the present fine harbor at that place. There is a shingly shore uorth of

Chicago, and hence large annual accretions behind the north pier. The Chicago river is not

muddy.

There is another distinguishing difference of characteristics between the Suliua bar and the bar

of a delta-forming stream. During the flood condition of the Danube, the crest of the bar of the

Sulina is deepened by the current, but is shoaled again when the flood subsides. On the contrary,

the crests of the bars at the mouths of the Mississippi are never materially deepened by the river

flood, but the annual extensions of the bars seaward then take place, and these extensious or

additions to the bars are as shoal as the crest, the shoalest part.

The quantity of earthy matter held in suspension aud thus carried to the sea by the Sulina is

also very small, compared to that of the South pass of the Mississippi river, the smallest of the

passes. In the case of the Suliua. we perceive the eflScacy of the littoral current moving southward

;

that is, toward the outlet of the Black sea, the Bosphorus. It carries oft the earthy matter while

it is held in suspension, but does not remove the deposits made by the Suliua ; for, as before stated,

the littoral current does not extend downward to the sea bottom or shoal, but is found at the sur-

face of the sea, and for a few feet below the surface, consequently it has no influence at all upon
the earthy matter pushed along the bottom of the Sulina by its fresh-water volume, which moving
matter is deposited where the fresh water rises on the salt.

Now, the earthy matter held iu suspension by the Mississippi river is mainly kept in suspen-

sion by the horizontal and vertical irregularities of the bed (see page 139, Eeport on Mississippi

river), which constantly stir it up so long as these irregularities exist. When these vertical aud
horizontal irregularities diminish, the quantity of suspended matter diminishes, some of it falling

to the bottom; and when these irregularities cease altogether, the greater part of the suspended

earthy matter begins to fall to the bottom. In tbe vicinity of Xew Orleans, the material thus

dropped, which is drifting along the bottom, is the same kind of material as the sediment held iu

suspension, no coarse material being carried or jiushed by the river past this point. Below Xew
Orleans, the course of the liver varies but little, and its cross-section becomes much more uniform

than above; as a consequence, the sediment falls to the bottom iu much larger proportion in this

section of the river than above.

The horizontal and vertical irregularities of the bed cease almost entirely where the Southwest

pass begins to widen, 7.3 miles from the crest of the bar, and from this point seaward the sus-

pended sediment falls to the bottom at a nearly uniform but slowly decreasing rate for twenty or

thirty miles. The greater part of it is deposited on the bottom of the gulf between the crest of the

bar aud a point about ten miles seaward. Some of it is carried further seaward. A part, as above

stated, is dropped upon the bar, commencing where the pass begins to widen, aud, during the

high-water stage of the river, is pushed along, with the other earthy matter there, to the crest of

the bar, aud forms part of the material which extends the bar annually into the gulf. AYheu the

river is in a low stage, the earthy matter dropped on the bar remains there, subject only to the

feeble gulf currents of the salt-watei', which then flow in and out over the bar underneath the

fresh-water surface-current.

It is perceived from this explanation that there are two separate, distinct bar formations at the

mouths of the !Mississii)pi river: the one formed by the earthy matter pushed along the bottom of

the river aud bar, which is the formation known by every one as the bar, the obstruction to navi-

gation ; the other formed by that part of the earthy matter held iu suspension, which lies where it

was dropped outside, or seaward, of the first-described deposit, or bar.

Although this last deposit does not, itself, obstruct navigation directly, yet it plays a very im-

portant part in causing the obstruction, since it converts the deep water of the gulf into shoal

water, and thus prepares the bed upon which the auuual advance of what is usually termed the

bar is made. The one bar is formed by being superimposed upon the other.

In the case of the Sulina improvement, the annual seaward accretions to the crest of the old

bar, made by the earthy matter pushed along the bottom of the river, were always very small, and,

as the jetties now throw the suspended earthy matter well into the littoral current, a large part of



APPENDIX M.—IMPEOYEMENT OF THE MOUTHS OF THE PtIVER. 671

it is carried away from tlie month of tho stream, aud hence the shoaling dne to the deposit of the
remainder (which is not carried away by the littoral current) is much slower than formerly. The
earthy matter pushed along the bottom of the rirer appears to have always been so small in quan-
tity as not to have had any controlling power over the bar formation. It is now carried by the
action of the jetties (which extend into deep water) into comparatively deep water, and adds some
additional material to the deposit made by the suspended earthy matter.

In the case of the mouths of the Mississippi river, even at the mouth of the smallest pass, the

quantity of both kinds of deposit matter is enormous, and there is no littoral current to carry the
suspended matter away. Even if there were at the mouths of tho Mississippi a littoral current of

the force of that existing at the Sulina mouth of the Danube (the most careful observations have
however, failed to detect tlie existence of any at all), it would be utterly imiiotcnt to cause any
material modification of the bar formations.

It may be remarked here that the distance which the current of a delta river extends into a
tideless or nearly tideless sea depends more on the volume of the river thau the velocity of the cur-

rent. The velocity of the current being the same in the one ease with a small volume, and in the

other with a large volume, in the first case the current will soon be neutralized, while in the other

it will extend for miles into the sea before it is brought to rest.

From the foregoing it is apparent that the Sulina bar of the Danube has no resemblance to

the bars at tlie mouth of the Mississippi river, aud 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 matter held in

suspension and not earthy matter pushed along the bottom of the bed of the Sulina.*

A very important question connected with the jetty system is the rate at which the bar will

advance uuder the influence of jetties. This, it seems to me, is not difiicult of solution. The prin-

ciples which should guide the application of this system are enunciated in that portion of the report

of Humphreys aud Abbot upon the Mississippi river, submitted August 5, ISCI, which treats of the

mouths of the river, especially the sections under the captions of " Experimental Theory of the Forma-
tion of Bars,'' and '^ Recommendations for Improving the liavigation. at the Mouths."

The following is extracted from the latter section, pages 455 and 456

:

"The development of the laws which govern the formation of the bars has removed all uncer-

tainty as to the principles which should guide an attempt to deepen the channels over them. The
erosive or excavating power of the current must be increased relatively to the depositing action.

This may be done either by increasing the absolute velocity of the current over the bar, or by arti-

ficially aiding its action. To the first class of works belong jetties and the closure of lateral outlets

;

to the latter, stirring up the bottom by suitable machinery, blasting, dragging the material seaward,

and dredging by buckets. These plans are all correct in theory, and the selection from them should

be governed by economical considerations.

"If the excavating power and depositing action of the Southwest pass had been equal when
the yearly advance of the bar was 700 feet instead of 338 feet, the least depth upon it would have

been 21 feet. This increase of excavating power may be obtained by constructing two converging

jetties, beginning where the depth of 22 feet is found, and extended to that depth outside the crest

of the bar, which would give them a length of about 2.5 miles. The experience gained in the

progress of the work should determine where the convergence should cease aud the parallelism

begin. The erosive action should be aided by first dragging and scraping tho hard portions of the

bar. The depth of 21 feet thus obtained must be maintained by the annual extension of the jetties

700 feet into the gulf, and the reduction of the mud-lumps by. suitable machinery whenever they

begin to appear."

But it appears to be desirable to go somewhat more into detail in this explanation. Accord-

ingly, taking the Southwest pass as a model, and taking the dimensions of the careful survey of

1838, we find that it has a mean width of 1,200 feet and a mean depth of about GO feet. About
seven miles before reaching the crest of tho bar, the channel begins to widen and the depth to

decrease, and they continue to do so until at the crest of the bar the width is 11,500 feet, and the

mean depth, from having been 60 feet, is but 11.5 feet.

• And probably to a greater extent from the drift due to waves.
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Au additiou of 33S feet is made to the bar every year aloug the whole Hue of the crest, 11,300

feet long. This is the aumial extensioa into the gulf. This addition or extension has the same

mean depth of water on it as the crest, 11.5 feet. If we go back from the crest of the bar toward

the point where the pass begins to widen, we shall find a depth of 21 feet in the channel-way, where

it is about C,000 feet wide.

The same bulk of earthy matter is, in a series of years, added to the bar annually, and if it be

added to it on a line 0,000 feet long, instead of 11,500 feet long, the seaward length of the addition

must be about twice as great (the depth of water upon which this addition is made being substan-

tially the same in each case); that is, the bar, instead of being extended 33S feet into the gulf

annually, will be extended twice that distance, or about 700 feet.

If we refer to the channel where it is 25 feet deep, we find the width to be about 4,000 feet ; and

the mass of the annual addition to the bar being the same, the annual extension on a front of 1,000

feet, instead of being 338 feet, will be about 1,000 feet, and this will be about the annual extension

of the bar for a depth of 25 feet if the jetties are suitably arranged for that depth. If they are at a

greater distance apart, the depth will be less than 25 feet. If they are at a less distance apart, the

depth will be greater, and, the addition to the bar being formed on a less front than 4,000 feet, will

have a greater annual extension than the bar formed on that front. So that, in applying jetties to

permanently deepening the bar of the Southwest pass to 25 feet, we must expect an annual exten-

sion of the bar of about 1,000 feet.

Examining the map of the bar, we hud that the horizontal distance between the part of the

channel (inside the crest) where the depth is 25 feet to the point in the channel (inside the crest)

where the depth is 21 feet, is about 4,000 feet, and we have every reason to conclude, and not one

reason for a contrary conclusion, that if the jetties are not extended after obtaining the depth of

25 feet, in four years' time the bar will have extended into the sea about 4,000 feet, and, following

the law under which it has heretofore been formed, the depth on its crest will be 21 feet; that is,

the bar accretions will be made on a slope rising at the rate of 1 foot per every 1,000 feet of

accretion.

The conclusion is incviiahle: the Jellies must he extended annuaUy at the same rate that the bar is

advajicinr/, if ice intend to maintain 2)ermanentli/ the same depth upon the bar.

If the depth to be maintained is 27 feet at low water, or 28 feet at high water, it will be found

by a similar process that the annual advance will not be less than 1,200 feet.

The jetties may be so arranged as to cause a greater depth than the one required, and thus

obviate for a time the necessity of their annual extension into the gulf; but such an arrangement

will entail a proportionately greater first cost in their construction. The final result as to cost

and depth will be the same whether the jetties be converging or parallel, and the parallel has there-

fore been assumed as the model in this discussion.

Some engineers have adopted the opinion that the jetties, by increasing the strength of the cur-

rent largely, will carry the earthy matter forming the bar so far out and into such deep water that

there will practically be no necessity for extending the jetties after the desired depth has been

once obtained. This view is derived from the supposition that the bar is formed by the check which

the current of the river-water receives in entering the gulf; which check, it is said, reduces its

velocity so much that the earthy matter, carried in suspension by the river-water, is dropped at

once into the gulf and forms the bar. This was the opinion usually held by engineers in former

times, but was not based upon any measurement of the currents or careful observation upon them.

It was known that the river-current was brought to rest in the sea, and it was assumed that at the

point where it apparently entered the sea (that is, where its banks were salt-water instead of earth),

a sudden and great reduction in the strength of the current took place, much greater than occurred

at any other point of its prolongation into the sea. But those who have carefully examined the

mouths of the Mississippi river, or who have examined the series of current-observations made

there uiuler my direction, perceive that there is no material check to the river-current as it enters

the gulf, and that it requires exceedingly nice measurement to detect any change in this velocity

over long distances. In fact, the current of the river is retarded at a very slow rate from the point

where the pass begins to widen, seven miles inside the crest of the bar, until it is brought to rest,

some twenty miles or more seaward of the crest, at high water, and some ten miles or more at low
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water, making the whole distance before it is neutralized tweutj'-seven miles or more at high water

and seventeen or more in low water. And along those distances of twenty-seven miles in high

and seventeen in low water, it drops the suspended earthy matter at a nearly uniform but slowly-

decreasing rate.

These being incontrovertible facts, the questions nest occur, Where does the material come
from that forms this great deposit which adds annually 33S feet to the bar of the Southwest pass,

with a depth upon it of 13J feet at low water? and Why is this material, wherever it may come
from, deposited in juxtaposition to the old bar on the seaward side?

Two observed facts put together answer these questions clearly: The first, the ascertained

fact, already mentioned, that throughout the whole course of the river there is a mass of earthy

matter pushed along the bottom of the river (not suspended in the water) moving at a much
slower rate than the current of the river. At the mouth of Red river, two hundred miles above
New Orleans, this material was chiefly small gravel and coarse sand; not far below Red river,

coarse sand and small balls of blue clay; still lower down, coarse sand; and in the vicinity of New
Orleans, at all stages of the liver, chiefly sand and earthy matter, the same kind of sediment as

that found in suspension at that point, the sand being very fine. No coarse material passed this

point of the river.

The second is the ascertained fact that, where the fresh-water current of the river meets the

salt-water of the gulf, the fresh water rises upon it, and creates a dead angle of salt-water on the

seaward side of the bar; and when the earthy matter pushed along the bottom of the river arrives

at this point, the fresh water having risen from it, there is no longer any pushing force to keep the

earthy matter in motion. It remains in the still salt-water, forming an accretion to the bar. Its

upper surface lies along the slope on which the fresh water moves npward upon the salt-water,

which repeated measurements upon the bar of the Southwest pass prove to be (on that bar) a slope

of one foot in a thousand. It can make no difference whether the river-current be moving at the

rate of 4 feet, 3 feet, or 2 feet per second, when it reaches the point where it rises on the salt-water

the matter pushed along the bottom will come to rest in the still salt-water substantially at the

same point.

We have seen that no coarse material is carried or pushed by the river past New Orleans, the

drifting material there being of the same character as the suspended matter. Fifteen miles below

New Orleans a marked change takes place in the river: its course to the sea varies but little, and
its cross-section becomes much more uniform than above, and, as a consequence, the suspended

matter falls to the bottom in larger proportion than above New Orleans. The sedimentary matter

thns dropped to, and pushed along, the bottom of the river during high water to the point where

the pass begins to widen, and thence to the outer crest of the bar, forms a part, but not the whole,

of the annual accretion of the bar. That portion of the suspended sediment dropped in high water

on the seven square miles of the bar, and swept to its outer crest, forms another part of its annual

accretion.

Respecting the character of the material composing this bar, George G. Meade, one of Captain

Talcott's principal assistants, who had charge of that portion of the survey of 1838 comprising the

Southwest and South passes, says, of the bar of the Southwest pass:

—

"The\»ar is composed of mud and sand, the matter held in suspension by the river-water. *

» * * * * Within and without the shoal, the bottom is soft mud, of a bluish and yellow tint,

having a large proportion of alumine. Immediately on the shoal, the bottom is harder, and has a

greater j)roportiou of sand.''

Respecting the South pass he states:

—

"The bottom is generally sand interspersed with spots of soft mud. The bottom on the bar is

principally fine gray sand, mixed with a small proportion of mud. Without the shoal, the soft

yellow and blue mud of the passes is found. The character of the bar is sand, as it is of the passes

and of the adjacent shoals."

Let us see what changes, if any, would take place in the amount of suspended earthy matter

dropped between the point where the pass begins to widen and the crest of the bar, if jetties were

constructed so as to give 28 feet water.

85 H
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naif-way between the poiut where the pass begins to widen and the outer crest of the bar, we
find (map of 1S3S taken as the model), in the middle of the channel, a depth of 28 feet at high

water for a width of 1,800 feet. Jetties properly constructed from this point to a similar depth

outside the crest of the bar would give the required depth of channel-way.

It has already been pointed out that the greater part of the suspended earthy matter begins to

fall regularly to the bottom as soon as the horizontal and vertical irregularities of the channel-way

cease; and if the volume of discharge passes between straight jetties of uuiform distance apart,

with a uniform cross-section throughout their length, we have the conditions favorable to the fall-

iug of the suspended matter to the bottom.

Now, all the earthy matter pushed along the bottom of the river above the point where the

pass begins to widen, and all that dropped below that point for one-half the length of the bar

(where the jetties are supposed to begin), will be pushed along the bottom between the jetties to

the outer crest of the bar; and all the suspended earthy matter that drops to the bottom through-

out the length of the jetties (one-half the length of the bar) will also be swept there. How much,

it will be asked, would this last quantity (the suspended earthy matter drojiped to the bottom

throughout the length of the jetties) dift'er from the quantity dropped on the last or outer half of

the bar if there were no jetties'? The difference is indicated by the diflereuce in their mean

velocities -so far as ihe quantiti/ of deposit is dependent on xhe 7nea>i velocities, and should be inversely

as those velocities; that is, the quantity dropped on the same length would be between one-fifth

and one-sixth less between the jetties than on the lower half of the bar. Compared to the whole

quantity dropped on the bar, it would be one-eighth less.

It has been recently stated by a civil engineer, in a pamphlet concerning the improvement of

the mouths of the Mississippi river by jetties, that the amount of sedimentary matter carried in

suspension by the Mississippi river is in exact proportion to the velocity of its current ; and that

as a given velocity of current will keep in suspension a corresponding quantity of solid matter at a

less velocity, a certain portion of it will be dropped. To illustrate this, he states that—
" When the Bonnet Carre crevasse occured, the river below it (107 feet of depth) was shoaled

np 31 feet, because the volume of water in the river, being lessened by the crevasse, was no longer

sufficient to maintain the normal current in a channel large enough to carry the entire river ;
con-

sequently, the current below the crevasse slackened, and the excess of load was dropped in the

channel until the bottom was filled up 31 feet with the deposit. This reduction of eliannel was
sufficient to reestablish the current and prevent further deposit."

The first statement is in direct conflict with the results of the long-continued measurements

made upon the quantity of earthy matter held in suspension by the Jlississippi river at Carrolltou,

(near New Orleans) and at Columbus (20 miles below the mouth of the Ohio), one of the chief

objects of which was to determine this very question, whether any relation existed between the

velocity and quantity of earthy matter held in suspension. These results prove that the greatest

velocity does not correspond to the greatest quantity of earthy matter held in suspension ;
on the

contrary, at the time of the greatest velocity of the current at Carrollton, the river held in suspen-

sion but little more .sediment per cubic foot than when the velocity was least. When the quantity

of earthy matter held in suspen.siou was greatest, the velocity was 2 feet per second less than the

greatest velocity; the quantity of earthy matter in the one case being three times as'great as in

the other. We find at another time, when the velocity was one-half the greatest velocity, the

quantity of earthy matter held in suspension was double in amount.

^t Columbus, we find similar conditions existing. At the time when the greatest quantity o*

earthy matter was held iu suspension, the velocity was less than one-half the greatest velocity ;
and

at the time of the greatest velocity, the (piautity of eartliy matter iu 'suspension was one-half th*^

maximum quantity. Again, we find a time when the quantity of earthy matter in suspension was

nearly the same as the maximum ; the velocity being less than one-third of the greatest velocity.

Again, we find the quantity of earthy matter in suspension the same, the velocity in the one case

being C.75 feet per second, and iu the other 1.5 feet per second.

The following tables, illustrating what has just been said, have been prepared from the Report

on the Jlississippi River. The figures given express the conditions existing not only on the one day

noted, but on several successive days.
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Daring the wUole period of observation, the river-bed remained unchanged. It will be noticed

that even the maximum amount of sediment in the river-water is a very small quantity compared
to the mass of water; it being by weight in the proportion of 1 ounce of fiue earth to GSO ounces

of water, and by volume 1 cubic inch of earthy matter to ],3C0 cubic inches of water.

It is to be remarked that the investigations respecting the sediment in suspension show that

the quantity depended on whichever river the volume of discharge was at the time chiefly derived

from.
1.

—

CarroUfon, 1851.

February 20
March 2t)

April 15

May (last week of ) ...

June 20
July 10 to 30

August 1 to 20

September 8

October and November
December
January 20, 1852

Weight, in

grains, of
sediment
in 1 cubic
foot of
water.

450
200
150
100
050
450

300
100
175
400

Mean v e-

locitiesof

river, in

feet, per
second.

5.5
6.2
5.6
3.75
4.3
4.8

From 4. 8 (

to 3. 5 I
3.0
1.75
1.85
2.75

^Change in velocity
regularly decreas-

ing, while matter
suspended remains

, the same.

2.

—

Columbus, twenty miles below mouth of the Ohio, 1858.

Weight, in

grains, of
sediment
in 1 cubic
foot of
water.

Mean v e -

locity o f

river, in
feet, per
second.

April 1

April 10

April 25
Mayl
May 10

May 22
Tune 16
July 16,17
August 2
August 9
September 2
September 9 to 23
October (all of) ..

300
.300

450
300
300
160
330
650
350
250
600
200

200 to 100 Uniform decrease in amount of sediment,
the velocity remaining the same.

The cross-sections both at Carrollton and Columbus remained unchanged during the observa-

tions.

The statement concerning a deposit below the Bonnet Carre crevasse is also in direct conflict

with ascertained facts. (See pages 3S7, 388, 389, 390, and 393, Report on Mississippi Eiver.)

This statement concerning a deposit being formed below the Bonnet Carre crevasse was made
just before the survey of the Mississippi delta was begun, and was carefully investigated in the

course of that survey. The subject had an important bearing upon the question of using outlets

to reduce the floods. It was found there had been no deposit whatever below the Bonnet Carre

crevasse, and that the bottom of the river there was composed of hard blue clay, of older formation

than alluvion, and that the cross-section had unquestionably remained unchanged.

Eefei'ence is also made in this pamphlet by its author to certain experiments by Prof. E. W,
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Hilgard, of the Uuiversity of Micbigau, who "has classifleil silts according to the. diflfereut veloci-

ties at which they deposit,"' as coufirming the views expressed that the sedimentary matter carried

iu snspeusioii by the Mississippi varies precisely with the velocity of current. The classified table

of Professor Ililgard gives the relative velocities created in a mechanical contrivance made for test

purposes iu a laboratory, in which coarse sand is dropped at a certain velocity of the machine, which

may be represented in nature as a current of about 2J inches per second ; the finest sand when the

current is 0.3 of an inch per second ; the coarsest silt when the velocity is 0.14 of an inch per sec-

ond ; the finest silt when the velocity is about 0.02 of an inch per second.

If these experiments of Professor Ililgard had any application to the ]\Iississippi river, they

would prove that there could not possibly be any addition to the bar, where it is added to every

year with a current of 3 feet per second running over it and seaward of it; and they would prove

that there could be no bar until the current of the river was reduced to a rate varying between 2i

inches per .second and 0.1 of an inch per second, that is, some fifteen or twenty miles further sea-

ward than it is now. They would prove, also, that there could be no deposit in the gulf just sea-

ward of the bar, where there has been a deposit 70 feet thick since 183S. It is unnecessary to

pursue this subject further.

But, it is said by .some, the constrnetiou of jetties will at least carry the earthy matter held iu

suspension so far seawa-rd that the thickness of the deposit formed by this matter on the bottom of

the gulf will be largely reduced. It .seems to me that this opinion has been adopted without careful

consideration. Taking the Southwest pass as a model, an examination of the processes going on

there will make it apparent that the earthy matter in suspension will, in the event of the application

of parallel jetties to deepen the bar of that pass, be carried further seaward of the crest of the bar

than it is now carried by just the length of the jettie.'?'built. If these are intended to give 21 feet

at low water, the earthy matter in suspension will be deposited over a leugth about 2i miles longer

seaward ; that is, instead of being deposited on a leugth of 10 miles, it will be deposited on a length

of 12J miles; if 25 feet depth is to be had, that matter will be deposited on a length of about 13J

instead of on a length of 10 miles. But the width of the area on which it will be deposited next to the

outer crest of the bar will be proportionally diminished at precisely the same rate. Instead of being

11,500 feet wide there, it will be one half that width in the case of 21 feet depth, and one-third that

width in the case of 25 feet depth. The area of deposit, and cousequeutly the thickness of deposit,

will remain substantially the same.

According to the measurements of Captain Uowell, the annual advance of the bar of the South-

west pass during the past three years has been about 400 feet. The rate given in the report on the

Mississippi river by Humphreys and Abbot, 338 feet, was deduced from a careful comparison of

Talcott's large scale map of 1S3S with that of the Coast Survey of 1S51. A comparison of Captain

Talcott's map, from his survey in 1838, with Captain Howeirs map, carefully prepared from sound-

ings in December, 1873, and January, 1874, shows that the bar has advanced into the gulf between

the dates of those surveys nearly 11,000 feet.

Between these dates there were at least two years when the bar did not advance appreciably

;

they were the two great drought-years of 1855 and 1856, which prevailed all over the country. In

1855, there was no high water at all. The river at Xew Orleans remained in low condition duriug

the whole year, rising but once for a brief period to about half the ordinary height attained annually-

At no time during the year was there any river-water in contact with the bar, and there was no

accretion to the bar. In 1850, there was more volume in the river than in 1855, but there was no

high water, and it is probable that the bar advanced but a few feet during that year, if it advanced

at all.

A comparison of the most recent measurements with those of 1838 gives no reason for adopting

any uew rate of advance for the bar at this pass.

I have prepared an estimate of the cost of applying jetties to the Southwest-pass bar to obtain

27 feet at mean low water, or 28 feet at mean high water, the structures to extend down to the full

depth of 28 feet at high water. The cost is 87,000,000.

If the jetties were simply built upon the surface of the bar, and not extended downward, their

cost would be about one-half that sum. This mode of construction has been suggested by some

engineers, and would be suitable if a long time were allowed for the erosion of the channel-way to
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tlie required depth. But tbis erosiou must take place iu a sliort time, and must be controlled by

the jetty structures. Hence the necessity of their being carried down to the depth of the intended

channel.

The annual cost of maintaining the depth by extending the jetties, according to my estimate,

will be about 81,000,000, which, considered as interest at C per cent, per annum, represents a capital

of 810,000,000. This, added to the first cost of my estimate, gives 823,000,000 for the expeuse to

the Government of securing a permanent depth of 27 feet at mean low water.

To secure the same depth by constructing and maintaining a canal will cost 813,000,000.

Eespecting the practicability and cost of the canal, it is incumbent upon me to say that the

officers comprising the Board to which the subject was submitted are among the ablest and most

experienced in the Corps of Engineers.

Eegarding the practicability of the canal, I desire to make a brief extract from the report of

Captain Talcott, a distinguished officer of the Corps of Engineers, transmitting the maps of his

survey of 1838. He states that he bored to the depth of 40 feet on the line of the canal proposed

by Major Chase, and found " firm bottom of saud mixed with mud, tenacious of water, and altogether

such as would be considered favorable for excavating, and on which there would be no difficulty iu

securing a foundation for locks or structures of any kind."

SOUTH PASS.

From the results of Captaiu Howell's recent soundings on the bar of the South pass and sea-

ward of it, I have deduced that the advance of the outer crest of the bar since 1838 has been 3,900

feet, or at the annual rate of 111 feet. Comparing the map of 1838 with the Coast Survey map of

1SC7, the advance was 3,220 feet, or at the annual rate of 111 feet. Comparing the Coast Survey
map of 1867 with his recent soundings, the advance is 080 feet, or at the annual rate of 113 feet.

In preparing the Eeport on the Mississippi River (in 1860-61), the advance of this bar was
determined by comparing the Coast Survey map of 18,11 with the map of 1838, and u-as found to be,

in that time (thirteen years), 3,040 feet, or at the annual rate of 280 feet, which was the rate

adopted. The printed comparative maps have been examined again, and give the same result ; but

it is apparent that there was some error iu the Coast Survey map of 1851, and the annual rate of

111 feet should be adopted for the advance of this bar, though there is still some uncertainty as to

this rate.*

The mean width of the pass is 700 feet, but a less width for the jetties must be taken if a

channel-way of suitable width with a depth of 27 feet at low water is to be obtained. Assuming
500 feet for this width; then, as the width of this bar where the annual accretion of 111 feet is

made is 3,000 feet, we shall have, with jetties 500 feet apart, an annual advance of 070 feet.

The estimated cost of jetties to attain 27 feet depth at mean low water at this bar, the struct-

ures extending to and below that depth, is 84,150,000; the annual cost of maintaining tbis depth is

8670,000, -which annual expense represents a capital of 811,000,000, the two sums amounting to

815,250,000.

To tbis estimate must be added the cost of dredging in those parts of the pass where there is

less than 27 feet depth, and opening and keei)ing open the pass through the shoal at its head, on
which there is now a depth of only 12 feet.

Captain Howell estimates that the annual cost of this will exceed 8100,000. The total cost to

the Government of securing permanently a depth of 27 feet at low water by this pass will then be
about $17,000,000.

From my having had charge formerly of the survey of the Mississippi river, made iu pursuance

of acts of Congress, one of the objects of which was to ascertain, bj- actual measurement and other

experimental researches, in what manner the bars were formed and bow the channels at the mouth
through them could be deepened, I have felt compelled to present my views upon the jetty system

somewhat in detail, the more ijarticularly as that portion of the Eeport upon the Physics and

* According to Howell's map of 1874, received since tbis report was made, the length of the crest of the South
pass bar is 4,000 feet. Its length, according to Talcott's map of 1838, was more than 5.000 feet. The annual advance
of the bar is 100 feet, not 111 feet,—A. A. H,
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Hyilraullcs of the Mississippi River was uot as fully cluciilatetl as it would have been under different

circumstances, the report having been brought to a close in August, 1861, in the midst of all the

disturbances of the early part of the war.

Yery respectfully, your obedient servaiit,

A. A. HOIPHEEYS,
Brigadier General and Chief of Engineers.

Uon. W. W. Belknap,
Secretary of War.

[Annual Keport Chief of Engineers, 1S75, part I, pp. 959-97d.]

IMPROTEMEXT OF THE ENTRANCE TO THE MISSISSIPPI RIYER BY JETTIES.

BY A. A. HUMPHREYS, BRIGADIER GENERAL AND CHIEF OF ENGINEERS.

;Memokaxdvm No. 1.

In the discussions respecting the application of jetties to deepening the entrance to the Mis-

sissippi river, reference has been made to the law of bar formation presented in the report of Hum-

phreys and Abbot, and to the necessity, according to that law, of annually extending the jetties

distances largely exceeding the natural annual advance of the bar. It has been said, " This dictum

is founded upou a theory of bar formation, which is doubtless true, and yet does not contain the

whole truth ; for, were the gulf waters fresh and of the same specific gravity as those of the river,

there would still be a bar."

In a fresh-water sea, the process of bar formation is different from that in a salt water sea.

The gulf of Mexico is salt-water, and the couditious which a change from salt-water to fresh water

would introduce have no practical bearing on the case treated in the Report on the Missis-

sippi River. The law of bar formation referred to was intended simply as the deduction from the

conditions Ibuud, by careful observation, to exist at the mouth of the Mississippi river in the gulf

of Mexico, a salt-water sea ; it was not a discussion of the formation of bars at the mouth of rivers,

bavs and sounds generally. The conditions existing at such positions are necessarily different

from those at the mouth of the Mississippi river, and a discussion of their formation, whether in

salt or fresh water, formed no essential part of the report on the Mississippi river, though it would

have made the report more comprehensive. But it must be remembered that that report was

brought to a close amid all the disturbances of the beginning of the war.

It is to be remarked that if the waters of a sea into which a perpetually muddy stream empties

be fresh, there will be two sources within the river itself from which the bar at its mouth will be

formed : the one, the earthy matter held in suspension dropped under the conditions mentioned

respecting the Mississippi river; the other, the earthy matter moved along the bottom.

When .such a river enters a fresh-water sea, the resistance which the still water of the latter

offers to the movement of the river-water in the direction of its current will cause some divergence

of part of that current, which will accordingly spread. There will be no difference of sjieciflc grav-

ities between the fresh water of the river and the fresh water of the sea to lift the former on the

latter, and there will consequently be no dead angle formed at the meeting of the two.

The earthy matter held in suspension being no longer stirred up will fall to the bottom, and

the quantity collected there will go on increasing as it moves forward, while the velocity of the

current will decrease until finally the current at the bottom will no longer be able to move the

accumulated earthy matter forward. At this point the bar will commence to form.

The current, not being strong enough to move the earthy matter, will not, of course, be strong

enough to erode it. The current pushing along the earthy matter which follows the first portion

deposited will, when it reaches the same point, be as feeble as the first, and will be still more

weakened by the resistance of the first deposit, which will deflect it upward, causing it to leave its

contribution behind the first. This process will continue, the deposit growing inward or backward

until it reaches a point where the current at the bottom is strong enough to move the earthy mat-
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ter to the top of the deposit, aiul to carry it outward uutil the current is so tar diiniuislied tbat it

cau no longer move tlie eartby matter. Tlie deposit will grow inward, like tlie first layer, and

successive layers will be formed on top of eacb other.

The resistance to the current by the deposit thus formed will tend to increase the velocity of

the spread portions of the current, which will go on increasing constantly as the deposit increases.

These processes will continue uutil a depo.sit, or bar, is formed around the whole arc of the

spread current, of equal, or nearly equal, depth upon it, which depth will continue to diminish

until the area of the cross section of discharge over the bar is so small that the earthy matter on

the bottom can be pushed into the deep water beyond.

Here, then, we have a bar with an outer crest falling off into deep, still water beyond, into

which the earthy matter moved along the surface of the bar will be dropped in juxtaposition with

the crest, just as it is lodged behind the point of a bend where the cour.se of a river makes a sud-

den turn, or dropped in a deep place where a sudden deepening occurs in the bed. The earthy

matter, still held in suspension by the river-water where it crosses the outer crest of the bar, will

be dropped gradually in the still water of the sea until the current is finally brought to rest.

The position of the channel- way, or the somewhat deeper path over the bar, and its depth will

depend upon the varying volume of the river, the direction and force of the wind and waves and

currents of the sea, and also upon the contributions to the bar which they bring from the shores

and bottom of the sea.

If the waters of the gulf of Mexico were fresh, the process of the bar formation of the Missis-

sippi river would be diftereut from what it is now ; the bar would be farther seaward than it is,

the depth of water upon it would be different, and the result of the application of jetties to deep-

ening the mouth would be more favorable thau it will be in the .salt-water of the gulf.

According to the authorities upon the subject, the quantity of fresh water discharged into the

Black sea renders it brackish and liable to freeze with a moderate degree of cold. Reclus states

that the difference between its specific gravity and that of distilled water is only half the difference

between the specific gravity of the ocean and of distilled water. The bight or extension of the

Black sea into which the Danube empties receives also the discharge of the Dniester and Dnieper,

and must be nearly fresh water during the periods of floods.

Respecting the experimental theory of bar formation contained in the reports of Humphreys
and Abbot, it has been recently stated that if the theory had any claim to be made the basin of such

calculations—as those in the Report on the Mississippi River and in recent reports of the Engineer

Department

—

it could with equal certainty define relatively the natural rate of advance of the passes,

Inoiring the length of their bar-crests and their volumes of discharge ; for it is affirmed fPhysics and Sy^
draulics of the MississijipiJ that the quantities of earthy matter pushed along by the jjasses is propor^

tional to their volume of discharge. The volume of the South i)ass is onefourth fa trifie less) that of

the Southwest pass ; the length of its bar-crest about the same ratio fa trifie greaterJ as that of the

Southwest bar. Hence, the rate of advance should be almost identical fbut slightly less) icith that of the

Southwest pass. On the contrary, it is noic admitted that its advancefor the last thirty-six years has been

but IWfeet, or only one-third that of the Southwest piass.

It has been further stated that, after a careful comparison of TalcotVs map with the Coast Survey

chart 0/1867, it is not found that the advance of the South pass has been as much as 113 feet per annum,

but only 31 feet per annum.

It was stated in the Report on the Physics of the Mississippi River that the quantities of earthy

matter pushed along the bottom of the passes were in proportion to the volumes of the passes, and

it seems to be probable that it is so ; but still that has nothing to do with the truth or falsity of

the experimental theory of bar formation, and may be erroneous without in the least affecting the

correctness of the statement as to the manner in which the bar is formed.

The distribution among the several passes of the earthy matter pushed along the bottom of

the whole river must depend upon the relative positions and dimensions of the main trunk and

heads of those passes, as well as upon the volumes of water that enter them and the velocities

those volumes have when separating; and, supposing the figures of the preceding conclusions upon

this point were correct, before concluding that the law of bar formation derived from observed facts

was erroneou.s, it should have been a.scertained whether, owing to the conditions existing at the
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head of tlie pass, there was any error in the supposition tliat the fpiantities of earthy matter in the

passes, derived from the main trunk, were in proportion to the volumes of the passes, and whether

there had been omitted from the discussion any important condition respecting the flow of the

volume of the South pass.

But supposing the quantity of earthy matter in the passes derived from the main trunk to be

in proportion to the volumes, then, in order that the bars of the passes should all advance into the

sea at the same annual rate, the widths and depths of the passes should be so adjusted that the

velocities in them should be the same, since, iu proportion as the strength of the current is less,

the shorter will be the time during the flood period when the salt-water of the gulf will be kept

seaward of the bar, and, consequently, the shorter will be the time during which the bar will be

extending, and the less will be its proportionate annual advance.

The rate of advance of a pass is also dependent upon the exposure of the pass to storms,

which, even in the flood condition of the river, are known to arrest the advance of the bar of the

Southwest pass.

Taking the Southwest pass as a guide and the South pass as an example, the dimensions of

the latter should be so adjusted as to give a velocity of 4.9 feet per second during mean flood con-

dition, instead of 3.3 feet ; and its area of cross-section, instead of being 24,000 square feet, should

be about 10,000 square feet. But what is the existing velocity and what is the existing dimen-

sion ? Iu the highest flood, the Southwest pass discharges at its head 408,000 cubic feet per sec-

ond ; the South pass, 96,000 cubic feet per second. At the usual flood, or mean high-water stage,

the Southwest pass discharges 340,000 cubic feet per second, the South pass discharges 83,000 cubic

feet per second. The velocity in the first pass is 4.9 feet per second, in the second, 3.3 feet; that

is, one-third less than the velocity of the Southwest pass. The Southwest pass loses by bayous,

before reaching its bar, 40,0Ci0 cubic feet per second; the South pass 23,000; and the quantities

passing over the bars are 300,000 and 00,000 cubic feet per second ; that is, as 5 to 1.

In the recent report of the Chief of Engineers, 3,000 feet was taken as the width of the crest

of the South-pass bar. This dimension was adoi)ted chiefly because the Coast Survey maps appeared

to indicate that this was the effective width of the bar. The map of Captain Talcott shows a

width of crest of over 5,000 feet; but there is an indication on his map of the formation of a shoal

or middle ground at the crest, with a channel on each side, which, if the shoal formation went oui

might reduce this width to about 3,000 feet, but the least depth at any point of this middle ground

was 3 feet, the greatest depth iu the channel-way being 7 feet.

The published Coast Survey maps of dates subsequent to 1838 appeared to indicate that this

«lioal had formed aud had reduced the width to about 3,000 feet, but a more careful scrutiny of

them would justify the adoption, even from their showing, of between 4,000 and 5,000 feet as the

width of the crest of the bar, although a portion of it is shoal water, and the manuscript Coast

Survey map of 1SC7 gives 4,000 feet for the width.

The map of Captain Ilowell, received after the rei)ort of the Chief of Engineers of April 15th

had been submitted, shows the width of the crest to be not less than 4,000 feet. Captain Talcotfs

and Captain Howell's maps are on large scales, aud have been ^irepared for engineering iuvestiga-

tious. The printed Coast Survey maps are on small scales, aud were prepared for purposes of

navigation.

To resume: In order that the bar of the South pass should advance at the same rate as the

bar of the Southwest pass, its front should be 2,300 feel long, or one-fifth of the length of the front

of the bar of the Southwest pass, and the velocity of the current of the pass should be the same

as that of the Southwest ])ass. It is perceived that the front of the bar has been about double

this (4,500 feet) between 1838 and 1874, aud the velocity of the current of the pass one-third less

than that of the Southwest pass.

The application of figures in the manner in which the objections to the law of bar formation

have been presented is attended with certain difficulties and uncertainties, which become apparent

when one carefully examines the state of things existing at the mouths of the several passes. It

will be seen, in the present instance of the South pass, that the width even of 4,000 feet does not

measure the full width over which the volume of the South pass at the mouth is discharged over

the crest of the bar into the sea ; and that there is also a considerable volume discharged to the
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left for '2 miles before reaching the outer crest of the bar. When the additious to the width of the

crest of the bar from these two sources are made, the stated width of 4,000 feet will be found to bo

largely increased, and the deduced approximate annual rate of advance will not be materially dif-

ferent from the rate of advance resulting from a comparison of Captain Talcott's and Captain

Howell's maps.

The fact that the velocity of the current of the South pass is materially less than that of the

Southwest pass, indicates that a proportionately greater amount of deposit is made in the South

pass than in the Southwest pass.

It has been stated that the result of a careful comparison of Talcott's map with the Coast Sur-

vey map of 18G7 gives 31 feet per annum for the rate of advance on the South-pass bar. But the

comparative profiles from these maps prepared by the direction of the Superintendent of the Coast

Survey, Captain C. P. Patterson, give a very different and much larger rate of annual advance, and

the profiles carefully prepared in the oftice of the Chief of Engineers from the original maps of

these surveys give 70 feet as the annual advance between those periods. The recent survey of

Captain Howell, made with the care required for such purposes, when compared with the survey

of Captain Talcott, the maps of both being the large-scale manuscript maps, gives as the result a

yearly advance of 100 feet. These measurements were made in the oftice of the Chief of Engineers,

under his jiersonal supervision.

It would appear from the discussion just had, that, in order that the South-pass bar should

advance at the same rate as the bar at the Southwest pass, the width of the South pass should be

less than it is found to be, and its depth greater; and it would also appear that there were reasons

for believing that the pass has been in a state of decay.

Let us look a little further into its condition, present and past. If its rate of advance had

been always the same that it is now, about 100 feet a year, instead of being about 15 miles long it

would be less than one-third the length of the Southwest pass, or have a length of about C miles.

This, of itself, is a suflicieut indication that the pass is not in a permanent condition, but has been

in a state of decaj-, and that it once had a greater volume of discharge, and a more rapid rate of

annual advance. Its depth was undoubtedly much greater than it is now, and indeed all its

dimensions were probably of greater magnitude than the present; and thus it seems that the con-

dition of the South pass and its bar, instead of being an evidence of the deficiency and error of the

law of bar formation as enunciated in the Report ou the Physics of the Mississippi River, is, when
carefully examined, found to be an additional proof of its completeness, and of its power to point

out the changes which time or jetties may bring about at the mouths of the passes.

It has been stated that it is in the highest degree improbable that the bar of any particular

pass could advance at the rate indicated for the Southwest pass, because the whole delta formation,

which measures 30 miles across from 100 feet depth on the east to 100 feet depth on the west, could

not advance at the same rate; and that, taking the Southwest pass by itself, the distance from 100

feet depth on one side to 100 feet depth on the other being 6 miles, its bar cannot advance faster

than is consistent with the building up of a bank of such dimensions.

It would seem, if this statement were well founded, that a width of 30 miles of alluvial forma-

tion is necessary for the stability of the advance of the river, and 6 miles for the stability of the

advance of the Southwest pass.

The width of the delta formation (giving that name to the deposit from the river-water that

escapes over the banks) depends upon the rate at which the mouths of the river advance into the

sea, but does not govern that rate of advance. If you increase the existing rate by artificial means,

you will diminish the width of the delta formation; its width in the present case is far in excess of

the mass necessary to maintain the river-banks against the force of the sea.

The crest of the bar is followed closely on each side by delta formation, which, at the distance

of a mile in rear of the crest, is 8,000 feet wide at the depth of 12 feet; and measuring the whole

width of bar formation and delta formation, from the depth of 12 feet on one side to 12 feet on the

opposite side, the distance is 20,000 feet. At the distance of 5 miles back from the crest, the length

across from the 12-foot curve of depth on one side to the 12-foot curve of depth on the other side

is about 25,000 feet. The curve of 24 feet depth is not distant from the 12-foot curve.

Is it meant to be afiQrmed that a thickness of 12,000 feet of alluvial formation is necessary to

86 H
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maintaia the riverbauk against the sea, where that sea is 12 feet deep ? If so, what is to become
of the jetties in 12-foot water ou the bar, and those iu 25foot water? They cau be built, it is

stated, at no great cost, strong enough to stand the shock of the sea ; but a mass of earth 12,000

feet thick is, according to this view, necessary to maintain the permanence of the river-bank.

If the bar of the Southwest pass advances 1,000 feet a year, it will be from 3,000 to 4,000 feet

wide, and the delta formation that accompanies it being reduced to one-third that now existing,

we should have for its mean width (independent of the bar), extending back 5 miles, about 3,000

feet. This mass of earth, the bar and attendant delta formation, between 6,000 and 7,000 feet thick

or wide, from 12 or 25 feet depth on one side, to the same depth on the other side, is, according to

the views referred to, of inadequate strength to resist the force of the sea. From what experience

is this opinion derived '?

In the case of the South pass, we have, at the distance of half a mile back from the crest, a

width of 12,000 feet from 12 feet depth to 12 feet depth ; and at the distance of a mile back a width

of 17,000 feet, and this distance across increases largely as we go back from the crest. These figures

indicate a protruding width of from 1,500 to 2,500 feet in a depth of 25 feet, in the event of the

proposed jettying.

As, according to the view just mentioned, the protruding mass in each case would be broken

up by the force of the sea-waves, reference, iu connection with it, is made to what is said in the

Eeport ou the Physics of the Mississippi Eiver upon the influence of tidal and wind currents in

arranging, in " the deep water" upon the outer slope of the bar, the material brought to the crest of

the bar by the river iu high water, and the material dropped upon the bar and its exterior slope

during high and low water. The influence of these currents was pointed out more particularly iu

reference to the imputed eftect of the vertical eddy action iu carrying inward the suspended mate-

rial dropped by the river-water to the bottom of the sea, which, it was stated, thus created the

bar. The same paragraph also pointed out the effect of the flood and ebb tidal currents in removing

into deeper water some part of the deltaibrmation ou each side of the bar. This portion of the

Report on the Mississippi River has been construed to indicate the existence of currents that will, if

jetties are used, carry the bar-formijig material, or at least a large part of it, altogether away from

the locality where the bar is formed, and deposit it in the deep water of the gulf, and, of course,

carry away the material broken up by storms from the jirotruding bar.

The effect of storms would be to drive in upon the bar whatever material it broke from the

protruding mass, and thus shoal the channel over it. As to the tidal and wind currents doing

the service attributed to a littoral current at the mouth of the Danube, it is to be remarked that

there is not a single observed fact that supports such a conclnsiou, nor is there any ground for

concluding that the effect o.f those currents in modifying bar formation would be increased or mate-

rially changed in any way by the construction of jetties. In fact, their strength is greatest near

the shore, and diminishes seaward.

THE JETTY SYSTEM AT THE MOUTH OF THE KIIONE.

The following brief account of the application of the jetty system to the mouth of the Rhone,

prepared in 1803, was recently communicated to the Chief of Engineers by Mons. E. IMalezieux,

engineer-inchief in the corps of Fonls ct Chaussi'cs, as affording accurate information ou the subject,

and will be found iu Appendix R IG of the Annual Report of the Chief of Engineers of 1874

:

[TI!AX.SL,VTI0X.]

Mouths of the Rhone.

A decree of the 15th January, 1S52, ordered the construction of the works for the amelioration

of the mouths of the Rhone. The expenditure authorized by the decree was 1,500,000 francs

($300,000).

The works executed for that purpose up to 31st December, 1802, cost 1,404,253.40 francs (sub-

stantially the amount approi)riated).

The works consisted of continuous embankments ujiou both banks of the Rhone from the tower

of St. Louis to the vicinity of the bar. That ou the lett bank of the river had a total length of
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seven kilometres (22,966 feet), and terminated 1,330 metres (5,020 feet) inside the crest of the bar.

The embankment on the right had a total length of 6,300 metres (21,326 feet), and terminated

1,400 metres (4,790 feet) inside the bar-crest. The embankments are composed iu part of earthen

dikes rising above the snrface of the water, and in part of jetties of stone that do not rise to the

surface. The result of these works has been the confinement of the waters of the Rhone to a single

channel running from west-northwest to south-southeast, which, at the termination of the embank-
ments, has a width of only 400 metres (1,312 feet).*

When the concentration of all the waters in one channel was effected, which was at the close

of September, 1836, the ends of the jetties were 900 metres (2,953 feet) inside the bar, which was
eroded, and from having had a depth upon it of 1.5 metres (5 feet) in July, 1852, was found in

September, 1856, to have a depth of 4.15 metres (13.5 feet). But since then the bar has moved
seaward, and the depth of water upon its crest has diminished, and it has noic (1863) only a depth

of 1.4 metres (4.5 feet).

Between June, 1852, and February, 1863, the bar moved 800 metres (2,625 feet) seaward

measured along the line of direction of the embankments. Its mean annual advance since June,

1853, has beeu 74.35 metres (244 feet).f

The variations in the depth of watei upon the bar have always taken place at the end of the

floods of the Rhone. Floods of no great height caused a shoaling of the bar ; floods 4.00 metres

(13 feet) in height at Aries (the head of the delta) deepened the bar in some cases and shoaled it

in others.

In order to benefit navigation, it is essential that the requisite depth in the channel of entrance

should be permanently maintained. As it has been proved that the works which have been

executed have not produced upon the bar of the Rhone the deepening which the wants of naviga-

tion recpiired, and that there was every reason to conclude that iu following the adopted system of

jetties a definite improvement iu the condition of the entrance could not be effected, it was believed

that any further attempt to deepen the entrance to the Rhone should be abandoned.

Memorandum No. 2.

In the case of a river, where the bar at its mouth is formed by the drift of the sea or lake shore,

jetties can be successfully and economically applied to deepen the channel; their extension will

depend upon the rate of accretion against the windward pier. The currents of the river, or dredg-

ing, or both, must be relied on for deepening the channel. Many of our lake harbors are examples

of this kind of improvement; the channels having now 12, 14, and 16 feet depth, where formerly, in

many cases, but 1, 2, or 3 feet depth was found. There are some seventy river and harbor improve-

ments on our lakes, forty of which are cases of improvement at the mouths of rivers by jetties. At
the mouth of the Maas (branch of the Rhine) and at the mouth of the Sulina branch of the Danube,

the chief source of the bar is coast drift. The increased depth given to the channels by the works
of improvement at the mouths of these two rivers does not exceed the gain of channel depths

obtained at many of our lake harbors by the works of the Eogiueer Department.

The case of the improvement of the bar of a muddy river, emptying into a fresh-water sea, has

been discussed in a paper by the Chief of Engineers upon the law of bar formation at the mouth of

the Mississippi River, printed in 1874.

The explanation of the manner iu which the bar is formed at the mouth of the Mississippi

river rests upon experimental investigation. One point, indeed the great point of all, is the fact

ascertained by the measurements of Meade under Talcott in 1838, and Forshey, Smith, and Fuller

under Humphreys in 1851-52 and 1858-59, that the current of the river is not suddenly and largely

checked on entering the sea at its mouth, but gradually decreases from the point where the river

begins to widen, and only ceases, in the case of the Southwest pass, at a distance of 13 or 18 miles

from that poiut, and at about 8 or 10 miles seaward from the crest of the bar.

If the cuiTcnt of the river met with a sudden and great check upon entering the sea, there

* The width of the Rhone at Aries, the head of the delta, is 600 feet.

t The mean annual advance of all the bars or mouths between ISO" and 1846 was 23 metres (76 feet
J.

—

{Memoir of

A. Siirell, engineer of Fonts et Chaiisst'es, in charge of llhone worlis.)
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might be reason to coiiclnde tliat this was iu great part the cause of the formation of the bar, but
the recent observations and measuremeuts of Major Howell confirm, as far as they go, the prece-

dent ones, and do uot indicate the existence of any sudden and great check to the current.

The explanation usually given for the formation of a delta bar is that just stated,—the sudden
and great check the current receives upon entering the sea, which causes it to drop the greater

part of its suspended earthy matter.

In connection with this explanation, it has been sometimes stated that every velocity of cur-

rent is capable of carrying in suspension a certain fixed quantity of earthy matter, and that the

water of a muddy river is always thus charged with the maximum quantity of earthy matter it can
carry.

If this were true, then, if the current were suddenly and largely checked upon entering the

sea, a large part of its earthy matter would be let fall and would go to the formation of the bar.

But this assumption as to the carrying power of currents is utterly disproved by long series of

exact measurements upon the Mississippi river. These measurements show that the maximum of

suspended earthy matter was carried by a current less than half of the greatest current, and that

the same maximum of suspended earthy matter was carried by a current the strength of which is

less than that of the river-water far seaward of the bar at the mouth of the Southwest jiass.

In line, these measurements upon the quantity of earthy matter suspended in the Missi.ssippi

river show that at no time has the water been so heavily charged with it that the current could

not carry it along in suspension to the same extent as it did when the quantity of earthy matter

was least; and they further show that the current of the Mississippi river, when most feeble,

can carry in suspension the greatest quantity of suspended earthy matter found in it, to the same
extent that it can carry the least ipmntity found in it.

It was undoubtedly the observation of facts similar to these that led to the conclusion, enter-

tained by some, that the suspending power of the current of a river did not depend upon its absolute

rate of motion, but upon the differences of velocity between the adjoining fillets of water. There is

good reason to conclude that this is one of the causes or sources of the suspending power of a

stream.

This proposition, therefore, respecting certain velocities of current always carrying certain

fixed quantities of earthy matter, and always adjusting those quantities according to its own varia-

tions of strength, is so entirely disproved by facts that it will not be considered again.

But if it were true that the bar at the mouth of the Mississippi river was formed by the sudden

and great check that its current received upon entering the sea, that check causing the larger part

of the earthy matter to drop suddenly to the bottom, even then the use of jetties would cause a

great increase in the annual extension of the bar, and probably to the same extent as they would
if the bar be formed iu the manner pointed out in the Mississippi Delta Report.

In explanation of this view, let us take the South pass, with the normal width of 700 feet, and
depth of 30 feet, and suppose the jetties built having that width apart, and that depth of channel

between them.

The volume of water passing out between them into the sea on a width of 700 feet and depth

of 30 feet is the same as that which passed over the whole width of the bar-crest of 4,000 feet, and
mean depth of about 5 feet, and about six times as great as the volume that passed over any part

of the bar-crest 700 feet wide and 5 feet deep.

Discarding for the moment any consideration of the difference iu the velocities of the current

passing over the crest of the bar in its natural state, and issuing from the jetties, we have the cur-

rent in the 5-foot layer next to the bottom of the sea just beyond the jetties dropping its suspended

earthy matter iu the same time as it did in passing over the natural crest, and in the same horizon-

tal length. The next layer of 5 feet above the first will require twice the length of time as the first

layer to drop its earthy matter, because the matter has twice the vertical distance to fall through

;

and if the suspended matter of the first layer be dropped on the first 100 feet from the crest of the

bar, the suspended matter of the second layer will be dropped on the second 100 feet beyond the crest,

the suspended matter of the third layer of 5 feet will be dropped on the third 100 feet beyond the

crest, and so on throughout, to the last, or sixth layer of 5 feet, which will drop its earthy matter

in the sixth space of 100 feet beyond the crest. The bar formation will, therefore, be some six times
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as loug as it was in tbe natural coiulitiou of the bar, and one-sixth part as wide; and the increase

in the velocity of the current caused by the jetties (consideration of which was postponed) will only

tend to a further increase iu length of this new bar formation.

As before stated, neither the bar at the Maas mouth of the Rhine, nor the bar at the Sulina

mouth of the Danube, is a case of delta-river bar like bars at the mouth of the Mississippi, but they

are cases of drift-bars.

The formation at the mouth of the Maas is not a delta formation, but is a sandy shore with

dunes, and its bar is not formed by the deposition of the earthy matter brought to the sea by the

river, either in suspension or at the bottom, but by the sand of the sea-coast, and the improvement
of the entrance is based upon tbe consideration of the tidal movement and currents, the iucreased

action of which is to be secured by the form given to the entrance and to the river-bed up to and
above Rotterdam.

Tbe passes of tbe Rhone, however, were delta-forming streams, though the bars at their mouths
were not entirely like the bars of the Mississippi-river mouths, tbe former being sandy and hard.

Tbe use of jetties at the mouth of tbe Rhone deepened tbe channel to the required depth, but

caused tbe bar to advance into the sea three times .as far, annually, as it did before, and, iu a brief

period, the new bar growth bad tbe old shallow depth of channel on it.

The jetties were not extended to tbe outer crest of tbe bar; bad they been, tbe subsequent

annual extension of tbe bar would have been much greater that it was.

February, 1875.

ME5I0EANDUM Xo. 3.

Adopting tbe South pass for the application of jetties to deepening tbe entrance to the Mis-

sissippi river, the board for tbe survey of tbe mouth of tbe Mississippi river, in its report of Jan-

uary 13, 1875, presents, as the foundation of its estimate of the annual extension of the bar and
of tbe jetties, two propositions, or perhaps they would be better styled two facts, viz, that this bar

in its present state advances into the sea at the annual rate of 100 feet, and that the channel of

tbe pass, with its normal width and depth, advances at the same rate through the bar ; and they

thence deduce that one hundred and twenty years ago the outer crest of tbe bar was 12,000 feet

inside the present crest of the bar, where there is now deep water iu the channel, provided the pass

did not change its condition during that time.

Supposing the jetties to be built from 30 feet water, normal mid-channel depth, inside the bar,

to 30 feet water outside the bar, at a distance apart of 900 feet, the board says

:

" Tbe question of the average annual expense of prolonging tbe jetties is a very serious one •

it dejtends on the annual advance of tbe 2.5-foot curve, that depth being required. At present, the

muddy water issuing from tbe South pass spreads out in somewhat of a fan-shape, the handle of

tbe fan being at the mouth of the pass, and tbe ribs several miles in length.

"If tbe proposed jetties were instantly completed, and the new channel scoured out, essen.

tially tbe same amount of sediment would be spread out in fan-shape ; but, from the greater

velocity of the issuing water, tbe ribs of the fan would be longer, while the handle would be

narrower. More of the sediment would at first be deposited far out iu the gulf than before.

"But with the present rate of advance, the 25-foot curve, one hundred and twenty years ago,

was about 12,000 feet above its present position ; and if the volume of water carried by tbe pass is

kept the same, neglecting the slight difference in slope of the gulf bottom outside the present bar,

in about one hundred and twenty years a new end for the pass will probably be formed of the same

general shape as tbe lower 12,000 feet of the present pass. It makes little difference, in the whole

time required to accomplish the work, whether tbe same volume of water flows out at starting over

the present shallow bar or from between two dikes which force the water to take a depth of 30 feet.

In an average of many years, the rate of progress must be about the same as now, namely, 100 per

annum, the volume of water being kept as at present ; and it is on this basis that tbe average

annual cost of extension, namely, •'? 130,000, has been computed."

If tbe two parallel jetties are built as proposed, and the pass then left to itself for one hundred

and twenty years, there would undoubtedly be found at the end of that time a bar seaward of tbe
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end of the jetties of tUe same form and dinieusious as the bar now existing ; supposing, as tlie

board does, that the condition of the South pass as to dimensions and discharge should remain
unchanged. The existing bar is about 12,000 feet long from the inner end, where tliere is 30 feet

water (mid-channel depth), to the outer end or crest, where there is 7 feet water (main channel).

Its width at the inner end is the normal width of the pass, 700 feet. The width at the outer end or
crest is 4,000 feet, though its effective width is more nearly j,000 feet.

According to the board, a bar of these dimensions will be found seaward of the jetties at the

end of one hundred and twenty years under the condition named ; but the board says further, or

indicates, that the inner end of the bar will be found in juxtaposition with the end of the jetties.

Yet it has been stated by the board, as one of the fundamental principles of the application

of jetties to this pass, that the current of the pass annually erodes a channel in the bar, which, at

the inner end, is found to have, for the length of 100 feet, the normal depth (and width ) of the

pass, and that this normal channel of the pass consequently advances seaward through the bar at

the same rate as the crest of the bar advances into the sea. The erosive force of the current is

applied, though not with equal strength, to the whole length of the bar, from which it annually
removes a certain portion ; it is not limited in its action to the inner end of the bar 100 feet in

length.

The jetties will not diminish the eroding action of the current on the bar formation; and if this

formation is made on the same ascending slope as that of the present bar, then at the end of the one
hundred and twenty years supposed to elapse after the jetties are built, the normal channel of the

pass will have advanced 12,000 feet into the sea from the seaward end of the jetties, where it was
at the beginning of the one hnndred and twenty years.

The board, in discussing the question of the advance of the bar after jetties are built, does not

clearly indicate what the erosion of the current beyond the seaward end of the jetties will effect

during the one hundred and twenty years; but the advance of the channel-way into the sea from

the outer end of the jetties must commence substantially at the same time with the re-forming

process of the bar beyond them.

It should be mentioned here that the board considers that at the beginning of the bar formation

outside the jetties, the bar would be formed on an ascending slope twice as great as the present

slope. If that were so, the channel must extend annually into the bar, though to a less extent at

the beginning than it does now, perhaps at ouo-half the present rate; but we should still find the

channel some thousands of feet seaward of the jetties at the end of the one hundred and twenty
years ; and if the crest of the bar were then bnt 12,000 feet from the end of the jetties, the bar

would not be of the same form and dimensions as the bar now existing, whicli is contrary to the

basis on which the board founds its conclusions, nor would the results of the depositing and erosive

action be found equal to their known power to effect during that time.

For reasons given hereafter, the same ascending slope for the re-forming bar has been adopted

as that now existing. If at the end of one hundred and twenty years a bar identical in its form

and dimensions with the existing bar will be found in advance of the jetties, then, since the channel
of the pass with its normal dimensions advances into the gulf at the rate of 100 feet a year, the

crest, of the bar will be found 24,000 feet in advance of the jetties at the end of one hundred and
twenty years, and not 12,000 feet, as indicated by the board ; and will be found at that time extend-

ing into the gulf at the rate of 100 feet a year. It must, therefore, at some time during those one
hundred and twenty years, have advanced at a more rapid rate than 100 feet a year, and, indeed,

even at a more rapid rate than 200 feet a year, since an average rate of 200 feet a year for one
hundred and twenty years would give an advance, at the end of that time, of 24,000 feet.

Now the exi)erimental theory of bar formation, presented in the Mississippi Delta lieport, will

explain completely the manner in which the crest of the bar may advance 24,000 feet into the sea

during those one hundred and twenty years.

In the following discussion, all consideration of the length of time necessary to build the jetties

and deepen the channel between them to the full depth sought will be excluded, and the jetties

and channel-way will be assumed completed to 30 feet depth outside the bar.

It should be remarked here that recent measurements of Major Howell indicate that the
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dimensions and discharge of the Southwest pass are now diminishing, while those of the South

pass are increasing, and its bar advancing at a more rapid rate than 100 feet a year.

For the moment, all consideration of the annual extension of the channel of the pass by the

erosion of the bar formation will bo discarded, and its effects will be introduced afterward by an

approximate process.

The width of tlie inner end of the bar with a mid-channel depth of 30 feet will be taken at 700

feet, these being the normal depth and width of the pass.

The width of the outer end or crest of the bar is taken at 4,000 feet, although 5,000 feet would
more nearly represent the width. The width on which the bar will be re-formed at the end of the

jetties will be 700 feet, and during the first year the bar will be 600 feet long (nearly)j^instead of

100 feet; during the last year of its re-formation, its width being about 4,000 feet, the' extension

will be 100 feet.

Its mean annual extension during its reformation will then be .about a mean of the two
extreme rates ; that is, about 350 feet.

As the bar is 13,000 feet long, the time required for its full growth, at the rate of 3.50 feet a

year, will be 34.3 years, or say thirty-four years. But during those thirty-four yeai'S, the channel of

the pass will be advancing into the bar at the rate of 100 feet per year, and during thirty-four

years will have shortened the bar and prevented its full growth by 3,400 feet, and the bar must
continue to grow in length after the end of the thirty-four years until it has increased in length this

3,400 feet; and, at the rate of 350 feet a year, the approximate length of time required for this

increase of growth is ten years. But during those ten years the channel will advance 1,000 feet,

which will require about three years more to be added to the duration of the re-formation of the

bar, the whole length of time being forty-seven years.

We have, then, for the advance of the crest of the bar into the sea during the time the bar is

re-forming,

—

12, 000 feet, for the final length of the bar when re-established
;

3,400 feet, for first approximation of additional advance of crest required in the re-forming

process, because of the shortening of the bar produced by the advance of the

channel of the pass; and

1, 000 feet, for second approximation of additional advance of crest required in the bar-

forming process from the same cause ; and
300 feet, for the third approximation.

Total, 10, 700 feet.

As this advance requires forty-seven years, we have for the remainder of the one hundred and
twenty years, an annual advance of 100 feet for seventy-three years, amounting to 7,300 feet. This
sum added to the 16,700 will give 24,000 feet for the whole advance during the one hundred and
twenty years.

The rapid extension of the bar in the first processes of re-formation will cause a correspondingly

narrower bank or side formation.

The board adopting the rate of 100 feet to the year for the bar re-formation and subsequent
advance, and adopting an ascending slope for the surface of the existing bar of 1 to 440 feet, con-

siders that this slope will be doubled iu the first part of the bar-forming process beyond the jetties,

because the river velocity issuing from the jetties will, they think, spread more rapidly, and lose its

velocity at a more rapid rate than it does now in issuing from the pass, "as it is confined by a

slowly-widening channel," and will consequently ascend on the salt-water at a steeper slope. With
these data, the board concludes that in ten years after the jetties are built the crest of the bar will

have 25 feet water on it, and to deepen the channel to 30 feet the jetties must then be extended
1,000 feet, or must be extended 100 feet annually during the period of ten years.

The grounds do not seem sufficient for the conclusion that the ascending slope of the current

issuing from the jetties will be materially greater than that now found existing where the current

issues from the pass. The banks of the " slowly-widening channel " of the river current, where it

issues from the pass, are formed chiefly by deposit iu the salt-water eddy caused by the river cur-
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rent as it issues from the pass, aud these banks indicate the sliape and direction that the edges of

the current will have when issuing from the jetties. The observations of Meade upon the currents

issuing from the Southwest pass, extending several miles seaward of the crest of the liar, show
that the fresh-water river current in the sea does not lose its current more rapidly nor spread more

rapidly than it does where " confined by a slowly-widening channel"' issuing from the normal chan-

nel of the pass.

The conclusion reached from the analysis just made is identical witli what has been arrived at

previously: to maintain the channel with its normal dimensions of 700 feet width and 30 feet

greatest depth, the jetties must be extended COO feet annually.

Suppose the jetties were not extended after completion : at the eud of four years the outer

crest of the re-forming bar will be about 2,400 feet seawai'd of them, and the normal channel will

have advanced 400 feet, and the bar will be 2,000 feet long with 20 feet water on its crest, the rising

slope of its surface being taken the same as that on the present bar, about 1 foot in 500 feet.

To prevent the crest of the bar from shoaling any further, the jetties must then at the end of

four years be extended 1,000 feet, and COO feet annually thereafter. But it would be more prudent

to begin the annual extension of GOO feet within a year after the jetties reach the 30-foot depth

outside the bar.

The dimensions used by the board, of 900 feet width and 30 feet mid-channel depth, are those

now found, not the mean normal dimensions of the South pass for the past thirty or forty years,

which correspond to an annual advance of 100 feet, but to an advance undoubtedly greater than

that.

Using the figures of the board, however, it will be found that the jetties must be extended

annually about 450 feet.

It may be objected to the rapid rate of advance of the reforming bar, GOO feet or 450 feet, that

the bar of the South pass now advances, where the gulf is 40 or 50 feet deep, whereas at the distance

of three and one quarter miles seaward of its crest (10,700 feet) there is now 250 feet water, aud

that the bar formation must be retarded by the great depth in which it will take place. In fact,

this view has been constantly presented. But it must be recollected that the bottom of the gulf is

being raised all the time far seaward of the bar by the deposition of susi)ended earthy matter,

which oft' the Southwest-pass bar is at the rate of 2 feet per year.

Now, during the process of the bar re-formation, its mean width will be ouehalf of what it

will be when completed, or as it is now. The annual deposit of suspended matter will therefore

be made in a proportionately less width and to a greater depth, and, for several thousand feet in

advance of the bar-formii^g process, the width of deposit will be even less, and the deposit greater,

and the bottom of the gulf in advance of the re-formation will be raised much more rapidly than it

is now ; so that when the crest of the bar, at the end of about forty-seven years, reaches the spot

three and one-quarter miles (1C,700 feet) seaward of the i)resent crest, and where there is now 250

feet water, the bottom of the gulf in that vicinity will be found shoaled to 40 or 50 feet depth.

February, 1375.

Memorandum 'So. 4.

It has been recently stated in official proceedings of the Government that neither the United

States Government nor private corporations had constructed jetties in this country, while, on the

contrary, the United States Government has, for nearly fifty years past, constructed jetties at the

mouths of the rivers emptying into the great lakes, aud has, in fact, created some forty harbors on

our lakes by jetties, aided by dredging, and is now annually applying that system.

In connection with the statement referred to, a list was read of some nine or tcu rivers in

Europe, the channels of entrance to which had been deepened by jetties, the gain in depth vary-

ing from 7 to 12 feet ; in one instance, from 13 to 14 feet ; in another, the Oder, the gain was stated

to be IC feet. This list included th(i Sulina mouth of the Danube, where the gain was stated to be

12 feet ; and it was added that the list comprised nineteen European rivers where the mouths had

been deepened by jetties.

Xow the gain in depth at the mouths of the rivers of the lakes by the construction of jetties
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aided by dredgiug varies from 7 to 12 feet, and the uuiuber of these improveineuts largely exceeds

the number in this list of Europeau rivei's.

As examples:

—

At Chicago, the depth at the entrauce was 3 feet; it is uow 15 feet, and can be still further

increased.

At Milwaukee, it was 7 feet, and is uow 17
;

At Racine, it was 2 feet, aud is now 14 feet;

At Michigan City there was scarcely any water, about 1 foot ; it is now 12 feet

;

At Erie there was 3 feet ; there is uow 15 feet

;

At Buffalo, the depth was very small ; there is uow 15 feet;

And at many other harbors similar gains in depth have been secured.

It may be well to note that the rivers named in the Europeau list, with the exception of the

Sulina mouth of the Danube, empty into the EaKic, a nearly fresh-water inland sea. Two of them,

the Niemeu or Memel, and the Oder, reach the sea through souiuls called hatis, the first through

the Kurische Uaft", the second through the Grosse Hail', aud it is these outlets into the sea that

have been improved, not the mouths of the rivers in the haffs.

Now, at the mouths of these lake rivers, where harbors have beeu created, the bars are formed

by the drift, sand, and other loose material carried along the shore by the waves, and the bars at

the mouths of the Europeau rivers mentioned aud referred to, including the Sulina mouth of the

Dauube, are formed chiefly, if not altogether, in the same way; that is, by the waves driving along

the shore the loose material of the coast, and tilling the openings, such as river-mouths, with it.

Cases of this kind are properly treated by the use of jetties, aud dredging where needed.

The object of this brief statement is to show that the Government engiueers of this country

are familiar with the use of jetties iu deepening the mouths of rivers, and with the cases where

there is uo question as to the economy of their application; that is, where the bar is formed by the

action of the waves iu accumulating the loose drifting material of the shore at the mouth of a river.

Iu the natural condition of this class of bars, the bar remains substantially in the same position,

aud the distance across the bar from deep water inside to deep water outside is short, aud the

jetties are of corresponding shortness.

The case of a delta river is diftereut : there the bar is formed by the earthy matter brought by
the river to tlie sea, and dropped at its mouth, and the bar is constantly moving into the sea, the

shore following it; the distance across the bar from deep water inside to deep water outside is

long; as, for instance, the bar of the Southwest pass of the Mississijtpi river is more tbau 7 miles

long; that of the South pass is 2J miles long. The jetties iu such cases must be of correspouding

great length.

In the case of the drift-bar,* wheu jetties are built, the drift accuuudates against the jetties on
the outside aud extends a longdistance along the shore; this distance iucreasingas the drift accu-

mulates against the jetty, and giving an increasing area for the deposit to form in. Hence, uot only

the original length of the jetties, but their extension from time to time, is moderate.

The bars of the Mississippi river are but little affected bj' drift, as the shore at its mouths, as
well as its bars, are formed of soft cohering materials glued together, and uot of the loose saudy
material which forms the shores and bars of drift- bars.

The delta-bar extends auunally into the sea, rising as it grows, aiul the jetties must be

extended to meet this constant growth aud rise.

A very important question iu the application of jetties to the month of the Mississippi river is

the rate at which the bar will advance into the sea when jetties are built.

Some engineers are of opinion that with jetties the rate of annual extension of the bar will

be largely increased, because the width of the bar will be very much diminislied, while the quantity

of earthy matter added to the bar annually will be the same as before. Other engineers are of

opinion that the bar will advance annually at the same rate with jetties as it did iu the natural

state; while others again are of opinion that the aunual advance of the bar will be less with jetties

than in its natural state.

' I have used the term " drift-bar " to designate this class of bars. Both the term and the distinct classificatiou

are new.
87 n
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Kespectiug tbese three opiuious, tlie tir.st is biised iipou the deteiiuination by observation and

measurement of all the physical tacts relating to the formation of the bar at the mouth of the Mis-

sissippi river that eau be observed with the bar iu its natural condition. Experimental investiga-

tion of the subject can be carried no further except by the actual construction of jetties at one of

the mouths. The only experieuce to be had of the efiects of the actual construction of jetties to

improve a delta bar is that of the jetty coustruction at the mouth of the Rhone. That experieuce,

as far as it extended, fur it was not complete, couhrmed the opinion just expressed, that the bar will

extend more raiiidly than before, and, to keep it down, the jetties must be correspondingly extended.

The second opiuion is based upon a view of the re-formiug process of bar-formatiou which is

iuconsistent with the known facts of the depositing and erosive action of the current of the river-

water.

Those holding the third opinion point to the result of jetties at the Sulina mouth of the Danube

as the evidence which sustains their view. But it is now known that the Sulina bar is not a case

in point, its bar beiug a drift-bar and not a delta-bar. All the cases of successful treatment of the

mouths of rivers by jetties iu Europe and in this country are cases of drift-bars, not delta-bars. In

Europe, jetties have been ai)plied to one delta-river only, the Rhone, and that application was un-

successful. In tills country, no delta-river has been so treated.

It is a little singular that iu the official reports concerning the improvement of the entrance to

the Rhone by jetties, made previous to the commencement of their construction in 1852, the cases of the

improvement by dikes and jetties of the entrances to the tidal-bar rivers of Great Britain, and to the

tidal and drift-bar rivers of Europe, were cited as examples of what might be expected if such works

were applied to the mouth of the Rhone; and the fact that the United States Government had by

the use of jetties and dredging at the mouths of the lake-rivers, created a large number of harbors

on the northern lakes, where scarcely a natural harbor was to be found, was also cited as a strong

reason why the same kind of works should be applied to the Rhone. They were so applied to the

mouth of the pass which discharged two-fifths of the volume of the river, the other passes being

closed.

AYhen the works were begun in 18.31', the bars of the passes extended annually 7G feet into the

sea. In 1873, the bar of the pass improved had protruded (5,000 feet into the sea, or at the rate of

290 feet a year; this protrusion having been made where the sea had a mean depth of 60 feet. The

depth in 18.52 just outside of the bar-crest was 30 feet ; 0,000 feet seaward of it the depth was 90

feet. That is, in 1873, the crest of the bar, with 5 feet water on it, occupied the spot where there

was 90 feet water in 1852. The jetties were begun in 1852 with 5 feet water on the crest of the bar.

They were finished in September, 1850, with 13.J feet water on the crest of the bar. In 1863, the

bar had returned to its former condition of dei)th, about 5 feet, having iu the mean time extended

rapidly seaward.

The jetty system was then abandoned, and the sea-canal commenced. The canal was finished

and opened to use in April, 1871, with a permanent depth of 19i feet.

The jetties at the mouth of the Sulina were begun in April, 1858; their adoption having been pre-

ceded by a discussion similar to that which had taken place previously to the commencement of the

jetties at the mouth of the Rhone. The mean greatest depth on the Sulina bar in its natural con-

dition was 10 feet; in 1801, the two jetties had deepened it to lOi feet, which depth was substan-

tially maintained without further extension of the jetties until 1868, \^ hen operations were resumed

and the jetties extended and consolidated ; the works being finished in September, 1871, when a

depth of 20 feet was secured, which has been maintained to the present day.

The published authoritative account of the execution of this work shows that the bar was

chietiy of the kind designated in this memorandum as dri/tbars.

Upon comparing the Sulina maps of 1857 and 1861 with the last published comparative survey

map of Sir Charles Iliirtley of 1871, it is found that since the ji^lics were built there has been a

very large deposit just ^outh of them, while there has been no deposit north of the jetties. At
Sulina, the great waves wl.ich accumulate the drift are from the southward and eastward, and the

whole state of affairs here is very much like that at Chicago, 111.

In the discussions that took place at the meetings of " The Institution of Civil Engineers,"
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upon the reading of Sir Charles Hartley's papers, giving an account of the construction of the

Sulina works, the improvement of the Swinemunde was cited as a parallel case.

The river Oder does not empty into the Baltic, but into the sound called Grosse Haff, which
sound is separated from the sea by a narrow strip of land called, in Germany, " nehrung ;" in France
"cordon littoral." Some twenty miles distant from the mouth of the Oder, there is a channel
across this narrow strip of land, which forms the outlet of the Grosse Hafif into the Baltic. This
outlet is called the Swine. Its seamouth is called the Swinemunde.

The depth on the bar at this sea-mouth was only 7J feet. To increase this depth, two nearly

parallel jetties or piers were built in 1824, and, in 1864, the east pier extended about 5,000 feet into

the sea ; its head resting in 24 feet water. The east pier extends 1,500 feet farther than the west
pier into the sea.

The erosive action of the current between the piers was aided by dredging, and the result was
a channel of entrance with a depth of 20 feet.

The great length given to the piers insured the permaueuce of this channel for many years
;

its depth of 20 feet having been maintained to the present day.

This is a case of the improvement of the mouth of a river or outlet having a drift-bar in a

tideless sea, and is similar to the cases of the improvement of some of our lake-harbors ; and this

case was cited, without dissent, in the discussion of the Sulina improvement, as a ijarallel case

to that.

There are appended to this memorandum two diagrams, showing the works at the mouth of

the Rhone, and the changes in its bar, and one diagram showing the works at the mouth of the

Sulina, and the changes that have taken place there as late as 1871.

August 23, 1875.

For these diagrams, see plates Nos. XXIII, XXIV, and XXV.
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It is eminently proper that any book
claiming to embody the results of ex-

tended and original investigation in an
important branch of science should be
subjected to very careful scrutiny before

its conclusions are accepted. To afford

every possible facility for such a study
of the Report upon the Physics and
Hydraulics of the Mississippi, its authors

were careful to publish the data, in de-

tail, so tabulated and illustrated by dia-

grams that any critic of moderate in-

dustry might reach the bed-rock upon
which the conclusions were founded.
The work was translated into the

principal modern languages ' of Europe,
and has received marked attention from
many eminent hydraulic engineers and
scientists. The tone of criticism from
this class of writers has generally been
favorable, and has uniformly been
courteous, with one distinguished ex-

ception—Dr. G. Hagen, Director General
of Public Works in Prussia.

This gentleman, one of the most widely
known hydraulicians of Germany, had
published an extensive work on hydraulics

in 1844; but it happened not to be ac-

cessible to the writers of The Physics
and Hydraulics of the Mississippi, and,

in the hurry of finishing the Report at

the outbreak of the late civil war, no
reference to it was made in their some-
what full historical resume of the subject.

Mr. Heinr. Grebenau, Royal Bavarian
Officer of Public Works, who, in 1807,

published a translation of The Physics
and Hydraulics of the Mississippi into

German, with original notes and new
material, made use of expressions of

which the following are samples :

" This theory, which makes an undoubted
epoch in the history of hydraulics, dis-

pels the darkness which even the latest

hydraulicians such as Woltmann,
Briinings, Eytelwein, Funk, and Hagen
among the Germans, and Dubuat,
D'Aubuisson, de Prony, Dupuit, and
others among the French, have tried in

vain to clear away." " While the older

hydraulicians made known the results of

their velocity measurements, which
were often made with defective instru-

ments, and thus rendered a service to

science and practice, even now Hagen
gives neither the interesting observations

made by him, nor, generally, any of his

water measurements. Under these cir-

cumstances it is evident how the German
learning and profoundness could be sur-

passed by the spirit of enterprise and
perseverance of the Americans."

Dr. Hagen himself, referring to varia-

tions of velocity below the surface of

flowing water, writes :
" In this con-

nection, the well known authors (of

the Physics and Hydraulics of the

Mississippi) propounded certain theories
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wliicli fouuci special favor with the

translator of their work into German,
and whicli in our country were so en-

thusiastically received that the danger
of their general acceptance seemed immi-
nent. I was, therefore, prompted to

prove how little the observations upon
which the theories were based are cal-

culated to sustain them."
Under such circumstances, apparently

slighted by us in the original work, and
his own efforts contrasted unfavorably
with ours by the German translator,

himself a hydraulic engineer of eminence,

the ordinary impulses of human nature
might be expected to introduce some
bitterness into the manner of presenting
this " proof." We had, however, a right

to expect that no nilsrejiresentdtion

should occur. Whether it did, or did

not, will appear from the following

facts.

Dr. Hagen, after describing the

method employed by us for deducing
the law governing the change in velocity

from surface to bottom, brings the first

specific charge in the following language.

"The places on the river where the ob-

servations were made, or the different

base lines were measured, are not suffi-

ciently described. The reader is not in-

formed whether the depths recorded

extend over a greater length, or whether
they are to be considered as limited

depressions of the river bed only. The
series of means given in the work refer

twenty-seven times to the spot where
the />;v'7He Ixise was measured. This

place is situated near Carrollton imme-
diately below a very sharp bend of the

Mississippi, as shown by a very small

map on {)late III, figure 2. The same
map shows also that the rare-course base,

to which four series of means are re-

ferred, is situated a little farther down
the river on a straight part of its course.

Of the three other places of observation

the Larks hase, the JBaton Rouge upper

base, and the Baton Rouge loicer base, no
information whatever is given. The
width of the river at those places is

nowhere indicated, although the distance

of the buoy from the base is given in

every case. From the small map al-

luded to, the Mississippi would appear
to be about 2,200 feet wide at the first

base, and about 2, -500 feet at the

second."
The facts are, that (in Appendix C)

every possible detail respecting all these

sections is presented, viz: a complete
list of distances and corresponding
soundings extending entirely across the

river; the nature of the bottom; the
high-water and low-water dimensions of

cross-section, including the area, width,

and wetted perimeter; and even the

dates when the soundings were made.
To render it certain that no reader
should fail to discover every desired

detail, his attention is especially invited

on the small map to which Dr. Ilagen
refers, to Appendix B which gives the

gauge reading on the days wlien the

velocity measurements were made, and
thus enables him to study changes in

the curve in connection with the changes
produced by the oscillation of the river.

The Lochs base is distinctly laid down on
this map, although Dr. Hagen asserts

that it is not. Plate II shows so clearly

that Baton Rouge is on a straight part

of the river, with no bend in the vicinity,

that a small local map was considered

unnecessary; but every detail respecting

the sections there appears in the Ap-
pendices. Apparently Dr. Ilagen was
too much absorbed in searching for
" proof " to give much attention to the

text.

He continues as follows: "The veloci-

ties are given to within one ten-thou-

sandth of a foot, or to within ^^ of a

line. Such exaggerations may possibly

fascinate those readers who are not

aware of all the circumstances connected
therewith; but, in general, they only show
that the investigations were carried on
without regard to the degree of accuracy

attainable."

To a practical investigator the true

and very prosaic explanation of the rea-

son why we published so many decimals

might be expected to suggest itself.

Many of the quantities computed in the

Report were so large that logarithmic

tables reading to seven places, and giving

results without interpolation in five

figures, were uniformly employed. With
the velocities now under consideration,

this srives four decimal places—evidently

more than are needful to represent the

observations, but which can do no
harm, except possibly to entrap a searcher

for " proof."

Dr. Ilagen next proceeds to analyze

very closely the tables exhibiting the

results of the subsurface velocity raeas-

I
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ureraents; and he records several of his

discoveries in a manner calculated to

leave on the mind of the reader the im-
pression that they have some sigiiiticance

injurious to the work. These suggested,

but not specified, charges are best an-

swered by a short statement of facts.

In general, no attempt was made to

record the time of transit of a single

float closer than to the nearest second;

but many of these special sub-surface

velocity observations were recorded with
a stop-watch reading to quarter seconds.

In combining several series of observa-

tions, decimals of seconds were of course

always retained; but when only two
floats had passed, this was sometimes
neglected, the mean expressed in the

nearest second being considered sufti-

ciently exact. These simple facts give a

full explanation of all Dr. Hagen's
mj'sterious discoveries in arithmetic, ex-

cept one which is thus stated. " Finally

it is to be mentioned that in Group II,

in 5 series, or in .36 sets of observations,

the entire depth of the river was only 65

feet, while the velocities are i-eported as

having been measured at a depth of 66
feet."

The explanation of this paradox con-

sists of two elements. First, in two of

the five series. Dr. Hagen is in error

when he asserts that the Report gives

any velocity as " measui'ed '' at sixty-

six feet below the surface. The figures

are in " old style type, " and facing the
first page of the report is a conspicuous
note calling attention to the fact that

this indicates interpolation. Second,
Dr. Hagen places a forced construction

on our language when he asserts that the
entire depth of the river was only 66
feet. The Report states that it was
" about 70 feet," which was actually the

case. If Dr. Hagen had as closely in-

spected the figures in the column headed
" depth " as he has done those in some
of the others, he would have perceived
that tliey are always expressed in mul-
tiples of 5 feet ; and hence are evident-

ly given as approximate. Any depth
from 62^ to 67A feet would appear as

65 feet, and Dr. Hagen has, therefore,

no fair grounds for his criticism. As a
matter of fact, however, upon referring

to the original note books and diagrams
used in the analysis, it is discovered that

the depths printed as 65 feet in this

table should have been 75 feet; and that

the mistake occurred in transcribing the
records for the press. The correct num-
ber was used in the analysis.

Having now driven in Dr. Hagen's
skirmishers, we reach the main body of
his attack. Without attempting to

quote him in detail, it is believed that

his views are fairly represented in the
following summary. Dr. Hagen con-

siders that the the actual accordance be-

tween our grand mean curve, represent-

ing 222 observations at each point, and
a formula, which we deduced from it to

represent the law of change below the
surface, " transcends so much every
conceivable degree of accuracy, that

instead of confirming the result it is

rather calculated to render it suspicious."

Here, then, a vital issue, the accuracy of
our mathematical deductions from our
data, is directly raised by Dr. Ilagen,
and he adduces two lines of argument
to convince his readers that they are un-
trustworthy. The first is what he claims
to be a statement of our method of re-

duction, with criticisms thereon; and the
second is a theoretical computation, upon
assumed data, showing what accordance
should exist between measurements and
theory, and that in this case the proba-
ble limit was exceeded.

It is not permitted to assume that a
gentleman of Dr. Hagen's official posi-

tion, even when engaged in the patriotic

duty of preventing his country from
being inundated by error, should delib-

erately misrepresent plain statements of
an official document published by a foreign

government. That he has done so, and
in the grossest manner, is undeniable;
and we therefore assume that eagerness
for " proofs," and want of familiarity

with the English language, combined to
produce so surprising a result.

The apparent weight of Dr. Hagen's
first line of argument is due to its con-
fusing and misleading the reader as to

what was actually done in reducing the
observations. The shortest way to re-

fute it, is to explain exactly the several

steps; which can hardly be done in

clearer language than that of the origi-

nal Report.
" To counteract as far as possible any

effect of change in velocity during the
observations, the order of observing at

different depths was constantly varied.

Sometimes a series of observations con-
sisted of one at each depth from surface
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to bottom, or bottom to surface. Some-
times many observations were made con-
secutively at each depth. Sometimes
floats were started near the surface and
near the bottom, and the distances be-

tween the planes were successively in-

creased until the mid-depth was reached.
In line, every effort was made to avoid
and eliminate error. The first steps to-

ward deducing the law from the obser-

vations were therefore very simple.
" As floats are compelled to pass

through nearly the same paths when
starting from a fixed station, and are

consequently unaffected by the change
in velocity due to difference in distance

from the banks, the principle was adopted
of depending entirely upon the elabor-

ated sets of observations from anchored
boats. All the observations of each set

being thus confined to nearly the same
vertical plane, one great cause of error

was practically eliminated. From the
position of the boat, found by triangu-

lation, the recorded gauge reading and
the known depths of the different parts

of the river .section, the depth of water
in each vertical plane was readily determ-
ined. The velocity of each float was
deduced from the recorded seconds of

transit past the base line, and a

mean taken of all the observations at

each depth for the true velocity at that

depth."
It will be noticed that up to this point

not one word has been said about any
discussion of " single sets of observa-

tions " prior to this arithmetical group-
ing of the data. In truth no such sub-

division of these observations into

"single sets" was possible, as is ap-

parent when the reader remembers the

continual variation in sequence of the

observations at the different depths.

There was no way to deduce primary
curves of observation at any .anchorage

and date, except to take a " mean of all

the observations at each depth for the

true velocity at that depth."
But Dr. Hagen conveys to the reader

a totally different idea, by transposing a
subsequent process of the reduction

backward, and pretending that it was
applied to imaginary " single sets." He
thus represents that the primary figures

in the text are not the simple means of

obsei-vation, but figures derived by an
arbitrary process from such original sets

;

and, hence, that they are vitiated by our

preconceived ideas as to what the curve
ought to be. Any such view is abso-
lutely false, and is warranted by no line

or letter of the Report ; and yet Dr.
Hagen's whole first argument is based
upon it, as is seen by the following ex-
tract from his paper :

" After the conviction had been ar-

rived at, that below the surface the
velocities first increase with the depth
and then decrease until the bottom is

reached, every single set of observations
was graphically represented, and this was
done on so large a scale as to admit of
the reading of one-thousandth of a foot
of velocity. The drawing, therefore,

was far more accurate than the observa-
tions which were represented by it. Be-
tween the points thus obtained, a curve
was drawn which satisfied the conditions
mentioned above, and which at the same
time exhibited the closest possible con-
nection with the observations.

" The reader cannot repeat this oper-
ation for himself, since only one set of
observations is given which is entirely

free from any combinations ; and this

particular set can indeed be made to fur-

nish approximately a curve of the char-
acter mentioned above. All the other
sets, however, appear in combinations,
and contain the means of these combina-
tions only."

Continuing this misrepresentation. Dr.
Hagen selects the three worst of these
primari/, not combined curves, and con-
cludes :

" These combinations show so
great anomalies as to impress us with the
arbitrary character of their graphical re-

presentation. If the law of the curve
had been known previously, then of

course its elements might have been
computed by the method of least

squares; but in that case it might also

have appeared that some other curve, or

even a straight line, was the more prob-
able expression of the law than the curve
originally introduced."

He does not state, what is the fact,

that we decided that the number of ob-
servations from which these primary
curves were derived was not sufficient to

cancel abnormal influences ; and that we
made no attempt to discuss them but
concluded, " that some combination of

curves was necessary to reconcile discrep-

ancies of observation."

How the combination was effected by
us is explained by the following extract:
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"The first method adopted was to com-
bine all curves of observation where
neither the depth of water nor the
vclocit)' of the river varied materially.

This was done by taking a mean of the

velocities of all the floats at each depth,

each set of observations thus receiving a

weight proportioned to its number of

observations at each point. When ob-

servations were wanting at any depth,

careful interpolations were made from
the plotted curve. The resulting mean
curves are exhibited on Plate XI,
Figures 1, S, 10, 2, 4, 9 ; the numbers
being shown in the following tables."

These tables, six in number, represent

on the horizontal lines the original pri-

mary means obtained arithmetically from
the several floats. AVhen observations

at any depth are wanting, the interpola-

tions adopted by the authors are given,

printed in "old style" figures, so that

any critic can revise them. The foot line

of each table gives the arithmetical

mean of the primary means, and repre-

sents the combined curve for that

particular depth and velocity.

We now come to our final process,

which Dr. Hagen has misrepresented by
pretending that it was applied to his im-

aginary " single sets." It will hardly be
denied that the process was legitimate

and necessary; and every facility for re-

peating it in detail was extended to the
critic by the tables published in the Re-
port.

" These curves," as the Report states,

"at once indicate the existence of law,

although the discrepancies are too great

to permit the deduction of any algebraic

expression for it. It is evident, however,
that the velocity differs very little at dif-

ferent depths; that it at first increases

as the depth is increased; that the point

of maximum velocity is found at a very
variable depth below the surface; and
that the degree of curvature of the curve
varies with the stage of the river.

"It is manifest that some further com-
bination is necessary in order to elimi-

nate the effect of disturbing causes.

Since the absolute depths differ, this can
only be done by combining the velocities

at proportional depths, leaving the cor-

rectness of this princijjle of combina-
tion to be eventually tested by the ap-

plication to each individual curve of the

law thus deduced. The method adopted
for this combination was to plot the

mean curves on a scale so distorted that

thousandths of a foot of velocity were
readily distinguished." In other words,
the arithmetical means of the observed
velocities were plotted at their respect-

ive depths, and connected by lines which,

it will be found, in nearly every instance

were right Ihtcs—-the only exceptions be-

ing when a decided general change in

curvature above and below suggested a
slightly curved line. " The entire depth
was then divided into ten equal parts.

Horizontal lines were drawn, and the ve-

locities at their points of cutting the

curves noted. These numbers were the

most correct interpolations that could be
made for the velocity at each tenth of
depth, and they were next combined in

the ratio of the number of observations.

The points inclosed by circles in Fig. 16,

Plate XI, exhibit the mean points thus

determined, the grand mean of all the

observations from anchored boats. They
are plotted from the first column of the

next table. Each point is fixed by 222
observations ; enough, as the result

proves, to eliminate irregularities and to

reveal the law governing the transmis-

sion of resistance through the fluid."

Having thus shown that Dr. Hagen's
first line of argument rests solely upon
his misrepresentations of what we did,

and is not applicable to what we actual-

ly did, we proceed to notice his second
argument. He says: "The question re-

mains to be answered. How is the demon-
strated agreement of the new law with
the observations to be accounted for ?

That the errors of observation should
have adjusted themselves so completely
by mere accident cannot well be as-

sumed, since the probability of such a
self-adjustment is altogether too small."

He then proceeds, upon assumed data,

to compute what this probability is, and
arrives at the conclusion that it is one in

thirty billions. He then proceeds:
" This definite form of the phenomenon,

however, has occurred, and from the
small probability of its causation by
other agencies, we may infer the proba-
hility of its actual causes. Such might,
for instance, be the intentional selection

of some observations in preference to

others which, not agreeing with the pre-

conceived law, were rejected as inaccurate

or erroneous. This cause is in itself by
no means improbable. Persons who are

not accustomed to scientific exactness
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sometimes believe that such a proceed-
j

ing is admissible and entirely correct, t

111 the present case the measurements I

were of an official character and M'ere

carried on under a kind of formal con-

trol; it might therefore not have been
an easy matter to reject observations as

erroneous which, when made, were not

'

doubted.
I

"There is, however, another and indeed
a very natural explanation of this agree-

ment. Let the reader try to establish a

graphical connection between the series

given in the above drawings and curves
of sncli character as described above, and
he will see at once that this is quite an
arbitrary process. The most various

curves are equally admissible; their

course may be arbitrarily changed either

in whole or in detail without the intro-

duction of an error. Thus an easy meth-
od was obtained to establish, first a con-

nection between the observations and
any curve which had been previously se-

lected, and then to reduce quite arbi-

trarily the errors still remaining. There
would have been no difficulty in drawing
the curves so as to make the means
agree with the computation to within

seven decimals.
" The young student of hydraulics is

sometimes compelled to accept certain

tlieorems as true and proven which, to

say the least, are still doubtful; but he
has as yet never been expected to re-

ceive devoutly a demonstration like this,

and to regard it as a progress of sci-

ence."

An argument of this nature is so ex-

traordinary, that it is not easy to reply

to it with dignified composure. We will

simply say that there was no "intention-

al selection of some observations in pre-

ference to others." Every record was
admitted and published. Also that

there was no use whatever of the arbi-

trary process which Dr. Hagen has im-

agined, and, without any grounds lor so

doing, has asserted that we did use. No
mathematician will dispute that in com-
bining such curves interpolation cannot
lie avoided where points are missing.

To guard against any possil)le miscon-
ception, we indicated in every instance

such interpolations in the tables by " old

Klyle" figures. Not a single interiiola-

tioii was made which is not thus submit-

ted for the revision of the critic. Out of

a total of 369 points of the primary
curves, only fifty are interpolations;

and the vast majority of these occur in

sensibly straight portions where a sim-

ple mean can be and was used. If Dr.
Hagen can point out any sensible change
which can be made in our grand mean
curve of observations by correcting

errors in these interpolations, he will

succeed in reducing the " incredible " ac-

cordance between it and our theory. If

not, he must revise his own computations
as to probable error. These interpola-

tions, all plainly indicated in the text,

are the only points open to discussion;

everything else is direct measure-
ment.
As to publishing the observations in

the minute detail which Dr. Hagen re-

gards as essential, it need only be remark-
ed that the cost would have been quite

beyond the amount of funds available.

To have done so for this single subject

of change of velocity below the surface,

would liave added many pages of fig-

ures. The corresponding observations

at other points, and those for the change
of velocity from shore to shore, should

upon the same grounds be published;

and so should also the diagrams show-
ing the positions and paths of floats,

and a variety of other details which,

taken together, would make at least a

quarto volume containing many hun-
dreds of pages. And to what purpose
would this expense have been incurred,

when we find that certain important de-

tails which have been given in the fullest

manner in the Rej)ort, are asserted by
Dr. Hagen not to have been given at

all.

In truth, if Dr. Hagen had attempted
to impartially weigh, instead of to at-

tack, our conclusions, he would have seen

that our theory suggests why it may be

expected that a combination of many ob-

servations should closely represent the

normal form of the curve. The dis-

crepancies usually exhibited by single

measurements are largely due to oscilla-

tions of the horizontal axis of the para-

bola, which rei)etition soon eliminates.

It is a fact, now well known, that

Boileau, Bazin, GreVieuau, Ellis, and
other observers have obtained mean
curves very closely agreeing with our

])arabolic law. Indeed, (Trebenau found

that still older observations accorded
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with it so well that he wrote :
" It is

remarkable that the law of decrease

which is obvious in all these earlier ex-

periments could have remained so long
unknown. If, however, it V)e remember-
ed that Briinings only worked with

logarithms, and made no attempt to

represent former measurements, or his

own observations, graphically with com-
pass and scale, it will be understood how
the discovery of the law was so difficult."

We cannot better close our remarks
upon Dr. Hagen's attack upon this part

of our work, than by quoting from a

paper published in 1875 by M. Bazin, a

distinguished Engineer of the Fonts et

Chaussees, whose labors and writings

place him confessedly in the foremost
rank of living hydraulic engineers. He
writes

:

" The distribution of velocity in Hew-
ing water has been made the subi'ect of

numerous experiments, which are far

from being accordant even for the sim-

plest case—that of a canal of indefinite

width, where the effect of the sides can

be neglected. When a large river is

dealt with, these experiments present

considerable practical difficulties, and
the eminently variable and capricious

n.ature of the phenomena, in which many
secondary influences mask the true laws,

add to these difficulties. Nevertheless,

hydraulicians now generally admit that

the velocity upon a single vertical, varies

as the ordinates of a parabola. The
maximum velocity is sometimes at the

surface, and sometimes below, although
no one has as yet succeeded in giving a

satisfactory explanation of the causes

which induce its changes in position.

According to this parabolic law the

velocity at any given point upon a verti-

cal, may be deduced from its depth d
below the surface, by the very simple

formula:

('¥)"«=V— ?H

This is our formula. It was first an-

nounced in the Physics and Hydraulics

of the Mississippi; and against it was
directed the attack to which we have just

replied, and which was published ten

years ago. If Dr. Ilagen and his

admirers had not recently quoted this

old attack as proving that our data were
suspicious, and " probably altered in

part to establish the theory proposed,"

this reply would not have been deemed
necessary. At its date, and indeed until

very recently, it failed to come to our
notice.

Taking leave of the subject of the

change of velocity below the surface, we
now proceed to consider very briefly Dr.

Hagen's strictures upon our formula for

the mean velocity of a flowing river, as

he has presented them in his Investiga-

tions on the Uniform Motion of Water,
published in 1876.

He admits the great value of our 19

observations for discharge, slope, etc.;

asserts that the true method of deriving
a formula from them is the method of

least squares; assumes the general ex-

pression for the velocity in terms of the

slope and mean radius to be v^^Ks^ry

;

and decides that the value of his con-

stants from our observations should be:

A=7.645 a;=0.2271 y=0.51.

Applying this formula to the observa-
tions from which it was deduced, he
finds the sum of the squares of the resi-

duals to be 0.6858. He then remarks:
" Humphreys derived another analyti-

cal expression from his observations which
we ought not to omit giving to the

reader, since immediately after the publi-

cation of the translation of the American
work, the attention of the German engi-

neers was directed to the superiority of

this new theory over all the older ones."

He proceeds to misquote our formula
in so gross a manner as to show that the
proofs of his paper were corrected with
culpable negligence. But even this

treatment is better than we received in

his former article, in which he quoted
instead of our formula an approximate
expression the application of which we
had carefully restricted, and applied to

it criticism that derived its whole weight
from this substitution. He continues:

" By this most inconvenient formula
Humphreys himself computed the veloci-

ties; and the differences between these

results and the observations are given in

the last column of a table on page 317 of

his work. The sum of the squares for

these 19 observations amounts to 1.5290.

This is 22 times as large as that given
above, while the probable error amounts
to 0.21 feet; hence it seems superfluous

to recur to this theory again."

In reply to these views of Dr. Hagen
we will say, that, in our opinion, he has
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adopted an arbitrary and mechanical
method of discussing the observations,

which is open to criticism. The object

proposed in making tliese measurements
was to discover from them the natural

laws which govern flowing water, and
to deduce a formula which would truly

represent these laws, and not one which
would give the smallest probable error

when applied to the limited data availa-

ble. To do this, it is not admissible to

arbitrarilj' assume the form of the equa-

tion. This must embody all the known
laws ufiiecting the variables. The ob-

servations, when few in number, should
determine the numerical values of the

constants, 7Wt so as to make the sinn of
the squares of the residual errors a mini-
mum, but so as to fulfil the most probable
conditions sngf/csted by careful mental
study. In such an investigation, the

graphic method possesses incontestable

advantages over that of least squares;

and we therefore gave it the preference.

Whether Dr. Hagen or ourselves be
right in these opposite views as to the

proper manner of treating the problem
mathematically, admits of a direct test.

It will not be denied that the best

proof of merit in a formula of this

nature, is the correct prediction of re-

sults afforded by new measurements not

available in deducing its constants. Our
formula was based upon 30 standard
measurements; of which 19 were our
own, and 11 had been published in such

detail as to warrant a belief in their ac-

curacy. There are now available in ad-

dition, 49 similar observations published

by Darcy and Bazin; 15 published by
Grebenau; and 4 made upon the upper
Mississippi by General Warren and Mr.
Clarke. The whole will be found in

Johnson's Cyclopredia (article Rivers,

Hydraulics of). Out of these 68 new
observations which were not available

when our formula was framed, no less

than 42 largely exceed the limits in re-

spect to cross-section and slope within

which we restricted its use. The test

of its general applicability to natural

channels which they afford, is therefore

exceedingly severe. Nevertheless, the

mean discrepancy for the 98 observa-
tions is only 9 per cent,—much less

than for any other single formula which
has ever been proposed, and 1 per cent,

less than Dr. Ilagen thinks it reasonable

to e.vpect from such a formula.

All these observations, except proba-
bl_y the last four, were available and
known to Dr. Hagen when deducing his

latest formula of 1S7G. In this work
he proceeded upon his general method
indicated above; abandoned the attempt
to frame a single formula; and finally

adopted two radically different expres-

sions, one applicable when the mean
radius is less than 1.5 English feet, and
the other when it is greater than this

quantity. These expressions in English
feet are respectively :

when r<1.5 V=4.9 r ^^
r>\.o v^evTVr

When this double formula is applied
to the 98 standard observations, the
mean discrc])ancy is 12 per cent.

In fine, then, from 30 observations in

1860 we were able by our method to
frame a general river formula which
gives a mean discrepancy for these 9S
standard observations of only 9 per
cent; while Dr. Hagen in 1870, by his

method, is only able to reduce his discre-

pancies to 12 per cent.—and that, by
resorting to the expedient of using a
double formula. Comment seems to be
superfluous, except perhaps to suggest
that Dr. Ilagen's polite assumption that
the familiar method of least squares " was
probably unknown " to us is not necessary
to account for our preferring our own
method of analysis.

In conclusion, we may say that the in-

vestigations of the Mississippi Survey
were conducted with the sole desire to

develop truth. The contributions to the

science of hydraulics were not the end
sought; but rather the means by which
practical conclusions involving immense
financial interests might safely be reach-

ed. The first use of the discoveries,

long before they were published to the
world, was made in discussing the prob-
lem of protecting the alluvial region of

the Mississippi against overflow. As
our professional reputations were at

stake in arriving at correct conclusions

in this matter, which, sooner or later,

will surely be put to practical proof, we
gave every step of our analysis a scrutiny

more severe and thorough than it prolia-

bly will again receive. At any rate, the

critic may rest assured, at the outset,

that we committed no errors so gross and
absurd as those which Dr. Hagen lias

imagined.
,
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