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

TRANSMITTING THE 

REPORT TO THE BUREAU OF TOPOGRAPHICAL ENGINEERS. 

MAJOR HARTMAN BACHE, 
CoRPS OF T oPOGRAPHICAL ENGINEERS, 

IN CHARGE OF BUREAU OF TOPOGRAPHICAL ENGINEERS, 

WAR DJiJPARTllfE~T, WASHINGTON. 

O FFICE OF THE MISSISSIPPI DELTA SURVEY, l 
WASHINGTON, .August 5, 186 1. j 

SIR:-

UNDER the act of Congress directing the Topographical and Hydrographical Survey 
of the Delta of the Mississippi river, with such Investigations as might 
lead to determine the most Practicable Plan for securing it from Inunda-
tion, a Board, consisting of Lieutenant-Colonel S. H . Long, Topographical 

Preliminary 
Board. 

Engineers, and myself, was organized in November, 1850, and directed to examine the 

river with a view 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 Congress 
and printed in Senate Ex. Doc. No. 13, 31st Congress, 2d Session. 'l'he field of survey 
and investigation by measurement, as enlarged by authority of the Bureau of Topo­
graphicai 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 investiga­
tions were authorized to include within their scope the best mode of deepening the 
channels at the mouths of the river, an object which had been likewise contemplated 

in the original appropriation act. 
That act required a topographical and hydrographical survey of the Three parties 

delta of the Mississippi to be made in connection with the investiga- organized. 

tions; and in execution of the plan of operations laid down in the report of the Board 
3 ( l '7) 
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of December 18, 1850, three parties were at once organized to determine the topo­
graphy, hydrography, and hydrometry of the alluvia,! region. Fortunately for the 
objects of the Survey, the succeeding high water proved to be a flood of a peculiar 
ch:nacter. 

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

The topogra­
phical party. 

Bennett, Mr. Vif. Thornton Thompson, :Nlr. George F. Ful ler, and Mr. 
Samuel Hill, made a minute topographical survey of the Mississippi 
river, extending from one mile above Routh's point to one mile below 

the Barataria-canal locks, just above New Orleans, collecting at the same time infor­
mation concerning the crevasses of former years, old flood-marks, the history of levee 
construction, the dimensions of levees, well authenticated changes in the banks of the 
river, etc. etc. Owing to the high sta.ge of the river, and the consequent invccessibility 
of the east bank between the foot of the Raccourci cut-off 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 off-set 

lines-among them one from Carrollton to the mouth of the new Canal, lake Pont­
chartrain. It comprised carefully determined Jines of level throughout. The maps of 

Captain Campbell Graham and of Captain G. W. Hughes, Topographical Engineers, 
accompanying their reports upon the Military Reconnaissance 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 purposes 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 

;:i~![:~~f;.a· Mr. Joseph Gorlinski. Its operations included the measurement of sets 
of cross-sections of the Missis ippi at Routh's point, at Red-river landing, 

in the Raccourci cut-off, at Raccourci bend, at Baton Rouge, at site of Bonnet-Carre 
crevasse, at Carroll ton 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 Atcha­
falaya, Plaquemine, and La Fourche. In each set of ross-sections, the velocity of the 
current was measured-in some instances, with great elaboration. The nature of the 

material push d along at the bottom of the river was examined from time to time. 

The operations of this party were greatly impeded and interrupted by the high 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-from the difficulties 
encountered in the strength of the current, the great depth of the river, and the eli-

*Mr. O'Rourke was, during the progress of the Survey, detached from this party, rtnd, in connection with the 

topographical prnty, made the tri angubtions co nnecting the two banks of the river. 
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ma.te-wa.s found to be impracticable without a greater expenditure of money than a 

proper regard for the other branches of the Survey would allow. A similar though 
much less elaborate survey of the bayous Atchafalaya and Plaquemine was likewise 

contemplated, but for a like reason was not executed. 

Previous to commencing the hydrography, this party made a survey from McMas­

ter'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 Carrollton and vicinity, and of the line to the mouth of the new Canal, lake Pont­

chtLrtrain, were made by this party when temporarily under the charge of Lieutenant 
G. K. vVarren, Topographical Engineers. • 

The hydrometrical 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 

parties-by Mr. Thompson and Mr. O'Rourke'i' for brief periods. Sub­

sequently, Mr. William H. Williams took the place of Mr. \V' . Forshey, 

The hydrome­
trical party. 

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. Philip, Carrollton, Donaldsonville, Baton Rouge, Red-river landing, Natchez, 

New Carthage, and Lake Providence. 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 . Temporary gauge-rods 

were likewise observed at Berwick's bay, at Field's Mills on bayou La Fourche, and at 

Indian Village on bayou Plaquemine. 
The chief labor of the hydrometrical party, however; was directeu to the constant 

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

and depth of the Carrollton 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 

determine the law of change of velocity from the surface 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. During 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 straight for several miles. 
In connection with these operations, the amount of ~edimentary matter held in sus­

pension by the ri,·er was measured daily for two years, together with the temperature 

* Zeal f r the public service led Mr. O'R ourke to volunteer for this duty. The exposure necessaril y attendant 

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

party at Louisville, Kentuckr. 
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of the river-water, and the air, etc. The character of the material pushed along the 
bottom was likewise examined from time to time. 

Detachments from this party measured the discharge of the crevasses in the vicinity 
of Carrollton, the cross-sections of Berwick's bay, and of the La Fourche, at Pain Court, 
Thibodeaux, and Field's Mills, and ran a line of levels from the high-water mark of the 

Mississippi, at McMaster's plantation, to the gauge-rod at Proctorsville on lake Borgne. 
Mr. Smith's lines of cross-section, at Carrollton, were likewise re-sounded by this party 
in low water, 1851. 

It also made experiments 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 results of the labors of all these parties enter into the most important deduc­

Results of the 
operations of 
these parties. 

tions of the Report; they will be found embodied in the chapters devoted 

to ihe subjects for which they were designed to furnish the data. 
The original large-scale topographical and hydrographical maps, pro-

files, sections, and diagrams, and hydrometric pla.ts and drawings, are, however, valu­
able for the information they convey in other connections than those they have with 
the problem of protection n.gainst overflow. They are therefore transmitted to the 
Bureau. A list of them will be found in a subsequent part of this letter. 

Professor Forshey is entitled to great credit for the zealous n.nd intelligent manner 

in which he devoted himself, for mn.ny years previous to the organiza-
Acknowledg­
ments. tion of the Delta Survey, to observing and collecting facts reln.tive 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 sur­
prise that so much should have been done by the unassisted enterprise of a private 

individual. His knowledge of the alluvial region afforded me valuable aid, and I 

esteemed myself fortunate in securing his services. The duties entrusted to him com­
prehended 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 observations are evidences of the care with which they were made. 

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

rods, made portions of the topographical and hydrographical surveys, prepared several 
of the topographical sheets, and aided in the general supervision and direction of the 
work, a duty which he performed in a highly intelligent manner, and which, accept­
able to me at all times, was particularly so when I was almost entirely disabled by 
sickness. 
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To all the gentlemen composing the parties enumerated, acknowledgments are due 
for the faithful performance of difficult and arduous duties. 

'Vhile engaged in the field, in the summer of 1851, I was suddenly prostrated by 
sickness, which obliged me early in the following winter to relinquish 
the charge of the work to Lieutenant-Colonel Long, Topographical Engi­
neers. The operations in the field were soon after entirely suspended, 

Interruption 
of the work. 

with the exception already stated in connection with the Carrollton work, and con­
tinued so until the fall of 1857, when, the charge of the work having been previously 
resumed by me, the surveys and investigations were again vigorously prosecuted. 

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

dering me unfit for duty, I sought and obtained authority to vi~it 
Europe, with instructions to examine its delta rivers, and ascertain what 
the experience of many centuries had really proved as to the ultimate 

Examination 
of European 
rivers. 

as well as immediate effects of the different methods of protection against inundation. 

Such of the results of that visit as have immediate application to the Mississippi 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 cow1ection with the Explorations and Surveys, then in progress, 

for the Determination of the Most Practicable and Economical Route for a Railroad 
from the Mississippi 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 Survey. This request 

was made in order that Lieutena,nt Abbot might ta,ke the immediate ~~!si~;:!~~~~ 
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 
necessary 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 Explorations, 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 effort, give that constn.nt, daily, undivided 
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 
oilice-1 was besides appointed a Member of several temporary Commissions, the last of 

which was the Commission instituted by the 8th section of the Act of Congress of J nne 

21, 1860, to examine into the Organization, System of Discipline, and Course of Instruc­

tion of the Military Academy. 
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Previous to the resumption of the field work of the urvey, Lieutenant Abbot 

Partial r educ- recomputed the volumes of discharge at Carrollton from the original 
notes ; .Mr. James S. Williams, a civil engineer of high standing, care­

fully revised the level notes of the Survey, and deduced the results 

tion of the re· 
sults of the 
former field 
work. used in the Report ; and .Mr. George F. Fuller completed the drawing 

of the topographical shee ts of the Survey. 

As other important duties required my presence in ·vv ashington at that time, 

Lieutenant Abbot was directed by me in November,_ 1857, to proceed 
Field work 
resumed. to the .Mississippi river, orga.nize the nece. sary parties, and prosecute 

the surveys and investigations. The completion of the Topographical 

and Hydrographical Survey of t he Delta in the manner in which it was commenced 

in 1851 was not attempted; because the InvestigationR, t he more important of the 

two classes of work called for by the appropriation acts, required the expenditure of the 

balance of the appropria,tion. It was extremely fortunate tha t they were resumed just 

at that time, for the Rood of 1868 was one of a remarkable character, and furnished 

data, which could not h ave been coll ec ted if the appropriation had been exhausted by 

the resumption of the Survey in a previous year, inasmuch as no Mississippi flood 

occurred between 1851 and 1858. 
In compliance with these instructions, gauge-rods were established at Columbus, 

Kentucky ; .Memphis, Tennessee ; Napoleon, Arkansas; Vicksburg, a,nd 

Natchez, Mississippi; and Red-river landing and Carrollton, Louisiana. 
Gauge-rods. 

Donaldsonville, Louisiana, and Cairo, Illinois, were subsequen tly added to the li st. A 

daily record of the height of the water upon the rod, the state of the wea ther, the 

direction a,nd force of the wind , etc., was kept at t hese stations unt il J a,nuary, 1859 . 
The observations at Columbus, Memphis, and Vicksburg were continued until Sep­
tember, 1859, and those at Carrollton until April 30, 1861. From May 11, 1859-, to 

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

west pass, a portion of the corresponding Carrollton observations also being made with 

one of these instruments. 

A party in charge of Mr. Henry C. Fillebrown, assi. ted at first by .Mr. W. E. 

. h vVebster and subsequently by Mr. C. L. Jones, was established at 
D1sc arge mea-
surements at Columbus, Kentucky, 20 miles below the mouth of the Ohio, which 
Columbus. d d '1 h l 't f I f d measure a1 y t e ve oc1 y o t 1e current rom bank to bank, an 

occasionally from surface to bottom. To this duty were added the determination of 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 de­

termine the slope of the river at high and low water. A survey across the low grounds 

between Cape Girardeau and the Commerce bluffs was likewise made by thi s pa,rty. 

A party with simila,r duties, in charge of Lieutenant H. S. Putnam, Topographical 
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Engineers, assisted by Mr. J. T. Champneys, was stationed at Natchez, At Natchez and 

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

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 current-measure­

ments, this party made a cn,reful survey of the river for about eight miles at Vicks­
burg, including the site of the velocity sections, with exceedingly accurate lines of level 
to determine the slope of the water smface at vn,rious stages between high and low 

water, entirely around the abrupt bend above Vicksburg. The discharge of the Yazoo 
river was also measured 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 b~en detached to 

make a,n 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. . D1scharge mea-
These commenced on January 1, and continued until November 30, surements upon 

the Arkansas. 
1858. 

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

Lieutenant Abbot, besides establishing the parties at Columbus and 

Natchez, measured accurate cross-sections with corresponding velocities, 

of the following streams, to determine approximately their discharge 

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

Upon other 
tributaries ; 
with soundings 
in the Missis­
sippi and bayous. 

the Arkansas, the cuf-off between the Arkansas and w ·hite 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; 
Helena, Arkansas; Napoleon, Arkansas ; Lake Providence, Louisiana; Vicksburg, 
Mississippi; New Carthage, Louisiana; Natchez, Mississippi; Baton Rouge, Louisiana; 

Bonnet Carre, Louisiana; and Fort St. Philip, Louisiana. 
lVIr. Pattison, assisted by Mr. J. D. Julian, measured in 1859 similar sections on 

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

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

Plaquemine and La Fourche, on the lines of 1851, with some additions; and re-sur-
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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 Mr. W. H. Williams, Lieutenant Abbot measured with great care the 

discharge of the Bell crevasse near New Orleans in May, 1858, and 

~fe~::!~~s upon thus, in connection with the observations made by 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 Brn.nche were 

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

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

Sidney Smith, which passed down the Mississippi, from Cairo to the mouth of Red 

r iver, in a yawl, measuring the dimensions of the various crevasses occasioned by that 

flood, and collecting all the information regarding date of occurrence, rate of in­

crease, etc. This duty, an exceedingly difficult one, was performed in a highly satis­

factory manner, notwithstanding the great exposure to sickness in a season remarkably 

unhealthy. To this gentleman the Survey is likewise indebted for communicating 

information useful in the work. 

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

Section of the 
Yazoo bottom 
lands. 

to Prentiss on the Mississippi river, was accurately surveyed in 1859, 

by Mr. Pattison, assisted by Mr. Julian. It was the :first survey made 

across that great swamp, and, besides affording the means of determin­

ing the average depth of overflow, furnished other valuable data. 

Of the Tensas 
bottom lands. 

A similar survey across the Tensas bottom was made by Mr. Patti­

son's party from Vidalia to I-Iarrisonburg on the V{ ashita. 

After the termination of field labors, Mr. Pattison was employed, 

until April 30, 18G1, in various kinds of office work} which he executed with the same 
:fidelity and zeal that characterized his labors in the :field. 

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

Miscellaneous 
information 
collected. 

respecting the dimensions, condition, and extent of the levees through­

out the alluvial region, the history of their progress, etc.; respecting the 

height and date of the floods throughout the same region; the depth of 

overflow in the swamps bordering the river, the nature of the growth upon them and 

their geological chamcter; and the seasons and dates of the floods, the range, etc. of 

the tributaries of the Mississippi. 

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

gentlemen already named, accomplished a gre~Lt amount of work. 

Series of detailed observations upon the currents at ancl n~ar the bar of the South­

Observations 
at the mouths 
of the river. 

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

Fuller, assjsted by .Mr. vVilliam Sidney Smith, in :May, 1850, repeated 

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

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 

permanent hydrometric stations of Carrollton, etc. were made upon a 

canal feeder of the Chesapeake and Ohio canal, at the Little Falls of 

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

Upon a feeder 
of the Chesa­
peake and Ohio 
canal. 

Vaughan, with a view to determine the laws governing variations in certain 

efficients entering the new formul ro derived from the Mississippi observations. 
co-

To complete the Delta Survey, every source from which reliable 

information connected with the question of Mississippi floods could be 

collected was examined. ·wherever a record of the rise and fall of the 

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

Data pur­
chased by, or 
presented to 
the Survey. 

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 

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

Gauge-records 
at Carrollton. 

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 courteously .placed at the disposal of the Delta 

At Donald­
sonville. 

Survey. These observations, it is believed, are still continued by Mr. Gingry, who will 
thus be enabled to contribute information that will be found highly valuable in testing 
the correctness of some of the conclusions found in the Delta Report, and in solving 

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

careful gauge-rod observations. 

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

1848, 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, 
4 

At Memphis. 
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filed at the United States Arsenal near St. Louis, .J\Ii . souri, from May, 1843, to May, 
1845, made under the direction of Captain T. J . Cram, Topographical Engineers, were 

furnished by t he courtesy of Lieutenant Ben6t, U. S. Ordnance, and partial records of 
that character kept by Captain Richard Fatherly, Military Store-keeper at the United 
States Arsenal, at Little Rock, Arkansas, from Janu ary, 1868, to January, 1860, were 
kindly furnished to t he Survey by him. 

For the fall of the Mississippi ri ver above Natchez, use has been made of the sur­

Railroad 
surveys. 

veys of variou railroad routes mentioned in the Report. Similar 
surveys have likewise furnished cross-sections of the a.lluvial land, and 
depth of overflow, as follows:-

1. The su1·vey of the Cairo and Fulton railroad company furni shed a cross-section 

from Bird's ln,nding, opposite Cairo, to t he t. Francis river. 
2. The survey of the Memphis and Little Rock railroad company furnished a. cross­

sec tion from Memphis to Crowley's ridge. 

i) . The survey of the United States military road from Memphis to Little Rock 

furnished a similar cross-section. 
4. The survey of the Gaines' landing and Fulton railroad company furnished a 

cross-section of the upper pa.rt of the Tensas bottom. 
5. The survey of Professor Forshey, as already stated , furni shed a cross-section on 

the northern boundary of Loui ·iana. 
6. The railroad surveys of the Bureau of Topographical Engineers, War Depart­

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

7. The survey of the Vicksburg, hreveport, and Texas railroad company furnished 

a cross-section from Vicksburg to Washita river. 
The surveys of the State of Louisiana afforded the means of com-

piling approximate cross-sections of the Atcbafalaya ba in. 
Surveys by 
the State of 
Louisiana. 8. From this source a profile of the Atchafalaya bayou was prepared. 

9. Also a cross-section from Morganza on the .Mi t;sissippi to Wa ·hiugton on the 

bayou Courtableau. 
10. And a cross-section from Baton Rouge to Port Bare on the Courtablca.u. 

11. 'l'he surveys of the New Orleans and Opelousas railroad company furnished an 

accurate profile from New Orleans to Berwick's bay across the La Fourche and 'l'erre 

Bonne region. 
To the Chief Engineers of the Railroad Companie::; referred to,_ and to the Officers 

of the Engineer Department of the i::ltate of Louisiana, acknowledgments are due for 
the liberal and polite m:tnner in which all the information in their offices, applicable 

to the Survey of the Delta, was made a.vailabl for it. 

Acknow­
ledgments. 

The t)urvey .is under csp cial obligation to Mr. G. W. R. Bayley, 
Chief Engineer of the New Orleans and Opelomms railroad company, 
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for the obliging communication of valuable information. Also to Mr. M. Lynch, Chief 

Engineer of the Memphis and Little Rock rai lroad, for similar favors; to Major II. J. 

Ranney, of Tew Orleans, lessee of the new Canal, for copies of the gauge records kep t 

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

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

the mouth of the new Uanal, lake Pon tchartrain, ancl for information ancl assistance 

on various occasions; to Mr. Andrew Gingry, for a copy of the daily record of gauge­

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

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

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

section of th e artesian well in New Orleans; to Dr. R. vV. Mitchell, for copies of 

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

Samuel Holling worth , for a detailed acconnt of the occurrence and progress of the 

Bonnet-CamS crevasse of 1859. 

To Profe, sor Joseph Henry, Secretary of the Smithsonian Institution, the Survey 

1s under obligation for the communication at different 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 

Survey; yet it is difficult to decide where, precisely, to <lraw the line of distinction. 
w ·ithout exception, all of whom inquiries were made imparted whatever information 

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

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

an evidence of the appreciation of their kindness and liberality . 

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

useful in connection with other objects than those which form the 

subject of thif:! Report, are herewith submitted. They comprise: 

Topographical sheets, thirty in number, drawn upon a scale of 

1 : 10,000, exhibi ting in minute detail the topographical features from 

the mouth of Red river to New Orleans. 

Large-scale 
maps and dia· 
grams trans­
mitted to the 
Bureau of 
Topographical 
Engineers. 

Hydrogntphical maps of the Mississippi river, at Carrollton (one sheet-scale 
1 : 2000) ; at a ton Rouge (one sheet-scale 1 : 2000) ; at Vicksburg (one sheet-scale 
1 : 7200); at Columbus (one sheet-scale 1 : 7200); of head of bayou Atchafalaya, 

in 1851 and 1858 (two sheets-scale 1 : 2400); of head of bayou Plaquemin~, 1858 

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

1 : 1200) . 
Topographical maps of the survey through Yazoo bottom (two sheets -scale 

1 : 50,000); of that through Tensas bottom (one sheet-scale 1 : 50,000); of Cape-
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Girardeau inlet (one sheet-scale 1 : GO,OOO); and of t he sites of the Bell and La 

Branche crevasses of 1858 (two sheets-. cale 1 : 800). 

A copy, by Mr. C. Ritter, of the Topographi cal and Hydrographical map of New 

Orleans and vicinity, comprised within 10 miles sqnare, scale 1 : 12,000, from the 

surveys of Maurice Harrison, Esq. , under the direction of t he Commissioners appointed 

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

tf'cting the city of New Orleans again st inundation. 
Twenty-one sheets of profiles of the alluvial region from original surveys, and 

twenty shee ts purchased or presented. 

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

bra.nches. 

The _original field-note books, two hundred n.nd fourteen in number, the plats of 

current men.l:>urement n.nd of daily oscillations of the river and gulf, the slwe ts of; 

analy ti cal curves and of miscellaneou diagrams used in the preparn.tion of the Report, 

numbering in all about ix hundred sheets, together with the other records of the 

, 'urvey, its collec tions and property, will be duly transmitted to the Bureau. 

As the surveys and inve. tigations progrel'seJ , the great ]abor commenced of reduc­

Office work of 
the Survey. 

ing the observn.tions, of m:sembling the results, of combining and digest­

ing them, of the development of the laws governing all the phenomena 

that were subjects of examination, and, finn.ll y, of the application of 

these laws to the solution of the great pro!Jlem which formed the object of the Delta 

Survey. 

This work, which was in fact the preparation of th e Report, was performed by 

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

not perhaps be fully appreciated even by professional per. ons. Devoted to the t:tsk, 

Lieutenant Abbot brought to its performance great industry, en rgy, sagacity, and skill 
in analysi , the fruits of which, to be found in every part of the Report, are particularly 

exhibited by the chapters in which the flow of water in natural chann ls is treated. 

But a pem al of the Report will convey a more forcibl e impre sion of the extent and 

value of Lieutenant Abbot's labor::; than any term of acknowledgment that I can use. 

In the mass of exceedingly intricate calcul::ttion necessari ly n.ttendant upon such a. 

work, Lieutenant Abbot has been aided by 1\fr. F . W. Vaughan, a skilful computer, 

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

employed upon, enti tle him to more than the ordinary terms of acknowleclgmen t. 

Some reference to the state of th e question of protect ion against inundation, at the 

Remarks upon 
the problem to 
be solved by 
the operations 
of this Survey. 

t ime when the Survey of tb e niissi sippi Delta was begun, appears to be 

proper here, in order th at th necessity of such ext nded and laborious 

investigati.ons as were maue may be appreciated, and that it may be 

nnderstoorl how n.hsolutely esRential it waR in every division of the 



IN'l'RODUCTORY LBT'l' ER OF CAP'l'A.IN HUMPHREYS. 29 

subject to collect fact upon fact, 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 connect­

ing them for assumed or imperfectly observed data and theoretical speculations. 

A wide di scretion 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 enunciated in treatises upon the hydraulics of rivers, were not 

based upon sufficiently extended experiments upon natural streams, 

The science of 
river hydraulics 
was in a very 
imperfect state. 

and, hence, that the formul oo found in them could not be relied upon for the solution 

of the questions upon which the plans of protection against inundation from overflow 

depended. The system of measurements and investigations carried on at Carrollton, 

Louisiana, Vicksburg, Mississippi, nnd Columbus, Kentucky, while it was intended 

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

Mississippi against inundation independent of the laws and formul oo 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 sca,le than any ever 

before attempted, the h ws governing the flow of water in natural channels, a.nd of 

expressing them in formul oo 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. Laws have been revealed that were before unknown; new formul ro 
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 hydraulics as applied to rivers was not the 

only difficulty to be encountered in the execution of the duty imposed 

upon the officer in charge of this work. The much-agitated question 

of the bes t method of protection against inundation had been n,lways 

discussed upon assumed data, and the truth of the very groundwork 

upon which these discussions rested had to be experimentally investi­

gated by this Survey. For instance, the Mississippi had always been 

The most essen­
tial facts upon 
which protec­
tion against 
inundation de­
pends were 
unknown. 

regarded as flowing through a channel excavated in the alluvial soil formed by the 
deposition of its own sedimentary matter. So important an assumption was inadmis­
sible ; and great pains were accordingly taken to collect specimens of the bed wherever 

soundings were made, and by every means to ascertain the depth of the alluvial soil 
from Cape Girardeau to the gulf. '!'his investigation has resulted in proving that the 

bed of the Mississippi is not formed in alluvial soil, but in a stiff tenacious clay of an 

older geological formation than the alluvion, and that the si<les of the channel do not 

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

of protection . 
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Further, it was held by the advocates of the exclusive use of artificial embankments 

The effects of 
levees were 
not under­
stood. 

that the levees of Louisiana had already lowered the bed and floods of 

the Mississippi river, and th at their extension throughout the alluvial 

region above would still further lower the floods by deepening the bed 

and red ucing the slope of the river. The advocates of outlets, on the 

contrary, contended that the experience of many centuries, on the Po, proved thn.t 

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

was impracticable any longer to protect the country, except by opening new channels 

to the sea. This conclusion appeared to be sustained on the authority of two eli tin­

guished names, Cuvier and de Prony. ·while tbe investigations of the 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 

supposed facts advanced by the latter class to be entirely crroneouA, and their appre­

hensions to be unfounded. 

The effects of cut-offs were likewise the subjects of con trover ·y among engineer , a 

The effects of 
cut-offs were 
not known. 

controversy which the measurements of the Delta Survey must set at 

rest, since they demonstrate that cut-offs rai e the floods below them, 

a conclusion su tained by the well-established effects of such works 

upon the Po and Adige. 
Outlets were advoca.ted by some engineers because they were considered a ready 

The effects of 
outlets had not 
been investi­
gated. 

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

were objected to by others because, as they claimed, outlets wonld raise 

the bed and floods of the river. The investigations of the Delta Survey 

prove that outlets, in the few localities where they arc practicable, may 

be made to reduce the floods to any desired extent in certain divisions of the river; 

but that they would not be inexpen~ive, and would entail dangers tmd disasters which 

should not be risked. These conclu ions, it is shown, are sanctioned by the experience 

of Europe, upon the Po, the Rhine, and the Vistula. 

'fhe effect of a great swamp like that of the Yazoo upon the Iloou. of the Mi ssis-

The effect of a 
great swamp 
like that of the 
Yazoo was mis­
apprehended, 
etc. etc. etc. 

sippi, a ul>j ect that has formed the theme of peculation for at least 

thirty yen,rs, has also been es tabli heel by the collection of facts ; as 

likewise the law governing the ri se, fall , and discharge of the river 

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

propagated; the modifications in troduced by tributari s; the succes-

sion of river stages; the drainage of its b:1sin and that of its tributaries; the propor­

tion of drainage to downfall; and th e discharge of outlet : in fact , every river phe­

nomenon has been experimentally inve, ti gatecl anu elucidated. 

The problem Thus every important fact connected with the arious physical 
of protection conditions of the river and the laws uniting them being ascertained, the 
against over-
flow solved. grea.t pmblem of protection a()'n.i n._ t in u nclation was pol verL 
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At the mouths of the river, a simil::tr 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 conse­
quence, the principles upon which plans for deepening the channels 
over them should be based, and the best mode of applying them. The 
rate at which the river progresses into the gulf, and the extent, thick­

The law regu­
lating the 
depths at the 
mouths of the 
river deduced, 
etc. etc. etc. 

ness, 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 
in vesti(l'ation in the :field, made at times under circumstances of great 

b 

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

The Report 
submitted. 

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 his 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 1bpographical Engineen, U.S. Army. 
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REPORT 
ON TilE 

MISSISSIPPI RIVER. 

CHAP TER I. 

BASIN OF THE MISSISSIPPI RIVER. 

Natural subdivis ions.-Red river basin. -Red river.-Its slope, dimensions of cross-section, range, navigation, 
succession of stages, and great flo ods.-Its tributa~·y, Black river, with the principal brancl1es, Washita ri ver 
and bayou 'I'ensas.-Basiu of Arkansas and White rivers.-Arkansas river.-Its slope, dimensions of cross­
section, range, annual succession of stages, and great fl oods.- I ts tributaries, Canadian and W hite rivers.­
St. Francis basin.-Boundaries and area.- 'l'opography.-Geology of t he bottom lands.- Their growth.-Their 
flo ods.-St. Francis river.--:hiounds, etc.- Missouri basin.-Missouri river.-Its slope, range, width, and navi­
gabil ity.-Its tributaries, the N iobrara, the Pln.tte, the Kansas.-Upper Mississ ippi basin.-Upper Mississippi 
rive r.- I ts slope, range, and dimensions of eross-section. - Its tributaries.-Ohio basin.- Ohio rive r. - Its slope, 
range, dimensions of cross-secti on, discharge, annual succession of stages, and great flo ods.-Its tributaries.­
Yazoo basin.- Boundaries and area.- 'I'opography of the bottom lands.-'fheir geology.-Their growth.- Thei r 
fl oods.-Y azoo river.-Indian mounds, etc.-Basins of small direct tributaries.-'l'he Maramee.-'l'he Kaskaskia. 
-The Obion.-'I'he Big Black.-Tabular summary of Mississippi basin. 

TrrE Mississippi drains the greater part of the territory of the United States lying 
between the Alleghtmy and the Rocky mountains. (See plate I.) Its Natural divi­
basin, more than equal in area to the whole continent of Europe, ex- sions of the Mis­
clusive of Russia, Norway, and Sweden, is greatly diversified in featmes, sissippi valley. 

in soil, in climate, and in productions. A knowledge of the hydrographic relations of 
the different parts of this basin _to the main river is essential to a full appreciation 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 Mis­
s1ss1ppi. 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 category, but it will be hereafter seen that, although com­
paratively small streams, they are important from their position and volume of dis­
charge. Just below the confluence of Red river is found the first of the bayous which, 

~ 5 
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fed by the Mississippi, di~charge into th e gulf. Below thi s point, the Mississippi receives 
no appreciable increa::;e from tributaries ; it may, 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 wh ole area except the sma1l basins of several com­
paratively unimportn.nt branches, which may be classed together under one general 
heading. As it is proposed to state, in this chapter, such facts in relation to these 
severa.l subdivisions as shall exhibit their hydrographic re]a,tions to the main river, it is, 
in some sort, an introduction to the report. 

DELTA OJ.' TllE :\1ISSISSIPPI. 

There are mn.ny questions intimn.tely connec ted with this divi~ion of the valley, 
which cannot be properly treated here, because they require a knowledge of facts and 
principles herea.fter to be mentioned. For this reason, all remarks upon the delta 
of the Mississippi wi 11 be deferred for the present, a.nd the subject be tren.ted by itself 
in Chapter VII. 

RED RIVER BASIN. 

Few regwns so limited in ex tent as this basin contain districts so entirely dif­
ferent in character. Its total area. is only 97,000 square miles, yet it 

!t:Y ~f~~~r~~~:~~ e:1closes larg~ tracts of ~he richest ~ississippi alluvion, a rn.uge o.f primi-
tive mountams of con ·1demble altitude, numerous lakes, a rolhng and 

tolerably fertile prairie country, and an uncultivable tract of salt desert. The annun.l 
fall of rain varies from 15 inches in the western to G6 inches in the eastern portion; 
the climate is mild throughout the whole region. There is very great variety in the 
productions of th e soil. 

R ed 1·ive1·.-The sources of thi s river were first explored by Captain Marcy, 
U.S. A., in 1852. The river ri ses in the eastern rim of the vast and 

Extreme source. 
steril e desert plain called el Llano E ·tacado, n.t an elevation of about 

2500 feet above the sea. Its extreme source, situated in a deep ravine, is thus 
d scribed by C11ptain Marcy : " The gigantic e carpments of sandstone, rising to the 
giddy height of 800 feet upon each side, gradually closed in until they were on ly a few 
yards apn.rt, and finall y united overhead, leaving a long, narrow corridor beneath, 
at the base of which t he head spring of the principal or main bmnch of Red river 
takes its rise. This spring bursts out fl'om its cavernous reservoir, and, lefl,pin g down 
over the huge rna. ses of rock below, here comm nces its lon o· journey to unite with 
other tributaries in making the Missis ippi the noblest river in the univers ." 

The ravine, some GO mile.· in 1 ngtb, through whi h this stream escapes from the 
Its gorge Llano, is described as follows : " Our course 1va · very cir uitous, from 
through the being obliged to follow the windings made by the numerous detours in 
Llano. the river. The lofty c. carpment , which bound c1 th valley upon each 
side, rose precir itat ly from the banks of the river to the enormous height of from GOO 
to 800 fee t; and in many place th re wa not room for a man to pass b tween the foot 
of the acclivities and the river. It was altoge ther impossible to trn.vel upon either side 
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of the river, so much broken and cut up was the ground; and the only place where a 
passage for a horse can be found is directly along the defile of the river bed. "\Ve found 
frequent small rivulets flowing into the river through the deep glens upon each side, 
but, most unfortunately for us, the water in them all was acid nnd nauseating." This 
latter peculinrity 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 unpalatable," producing 
"sickness at the stomach, attended with loss of nppetite 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 Estacada: " After marching 8 miles 

d l 'll d 11 1. Its debouche over a succession of very rugge ll s an va eys, wnich rise as they from the Llano. 
recede from the river, we reached the base of these towering and ma-
jestic cliffs, which rise a,lmost perpendicularly from the undulating swells of prairie at 
the base, to the height of 800 feet, and terminate at the summit in a plateau aJmost as 
level as the sea, which spreads out to the south and west like the steppes of Central 
Asia, in au npparently illimitable desert. 

"1 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 cliff.'l; 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. "\Ve have sought for a passage by which we might take the 
trains to the top of the bluff.-s, where, as they run nearly parallel to the course of the 
river, we might have continued on with the wagons; but, after making a careful 
examination, we have abandoned the idea, not being able to discover a place where 
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, clark-gray sandstone, and tho whole capped with a 
white calcareous sandstone, the strata resting horizontally, and receding in terraces 
from the base to the summit." 

About 8 miles below the edge of the cliffs the river is "nine hundred yards 

The gypsum 
desert prairie. 

wide, flowing over a very sandy bed, with but little water in the 
channel, and is fortified upon each side by rugged hills and deep gullies, 
over which I think it will be impossible to take our train. The soil 
throughout this section is a light ferruginous clay, with no timber except a few hack­
berry and cottonwood trees upon the banks of the streams. There is but little water 
either in the river or in the creeks, and in a dry season I doubt if there would be any 

found here." 
Below this point the bluffs were so near the bed of the stream that Captain Marcy 

was obliged to leave it and travel over the sterile prairie. He continued to do so for 
the rest of the route, and gives no further facts respecting the river. The first 
important tributary is the North fork, which enters on the western border of the 
Witchita mountains. This range lies upon the eastern boundary of the gypsum desert 
region, and a great change takes place in the character of the country. 
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Approaching them from the west, Captain Marcy states : "The mountains here appear 

The Witchita 
mountains. 

to be in groups or clusters of detached peaks of a conical form, indica­
ting a volcanic origin, with smooth, level glades intervening, and rising, 
as they do, perfectly isolated from all surrounding eminences upon the 

plateau of the great prairies, their rugged and precipitous granite sides almost denuded 
of vegetation, they present a very peculiar and imposing feature in the topographical 
aspect of the country. From the fact that the ground occupying 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?" * * * * * * * 

* * * " vVe find the soil good at all places near the mountains, and the country 
well wooded and watered. The grass, consisting of several varieties of the grama, i. 
of a superior qmtlity and grows luxuriantly. The climate is StLlubrious; and the 
almost constant cool and bracing breezes of the summer month", with the entire 
absence of anything like marshes or stagnant water, remove all sources of noxious 
malaria, with its attendant evils of autumnal fevers." * :;: :;: * * * 
"Within a distance of six miles around our camp, I should e timate the amount of 
woodland at eight thousand ac1'es. The grass is of the very best quality, and the soil 
cannot be surpassed for fertility . We are, at this place, directly at the base of one of 
the most lofty and rugged mountains of the range. Its bare and naked sides are 
a.lmost destitute of anything in the shape of a tree or plant, and it is only here and 
there that a small patch of green can be discerned. Huge masses of flesh-colored 
granite, standing out in jagged crags upon the lofty acclivities, everywhere present 
themselves to the eye, and the scenery is most picturesque, grand, and imposing." * * 

* * * "Sev01~a.l gentlemen of the party ascended the mountain ncar our camp 
this evening, and obtained a fine view of the adjoining country. They discovered thaL 
there were three distinct ranges running from northeast to outhwest; at this place 
they appear to be united in one chain, n.nd there seems to be no pass practicable for 
wagons in this vicinity." 

* * * "The most elevated mountain in the Witchita cha.in I have taken th 
liberty, in honor of our distinguished commanding general, to call 'Mount Scott.' This 
peak, towering as it does above all surrounding eminence., pre ents a very imposing 
feature in the landscape, and is a conspicuous lnnd-ma.rk for many mile. around. ':rhe 
altitude above the base, as determined by trinngulation with the sextant, is 1135 
feet." 

Of the eastern base of the chain, Captain Marcy stntcs : " ':rho more we have seen 
of the country about these mountains, the more pleased we have been with it. Indeed, 
I have never visited nny country that, in my opinion, po~sesse <l greater natural local 
advantages for agriculture than this.'' 

The n x t striking feature of the valley i the "Cross-timbers," lying between long. 

The Cross­
timbers. 

98o nnd long. 97°. "This exten. ive belt of woodla.nd, which form s one 
of the most prominent and nnomalous fca tur s tq on the face of the 
country, is from 5 to 30 mil s wi<le, and extends from tho Arl ansas river, 

in a Ro uthwesterly direction, to the Brazos, some -±00 miles. At six different points 
where I have passed. through it, I have foun<l it chttractcrizcd by the same peculiarities-
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the trees consisting principally of post-oak and black-jack, standing at such intervals 
that wagons can without difficulty pass between them in any direction. The soil 
is thin, sandy, and poorly \vatered." ::: * * * ::: :i: ::: :j: :j: 

"Upon the east side there are numerous spring-brooks, flowing over a highly prolific 
soil, with a superabundance of the best of t imber and an ex uberant ven·etation teemin()' 

0 ' 0 

with the delightful perfume of flowers of the most brilliant hues ; here and there inter-
spersed with verdant glades and small prairies, affording 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 traveller, and these are soon swallowed up by the thirsty sands over which 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 ReJ river, and the main 

stream flows, through rich and densely-wooded alluvial bottoms, to the 
head of the celebrated " raft." This mft is composed of an immense 
accumulation of drift-logs- some floating, and others so water-logged as 

The Red-river 
raft. 

to sink, and thus still more e:ffectua11y block up the channel. From the rotting of the 
logs at the lower end, and the fresh accessions at the upper end, the raft gradually 
moves up stream. Its lower extremity was once at Natchitoches, if not, as many sup­
pose, still farther down the stream. Large sums h:we been expended by the United 
States government in its removal. In 1854: it had advanced to a point 53 miles above 
Shreveport. Its length was then 13 miles, and it was forming at a rate of 1.5 to 2 
miles per year. The following extracts from the report of the United States agent and 
engineer, Mr. C. A. Fuller, dated J anuary 18, 1855, convey interesting information:-

"My survey was ma.de during the low water of November ultimo, and embraced a 
region of country extending from the outlet of Red bayou to Shreveport-a distance of 
about 75 miles." '1' '1' '1' '1' " The total fall of the low-water surface of the river, 
from the head of Red ba.you to Shreveport, is 36.60 feet. From Red bayou to the 
head of the present mft, a. di::;tn,nce of 4! miles, but little if any fall exists-the raft 
acting as a, dam , and baeking the water for some 20 or 30 miles above. The cross­
section lines, run from the river, show that the surfa.ce of the country has a gra.dual 
fall from the river westwardly of about 5! feet to the mile ; while the difference of 
level of the water surfa.ce~ is about 3! feet on the same section-a little over 1 foot to 
the mile; consequently, at low water the river has a constant tendency to flow to the 
west through every natural outlet, deserting its old cha.nnel, which runs, as it were, 

Upon a ·rid()'e and seekino- a lower level near the bluffs that border the western shores 
>::> ' b 

of the lakes; while at high water, the banks being submerged, the currents naturally 
follow the same direction. The obstruction of the mft has thrown a large proportion 
of the wa.ter of the river (about three-fourths) through two natural outlets (Dooley's 
and Red bayou) into Soda la-ke, affording a. navigation around the raft [right bank], 
which is constantly improving as the action of the water widens ancl deepens these 
channels. The channel of Red river, from the head of the present raft to Shreveport, 
besides being thus elevated, exhibits such an entire deficiency of width, depth, and fall, 
that ·up-&trewn currents are found through more than one-half of its distance during 
every freshet. The bed is strewn with logs, stumps, etc. The stream is not only 
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narrow, but very tortuous; a,nd n.lthough a nn.vigable cha,nnel might be opened through 
it, a,t great expense, for short periods only, its want of cn.pacity for carrying raft would 
be a fatal obj ection to the permanency of its navigation ." 

* :;: * "This portion of Red river, therefore, having neither the capa,city to 
carry raft, or capabili ty of being made . ubservient to the purposes of navigation, forces 
us to look for other cha11n els in the vicin ity to attain our obj ect. Of the natural 
outlets, Dooley'. bayou appears most ca,pa.ble of improvement n.nd best n.dapted to our 
purpose, being the shortest, widest, and deepest; its currents strongest, and its soil the 
lightest alluvial, and consequently the en.siest wash d. I propose, n.s will be hereafter 
explained, to open the naviga,tion through thi ba,you into Shiftail lake (see map), 
thence through Stumpy ba,you fo Soda lake, and thence through Soda lake and Twelve­
mile bayou to Shreveport, making a distance of about 40 miles, in ·which we will 
have the same fall as is found by the river in a distance of 70 miles, viz., 36.60 
feet. " 

Below the 

Lower Red 
river. 

raft, Red river traverses a fertile and populous country, of which no 
description i necessary here. The stream is interrupted by two small 
rapids just above Alexandri a, where the bluill · leave the river and 
artificial embankments become nece sary to protect the country from 

inundation during river floods. In 185 the levees only extended to Dunn's bayou, 
about 25 miles below Alexandria, and were restricted to the right bank. 

'rhe following table, exhibiting the slope of the Red river, hn,s been compiled from 

Slope of Red 
river . 

the best available authorities. The el vation at Shreveport was 
determined by the levels of the Vicksburg and Shreveport railroad; 
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 ~ t. Louis aml Fulton, and Gaines' 
landing and Fulton railroads. The authorities for the data upon which the table is 
formed arc stated, because they con£rm the fact of the extraordinary rednction of 
slope above the raft, indicated by the table. 

Iligh-watm· slope of R ed 1·ive1·. 

l Locali ty . I D istnnce nbO\'O I .Elevation nlxwo 

/ _ _ 
I So urce ....... .. .... ....... .. ...... .......... ................ 

1 

At P1·eston .... .... . .... .... .. ......... .. ..... .. .... .. .. ... . 

I 
At Fult on ........... ... .. . ..... . .. . ... . .. ... . .... ........ .. 
At hcnd of roft .... .. .. . ............. .. .... . ........... . .. 
A t. S hl 'C I•c port ...... . .... . ................. ..... ..... .... . 

mouth. ~ul f leveL 

/.fil es. 
1:!00 

8:111 
[j\),) 

<lOG 
3:10 
ao 
00 

Feet. 
2-1 50 

tH l 
2-12 
:!Oi 
180 

"R 
5-J 

Fall pe> r milt·. 

Feet. 
0. 00 
4 80 
1. 80 
IJ .:W 
0.3() 
fUl 
0.14 

Autl writy. ~] ------- I 

Cn ptn iu ;\ l ,lrcy . 
Cn pt nin Popo. 
J\ai lron d levels. 
~fr. C. ,\ . Full er . 
Hni lron d l ev e l ~. 
Dclt rt !:l uncy. 
Dcltrt Smvcy . 

I 

I 
;\Jouth of J3lrtck ri ver (hi g h wl\fcr 1!:1:!8) .... ... .. . 
i\lout.h (hi g h wa f.C l' 18:!8) .. .. .. ............... . ........ 1 

----------------'--------'-----'--------------

The width of the Red river between its banks, i ()'ht miles below the pojnt where 
Its width. it issues from the Llano Estacado, i 2700 feet; just below the mouth 

of North fork, 2000 feet; about 50 mil s b low the mouth oC this 
tributn,ry, 2100 feet; at the mouth of th Big vVitchita, GOO feet; at Alexandria, 720 
feet; n,t 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 
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river spreads out to a width greatly disproportionate to the depth; but when the more 
fertile and clayey soil is entered, it contracts to the normal dimensions corresponding 
to its discharge. 

The depth of Red river varies inversely as its width, being only 6 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 fee t may be depended upon Its depth. 

below Alexandria, about 4 feet thence to the head of the raft, and 1 foot thence to 
Fort Towson. 

Steamers of 4 feet draught can ascend to Shreveport at any time except in extreme 
low water, but to Fort Towson or even Fulton, for only about three 
months in the year, and frequently only run in one direction during Navigation. 

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 the boats to leave the channel and pass through lakes and bayous. 

The high-water area of cross-section throughout the desert country 
is probably about 12,000 square feet, and in the cultiva.ted region from 
30,000 to 40,000. 

Its area. 

The range of the river 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 Its range. 

feet; at Alexandria, 4 7 feet; at the mouth, 45 feet. These numbers 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 
raft. They are mainly due to heavy rains in or east of the Witchita 
mountains. The following extract from Captain Marcy's report is 
interesting in this connection:-

Its succession 
of stages. 

"May 18 [1852]. * * * We encamped upon a small af:Huent of Cache creek, 
where, on our arrival, we found no water except in occasional 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 a.nd cry;ng at the top of their voices, 'Here 
comes a plenty of wa.ter for us, boys !' And, indeed, in a few minutes, much to our 
astonishment and delight (as we were doubtful about having a supply), a perfect 
torrent came rushing clown the dry bed of the rivulet, filling it to the top of the banks, 
and continued running, turbid and covered with froth, as long as we remained." 

These rains occur with great irregularity, but generally during the winter and 
sprino·. Modified by the lakes of the raft country, they usually serve to maintain the 
lower river in a good boating condition from December to June or July, the remainder 
of the yen.r being the season of low water. The floods of the lower river have their 
immediate origin in the contributions of Rocky bayou, Cane river, Darrow bayou, and 
a host of other small streams, which rapidly collect any wide-spread and continuous 
rain in the region below the raft, and pour it at once into the channel of the main 
river, n.lreacly well :filled by the water draining from the lakes of the raft district. For 
this reason, the dates of the freshets of Reel river are variable. 

The moderating influence of the raft lakes upon the floods of the river is now used 
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to its utmost capacity by the works nature herself ha::; established. The moderating 
effect of the lakes below the raft might probably be rendered greater, but eould hardly 
be relied upon to influence materially the :floods of the Mississippi. 

No complete records are to be had respecting the great floods of Red river; but the 
following facts have been collected from reliable sources. The highest 

Its great floods. 
water ever recorded at Fort Towson occurred on January 27, 1843. 

At Alexandria, the greatest flood on record was highest on August 15, 1849, the river 
then being 4 7 feet above its very lowest tage (attained in the summer of 1856, the 
autumn of 1855, and the autumn of 1851). The second greatest :flood was highest on 
March 1~, 1851, and was 1.1 feet below the high water of 1849. On April 22, 1858, 
the water 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, within the 
influence of the Mississippi, the highest :flood on record is that of 1828, which was 5 feet 
above that of 1850, :mel 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 origin of the peculiar red color which gives the name to this river, 
The peculiar no very definite information has been obtained, but the color is probably 
color of its derived from the red clay of the gypseous formation in which the upper 
water. course of the river lie. . C~tptain Marcy states that the North fork, at 
the mouth of Otter creek, among the vVitchita mountains, " is only 120 yards wide; 
the banks of red clay are from 3 to 8 feet high, the water extending entirely across the 
bed, and at this time (a high stage) about 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 brackish to the taste." He st~ttes that this red clay is found in the bluffs of the 
Llano Estacada, and it is therefore probable that the river has its characteristic color 
throughout its whole extent. 

Tributm·ies.-The only tributary of Red river which requires particular notice, is 

Black river. 
Black river. r:rhe stream known by this name is formed by the junction 
of W~tshita (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 1 28 to low water of 1839 and 1850) . 
From a point about 20 miles above its mouth, it is leveed continuou ly to the junction 
of the three rivers. It has an ~tverage width of a,bout 800 feet, and a,n 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, Dm·by states it "draws its sou rce from the mount~tinous prairies 
between Red and Arkansas rivers, about 05° 30' \V. long., and "4° 

Washita river. 
N. ht. From this elevated . teep ari.·e many oth r str ams, whicb, 

winding over this broken region, at length unite above the Ilot springs, and form the 
Ouachitta" [Wash ita]. · 

"The mountains out of whi h the Ouachitta flows are compos d of secondary 
materials, ma,rine exuviro are everywhere found mixed with the schi.· tus, argillftceo u:s 
earth, and other m~ttters th~tt compose the face and interior of those rugged mountaius. 
~rh e whole face of the country indicates marine submersion at some remote period. 
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" The Fourche au Cado, Little Missouri and Saline branches of Ou:tehitta, rise in 
the same ridge with the principal stream. 

"The lands around the head of Ouachitta partalce of the sterility of the great salt 
plains of Texas, which indeed they very much resemble. Southeast of the Maserne 
mountains, on the waters of Little Missouri, the soil becomes of better quality, and 
some tracts are extremely fertile. Indications of metals become more rare timber is 

' abundant, and the prairies imperceptibly disappear. Pine and that species of oak 
known by the appellation of upland black oak are frequently met with in large bodies. 
Ash, linden, dogwood, and other timber, the usual growth on good second-rate land, is 
likewise plentiful. The soil is adapted to the culture of small grain, to legumes, the 
potato, and almost every plant and herb suitable to the climate." * * * 

"Few rivers differ more in the quantity of water at different seasons than the 
Ouachitta. Flowing fmm a hilly or mountainous tract, more constancy might be 
expected in the column of water; but though the places drained by the Little Missouri 
and Fourche au Cado are not deficient in springs, yet the extensive region toward the 
sources of Ouachitta has little water except what is supplied by rains in winter and 
spring. When the parching heat of summer has dried the country above the mouth 
of the Little lVIi souri, the Ouachitta becomes very low as far south as the head of 
Black river." 

* * * "About 33o 10' of north latitude, the Saline, a small river from the angle 
between Ouacbitta and Arkansas, falls into the former river. The Saline rises 12 
miles east of the Hot springs, and pursuing a course nearly parallel to Ouachitta river, 
a,bout 120 miles of comparative length, is navigable 70 or 80 miles from its mouth with 
boats of considerable size in time of high water." * * * * * 

"The river Barthelemy falls into Ouachitta three miles below the Derbanc, but 
from the contrary side. The Barthelemy rises near the Arkansas, and has a course of 
upwards of 100 miles of comparative length. The banks arc high and not subject 
to inundation, and are composed of second-rate land; some of the bottoms, however, 
are equal to any lands on Red river." 

The third branch of Black river, bayou Tensas, is the chief drain of a large region 
bordering upon the Mississippi and subject to annual inundation by that 
river. The general characteristics of this region are the same as those 
of the Yazoo and St. Francis bottom lands, which will soon receive 

Bayou Tensas 
branch. 

detailed notice. 'rhe boundaries of this region are laid down on plate II, and the 
general configuration of the country is well shown by plate IV. The bayou Tensas 
heads in lake Providence and after bcinrr J"oined by a parallel stream, bayou Mac;on, 

' 0 • 
which heads above Gaines' landing, and by many other swamp-land drains, becomes a 
river some 600 feet in width and 16,000 square feet in cross-section in the high-water 
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 Mis issippi levees. Formerly, the whole region was deeply 
inundated in floods. In 1828, when the greatest inundation of which there is even a 
tradition occurred, the average depth of the water across the swamp on the Louisiana 
boundary line was 7.1 feet; and between Vida1ia and Harrisonburg, 7.7 feet. The 

6 
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mean depth throughout the whole swamp was probably as much as 7 feet. This 
inundation, however, was fully 3 feet deeper than any other of which we have records. 

A party of thi s Survey, in charge of Mr. H. A. Pattison, C. E ., mnde a level and 
transi t survey of the route from Vidalia to Harrisonburg in January, 1850. The fol­
lowing facts are taken from Mr. Pattison's report. To be fu lly understood, they require 
a reference to the description of the Yazoo swamp contained in a subsequent part of 
this chapter. 

The soil is altogether simi lar to that between the Mississippi and Sunflower rivers 
in the Yazoo bottom. On the eastern bank of bayou Tensas, there are some light and 
sandy ridges; but to the ·westward, as far as the high bluffs ncar 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 18 or 20 feet, penetrating strata of 
clay, sand, and gravel. Blue clay is freq uently but not always found. vVater reached 
in its immediate vicinity is invariably unhealthy. vVater circulates through the sand 
strata, causing the wells near the banks of the Mississippi and bayou Tensas to oscil­
l rLte with those strcains. 

The growth upon the route 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. vVest of the bayo u, it was much younger. East of the ~rensas, 
many large cypresses of immense age, probably the remains of cypress brakes, are 
found mingled with the other timber. The growth consists mainly of white, cow, 
Spanish, willow, black, and red oaks, sweet and black gum, holly, privet or elbow tree, 
swamp dogwood, red and black haw, elm, sassafras, papaw, pecan, hickory, very li ttle 
walnut, willow, cottonwood, but only on the borders of large streams, hackberry, white 
ash, and tupelo gum. In low, flat, and swampy ground, spicewood, palmetto or palm, 
grape and muscadine vines grow to great size. l\Iost of the underbrush peculiar to a 
rich soil is found in great profusion throughout the swamp. 
S~ope of B~ack 'I' he follo·wing data have been collected respecting the slope of Black 
nverand1ts . d f "t .. l "b . 
tributaries. nver an o 1 s prmc1pa tn utarJes :-

High-wate1· S lope of "ffashita and Black Rivers. 

--

I 
Di , tnnco from I , . 

V>eali ty. mouth of Dlack Elevation n.bovc Fall per mil e. Authority. 
river. gn lf. 

--- -
Niles . Feet. PePt. 

Ext reme source of Washita river ... . ..... ... ....... fi50 ~000 (?) 0.00 Lient en nnt Whipple. 
A rkncl elph ia . . . .. .. .... .. ............... ....... . .. .. ....... 3(i7 200 9.80 Si. Loni s nnd Fult on RR. 
Ncar Cnmden .. . ...... .. ..... ... . . .. ....... ...... .. . ..•. . 307 123 ] .30 Gaines' lnnding & Fulton RH.. 
-~ l o nth of bnyou Bartholomew ................. ..... )fq 93 0.27 Prov ide nce u.nd Fnli on Rll.. 
Monroe ... .. ......... ... ... . .... .. .... ..................... 1()!) 88 0.20 Vi ck bm·g & Sb1·evcport. R.l t. 

I 
JJnrr isonburg (h igh wnler 1 8~8) ... ................ . 60 67 0.20 Deltit Surv ey. 

~ lllontb .Black l'l VCl' (hi gh water 1828) .. ..... ...... 00 58 O.lJ Dclln S urvey. 

The elevation in the flo od of 182 of the water surface of bayou Tensas at the 
crossing of the Vidalia and Harrisonburg road was G8 fee t above the gulf; that of lake 
Providence, its source, being about 122 fee t above the same level. The natural bank of 
bayou T ensas was covered about 5 fee t clecp in th at great flood. 

'rhe high-water elevations above the gulf of bayou Bartholomew and Saline river 



BASIN OF 'l'HE MISSIS S IPPI RIVER. 43 

where crossed by the Gaines' landing and Fulton railroad, are 144 and 121 feet 
respectively, the ranges between low and high water being 19 and 25 feet respectively. 

BASIN OF 'l'HE ARKANSAS AND \YlliTE RIVERS. 

The western border of this region lies among the summits of the Rocky mountains. 
The middle portion comprises the great sterile plain which spreads 
between the mountains and the 07th meridian of longitude. The east­
ern part contains the rich alluvion of the Mississippi valley. Its total 

General char­
acter. 

area is 189,000 square miles. Although great diversity of climate and production is 
found in this region, less than half its area is capable of supporting a civilized popula­
tion, the grea.ter part being adapted only to the wants of a noma.dic race. 

A1·kansas Tiver.-The extreme sources of thi s river were first explored by Lieutenant 
Pike, U. S. A., in 1806. They lie among the mountains westward of 
the South Park, in la t. 39o 00' and long. 106° 00', at an elevation Extreme source. 

of alJout 10,000 fee t above the level of the sea. The. stream is at first a mountain 
torren t, losing about half of its cleva.tion above the sea in the first 150 miles. 1'he 
following description of the point where it issues from the mountains is taken from the 
report of Major Long, who visited this region in 1820:-

" The river pours with great impetuosity and violence through a deep and narrow 
fissure in the gneiss rock, which rises so abruptly on both sides to such Point where 
a heigh t as to oppose an impassable barrier to all further progress. Ac- it leaves the 
cording to the delineation of Pike's route, upon the map which accom- mountains. 

panies his work, he must have entered the mountains at this place; but no corrobora­
t ion can be derived from his journal. It appears almost incredible that he should have 
passed by this route and have neglected to mention the extreme difficulty which must 
have attended the undertaking." For the next 30 miles the Arkansas " has an a,verage 
breadth of about 60 yards, it is from 3 to 5 feet deep, a,nd the current rapid. At the 
mounta, ins the water was transparent and pure, but soon after entering the plains it 
becomes turbid and brackish." 

After lea-ving the mountains, the stream traverses a sterile, hilly region, sustaining 
eonsiderable timber. The hills gradually diminish in size until they 
subside into the plain to the westward of Bent's Fort, ncar th e meridian 
of 104°. Between that point and the great bend of the Arkansas, the 

Thence to the 
Big bend. 

country is sufficiently described in t he following extracts from Major Emory's report 
upon General Kearny's route in 1846. Speaking of the river, he says : " Its bed is of 
sand, sometimes of rounded pebbles of the primi tive rock. It is seldom more than 150 
yards wide, and, but for the quicksands, is everywhere fordable. The bottom land, a 
few fee t above the level of the water, varies in width from half a mile to two miles, 
and is general ly covered with good, nutritious grass. Beyond thi s, 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 plains is a granitic sand, intermixed with the exuviro of animals 

and vegetable matter, supporting a scanty vegetation. The eye wanders in vain over 
these immense wastes in search of trees. Not one is to be seen. * * * 
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"The narrow strip which I have described as the bottom bnd of the Arknnsu,s, 
varying from half a mile to two or three miles wide, contu,ins a luxuriant growth of 
grasses, which, by the judicious selection and distribution of the cu,mps, sus tained all 
the animals of the Army of the vVest while on the river. The only tree of any mag­
nitude found on its course is the cottonwood (Populus Canadensi. ), and it frequently 
happens that not one of these is seen in a whole day's journey, and the buffalo duug 
and wild sage con.·titute the only fuel to be procured. About 35 miles before reaching 
[east of] Bent's Fort is found what is called the 'big timber.' Here the va11ey of the 
rivet· widens, and the banks on eithet side fall toward it in gentle slopes. The 'big 
timber' is a thinly-scattered growth of large cottonwoods, not more than three-quarters 
of a mile wide, and three or four miles long." 

The following facts respecting the Arkansas between the Big bend and Fort Smith 
Thence to Fort are taken from the report of aptain Bell, who led a detachment of 
Smith and the Major Long's party down the l ft bank of the Arkan as in 1820. 
mouth. The first timber was founclin the va1ley of the Little Arkansas. It 
consisted pm-tly of honey-locust and buttonwood, but chiefl y of cottonwood, elm, nnd 
ash. A few miles farther on, the blufl's, hitherto remote from the bed of the river, 
approached so closely ns to render it necessary to travel upon them. The phin became 
more densely covered with grass. Ravin s were more u,bundant, and, toge ther with th 
banks 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 
right bank. Below what is now calle<l Suicide creek, " the river bottom becoming very 
narrow obliged us to ascend upon the high grounds, which we found to be little less 
than mountu,inous, often rocky :mel steer , and, as usual, intersected by profound ravines." 

* * * " We were now traversing a high ridge of country, which at many 
points may be safely estimated at 500 feet above the surface of the river, and wooded 
to a great distance from the stream." * * * * * * * * * 
"In the course of a few miles we arrived at the dge of this forest, ·which here 
crowned a much elevated region. It wa in fa t higher, in proportion to the surface 
before us, than any other portion of the country we had seen on this side of the moun­
tains. The eye from this height roved over a va. t distance of prairie u,ncl comparatively 
low country." Below the Cimarron, " we were all immediately struck with the change 
in the appearance of the water of the river. No longer of that pnle clay color to which 
we have been accustomed, it bas now al'smned a r ddish hue hardly unlike that of the 
blood of the human arteries, u,nd is still perfe tly opu,que from the quantity of an earthy 
:substance of this tint, which it holJs in suspension; its banks ancl bars arc, from deposi­
tion, of the same color." A few miles farther on, he states : " The pmirie is now very 
fertile, intersp rsed with pleasing groves of oak, and swelling on ei thcr hand and in the 
di tance into remarkable pyru,mids aud conicnl hill , of which th e summits are rocky. 
The spice-wood (Laurus benzoin) nncl the pecan ( arya olivmformi s) first occurred 
to-day." This character of country extends to Fort ibson, which is situated at the 
head of navigation. The remaining 642 miles of the riv r traverses a ferti le and set­
tled region, of which nothing need be said her , except thu,t it has b n found necessary 
to levee both banks below Pine bluil's, in order to r strain the floods. 

With reference to the ri ver itself, Captain Bell states : " The Arkans[t, below the 
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Grea.t bend , becomes more serpentine than it is above, and very much obstructed by 
sandba.rs 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 di stance above, these 
islands almost wholly disappea.r, but 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 opposite river bottoms. The color of the water was now olive green. All the red 
coloring matter, with which it is sometimes imbued, is contributed by streams entering 
on the southern side. The current of the Arkansa is much less ra.pid than that of the 
Pla tte, but the character of these two rivers, in a great degree, corresponds in their 
widely spreading waters of Lut little depth, running over a bed of yielding sand." 

The following table, exhibiting the slope of the Arkansas, has been 
comr)iled from the bes t available data. Although ma.inly derived from 8 

Alokpe of the . r ansas. 
barometric levelling, it is sufficrently accurate for the object of its 

compilation. 
H igh-water S lope of A1·kanscrs River. 

I, I Dh;tnncl' nhol'o J~ J cvat io n n bovo T~uliLy. Fa\\ por mHo. 1-- .--"-w_ur_h ___ 1 __ ""·_·• '_"'_·cl_. - I-----I 

Source ........ ... .... ... . ... .. .. ...... .. ... . .. .. ..... .... .. 'I 

Mo ul b of l3o iling-spring river ... .. .. . . .... ··· ··· ··· 
i\loni b of Apishpa creek ··· · · · ·· · ······ ...... . . . .. .. . . 
Nen r Ben t 's fo rt . . ...... . .... ....... ·· ··· · .. .... . ..... ... 1 

Near Fort Atk inson .. .. .. . .......... .. . ....... .. .... .. .. / 
Gren t bend .. .... . ............... ..... .. .. ... .. ........ .... 1 

I Neil l' Fort Gibson ...... .... ... .... .. ........... .. ... ... . . 

I 
Near For t Sm i1h .... .. . . .. ... .. .... . .. .... ... .... ...... . 
)lear L_ itt le Hock ......... .... .... ......... ..... .. ....... ! 
Month . ..... . ......... .. ... ... .. . .... ...... ........ ........ . 

J1li/es. Feet. Feet. 
1,51-! 10.000 0.00 
1,3Ci4 4,880 34.1 3 
1 ,il:!~ 4,371 12.41 
1,28!) 3,672 20.56 
1,005 2,3~ 1 (j'.) J 

\J\J:l 1,1358 13.53 
(;,12 560 3.14 
522 4 18 1.1 8 
:l50 2.)2 O.G I 

0 162 0.36 

I--

~= '""':" -~ 
C>tpt.ain .Frem ont. I 

" 
Capt a in Gunni son. 

" 
Major Emory. 

Lieutenan t Whipple. 
R a ih·oad levels. 
Rn.ilroacl levels. 

The width of the Arkansas undergoes great variations. Near the mountains it 
does not exceed 150 feet. It gmdually increases to about a mile, as it 
traverses the sandy desert. After entering the hilly a.nd fertile region 
it varies from 1000 to 2000 feet. 

Its width. 

The depth of the Arkansas also varies greatly in different parts of its course. 
Throughout the pmirie region it averages about 2 or 3 feet, exclusive of 
shoals, but there a.re seasons when the wa.ter entirely disappears, being 

Its depth. 

absorbed by the immense beds of sand in which its channel is formed. In the navi­
gable part of the ri ver the leas t depth found upo11 the bars in ex treme low water, from 
the mouth to the Post of Arkansas, is from 2.5 to 3.0 feet; thence to Little Rock, 2 feet; 
thence to Fort Gibson, 1 foo t. 

The ra.nge of the river between low a.nd high water is about 45 feet at Napoleon ; 
40 feet a.t South bend ; 35 fee t at Little Rock; 25 feet at Fort Smith; 
10 feet at Fort Gibson, and still less at points above. These numbers 

Its range. 

do not represent the extreme ranges, although they are much greater than those that 

usually occur. 
There are generally t hree annua.l rises in the Arkansas. As observed by Colonel 

Charles Thomas, U. S. Army, who served at Fort Gibson many years) 
11 Its annual sue-

they are as follows : One usua y begins in February, owing to the cession of stages. 

winter rains, and lasts, on an a.verage, about fifteen days. The next-
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the principal rise in the year-is occasioned by the melting snows in the mountains 
and the late spring or early summer rains. It occurs in lVIay and June, and continues 
into July, and sometimes into August. The river generally keeps up, between these 
two rises, some 1 or 2 feet above its lowest stage. The last rise is in November, pro­
duced by the late autumn rains, and lasts from ten to twenty days. 

Steamboats from 3 to 4 feet draught can almost always reach a point some 40 
miles above Little Rock, and during t he floods can reach as far as Fort Smith and 
Fort Gibson, with a fair prospect of being able to return. Both the Canadian and 
Arkansas have been navigated with small steamers as far up as the wants of the military 
service have required. Steamers of 8 feet draught have reached Fort Smith, but their 
return during the same rise is not certain. The river is generally very low after the 
November rise. During the lowest stage it is difficult for boa,ts of the lightest draught 
to reach Fort Smith. 

The greatest flood of the Arkansas on record occurred in 1833. Authorities differ 

Floods of the 
Arkansas. 

as to its relative height at Little Rock, but the evidence tends to the 
conclusion that it exceeded a,ny subsequent flood by at least 2 feet. It 
was followed by nine years of low water. The next flood occurred in 

1843, when, on J anua,ry 24, the wa,ter stood 2G feet above low-water mark a,t Fort 
Smith. ':rhe following year the river rose still higher, being at Fort Smith 27.5 feet 
above low-water mark on lVIay 25, and at Little Rock 2 feet below the high water of 
1833. The nex t flood occurred in 1848, when on lVIay 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 highes t at 
Little Rock on March 22, being then 5 feet below high water of 1833. No flood in 
the river has occurred since that date up to the present time (1861). It should be 
added that back-water from the Mississippi and the construction of levees both have 
so much affected th e relative heights of different floods at points below Little Rock, 
that they arc not criterions by which to j uclge of the real floods of the Arkansas. 

Tributaries. 
Tributa1·ies.- 'l'his great river has only two tributaries which 

require notice-the Canadian and the ·white. 
The former rises in the Raton pass, between Bent's Fort and anta Fe, at an eleva­

tion of about GOOO feet aboye the level of the sea, and after traversing, 
Canadian river. in a course of about 1000 miles, the same barren region throngh which 
the Arkansas flows, discharges into the latter about mid way between :Fort Smith and 
:B"'ort Gibson. r-rhe following extracts from the report of Major Long, who first explored 
this stream (1820), suffi ciently describe its character:-

" This river has a broad valley, bounded by bluffs from 200 to 500 feet high, faced 
with rocky precipices n ar its source, and presenting a.brupt declivities, intersected by 
numerous ravines lower down. It has a spacious bed, depressed but a few fee t below 
the bottoms, and exhibiting one continued stratum of sand through the greater part of 
its length. It is the channel through which the wa,ter of a vast extent of country is 
carried off; yet, during most of the summer season, it is entirely destitute of running 
water throughout a brge proportion of its extent-a circumstance in proof of the 
aridity of the region drained by it. Fifty miles above it mouth it receives at least 
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two-thirds of its water from its principal tributary, denominated the North fork. This 
fork rises between the Arkansrt and Canadian, and has a meandering course of about 
700 miles. Six miles aboye the fork just mentioned, another tributary enters the 
Canadian, called the South fork, about buJf as large as the other. Notwithstanding 
the supplies afforded by these two tributaries, the Canadian has not a sufficiency of 
water in summer to render it navigable even to their mouths." * * * " The 
bottoms of the Canadian, in the neighborhood of its mouth, are possessed of a soil 
e ·ceedingly prolific; but, like those of the other rivers of this region, the more remote 
their , ituation from the mouth of the river, the more sandy and sterile is their appear­
ance. Its valley is plentifully supplied with timber of an 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, n.re agreeably diversified with prairies and woodlands." * * * 
" Proceeding westward, a very gradual change is observable in the apparent fertility of 
th e soil-the surface becoming more sandy and sterile, and the vegetation less vigorous 
n.nd luxuriant. n1e bottoms appear to be composed in many places almost exclusively 
of loose sand." \Vest of long. 9G o, the waters" appear to hold in solution a greater or 
less proporti n of common salt and sulphate of magnesia, which, in many instances, 
render them too bmckish or bitter for usc. Saline and nitrous effiorescences frequently 
occur upon the surface in various parts of the country, and incrustations of salt, of 
considerable thickness, are to be found in some few places south of the Arkansa 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 vaporation and crystallization, and 
formed into concrete masse or crusts upon the surface of the ground." 

The second tributary of the Arkansas, \iVbite river, is of an entirely different 
character.* It drains the fertile region between the St. Francis bottom 
and the Ozark eli vide, which, after leaving the .Mississippi near Cape 

White river. 

Girardeau, eros ·es the Arkansas above Fort Gibson, as already described. For about 
80 miles above the mouth the country is low and swampy, being liable to inundation 
from the fl oo ls of the river. Above that point the stream traverses a rolling prairie, 
gradually becoming hilly, and even mountainous near the sources. 

For some 360 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 white color-very different from the red tint of the Arkansas 
near its mouth. 

'l'he freshets of \Vhite river are irregular, occurring as early as January and as late 
as Jun e, but generally in Iarcb or April. The extreme range is about 35 feet at the 
mouth of Black river, and 4 ~ feet near its own mouth. 

* Tl is perhaps improper to cluEs this river as a t ributary or the Arkansas, sin ce it bus an independent channel to 
the Mississippi. T he two streams, howe,·er, are connected by a la rge bayou 6 miles above the mouth of 'Vhite river, 
through which the current moves sometim es in one direction and sometimes in the other, according to the rela.tive 
stan d of the ri,·ers. I n low stages, the greater part of the Ark ansa wa.ter llows through this bayou, and it may there­
fo1·e be considered in some sor t as a double-mouthed stream , to which "White ri ver is a tributary. l;or convenience of 
desc ription, th i ~ snpposition has been adopted. 
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The flood surface of the river is, at the mouth , 168 fee t, and at the mouth of Black 
river, 223 fee t, above the level of the gulf. These poin ts are abou t 350 miles apart, 
giving, for the slope of the river between them, 0.16 of a foot per mile. The sources of 
the stream are probably at about the same height as th oHe of the ~ t. Francis river, or 
1200 feet above the gulf. 

ST. FRANCIS BASIN. 

St. Francis basin. 
water-shed. 

'fhe St. Franci. ba in consists of the St. Francis bottom and its 

By the former (see plate II) is understood the bel t of swamp lands and low ridges 

It b 1 d 
lying between the .Mississippi river and the line of high hills which 

s ottom an s. l . · S extcm s almost contmuously from Cape Gmwdeau to Helena. ome 
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. 

the chief water-shed of this region. 
As the St. Francis bottom lands arc the mo t northern of those regions which 

Sources of in­
formation in re­
ference to these 
regions. 

have been generally considered "vnst reservoirs for the flood waters of 
the .Mississippi," great efforts have been mnde to collect a.ll possibl P 
information about their real character. Extended persona.! inquirieR 
and measurements have been made in many different locali t ies. Th e 

surveys of the military road from Memphis to the St. Francis river, made by Dr. 
William 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 Rock rai lroad 
company, made in 1856 ( '?); and those of the route from St. Loui · to Fulton, made in 
1850, under the direction of the Btueau of Topogra.phical Engineers, ' Var Department., 
by Joshua Ba.rney, C. E., h:wc all been ca.rcfully studied. Much assistance has also been 
derived from the admirable chapter upon the swa.mp lands of southeastern Mi. souri, con­
tained in the report of Mes rs. 0 '. ullivan and Morley, engineers of the St. Louis and Iron 
.Mountain railroad company, and published with the second annual report of the board 
of directors of that road (St. Loui ,, 1854) . Together with its accompanying maps, 
this 1vork furnishes nearly a.ll the general information which could be desired about the 
Missouri portion of these bottom lands. 

Bounda?·ies and aTea.-'L'he St. Franci bottom i bounded as follows : Startin O' at 
Boundaries of Cape Girardeau, on the lVIi sissippi river, the line runs a little south of 
the bottom west to the northwest corner of T. 20, R. 11 ea ·t; thence , outhwest to 
lands. the St. F rnncis river, near the northea. t orncr of T. 2G, R. 7, ast ; 
thence south along the St. Fmncis ri ver* to the southeast corn r of T. 22, H.. S, east; 
thence southwest to the northeast corner of T. 14, R. 4, cnst; thence nearly south to 
the middle of T. 3, R. 3, east; thence to Helena, and thence, follC>wing the Missi sippi 
river, to Cape Girardeau. Within these limi ts there are ma.ny isolated rid O'es entirely 
above overflow. 

* The St. Fran cis river, when in flood, loses so me of' its water in this vicinity by bayon ~ connectin g with Black 
l'ivrr, a trihntary of "\Yhi te ri ver of Arkansas. 
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The limits of the water-shed of the St. Francis basin can be readily and exactly 
traced upon Hutawa.'~ sectional map of Missouri, by following the 
divide which separates small streams running to and from the bottom 
lands. The Ozark slope constitutes fully two-thirds of the entire region. 

The following table has been carefully computed in accordance with 
the above boundary, and is believed to be quite accurate:-

Of the water­
shed. 

Area of the 
basin. 

Squctre miles 
Water -shed of St. Francis bottom lands .. .. ... .. ................ .. . . ...... .. ........ .. .................... .. ........ 3,600 
Ridges kn own to be above overfl ow in St. Francis bottom lands ......... .. ... . .. .... .. ........... .. ......... GOO 
Lands liable to be submerged in ..... .. ........... .... .......... .. ....... .. .. 6, 300 

Total area of St. F rancis !>asin .. . .. . .... .. ......................................................... ... .. .. .. 10,500 

Topogmplzy.-The northern water-shed is a broken, hilly country, sloping very 
abruptly to the bottom lands. Its mean descent southward is about General topo-
1200 feet in 70 miles, or at a mean rate of about 17 feet per mile. graphical fea-

The swamp region is, i'n general character, a great plain sloping from tures. 

north to south at a mean mte of about 0.7 of a foot per mile, judging by the fall of the 
Mississippi between Cape Girardeau and Helena;- and from east to west at a mean rate 
of about0.5 of a foot per mile, judging by the levels of the Memphis and Little Rock 
railroad, which crossed the bottom near the middle line (plate IV). This country is 
separated from the rolling prairies west of it, which drain into 'Vhite river, by a single 
narrow ridge averaging 300 fee t in height. 

The above is a fair general indication of the topography of the St. Francis basin, 
but further details are necessary to convey a really correct idea of the region. 

The portion of the southern slope of the Ozark mounta~ns which constitutes the 
northern water-shed is drained by three rivers: the St. Francis, the The hill country 
Castor, and the . White (of Missouri). These streams have a fall of and its system of 
several fee t per mile from their sources to the line of bottom lands; drainage. 

but, after passing it, their slope is greatly reduced, and general ovArllows of their b<tnks 
during floods are the natural consequence. These overflows do not at o nee find free 
admittance to the great belt of swamp lands. The high range of hills pierced by the 
Mississippi at Comm ·ce, after extending in a southwest direction for some 15 miles, is 
then broken by a gap some 10 or 12 mi les in width at its narrowest pla.ce. Through 
tliis 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 Girardeau 
and Commerce, enter the sunken lands west of New Madrid. After spreading out into . 
a chain of lakes, they eventually drain 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 known by 
the name of Bloomfield ridge. It immediately forks. One branch extends westwardly 
to within 2.3 miles of the Ozark slope, where it terminates, leaving a narrow passn,ge 
toward the west for the St. Francis; the other extends southwardly to Chalk bluffs, 
where 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 Chn.lk bluffs the ridge 
extends south ward to Helena, under the name of Crowley's ridge. This singular range 
of hills varies in heio·ht from 200 to 400 feet, with an average base not exceeding 6 or 

0 'T * 
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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. 'Vest of it lie the prairie 
lands of ·white river (of Arkansas). It is unbroken below Chalk bluffs, except by 
l'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 
Thegreatswamp its prolo~gations-Bloo~field ridge and Commerce bluffs-th~ three 
regi~n.a~d its upland nvers enter a smgle vast swamp. There are many ndges-
subdlvlslons. 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 off from the sunken lands west of New Madrid, and hence 
from the St. Francis river, ·an overflow from th e 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, 
which is nearly or quite above overflow. Doubtless furthe r surveys would indicate 
other ridges. They are reported to exist in every part of the swamp. In the foregoing 
table, only those lcnown to be entirely above overflow are included. 

These north and south ridges, toge ther with the southwest course of the Mississippi, 
cause several bayous to discharge their drainage, when the swamps are full during 
floods, directly into that river instead of into the St. Francis. Among such bayous 
may be named J ames bayou, near Island 8; bayou St. John, at New Madrid; Walker's 
bayou, near Island 15 ; Mill bayou, opposite Island 30: Wappenoky bayou, near Island 
40; and a bayou near the h ead of Island 46 . Some artificial system of drainage for 
the local basins of these bayous will have to be devised before the continuous chain of 
levees upon the 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 
Mississippi. It would seem that there 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 les interrupted. 

Geology of the bottom lands.-The surface soil of the St. Francis bottom is a rich 

Surface soil. 
loam of exceeding fertility. It varies in different localities, being som:e­
times a heavy, black mould, and sometimes a light 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 

Sub-soil. 
from authentic sources. Opposi te Cairo, on th e Mississippi bank, is a well 
4 7 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 lVl mphis, 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 Mis issippi, 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 
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dry, even ut low wn,ter, its supply then dmining from the swamp. In the bottom, 18 miles 
farther west, the wells are some 15 to 20 feet deep, dug through cln,y to n, beautiful white 
sand which supplie. excellent water. On Frenchman's bayou, about 12 miles west of 
Randolph, a well wn, 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. Fmncis and Little rivers. The bn<l is entirely above overflow, and is probably not 
alluvinJ. 

A sycn.more log, buried 30 feet deep~ was found about <1 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 surface, near Cairo. 

It is difficult to decide upon the o·eoloO'ical character of the St. Francis bottom. It 
0 0 

is well known that gren.t changes occurred in the level of. the northern Much of this re-
pn.rt of the country durin·r the earthquake in 1811, and that even now gion not Missis-

. 
0 

• • • • f N M d · .1 sippi alluvion. 
~h ght shocks ure not unfrequently felt m the VICimty o .r ew a nu, 
indicuting n, probability of further changes. The bank, on which the town is built, 
unqucstionn,bly belongs to the same formation as the river bluffs, for it forms purt of a 
ridge entirely above overflow, which extends southward from Commerce bluffs, and is 
pierced by the .i\Ii issippi at New Madrid. Its composition is quite different from the 
recent deposits of t he 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 exemplifying the kind of deposits 
which the Mississippi throws down near its margin. They differ in no way from 
accumulations of sand and lon,m of high antiquity, with which the geologist is fumiliar; 
some bed n,rc made up of horizontal layers; in others they arc slanting, or in what is 
called cross-stratification. ome are white, others yellow, and here and there a sen,m 
of bbck carbonaceous matter, derived apparently from the destruction of older strata, 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 o,·erflow. A short distunce to the west, however, the whole country for 
miles sank so as to be now submerged from 15 to 20 fee t in floods. 

It is apparent that it i impossible, where such changes are occurring, to decide with 
any exactness as to the real average dep th of the Mississippi alluvion in this bottom. 
'.rhe facts above stuted 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, through which water passes freely back and forth, as the river 
changes its level. The shallow lakes of this country may be drained by boring through 
the clay to this stratum. It will be hereafter seen that there are good reasons for 
believing that this ·and, in its turn, is underbin by a stratum of hard, drab-colored 
or blue clay, belonging to a geological formation long antecedent to the present. Indeed 
it may be safely affirmed that the Mis~issippi alluvi~n has no gren,t depth in tbes~ 
bottom lands, and that there arc many ridges upon wluch it has no existence. Pebbles, 
chn,racteristic of the river bluffs, are found on these ridges, and the two formations are 
doubtless identical in p: ological chamcte r. 
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GmwtA on the bottom lrmcls.-On the high hnd, rarely, if ever, overflowed, the 
Forest growth on growth consists of sweet and black gum, walnut, hickory, box-elder, 
"high'' la~d in hn.ckberry, a.sh, white oak, pecan, reel elm, black and red haw, sassafras, 
swamp reglOn. and a little beech, maple, and dogwood. Heavy cane grows on the high 
banks of the rivers. 

On "middle' ' 
land. 

On the " middle" land, liable-before levees were built-to annual 
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 the lowest swamp lands the growth con ists of cypress, water­
On lowest land . . 

oaks, swamp ash, elm, hickory, red elm, honey-tree, and willow. 
Floods in the bottom lands.-Three* cross-sec tions of the St. Francis bottom have 

Average over- been obtaine~ (see plates II and IV). One, the profile of the Cairo and 
flow of these Fulton rai lroad, extending from Rodney's landing, ncar Cairo, to the St. 
bottom lands. Francis river (60.2 miles), furni shed by Mr. J. S. Williams. The 
second, the profile of the military roa.d between Memphis and Little Rock, made by Dr. 
vVilliam Howard, in 1833, under :instructions from the U. S. Engineer D'partmcnt. 
'I'hc third, the profile of the Memphis and Little Rock railroad, furnished by Mr. M. 
Lynch. These profiles are all somewhat indefinite in re pect to the depth of over­
How, since that wn.s not the especial object of the engineers, and the dates of high 
water arc not well determined. Still, they furni sh the mean of forming an approx­
imate estimate of it. Inclnding lands never submerged, crossed by the ron.ds, the 
mean depth of overflow i 1.3, 1.G, and 5.2 feet, respectively. Exclusive of land above 
high-water mark, viz., 32.7 mi le, 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, 6.0, and 15.5 feet. 

F rom these figures, it would seem that 3 feet may be considered the mean depth of 
overflow in great flood years throughout the entire submerged lands, exclusive of the 
ridges. This accords with the estimates of many gentlemen well acquainted with these 
la.nds, and is beli ved to be nearly correct. 

It should be remarked that much of this water is due to rain, the fall of which is 

Effect of rain. 
alwrtys excessive upon the bottom lands in great flood years. This was 
especially the case in 1828, 1 50, and 1 58. In 185 th swa.mps were 

so full of min-water before the April ri se-the :first which entered them to any consid­
erable extent--that the St. Francis river was not back d up even for a day aft r the 
January rise. That its current should from the beginning resist such n. Mis issippi ri e 
as that which occurred in March, shows that a sensible portion of the water in the 
swamps, when th ese great floods occur, is due to min. 

During ordinary years, the St. Francis bottom i now entirely protected from the 
.Mississippi wn.ter by its levees, and is, consequently, only submerged in 

Effect of exist- F · 
ing levees. its lowest parts by rain-water, and by the tioods of the t. i ranCJs, 

Castor, and White rivers. 

* Seveml sec tions of the swnmp lands were made by Messrs. 0 ' ullivnn nnd l\[orley. 'l'beir report to tbe J r n 
M onnfain railroad company, however, does not furni sh the means of' estimatin g with any exactness the mean depth of 
overfl ow on these lines. 
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St. Fraucia river.-Tbe St. Francis river heads among the Ozark mountains j~s t 
west of Pilot Knob at an elevation of 1160 fee t above the gulf of Mex- 81 d ' . . . . ope an cross-
ico. It flows toward the southeast, recmvmg many mountam tnbu- section of St. 
taries, until , just before entering the swamp region, at a distance of 105 Francis river. 

miles from its source, by its longest fork, it has reduced its high-water elevation above 
the a-ulf to 330 feet. Here its high-water cross-section is 9400 square feet. At Indian 
ford 

0 
where it first lea.ves the hills on its right bank, its high-water cross-section has 

bee 1~ reduced to 5100 square feet by water lost into the Castor-river swamps. About 17 
miles farther on, or 11 miles above Chalk bluffs, its high-water cross-section is only 2330 
square feet. This reduction is due to the loss o.f water into the swamps of Black: river, 
a tributary of 'i\Thite river of Arkansas. At 1ts passage through the ridge at Chalk 
bluffs, its high-water elevation above the gulf is 280 feet . . It immediately eli vides into 

11 maze of channels, or rather lakes, which extend nearly to the latitude of Randolph. 
Here bea-inning to receive by many bayous the united waters of Castor and \i\Thite (of 
Miss~uri) rivers, it again becomes a river in the usual acceptation of the term. At the 
crossinrr of the l\lemphis and Little Rock rai lroad its high-water surface is 209 feet 
rtbove ~he 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 Wittsburg, 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, about 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 influence 
upon the regimen of the St. Francis. 

Before these levees were made, numerous bayous, whose beds were from 5 to 15 feet 
below the surface of the natural bank, gave free admission to the Mis- It . b s reg1men e-
sissippi water long before the top of the flood. The swamps, thus fore levees were 

becoming gradually flooded, drained into the St. Francis river, or into made. 

the bayous which serve as their outlets. At the top of the Mississippi flood, therefore, 
these streams were also in full flood, returning vast quantities of water. This fact has 
been establi shed by careful inquiries among those residing upon the spot, and personally 
cognizant of what they ' tate. There has been but one answer to such inquiries-that 
there wa always a very , trong current discharging into the Mississippi at the top of 
a Mississippi fl ood . Thi was especially noticed at the mouth of the St. Francis, 
in the floods of 1844, 18-19, and 1850. In the latter particularly, the current was 
powerful; but even with this great velocity, the water-way was not sufficient for the 
diRcharge. The flood poured over the country between Stirling and Helena, and dis­
charged itself over th bank into the Mississippi. In 1858 this happened not only 
at the mouth, but in many other places, as will be ful ly shown in a subsequent 
chapter. There is, therefore, a manifes~ error in the assumption, which has been 
often made, that these great swamp regwns served as non-returning " reservoirs" to 
dimini.-h materially the discharge of the Mississippi below them at the elate of 

highest water. 



54 R E P 0 R 'l' 0 N 'r II E M I S :-::> I S S I P P 1 H I V I ~ H. 

At present, the regimen of the river is greatly changed. During mpid rises of rhc 

Its present 
regimen. 

Mississippi, the St. Francis is generally backed up, sometimes even as 
far as vVittsburg. Not unfrequently, there i;:; a rapid current up 
stream at such times. This was the case in the January rise of 18 (~, 

when drift-wood was carried several miles up the river. It does not always occfJr, 
however; for, if the swamp be full of min-water, the discharge may be maintained 
without receiving supplies from the Mississippi, even during quite rapid and high rises 
of that river. This was the case in the March rise of 1858. 

The floods of the St. Francis, independently of Mississippi water, are trifling, never 
raisi11g the river below W"ittsburg to within several feet of high-water mark. They 
depend entirely upon local rain, and h:we, therefore, but little regularity. 

As nearly as can be ascertained, this river drains about 9700 square miles. The 

Its annual 
discharge. 

mean annual downfall in this region (sec Chapter II) iH abo ut 41 
inches. The ratio between downfall and drainage for this region (see 
Chapter IV) is shown by the operations of this Survey to be about 0.9, 

giving for the annual discharge of the St. Francis river, 9700 x 52 02
X 3.4 x O.D=·' 

908,619,000,000 cubic feet, or about the twcnty-:fir;:;t part of the mean annual dis .. 
charge of the Mississippi itself. 
Its levees. There are no levees upon the banks of the St. Francis, as they are. 

never Hooded below Wittsburg, except when the Mississippi has access 
to the swamp. r· 

~founds and Indian nlics.-There are many Indian mounds in the St. Fmncis bot-i 
Indian mounds tom, some of which are reported to be very lrtrge. A collection of them · 
belonging to belonging to Mr. Edmondson, situated about 15 mile· from Memphis, 
Mr. Edmondson. on the line of the Memphis and Little Rock railroad, 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 Llows near tbc 
house and almost parallel to the railroad. The mounds are all upon its high northern 
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 mauy artificial. The soil 
of this ridge is quite different from that of the swamp around. It has a, reddish color, 
and contains many smfLll pebbles, some of which resemble those from the Memphis 
bluff. 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 arti fi cial, from the 
fact that there arc 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, having a circular base and a rounded top. Its height above the ridge 
is about 15 feet, and its base is from 100 to JGO feet in diameter. The top is perhaps 
50 feet in diameter and leve l. Its dimensions may ha.ve been materially altered by 
Mr. Edmondson in building his house. The other two mound. arc smaller and are 
now under cultivation. Scattered over them are fragments of Indian pottery, red 
brick, flin t, and rounded stones. Many Indian curiosities are turned up in ploughin g 
These con ist of jugs, often colored red or yellow, hatchets of Dint or of hard slate, 
hum::m bones, etc. These remains arc generally found within 18 inches of the surface. 
A cistern l G feet deep has been dng in the largest mound. The exca.vation was made 



13A S IX OF 'I'lTE MTSSTSSII'PI RIVER. 55 

through clay and sand irregularly stratified. A large charcon.l log was found some 6 
feet below the top of the mound, but no Indian remains except near the surface. 
Tl·c irregularity of the strata made the digging of the cistern quite difficult. The 
m ; I road passes through a small mound at a short distance from .Mr. EdmondRon 's 
hoase. Th e cut was 3 feet deep, and a jug and other curiosities were obtained . 

.Mr. H. H. Brackenridge, in a letter to Thomas Jefferson, from Baton Rouge, July 
25, 1813, on the Population and Tumuli of the Abori()'incs of America states that 

0 ' 

there arc several mound · ncar New .Madrid, the largest being 350 feet in diameter at 
the base. 

MISSOURI BASIN. 

This is much the largeRt of any of the tributary basins of the .Mississippi, and differs 
from all tb e rest in containing a large area covered by lofty mountain 
cnams. The river issues from the Rocky mountains in many branches; 
which form a series of large rivers t.hat flow through the great unculti­

General char­
acter. 

Y tbl plaius. Comparati vcly little rain falls upon the mountn.ins and the plains, and 
h ~n cc the size of the main river is disproportionn.tely small, when the drainage area 
alone is con idered. It. 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 9 th merid ian the banks of the river become more and more fertile, 
tnd the region tln·ough which it passes gradually changes from an uncultivated waste 
·.o a populous country. The total area of the basin, including the mountains, the 
pla.ins, and the fertile region, is 518,000 square miles. 

1Jfissou1·i 1·i?.:er.-Ascending the river, the .Missouri is found to divide, at Fort Union, 
into two main branches of about equn.l size, the Yellowstone and the 
Upper Missouri. About 265 miles above its mouth the former again 
divides into two nearly equal branches, the Big Horn and the Upper 

Sources of 
the river. 

Y cllowstone. The Upper Missouri remains a single stream to within about 100 miles 
of its sources, where it divides into three forks, named J efferson, lVhdison, and Gallatin. 
It was first explored to the sources of Jefferson fork by Captains Lewis and Clarke, 
U.S. A., in 1 06. \Vhen returning, Captain Clarke followed up Gallatin's fork a short 
di 'tance, crossed over to th e Yellowstone near where it issues from Snow monntains, 
and passed down the riYer in canoes to its mouth. The next expedition was con­
ducted in 1 33 by Captain Bonneville, who then r.xplored a portion of the Big-Horn 
river. The map. of thi s region made by these early explorers have been superseded 
by more accurate surveys, conducted chiefly upon the Upper-Missouri branch by 
detachments of Governor tevens' 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 previous to the year 1839. At this date a party under 
Captnin W. F. Raynolds, U. . Topl. Engrs., was organized by the War Department, to 
explore the region. This party accurately mapped the Yellowstone from its mouth to 
th e point whore it i sues from the Snow mountains; the Big Horn to its sources; the 
.Mac.li. on fork to its sources; and acquired definite informa.tion respecting tho Gallatin 
fork and the ppcr Yellowstone. The report has not yet been published, but through 
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the kindness of Captain Raynolds, with the sanction of the 'Var Department, tltc 
following facts have been communicated. 

In lat. 43° 30' and long. ll0° 00', a mountain rises to some 14,000 feet above 
Union Peak. the level of the sea. It is named by Captain Raynolds, Union Peak, 

because water trickling from its northern side flows into the Mis­
sissippi, from it southern side into t lJC Great Colorado, and from its. western side 
into the Columbia. ·within one degree of longitude we. tward and n.bout one degree of 
latitude northwn.rd from this peak n.re four of the sources of the Missouri, where the Big 
Horn, the Y cllowstonc, and the Madison n.nd Gallatin forks take their rise.::: 

The Big Horn (here called 'Wind river) flows south eastwardly to long. 108° 30', 

The Big-Horn 
branch. 

through a narrow bottom land, varying from 1 to 3 miles in width, 
bounded on the south side by the impassabl e W ind-river chain, and on 
the north by an elevated prairie rising into mountains. It is then 

joined by the Popo Agie, and turning abruptly toward the north forces its way through 
the Big-Horn mountn.ins, here forming a double chain, to the prairie· bordering upon 
the Yellowstone. 

The Madison fork flows northwn.rd, chiefly through a rugged d file, to the junction 
of the three forks, where it is joined first by the J e.lierson fork. This 

The Upper-Mis- . l l 1 . f b 'f 1 R l souri branch. IS mt Ier t 1e arger nver o · the two, and head. among eautru oc cy-
mountain valleys, about two degrees of longitude fa.rther to the west­

wa.rd. Neither of these stren.ms is fordable near its mouth. About half n. mile below 
their junction, the Gallatin fork, smaller than either of the others, enters from the 
:;;outheast. These three forks unite in an extensive plain surrounded by lofty moun­
t ains. Th e united \Vaters soon enter, :mel for nen.rly a degree of btitudc traverse, :1 

succession of mountain valleys and enormous canon s, of which an iuca may be formed 
from the followin g description, taken from Lewi and Clarke's travels:-

"A mile and a half beyond this creek the rocks approach the river on both sides, 

Its "Gate." 
formin g a most sublime and extraordinary spec tacle. For five and 
three-quarter miles the e ro k ri se I erpcncliculn.rly from the water's 

edge to the height of nearly 1200 feet. They arc campo eel of a black granite near its 
base, but from its li ghter color n.bove, and from the fragment , we suppose the upper 
part to be flint of a yellowi h brown and cream color. Nothing can be imagined more 
tremendous than the frownin g darkness of these rocks, which project over the river and 
menace us with destruction. · The river, of 350 ynrds in width, sc ms to have forced 
its channel down thi s solid mas::;, but so reluctantly has it given way that during the 
whole distance tho water is very deep even nt the edges, and for tho first 3 miles there 
is not a spot, except one of a few yards, in which a man could tand b tween the wn.ter 
and the towering perpendicular of the mountain: the convul. ion of the pa. age must 
have been terrible, since at its outlot th ere are va. t column of rock torn from the 
mountain, which ar - str wed on both side. of th river, the trophi s, a it were, of tho 
victory. Several .fine springs burst out from the ch::vms of the ro k, and contribute to 

_,. Uapl!1in R!tynoltls' m!1p not yet havin g bee n puhli hctl, this section of country upon pl!1te T has been rlt'lineale!l 
from the older maps, and does not cxaeUy conform to this dcscriptiou . It is, how c> ,·cr, suffi ciently correc t for all 
g-eneral purposes. 
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increase tho river, which has now a strong current, but very fortunately we }Lre able 
to overcome it with our oars, since it would be impossible to use either the cord or the 
pole. We were obliged to go on some time after dark, not being able to find a spot 
large enough to encamp on, bu t at length, about 2 miles above a small island in the 
middle of the. river, we me t with a spot on the left side, where we procured plenty of 
light wood and pitch-pine. This ex traordinary range of rocks we called the Gates of 
the Rocky mountain;:; ." 

About 35 miles above Fort Benton, the river pours over the Great 
Its Great falls. F alls and becomes a navigable stream. The following description of 

th ose falls is from the report of Lieutenant Grover, U. S. A.:-
" There ure five principal cascades. The first, abo ut 3 miles below the mouth of the 

Sun river, falls about 25 fee t. The second, nearly 3 miles below the first, is a small, 
crooked casca-de, of 5 feet 11 inches pitch. Immediately below is t he third. H ere, 
between high banks, a ledge, nearly as stmight as if formed by art, runs obliquely 
across the river, over which the waters fall 42 feet in one continuous shee t of 4 70 yards 
in width. At the foot of this cascade, so beau tiful for its length and regularity, is a 
small isla:1d, co\·ered with willow, cottonwood, and wild cherry . Half a mile below 
t his, a.gain, is the fou rth-a small, irregular fall of about 12 feet deseen t . There is a 
small knot of an i ·land near the middle, and between that and the right bank of the 
river the ledge of the fall is very crooked, and the wate t· reaches the basin below in two 
pitches. Bu t 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 fee t in height . This is 
the :fifth and 'Great Fall' of the .M:issouri. 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 n arrow tongue of 
waving prairie runs near to the river, and breaks off in terraces to a smull bottom below 
the cascade. The lower plain, embracing 2 or 3 acres, is a rounded point of land, 
which, wi th a rock-bound shoulder, half encircles the basin of the cascade, and for a 
short distance below confines the water-course t o 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 cot tonwood , willow, and cherry 
trees." 

Between the Big-II01·n and Upper-Missouri branches, in long. noo 30' and lat. 44 o 
30', the Upper Yellowstone has its source in a. large lake, as yet only 

· · _, . . . The Yellowstone 
v1s1t u l>y t rappers and Indtan , wh nee 1t plunges through an 1mpassa- branch. 
ble gorge to the high st point visited by Captain Raynolus' party . From 
this poin t, wh re i t is 200 yards wide and 6 fee t deep, it wind to the northeast, through 
~L narrow valley, to the mouth of Clarke's fork. In this distance it is charac terized 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, n.nd 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 tu rbid, resembling the Missouri. 

8 
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From Powder river to the .Missouri the banks are low and caving, and the river 
assume::; 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 theY cllowstonc can be navigatcu with boats 
drawing 3 feet of water, up to the point where it issues from the mountain·, from the 
middle of .May to the :first of August. The floods arc neither sudden nor excessive, 
and the river i:s probably better adapted to steaml>oat 11avigation than the .Mis~o uri , 

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 Missouri the main river will be described, from the head of navigation downward . 
below the head The following extracts are from the report of Lieu tennnt Grover, 
of navigation. U. S. A.:-

" The Missouri, from its falls :for many miles on its way, traces its course at the 
bottom of a deep canon worn by its waters. The faces of this cauon arc generally very 
abrupt and bare, and approach quite close upon the water-course, at the same time 
determining only the general di rection of the river, so that each detour of the stremu 
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 1()0 feet in height; its beu has been very 
crooked, aud compo. ed entirely of loose gr~wel-the stream perfectly clear and trans­
parent. The current flows with a tolerably uniform velocity of about 2. 7 miles per hour 
except at some points where its unusual shallowness gives a slight increase of rate." 

Below Maria's river the bluff.o; fall back with a gradual slope to the general prairie 
level, and the river flows with sweeping curves among beautiful i ~ l ands. On reaching 
Bear-Paw mountains, the scenery assumes an entirely different phase. "The bln:fis 
were now more abrupt, and crowded the river; colonnades and odd-detached pillars of 
partially cemented sand, capped with huge globes of light-brownish saudst0110, tower up 
from their steep sides to the height of 100 feet or more above the water. Then the 
action of the weather upon the bluffs in the background has worn them into a thousand 
grotcsq ue forms, while lower down their faces, seams of volcanic rock fi·om 3 to G feet 
thick, with a dip nearly vertical and no uniform strike, beaten and cracked by the 
weather, ri sing from 6 to 8 feet above the ·urface, run up and down the tcep faces 
and projecting shoulders of the cliffs-a most perfect imitation of dry-stone walls." 
Below these mountains th river resume · its former character, until the vicinity of 
Judith river is reached. There "we took leave for a while of many of the wild beau­
ties of nature which lay scnttcrcd along the river in an ever-varying panorama, to take 
a view of the other side of the picture-of nature'. wi ld deformitic -a rna ·ter-picce in 
its way. The ' Mauvaises Terres,' or Bad Lands, which this section is very appropri­
ately called, is characterized by a total n,bseucc of anything which could by any po si­
bili ty give pleasure to the eye or gmti fication to the minfl by any a soci1t tions of utility· 
Not an island, nor a shrub of any account-nothino· but hu(l'c bare pile of mud, tow-

o 0 ' 

cring up as high as they can stand, and crowding each other for room. The banlu;, 
varying from 200 to 300 feet in height, w re of this nature on both sides of the river 
all clay." They continued so on th followin g day. Then Lieutenant Grover wri tes : 
''We are rapidly approaching a more inhabitn,ble country. The l>luff:· are lc::;s high and 
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more sloping, and covered with gmss. The bottoms along the river increase in width 
and richness of soil, and fields of rank grass alternate with thick gt·oves of cottonwood, 
cherry, and ·willow." This character of country continues to the mouth of the Muscle­
shell. Below this river there are very few places where a rock:y bottom is found in the 
Missouri. About one clay's travel below that point, Lieutenant Grover states: "The 
banks on the south side of the river are still quite high and much broken, and a few 
scrubby pines and dwarf cedars are to be seen near their tops. Incrustations of glauber 
salt whiten the banks in many places-a pecnliarity by no means local, but, on the 
contrary, of very geneml 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 which the cementing substance was carbonate of lime. This fossilifer­
ous region appears pret ty extensive." A few miles below, another strip of Mauvaise 
Terre was passed. H aving now reached a point about midway between Fort Benton 
and the mouth of the Yellowstone, Lieutenant Grover writes : " The river has now 
become quite similar in every respect to the lower Missour i. It is nearly as wide; its 
bottom is sanely; and broad, shifting s ~tnd-bars render t he channel about as uncertain. 
The adj acent bottoms increase in width, richness of soil, and density of growth. The 
bluffs on the north side h:.we declined and receded very much, being now nothing more 
than the breaking down of the high, rolling prairie to the immediate valley of the 
river. But to the south they are still quite high :tnd ::tbrupt, but h:tve 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 :tre influenced by every storm; its great 
volume of water, however, insuring a navigable channel on one side or other. It flows 
with a very sinuous course through an intervale of variable width, enclosed by the tall 
bluffs of the plateaux on either side, which sometimes proj ect upon the bank, in some 
places leaving an intervnJe of 5 or 6 miles ; it is generally deeply fringed with the 
cottonwood and its congeners, and occ:tsionally a dense underbrush, affording a secure 
haun t 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 
dusty, affording, it might be supposed, but a scanty ~:>us tenance even to the swarms 
of gras Loppers, which in certain conditions of the atmosphere take wing, and are seen 
driftin o· in a darkenin (l' cloud for hours before the wind. The bluffs are composed 

0 0 

mainly of a soft, half-formed sandstone, which crumbles under a slight pressure, and 
is washed by the rains into the most f:tntastic shapes, resembling fortifications and 
ordinary builJings." 

The following brief recapitulation of the character of the river, from the mountains 
to the Yell ow tone, is from the report of Lieu tenant Sax ton:-

" 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, t here will be a scarcity of fuel ; enough, however, can be collected for 

present purpose . . 
" The Mauvaiscs Torres lie directly above the fm;cle-shell; through these the 
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channel if:l very good. The worst b:tr 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 graduaJly becomes muddy from the washing away of the banks; 
the channel is consta.ntly shifting its position; the forest~ of cottonwood, with which 
the banks are lined, fa.lling into the river, cnuscs numerous snags and sawyers. Below 
the Yellowstone, the Missouri assumes the same character it maintains to the mouth. 
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, formin g numerous sand-islands, sometimes covered with forests 
of cottonwood." 

Below the mouth of the Yellowstone, the character of the Missouri undergoes com­
paratively little variation, and is sufficiently described by the following extracts from 
Lieutenant Wan·en's report:-

" This great stream has generally a uniform width from the junction with the 
Yellowstone to its mouth, varying from one-third to half a mne when the ba,nks arc 
fulL In low water, the width is much les , and dry bars of and occupy portions of the 
bed, from which the water has withdrawn. 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. 'ancl-ba.nks are thus 
formed, generally at the edges of the trees on the islands and points, and which are 
often many feet above the level of the highest flood s." * * * * * 

"Along the banks of the Missouri, the bluffs are generally clothed with various 
species of trees as far up as the mouth of the Platte; n hove this point, the timber is gener­
ally confined to the ravines and bottom land. . These bottom lands attain a width of 
from 10 to 15 miles, after we ge t above Council Bluffs, which is almo t continuous 
to the mouth of James river. Throughout this .ection, the edges of the bank. are 
lined with heavy cottonwood and other trees, and fuel for teamboats can now generally 
be found cut up and prep:tred for their u e. 

"At J :tmes river the bluffs close in so that the general width of the space betwe n 
is only from 1 to 2 miles all the way to the upper Big b nd, near the 48th parallel. 
Here, again, the bottom lands become wider, and continu at a width of from 3 to 6 
miles to a point about 50 miles above th Yellowstone. In this last section there 
is also an abundance of large cottonwood timb r, and the app arance of the river 
is quite similar to what it is at Sioux City." 

" The bottom lands on the Missouri , along the western boundary of Iown., as well nR 
the prairie lands on either ide, arc very fertile. The vnlley of the Big Sioux, above 
its mouth, forms the continuation in direction of that of the Mi. souri below, and is aid 
to be fertil . The Ilupan-Kutey prairie, lying between thi strcnm n.nd the Vermilion, 
is low and fertile, and is about the laRt of the continuous fertile country as you advance 
up the Missouri, which here comes from the we t. Above t his [to the upper Big 
bend] the bottom lands of the Missouri are sometimes 1 and 2 miles wide, and will 
give but precarious upport to an agricultural peo1 lc; it i. doubtful wheth r even this 
can be said of th high prairie lying back from the . tream." 
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The followin g table has been carefully prepared to exhibit the slope of the Missouri. 
The distances below Fort Union are from Lieutenant ·warren's recon-
naissance; those above Fort Benton, from Captain Raynolds' original Its slope. 
unpublished maps. 

Low-wate1· slope of the llfissou?·i. 

J .. ocnlity . 

B ig-H orn B ranch. 
Source (Wind rivc1· ) ....................................... .. 
Mouth of Popo Agie ... .................................... . 
J, eaves Bi g-Ho1·n mountains .................... ........ .. 
Mouth of Big Horn ............ .... .. ... ..... ...... ........ . 

Ytllou-stone B ranch. 
Source (lake) .... .... ..... ... ............... ...... .. ... ...... . 
Leaves Snow mounlaius ...................... ... ..... .... .. 
i\lout h of Bi g IT orn ....... .. . ............................ .. 
l\louth of Yellowstone .. .... .. ..... .... ... ... .. .. ......... .. 

llpper-Jllisso!l1·i B ranch. 
So urce of Madison fork ................................... . 
'l'hree fm·ks of )lissomi .. .. .... .. .. ..... .... ... ......... .. 
l\Tonth of Sun r iver .... .................................. .. 
Foot of falls ..... ........ .. .. .. .............. .. ............. . .. 
At Fort Benton .... .. .. ... . .. ...... .... ..................... .. 
At Fort Union .. ..... ....... ...... . ............ .... ........ .. 
At Fort .Pierre .. . ............. ... .......... ..... ............. . 
At. Sioux Ci ry ...... .. ...... ... ............................... . 
At St. J osep!J , i\ri so nri .. ... ... .. ........ .. .. ...... .... .. .. 
At mon th .. .. ................................................. .. 

Distance nbovo Elevation nboYe 
tlw mouth. tho g ulf. 

llfiles. 
2565 
2-150 
2231 
2159 

2<139 
2345 
2159 
189J 

2908 
2824 
:zu89 
2Gi0 
264-l 
18\l4 
1246 
842 
48-t 

0 

l?eet. 
7527 
5347 
3534 
2831 

6500 (?) 
4705 
2831 
2188 

6800 (?) 
4319 
3573 
2064 
2845 
21\H 
1475 
1065 

756 
381 

}'a.ll per mile. 

l?eet. 
0.00 

18.96 
8.22 
D. 78 

0.00 
19. 10 
10.08 
2 43 

0.00 
29.52 
5.54 

31.59 
4 .56 
0. 88 
l.lO 
1.01 
0.81) 
0. 77 

Authority. 

Ca.ptain Raynolus. ,, 

" 

" 

" 
T. ieutena nt Wan en. 
lh ilroad levels. 
Ra ilroad levels. 
Jtailroad levels. 

With reference to the range of the Missouri between low and high water, but little 
can be said. It is about 35 feet at the mouth; 20 feet at St. Joseph, 
Mi. souri; and still less above, being at Fort Benton only about 6 feet. 
Ice dams in the spring sometimes occasion great local rises. 

Its range. 

Its high-water \vidth, for so long a river, is remarkably uniform. In the vicinity 
of Fort Benton it varies from 500 to 1000 feet. Near the month of 
Milk river, it has increased to 1500 feet. Below the Yellowstone, it is 

Its width. 

about 2000 feet. From this vicinity the river gradually attains an average width of 
about 3000 feet, which it holds for some 600 miles to its mouth. 

Its annual discharge is abou t 4 trillions of cubic feet, or about one­
fifth of that of the Missisf' i ppi. (See next chapter.) 

Its discharge. 

With reference to the navigability of the Missouri above Milk river, the following is 
the opinion of Lieutenant Grover, based upon information derived from It . b"l't 

s nav1ga 11 y. 
members of the merican Fur Company :-

" The fact of this pnrt of the river lying near its sources in the Rocky mountains 
would naturally lead one to suppose that the changes in its volume of water from 
month to mouth would be nearly the same, for tbe same month, from year to year. 
This is found to be the ca e. As winter breaks up and warmer weather gradually 
com es on in the spring, the ice becomes rotten, and the river swollen by the melting 
of the snow in the valley; and as early as the first of May, the river is clear. Such 
is the great range of elevation, and consequently the great range of temperature, 
covered by thi feeding re ·ervoir of snow, th at, instead of melting in the short space of 
a month and swelling the river to a torrent, the process of melting commences with 
the valleyf' in th e f'n.rly spring. a,nd p;oes on graclually to higher elevations as the 
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season advances, constantly diminishing, of course, till Augnst, when all that has a sell­
sible effect. upon the river is expended, when it commences falling more mpidly till the 
latter part of September. The minimum additional depth of water above that of the 
latter part of September, according to the information above referred to, i:.; a,s follows, 
viz.: For the first of June, 3 feet; first of July, 2t feet; first of Augu. t, 2 feet; rmd 
first of September, 1 foot. 

"It would then seem that, up to the :first of August, there i. water enough for navi­
gation by boats of 3 feet dmught loaded; and up to the first of September, for 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 18GO two steam­
boats of that company, carrying a detachment of 300 United States t roops, ascended 
the river to the same point. 

The navigation of the lower part of the river is tillls uescribed by Lieutenant vV ar-
ren, in his report dated November 24, 1858:- . 

"The navigation is generally closed by ice at Sioux City by the tenth of Novcmbet·, 
and at Fort Leavenworth by the first of December. The rainy season of the spring 
and summer commences in different years behveen the fifteenth of Mn,y and the 
thirtieth of June (in the latitude of Kansn.s, 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 flood s produced by the 
melting snows in the mountains come from the Platte, the Big Shyenne, the Y cHow­
stone, and the Missouri above the Yellowstone, and reach the lower river about the first 
part of July, and it is ma.inly to these that the navigator of the Mis ouri a.bove the 
Niobrara depends. The length of time the flood lasts is in proportion to the quantity 
of snow in the mountains, which varies greatly in different years. On the average it 
may be said to last a, month; but a steam r starting from 't. Louis, on the first indica­
tion there of such a rise, would not generally reach the Yell ow. tone before it was nearly 
past this latter point. Rivers like this, whose nn.vigation depends upon the temporary 
floods, are greatly inferior for ascenuing than de cending boats. The rise at the Yel­
lowstone would be about ten clays reaching St. Louis, and any go cl system of telegraph­
ing along the stream, which would apprise those below, would more than double t he 
advantages to the upward navigation. If a miscalculation is made by taking a tem­
porary rise for the main one, the boat has to la.y by in the middle part of the ri vcr till 
the main rise comes." * * * * * * * 

"11 he American Fur Company's boats a,re of the larrr . t class of freight boats now 
navigating the Missouri. 11 hcy arc ably managed, and the company posses es informa­
tion, by expresses sent from its trading posts near 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 a.re loaded and time of starting fixed accordingly. Their boats carry 
from ] 50 to 200 ton to the Yellowstone, a di.'tan e of 1900 miles, lrawing from 3 to 
4 t feet of water, and make the passage up in from tw nty-two to thirty-five days. 
Considerable freight is ta.ken out for the post of Fort Union, and they generally ascend 
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with that for Fort Denton to about GO 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 Yellowstone aud 
Missouri at their junction, and above this point, steamboats venture 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 inclinations 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 navigated through 
them. As it is, they cause the boats to lie by during the night, and thus occasion a 
loss of nearly half of their running time. But this is not the only J elay, 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 effect of the wind is much more 
seriously felt as you ascend above Council Bluffs, for the protection afforded by the trees 
on the banks is con tantly diminishing." 

'Jh~uta1·ies.-The foltowing table exhibits the distances between 
several imr)ortant points upon the Missouri, as determined by the recon- Their distances 

apart. 
noissance of Lieutenant \Varren :-

f,oca lity. 

Distances upon the MissoU?·i. 

Di8tancc above 
mouth of 
~_li 8!:!0 Uri. 

Locality. Dial nnco nLO\'O I 
moutl1 or 
AJissour·i. 

---------1----- ---------------- -----

~!ouih of Osage rive1· ....... . ............... .. .. .... . 
1\ l out h of 1\nnsns river ............................ .. 
Xort l1 em bouudnry of Kansas ........ .. ........ .. 
:-lorlhcrn boumlnry of ~li~sou ri ............... .. . 
Mou th of Plane ri,·er ............................. .. 
Moull1 of Bi g-Sioux river .... ... ........ .. ....... .. 
i\ l out h of J nmes river ...... .............. .. ...... .. 
~\I outh of Niohr>tm riYer .......................... . 
;\Iouth of 1\' hite-Earth riYer .... .... ............. . 
Fort Pi err e .. ...... ......... ·· ................ ·· ...... · ·1 

J,Jiles. 
132 
38~ 
5:lO 
(517 
G·W 
842 
0i(5 

1 02() 
ll 3(i 
1:l-l(j 

i\!outh of Hig-Shyenne ri ver .............. ...... .. 
-~.1 ou t h of i\l.orwt u ri ve r ........................... .. 
i\ l outh of nmnd river ............................ .. 
Mouth of f 'u nnoii-Bnll river ...... .............. . 
)Iouth of lle:tl'l river .... ... ...................... .. 

' Fort f'larke ............. ... ..... .................... .. 
1
1 ~Iouth of Knife l'ivet· .... ........ . ...... .. ......... . 

1 
:\Iouth of Littl e-l\!is~o uri river ...... .. ........ .. . 
;\louth of Y cllowstone river .... ................ .. . 
.Fort Union ........................................... .. 

J,liles. 
1300 
1367 
1301 
147() 
15:l2 
1 58~ 
15<J3 
1(373 
1888 
18()4 

The only t ributaries of the Missouri below the Yellowstone, which reqmrc notice 
here, are th Niobrara, the Platte, and the Kansas. The first is thus 
described by Lieutenant \V'urren, Topographical Engineers, its first 
cxplorer:-

The Niobrara. 

"This river is about 350 miles long. From its source to long. 103° 15' it is a 
beautiful little stream of clear running water, of a width of from 10 to 15 feet, gradually 
widenin o· as it de cend. . Its valley furnishes here very good grass, abounding in 
rushes 0~ prele, but is for the most part destitute of wood, even for cooking. After 
flowing thus far, it rn.pidly widens till in long. 102° 30' it attains a width of GO to 80 
yards; its vall y is till quite open and easy to travel along, but destitute of wood, 
except occasional pines on the distant hill s to the north. In long. 102° 30' it enters 
between high, steep J auks, which closely confine it, and for a long way it is a complete 
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canon; here, however, wood becomes more abundant, and pine is occasionally seen on 
the bluffs, while small clusters of cottonwood, elm, and ash occupy the narrow points 
left by its windings. In long. 101 o 45' the sand hills come, on the north side, close to 
the river, w bile, on the south side, they arc at the distance of from 1 to 2 miles off, 
leaving a smooth road to travel on along the bluff~ . The bluffs gradually appear 
higher and higher above the stream as it descends, until they reach the height of 300 
feet. The sand mostly ceases on the north side in long. 100° 23'; but it lies close to 
the stream on the south side nearly all the way to the vVazi-honska. Throughout this 
section, lying between long. 102° 90' a.nd long. aao 20', a di stance of 180 miles, the 
Niobrara is in every respect a peculiar stream, and there is none tha.t I know of that 
it cn.n be compared with. It flows here between high; rocky banks of soft, white and 
yellowish, calcareous and silicious sandstone, standing often in precipices at the "\Vater's 
edge, its verticality being preserved by a capping of hard grit. It is here impossible to 
travel any considerable distance along its immediate banks without having frequently to 
clim.b the ridges which rise sometimes perpendicularly from the stream. As you n.pproach 
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 nwincs 
in which they grow, so completely i it walled in by the high bluffs which enclose its 
narrow valley. It seems as if it had resulted from a fissure in the earth's crust, and 
now flows at a depth of about 300 fee t below the general level of the prairie. The soft 
rock which forms the bluffs is worn into the most intricate labyrinths by 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 sec tion has, however, comparatively little attraction, and that 
between long. aao 20' and the mouth, an extent of about ao miles, is perhaps far more 
valuable. Here the bottoms will probably avemge a width of a quarter of a mile, are 
susceptible of cultivation, n.nd cottonwood, oak, walnut, and ash will furnish scttl -
mcnts with all the timber and fuel they will need. The river banks seem to present 
no good building stone, nor did we, though searching diligently, discover any signs of 
coal or other valuable minerals." 

The Platte. 
The Platte is thus concisely described by Lieutenant vVarren :­
" The Platte river is the most important tributary of the Missouri in 

the region under consideration; its broad and gra ·s-covercd valley leading to the west 
furnishes one of the best wagon roads of its length in America. From its mouth to the 
fork s, the bluffs are from 2 to 5 miles from the water, making an intermedia te bottom 
vnlley of from 4 to 8 miles wide. From the forks to Fort Laramie, the blu:ff~ occasion­
ally come down to the water's edge, and the road has to cross the points of the ridges. 
l!'rom Ash Hollow to Fort Laramie, the road is sometimes heavy with sand. Fine 
cottonwood grows along the banks, and on the islands, from the mouth to Fort Kearny; 
fl·om here up it is scarce and of small size. Cedar is found in the ravines of the Lluffs, 
in the neighborhood of the forks, and above. The river is about a mile wide, and flows 
over a s:mdy bottom; whcu the banks arc full, it i.· about G feet deep throughout, 
having a remarkably level bed; but it is of no use for naviga.tion, a the bed is so broad 
that the water seldom attains sufficient depth, and then the rise is of short duration. 

" The water is sometimes so low, as was the ca last season [1855] , that it can 
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be crossed anywhere without difficulty, the only care requisite being to avoid quick­
sands. 

"The manner in which this stream spreads out over its entire bed in low water is 
one of its most striking features, and it is peculiar to the rivers of the sandy region. A 
short distance above Fort Laramie, the Platte comes out 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, which, 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- The Kansas. 

worth. In the uncultivable 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 descrip-
tion here. 

Ul:'PEIHHSSISSil'PI BASIN. 

The distinguishing characteristic of this portion of the Mississippi basin is the 
entire absence of mounta.ins. Near the source of the river the country 
is only some 1600 feet above the level of the sea, and is covered with 
swamps and lakes, divided by hills of sand and boulders belonging to the 

Its general 
character. 

drift 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. 

Upper-lJf~c;sissippi 1·iver.'''-Although this tributary is neither the longest, nor the 
greatest contributor of drainage, nor the branch most like in character to 
the great Mississippi, it has its name, and thus has always been an object The river. 

of especial interest to geographers. Few travellers have explored its remote sources, and 
few persons h:we more than a very genern,l 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 first to visit it, is a 
lake, named by them Itasca. This lake was called by the Chippeways 

Its source. 

Omoshkos Sagn,igon, 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 i. adorned with one small island, 150 yards long by 50 yards broad, elevated 
20 to 30 fe t above the water. The irregular shores of the lake are skirted with 
bushes, behind which are pine-covered hills of moderate elevation rising, in places, 
abruptly from the water's edge. Boulders of primitive rock are scattered along the 
beach, but no rock in place is visible. Mr. Schoolcraft surmised that this lake was 
fed by invisible springs, but Mr. Nicollet, who visited it in 1836, and determined its 
geographical position and elevation as now laid clown on the maps (lat. 4 7o 14' N., 
long. 95° 02' W. of Greenwich), considers this supposition unnecessary. He says: 

-l<· The following facts re pecting this river have been mainly compiled by J_, ieutenaut W arren, Corps of Topo­

graphical Engineers. 
9 
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"There are :five creeks that fall into it, formed by innumerable streamlets oozing from 
the clay beds at the bases of the bills, that consist of an accumula.tion 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 IJa·uteurs de.s Ten·es,-heights of land. 
These elevations arc commonly fiat at top, varying in height from 85 to 100 feet above 
the level of the surrounding waters. They arc covered with thick fore ·ts, in which the 
coniferous plants predominate. South of Itasca lake, they form a semicircu,lar region , 
with a boggy bottom, extending to the southwest a distance of several miles; thcuce 
these Hauteurs des Terres ascend to the northwest and north; and then, stretch ing 
to the northeast and cast, through 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 principaJ group of these Hauteurs des Terrcs 
is subdivicl etl into several ramifications varying in extent, elevation, and course, so as to 
determine the hydrographical basin of all the innumerable lakes and rivers tha.t so 
peculiarly characterize this region of country." * * * * * * 

"Of the five creek· that empty into Ita ·ca Jake, one empties into the cast bay of 
the lake, the four others into the west bay; aml among the latter there is one remarlm­
ble above the others, inasmuch as it cours is longer, and its waters more abundant, so 
that 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 infant Mississippi; all others 
below it feeders and tributaries." Mr. Nicollet continues : "The dny on which I explored 
this principal creek, August 29, 183G, I judged that at its entrance to Ita ca lake its 
bed was from 15 to 20 feet wide, and the depth of wn.tcr from 2 to 3 feet. 'l{ e 
stemmed its pretty brisk current during ten or twenty minutes, but the obstructions 
occasioned by fallen trees compelled us to abanuon the canoe and to ·eek its prings on 
foot along the hill . After a walk of 3 miles, during which we took care not to lose 
sight of the Mississippi, n1y guide informed me thn.t it was better to descend into 
the trough of the valley; where accordingly we found numberle s strcaml ts oozing 
from the bases of the hills. ''' :;: ''' They unite at a mall eli . tance from the hms 
whence they origina.te, and form a small lak. , from which the Mississippi fJows with 
a breadth of a foot and a half, and a depth of one foot." Mr. Nicollet gives G miles as tlw 
length of this source. The results of his barometrical obs rt:alions place the summit of 
the Hauteur des 'rcrrcs 1G80 feet, and Itasca lake 1575 f< et, above the ocean level. 
Mr. ~ choolcraft previously ' ·timated this latt r level to be 1500 feet. 

Mr. Schoolcraft says (Ju ly 13, 1832): "The outlet of Ita. ca lake is .perhaps 10 or 12 

Itasca lake to 
Lac Travers. 

feet broad, with an apparent depth of 12 to 18 inche . * * W c 
soon G It our motion accelerated by a current, and b gan to glide with 
velocity down a clear stream with sandy and pebbly bottom, strewed 

with shells and overhung by foliage. Ten feet would in mo t places reach from bank 
to bank, and the depth would probably average ov r n, foot. A . trong current nnd 
winding channel made it a labor of a tivc watchfuJncH' for the canoe-men to keep OUr 

frail vessels from being dashed ngain .. t boulder, or torn in pieces by fall n timher 
or overhanging trees. Chopping with the axe was frequently neccsRary to clear the 
passn.gc, and no smallln.bor was imposed by ge tting through the drift wood, piled up nt 
almost every sudden bend. We were <tlmost imp rceptibly r1rawn into n. series of 
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rapids an<l pretty falls, where the stream was more compressed and the water deepened, 
but the danger rendered tenfold greater by boulders of blaclcened rocks, and furious 
j ets of the stream. V{ e were rather hurled than paddled through these rapid passes, 
which increased in frequency and fury as we advanced. After being driven down 
a.bout 12 miles of this species of navigation, during which the turns are very abrupt, 
the river displays itself, so to say, in a savanna valley, where the channel is wider and 
<leeper, 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 a.void 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 eddies 
made it impractica.ble otherwise to guide them. At a place called 'Kakabikous,' or the 
Little falls, we 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 presents on the rapids. On this level the Canoe river comes in as a tribu­
tary on the right shore. The volume of the water is perceptibly increased by it. This 
plateau may extend 9 mile. . It is succeeded by rapids of a milder character, below 
which the river again displays itself in sava.nnas, with a comparatively wide, winding 
channel. These are finally terminated by short and easy rapids, which bring the river 
out of wha.t we may designate as its Alpine passes. * :j: The Pinniddiwin, a 
tributary from the left, having its origin a lake," enters " the Mississippi amid an 
extensive marsh of rushes, which gives it rather the appearance of a marsh than a lake. 
It is, however, called Lac la Folle." About 18 miles below this point the river became 
"sufficiently broad, deep, and equable" to enable Mr. Schoolcraft to proceed during the 
nio'ht to Lac Travers. 

0 
This lake is the most northern point of the Mississippi. It is, according to Mr. 

Schoolcraft, a " magnificent shee t of water, from 10 to 12 miles long with 
a breadth of from 4 to 5, perfectly clear and without islands, the eye 

Lac Travers. 

having a free command over gently swelling hills," and "beautiful vistas" of pine and 
hard-wood groves. Its trn.nsparcnt water leaves a beach of pure white sand. The 
Mississippi enters the south end of the lake, "flowing with a brisk and deep current, 
and exhibiting a width of perhaps 150 feet,'' and runs out at the east side not far from 
its entrance, leaving the great body of the lake on the north. 

For the first 26 miles below Lac Travers the river forms a series of strong rapids, of 
which there are ten principal ones. In these, however, there are no falls, 

· l Thence to Cass 
and they are produced by granitic boulders, no rock being visible m p ace. lake. 
The Mississippi has a width of about 40 or 50 yards, and depth from 2 to 
G feet, between Traver and Cass lakes (Lieutenant Allen, July 10, 1832). From the 
series of rapids to Cass lake is about 15 miles. Hills of sand covered with yellow pines 
here present themselves, 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 ex­
pansion is north and south, and amoun ts to from lG to 20 miles. Both 

Cass lake. 
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the entrance and outlet of the Mississippi are on the northern part, and are about 8 miles 
apart. This lake emLosoms four islands, the largest of which (Grand island) is nearly 
8 miles long. The waters are deep and clear, and abound in excellent :fish. Its shores 
are sandy, and strewn with primitive-rock boulders, and the banks are high and thickly 
wooded with pine, elm, and maple. 

The Mississippi flows out of it with a width of 172 feet and a depth of 8 feet (Mr. 
Schoolcraft, July 9, 1832) . Between Cass and vVinnipec lakes the river 

Thence to lake 
Winnipec. pursues a devious course in a savanna valley from 1 to 3 miles wide, th e 

strong grass and reeds growing in the stream in a manner similar to that 
hereafter described between Leech river and the falls of Peckagama. The valley is 
bordered with sandy bluffs, clothed in many places with thick forests of large white 
nnd 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 

Lakes Winnipec. d f , . I d "ld t A h yar s out rom the waters edge w1th ru · 1es an wt oa s. . s ort 
distance back are high hills, supporting oak, maple, poplar, birch, and pine. Ten miles 
farther down, the Mississippi passes through Little lake Winnipec. This is 5 miles 
long and 3 wide, with low and marshy shores, and wild rice in places ex tending entirely 
across it, giving it the appearance of a marsh. 

At a distance of 40 miles below Little lake vVinnipec, the junction of Leech river 
Thence to the t akes place. Throughout this distance the Mississippi has, by Mr. 
falls of Peck- Schoolcraft's estimate, a wid th of about 20 yards and a slope of 4 inches 
agama. per mile (July 20, 1820) . It winds in abrupt folds through a broad 
savanna, which con tinues all t he 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, winding 
through a broad savanna. Leech lake has a circumference of not less than lGO miles, 
and is the largest of the lakes formin g 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 current 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 di stance. The following quotation is from Mr. Schoolcraft's narrative 
of his journey up the Mississippi, in 1820: "After passing the falls of Peckagama, 
a striking change is witnessed in the character of the country. We appear to have 
attained t he summit level of waters. The forests of maple, elm, and oak cease, and 
the river winds in the most devious manner through 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, a11d covered sparingly 
with yellow pine. Sometimes the river washes clo e against one of these sand ridges, 
then turns into the centre of the prairie, or crosses to the opposite· side ; but nothing 
can equal its sinuosities,-we move toward all points of the compa s in the same 
hour, and we appear to be winding about in an endle s labyrinth, withou t approach­
ing nearer to the obj ect in view. \Vhile sitting in our canoes, in the centre of this 
prairie, the rank growth of grass, rushes, etc., completely hid the adjoining fores ts 
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from view, and it appeared as if we were lost in a boundless fie ld of waving grass." 
Lieutenant Allen says: " The whole country seemed covered with water, from 1 to 3 
feet dec~, but the grass ~·ose several feet above the surface in the deepest parts, growing 
very thiCk, and possessmg a strength so great that in many places, as in short bends, 
where the current 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 guide who 
knew the general course of the river, we were enabled to cut off 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 nature and 
growth of the grass that it required the united strength of the whole crew to force a 
canoe through it." 

It will be seen from this description how uncertain must be the estimate given of the 
length of the Mississippi in this portion of its course. 

Mr. Schoo1crn.ft thus describes the falls of Peckagama, July 19th, 1820 : "At the 
falls of Peckagama the river has a descent of 20 feet in 300 yards. 
This forms an interruption to the navigation, and there is a portage Falls of Pecka-

gama. 
around the falls of 275 yards. The Mississippi 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, but the river rushes down a 
rocky channel, inclined at an angle of from 35° to 40°. The view is wild and pictu­
resque. Immediately 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 t he fall commences." 

The Mississippi from the falls of Pcckagn.rna to Swan river is very serpentine, and the 
curves are short, seldom exceeding a mile. The width of the river may 

40 d h · d Thence to the be computed to average yar s; t e current IS strong, compute by Little falls. 
Captain Douglas at 2.4 mi les per hour. No island or rock strata are 
seen, but detached stones of hornblende, sandstone, and granite appear upon the rapids, 
and occasionally along the shore. The banks are of the most recent kind of alluvion, 
containing very minute, shining particles of mica. A number of snags and drifts were 
encountered. In .the upper portion 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 :fi et high, the ri ver frequently washing them at the bends. The trees on the allu­
vial banks consi:::;t of elm, maple, oak, popl::tr, and ash, the first two predominating. 

Between wan river and andy-l ake river there are six rapids, and the Mississippi 
receives no tributarie and contain. no islands. The country is low and swampy a short 
distance from the river, and no hills were seen. The rapids are formed by boulders 
similar to those heretofore mentioned. Just above the mouth of Sandy river the Mis­
sissippi has a width of 60 yards, a strong current of reddish water a little turbid, and 
some snags and drift. The banks are alluvial and elevated from 4 to 8 feet, bearing a 
forest in which elm predominates; maple and oak are common, and pine, ash, and 
poplar sparing. 

Li utenant Allen ays (July 5, 1832): " The river, though considered high, was 
O"enerally 8 or 10 feet within its banks; the current was gentle, about 2 miles per hour, 
~xcept around the bends, where i t was frequently quite strong." " It winds deviously 
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through a. valley of low, rich, alluvial bottom, of the best quality of soil and bea.ntiflllly 
timbered, but all subject to inundation." From this we shou1d infer that the extreme 
ri se and fall of the Mississippi in this portion was not less than 20 feet. 

Sandy lake is only 1.5 miles, by the cour e of its outlet, from tbe Mississippi, and 
during floods the water 0 are over 15 feet, and th whole intermediate country is inun­
dated. The lake varies much in size at different 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 Ln, river. 

The following extracts arc taken from Mr. , choolcraft's narrative of his journey 
from Sandy lake to the mouth of the St. Peter' river in 1820:-

"July 25. * * The current of the river b'low the outlet of Sanely lake, and 
the natural appearances, are similar to what it exhibit 0 for 100 miles above; the banks 
are alluvial, elevated from G to 10 feet; trees- elm, maple, pine, and birch. We 
descend ed 28 miles, and encn,mped on a high, , nnny bank on th west . horc. The 
river has several rapids in thn,t distallce, and orne islands cove r cl entirely with grass 
and small tufts of willows, with pil s of driftwood coll ctecl at their heads. No rock 
strata appear, but loo e stones of granite, hornbl nde, and reel ferruginous quart~ arc 
seen in the bed of tbe stream in passing over the rapids, and in some places along the 
margin of the river. Among the forest trees, pine appear to pr dominate on the bnds 
which l ie a distance off the river, but elm is most abundant alon ()" the shore; maple and 
birch less so, and black walnut and oak sparing. The color of the wn.ter on looking 
into the river resembles that of chocolate, but on dipping up a cupful it app ars color­
less n.nd clear." 

Between this camp and Pine river-a di stn.nce of about 100 miles- !fr. Schoolcraft 
writes : " 'l, he river has pre.·entecl several rapids, i ln.nds, and ripples. The fall ofl10ne 
of the rapids will exceed G feet in a distance of 300 yard. . The islands n.re ·small and 
not well wooded, and are encumbered with piles of drifted tr s, limbs, and leav s, 
which give them a novel appearance, and at. the sarne time erve to convey an idea of 
the rise of the river, and of the force of its curr nt during its s mi-annualfloods. nags 
become more frequent in this part of the channel, and the river in veral plac s under­
mines its banks, which are elevated from 10 to 20 feet, and bear a for st of elm, bir h, 
pine, maple, black walnut and oak (Qu r us ni()"rn.). Loose stone,· are found at all 
rapids; they are chiefly referable to the different varieties of granite, hornblende, slate, 
and sandstone." 

" Th pine land. which commenced at the junction of Pine river with the MissiR­
sippi continued to within a , hort distance of the mouth of the ri \'er De Corbeau ( \·ow­
wing river). They are elevated from GO to 100 [I et, and li e in ri lg s. Til principa.l 
timber is tbe yellow pine. Mixed with the sand, which is in som places naked and 
destitute of vegetation, ar fragments of oTanite, hornblende, qurtrtz, ja. I r, and corn -
lian. This strip of sandy country wa denominat rl th' Dead Pi11 by Pik ." 

"The river D orb an ( row-win ()" riv r) i. the larges t tributary which the Missis­
sippi receives above tlte falls of St. Anthony, beinO" 11 a.rly f equal mao·nitude. The 
lands upon its banks are ri ch, and cov r d with a h avy 0"1' wth of hard wood, hi cJiy 
elm, , ugar-tree, black walnut, and oak. At th point of juncti n thcr is a large and 
well-wooded island, cn,lled the Isle de orbeau, by , hi h th ri v r i hid from the view 
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unti l you have nearly passed it, when, by turning the eye toward the south, you have tt 

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 particularly chnr­
actcrized by numerous and heavy-timbered islands, all of which present immense drifts 
of flood-wood at their heads, and, by dividing the river into a number of channels, servo 
to increa:-;e its width and the difficulties of its navigation. Here, also, the Buffn,lo plains 
commence, and continue downward on both banks of the river to the falls of St. An­
thony. 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 
dwnrf black oak. They generally present steep, naked, and falling-in banks toward the 
river, and di sclose innumerable small fragments of carnelian, agate, and jasper, along 
with ma ·ses of coarser rock, such as granite, hornblende, etc." * * * 

"'rho Little falls are four miles below the mouth of Elk river, where the Missis­
sitY.[)i forces its way through a narrow defile of rocks which a.ppear in The Little falls. 
ru "'o·cd masses in the bed of the stream" (for the :first time below the 

co 
falls of Peckagama, according to Lieu tenant A11 en), " and attain an elevn,tion of from 
20 to 40 fee t upon its banks. Passing with great velocity over the schute of tho falls, 
it was diffi cult to ascertain the geological character of tho rock, but it appeared to be 
granite, very much mixed and darkened with hornblende.* The river at this place is 

11 nrrowed to half its u ual width. The descent of water may be estimated at 10 feet 

in 150 yards. 
" Between F~lk river and Little falls we pass the Painted Rock, stn,nd-

Thence to the 
Big falls. .ing upon the west bn,nk of the river. It consists of a mass of granite 

and hornblende, upon which the Indians have drawn a number of 
hieroglyphics and rude designs ." 

About 6 miles aboYe Sac river, on the east side of the river, " there IS a bed of 
"Tanite 250 feet in height. It is considerably mixed with hornblende. On ascending 
it, I found the most chn,rming prospects in every direction. It commands a view of the 
prairies on both bankR of the Mississippi, with the windings of the stream, and its 

islandR and ra.pids for many miles above and below." * * * * * 
" The Bin· fal ls con:'iist of a se ries of breaks a,nd schutes extending about 800 yards, 

n 
in which distance the river may be estimated to have an aggregate fall The Big falls. 
of 1 G feet. The b d of the river a,t thi fall is beset with sharp frag­
ments of gmnite a,nd hornblende rock, which also app a,r in rolled masses upon the 

shores. 
" Th e next remnrkable trait in the river is Prairie rapids; which are six in number, 

and hn,vc a moan d scent of abou t 20 fee t in 5 miles. At half-past four Thence to the 
in th afternoon we pa ·eel the mouth of th e river St. Francis, a large falls of St. 
str am fall ing in on the cast shore. For a great distance above its Anthony. 

mouth it ruu parallel with the Mis issir p~, which is the cause that so few tributaries 
enter the latter on the east shore after passing the mouth of the river De Corbea,u 

* Lieutenant .Allen calls this a formation of taleose slate, aml ~{r. Lander, in his report to Governor Stevens, vol. 
· l'· .· fi e Hailroad R eports. confirm hi opinion, stating: "At the islam] near Littl e f<tlls is a very fine crossing ol' 
1. , .1Cl 

325 
feet. F our wing abutments and a slight increase of truss will be required, from the destructible natu re of the 

lecl"'C foundation, which i of sl;ttc rock strongly impregnated with iron, and afi'c~.;tcd by the atmosphere." 
0 
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(Crow-wing river). Its principal fork is Mudd y river. H ere Carver terminated his 
travels up the Mississippi in the year 1765; a.nd Father Hennepin in 1.G81. An i::;land 
in the river opposite its mouth hides the view of it from those who descended by the 
west channel." 

Between Elk and Crow river "the curr nt has been unusually strong, with many 
rapids and ripples. Very few snags have been observed. A great many islands were 
passed in the afternoon, and some small sand bars, being the first noticed. Prairies 
continue on both bank., with occasional clump of tree , and forests of 2 or 3 
miles in ex tent. The growth of wood upon the i lands is lm, black and white 
waln ut, maple, oak, and ash; upon the prairies, dwarf black oak . Along the banks of 
the river pebbles of quartz, granite, hornblende, carnelian, 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 Mis ouri. The color of the water con­
tinues a light chocolate brown in the trea.m, but appears clear in small quantities. 
Pebbles at the bottom of the river can be plainly discerned t hrough it at 4 or 5 
fee t depth. The q uality of the soil of the prairies improves as we descend, and duri ng 
t he last 20 miles may be considered of the riche t kind. The prairie. arc in fact 
covered with a stratum of the most recently depo ited black, marly alluvion, which 
a.ppear to be composed, in a great degree, of vegetaole mould. It is entirely destit ute 
of those rounded pebbles and stones which generally charn.cterize upland soils, althouglt 
bottomed upon a stratum of alluvion, in which they arc 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 perpendicular pitch of forty feet, with 

Falls of St. 
Anthony. 

a formidable rapid above and IJelow.'i' An ishnd, at t he brink of the 
falls, divides the curr nt into two heet , the lar()'cst of which passes 
on the w st of the i. land. The rapid below the schute is filled with 

large fragmen ts of rock, in the interstices of which som all uvial soil has accumulat d, 
which nourishes a stinted growth of c dars. This rapid extends half a mile, in which 
distance the river may be e.timated to hav a desc nt of 15 feet. 'I'hc rapid pre­
ceding the falls has a descent of about 10 feet in th eli tancc of 300 yard , wh re 
the river runs with a swift but unrum.cd current ov r a smooth . tratum of rock a 
little inclined toward the brink. The ntir fall , therefor , in less than three-fourths 
of a mile, is G5 feet. The rock is a white sand tone, overlayed by secondary lime­
stone. This formation is first seen half a mile above the fall ., where it breaks out 

a!Jrup tly on the banks of th e river." * * * * * * * * 
" It is in fact the precise point of transition where the beautiful prairi s of t he 

Upper Mississippi arc merged in t h rugged. lime tone blnifs which skirt the banks of 

* Licutcn~tnt A ll en states: " 'l'hc fall s bav be n dC'sc ribcd by ~[r. ,'chool·raf't anrl other fqrmer tro.vc ll crs, who 
had more time to obs rvc them Limn was allotted to me. I have only to ·orrcct an error in th he ig ht of th pcq~cu­
diculltl' fall. It was estimated by T.i utenant l'ik , 1G feet, and hy ~lr . ;' ·hoolnaft, ·10 feet. l wa · told by !Ul Ofllecr 
at Fort S n llin g thn.t by actual me1t. u1· ment it was 1 ~ et pr cisclv. B 1 w the falls there is n conHidcrahh' rap id , 
and the whole descent f'lt this plaec, including also th mpid ttbuvc." nmy h c. timat d rtt i'O f'c L. B tw en the ftli l · 
ancl Fort Snelling, a distance of' !l mil es, t.hc chann ·I is c ntmct ctl io ad~ p ravine, and the river runs in a torrent all 

tlle way." 
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the river from that point downward. "With this change of geological chamcter, we 
perceive a corresponding one in the vegetable productions, and the eye embmces 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 river above the falls. They do not, however, consist of an unbroken 
plain, but are diversified with gentle ascents and small ravines, covered with the most 
luxuriant gro,vth of grass and heath-flowers, interspersed with groves of oak which . ' throw an air of the most pwturesque beauty over the scene. 

"The length of the portage around the fall s, as measured by Lieutenant Pike 
in 1805, is 2()0 poles, but in high water is ~;omewhat 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 t. Anthony the Mississippi is so well known as to require 
no detailed description here. About 55 miles below the mouth of Thence to the 
St. Peter's, the river expands into lake Pepin, which is 2 or 3 mouth of the 
miles broad and 27 miles long. About 270 miles farther down, river Missouri. 

Hock Island rapids are roached. They are covered by ledges of stratified limestone 
and sandstone, and extend down the river about 13 miles, with a fall at low water of 
22 feet. About 115 miles farther on, Montrose, situated at the head of the Des. 
Moines rapids, is reached. They extend 11 miles, with a fall at low water of 21 feet. 

From lake Pepin to the junction of the Missouri, the Mississippi is characterized by 
almost innumerable wooded islands. The main volume of the stret1m is confined to 
one channel, but branches from it ramify in various directions, forming sloughs, as they 
are generally named, and making its water-course, with enclosed islands, seldom less 
than a mile in width. 

Tho following table has been cn.refully computed from the best authorities to exhibit 
the low-water slope of the Upper Mississippi. Above St.. Paul, Mr. Slope of the 
Nicollet is the only authority for elevation above the sea. Below that U:PP~r Missis-

point the variou. railroad surveys furnish more exact determinations. 81PP1· · 

Thu : From the report of Captain Meade, Topographical Engineers (Oct. 20, 1860), it 
appears that the approximate elevations above the sea, of lakes Superior and Michigan, 
are GOO and 576 feet respectively. Mr. D. C. Shephard, Chief Engineer Minnesota 
Pacific railroa.d, tate that the ordinary level (range about 18 feet) of the Mississippi at 
't. Paul is 80 ~ et abov lake Superior at Fond du Lac. Mr. E. Goodrate, Manager of 

the Ln, Cros e and ~[ilwauk e railroad, stated that the Mississippi at La Crosse (range 
] 0 fee t) is 63 feet above the level of lake Michigan. Mr. W. J ervis, Superintendent 
Milwaukee and Missi ~ l:lippi railroad, states that low water at Prairie du Chien is 24 feet 
n,bove til level of lake :Jiichigan. Mr. H. Farnum states that low water at Rock 
I. land is 77 feet b low the level of lake Michigan. 1,he altitude of the mouth has 
been deduced by prolonging the measured slope between St. Louis and Ca.iro. The 
corrc pondino· distan s are taken with great care from the Land-office plats as far as 
the mouth of Crow-wing river. Above they arc given as estimated by Mr. Nicollet. 

10 
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Low-wate1· slope of Uppm· ~Mississippi. 

I 
--- ---- -- -

I Di stance El<n'ntion 

I Locality. abovC' mouU1 }'all per mile. Authority. Hmuark~ . 
of Missouri. ubovc sea.. 

I Jlfiles. .Feet. .Feet . 
Utmost som·ct> ............... 1330 1680 0.00 1\Ir. Nicollet. 
It a sea lake .................... 1324 1575 17. 50 " 
Ent.rance to J"nc Travers .. 1234 14 56 l.il2 " 
Entran ce to lak e Cass ...... 11 89 1402 1. 20 " J 0 miles tln·o up;h l>tk es. 
Mouth Leech-lake river ... llOD 1356 0. 57 " 35 miles tbrou gh lakes. 
Head of fall s of Peckagama 1061 1340 0.33 " 
1\Iouth Swan river ........... 998 12110 0.73 " Hapids intervening. 
Mout.h Sandy-la.ke river ... 060 1253 0.05 " Jlnpid s interven ing. 
Mouth Pine r iver .......... . 863 1176 0.70 " Hnpids int erveni ng. 
Mouth Crow-wing river .... 815 11 30 0.05 " Rapids intervenin g. 
St. Paul.. ..................... . 658 670 2. ()3 Railroad levels. auk rapids, falls of St. Antllony, etc. 

I 
La Crosse ..................... 514 630 0.22 " " 
Prairi e du Chi en ........... 453 600 O.G4 " " 
Head Rock Island rapids .. 310 505 0.66 " " 
Foot " " " 2()5 4.83 1.47 " " R•,;d, ;•tmoo;•g. =-J 
Mouth ................. .. ...... 0 

I 
381 0.35 

I 
" " De ~J oines rapids intervening (low-

water fall 21 feet). 

These elevations refer to the low water of the Mississippi. The range between 

Its range. 
high and low water level is about 20 feet near andy-lake river; about 
20 feet at St. Paul; about 10 fe t (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 Ohio, and, excepting the Missouri, of the other tributaries of the Missis­
sippi, where they pass through the cultivable region. Their small extent is due to the 
generally fiat 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 dry climate of the 
upper part of the basin. 
Its dimensions of The following facts respecting the dimensions of the Upper Missis-
cross-section. sippi have been collected. 

At entrance to Jta,sca lake (Mr. Nicollet, August 29, 1836) "bed, 15 to 20 feet 
wide, water 2 to 3 deep." 

The outlet from Itasca lake (Mr. choolcraft, July 13, 1832) 10 to 12 feet wide, 
12 to 18 inches deep; (Lieutemmt Allen, July 13, 1 32) "channel 20 feet broad, 2 
feet deep, current 2 miles per hour;" (Mr. Nicollet, August, 1836) "width 1(3 feet, depth 
14 inches." 

At entrance to Lac Travers (Mr. Schoolcraft, July 13, 1832) " brisk and deep cur-
rent, width, perhaps 150 fee t." 

Between Lac Travers and Cass lake (Lieutenant Allen, July 10, 1832) "width 40 
to 50 yards, depth 2 to 6 feet." 

At outlet of Cass lake (Mr. Schoolcraft, July Q, 1832) ' 172 feet wide, depth 8 feet." 
Between lake Winnep c and Leech-lake river (Mr. hool craft, July 20, 1820) 

"width averages 20 yards and. slope of surfac 4 inches p r mile." 
Between Leech-lake river and fall s of Peckagama (Mr. , choolcraft, July, 1820) 
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"average 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 

d " yar s. 
Between falls of Peckagama and Swan river (Mr. Schoolcraft, July, 1820) "width 

averages about 40 yards, current 2.4 miles per hour." 
Just above mouth of Sandy-lake river (Mr. Schoolcraft, July 17, 1820) "60 yards 

wide;" just below (Mr. Schoolcraft, July 4, 1832) "331 feet wide." Lieutenant Allen 
(July 4, 1832) says width just above is 75 yards; just below, llO yards. 

Between Sauk and Elk rivers the width averages 900 feet; thence to St. Francis, 
300 or 400 yards; thence to Fort Snelling, 400 yards (Lieutenant Allen). 

Beyond the gorge below Fort Snelling, the width of the Mississippi is 576 feet 

(Mr. Nicollet). 
From lake Pepin to the mouth of the Missouri, the average width is about 1 mile. 
Pributa1·ies.-Tbe 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 
Land-office surveys; below the St. Peter's river, the lengths of the 

Table of chief 
tributaries. 

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:-

Tributar·ies of the Upper Mississippi. 

Distance Distance 
of mouth Length of 

of month 

Name. above Remarks. Name. above Length or Remarks. 
mouth of tributary. mouth of tributary. 

l!i ouri. Missonri. 

Miles . Milu. Niles . Miles . 

Source branch ....... .... . 1324 Itascll l!lke. Elk or St. Fr!lncisriver 705 100 

~ · urtle river ............... 11 0 40 Cass lake. Crow river ..... .. .. ...... 699 

Leech-lake river .... .... . 1109 50 ]'tum river ............... 690 150 

i\litsh-kudens river ..... 1053 Ri ce river ............. . 683 

Swnn river ........... ..... 998 Rapids intervening. St. Peter's river .... .... 6fl3 

, andy-lnkc river ........ 9GO " St. Croix river ......... 631 168 

Willow river .............. 930 Vermilion river ........ 630 

Pine river .. . .............. 63 140 " Cannon ri ver ......... .. 611 82 

Crow-wing river ......... 815 Chippcway river ....... 581 165 

No kay river ............... 06 Em banns river ......... 562 

13cllc Prairie creek ...... 7!!6 White river ............ .. 560 

Elk creek ............ ...... 7 2 mack and J_,a Crosse 
]'ike crock .. .............. 7 7 rivers ........ ..... ..... 51G 128 lll~tck river. 

Swan river ............ .... 7 6 ltool river ............... 511 83 

Two rivers ................ 777 pper Iowa. river ..... . 489 

punk river ............... 773 Wisconsin river .... _. .. 448 338 

]'!aU c river ............... 771 Turkey river .. ..... ..... 425 

J,ittlo Rock creek ....... 760 Wa.bcsipinni con river 320 205 

Watab and Winnebago Rock river ...... ........ 291 245 

rivers .................... 757 Cedar river ........ ...... 245 255 

Lower W a tab .......... · 754 Skunk river ............. 205 

Sank river ................ 752 Rapids 1 mile. Des Moines river ...... 165 402 

Tee hondo river ......... · 744 Illinois river ............ 24 397 

Clenr-waler river ....... 736 i\lissouri river . .. ....... 0 

Of these tributaries, St. Peter's river alone is at the same time comparatively 
unknown and of sufficjent importance to require a description here. According to 
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Mr. Nicollet it has its source among a magnificent group of lakes at the 
St. Peter's river. 

very head of the Cotea,u des prairies, the elevation above the sea being 
1896 feet. It flows for fL disbnce of about 50 miles in an easterly direction, when it 
expands into what is improperly called a lake-Big-Stone lake. At the point where 
it enters, it is, according to Mr. Keating, July, 1823, " less than 7 yards wide." Big­
Stone lake has a width of about 2 miles, a length of 30 miles, and rm elevation of 966 
feet. Upon reaching a point 35 miles below the lake, the river expands again into 
what is known as Lac qui Parle, which is from 1 to 2 miles wide and extends 6 miles. 
In the intervening space it receives three tributaries, but Mr. Keating, July, 1823, 
describes it as "a mere rivulet 20 to 30 feet wide." Thence to Patterson's rapids the 
distance is 61 miles, and the river receives several tributaries of small size. Mr. Keat­
ing says, " in fact they are mere brooks conveying waters on the crest of the ridge" 
(of the Coteau); " but probably about the spring of the year they a,re much swollen 
by the thawing of the snow and ice upon the ridge ; it is in this manner tha,t we may 
account for the water-mark found along the bluffs which enclose their compamtively 
large valleys." Thus f:tr the stre:tm bas nowhere a width of "more than 15 or 20 
yards," and " is everywhere fordable." "1~he 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 ba,re. The trees con ist principal ly 
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 (me:tning Blue­
earth) river enters 32 miles below. This latter stream is thus described by Mr. Nicollet: 

"The Mankato becomes navigable with boats within a few miles of its sources. It 
is deep, with a moderate current along a great portion of its cour. c, but becomes very 
rapid at its approach to the St. Peter's. Its bed is na,rrowly walled up by banks rising 
to an elevation of from GO to 80 feet, and rea,ching up to the uplands through which 
the river flows. These banks are frequently cliffs or vertical escarpments. The 
breadth of the river is pretty uniformly from 80 to 120 feet wid ; and the average 
breadth of the valley through which it flows, carcely a quarter of a mile. The latter 
as weli as the high ground · arc well w odcd; the timber beginning to spread out on 
both shores, especially since they have become less frequented by the Sioux hunters 
and are not so often fired." 

"The great number of the navigable tributaries of the Mankato, spreading them­
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; others apparently less favored but open 
to improvement; the whole toge ther bestow upon the region a mo. t picture::;que a,ppear­
ancc." Mr. Nicollet gave it "the name of ndine Region." 

At the point where the .Mankato join::; St. Peter's river the latter turns its course at 
a right angle and 1-lows northwest to the Mississippi, the intervening distance being 148 
miles by the menndcrings of the stream. 

The following facts respecting th Illinois river are taken from the report of Cap­

The Illinois 
river. 

tain Stansbury, Corps Topl. Engrs., . '.A., dated in 1 38. The river 
bottom lands are from 2 to 10 mile::; wide, and raised only a few feet 
above the usual level of the str am. 1'hey have a sandy and alluvial 

soil. The immedia,te banks are low alluvial swamps skirted by lagoons, most of them 
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connected with the river and overflowed every freshet from 1 to 15 feet. The current 
is gentle and uniform up to Peru, some 250 miles above the mouth. ExceptinO' for t 

l 
. d . f . . b wo 

summer months, t 1e n ver a mtts o nav1 gatwn as far as this town with boats of 3 feet 
draught. The only ob. tructions are bars, which are usually dia.gonal, and sometimes 
even parallel to the current. . Their position is shown at low water by the weeds which 
cover them. The bars remam unaltered unless destroyed by ice. Sometimes they are 
mere lumps with deep water surrounding them. 

OlliO BASIN. 

The Ohio river drains the northeast portion of the Mississippi basin-a fertile and 
populous region throughout nearly its whole extent. The southern 
tributaries ri e in the Alleghany mountains, and flow northward through 
a.n undulatin O' and beautiful country to the main stream. The northern 

0 

Character of 
the basin. 

tributaries have their source in the cr:est of t~e level plateau which lies immediately 
south of the great lake , at an elevatwn varymg from 500 to 1000 feet above their 
wa.tcr surfaces, and flow .southward th.rough .a f~rti le prairie and undulating country to 
the Ohio. The boundanes of the basm are md1cated on plate I, and its character is so 
well known as to require no description here. Its total area is 214,000 square miles. 

Ohio 1·i&er.-The Ohio is formed by the junction of the Alleghany and Monono·ahela 
rivers. The former, which is the principal branch, rises in the moun-

0 

tains of Pennsylvania, the latter in tho e of Virginia. Throughout its Character of 
the river. 

whole length (9 7.~ miles) the river flows with a gentle current, unin-
terrupted by rapids except a t the " falls 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. 
'l'h e Ohio in low water i a succession of long pools and ripples, with a current alter-

nately sluggi h and. ra.picl. The !Jars in the upper part of the river are mainly composed 
of gravel, and in the lower part, of shifting sa.nd. 

Of the Alleghany branch, nothing need be Raid except that near its sources it flows 
between hill , th rouO'h a Yery narrow strip of fertile bottom la.nd, and with a more 
uniform lope than ncar the mouth, where it traverses a rocky and precipitous ravine, 
with a. bed. composed. mainly of sandstone or gravel-bars. [Captain Hughes, Topl. 
Engr . . , . '. A.] 

Of the Mononga.hcln. branch, orne curious facts stated by Dr. ·william Howard in 1833 
merit attention. It ri.-e. in the Alleghany mountains and subordinate ranges in Vir­
ginia., and is formed by the junction of the East and West branches and Cheat river. The 
Conner streams head in Laurel ridge, and flow in rocky channels. The tributaries of 

heat river ri. e in the ummit of the Alleghanics, and form mountain torrents until they 
unite in a ri ver scarcely le wild than themselves. The Cheat forces its way through 
clc p gorge with nearly perpend~cula~ side-slo~es t~ the Mo~1ongahela, falling 2400 feet 
in the la ·t 0 mile . Below the JUnctwn the n ver 1s gentle m character. It winds with 
a crpentin cour c, without islands, through a terraced valley. Its lope here is less than 
that of th Ohio. Thus the fa.ll from the mouth of Cheat river to Brownsville (3G miles) 
is 4:4 feet, or 1.:W feet per mile, and from Brownsville to Pittsburg (55 miles), only 31 
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feet, or 0.56 of a foot per mile; while the corresponding fall of the Ohio near Pittsburg 
is about 1 foot per mile. The fn,ll of the MonongahelfL, above the junction of Cheat 
river, averages n,bout 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 Brownsville 
being 15 or 20 feet more than at Pittsburg. At low water the Monongahela is a suc­
cession of pools separated by bars composed of gravel and loose stones, not subj ect to 
sudden changes. Its water is quite free from sedimentary matter. 

In a paper published by the Smithsonian Institution, in 18±9, Mr. E llet gives much 

Its slope. 
statistical information relative to the slope of the Ohio and of its prin­
cipal tributaries, mostly compiled from data furnished by the various . 

railroad surveys, which have so thoroughly covered the region. The following table 
is ex tracted from this paper, the distances being added from an accompanying dia-
gram:-

L ow-wate1· slope of the Ohio. 

J.ocnlity. 

.A!iles. Ji'eet . Ji'eet. 
J\'[o ulh of Ohi o ..... .... .. .............................. .. .................................... ... .. 0 275 0.00 
i\tonlh of WrLbash (appr·oximf\,loly) ............................... ..... .................... . 130 '2()7 0.17 
J~vn.n sv ill e (:1ppr oximal ely ) . . ...... . ........ ... ......... ..................................... . 
NelV Alb11ny, below the falls ......................... . ................................ .. ..... . 

187 320 0.25 
358 3:i.3 0.20 

Louisv ill e, above the fa ll s ......... .... ....................................................... . 361 377 8.00 
Cincinnati ............................................................... ... ..................... .. 515 4:32 0. 313 
l'ort smouth .................... . ............... .. ............................................... .. 620 41-1 0.40 
i\[oullt of Gren.t Kanawhf\, ....................................... .. ........................... . il4 522 0.5 1 
HeM! of Lo 'l'arl's shoal s ........................................ ............................ .. 769 555 0.60 
i\lnrielll\, (mouth of i\.[uskingum ) .......................... .. .............................. .. 800 571 0.52 
Wh eeling ........................................................................... .... .......... .. 889 620 0.55 
Pitt sburg ........... . ............................................... . ......................... ... . 
FrrLnkl in .... ..... ............................. ............ .. ...................................... . 

9i5 69!) 0.92 
]105 9GO 2.00 

Wnrr·en .................................................................................... ..... .. .. Jli5 11 87 3.24 
Chaut.nu qnc lnko ................................................................................ . 
Olenn point ...... ...... ........ ............... ..................................... ... .... ..... .. 
Month of Oswf\,ya ....................... ...... .................... . ............................ . 
Smilhport.. .. ....... ... ....................................... .. .... .... ........ . ................ . 
Coudersport ............. .. ........................... .. .......................................... . 
Surface of lake Erie ........ ... ....................... .... .................................. . 

130G 
1225 1403 4.32 

141!) 
1480 

1205 1049 6. 15 
565 

It will be noticed that these elevations correspond to the low-water period. The 
Its range be- range between extreme low and extreme high water seems to be about 
tween low and 45 feet throughout the en tire river. Thus at "\V'heeling, it is 45 feet; 
high water. at Louisville, 42 feet on the falls and G'l feet below them;* at Evans-
ville, 40 feet; at Paducah, 51 feet; and at the mouth of the river, 51 feet. The usual 
range does not exceed 25 feet. 

Its low-water 
depth. 

The lea. t low-water depth on the bars, from the mouth of the river 
to Paducah, is about 3.0 fee t; thence to Louisville, 1.5 feet; thence to 
Cincinnati, 2.0 to 2.5 feet; thence to Wheeling, 1.0 foot. 

From the maps of the nited States surveys made by .M:r. C. A. Fuller, 
Bureau under the direction of aptn,in J . Saunders, U. . A., and now on file in the 

* At a medium stage of water, a rise of 1 foot on the falls makes a ri c of about 3 feet below them, until the water· 
on the fall s is about 5 feet dec] . Subsequently ihc rate of rise below is rnth t' le 8 than 2 feet. 
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of 'I'opographical Engineers, vVar Department, the mean width of the 
01 · b d p · I=> Its width and 1io between P1tts urg an omt leasant (the upper third of the area of cross-
river) is 1000 feet at low water and 1200 feet at high water, the corre- section. 

sponding areus of cross-section being about 5000 and 50,000 square feet respective} . 
These dimensio~s gradually increase until, near ~he mouth of the ri v~r, the widt{s 
become about 2o00 feet and 3000 feet, and the areas 50,000 square feet and 150 000 
square fee t, 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 discharcre of 
the .Mississippi. Its flood discharge varies of course at different localities, Its discharge. 

and has not been well determined. At Wheeling, at the top of the flood of 1849 
(May 8), when the river stood 29.0 feet above low-water mark, Mr. Ellet found the 
discharge to be abou t 200,000 cubic fee t per second. In June, 1858, the discharge at 
the mouth could not have been less than 700,000 cubic feet per second, judginO' by the 
mensurements conducted upon the Mississippi, at Columbus. 

0 
• 

r:rhe following information has been collected from reliable sources respecting the 
usual uccession of stages of the Ohio. The first rise occurs when the 

l . t b l G ll th' . Its annual snows me1t and t 1e wm er rea cs up. enera y, 1s occurs m Feb- succession 
ruary, but is sometimes b.ter. This rise is generally 10 or 15 feet of stages. 

greater than any other at Louisville. The average spring rise is about 25 feet n,t the 
mouth of the Ohio, the river remaining high about six weeks, the tributaries discharging 
their floods yery 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 airo and one or two at Louisville. 

The next regular rise is in the autumn. In October the river is always low, but 
early in NoYember, g nerally, it begins to rise and often continues to do so until the 
banks are fu ll. Thi rise, however, is not to be depended upon. It is due to autumn 
rain and ometimes occurs as late as Christmas. 

' The Ohio i ' generally lowest in August and September, when it is only navigable 
for boats of 18 inches draught. 

It fr z gen rally about Christmas, and sometimes remains frozen for four weeks. 
In 1 55 it wa frozen at Louisville sixty-five days, the longest time ever known. The 
ice from Alleghany riYer i the most daugerous for boats, as it is heavier and thicker 
than that from any other tributary . 

In fine, the u. ual succe sion of stages appears to be as follows: January, river frozen; 
February, breaking up and high; .March, high; April, high; May, falls somewhat; June, 
ri es again ; July, fall s and is low; August, very low; September, very low ; October, 
very low ; Novem ber, rise ; D cember, well up. 

At LouisYille, the greatest flood ever recorded occurred on February 22, 1832. The 
water , tood 42 fee t above low-water mark at the head of the falls and 
G4 fee t at their foot. The second flood at this city was highest on 
December 20, 1 4:7, and tood 41.2 fee t above low-water mark at the 

Its great 
floods. 

h ad of the fall ·, and 63.2 feet at their foot. In April (?), 1851, two great rises of equal 
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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 de tructive fl ood, which stood 34 feet on the fall s, 
occurred in 1854. Another about 2 feet lower attained it height on February 24, 1859, 
followed by a second rise (May 2), which stood 27 feet on the falls, or only 6 feet 
below the level of the first rise. 

Tributm·ies.-The principal tribu'tary of the Ohio is the Tennessee. The true source 
of this stream (Hol. ton ri ver) rises in the Alleghany mountains, at an 

Its tributaries. 
elevation of 2500 fee t above the level of the sea. It is a rapid stream, 

some 400 feet in width, flowing th rough a narrow valley over a rocky bed. It doubles 
its size when joined by the French Broad, a river 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 dep th, and the shoal · less fr quent. Clinch ri ver 
increa.ses the volume of the Tennessee some 50 per cent. Islamls become numerous. 
In four pln.ces the river is contracted by high promontories, and mn.de very de p and 
rapid. Below these obstructions, the course is more direct and th current gen tle and 
uniform to the Muscle shoals. These shoals ex tend 36.5 miles. They are composed of 
a stratum of compact limes tone mixed with flint. rrhe ri ver ilows over them with a 
rapid current and o0casional deep pools. It is here from 0.5 to 1 .5 miles wide, and has 
a minimum depth in low water of about 1 foot. The total fall from the head to the 
foot of the shoals is 164 feet, or n.t a mean rate of 4.4 feet p r mi le. [Snrveys of board 
of U.S. engineers.] Below the shoals, the current is gentle and uniform. The ex treme 
range between high and low water in both the Holston and French Broad is ab ut 25 
feet; just above Muscle shoals, 12 feet; on the hoals, 5 feet; at their foot, 20 feet; 28 
miles below them, 30 feet; at t he mouth of Tem1 es. ce river, about 60 fee t. The eleva­
tion above the sea at the Seven-mile ford of th Ilol ·ton in Virginia is, a.ccording to Mr. 
E llet, 1914 feet; at Chattanooga, 6±3 feet; and at the mouth (low water), 28G feet. 
These numbers indicate the mean slope betw en these tations to be 2.5 and O.G feet, 
res pee ti ve ly. 

The next tributary of the Ohio in irnportance i th umberla.nd. This stream 
rises in the Cumberland mountains, and has a rar id d cent 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 b tween bluff: som 600 fe t in h ight, and has 
a rapid current as far down as Laurel ri ver. H ere comm nces th coal region, which 
extends 13 miles down the stream. Th principal ob ·truction to navigation below is 
th e triple rapid, called Smith's hoal , where the river falls 54 fee t in about G miles. 
'rhe stream here expands from its usual width (375 feet) to about GOO feet. [Captain 
Stansbury, U. S. A..] The elevation above the ca, of th umberland at its mouth 
(low water), is, according to Mr. E llet, 2 4: fee t, and at N a ·hvill e, 3 .fi et, giving a 
mean slope in this part of it. cour e of about G.5 in he per mile. 

The following xtract from th paper of Mr. Ellet, already mentioned, present data 
of interest respecting the slope of the other tributarie of th Ohio:-

" The W a.bash, next in ucce. ion, bu t p rhap qual in v lume to the Cumb rland, 
is the la.rgest of the tributaries of the bio, hich des nd ::donn· its northern plane. 
The elevation of low water at th mouth of the vVn,bash i. 207 [! t above tide. In the 
first Dl miles, extendillg from its conflu nc with the Ohio to the mouth of Whit 
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river, the fall is 57 feet, or H inches per mile. * 
from the mouth of Little river to the Ohio, a distance 
feet, or a small fraction over 12 inches per mile. 

* * The total descent 
computed at 370 miles, is 385 

" Green river enters on the left border of the Ohio, from the State of Kentucky. 
The average inclination of this stream from Bowlino- Green on Barren river a tributary 

0 ' ' 
of Green river, to its mouth-a distance of 175 miles-is 4~ inches per mile. The 
actual fall in this distance is 60 feet, and the rate of inclination but one-third greater 
than thn.t of the lower Ohio. * * * * * * * * * 

"Kentucky river is the next important tributary which we find on ascending toward 
the north. The distance by the meanders of this stream from Three forks to its mouth 
is 25H ~1iles, and the total fall 216 feet, or 10 inches per mile. 

* * * * * * * * * * * * * 
" The Licking river from vVest Liberty to the Ohio, a distance of 231 miles, falls 

316 feet, or 16t 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. * * 

" Til e Gren,t Kanawha, the next in succession, is a navigable river, and is correctly 
represented in the profile. From Loup-creek s?oals to the .mouth of the river is 89 
miles and the descent 86 feet, or very nearly 12 mches per m1le. * * * 

"'The Li ttle Kanawha, from Bull town to Elizabethtown, lOSt miles, falls 181 feet; 
and from Elizabethtown to the Ohio, 27 t miles, the fall is 28 feet, or 12t inches per 

mile. * * * * * * * * * * * * * 
" The Scioto is not navigable. The distance from Columbus to Portsmouth is about 

100 miles by water, and the fall 302 feet. 
" The i\1uskingum, from Zanesville to Marietta, about 60 miles, falls 104 feet." 
With regard to the annual spring freshets of the tributaries, l~ttle definite informa­

tion e.xds. The Cumberland and Tennessee usually send out therr floods together and 
first. The Wabash follows. Lastly, the upper tributaries contribute their discharge. 
There is however, very little--difference in the times of these floods, and, for all practi­
cal purp~ses, they may be said. to be coinci_dent at the mouth of the Ohio. 

'The Tennes ee and Cumberland are navigable for seven months in the year; the former 
to .M u cle shoals, some 600 miles, and the latter to Burkesville, 3 70 miles. The 
Wabash is navigable to Lafayette, 335 miles, for about five months. The Kentucky and 
Green rivers and some of the smaller rivers have locks, which make them navigable for 
about ten months in ordinary years. 

YAZOO BASlN. 

The Yazoo basin consists of the Yazoo bottom and its water-shed. 
Boundaries and area.-The exterior limits of the Yazoo basin can be 
.1 traced upon La Tourrette's map, which is drawn on so large a 

easi y 1 d . . . d f 
d

. ·a· 0" r·1·dcre between smal streams rammg mto a.n away rom the 
lVl 111 0 o . . . 

b 
·end·t"ly di tin(J"mshed. Its total area 1s 13,850 square m1les. can c 1 <• o . 

The Yazoo bottom i ~ tract of alluVla.ll~nd of an .oval shape, border-
. the Missi · ·ipp1 between .Memphts and V1cksburg, and con-mg upon . 
t
·t t. 0" the western portion of the basm. (See plate II.) 

S 1 ll 1110 11 

Yazoo basin. 

scale that the 
bottom lands 

Yazoo bottom; 
its boundaries. 



82 lt E P 0 lt '1' 0 N '1' H E M 1 S S I S I P P I lU V E H.. 

In the prelimina.ry 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 R. 8, vV. and R. 9, \V., it extends south­
ward to T. 4, R. 8, W., where it pttsses around a projection of the bottom lands of Cold­
water river. From the division l ine of T.'s 4 and 5, H.. 9, vV., in De Soto county, 
it runs again in a southern direction to T. 29, H. 8, V{., in Panola county, where it runs 
around a proj ection of the bottom lands of the Tallahatchee river. From T . 28, R. 8, W ., 
in Panol:t county, it takes again a southern course toward Charleston , in 'rallalt atchee 
county, passes about a mile wes t of that town through T. 's 25, 24, 23, R 2, E., and then 
runs around a projection of the alluvion of the Yallnbu ha river. From the line of 
T allahatchee county, T . 22, R. 2, E., it turns again south, down R. 2, E., through the 
townships 21, 20, Hl, 18, 17, in Carrol l, and T. 's 1G and16, in Holmes county. · ,rhence 
it takes a southwest direction toward the southwe t corner ofT. 14, R. 1, E., in Holmes 
county; continues in that uirection to Yazoo City, where the bluff comes within a very 
short distance of the Yazoo river; and then pa ses through rang s and 7, E., town hips 
11 and 10, to a mile below Satartia.. Thence it runs through T. 19, R. 6, W. , in Yazoo 
coun ty, and through 1'.'s 18 and 19, ranges 5 and 4 W. , in \Van·en county, to Vicks­
burg. Thence the Mississippi forms its boundary northward to the Tennessee State 
line. The portion of the bottom which extend into the State of Tennes ·ee is very 
trifling in ex tent. 

Mr. Harper estim ates the area of the Y nzoo bottom in Mis. issippi at 7002 square 

Its area. 
miles. By drawing on La Tourrette's map the boundary just given, and 
accurately computing the extent of the bottom, including the strip in 

Tennessee, the entire area was foulld to be 7110 square mile.·, thus confirming the 
accuracy of Mr. Harper's computation . 

'rhis region is not entirely alluvial. The operations of thi 'urvey, together with 
It is traversed reliable information communicated by persons r siding in the bottom 
by a line of high lands, show that it is traver d by a lin of high lands, some 2 to G 
land. miles in width, which are very rarely, if ever, overflowed. They ex t nd 
from Honey island to Delta, on th Mi ·si ippi, separating th Y azo and Tallahatcbce 
rivers from the ' unfiower. The soil is uifferent from that of th r t of the bottom, and 
the ridge is believed, for many reasons, to be the true prolongation of Crow ley's ridge, 
which has heretofore been suppot>ed to terminate at Hel na. The ar a of this belt of 
high land, as nearly as it can be e timated, is about 10 quare miles. 

The en tire basin therefore con ists of: 
Area of Yazoo ~f{ ll iii'O miles. 

basin classified. llot1om Jnnds liable to be submerged........................ ...... ............................. . !i, 00 
Ridges in bottom Junds.................. ........ . ................................................. . 3 10 
Lands Jraining into bottom........................................................................ li,i40 

Toto.] b ~tsin of Yo.zoo river .......... ..... .............................................. .... 13, 50 

J.'opography of the bottom lancl8.-In its general [I ature , thi region is a vast, dent>ely 
General topog- timber d plain, sloping from tbe Mi , is ·ippi riv r toward th east, n.t a 
raphy of Yazoo mean mte of about .4 of a foot p r mil , according to the lev 1 run by 
bottom. Mr. Pattison's party near its midcll , parallel (plate IV); and sloping from 
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north to sou th , 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 natural system of drainage of thi s 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 
the bottom, and but a few miles distant from them, is found the main 

System of 
drainage. 

stream. It is known successively as the Cold-water river, as the T allahatchee river, 
and, finally, as the Yazoo r iver, and is a l arge, 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 Y allabusha. Until very recently (1852 ?) it was connected 
with the Mississippi by the Yazoo pass, a large bayou, which left the river about 10 
miles below Helena; but a levee is now built across this inlet. ·while the Yazoo tlows 
neady south, it receives comparatively little of the drainage of the swamp lands west of 
it; bLtt 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 drains or bayous. 
The principal of these are the Sunflower river, Deer creek, and Steele's bayou, but there 
are many others, which, under different names, connect the various cypress 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 
a,nnually overflowed by water which left the Mississippi through innumemble ba,yous, 
whose beds va,ried 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 dmins, 
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 off 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 occur.* 
The natural advantages presented by this system of drainage for protecting the 

Its advantages 
in an economical 
point of view. 

country from overflow are apparent. The whole region is supplied with 
natural drn.ins having ample slope to carry off its downfall, provided the 
Mississippi water can be excluded. Since none of these drains discharge 
into the Mi~ issippi, 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 narrow belts of land, and large areas are thus left 

unfiooded. 
Geology of the bottom lands.-It is impossible to give detailed information respecting 

the character of the soil, etc. of the greater part of the Yazoo bottom, G . 
. ] 1. 1 1 d d h t l "t l . " eolog10al data. since the regwn 1as been very Itt e exp ore , an w a 1 t e 1111orma-

tion has been collected has not been published. The route from the hill s 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 running 
transit and level lines across the swamp, this party collected a great deal of information 

* Thus iu ihe .A.pril rise of 1 58, the high banks of Deer creek almost entirely protected the swamps east of them 

!'rom Mississippi water. 
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concerning it, which forms the basis of this account. The line surveyed crossed the 
bottom nea.r its middl parallel of latitude, and probably gives a fair general idea of the 
whole. 

From the tertiary hill to Yazoo river, near the route surveyed, the surface soil 

Surface soil. 
is dark alluvial ea.rth, underlain by a stratum of gravel similar to that 
of the hills, but less coarse. The roads become o solid after a rain that 

the shoes of the horses hardly make any impre ion upon them. Between Yazoo river 
and MeN utt, the character of the soil is identical with that just d scribed. From 
MeN utt to Sunflower river, underlying the vegetable mould and th alluvion is a 
stratum of dark heavy clay, which, when exposed, is called " buckshot " land by the 
settlers, from its fhncied resemblance to leaden balls, when it has been baked and 
cracked by the sun. Strat a of blue clay frequently crop out in low pl::wes. After 
passing Tqmpkins' bayou, the soil contains much lime; . o much, indeed, as to whiten 
leaves lying upon it after a min. The unDower 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 lime tone or mineral springs, the latter of 
which abound on the eastern border of the !Jottom lands. From unflower river to 
Jones' bayou, the soil is generally similar to that between • unflower and McNutt, 
but in some places it begins to resemble more nearly the deposit from Missis ippi 
water. Between Jones' bayou and the Mississippi, the surface soil is composed of this 
deposit. 

The surface soil in Bolivia and ' Vashington countie i reported to be black mud 
with some calcareous marl. Limestone waters are unque tionably found in these 
counties. 

To a certain the nature of the sub-soil, inquiries w rc made rcsp cting the strata 
Sub-soil. pierced in digging wells, etc. No great variation was found in different 

parts of the swamp. At Gre nwood, many w lis wer xamined. For 
2 or 3 feet, a dark-color d alluvial stratum i · p netrat d; then a layer of heavy reel 
and yellow clay, some 1 or 20 feet thick; tb n blu lay from 2 to 4 fee t thicl ; 
then coarse gravel, which is water-b aring. At McNutt, the upper ' tratum, some 2 or 
3 feet thick, is the ordinary surface soil; next is a stratum of light-red and and cla.y, 
some 20 or 30 fee t thick. Frequently strata of blue clay, from 2 to 5 feet thick, are 
encountered 1G or 20 fe t below the surface, and at thi depth sticks and leave. arc rn t 
with. At Sunflower river, the surface soil is about 10 feet thick; then comes a stratum 
of light-red clay, some G or 7 feet thick. At 32 feet below the surface, a stratum of 
clear white sand with water is found. At Bogue l!"'aJaya, w l1 s are not u d, and cisterns 
only have been dug. The soil is light and sandy for some 10 or 20 fee t, and th n blue 
mud is found. At Bluck's mill, nea,r the mouth of Yazoo riv r, a w 11 ha · been dug 
through a tratum of hard clay conta,ining many ticks a,nd lca,v R. At 40 [let b low 
the surface, a layer of quick and wa s r ached which ro e evcral fl et in the well and 
prevented farth r progr ss. At Mr. Blake's phtntation, 10 mile above the mouth of 
Yazoo river and 1 ordering upon th hill , th strata pi rc d ar urfa oil, clay and 
sand, gravel-often containing large tre -and, lastly, blu lay, which is some 12 or 
14 feet below the surface. This blue clay und rlies all the hill s. Th s hill s contain 
much gravel a,nd limestone, and often rest upon trata of and. Near lnJ e W a hing-
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ton, some 5 miles from the Mississippi, a sycamore tree, in a state of perfect preserva­
tion, is said to have been found at a depth of 40 feet below the surface. 

The beds of Yazoo and Sunflower r ivers are both composed of the same kind of 
blue clay as that which forms the bed of the Mississippi, and what is 
a singular and interesting fact, the bottoms of these three rivers are all Beds of swamp rivers. 
upon the same absolute level, where crossed by the line of the survey . 

The preceding facts seem to warrant the conclusion that the alluvial soil of the 
entire region, which is unsurpassed in fertility, is underlain by a stratum of clay, vary­
ing from 20 to 40 feet in thickness and resting upon a stratum of gravel or sand. 

Growth on the bottom lands.-There are three classes of land in the Yazoo bottom: 
the "hi

0
o'h" land, which is rarely overflowed; the "middle" land, which 

is overflowed during the wet season ; and the low "cypress swamps," 
Forest growth. 

pa,rts of which always contain water. 
The high land sustains a growth of heavy cane, gum, white oak, 

h . k h ll · d d Upon high land. white, black, fl.nd red 1c ory, o y, sp1cewoo , ogwood, sassafras, 

walnut, and pecan. 
The middle land is covered with ash, gum, over-cup oak, black oak, Upon middle 

and hackberry. land. 
The low swamps contain cypress, many varieties of water-oaks, privet, box-elder, 

hackberry, and swamp ash. The cypress swamps, which are found in Upon low land. 
all parts of Yazoo bottom, are from 2 to 10 feet deep at low water. 
The deepest parts, near the middle, are usually with.out timber. They are unquestion­
ably the remains of lakes which have been annually filling up by deposit from the 

Mississippi river. 
The timber between Greenwood and MeN utt, on the line of the survey, is rather 

On the line 
surveyed. 

small, owing probably to the stiff nature of the soi I. From MeN utt to 
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 veget~ttion. 
The size of some of the swamp trees is enormous. One cypress log was rafted out, 

Size of the 
timber. 

which was 4 feet long, and 5 feet 4 inches in diameter at the smaller 
end. Another wa snowed at Mr. Bluck's mill, 60 feet long, and 5 feet 1 
inch in diameter at the smallest place. 

Floods iu the bottom land .-Full and exact information relative to overflow was 
collected on :Mr. Pattison's transit and level survey through the Yazoo 

d bl . . Depth of over-
bottom. (See plate II.) In Appendix F will be foun a ta e glvmg flow in 1858. 
the depth at high water, 1 5 , at stations 1000 feet apart on this line, 
which extends entirely across the middle part of the region, from the hill s to the Mis­
sissippi river, a distance of 7~.5 miles. A pr~file of this line is al.so shown on plate IV. 
East of Bogue Falaya the hne was run twice, as a check agamst errors, and tested 
thoroughly. The mean de~th of overflow on this whole route at high water, 1858, was 
2.35 fee t. If about 12 miles, not overflowed, 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 F alaya and Jones' bayou, where 
the mean depth for the 10 miles was 5.5 feet, the maximum being 12.5 feet. 
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This line was selected particularly with a view to determining as closely as possible 

Confirmation 
of this result. 

the mean overflow of the entire swamp. The resulting mean depth 
accords with the estimates of many gentlemen well acquainted with 
the region. F or instance, several months before Mr. Pattison's survey, 

Mr. John O'Malley, of Vicksburg, who has spent much of hi s li fe in the bottom, esti­
mated the depth of overflow on a line between Greenville and MeN utt, as follows:-

Estimated section of Yazoo bottom . 

T.ocality. 
Distance. 1-=:~1 
ltfiles. Feet. 

Greenville to Deet· ot·eek ... .. .............................................................. .... ........ ......... . ]() 2 
Deer creek to Bogue Fn.lay11 ............ .... ............... .. ..... .... ................... ....... .......... .... .. .. 
Bogue Fnlaya to lndinn bayou . .. ..... .............. .................................. .... ........ ..... . ..... . .. . 

6 2 
12 4 

7 0 
Sunfl ower to lll cNutt .. ..... .. ........ ... ................. ............. . ..... .. .. ...... .... ... .... .... .. ....... .... .. 25 4 l
lndi an bayou lo ~unfl owcr .. ........... .... .......................... .... .... ...... .................................... . 

------------~-------~-------

Making a total distance of 59 miles, wW1 a mean o erf:low, for the whole distance, of 
3.01 feet; a singular accordance with the result of Mr. Pattison's subsequent survey 
over an entirely different route. This, with other verbal te timony to the same effec t, 
induces the belief that about 3.0 feet is an accurate estimate of the mean depth of 
overflow in the submerged portion ?f Yazoo bottom at high water in 1858. 

Mr. P attison availed himself of every opportunity to compare exact high-water 

Relative depth 
of overflow in 
former floods . 

marks of the different great-flood years in th swamp. The following 
table exhibits th e data thu collected. The datum-plane to which the 
fi gure in the table refer i. the level of the high water of the Missis­

SJssrppi 1-iver in 1858 at Pl'cntiss. They denote, therefore, the number of feet below 
that plane of the swamp high-water marks :-

Flood-ma'rlcs in Yazoo bottom . 

- - -
1828. J 4~. ___:_9. I 

Localit y. 

f'cet. Date. Feet. DlltO. }' t . Date. J.'cet. 

- - - -
I I 

Grecnwood .......................... l l fl.i Aug. I ii. 24.2 Ang. 21. 2!. 2 
121.2 

8 mtl es above Greenwood ....... 
1\fcN utL ... ....... .................... . 20.6 August. 27.6 Ang. 2l. 24.4 I ,,. "'"" ,.;,, ... .. .... .. .......... i " , 1 i.2 I .).:! 
Rogue Falaya ........... .. ......... 

11!i. il Cleat· creek ............... .......... , I 1 i. 5 

J ShO. 

Oato. F""t. l 
-

April:W. 2 1.1 
Jfl .!i 

~lay I. 2·1.4 
l.i.2 

I 

1 61. 

Date. 

April. 

~ lay. 

I 

I 
I 

J 58. 

Foot. Dnt11. 

21.7 .July 21. 1 
17.fl July 17. 
2~.6 1 .July 18. 
1~ .8 Jul y 1:!. 
l4. 81 .July 10. 
16.0 

In 182 th depth of overflow exce d d that of any ub cqu nt flood. It is prob­
a.bl tha t the entire r (}' ion between Yazoo riv r and the Mis. issippi wa. 

::~ls :t~~~~~ing ov rflow d, as, after the water f, 11 th Indian mounds were iound 
covered with the remain of wild animal which had p ri bed on th m 

from starvation. Thi is said to h rw al o occurred in the gr at flood of 1782. In 
1828 the rains be00'an early and continued until Au crust makin cr th n.son an unu. ually 

' n 
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vret one. The tributaries of the Yazoo and Ta.llahatchee were flooded, and the swamp 
was impassable from min-water before the overflow from the Mississippi entered. 

In 1844, also, the swamps were full of rain-water before the rise in 
the Mississippi occurred. This flood was not equal to that of 1858. 

In 1850 there were two distinct rises: one, the highest, in May; the 
other in June. Neither of them was equal to the highest rise in 1858. 

In 1851 the flood was about equal to that of the preceding 
year. 

Of 1844. 

Of 1850. 

Of 1851. 

In 1858 the swamps were impassable from rain-water before the Mississippi rose. 
Even on the first of January this was the case on the route between 
Prentiss and MeNu tt, and the survey of the line was for this reason Of 1858· 

deferred until low water. During the spring the Yazoo and its tributaries were within 
5 feet of extreme high water. There were two distinct overflows in the swamp: one in 
April , of very short duration; the other in June and July. The latter was much the 
higher of the two, and covered on July 15, as already seen, 6800 square miles of the 
swamp to a mean depth of about 3.0 feet. It was probably the deepest overflow which 
has occurred since the flood of 1828, although not very different from those of 1850 
and 1851. 

There are in many parts of the swamp extraordinary high-water marks, which have 
given rise to much speculation, being too high to have been made by a 
general flood, unless by one which far exceeded any of those known to 
the present generation. One of these marks is 4.3 fee t above the high­
water level of 1858. It is distant about 2 miles from MeN utt, in a 

Traditional 
flood-marks 
in swamp. 

lake, or rather a kind of drrtin fro m the swamp to the Tallahatchee river, which dis­
charges much water when the swamp::; are flooded. There are also two large inlets to 
this dmin from Tallahatchee river: one 10, and the other 20 miles above McNutt. 
This high-water mn,rk 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 un u::;ually 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 situn,ted 
that it can only be accounted for upon the supposition of a general overflow, they cannot 
be accep ted as evidences of the occurrence of a flood in former times greatly surpassing 
all those of which there is record or tradition. 

Yc.~:zoo 1·iver.-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
hatchee, and then as Tallahatchee river until joined by the Yallabusha. 
Below the latter junction it assumes its proper name-Yazoo river. 

Yazoo river; 
its character, 
slope, and 
cross-section. 

~rhe 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 a 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 cros::;-section is, near Greenwood, 17,000 
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square feet, and just below the mouth of Steele's bayou, 0,000 , quare feet; the differ­
ence being mainly due to the swamp tributaries.* Its range at Greenwood is 36 feet; 
at Yazoo City, 35 feet; and at its mouth, 48 feet. Its total fall at high water, from 
Greenwood to its mouth, is shown by the levels of thi s Survey to be about 40 fee t, 
giving a mean slope per mile, in thi distance, of 0.16 of a foot. Its current is sluggish, 
rarely exceeding 3 miles per hour below Greenwood, even in the swiftes t part of the 
stream. 

The total annual discharge of the Yazoo river can be es timated in the fo llowing 

Its annual 
discharge. 

manner. The area of the entire Yazoo basin, as already seen, is 13,850 
square miles. The mean annual downfa.ll in this part of the Mississippi 
valley is (see Chapter II) about 46 inches. In 1 58 it was 54 inches. 

By a process hereafter explained, it is demonstrated that 0.05 of the entire downfn.ll 
in this basin in the year 1858 eventually drained into the Mi sissippi. It is safe, there­
fore, to as:mrne 0.9 as the usmLl value of thi s ratio. This give:; 1,3 · 0,000,000,000 cubic 
feet for the mean a.nnua.l di charge of the Yazoo river; a quantity nearly one-fourteenth 
part of the mean ann ual discharge of the Missi ippi. 

The floods of the Yazoo river proper, cxclu i ve of the Mi sissippi water, are i rreg­

Its ftoods. 
ular in the time of their occurr nee. There i generally, however, a 
flood in February and March, and often anoth r in the autumn. The 

river is usually low from J nne to December. 
The Mississippi levees have already effected a great change in the regimen of the 

n ver. 
Formerly, even as recen tly as 1850, the Mississippi began to pour into the swamp in 

Its former 
regimen. 

large quantities when fully 10 feet below hi gh water. This water fill eJ 
up the bottom lands and pa s d throu ()'h the innum r~tbl e drains to 
Yazoo r iver, causing it to di charge tmzfonaly a rp·eat ·volume of water 

back into the Jlfi si.s ·ippi, even at the top of the highest flood . This fact is established by 
the direct evidence of many who sp ak from personal know] dge. It was particularly 
noted in 182 and 1850, when the el city of th current in Ya%oo river is stated by 
eye-witnes. es to have exceeded even that of the Mi i ippi its lf. It may, therefore, 
be doubted whether the e swamp land reduced in th l a t th di ·charge at the top of 
the floods, at points below them, before the leve were mad . Ev n in 1 58, when the 
water was excluded until the riv r wa very high (and when, ther for , the swamps 
should, if ever, have s rved ~ts res rvoir ) , at th actual top of the flood, the Yazoo 
r iver, by measurements, returned 129,000 cubic feet per econd at the date of high st 
water at Vicksburg (June 27) to the water-prism, which in pa sing the ntire front of 
Yazoo bottom had lo t only 124,000 cubic fee t per econd by crevas es. There is a grave 
error, therefore, in the following views : "Th tl ads of the Mis i ippi are produced by 
water which docs not go into the swamps at all, but which de ends through the main 
channel of the river, aid d by the di. charge re ·eived from the tributari s on the way. 
The h ight of the flood at any point depend on the volum that i brought down by 
t he river and it tributaries, and not by th di charge from the swamps. But, after the 

-- -- -------
*Sec Appendix ' for detn.ilcd information respecting thcs sections and those of the tri butaries crossed by ~h . 

Pattison's party. 
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riva 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 VI, 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 for 70 miles) during 
rapid rises of the Mississippi. If there happen, however, to be freshets 
in some of its tributaries, the Yazoo may maintain its discharge even in 

Its present 
regimen. 

very rapid ri ses 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 Mississippi 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 
mouth of theY azoo river, within the last eight or ten years . Formerly 
the floods were clear. Now they are becoming more and more muddy 
every year, probably from the increased cultivation of the· banks of the 

nver. 
No general system of leveeing hu,s yet been adopted for this river, 

but several private levees have been made on its banks and on those of 

Change in 
color of 
the water. 

Yazoo levees. 

its bayous. 
The following facts were collected relative to the Yazoo river during the flood of 

1858. At Greenwood there was a great freshet in J anuary; the river 
again rose, from rain-water alone, so as to be in April within 5 feet of 
extreme high water. It then fell rapidly some 20 feet. When the 

Yazoo river 
in 1858. 

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 1 50. 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 ve ry closely the oscillations marked by the Vick:sburg gauge. 
Exact measurements of discharge were made from time to time at this locality, so that 
the daily di. charge during the flood is accurately known. (See Appendix E.) 

Indian mott11ds, etc.-Indian mounds are to be found throughout the entire bottom. 

Traces of a 
former race 
of inhabitants. 

They are evidently u,rtificial, being composed of the ordinary swamp 
soil, and containing bones, articles of pottery, etc. These mounds are 
e pecially numerou · near Sunflower river, as are also Indian burial 
places. In one locality the caving of the river ba.nk has exposed many 
human bones a.nd other relics of the former occupants of this region. The great age 
of these mounds ma.y be inferred from the fa.ct that some of the largest trees of the 
region are now growing upon them. On the banks of the Yazoo river many shell 
mounds exi t. They are above overflow, and are made of the shells of fresh-water 
muscles, such a. 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 
reported to exi tin the swamps, but none were examined by the parties of this Survey. 

----- --------

* lleport on the Overflow of the Delta of the Mississippi , by Charles Ellet, Jr., C. E. 
12* 
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HMHNS OF S ~!ALL DIRECT TRinUTARTES. 

The great divisions already described comprise nearly the whole of the baflin of the 
Mississippi, but there are a few small streams which discharge directly into the main 
river below th e junction of the Missouri and Upper Mi~R i ssippi, and which n.rc, there­
fore,. not included. These will be briefly noti ced under four heads: the Mara.mec, the 
Kaskaskia, the Obion, and t he Big-Black basins. 

~fwramec basin.-The northern slope of th e as tern portion of the Ozark mountn.ins 
drains into the Maramec river, a stream which enters the Missi::;sippi a few miles below 
St. Louis. This basin is billy in ch arn.cter, contn.in ing no lands li able to inundation. 
Its area, taken from Huta,wa's sectional map of .Missouri, is 54:70 squ ;.n:c miles. This 
estimate includes all the .country be tween the Missouri and Cape Girn.rdeau, on the 
right bank, which dmins directly into the Mi. i ·sippi . 

J(usl.·askia ba.s£n .-Under this head is includ d all t he region draining into th e 
Missi . .,sippi on the left bank, betwe n th e m onth of the ~fis. ouri and t he mouth of tho 
Ohio. It is nn.med from its principal stream, although th rc are others of considerab le 
size-the Big Muddy, for ins ta ll ce. Th e cou ntry i mainly pmiri ', but, upon t l1c 
immediate bank of the Mississippi, a considerable a rea is liable to inund ati on in grca,t 
floods. The "American bottom," between t he mouth of the ~Iis::>o uri and Kaskaskia 
rivers, contains th e great r part of this swamp country, but there ir:; another limited 
belt aboYe Cairo. The area of the whole basin is about 9420 square miles . 

The Kaskaskia river itself resembles the Illinoi . It fl ows with a very crooked 
course through n. h eavily timbered alluvia.l bottom, liable to be overflowed to a <lepth 
of 8 or 10 fee t in freshe ts. Its bed is a lmost dry in the summer, but, when high, the 
stream has a strong current. 

Obion basi11.-Between the Ohio river and the head of th e Yazoo basin li es an 
ext ndcd tract of country, which, for want of a better nn.me, has be n der-; igna teJ. the 
Obion ba ·in. It is drained by four n arly I arall l ri ve r. : the Obion, the Forkeu-de r, 
the H atchee, and the Wolf ; the H at he alon being, pr perly speaking, a na.vign.ble 
stream. 'rhe area of the entire region is a.b ut 10,250 square mil . 

This regio)1 is in the main a.n upland, hilly cou ntry, but, a hown on plate II, th e 
Obion and Fork cl-deer rivers flow through om what ext n. ive swamps near their 
months. It is generally b lieved that the great en.rthquake in 1 11, which c1 epr 'S ·cd 
so much country on the opposite bank, materially in cr ased the ar a of these swfl.lllps. 

The Ilatchce river, before certain rai lroad~ were bttilt, w:ts a n itnportant avenue for 
transporting cotton from t he interior to the Missi::;sipp i. I t iH na.v iga.ble to Bulivar­
sorne 150 miles-from four to six month in the year; it u 'Ual rnnge b tween low an<l 
high water being n.bout 15 fee t at Bolivar and 0 ii et at its mouth. lts averag high­
water width is about 350 feet, and its high-water ro. . ction about 000 square feet. 

Big-Black basin.-'rhe region dmining in to tb .Mis::; i::;s ippi b tween the mouth of 
the Yazoo river and the alluvi:d lands b 1 w Ba ton RouO' is clas c1 under this general 
head. It is drain d by many tream , th two principal b ' ing the Big Black, whi l1 
enters the Mississippi just above r and Gulf, and the H olllo 1hi ttu, which cnl 'rs below 
Elli s cliffs. E xcepting a narrow strip along th immediat bank of the MissiHs ippi , this 
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whole basin is made up of a rolling, hilly country, entirely above any danger of 
inundation. Its area is about 7260 square miles. 

Sttmmary.-These small basins compose all of the Mississippi valley not included in 
the preceding grand subdivisions. Their total area is as follows:-

Sqtuuo miles. 

Maramec basin .......... . ······ ··· ·· ······ · ··· · ····· ········· ·· ··· ····... ..... . . .. . ... .. 5,470 
Kn skaski!l. bas in .. . .. . ..... . · ·· ··· ··· ·· · ···.... ... ... ............. .......... .... ...... .. 9,420 
Obion basi n ...... ... ..... ............... .. .................................... . .. ..... ... 10,250 
Big-Black basin......... .. ......... . .............. .. .... ............................... 7, 260 

Total. .... .. ..... .. ....... .... ............. .. ............... ............ ....... .. . 32,400 

'I' his 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 i generally upposed. In other respects it possesses but little interest in 
the discussions of this report, a small portion of it, only, being subject to overflow. 

TABULAR SUMMARY. 

It is often convenient to be able to refer to a condensed tabular exhibit of the prin­
cipal 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 description 
of its several subdivisions, and partly from the next chap ter, where the main river is 
trea ted. All the importan t 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 t1ibuta1·ies. 

I Elevation Width Least low· Hnngo be- Area of 
Di >~Umce Fall per water tween low cross-sec- Remarks. Hivcr. from above sea. mile. between depth upon and high lion at high 
mouth. I banks. tho bo.rs. water. water. 

Milu. I Feet. Feet. Feet. Feet. Feet. Sq. feet. 
Ohio river. \low water Area of basin, 214,000 sq .m. 

Couderspol'l ............... 126.5 1649 Downfall of m in, 4 l. 5 in. 

Olenn point ................ 1:!:!5 
I 

1403 6. 15 
I 

Annuttl disc lmrge, 5,000,-

WruTcn .... ...... ..... ... ... 11 i -) 118i 4.3:l 000,000, 000 ou. ft. 

Franklin ................... 1105 960 3.24 Ratio between downfall 

Pill sbut·g ............ .. .... 9i5 I 699 2.00 

}1200 }50,000 
nnd dra in age, 0. 24 

Wbc ling ............. ...... 9 6:l0 0.9:2 

} 
45 l\Icl1n disc hMge per sec-

Marietta 00 5il 0.55 ond, 158,000 cu. ft. 

Head Lc ·r~;:L;~·~h·~;l·~:·.: 769 555 0.52 1.0 
Mouth Great Kanawha. il4 5~2 0.60 
Port mouth ....... .. .. ..... 620 474 0.51 
Ci ncinnati ................ 515 '132 0.40 } 2.0 
Above falls ......... ....... 361 377 0. 36 42 

llclow f11ll s ......... .. ...... 358 363 

I 
8.00 } 

64 

E1•11nsvillc ................. 1 7 

I 
320 0.20 

} 3000 
1.5 40 

}150,000 

l 
)louth Waba h ....... .... 130 297 0.25 

Mout h ...................... 0 275 
I 

0.17 ~ 3.0 51 

- -- --
-
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Distance 
from 

mouth. 

J·: Icvntion 
1\bovo Hca. 

Fnll per 
mile. 

Width 
between 
banks. 

I 
I~onst l ow~ I Rouge be· 

wntC' r tWC(· n low 
depth upou nrlfl high 

rho hnrs. water. 

Ar(la of 
cro~s- scc­

tion nthigh 
water. 

HC' mnr·ks. 

------------- ----- ----1- -- --=----1----1----t----1---------

Upper llfississippi. I Utmost source ............ . 
It :tsc11. lnk c ................ . 
Entr11.ncc to T.n.c'f ravers 
En imnco to la ke Cnss ... 
i\ lonrh J.occh-lilke rive1· 
II end fall ~ of Pcckaga mn 
!\Lout II Swan river .... ... 
Mouth Sflndy- lnkc river 
J\1 oUih ]'inc ri ver ......... 
:11 outh Crow-wing river. 
S t. l'aul .... .. ........... .. .. 
La C1·ossc ................ .. 
Pmiric du Chien ... .... .. 
ll cad'R ock-I sl'd rapids .. 
Fort Itock-Jsl'cl mpids .. 
Mouth ~li sso ul'i .... .... .. 

---==-==-- --==== -· -
Jlfissouri river . 
Source Mndi son fork . .. . 
Tl1ree fod<s Missouri ... . 
Mouth 'un river· ........ .. 
F oot of fa ll s .... .... .. .... . 

.Jfitcs. 

1330 
1324 
1234 
ll 89 
11 09 
106 1 
098 
!)60 
SG3 
815 
658 
5 14 
453 
310 
295 

0 

Feet. 
low wntcr 

l GSO 
] ;)75 
1456 
11U2 
135() 
13-W 
1290 
1253 
117() 
JJ 30 

(;70 
G30 
600 
505 
483 
381 

F eet. 

17.50 
1. 32 
1.20 
O . .'i7 
0. 33 
0. 73 
0.95 
0.7!J 
0 .!)5 
2.9:: 
0.:22 
0.64 
0.66 
1.4i 
0. 3& 

Feet. 

] .'j 

1fi0 
175 

} l:W 

300 

-- ===-=-:'==-==~-
lowwa.tcr 

29.52 
5.5'1 

Feet . 

2.0 

20 

Feet. 

20.0 

20.0 
14. 0 
18.5 
16.0 

35.0 

Sq. feet. 
ilrcnofb:ts in J(j!) OOO sq.m. 
Dow nfnll of ;.!l. in ,' 35.2 in. 

50 An unnl J iscbnrge, 3,300, -
000,000,000 cu. fj . 

1,400 ltltl io bet ween I own fall 
nnd drninngc, 0. 24. 

:l lean di scharge per sec­
ond, 105, 000 cu . ft. 

Arca ofbns in , !i 18,000sq m. 
Downfn.ll of min, 20. !l in . 
Annun I di scharge, 3,780-

000, 000, 000 cu . ft. 

At .Fort :Bento n .......... . 
At Fort Uni on ............ . 
At For t Pieno ........... . 

2!)08 
2824 
:Ui89 
2(;70 
2644 
1804 
124() 

6800(?) 
-131!) 
85 73 
2!JG-I 
2845 
218 
1475 
1065 

31. 59 
4.56 
0.88 
1. 10 
1.01 
0.86 
0.77 

I 
Ratio between Jownfnll 

} 1500 l a nd droiJHtge, 0.16. 

I 

i\! ean discharg per sec-

}2500 J 1.0 I ond, 120,000 cu. ft. 
At Siou x Cit y .. .. ......... 1 
At St. Joseph . .... . .... .. . 
At mouth ....... . ......... .. 

I 

842 
484 

0 
75o 
381 

I 

} 
20 } 

~ 3~-0--~~--~~-3-5~~==75~·~~0~0~1==~~·~-~-==~~==~ 
Arkansas river. high wat. 

So urce ...................... 15 14 10000 } 
M.onth Boi ling-sprin g r. 1364 4880 34.1 3 J 50 1 

Mouth Ap ishpn cr eek... 132:{ 4a 7J 1:2. ·11 
Near Hcn1 's Fort.. ....... 128!) 3672 20.56 } 
NcnrFortAtk in son ...... 10!J5 :.!331 G.O l 

1 
5000 } 0.0 } (i } 30,000 

G1·cn.t bend .. .. .. .. .. ...... !lfl::l 1 (;58 G.53 I 

Ncm·~ortGibst~n ......... ~~~ ~61 u 3
1

.1
1

4 } } l.O 21 ~ } 
ca1' • 01'1 1111 ].. ...... .. i.l-:.. 'j- • II 1500 } ,) 70 000 

Ncar Lit1le Rock. ...... .. 250 252 0. 61 35 ' 
~l ou lb .. ..................... 0 162 0.36 2·0 45 

====~==i:==:i===i===i=====i==-==1_-=-
R ed river. I 

Source .................... .. 
At Pres ton .. .... . .. .. ... . .. 
A t. l"ult on ................. . 
At h ead of rnfl ........ .. .. 
,\ t Shreveport. ... ....... .. 
i\f out h Blnck river ..... .. 
Mouth .......... .. .......... . 

Yazoo river. 

1200 
820 
595 
405 
330 

30 
0 

Horn lake.................. 500 
Greenwood .... .... ......... 240 
Mouth ... ........ .. .......... 0 

high wnt. 
2450 

{)4 1 
242 
207 
180 
5 
54 

l
bigh wat. 

210 
140 
103 

4.80 
1.80 
LO 
0.36 
0.41 
0.14 

0.27 
0. 16 

I 
} 850 

- . -

1. 0 

3.0 

} 2.5 

40 
35 
10 
2;i 

} 45 

86 
4 

17,000 
50,000 

Arefl of basin ( in cluuin g 
Whiter.), 1 9,000 ijq. m. 

Downfnll of m in (includ­
in g Wbi1 r .), 29.3 in . 

. \n nun l li schn.r gc (includ­
in g Whit e l'i ve1·), 2,000,-
000,000,000 en . ft. 

Hatio between downfn\1 
and dminagc, 0.15. 
lenn di sch nrg per sec­
ond (i ncluding White riv ­
er), 63,000 cu. fl .. 

At·ea of bas in, 97,000 sq. m. 
Downfall or rnin, 3fl.O in . 
An nual di schar g , 1,800,-

0 0, uoo, 000 cu. ft. 
Rnti o between downfnll 

nnd dmi nngc, 0.20. 
:\[ean di schnrgc per s e­

nd, 57,000 cu. f l. 

Area of bn in, 13,850sq.m. 
Downfnll f roin, 46.3 in. 
Annun l <li schnJ·gc, 1,350,-

000,000,000 cu. ft . 
R nt io b tween downft>ll 

and drainage, 0.00. 
~l ean discharge per sec­

ond, 43,000 cu. n. 
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I I I~CI18t lOW· Hnngc be- Area. of Distance ; J~ l evati on Fall per 

I 
Width water tween low cross-sec-HiYI'f , from I nboYo sea. mil e. between depth upon and bi gh tion at high 

ncmn.rks. 
mouth. banks. the bars. water. water. 

ilfiles. I .Feet. I Feet. I Feet. Feet. Feet. Sq. feet. 
St. F1·ancis river. highwat . Area of basin, 10,500 sq . rn. 

Source ...................... 380 11 50 

I 
Downfall of rain, 41. 1 in. 

llettd swnmp r egion ...... 275 I 330 I 7.81 9,400 Ann uttl di scharge, !)90,-
Ch alk blutrs .. .. ....... ..... 225 280 1.00 2,300 1 ooo. ooo. ooo cu. n. 

I 
M. nnd L. l{,. railroad ... , 55 209 0.42 I} 700 } 40 21,000 Ratio between downfall 
Mouth ....................... 0 200 0.16 37,000 and drainnge, 0. 90. 

Mean discharge per sec-

I I I ond, 31,000 cu. ft. 

-= I 
ilfain 11/ississippi. I high wat. Drninnge area, 1,244,000 

Mouth of Missouri ...... 1286 416.0 } square mi les. 
Si. Louis ... .. .............. 1:?70 408.0 0.500 2.0 37.0 Downfall of rain, 30.4 in. 
Cai1·o ..................... .. . 1097 322.0 0.497 

}4470 
51.0 

}Hll,OOO 
Annual discharge (includ-

Columbu s .................. 1 
1076 310.0 0.571 } 5.0 47.0 ing 3 outlet bn.yous), 

Memp his ......... . ......... 872 22l.O 0.436 40.0 21,300,000,000,000 cu. ft. 

I Gaines' landing ........... 
1 

647 1:!9.0 I 0.320 
}4080 } }l!JQ,OOO 

Ratio between downf:11l 
378 66 .0 0 300 6.0 51.0 and drainage, 0.25. 

I 
Ntttchcz ..... ... .......... . ... 

316 49.5 0.266 44.3 M.ettn disch ar ge Hed-river lnnding ........ 

1 

per sec-
l3n. ton Rougo .............. 245 33 .Q 0.220 

} 3000 31.1 
}200,000 oncl, 675,000 cu. ft. 

Donald sonville ............ 193 25.8 0 156 24.3 
Cnnollton ............. .. .. 121 15.2 0.147 

}2470 
14.4 

}Hl9,000 I Fori St. J'hilip ........ .. .. 37 5.2 0.119 4 5 
Head of pn.sses ............ 17 2.9 0.115 

I 
2.3 

Gulf .................... ... .... 0 0.0 0. 171 0.0 
I 

.. 



CHAPTER II. 

THE MISSISSIPPI RIVER BELOW THE J UNC1'ION OF TilE MISSOURI. 

Geol ogy of the ri ver banks. -Geology of the chan.nel. - Age of the blue clay. -Artesian well at New Orl eans.­
Growth upon the r iver banks.- Changcs of the bccl.- Oscill at ions of the gulf and their effects upon the lakes and 
rive r.- Tidal oscill ations of the river.-Hurricanes and their effects.- Rangc of the Mississ ipp i between low and 
high water.-Elevation abo ve the gulf of the su rface of the rivcr.-Usual succession of stages.- Dimeusions of 
cross-section.- Yearly amount of rain in the basin.- Annual discharge of the Uississippi and of its principal 
tributaries.- llow tl1e form er may readil y be measured.-Ratio between rain and drainage in the basin .­
Scdimentary m11tter in Mississippi w11ter.-Matter rolling along upon tbc bottom.- Temperature of the water.­
IIistory of the progress of levees in the Mi sissip pi valley.- Levee organization in the different sta tes.- Dimen­
sions and cost of existing levees.- The earlier fl oods.- Those of 1828, 1844, 1849, 1850, 1 51, 1858, ancll859. 

AT the mouth of the Missouri the Mississippi r iver first assumes its characteri stic 

Introductory 
remarks. 

appearance of a turbid and boiling torrent, immense in volume and 
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 t ributary, without visible 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 mag­
nitude and motion. Seemingly unrestrained, th Mississippi is r ally governed by laws, 
the development of which was the first object of these investigations. The present 
chapter, illustrated by plate II, is designed to give an introductory synopsis of the 
physical characteristics of the river. 

1'0POGRAPliY. 

Geology of tlw 1·iver banks.-After passing the bottom lands near the mouth of the 

Right bank 
between the 
Missouri and 
the Ohio. 

Missouri, the right bank of the Mi ·sissippi is mainly composed of high 
limestone bl uffs, which . eldom recede more than a mile or two from the 
river, until Cape Girardeau is reached. Here there is a strjp of low 
land, about 4 miles in leno-th, which serves as an inlet to the t. Francis 

bottom. Commerce blu:ff.s next border the riv r for a few miles. They are about 125 
feet in height, and are composed partly of loam and clay, and partly of a flinty rock, too 
hard for profitable use in building. Th clay i hipped in large quahtities to various 
points on the Ohio river, to be u ed in the manufacture of p t tery. From the lower end 
of the bluff to the mouth of th Ohio,.th right bank is subject to overflow, except at a 
few point'3, where it consists of low, sandy ridges. 

( 94 ) 
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_ Th e left bank of the Mississippi, from the mouth of th Missouri to the mouth of 
the Ka-. kaskia, consists of a strip of low land, called the American 
bottom, which is subject to overflow in the highes t flood s. Thence to 
Commerce, the bank is formed of bln ffs like those on the opposite side of 
the river. They frequently a. · ume f<mtastic shapes, which are pro­

Left bank 
between the 
Missouri and 
the Ohio. 

perly accou nted great natural curiosit ies. From Commerce to Cairo, the left bank 
is liable to be overflowed in floods. 

From the mouth of the Ohio, the river flows mainly through an alluvi<tl region 
below the level of it floodR . It first strikes high land at Columbus. C 

1 
b b . o um us luffs. 

The bluff is on the left bank, and i · (by levels) 200 feet above the nver 
at high water. Above the town it is called the " Iron banks," from containing large 
qnantities of iron ore. It is composed of successive stra ta of coarse silicious sand, 
colored red or yellow, of coarse brown clay, of very fin e bluish clay, delicately tinted 
with lake and yel low, of fine . a nd, colored purple, red, and white, and of coarse gravel, 
lime ·tone, 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 riYer next touche high land at Hickman, on the left bank, 
Bluffs at Hick­

vvb re the bluff is similar to that at Columbu , but less interesting man. 
in its structure. 

Between ~ew :Jiadrid n.nd Point Pleasant the Missis. ippi cuts through Prolongation of 
1 'd Commerce bluffs. n. ow n ge, which is from 1 to 15 feet above overflow. This ridge 

extends southward from Commerce bluffs, and its soil is not Mississippi alluvion. 
'rhe river next touches land above overflow at the four Chickasaw bluffs on the 

left bank. The first lit.: between Islands 33 and 34; the second, be-
tween Ilatchee river nnd I ·land 35; the third, opposite Island 36; and ~~eff~.hickasaw 
the fourth, between ' Volf ri\'er n.nd the foot of Island 46 . Fulton is 
bui lt upon the fir. t, Randolph upon t he second, and Memphis on the fonrth of these 
noted blnif.-; . They avera.ge about 150 feet n.bove the level of the river at high water. 
The 1\Iemphi . bluff i.· compo ed of yellow loam, underlain near the high wn.ter level by 
n.. tratum of si li ciou~ sand. Two kinds, one white and the other yellow, are very fine 
n.nd pure. They rrre, although rath r too :fin for that purpose, used for building. They 
re t up n blue clay. 

'rhe ri,·er nex t n.ppr ache land , ecure from overflow on its right bn.nk. The bluff 
is the southern ex tremity of rowley's ridge, which apparently t rmi- , . 

t I' 1 d _, d b l f H I 1. . . Crowley s ndge. na s a 1ew 1un r u yar ac <: o elena. n rea 1ty, It reappears m 
Y nzoo bottom a ha be n already seen. This bluff is the last point near the river, on 
t he ri ght bank, which i above overflow . 

Th bank nea r 1ypre . creek, opposite I sland 77, is quite low and composed of 
n. red, tena iou · ln.y . It i. underl ain by sn.nd, and consequently caves 

Peculiar soil 
badly . It:-; peculiar color i ~ doubtless caused by sediment from water, near Island 77 
which, c cn.pin o· in floods fr m Arkau as riYer, enters the Mis. issippi by and 78. 

thi :-; reck. 'f il e fir~t bend to the right, below Island 7 , is called Yellow bend, from 
th e peculin.r color of the soil of the right bank. This soil is very tenacious clay, n.nd 

does not C'ft \ 'E'. 
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At Vicksburg, about 300 miles below Helena, the Mis issippi again approaches on 

Vicksburg bluffs 
and those below 
them on the left 
bank. 

its left bank the bluff.'l, which it continlles to wash at short intervals for 
260 miles. The points at which it touches thi s formation nre Vicksburg, 
Grand Gulf~ Rodney, a point ju t below the mouth of Cole creek (bluff 
half a mile back from river), n.bout 8 miles above Natchez, E llis cliff..;;, 

Fort Adams, Bayou Sara, Port Hudson, and Baton Rouge. From the ln.st-nn.med point 
to the gulf, the banks n.re uniformly below the high-water level of the river. 1~he 

geological formation of these bluff.-; is in teresting. They are composed of loess, a post­
pleiocene formation, similar to that of the Rhine, superpo eel upon eocene tertiary. 
That at Vicksburg, called the "\Valnut hills, is (by lev ls) 300 feet high , and underlain 
near low-water mark by a solid tratum of blue cln.y, cont:tining carbonized wood. 
Above the lat ter is a stratum containing many marine hells and corals. Next are 
deposits of yellow Joam and sand, containing vast numbers of fr sh-water shells. The 
sn.nd i ·. occasionnlly solidified into sandstone, sufficiently firm for pavements, building 
purposes, etc. The bluff at Grand Gulf is simila r in height and character. There is 
the same stratum 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 i, com­
posed of gravel and sand, containing many comls and ther fossils. Next comes a 
stratum of clay, rich in fossils of large extinct pecies of quadrupeds. The top is made 
up of yellow loam, sand, and clay, also fossi liferous. urious clay and iron concretions, 
of a dirty rust color on the outside, but hollow and delicately t inted pink and red 
on the inside, are common. Springs, and occasionally the i\Gss issippi itself, are gradun.lly 
washjng out the sandy strata in this bluff, and thus causino- cxten ive land slips. Th e 
bluff' at Port Hudson is about 100 feet high. It i. mainly composed of the yellow loam 
and silicious sand, but is underlain near low-water mark by a .'tratum of veg ta,ble 
mould, containing sticks, leaves, and the remains of a fossil for t, partly upright and 
partly horizon tal 

The Lanks of the river li able to overflow b twe n ap Gimrdea,u and t he gulf are 
alluv ial, being composed of th edim nt d posited by the river-water 

Alluvial banks. 
which flow over them in time of flood. It is hardly nece sary to ad.d 

that th ey are unsurpa .. ed in fertility. 'l'be portion of thi. new-made land u a,rc. t the 
river is the highes t, since there th depo it is greatc. t in amount and coar. est in mate­
rial. For an average di stance of about a mile the slope from the river is greatest. It 
then rapidly diminishes unti l the wamps, whi h arc cldom more than 3, and often 11 ot 
more th an 2 miles distant, are reached. The following table hows th av rage fall in 
the fir t mile. 
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Slope of the natuml banlcs of the Mississippi. 

---------------~-,--~-----------~ 

Locality. Authority. 
Fall in tlrst 

Bank. milo from 
river. 

--------------------------------------------

Ncn.r Cn.iro .... ............................................... .. 
Ncar Memphis (measured from buuk of Mill-sen.t 

lak e) ........ ............................................ .. 
Ncar Prenti ss ..... ........................................... . 
Ncar Gaines' lunding ...................................... . 
Nortl1ern bonndnry of Louisiana .............. . 
Ncn.r Lrtke Providence ........ ............................. . 
Near Natchez; measured from bank of lake Con-

cordia.... ..... .. ............... ........ ............ .... . 
G.6 miles uboYC Willinmsport. ........................... . 
1. 3 miles above Williamsport .................... .... . 
l.l elow Williamsport, near i\lorgan 's .................. .. 
New Tex as r oad ............................... .... ......... .. 
]] miles above Point Coupce church .............. . ... . 
3 miles above Wuted oo ... .......... . ........... .. . . ...... .. 
4 miles below P o1·t Hudson ............... .. ............ .. 
7 mil ·~ below Lobdell' s store ............................. . 
5 miles nbove Baton Rouge . ............................ .. 
Grosse Tete milro:td ................. · ...................... . 
(j miles below B11ton Rouge ........ .. ..................... . 
i .5 miles below Baton l{ ouge ........................... .. 
1.5 miles nbove bayou Mnnchnc ........................ . 
Opposite h•>yon l\T nnch:te ....... .......................... . 
4 miles nbovc Bayou Gonia .............................. .. 
1.5 miles nbove Bayou Goula .......................... .. 
8 miles below Bayou Goula ...... : .... ..... ............... . 
1 mile below Domeniqne's land mg ............. ..... .. .. 
3.5 miles nbove Donnldsonvil\e .................... .. ... .. 
5 mil e~ below Donnltlsonville ............................ . 
10 mil es below Donaldsonvi lle .......... .... ............ .. 
I 0 miles he low Donnldsmwille ...... .. .................. .. 
20 miles below DonaldsonYille .. ......................... . 
-1 miles 11bovc Bonnet Carre church ......... .... . ..... .. 
Upper end Bonnet Cn1Te crevasse .................. ... .. 
Lower end Bonnet Curr 6 crevasse ...................... . 
J3arnt nri l1 cn nn\.. ............................................ . 
1 milo below Ut1ratnriR canal. ......................... .. 
Nca r New Orlcnns ....... .. ............ .................... .. 
Nenr New OrleanH .......................................... . 
II 111ilcs b low :Kew Orleans ................ .. .. ........ .. 

Right. 

Right. 
Left. 
Hight. 
Right. 
Right. 

Ri ght. 
Ri ght. 
Hi ght. 
Right. 
night. 
11ight. 
llight. 
Hight. 
Higi1L. 
11ight. 
Right. 
Right. 
1\ight. 
Left.. 
Ri ght. 
Right. 
Right. 
Hight. 
Rip:ht. 
Right. 
Left .. 
I.e ft. 
Hi ght. 
Left. 
Ri ght. 
Left. 
Left. 
Hight. 
Right. 
1\ight. 
Left. 
Left. 

Feet. 
4 

6 
7 
5 
8 
8 

8 
7 
5 
0 

10 
3 

12 
0 
5 
3 

10 
13 
J2 

6 
11 
10 

6 
5 
6 
3 
5 
9 
6 
8 
7 

10 
3 
7 
4 

10 
10 

8 

Cniro and Fullon nti lrond compn.ny. 

l\Iilitary rond-i\remphis to LitLlc Rock. 
Del.ta ~u rve~ (p11r t.y of Mr. Pn.ttison). 
Games lnmllll g nnd Fulton r:>ilrond company. 
Prof~ssor C. G. Forshey. 
Prov1dence nnd Fulton railrond comp11ny. 

Delta Survey (pa1·ty of Mr. Pntlison ). 
Della Survey (pnrfy of Mr. Ford). 
Delt a Survey (pn1·ty of l\Ir. Ford). 
Delln Survey (pnrty of 1\Ir. Fo1·d) . 
Swamp-lnnd comm ission er' s office, La. 
Della Survey ( pa l'f.y of Mr. Ford ). 
Delfa Survey (pn.rty of \\h. Foru). 
Delli\ Survey (party of l\Ir. Ford ). 
Delln Survey (p11rt y of ~It·. Ford). 
Delt11 Survey ( prtrty of Mr. Ford). 
Dr. William Sidney Smith. 
Deltn Survey (pnrty of 1\lr. Ford). 
Delfn Survey (pnrfy of Mr. }'ord). 
Della Survey (party of l\Ir. Ford). 
Dcltl\ Survey !party of Mr. l?ord ). 
DeH11 Sm·vey (pa1-t.y of 1\ lr. Fo1·d). 
Della Survey (pat·ty of Mr. Ford). 
Deltn Survey (part.y of i\Ir. Ford). 
Dcltn Survey (party of 1\lr. Ford ). 
Delta Survey (party of i\lr. Ford). 
Delta Survey (party of l\Ir. Ford). 
Deltn Survey (party of Mr. Ford). 
Delta Survey fpn.rty of Mr. Ford). 
Delta Survey party of Mr. Ford). 
Dc!Ln Survey pnrty of 1\Jr. Ford). 
Delta Survey (party of Li eutenant Warren) . 
Delln. Survey (par ty of Lieutenant Warren) . 
Surveys of cnnal compn.ny. 

Della Survey (par ty of lllr. G. C. Smith). 

Del111 Su rvey ( pMty of Mr. Ford) . j 
New Orleans and Opelousas milroad compn.ny. 
l\Ir. G. \V. R. Bailey 

L_--------·----------------~~--~----~----------

The mean fall is about 7 feet. The variations shown in the table are explained 
by the fact that caving is ffecting constant chn.nges. Where levees do Th . ~ . . . . eu ~ormation. 
not ex1st, the lope of the bank honld be greatest m a part of the nver 
which has remained a loner time unclmngcd. Indeed, it would seem that natural levees 
might eventually confine the tream in such places to its channel. This has actually 
occurr d on the olorado of the West. The conditions most favorable to such a result 
arc: annual floods of nea,rly equal height; dense undergrowth on the banks; and sand 
drifting from th uncov red pnrts of the bed at low water. When, however, a bank of this 
character begin to cave, it lo es its highest land, a.nd if the change is rapid and continu­
ous, th . lope may temporarily become very much reduced. ·with levees this reduction 
becomes pennan nt. The n w land added in the mean time to the opposite bank will 
ah;o hav a gentl ·lope, becau e it will be built up about to the uniform level of the 
ol<l eugc. A ld to tbi normal cau e of change in slope, the local effects of cut-offs, 
bctyons leading from the river-who ·e ba.nks of course follow the same law as those of 

13 
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the parent stream-etc., etc., and the variations from the mean fall in the first mile, 
that arc shown in the table, are sufficiently explained. 

It is evident that this natural form of the banks necessitates the construction of the 
Important con- levees as near to the ?'i'Ver as would be safe, both to red uce their height 
seque!lceoftheir and consequently their cost to the minimum amount, and also to 
pecuhar form. secure for cultivation the highest and the best land of the valley. The 
flood depth near the edge of the na tural banks, with the levees in their present con­
dition, varies from 1 to 15 feet; the mean from Cape Girardeau to the gulf being prob­
ably about 4 feet. 

Geology of the channel.-A knowledge of the character of the bed of the Miss issippi 
river is of the highest practical importance, as will be hereafter seen, 

Bed of the river. d .~r l d' l b 1 • • an grea.t e110rts lave, a.ccor mg y, een maete to acqmre 1t. 

The numerous soundings of the Survey, between the mouth of th Ohio and Fort St. 

Samples col­
lected. 

Philip, were made with prepared leads, and the sa.mplcs of the bottom 
were carefully preserved for examin ation and comparison. The details 
of these operations are explained in Chapter IV, and the re ults exhibited 

in Appendix C. It is here propo eel to discuss the re. ults obtained . 
The samples showed-what, indeed, is evident to the eye at low water-that immen ·e 

Sand-bars. 
beds of pure silicious sand, and fine gravel, entirely free from the mudcly 
sedimentary matter with which th e water is charged, exist in the chan­

nel-way. They are found below points, in isbnd chutes, sometimes, though rarely, 
entirely across the bed, and, in general , wherever the water moves with a current too 
rapid to deposit its sediment, and ye t not suffi ciently strong to wash away all the sand 
trn.nsported to that place. The material of which these bars are compo ·ed grows fin er 
th e nearer the gulf is approached, a fact which accords with the well-known law 
of rivers that the particles of gmvel and sand in the bed are not stationary, but 
gradually roll forw ard toward the mouth under t he impube communictLted by the 
current. 

Opposite caving bend s, in the eddies below islands, and at other points where for 
any cause the current becomes nearly dead, the sediment transported 

::~~~~es. Tow- by the river-water is depo. ited, forming gently-sloping, sn.ndy, mud-
banks, called willow battures (or, if on islands, tow-h ads), from the 

growth of willows which oon makes it. appearance upon them. This process of 
land-formation servos to .fix a normal limit beyond which the river cannot increase 
its width by caving, but it cannot properly be said to affect the characte r of its true 
1Jo ttom. 

What then constitutes th ren.l bod of the riv r, npon whi h r 'st the moving snncl­
bar::; and the new willow-batture formation · . From th' mouth of the 

Sub-stratum of p ] f 
blue clay. Ohio down, at 1 ast tt. ' fn.r as Fort • ' t . hilip, it ·c ' Ill S to be composec. o · 

a single ubstance, a bard, blu or drab-colored clay . . In t he channel 
between the Ohio and Red rivers, thi ::; lay is not u::;ually found mu h fLl>ov' low-water 
mark, but it sometime::; app ars at a high r 1 'V 1 in tho !Jottorn hmd::; remote from th ' 
river, as between MeN utt and J ones' bayou in Yazoo b ttom, and be two n Washita 
river ttnd Black bayou, opposite Natch z, where it occa ·ionally crops out at the surface 
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in an impure form, constituting the "buckshot land." The formation seems to be 
widely di stributed 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 5 feet above the mean level of the gulf. The soundings indi-

th t h ' t t d 'th t · · · . General distribu-cate a ere I ex en s, WI ou mterruptlon, down mto th e Mis- tion of this clay 
sis ·ippi river to a depth of at least 153 feet below high-water mark, throughout the 
denoting a thickness of at least 128 feet. It must be remarked, how- delta proper. 

ever, 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 abou t 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 canal between Lock­
port 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 by the discharge of the several bayous is sufficient 
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 

Palourde. 
Mr. Ba.yley stn.tes that a hard, blue clay is found from 1 to 3 feet below the surface, 

or at n.bout the level of the gulf, in the Chacahoula swamp, west of the La Fourche, on 
the line of the Opelousas railroad, n.nd that it is found at about the same depth in all 
the cypress swamps west of the Mississippi in this section of country. East of the 
Mississippi, the depth at which it is found is much greater, and varies from 5 to 40 

feet below the surface of the ground. 
The cla.ys mentioned by ~Ir . Bayley and Major Blanchard, and those at the bottom 

of Grand ln.ke, probably belonO' to the same geological age as the iirst bed of clay pierced 
by the artesian well at New Orleans, at the level of the gulf. 

The fact mentioned are very important, for they prove either that 
Inferences 

t he peculiar blue clay in the bed of the river is an alluvial deposit, or that respecting this 
the thicknes of the alluYial tratum in the delta region bas been clay and facts 

. fl . l h 't · bearing upon its 
greatly over-estimated, and that the r iver IS -owmg t 1roug I 111 a probable age. 
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 fol-

lowing have been collect d :-
1. The clay is quite different in appearance, color, etc., from any deposit now made 

Ly the river. As long as it remains wet, it seem. s. n.ear.ly insol.uble, 
t f th M If b Its physical resistinO' for year the trong curren o e r lSSlSSlppL · It e characteristics. 

thorou~1 ly dried, however, and then again placed in water, it rapidly 
di sinte~rates into a powder. The clay itself ha. a somewhat gritty feel between the 
teeth and a peculiar taste . It effervesces less with acids than the present deposits of 
the river, judging hy the ample of the latter collected by the Survey. 
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2. It underlies the whole Yazoo bottom, below the great sand stratum, 
It underlies the 
Yazoo bottom. if we may judge from the fact that it constitutes the bottom of the bed 

of the Yazoo and Sunflower rivers, as well as that of the Mississippi, 
and that all three are on the same level. 

3. In the bluff at Vicksburg, it underlies the stratum which contains marine shell ::;, 

It underlies the 
Vicksburg bluff, 
which is a ter­
tiary formation. 

and which Sir Charles Lyell and Dr. Harper both pronounce eocene 
tertiary; that is, the oldest tertiary stratum. It would seem then to 
belong either to the eocene tertiary or to the 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 

It exists more 
than 600 feet 
below New 
Orleans. 

at least 630 feet, as shown by the artesian well which was begun in 
that city in February, 1854, and carried to that depth before it was 
abandoned. Dr. 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 well, :securing samples of every 
stratum pierced, and otherwise thoroughly investigating the subj ect. These observa­
tions have never been published in full, but Dr. Benedict very kindly exhibited his 
samples, presen ted 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 Mis­
sissippi itself, for it is identical in character with a sample of the very last stratum, 
which was presented for comparison by Dr. Benedict. The artesian water, which rose 
from the sand stratum 335 feet below the . urface, was strongly alkaline and chaly­
beate, closely resembling the celebrated Bladon Springs· of Alabama.. 
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Section of a1·tesian well at New Orleans, La. 

Character of strata. 'rhicknoss of Top of stratum 
stra.tum. below surface. 

No. Feet. 
1 Heterogeneous matters-the common surface ....... ..... . 
2 Cla.y; blue, tenacious, uniform ........... ..... ........ ..... .' . .'.'.': .................... .. ... .... .......... .. 
3 " coal-black, containing woody matters. root lets etc.'.'.'.'.'' ................................... .. 
4 Snnd nnd clay m!xed.; subtile, like.annual deposits of Miss i s~i~'p[-~j~~~·:::::::::::::: : :::::::· 
5 Clny; dark, sem>·fl~>d, nearly destitute of grit.tincss .............................. ...... ........... : 
6 " same itS No. o, but becommg samly ......... .. 
7 Snnd, leaden-blue, coarse; many small shells; w~t~~:-~b~~~d~~t ........................ .. ...... .. 
8 Shells exclusively, gr~at variety, very compacted .................. .'.'.'.'.:::::::·.: ::::::::::: ::::: ::::· 
9 Sand, identical with No. 7 ........................ .. ..... ..................................................... : 

10 " clay and shells mixed, olive-colored, of consistency of "mortar" ..................... .. 
J1 " coarse, d_ark brown; SJ:?all cypress roots and water-worn pebbles ...................... . 
12 ,, , . l1gll t blue, dest1tute of shells ... .............. . . . .................... . .. ... ..... .. . ... ... . 
13 blue, mixed 1 •ith fragments of sbclls ............................................................ . 
14 Shells exclusively, com~acted: a few water-worn pebbles in lowest part ...................... . 
15 Clay, ol ivc-g>·een, tenacious, like wax ........................ .. ......................................... .. 
16 Sand, nearly impalpable, so subtile that little could be brought up ................ . .. ......... . .. 
17 Cb1y, like No. 15, but a section of it is a liltle motllcd with yellow ...... ...................... .. 
18 Sand, gray or light-blue ......................................................................... ... . ........ . 
J!) J,

1
y, blue 11S if bnlf dl'icd, with umber-colored masses, each enclosing a yellowish stone .. 

20 Sand, " subtile, with a little clay .. .. ......................................................... . .. . .... .. 
2 \ >md and clay . identical with No.4 ................. ....... .... . ...... .. .................. .............. .. 
2:.l Clay, identical with .:\o. 19; stones contorted, fan tastic forms, perforated, ctl'ervesce with 

ncid . ........ .. ......... .. .... .. .. . ......................................................... ....... . ...... .. ..... . 
23 Sand, subt ile, like German sand for gr inding and fining glass, importee\ at 50 ct s. an 

ounce .................. : ............................................... . .... .. .................. ................. . 
24 Clay, mllsscs of two d!lfercnl col~rs, both very clark, tenacious and pure ............... ... .... . 
25 " aud sand. blue, soft; tools smk by their own weight .. .... .............. ............... .. ..... . 
2G " dark dmb, like tallow between teeth; effervesces by acid, leaving pores surrounded 

by dark lme ..................... : .... : .................................................... .. ........... ..... .. 
27 Sand, clay, shell , and stones like mdurated clay .. ................................................. .. 
28 Clay, blue,. tenacious--:-a m_ere?~"ke ......... .. ..... ...... .............. .. .. ........ .. . ................... .. 
2\l Sand, etc. 1denucal w1th ~ o . -~ .... .. ........................... ... ...... ..... .... ....... .... ... ....... ... .. 
30 ' lay, strinted, changing to matter like vegetnble mould ............................................ . 
31 Wood, cedar log. sound, striated with thin pln.tcs of silicious mnt.ter .. .. .... ..... ....... .... .. .. 
3:l Vegetable mould, changing to striated clny, identical with No. 30 in verted; shells desti-

tute of animal matter ............. .............................................................. ... ......... . 
33 Sand greenish blue, tenacious from slight mixture of clay ...... ....... .. ....... ... .............. .. 
34 Jay,' pure; col~r identi cal with~~· 33; te n.acious ............... ....... ........... .. .............. .. 
35 , and very ubttle, rendered ndbesn·e by a little clay .... .. ............. .. .......... ... ............. . 
3G lay,' drab, tenncious, containing lum~s exactly like p ieces of chocolate .................... . .. 
37 " umber-colored but darker, tenacious . ... ........ . ............................... . .. .............. .. 
38 Sand gr en; a little clay which increases with tho depih ........................................ .. 
3\l ('lay,' colo r same as tho san_cl of ~o. 38 (stilln little sand) ......................................... . 
40 Sand, like No. 3 ; color sull the ame green as No. 38 .......................................... .. . 
41 " conrse, whitish green; very variable as to clay mixture ................................... . 
42 lay, leaden-blue, not gritty: effervesces with acid ... .............................................. .. 
43 'and, " coarse; comminuted shells; >1 little clay .................. .. .................. . 
4-l- fixed, like~ s. 30 and 3~ ....................... .... .... ............................ ............ ........... . 
4.j l

1
1y , palo lead or dirty whit e : tenacious, unctuous, like tallow between teeth, not gritty .. 

4fi " sand and b lls ; soft mass, but looks like common sandstone ...... ...................... .. 
47 Snnd, unmixed ............................................................................... .. ......... .. ...... . 
48 lny, p>tlc olive: very pure .................................................................... .... .... ..... . 
4!1 Rand, like 1 o. 47 .. .... ............. ... ...... ... ......... ...... ... .............................................. . 
50 Clay, like No. 4 .......................... .... .......... .. .. ....................... ................ ..... ...... .. 
51 Sand, nsh-color t1 (pure white nne! black). coarse; (artesian wat~r.) .............. .. ............. . 
5~ " ne•wly black, subtile, a liu lo clay (360 g ezllons of water a11 hour) ................. . .. .. ..... . 
r,:l lay, blue, tcnncious, firm; linlc gritty; no more wate r .............. .. .. ... ...... .. ....... ...... .. 
5-l- i:innd; mn.ny minute shells nnd fragments .................................... . ....... ... .. .. .... : ...... . 
55 Ct.

1
y, blue, firm , tenacious (contnining a stratum of sand at 566 LO 568~; no speCimen 

obtained) ............ ........... ............... .............. ..... ....................................... . ..... . 
56 Sand and a linle clay; hardness nearly stony (penetrated to 584 feet) .......... .. .. .. ....... .. . 

Total depth attained ......................................................... 630 feet. 
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63.5 
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5. :Mr. A. M. Lea, of Knoxville, Tennessee, an engineer of high 
scientific attainment , formerly of the army, state:j that this identical 
clay, with which he is familiar, crops out under calcareous sandstone 
at the d pth of 24 feet below the level of the gulf at Aransas bay and 
La unn, Madre on th oas of Texas. 
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It crops out 
under sand· 
stone on the 
coast of 
Texas. 
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6. In boring his artesian well on the Llano Estacada, near the intersection of the 

It possibly 
underlies the 
Llano Esta­
cado. 

river Pecos and the 32d parallel , Captain John Pope, Topographical 
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 sand~tone . " He considers this to belong to the 

upper secondary formation. The close analogy between the physical characteristics of 
such a formation and that underlying the Vicksburg 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 establisbed. 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. Warr·en, Topographical Engineers, states that this peculiar 

It probably 
covers much 
country in the 
Missouri valley. 

blue clay very closely resembles a formation which covers a great area 
in the immediate valley of the Missouri, east of the Black hills. His 
geological assistant, Dr. Hayden, a signs a place to this formation ncar 
the middle of the cretaceous, and describes"f it as foll ows : " Bluish and 

dark-gray plastic clays, containing Nautilus Def(ayi, Ammonites placenta, Bac~tlites 

ovatus, and B. CO?n]_J1'essus, with numerous other marine mollusca-remains of Mosa­
saums. 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 must be 

Necessary 
inference from 
these facts is 
that the bed of 
the Mississippi 
is not formed of 
recent deposit 
from its waters. 

allowed that, together, they afford good grounds for doubting the recent 
alluvial character of the bed of the Mississippi, even as far down as the 
head of the passes. Whether this clay stratum which composes it, a,ncl 
which seems to have so wide a di stribution throughout the valley, 
belongs properly to the eocene or to the cretaceous formation-although 
a matter of much scienti fic interest-is of little practical importance to 
the di . cuH:;;ions of thi s report. Wh ther it belongs to either one of those 

geological epochs or to the pre ·ent, on the contrary, has a. most important practical bear­
ing, as will hereafter be seen. It is believed that the facts stated establish that its 
formation is long antec dent to the present epoch. 

The correctness of this opinion is confirmed-it may almost b said demon strated-
by the form of the cro.'s-section of th river. If the bottom were form · d 

Further proofs 
of the correct- of alluvion, it would be comparatively smooth, like a sand-bar or wil-
ness of this low batture. In reality, it is very r ugh, being in many pla.ces full of 
opinion. blue-clay rido· es and lumps, some of them many fee t in height, as in 
the Bonnet Carre and Natchez sections (plate X and Appendix C). Lest it be sup­
posed that these irregularities are due to old logs or to error. in sounding, it i. well to 
state that in three in. tances-once at Bonnet arr6, once at Natch z, and once at Ran­
dolph-the lead was lost while being drawn up aft r the soundin ()', by the chain striking 
one of these clay lumps as the 1 oat drifted down stream. Ln.rge quantiti s of the clay 

*Sec diagram accompanying th e annual report of the Offi ce of Explorat ions and , urvcys, 'Vnr Department , for 
1858. llo. Ex. Doc. No. 2, 2d s ssion 35th Congress. 

1" Preliminary report of Explorations in cbraska nod Dakota, 1 55-6-7, by Lieutenant G. K. Warren, 'l'opo. 
graphical Engineers, accompanyi ng the annual report of the Offi ce of Explorations and urveys, War Department 
18f>8. Ho. Ex. Doc. No.2, 2d s!'ssion 3f>th ongress. 
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were found adhering to the broken end of the chain at a distttnce, 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 surface of the Mississippi, demonstrate the ;rcat 
irregularitie · of its bed, and hence its ancient origin. 

0 

Growth t~pon . th.e 1:ive~· ~anlcs.-The staple pr~ductions of the regions immediately 
borderinO' the 11SSIS 1pp1 nver vary as the gulf 1s approached. From 0 

. . . . Staple produc-
the mouth of the M1ssoun to the mouth of Hatchee nver, near lat. tions of the 
35° 30', corn i the chief product. Thence to the mouth of Red river, alluvial region. 

in ]a,t . 31 o, cotton is the important staple, Thence to Point La Hache, near lat 29o 30', 
sugar is mainly cultivated . Below Point La Hache there are many lux uriant orange 
groves upon the narrow belts of land between the river and the salt-marshes of the 
g ulf. 

Upon the fores t growth, difference of latitude has less effect. 
· ~ .r h" "t · t f tt d "ll Forest growth. From Ca1ro to m.emp IS 1 cons1s s o co onwoo , w1 ow, sycamore, 

white a,nd swamp a. h, hackberry, box-elder, cy press, red and slippery elm, black, sweet, 
and tupelo gum, white, red, black, Spanish, willow, over-cup, and swamp oak, with many 
other vari eties, two varieties of maple, two varieties of mulberry, black, white, and 
honey locust, sassafra , black walnut, caue, many varieties of hickory, pecan, chin­
cnpin, papaw, persimmon, elder, dogwood, thorn, haw, privet, or elbow-tree, and many 
vine , creepers, etc. 

From Memphis to Natchez the timber is the same, but the sycamore becomes 
more carce, and the cypress, ash, and gum arc 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 fores t-trees, are found the magnolia, or 
bay-tree, and the . weet bay (small) . 

From Baton Rouge to the Balize, and ncar the floating prairies or sea-marshes, the 
live-oak is occa. ionally ·een . 

The cottonwood and willow are almost universally found on the immediate bank of 
the river, on the i:-;land~, ancl on all new batture formations. On the latter they 
alwny:; constitute the first growth. 

Changes hislori ·al wtd in p1"0gres in 1858.-The Mi. sissippi river 
is constantly cxcanttin ()" it. · banks in bends, and forming new land on 
point. ·, throughout th alluvial region. This action is progeessing 
much more rapidly in th upper part of the river than in the lower, 
whcr it seems to hav comparatively ceased. 

Unstable char­
acter of the 
banks of the 
Mississippi. 

It mn.y reasonably be a k d, how it is that the river can act so efficiently upon its 
!Jtwks when the soil is o tenacious as to be but slightly affected by 

l . t. h fl . th l t l Its cause. ercvnsses, through w acu t e water ows w1 equa or grea er vc o-
ity ·. The an.·wer i obviou.·. The river banks are underlain by strata of nenrly pure 

sand throughout the whole reo·ion under consideration. A slight c.hange of direction of 
the current in hiuh water-produced by a new sand-bar, a new IShLI1d, ~t new cut-off, 

0 • 

or by any other n.u. - tu rn it force more directly agamst a certain portion of the 
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bank. The sand is washed out from under the tenn,cious soil. At first, the ·water sup­
ports the land, but, when the river sub ides, the bank fall. · by its own weight, and 
being dissolved, is swept away by the current. These sn,nd , tmta n,re often b low low­
water mark-an unfortunate circumstance, which renders the protection of the banks 
difficult if not impossible. 

It occasionally happens th at by this constant caving two bends approach each 

Origin of 
"cut-offs." 

other, unbl the river cuts the n 111TOW neck of land betw en them and 
form s a "cut-off," which suddenly and materially reduces its length. 
The increased slope of the water surface at once mak s this new bed 

the main channel of the river. The upper and lower mouth · of the "old riv r" are 
gradually silted up with sediment, drift-wood, ~;tc., until, ventually, one of the crescent­
shaped lakes so common in the alluvial region is formed. 

Their recent 
history. 

The dates of forma.tion of many of these lakes are long antecedent 
to the discovery of the country, as is proved by numerous ere. cellt 
lakes upon both ba.nks of the Missis ippi, mentioned as such by the 

earliest explorers of the Mississippi river. 
These changes have been constantly going on sin e the sett lement of the country, 

but the old maps and records are so defecti,,e that it i · impoB ible to determine mu ch 
about those which occurred prior to 1 00. ince th at 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 persons consider that this shortening is only 
apparent, being counterbalanced by increased caving and lengthening of the remaining 

bends. 

Name. Loc11lily. 

l3unclt 's .... . .......... .. . . Bet ween Tslnnds 80 aJHI fl:! ................ .. 
Needham 's.. .. .. . ...... .. Betwee n l ~ l onds :l l nne! :!ii ........ .. ....... . 
Shreve's......... . ........ J usi nbove Hctl-river !.mding ........... .. . 
l{nccourc i ............... Just below Hetl- r ivor landing ............. . 
Horse-shoe .............. BeL ween Islnnus uU and IH ......... ....... .. 
Am ericnn bend......... Bet ween I slands 84 nnd 86 ......... .. ..... .. 

Date. 

1 :!1 
l !l3 1 
18~ 
1 I 
] 58 

J..-engtl1 of 
loencl. 

,l/iles. 
] ;l 
11 
18 
:n 

10 

Hcm:\lks. 

~ t ude by U. H. Eu p;i ucc r· D •pl. 

"'''by <ho S"" of Looi•'":J 

The dlcct of cut-offs upon the high-wat r level abov and below them will be dis­

Where now 
imminent. 

cus · c1 in a succe ding chnpt r. They are b lieved to be likely to 
occur before many years at the n ck above Napoleon, whi h wa only 
1400 feet aero,· in 1858, and caving above; at th Heck (T rrapin) 

between Islands 98 a.nd 101, then reported to be 1200 feet across, and aving badly 
above; at the n ' k betw en Islands 105 and 110 (Palmyra) ·aid to ha.v b en 10,000 
f ct acroE<s in 1 08, and to be only 2700 ii , t now, and cavinrr abo ; and at t he neck 
between Islands 11 and 114, crt in rr badly abov , and reported in 1 5 to b only 
2400 fee t across. There arc other narrow n cks-a · thos ncar i k burg and Grand 
Gulf, for im;tancc-but there sc ms to be no reason to anticipate th' arly oc urrenc 
of cut-offs at them. It is very difli ult, h wcv ' r, predi t with rtninty wher 
cut-oifs are to be exp cted, as caving which ha b n rapidly going on for years will 
sometimes suddenly stop from some change in th dir ti 11 f the urrcnt. Careful 
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surveys of several of these doubtful places would be of great value hereafter as a means 
of testing changes. 

Upon the islands the action of the Mississippi is not less striking than upon the 
banks. They are constantly forming, disar)pearino-, or becomino· con-

t d 'tl th · 1 db 1 · . b . 
0 Unstable char-nee e Wl 1 e mam an y t 1e fillmg up of thmr chutes.''' The pro- acter of the 

cess of formation and destruction is interestin..,.. Driflrwood becomes islands of the 
lodged upon a sand-bar. Deposition of sedi;ent fol lows. A willow Mississippi. 

growth succeeds. In high water more deposition is caused by the resistance thus pre­
sented 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, wi.llows, etc. By a similar process 
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, where now a large sand­
bar exists, and one just below the mouth of bayou Plaquemine, which 
has entirely disappeared. 

Lost islands. 

The following effects of the flood of 1858 are reported by Dr. William S. Smith, 
as observed by him during his low-water survey of t he sites of the 

Littoral effects 
crevasses, and confirmed by reliable statements of residents. From of the flood 
Cairo to Memphis there was a sandy deposit upon the overflowed of 1858. 

banks, varying from 6 inches to over 3 fee t in depth. Below Memphis this deposit 
was much less in amount. Throughout the whole river channel, from Cairo to Red-river 
landing, there wn~ a marked increase in the size of the sand-bars and in the caving of 
the banks. Below t he recent American-bend cut-off, wl1ich occurred on April 15, 1858, 
a very decided change in the location, both of the sand-bars and of the caving, was 
produced by the change of di rection of the current. The following island chutes were 
rapidly filling up by deposit : right side Island 6 ; right side I sland 7; left side 
Island 15; left ide I land 33 (once main channel) ; left side Island 46; left side 
I sland GO; right side Island 62 ; right side Island G4; left side Island 83 ; left side 
I land 117. 

SLOPE. 

The slope of the 1\Ii. si. iiippi diminishes as it approaches the gulf. The oscillations 
cau. eel by variation in eli. charge also gradually diminish from the 
vicinity of Natchez to the mouth c.f th river, while those correspond­
ing to changes of level in the gul f become gradually more apparent i,md 
important. 'rhe mean l vel of the gulf is the proper datum-plane to 
which to refer the surface of the river. For these reasons, and 
to solve other que tions ' ithin the scope of the Delta 'urvey, t ho 

The gulf of Mex­
ico exercises too 
important an in­
fluence upon the 
river slope to be 
neglected. 

subject of the lak and gnlf o cillations, with the effects of the latter upon the Missis­
sippi river, wa. itwestigated. 

* C/w,le.-A name applied lo th at arm of lhe ri,' er opposite au i land, hn.Ying the lesse r wid th. 

14. 
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Oscillations of tlte gu~f ancl their e:ff'eets upon the lal.;es and 1·iue1·.-For the purposes 

Observations to 
determine the 
extent of gulf 
and lake oscil­
lation. 

stated, gauge-rod· were observed at the mouth of the new cana.l, in lake 
Pontclmrtrain; at Proc torsville, on lake Borgne ; and at bayou t. Philip, 
a small inlet from the gulf near the fort of tba.t name. Dn,ily observa­
tions were continued at these three localities for t n, seven, and twelve 
months, re. pectively, in 1851-52, as may be seen by referring to 

Appendix B, where the chtta thus collected appear in detail. 
A self-registering tide-gauge wn . estnJ.lli .·hecl at the telegmph station ncar the mouth 

of the Southwest pass, and observations were made with it from 1\hy, 1 59, to June, 
18GO. The detailed observations, togethc1~ with those of a sirnila.r character upon the 
.Mississippi river at Carrollton, will be found in Appendix B. The following table 
exhibits the results of all these observations:-

Oscillations of th lal~ . and gu7f. 

t.'-Tt'1\ding:. 

Locality. 
At lligh Atlow 
Wfl lC J' . watu r. 

-------------
Feet. .Feet. 

New canal; lake Pontchnrtrain 8.34 7.!)3 

Proctorsvill e, on lake llo1·gne.. 4.30 3.10 

Dny ou St. Philip.. ................ ::l.GO 2.40 

Mouth Sou th west pass .... ... .... l. HO 0.70 , ______ _ 

MC'Iln. 

--
Feet. 
8. 14 

3.70 

3.00 

1. 3() 

nH1\•r -
1 J ig hl'S # OIJ.!'Crl'Cd 

.!!i lllnd. 
{' l\Ct'. 0 1" 

lU('t11\ 

tidl\1 
o~cil l a- Dote. I GnHge-

Uon . r ending. 

--
Feet. I Fe•t. 
0.4 1 "' ] "' '"J l 0.± .!.. ov. v, D I 
1. 20 i'\ov. 13, '5 1 6.5 

I 
1. 20 Nov. 13, 'ii i 5.3 

1, 20 /xo,·. 11 , ',ifl 2.0 

I 
Lowest ohKcn ed stnnd. 

Date. GtlU,A'C-
1"C1Hiing. 

Feet . 
F eb. 6, '51 . 6.8 

{ Jul y 3~} ,51 2.0 

(""; ~ ·} 
Jan. U '.3 :? 1.2 
Jan. 1 I) 

Dec. 10, 'o D. -0.5 

J)im' r (lnrr, or 
C.:\t i'Cnl mng o. 

I Cunrrtc-ll 
Obscn'd t4:n- til\n l 

--~~ 
Feet. Fret. 
3.6 3.2 

4.5 3.0 

I 
4.1 2.6 

3.4 1.2 

'l'he tides at the mouths of the ~Ii ss i s. ippi arc of the diurnal, or. inglc­
Tidal oscilla-
tions and their da.y type, there beiug generally but one hi rrh wat r and one low water 
effect upon the in twenty-iour hour. : th ri and fall being rrrcat st when the moon's 
river. declination is greatest. The character of the tides was made known by 
the observations of the Con t Surv y. 

To determine the tida.l o. cillations 'in the riv r, obs rvations were made in 1851 a.t 
various points from Fort t. Philip to R d riv r, not only at high and low water, but in 
all the conditions of the river. It wa. intend cl to mak obs rvations with a self­
rerristerin ()' tide-O'auo·e at Carrollton in 1 50 ancl1 GO, imultaneou. ly with tho c at the 

0 0 0 

Southwest pass, but, owing to unavoidable delay., the instrum nt was not in operation 
until late in Nov mb r, 1800. It was destroyed by a. t rm in tb July following, up 
to which time it was used. The following table give the rc. ult of th · . everal ob­
servations. The tiel s are probably [I lt ev n at Reel-river ln.ncling in low' ater, but t he 
ob. ervations there were not suffici ntly minute to d te t them:-
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Tidal oscillations of the jJf~ssissippi. 

ll iglt stage of river. Low stage of l'h·er. 

Locality. Di .. tance 
from gulf. 

l;~l C' vation 

aboYo g ulf. 
Spring 

tide . 
Neap 
tiuo. 

:!\t erm 
tide . 

El cvn.tion 
nbovc gul f. 

Spr ing 
title. 

Ncn.p 
t ide. 

l\T~an 
t ide. 

- - -------- --- ------------ - -----
Miles. Feet. Feet. Feet. Feet. Feet. Feet. Feet . Feet. 

Gulf .. ..... . ....... . . ... . .... .. . .... .. . .. () 0 1.7 0.50 1.2 0 1.7 0.50 1.2 
Fort St. Philip .. ...... .. ........ . ..... 3G 5 OG 0.13 0.4 0.7 1.4 0.40 1. 0 
Cn.rrol lton . ... ....................... .. . 1:2() 13 0.3 0.10 0.2 0.8 1. 1 0.!10 0.8 
Donn.lcl soHvi ll e .. . .... .. .............. J\)2 26 No ne detect cd . 1.5 0 .9 0.20 0.6 
]laton Rou ge ... . ........ . ... ... ... ... . 2~-! 3-! No ne detect cu . 3.0 0.4 0. 15 0.2 
Rc<.l-r iver lnn<.lin g ........ ···········! 3 15 4!) None detccl eel . 5.0 None detect ed . 

The clifference in time between the tides at the mouth of the Southwest pass and 
tho. e at Carrollton is the same in the high and low sta.ges of the river, and is five hours 
and fifty minutes ; the dis tance be tween the two points being 118 miles.* 

The changes in the level of t he gulf caused by winds are much greater than those 
produced by the tides, as is shown by the table preceding the last. The 
duration of t.hese oscillations vn,ries from a day or less to several days, 
and in some years is of such extent as to affec t materially the mean 
level of the gulf during a whole month, and even during a season. 

Oscillations due 
to prevailing 
winds. 

This subject is omewhat elaborately treated in Chapter VIII. It is there shown that 
the winds at the mouths of the Mississippi have in part the characteristics of t he 
northeast trade-winds. Blowing chiefly between northeast and southeast, they veer 
toward the south as the summer approaches, and con tinue to blow from that quarter 
and from the east during the summer and earl y part of the autumn. Changing toward 
the north upon the approach of winter, they blow principally from that direction during 
the winter months. It is not intended here to decide upon the charn,cter of these winds, 
and to cla. s th em defin itely among the trades, although the to pographical features and 
physical conditions of the basin of the Mississippi, and its position relative to the great 
bodies of water lying south, must modify the character of the great normal winds 
described by Professor Henry in his papers upon meteorology, and perlutps produce 
along thi:; portion of the gul f of ~Iex ico a resembbnce to th e trade-winds. 

The ffect of uch wind ~ upon the level of the gulf was very marked in the winter 
of 1851-5""' . During J anuary, 1 32, the m an level of the gulf was 1.5 feet lower than 
during the month of 'eptember, 1851, and a foot lower than the mean monthly level of 
several other months of the y ar. The mean level during December and January was 
O.G of a foot lower than the mean yearly level of the gulf. In the summer months, 
the gulf remained at the mean yearly level. In the winter of 1859-60, the effect of 
the:e winds upon the level of the gulf was slight. 

The mean level of the river when low conforms to these gulf oscillations, if they 
are of several days' duration. Thus t he gauges indicate that an oscilla-
tion of this kind, of the magnit ude of 2 feet, which occurred be tween Their effect upon the river. 
the l Oth andl th of .November, 1861 (when the rive r was very low), 

* The uiffercn ce in time between the titles at Cap May, Delaware bay, and those at P hiladelphia is fi ve hours and 
t hree minutes; the distance between the two places being about 100 miles. 
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was felt as far up as New Carthuge, 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 oscillution, 
the effect upon the river must likewise exceed the effect of n, tide of equal rise or fall. 
The following facts have been collected respecting the e:ITects of some of the extraor­
dinary rises in the gulf. 

The inform::ttion collected by Mr. John Communy, or observations made by him, 
previous to 1851, show that strong e::ts terly or southeasterly 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 hurri­
cane raised the gulf 2 feet above the top of the levee at Fort Jackson, where he was 
st:ttioned. According to this st:ttement, the gulf must h:tve been mised n,t least 7 feet 
above its mean yearly level. 

In the gale of August 11, 1860, when the gu1f rose 4.2 5 feet at the mouths of the 
river, and bke Borgne rose 8. 5 feet (or, according to the report of the Chief Engineer 
of the State of Louisiana, 11 feet), the river at Carrollton-which was 1.5 feet above 
ex treme 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 duration 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 a 

l'Outre, :tnd 3 feet :1t the mouth of the Southwest pass. The river at Carrollton rose 
2.5 feet. At Donaldsonvm e it rose much less than on August 11. Above Donald­
sonville its effects have not been traced. The duration of this ri e 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; 
l:tke Pontchartrain rose 5 feet; the river at Carrollton rose 3 feet, and at Donaldsonville 
4.5 feet. Above Donaldsonville the effec ts of the storm have not been traced. At 
Natchez its effect upon the river w:1s not perceived. The dumtion of the storm was 
greater than that of the others. The effect at Donuldsonville was in part local. 

':rhe disastrous effects of these extraordinary rises in the gulf would be still further 
aggmvated 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 
along the river are not, therefore, occasioned by hurricanes. But a long continuance of 
southerly gales docs sometimes occur at the period of highest water in the river, as 
in 1823, and may inerease the height of the flood several inches at New Orleans. 

':rhe subject of gulf oscillations and their ffcct upon the river 
Oscillations in h . . f · } · tl mount 
the river due :tvmg been exammcd, the range o the nycr, t 1at IS, 1e ~ . 
to variations of the oscilbtion betw·een low and hi(l'h water will be next mvestl-
in discharge. gated. b ' 

Range of the 1l1ississippi between low anclldgh waier.-It is very difficult to obt:tin exact 
verbal information upon this snbj ct, b cau.·e, when the river has once 

Data collected. . d . h' . b 1 . · d fi ·sons care t retire w1t m Its :111 <:s, 1t becomes harmless, :111 ew per . o 
record its change until it again excites abrm by a new rise. Moreover, It seldom 
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remains stationary for more than a day or two at a time, even at low water, and a 
series of measurements is therefore necessary to determine which, among many oscilla­
tions, includes the lowest point attained in any given year. Add to this the practical 
difficulty of ascertaining, by any instrument at the command of the unprofessional 
observer, an absolute difference of level which often amounts to over 40 feet, and no 
surprise will be felt that few data other than the measurmnents 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 ]s 
presented in the following table, which thus contains all known facts upo1;1 the subject. 
For convenience of reference, the low-water level is uniformly referred to the high 
water of 18 ~ 8. To compare it with any other high water, the difference between the 
level of the high water of 1858 and that of the required year at th e given locality, 
taken from the table under the head of "Great Floods," is to be applied with its proper 

s1gn. 
Range of the Mi ·si ·sippi between low and high watm·. 

I 

I 

I.evd of low water of Mississippi l.wlow high water of 1858. 

\ 

g •• .;, " ~ ~ c g ~0 :; 
<:l :0 ::1 " ~ .. -~ 

Year. ., d ~ '"" '"' -5 " " .; c "" 
.; " -~ 8 ]:3 a z 0 ~ ·., s Po; 

·; .:> .g_ d 0 " ~ ..; 

s " .::l Po; ~ 0 " .:: ., 
"" ~ U2 

.s e s 0 .<:: 
~ " 

0 

~ 
' g 0. c () 

~ '"" O:l ~ § 
..., ~ 

:§ .:< Q a ... .. ·;: d ·;: "' i= " " " iil ~ 
"' 0 I :<l I z 0 

'""' 
v. z p:; ~ A 0 

-- - ----- - - - - -- - - - - --- - - -- - - - - - - - - --
Feet. Feet. Feet. Feet ' Feet. Feet. Feet. Feet. Feet. Feet. Feet. Feet. Feet. Feet. Feet. Feet. Feel. 

Unknown. 47.0 3G. l 42.5 45.0 3\l .O 48.0 -17 .5 7.0 

1 19 . . ..... .. 60.3 

1830 ... . ..... 
50.3 

1830 ......... 
50. 3 

18.0 
1 8 J 1 ......... 
184:.l ......... 47.0 

18·13 ......... 34.5 
1844 ... ...... 33.6 
1845 .. .. ..... 37.1 48.2 

18-1 

I 
3:.!.8 15.0 

········· 13.0 
1811l .... .. ... I 30. 7 
] 8.:>0 ......... I 31.7 15.G 

18G1 .... ..... 30.7 

I 
34.G 87.G 41. 8 44.2 31.0 24. 8 14. \) 5.8 

18GL ...... . 31.1 41.1 30.4 24.0 13.1 

18!,3 ......... 4, .4 25.0 J3.1l 

J 8M .. .... .. . 46.0 44.0 34.3 27 .0 14.8 

] 55 .... . ... . 4G.G I 48.3 51.5 25.8 

1856 ......... 
1 4-1 .7 

43.7 I 2i.O 

185i ......... 
26.8 14.0 

1858 ......... 37. 
1 31. 3 

40.8 39 .7 42.1 39.6 !:!6.0 14.7 

1 41. 
26.5 15.5 

] fill .... .. ... 30.2 40.G 43.G 43.0 

1860 .... .... . 36.5 1 
15.8 

Above the mouth of Red river, this table exhibits the true range of the Mississippi, 
i.e. the extent of the o cillation due to the difference between the low-water and high­
water di charges. Below Red river it does not, because this part of tho river in low 
staO'es is within tho influence of the gulf, not only for tidal oscillations, but also for those 
ca: ed by wind. The flood of 1 ~ 1 must therefore be adopt d in fixin g the normal range 
of the riv r below Red-river landing, . ince in no other year were the. e gulf oscillations 
measured . Red river proper reached it.":! lowest recorded point in this year, and the 
range of the Mi~ is ippi below its mouth was probably as great as is ever known. The 
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numerical value of thifl r ange of the several localities, together with the data from whi ch 
it is derived, is given ]n the following t able :-

r.ocali t y. 

ll igh cst stand of ri ver, 1851. Lo\\"CS t ola od of ri vcr, 1 851. 
J:xt rl'm C' rnugo 

in l bol. 

Dato. 

--~--~---~------~-~--~--~---1-------

0 hHen 't l l Cor- Ob 'd I G~:~,~t I Cor- CorrC'ct-
. J~ iv c r rPctcd c.:erv Ri ver ti tl ll rcctcd Ob , 1 Nl for 

r~;~:: ff~'~. tide. wm~c- Date. ~ll ll f(t~- tide. nbovc ~illl ""C\- scrv < oscill n.-
o rcad111g . rctu.J:Jng .. I i t~ m<'an readi ng. Lions. 

------------ -------:---- - _ ___ ---I- -----I--- __ level. ____ -- ----1 
I 

F eel. Peet. Feet. I Peel . Peel. Feet . Feet. Feet . Peet. 
H ead of the passes. . .. . . . . . ... . . . ~- 6 0.3 3.7 2. 3 
For t Si. Phili p ... ~ - -- ·· · · ···· · ··· ·· .\ pril 7 8.3 0.4 8.1 Nov. 20-13. 2.5 1.5 - 0. ~ 3.G 5.8 4. 5 
CrLn ollton .. _. ... . ... . .. .. . . . . . ...... . , ~hrch 30 1 15.4 15.-t Nov . ~:;_(; _ 0.0 1.2 -0.-1 1. 0 Ji).4 14.4 
Dona\l.lsonvllle . ... .. ...... ... . ..... :\l;Hch 30 30.3 30.3 Nov . :! :)- G. 5.::! 0. 9 - 0.4 6.0 25. 1 2-1-. 3 
Bnl.on_ll.o uge .. . _. .... . .. . .. . .. ....... :\l ;u·_cl, 30

1 

33.-1 :1:-u 
1 

Nov. :!+-5. 2.:! 0.+ + 0.1 2. 3 31.2 31.l 
lled- r· t i'CI' !.tndrng .. ........ .. .. ... Ap rrl 1 1JG.4 ,IG. -1 Nov. 2 1-5. 2.2 -1 0.1 ~.1 4~ . :! '1-1. 3 

-- ------__ _.__ _ __!_ __ __r_ _ _:.. ___ ..c.___:_.....!----'---~- .__:___....,!_ _ _j 

Above Red-river landing, 1851 was not a low-water year ; neith er was 1858, in 
which more measurements were made than in any other. In the year 1805, however, 
the lowest level on record seems to have occurred. By the table it appears that in thi s 
year the river fell below the low-water level of 18o8, at Columbus, Vicksburg, and 
Natchez, 8.8, 8.6, and 9.4 feet, respectively . The accordance between these numberfl 
establishes tha t the extreme range at all points between the mouths of the Ohio and 
Red rivers may be found by adding about D feet to that noted in 1868. At St. Louis, 
in default of an exact measurement, the low water of 18GO is adopted as a correspond­
ing level. 

The numerical values of all these n,dopted ranges will be found in the nex t table, 
where t he corresponding high-water and low-water elevati ns above the gulf--next to 
be noticed-will also nppear. 

Elevation above the guZf of the S'w:face of th e Jl!ississippi.-The mean l vel of the gulf, 
the datum-plane to which the absolute level of the surface of the Mis-

Adopted mean · . . l -l l . . . " d d t · d level of the gulf. SJSs1pp1 t 1roug 1out t 1e alluv1al reo·wn IS to be r 1erre , was e ermm~ , 
as before stated, by ob ervntion upon o·auge-rods in lake Pontchartram, 

lake Borgne, and bayou St. Philip. It was a sumed that the mean level of those 
lakes ]s the mean level of t he gulf, an assumption which was confirmed by the 
results of the observations ; and hence the mean of the readings of any on of these 
. . 
gauges mn,y be adopted as the datum-plane. 'I hat of the lake Pon tchartrain gauge 
was selected and transferred to the river levels by the following proc ss. 

The result of a carefu l levelling between Carroll ton :1nd ln.kc Pontchartrai.n Abows 

It is transferred 
to the river and 
reads 0.14 on the 
Carrollton 
gauge. 

that a certain bench-mark on the machine shop of the New Orlen,ns and 
Carrollton m ilroad company, called H ampson's bench-mark, is 7.0 2 feet 
above the mean gauo·e-read ing ( .14) in lake Pontchartrain. The result 
of a previous careful levelli ng by engine r mployed upon the railroads 
in the vicinity of New Orleans, furni.·hed the 'urvey 1 y Colonel W. S . 

Campbell, gave 8.20 as th corresponding diiferenc f 1 v l. dopting the mean of t he 
two, or S.O G, and deducting from it the carefully m asured difference in level (7.92 
fee t) between H ampson's bench-mark and th e zero of the 'arrollton gauge, we find that 
the mean level of the gulf reads 0.14 on that gauge. 
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The surface of the Mississippi between Red riv~r and New Orleans was referred to 
this datum-plane by connecting the following levelling operations of this Surface of the 
Survey with the river gauge at Carrollton. Mississippi 

A line was run with the greatest care from Routh's point, above between Red 

d
. 1 b river and New 

Red-river lan mg, a ong t e west bank of the river to the locks of the Orleans referred 
Barataria canal, below Carrol1ton. This line was connected with the to this datum­
mouth of Red river ancl the mouth of the Atchafalaya. It was plane. 

extended down the Plaq nemine to Indian village, where tidal observations were made 
at low water. 

A line was also run along the east bank of the river from Baton Rouge 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 determinations 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 
of that work, th e gauge in the river was connected with that in bayou 

Below New 
Orleans. 

St. Philip by a careful levelling. The second was made at the head of the passes by 
men,surements n,t low water upon a high-water mn,rk of 1851, and by t ransferring the 
gulf level from the bayou St. Philip gauge. This transfer 1v:1s made at the lowest stage 
of the river, by assuming tho measured slope between Carro1l ton and Fort St. Philip to 
extend 20 miles farther to the head of the passes. 'rhe almost inappreciable slope of 
tho river (0 .2 of a foot fall in 84 miles) renders this a strictly accurate method. 

The g::wge in lake Borgne was connected by a careful levelling with a high-water 
mark of 1851 on the Mississippi river, near bayou Duprcs; but this mark proved not 
to have been determined with sufficient accuracy for use in so delicate an operation, 
since it gnve nn excess in elevation to the high-water level of 0.6 of a foot. It was 

accoruingly rejected. 
The high-w::tter cleY::ttion in 1858, at Natchez, was determined by a party of this 

Survey, in charge of Dr. \Villiam Siuncy Smith, in the following man- Elevation of 
ncr: A line of levels wa · run from the high-water mark of 1858, oppo- water surface 

at Natchez. 
site Natchez, to a water-mark at the lower encl of lalce Concordia 
(3 miles distant) , m::tcle just before the breaking of the Haggaman crevasse. Bayou 
Tcnsa , and Black river, excepting near its mouth, were securely leveed on the east 
bank prcviou::; to th i fl o d, so that before the Ilnggaman crevasse occurred (June 17th) , 
the only supply of water to lake Concordia was by backwater from Reel river through 
Cocodrie bn,you. The measured difference of level between the two water-marks above 
mentioned (14." feet) was, then, the fall at high water from the surface of the Missis­
sippi at Natchez, to the mouth of Cococlrie bayou, 12 miles above the mouth of Heel 
river. Allowing 2 feet for t he fall between this point and Heel-river landing (see 
approximate fnJl d ducecl from levelling between Natchez and Harrisonburg), we have 
1G.3 feet for the fall of the Mississippi between Natchez and Heel-river landing at high 
water of 1 58. Tbis determination i _, of course, only approximate, but it nccords so 
well 1vith the mea. ured slopes above and below Natchez, that it cannot be sensibly 

erroneous. 
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For the data by which the elevation of the Mississippi at points 
above Natchez was determined, the Survey is indebted to the work of 
civil enrrinccrs engaged upon the railroads connected with the river. 
The data and the points determined are n.s follows:-

Railroad sur­
veys depended 
upon for eleva­
tion of water 
surface at points 
above Nat chez. 

The high-water elevation at Gaines' landing with rc pcct to that 
at St. Loui. ·, was de<luce<l from the levels of the St. Louis and. Fulton and the Gaines' 

. . landing and Fulton railroa<ls, the former obtained from the Bureau of 
Games' landmg. . . 

TopographJCal Engmeers, 'Var Departm nt, and the latter from Mr. 
" Ti1Jiam H. Davidson, Principal A sistant 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 03.5 fe t above high water of 1858 
at Gaines' landing, makin g a difference of I vel between the high water of 1844 at 
St. Louis and that of 1858 at Gainc. ' landing of 2G3.G feet. 

The high-water elevation at M mphis was determined by the levels of the Memphis 

Memphis. 
and Charleston and the Mobile aml Ohio railroads. It was fumi shcd 
by Mr. F. C. Arms, En rrincer and General uperintendent of the first­

named road, who states that the high-water level in 1 44 at Memphis was 220 .44 feet 
above tide-water in Mobile bay. 

The high-water elevations at Columbus and Cairo were determined J y the lev ls of 

Columbus and 
Cairo. 

the Mobile and Ohio railroad. They ·were furni shed by Mr. L. J. 
Fleming, Chief Engineer of th road, who states that the high-water 
level of 1849 at Columbus wa 30 .25 fc t above tide-water at Mobile, 

and that the high-water level at Cairo (probably that of 1 4: 9) was 320 feet above the 
same plan of reference. 

The high-water elevation at St. Louis with re pcct to tlutt n.t Cairo wns determined 

St. Louis. 
by the levels of the Illinois Central a,nd th Ohio and Mississippi rail­
ron.ds, furnished by Captain Ceoro· B. Me lellan, Vic -President of the 

ftrst-named road. By this determination the high-wn.t r le cl of 1 44 at St. Louis is 
90.5 feet above high water (yca,r not p ificd) at Cairo. The " t. Louis Dir ctrix" 
(top of curbstone at corn r of M:trkct tr et and th levee), th , rrcneral bench-mark of 
the city, is then, according to th s 1 vel :tnd tho e uf the Mobil :tnd bio milroad, 
405 feet above the gulf. 'l'his exactly :tccords with the r sult deduced by Dr. Engel­
mann from a long seric of barom trical observation . 

Table of results 
exhibiting cor­
rected heights 
of water surface, 
slope, etc., of 
Mississippi. 

Some of these determination differ slightly from tho. e her tofore 
announced upon the authority of other and l eR~ direct m asur mcnts, 
but they check each other, and are unque tionably very nearly, if not 
ab 'olutely, correct. From them the following table has been con­
structed, th mnill :fi ature. of which ar represent d by fi gure 1, plate 
IX. Th mean bottom of th river in its deepe. -t part i added to tllis 

diagram according to the data contained in the table on 1 age 1:,.,1. 
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Slope of the Mississippi 'river. 

Correspond ing Distnnce Hange of Mississippi. 
from clovnti on llesulting fall per mi lo in water surfn.cc. 

above gulf. Locality. hca rl of 
Jlil-.::ses, 
1800. High I.~ow ITigh l .JOW 

water of Am'nt. To- Dlsl'ncc. At l>igl1 At low 
water of water. water. water. water. 

- - -------- ------
Miles. Y ear . Y ear. Feet. Feet. Feet . Miles. Feel. Feel. 

{ s. w. ' "" 17 0.1 135 0 .029 

IIcncl of passes ......... ... . 0 1851 1851 2.3 2.8 0.5 Gulf by N. E., pass ...... 1 13 0.175 0.031 
·pass " l' Oulre .. 15 0.187 0 .033 

20 18!)1 
So uth p nss .... . 14 0.200 0.03G 

Fort St. Philip .............. j 1851 4.!) 5.1 0.6 T-T eacl of passes . .. ............ 20 0.115 0. 005 
Can oll lon ... ........ ... ..... I 10~ 1851 1851 14.4 11) .3 0 .9 Fort Sl. Philip .. ..... . ....... 84 0.121 0 004 
Donn ltl sonville .. ...... . ..... 176 1851 1851 24 .3 25. 8 1.5 Carrollton ..................... 72 0.1 ~ 6 0.008 
B>tf Oil Houge ....... ......... 228 I 18.)1 1851 31.1 33. 9 2.8 Dona ldsonville ...... .. . . ..... 52 ' 0.15(i 0.025 
Red-river blncliug .... .. ... 2!19 

I 
] 801 1851 44.3 4\l 5 5.2 Balon Rouge .... ............ .. 

Nnt cbez .................. .. .. So l 1858 18.)5 51.0 66.0 15.0 Red-river landi n g ............ 
Vi cksburg ....... . ........... 470 18:i8 1855 -i D.O 
Gnincs' lnntling ............ 630 18:)8 18:) :) 149.0 Natchez .. ... ................... 

o-'> 18'>8 ] 8f>5 50.0 Napoleon ......... ... ......... 1-

?. l ~mphis .... .. . .. . .... ....... 8.).) 18.'>8 18:i5 -W.O 221.0 18 1.0 Ga ines ' bnding .... .. ........ 
Colu mbu s .. .. .. .............. JO.j9 J8.i8 181)5 -i7.0 310.0 2Gil. O Memp his ...... ... ..... .. ....... 
Cn iro ....... . ... . ... .. ........ . lORO 1R.i8 1851) 1)1.0 ~22 . 0 27U.l Columbus ........ .. ............ . 

St. Louis .. ........... . ....... ] 2;)3 1808 I 18GO 37.0 '108.0 371. 0 Cai r o .. .................... .... . 

Havin O' thus determined the absolute elevation n,nd th e ra.nO'e of the 
0 0 

river from St. Louis to the gulf, with the effects produced upon both by 
the oscillation of the gulf, the discussion of the slo pe of the Mississippi 
will be completed by considering the usual succession of stages of the 
river. 

71 
02 

~W9 

225 
:W-i 
:l l 

173 

0.220 0.034 
0.266 0.158 

0. 309 

0.320 
O.-i 3G 0.'102 
O. i)il 0. 381 
0. ,l.!)i 0.578 

The usual 
succession of 
stages now to 
be considered. 

][ean annual Sltccession of stages.-The lower Mississippi, as already seen, receives 
its water from many tributaries, whose basins differ from each other in position relatively 
to the great physical features of the continent, in geological character, in topographical 
features, in climn.te, soil, degree of cultivation, etc. The downfnJl of rain in these 
basins varying gren.tly, from year to year, both in time and in amount, produces corre­
sponding vn.riation in the floods of the rivers in respect both to date and to height. 
The lower Mi. sissi ppi has not therefore n regular, uniform succession of stages. Never­
the less, as the gren.t characteristic variations in. the discharge and height of the river 
are dependent upon causes which, considered in reference to a series of years, act uni­
formly, long-continued observations will make known the general law governing these 
vn.riations altbou crh it mav not include the minor oscillations. The nature and amount 

' b ~ . 
of the data collected in connection with this inves tigation, upon which much labor has 
been bestowed, wi ll b seen from the following account of the daily measurements made 
of the stand of the river at various localities. 

Such mea~urements require the erection of permanent gauge-rods, which, in the case 
of the Mississippi, is rendered peculiarly difficult by the caving of its 
banks, by its great range, and by its accumulations of floating drift logs. 
Different plans for establi bing the rods were adopted a.t different locali­
ties. Thu., a.t Carroll ton and New Carthage, the rod was nailed in sec­

. Different 
methods used 
in establishing 
river gauges. 

tions to short piles at different di stances from the edge of the natural bank. At Donald­
sonville, it was spiked to a wharf, where it yet remains uninjured. At Natchez, the rod 

15* 
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was secured to Mr. Brown's breakwater. At Baton Rouge, at Red-river landing in 1858, 
at Lake Providence, and at Memphis, 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. vVhen 
the river fell below the bottom of the rod, temporary pieces were planted and carefu lly 
referred to the main rod by means of a spirit level. At Red-river landing in 1851, and 
at Columbus, an upright to su. tain the rod was planted at the foot of a steep bank, and 
securely braced at top by cro s-pieces pinned to the ground . At N apolcon, where the 
shelving bank rendered this plan impracticable, a pile was sunk in the most secure 
place, and protected against drift by a floating framework of timber, in the form of the 
letter V, the vertex being direc ted toward the river, and the ends ln.shed to trees and 
braced agninst the edge of the bank. At Vicksburg, even this method .was impracticable 
from the number of steamboats con. tantly arriving and departing. A series of benches 
was made upon stones phtnted at different di stances down t he slope, and the daily stand 
of the river was determined by referring the water surface to on e of th em with a spirit 
lev l. When tb e velocity observation terminated, n rod was e tablished on the other 
bank of the river in the same manner as at Memphis. 

H aving, by means of the variou plans enumerated, es tablished a fixed scale of 

A t f d t reference, the daily height of the river at each of the stations was ob-moun o a a 
collected by this served and recorded, together with the state of the weather, the force 
Survey. r1;nd direction of the wind, etc. As already stated, at stations where 
tidal influence was suspected, add itional readings were taken, or self-registering gauges 
were used; but for oscillations due to variations in di . charge, a single ob ervation per 
day is sufficient, n.nd such only have been pre ented in No. 1, App ndix B, which con­
tains all the details necessary to be known respectiug these op ration . Their extent 
is exhibited in the following table :-

Nttmbe1' of months, or pa1·ts of months, of daily grr.,ur;e 1·ecm·d. (See Appendix B.) 

l.oc:tliLy. 1 51. lbo~. 1%3. l 67. 1 ~5 . JSW. 1860. 18U1. 

-------------- --------------------
Cn.iro ..... .......... .... ....... .... ......... .. . . ....... . ....... .. ........... . 
Columbu ~ ... ...... .. ..... .... ....... . ............ . ........... .. . ......... .. 
i'l l mphis ..... . ..... ..... ....................... .. .... . . ..... . ......... ... . 
Nnpolron ................ . .. . . .... ..... .... . .. .. ......... ....... .. ...... .. 
J~ n kc Prov id ence .... .. ... ... .................. .. ...... ..... ............. .... .. . 10 
Vi cksburg .... ...... .................. .............. ............................ .. ..... . 
New Cnrl hngc ... ........ ................ .. ... ... ........ ... ... ..... . ..... . 

>llchcz ... ......... .... .... . .... .......... .. ..... .. . .... .. .......... .. ... .. 
11 i 
10 I 

Hell- river t,mt!ing ......... .... ... ...................... ... ................. ....... .. 
Hn1 on lt ougc .. ....... .. .... ...... ... ...... ............ .................... ... · ·· 
Do n>thl ~n nvi ll e ....... .. .. . .. . ............ ........ .. · ····· ........... .... . 
'n rroll1 on ............... ... ............. ... . . .. . .. . . ..................... . 

1l i) 

1 I ]::! 

!:! 1:! 
l:l l:l 

For t St. Phi lip ... .................. .... ........ .... . ....... . ........ ... . . ll I 

3 

1 
1 
1 

8 
12 
l:l 
12 

11 

12 
12 

l :l 
l:l 

8 
1 

'J 

] 

1 

l :l 1:.! 3 

Other data Be icles the e mea urcment made by the urvey, many otl r data 
collected. relativ to th ·ubj ect hav been present d in App ndix B. 

Thus Mr. Andrew Gingry, wbo kep t the r ord at Donald ·onvi ll , continued th 

At Donaldson­
ville. 

ob rvations aft r thos f th o·ov rnm nt ea: cl, and. a stated in the 
letter Lran ·mittin o- thi eport, pr sent cl to th 'urv y a tran crii t of 
his notes taken thr e tim s a day for th years 1 54-55-t>G-57-o9, and 

part of 1860. This record is e pecially valuabl , b cau no ac idcnt has happened to th 
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gauge-rod since it was first put up by Lieutenant Warren, in 1851. Its adjustment 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, however, the relative heights of some of the high-water marks will 
excite surprise (judging from statements which have from time to time appeared over 
the signatures of distinguished engineers), it is satisfa.ctory to be able to establish their 
accuracy by their accordance with this continuous record at Donaldsonville. This 
reO'ister is also especially valuable for supplying the break in the Carrollton record 

c . 
during the years 1855- 56- 57,. and thus, as will be hereafter seen, aiding in discussing 
the annual discharge of the nver. 

Appendix B also contains records kept at the Memphis navy yard, for 1848-49-
G0-61-52 and copied from the record books of the yard by permission . 
of Comm~dore Joseph Smith, U.S.N., Chief of the Bureau of Yards At Memphis. 

and Docks, Navy Department. 
It also contains records observed at the St. Louis arsenal (Captain 

\V. H. Bell, U. S. Ordnance, Commanding), in 1843-44-45, under the 
direction of Captain T. J. Cram, U. S. Topographical Engineers. 

At St. Louis. 

At Carrollton. 
It aJso contains records at Carrollton for the years 184-8-49-50 and 

1853- 54-55, made under the direction of Professor Forshey. 
Approximate ga~ge-record.s at Helena and. Pr~vidence for the flood months of 1858, 

and various approximate regLsters of the oscillatwns of the tributaries . 
. . . . tl l tter mostl 'l d f th . d 'l Miscellaneous. of the Mississippi- 1e a Y compi e rom e my newspa-

:>ers-have also been added to this appendix. 
I Plate VII has been prepared to exhibit the original data compiled by Professor 
Forshey from the records ~f ~overnor. 'Winthrop Sargent, Mr. Samuel 
Davis and himself at VIdalia opposite Natchez. As many refer­

At Natchez. 

ences' will be made to these da.ta 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 Mis­
sissippi," printed to accompany the report of the joint committee on levees of the 
leO'islature of Loui. iana in 1850, there is a diagram which represents these data reduced 
tobthe ranO'e or o cillation at Carrollton, and combined in mean curves of ten years each. 

This c~mpletes the list of. data available for determining the usual These data 

succession of stages of the Mississippi between St. Louis and the gulf. r~presented by 
The most important portions for this purpose are presented in diagrams diagrams. 

011 
plates V, VI, VII, VIII, and IX. . . . . 
Each of the e annual gauge-records Is, of course, an exa.ct reg1ster of the vanatwn 

. tao·c of the ri ver at that place for that year. By comparing the Cl ' fi t ' f 
1 n s c b . , • • . • . ass1 ca 1on o 

l t s which exhibit the osCillatiOns at the same locahty m different them for the pre-

P e:I~s, it will be seen, a already intimated, that the ~- i ver ~arie.s greatly sent purpose. 

y 'tl ct bo th to the date and to the extent of Its osCillatwns. Its mean or usual 
w1 1 respc . . . , 

· f taO'e. then can be determmed only by combmmg several years observa-
succcsswn o "b ' . . . 
. It · . moreover ar:>parent that each tnbutary has a varymg effect upon this 

tions ~ ~ . · 
1 

f the river and therefore, that somewhat different successions of stages 
mean aw o ' ' . . . . 

b 
. ctcd in different parts of Its cour;;e. The mformatwn collected Is not 

arc to e xpc 
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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 first between 
the Ohio and the Arkansas, the second between the Arkansas and the Red, and the 
third below Red river. The record are, then, to be examined with reference to the 
mean yearly oscmations in each of these sections or divisions. 

Between the Ohio and Arkansas rivers, .Memr his is the only place wh re gauge­

The Ohio to 
the Arkansas. 

records have been kept for a series of years. ( ee plate VIII.) By legi­
timate interpolation for missing obser ations, the register at that place 
can be made complete for five years, a period. of time not so long as 

could be desired, but still sufficient to entitle the mean result to some confidence. The 
mean readings for each month during the five years are contained in the following 
table. 

Between the Arkansas and Red rivers, Natchez i. the point selected, since Profes­

The Arkansas 
to the Red. 

sor For hey's compiled record at Vidalia, opposite the city, is available, 
in addition to the two years' observations of this 'urvey. (See plates V, 
VI, and VII.) Professor Forshey's records are incomplete, a.nd the rigid 

r ules of interpol ation adopted in preparing this report admit of the usc, forth present 
purpose, of only twenty-three of hi. curves. The . everal monthly m ans taken from the 
diagram will be found in the following table. 

Below Red river, the data are more exact both at Donaldsonville and Carrollton. 
. The yearly record is complete at DonaJdsonville for the nine years, 

Below Red nver. C 1851-50, and at arrollton for the twelve y ars, 1840-GO, except for 
the years 1855-56-57. For these years it can be supplied from the Donaldsonville 
record by the following process. The mean high water, a. determined. by monthly 
means, reads on the Donald onville gauge 24.2, and on the Carrollton gauge, 12.2; 
the mean yearly range, a determined by monthly mean s, b ing 17.0 and 10.4 feet 
respectively. It is evident, since the range in this part of the river d creases uniformly 
as the gulf is approached, that any mean monthly r ading may be qu ite accurately 
ascertained by subtra ting from 12.2 the product obtained by multiplying :~:~=0.58 by 
the difference between 24 .2 and the mean r ading for the month at Donaldsonville. 
A few trials will show that this process gives results which accord very clo. ely with 
actual observation . Indeed the errors are ab olutely inappreciable in this use of 
gauge-records. 
General table 
and diagram of 
results. 

The following table exhibits the data jm;t enumerated, the mean 
results of which are als presented in figure · 3 and 4, pla.te IX. 
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Mean monthly gauge-1·od 1·eadings. 

LoCltl ity. Year. ,Jan. Fob. March. Apri l. May. Juno. .Tuly. August. Sept. October. Nov. Doc. --------------------------
Memphis . . . .. ............. . Feet. Feet. Feet. Feet. Feet . Feet. Feet. Feet. Feet. Feet . Feet. Feet. 184!) :27.1 29.3 27 0 27.6 23 .0 21.8 l!J. 5 13.!) 8.0 7.6 8.1 18.6 1850 26.0 31. 3 32. 0 30.3 33.9 17.2 15. 1 13.2 11.0 5.6 5.4 1(;.5 1851 12.9 16.9 33·0 27.0 17.0 28. 5 31.0 23.0 11.5 8.4 7.0 7.!J 18!)8 1!J.6 15.8 :L:.l .3 2H.O 32.5 34.\J :26.5 19.8 10.6 5. 1 !J. 5 15 3 1859 23.6 23.6 34.7 34,6 33.7 23.!J 18.3 11.3 5·0 6.o 7·0 19. 0 ---------------------·-----Monthly mcnn .. 21.8 23.4 2!J .8 2!J. 7 28.0 25 3 22.1 16.2 92 6.5 7.4 15.4 

-- - - ----- ------------------
Nntchcz . ..•.. ...... . .. ...... 181!) 16.5 23.0 28.5 35.5 46.0 45.5 36.0 24·5 1J. 5 5·5 2.5 3.0 1822 23.5 il2.5 34.5 35.5 45. 5 46.5 43.0 J6.5 18. 5 10.5 29.5 41. 5 1813 43 5 45.0 43.5 50.0 52.5 51.5 48 .5 42. 5 30.5 16.5 8.5 5.5 1824 :n.o 38.5 42 .0 49.5 51.0 49.5 47.0 36.0 1!J.5 12.5 12.5 28.0 1 R~5 38.5 18.5 27.0 41.5 49.5 47 .0 36.5 23 5 14.0 9.5 6.0 4.5 1828 42.5 48 5 51.5 51. 0 50.5 49.0 46.0 41.0 30.5 20. 5 16.5 23.5 1829 26.5 18.0 24.5 38.0 41. 5 28.0 17 5 13 0 10.0 14 .0 25.5 37.0 1830 41.0 2!J.5 33.5 48.0 18.0 46.5 40 . .3 26.0 9.6 3.5 2.5 12.5 1831 24.5 28.0 38.0 4<1.6 40.0 4ci .O 35·0 25. 0 15.0 12.0 13.0 8.0 18:34 42.0 44.0 43.0 45.0 33. 0 20.0 34 .0 39· 5 2 9·5 19· 5 17.0 17.0 1835 17.5 :!0.5 34.5 3!J .O 41.0 43.5 3 S· 5 2 5· 5 20.5 19· 5 31.5 34.5 1836 30 5 3J.O 38.5 4!J.5 50.6 48.6 38 5 24·5 13· 5 8.o 9·5 25.5 1 37 33.5 24.5 33.0 46 0 41.0 27.5 21.0 16.o IJ . O 1 2.0 18.o 23.0 1838 2-t. 5 27 .5 37. 5 4G.5 38.5 27. 5 2J.O 15.5 ]0. 5 8.5 14.0 15.0 1839 16.5 27.0 29.5 36 0 27.5 21. 5 13.6 8.5 5.0 2. 6 2.6 7. 6 1840 14.0 24. 0 43.5 4G.5 50 .5 4fl.6 41.0 26.6 15 5 20.5 26.5 33.0 18H 46.0 47.0 43.0 47.0 49 .0 43.0 24.5 16.0 1 2.0 10.0 I 3 0 17 0 1844 41.5 4-1. 5 46.5 49 .. -) 51.5 52.5 52.5 48.5 35.5 28 5 27. 6 31.0 1845 29.5 39.0 47 .0 44.5 37.5 26.5 39.0 24.5 11.6 13.5 12. 0 7.0 18J6 7.0 25.5 36.0 43.0 44.5 42.5 28 5 15 5 14.5 7. 5 l O.i 35.5 184'j 40.0 41.5 47.0 51.5 42.3 36 0 35.5 25.5 21. 5 19.0 19.0 2J .O 1851 z6 .o 26 0 49.9 51. () 39.7 43. 1 46.1 37.4 21.8 12.5 11.6 12.5 1858 43.9 41.7 39.5 4!J.9 51. 8 52.6 51.() 44.6 23 .2 12.0 20.6 27. ~ ------------------------Monthly mean .. 30.0 33.0 38.8 45.2 44.9 40.9 36.2 27.6 17.8 13.0 15.2 20.6 

--- ----------------~-------
Donalt.lsomille ........... 1 51 9 8 16.:l 28.8 29.3 23.9 23.!1 25.3 21.0 11.4 6.8 6.4 (i.(i 

185:.? 10.7 12.9 24.6 ~6.8 27.ll 27.7 20.2 !J.6 7.2 7.0 10.4 18. 0 
18.)3 25 .5 2-1.1 27.0 2G.O 27. 1 26.8 1!l.O 11.4 7.8 6.8 6.8 G.3 
18.)4 59 20.2 21.6 26.0 25.3 24.0 18. 1 7.!l 6.4 6.3 4.() 4.4 
1855 

I 
7.0 !i.3 7. 6 13.9 10. 3 10.7 10.0 !!.2 10.0 0.7 10.1 12.!! 

1856 1 2.!i 6.7 22.3 20.2 23.7 20.8 85 5.6 4.8 4. 1 4.2 1~. 3 
1 57 10 2 14 .4 24.7 18. 7 20.8 1!l.G 14.8 7.2 4.8 3.9 5.2 14.(i 
185 :.?5.0 24.0 23 .6 28.1 20.4 29.1 28.0 25.9 12.3 7.0 6 6 12.8 
1859 23.5 20.4 26.8 29 0 29.2 26 3 10.8 8.0 3.9 5.6 4.3 14.0 

I 
, __ 

----------------------
Monthly mean .. 1·!.5 16.1 23. 0 24.2 24.1 23.1 18.2 l l.i 7.6 6.3 6.4 11.3 

- 1- ----------------------------
Carrollton ..... ............. 184() 1;3.6 14.6 1-1. 8 14.7 14.2 13.2 12. 1 12.4 8 1 2.8 3.4 8.5 

1 50 13 0 13.2 12. () 12.R 12.3 12. 0 8.5 3.2 1.8 1.0 0.2 3.1 
1 51 6.7 6.9 14 8 14.8 12.0 11. [) 12. 5 9.!) 4.1 1.5 1.1 0.8 
1852 3. 0 4.0 11.7 12.0 13.6 13.5 !J.2 3.1 2.8 2. 7 4.3 8.4 
1853 13. 7 12.6 14.3 13.8 14.4 1<!. 9 9.6 5.0 2.9 2.2 1.7 2.0 
1 5,1 1.8 10.-1 ILl 13.8 12.7 13.9 9.4 2. 1 2.0 l.!J 1. 2 O.Q 
1855 2.4 2. 0 2.0 6.6 4.4 4.6 4·5 4·0 4·5 4·3 4·5 6.2 
1856 5·9 2.5 " ·7 10.5 12.5 10.8 3·6 J. 9 I.4 }.0 }.1 5·s 
1857 46 7·0 12 9 9·6 10.8 1 0.0 7· 3 2.8 I.4 0.9 1 3 (j ') 
1 58 1:2.7 12.5 11.7 14.2 14.7 14.2 13.7 11. 0 4.0 1. 3 2.3 5.3 
1 5!J 10.9 9.0 12.9 14. 7 14.5 12.7 8.7 3.2 1.7 1. 6 0.7 5.6 

1 1860_ !J.8 11. 9 12.7 7.7 7.0 4.1 2.0 1.3 1.0 0. 3 1.0 2.1 

l\Jonlhly lmean .. .2 8.9 12.0 12.2 11.0 11.2 8.4 5.1 3.0 1.8 1.0 4.7 

To render these mean re::;ults more directly comparable with each 
other, the following table has been prepared, exhibiting tl e mean 
monthly stand of the river, expressed in decimals of the total mean 

Analytical com­
parison of these 
results . 
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yearly range as determined by monthly means. That yearly rn,nge is 10.4 feet at 
Carrollton, 17.9 feet at Donn,ldsonville, 32.2 fee t at Natchez, and 23.3 fee t at Memphis ; 
the corresponding mean high-water gauge-readings, as determined by monthly means, 
being 12.2, 24 .2, 45.2, and 29.8. The table is computed by dividing by the yearly 
range the number of feet of each men,u monthly reading below high water. 

Mean stages of the llfis is ippi 1·ive1·. 

l\l onthly stand of rh·cr below hig h water, in dccirnnls o f totn.l mean yearly rn.ngf'l . 

Month . 

I 

Jn,nu n,ry ...... ................ ...... .. .... ........................ .. 

I !:~~~ .. -~ . : i i 
July . ..... .. ... ......... .. . ..... ............. .... ....... .... ....... .. 
A ugusl. .. . .. . . ..... .. .. . ...... .. .. ... .. . . . .. .. ... .................. . 
Sep tember ........................ ..... ...... .. .......... . . .. . .... . 
Octo bel' ............ . .. ............... ...... ................. ...... . 
November ....... ....... .. .................... . ... .. .... ..... ..... . 
December . ....... .............. .. ... .... ...... . ... .............. .. 

)fcmphis. 
(5 years.) 

0.34 
o.n 
0.00 
0.00 
0.08 
O.Hl 
0.33 
0 i\8 
0.8 
1.00 
0.\lli 
0.02 

Nut chez. 
(23 years.) 

o.n 
0.38 
0.20 
0.00 
0.0 1 
0.1. :~ 

0.2 
0. 5:> 
0. 5 
1.()0 
0.\)3 
O.i() 

----------------------------------~------------------

Donn l d~-~- Carroll~ 
(9 years.) (12 yc<~.rs .) 

0.54 
0.4.) 
O.D7 
0.00 
0.00 
0.07 
o. :l.( 
0.7\l 
0.!):3 
1.00 
0.\1\l 
0 ~ .) ·'-

0.38 
0.32 
0.02 
0.00 
O. D:l 
0. 11) 
o.:H 
O.li!\ 
0.8H 
1.00 
0. ()~) 
O.i:.l 

This table, except for Natchez, where the curve is less accumt ly determined than at 
General laws the other localities, is illustrated by figure 3, plate IX. It is to be re-
governing the marked that the oscillation. at the flood stages ftre in some measure 
stages of the obscured at Memphis by the effect of the ~ t. Fran is swam1), n,t N atchcz 
river. .1: 

by that of the Tensas swamp, and at Donaldsonvill and Carrollton by 
the combined effect ofthosc S1v:1mps and of creva. se below Red river. It is then perceived 
from the mean curves : 1st. That the law which g verns the mean annu!tl rise and fall of 
the Mississippi varies but little from the Ohio to the gulf. 2d . That the min· which accom­
pany the three great changes in eason (to winter, pring, and .·ummer) throughout the 
brgcr part of the Mississippi b:.tsin, produce thr e corre ponding rises in the river 
(augmented in the spring by melting now). 3d. That, above the mouth of the Arkan~ 
sas, the rise occasioned by the rain and melting snow which attend the setting in of 
the southwest wind. a t the tran ition from winter to spring, in the northern and cas~ 
ern p:.trt of the great valley, usually attains its highest point in the latter part of 
March. The river then ubsides until the arrival (commonly in June) of the Rocky~ 
mountain rise, swelled by the early summer rains of the lower Missouri , and by tho e 
of the eastern portion of th Mi si sippi basin.* It then fall rapidly until the latter 

---------
* The rainy season along the foot of the Roc ky mountain s in the region drained by the tributaries of the M issouri 

ri ver, occur in the latter half of spring. One-third of the yearly pr cip itation take~ plfLCC nt thtlt tim . Jt is 
n.ttcndcd Ly the melting of the snow in the mountains. 'l'hc ri c tlm produ c d rcache that p ortion of the Missouri 
river cast of the ~8 th merid ian (G reenwich longitude) at th time of the early ummer rains . The waters of the Mis­
souri receive tha.t peculiar color by which they arc r cognized von at r w rleans from th cbys of the tauv:tises 
T err s , throug h whkh they pass. 

'L' hc tribu taries of the Arkansas t lmt ri se in the R ocky mou ntains hav , in like IIHtn ner , a la te spring ri s , whi ch 
is j oined by the summ er rains of the lower pa.rt or the hasio, but with less regularity than occurs in the junction of a 
simil ar character on the Mi souri . 

'J'hc Red river rises in the Lhtno E stacado, not in the R ocky mountains. Hs umm r rain s nrc bLi er than t hose of the 
:Missouri , a nd its s prin"' and summe1· ri cs occur at later periods than tho e of the upper lribula1·ics of lhe Mississippi . 

The A rkansas pal' takes Hom wlmt of l he chamct I' or th R ed r ive1·. 
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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 somewhat 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 :"even 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, perhaps, be repeated here. 
Althouo-h the surface of the river follows in a general manner the suc-

o • Caution. 
cession of stages indicated, yet climatic variations produce each year 
oscillations differing from the mean and from those of each preceding year. Con­
sequently, the e mean curves,. which exhibit so b~autifuHy the existence of a law 
governing the general succe~swn of stages of the nver, do not furnish the means of 
predicting its stand at any g1ven epoch. 

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 expendi­
ture of time and money in measurements. Neither the importance of 
the knowledge to be thus gained, nor the amount of the appropriation 

Introductory 
remarks. 

for the present survey has justified such extended operations, and they have not been 
ttempted . Still, as it is essential to have the approximate value of these quantities, 

a urements were made, with a view to their determination, at numerous carefully-
mens . . . 

1 cted loca1ities. The detmls of these operatwns will be found in the next chapter and 
se e . d . h. l a· l in A pi endix C. It 1s propose m t 1s p ~ce t~ 1scuss t 1: results there recorded, and 
to derive from them as .close an. approxtmatwn as posstble to the true dimensions of 
the cross-section of the nver at high and at low water, below the mouth of the Ohio. 

High wate'r.-The :first point for consideration is the general grouping of the sections. 
Althouo·h the data are already meagre, yet it seems so probable that . . 
the cot~ributions of the great tributaries affect the dimensions of the CfaJs1ficat1on 

main river, that it is considered important to subdivide them. Four 
0 

ata. 

rrrand divi ions will therefore be considered, namely: from the Ohio to the Arkansas; 
from the Arkansas to the Red ; from the Red to bayou La Fourche; and from bayou 
La Fourche to the head of the passes. In each the same general plan of computation 

will be adopted. . . . . . 
The next point whwh uggests 1tself 1s the proper we1ght to be g1ven to the differ-

t ·ons in deducing a mean value for the river. It will be seen ent sec 1 . . . Proper method 

f
, A pendix C, that, at some locahtles, many cross-sectwns were of grouping 
rom p a· . . •t d . l the sections. 

made in the , arne imme 1~te V1Cll11 y, an m o_tler~ ?nly .one. Nm~, 
. tb obiect i to determme a mean cross-section, 1t IS ev1dent that, 1f all the sections 

smce e J b a· .a- t l 1. . . 
11 d equal weio·ht, t e weren oca 1hes, whiCh all equally affect the true mean 

arc a owe 0 
• • ' 

will b" very unfttirly repre en ted. In other worls, the resultmg mean will correspond 
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not to the whole 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 se tion in fimling the grand 
mean. 

The propriety of combining published data with those collected by 
Examination of the Survey next suggests itself. Very few of these data are to be found, 
published data. ..., 

Lieut. Marr's. 

but such as there are will be briefly noticed. 
The section at Memphis, made by Lieutenant Marr, U.S.N., is un­

doubtedly correct, and has been adopted . 
The sections made by the Senate committee of the Louisiana legislature in 1850 

Th f S t were only designed for general purposes; the places of the different ose o ena e ..., • 
committee of soundings not being fixed by triangulation, but being a· umed to be 
Louisiana. equidistant. This kind of work, although valuable for the general pur-
poses contemplated by the committee, docs not po se.·. the exactness req uisite for the 
operations of this Survey, and no use has been made of it. 

The data presented by Mr. Ellet in his report upon the Missi sippi in 1851 next 

Mr. Ellet's. 
claim attention. No opinion of the care with which the measurements 
were made or even of the method employed, can be formed from the pub­

lished report. By examining the archives of the Bureau of Topographical Engineers, vVar 
Department, however, several of the original diagrams were found, and they show that 
the exactness of measurement deemed essential in the operations of thi Survey was not 
attempted by Mr. Ellet. For instance, most of his sections of the Mississippi river on 
file were determined by less thcin ten sozmdiny., and even these were o imp rfec tly dis­
tributed that very large intervals (one interval exce ding 1100 feet) w rc I ft on several 
of the sections. By comparing the areas of cross- ection determined by Mr. Ellet with 
those given in this report, when the sections happen to be at the sn,me place, it will be 
found that the two values , omctimes agree closely, but that at other times they differ 
very much. Thus, just below the mouth of Red river, Mr. Ellet's section (high wat r 
of 1850) is· 268,646 square feet. That found by thi urvey for the ,·am high water at 
the same locality (mean of two sections) is 2GD,500. This i a satisfactory agreement; 
but at Raccourci cut-off, only 3 miles b low, M:r. Ellet give 14 , 790 quar feet for the 
area at high water, 1850; while the a curate det rmination of thi urvey, made about 
the same time and published in full in Appendix , give (mean of two ection.) for the 
same place and date 186,900 square feet, showing an error in M:r. Ellet's work of some 
38,000 square feet. This particular instance i cited because it hows that Mr. E llct's 
opinion is based upon erroneous measurements when he d cide · that "the area of the 
section of th Mis i sippi in high W<1ter through the Baccourci ut-oif i but littl more 
than two-third. of the average area from Vicksburg to Bonnet 1arr6 ;'' and that "the 
conclusions which will be drawn from this fact will be found of the bighc t importance 
in treating of the effect of cultivation, of cut-oifs, and the xt n. ion of th levees, in 
fact in all m asures tending to throw more wat r into any part of the hanncl in a 
given time." The truth is that, at th date of hi· fi ld , ork, th ar a of cross-s c­
tion at Raccourci cut-off had attained the normal dim nsions for straight portions or th 
river in thi part of its course-as, for in tuncc, at icksburg ot· at Bat n Rou~:,c. But 
to return to the subject un<l r di ·cu sion, 1\fr. Ellet's m a ur m nts of cross-section, 
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being found to be loss exact than those of this Survey, have not been used whenever 
opora.tions were conducted by both parties in the same locality. As, however, they 
undoubtedly approximate to correctness, they have been used for general purposes 
where no corresponding measurements were made by this Survey. Due acknowledg­
ment has been made for such as have been so used. 

It only remains to explain that the areas in the following table have been taken 

Tables exhibit­
ing the mean 
high-water areas 
and mid-channel 
depth of the 
Mississippi. 

from the table in Appendix C, and reduced to the high water of 1858, 
when sensibly differing from that level, by means of the table of rela­
tive heights of different floods, given under the head of "Great Floods." 
For Mr. Ellet's sections, the high water 0f 1858 has been considered to 
be 2 fee t higher than that of 1850 above the mouth of the Arkansas, 
and of equal height below. In two or three sections of the Survey, 
where large permanent eddies are known to exist, their measured area has been 

deducted. 
By the mn.ximum high-water depth is meant the mid-channel depth of the river at 

hi O'h water and consequently, when several sections have been made at the same 
0 ' 

locality, the mean of their maximum depths, and not the greatest depth observed on 
n,ny one of them, is en tered in the table. They are n,ll ta.ken from Appendix C, for 
the sections made by this Survey. 

In all other respects the tables explain themselves. 

High-water areas and maximum depths of the M ississippi between banlcs. 

Ohio river to Arkansas ri\·er. Arkansns river to Red river. 

I 
~ \ ~l ax. I Area fo r I g Max. At·ea for 

Locality. ..... -r5 (depth. di.scharn·e Authori ty.* Locality. ~ ~ (~~p~~,1 ' dischaq;c, Authority.* 
~.§ 11'~-'~· 11. w. l'-,11)'. zo:3 1s58: h . w.l85 . 
i'O- oJ o. J 

-------- -- - ~---- ---------- -- --- -----1 

I I Ft . Sq.fl . I 
1 mile below Ohio....... i1 

1 

73 24:l,300 ~Ir. Ellcl. 
Columbu s .. .. . ... ... ....... ! (l(j \ 106, :200 Della Survey. 
New !lbdr iJ · · ············· GG 20\l,GIJO I " " 
Above Osceola ........ . . . . l 8\J UJ8,UOO " " 
l.lclow Randolph .. . .. .. . . 1 1 \ 11 9 l l~l. ,:!OO ." " 
~ l emphi s ............ . .. . . .. 83 11 r, ,IJI)() Li eUt. ::'lhrr. 
If elena . ................ .. . . 1 I 71 :.!il-3.800 Delta Survey. 
Jio,·se-shoc cut -off...... . 1 7.j 1137,01)1) ~lr. Ellet. 
0. 75 m. above Ark. ...... 1 I 8:.! 176,800 " " 

Ft. Sq. ft. 
13elow month of Ark ..... .. 1 88 211,700 Delta Survey. 
0.75 m. below Arkan stt s ... 1 81 19(),400 ~1r. Ellct. 
Uppe 1· side American bend 1 104 liO,lOO " " 
Lower " " " 1 70 187, 200 " " 
Lake Providence ............ 1 87 201,700 Delta Survey . 
Upper side Terrapin neck 1 88 178,200 .\lr. Ellet. 
Lower " " " 1 102 168,100 " " 
7 miles above VicksbUJ·g .. 1 120 160,200 " " 
Vicksburg ... . .. ... .. .... .... .. 8 101 170,500 De Ita Survey. 
Above Palmyrn bend . ..... 1 !)(j 187,200 l\Jr. Ellet. 
New Carthage . ... .... . ....... 1 111 208, 000 Delta Survey. 
Belo w Pnlmyra bend .. . . .. . 1 91 256,300 Mr. Ellet.. 

Above Gr~~nd Gulf ... . . ..... 1 105 175,800 " " 
Below " " 1 76 26 !,800 " " ··········· 
Natchez .... ... ... .. ............ 2 118 22 1,600 Delta Survey. 
Above Red river ..... .. ... .. . 1 84 200,600 " " 

:Mean-say .... . .. . 

-------- --i----1-----11---------- -- - - --- ----I 

I 87 1 19t ,ooo ~lean-say . ...... . .. . 96 1 199,000 

* As it som etim es happened that different employes of the Su.rvey_macle sections at the same l?calities, it. is impos-
"hl · r crerJ·

1
t to indi\'idu:tls herr. Exact mformatLOn on tlus pomt may, however, be fonnclm A.ppenchx C. 

Sl etog1v l G 
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Hrd river to bayou l .a }\m rche. J\nyou l .. a. Ftmrche to llentl of pn.'i~cs . 

l .o<:alily. 

Ft. 
Hed · river lnnding. . ..... 2 1 :!U 
Jbcconrci cnt-off.. . .. .... :2 I \17 
Tn nicn b~nJ. .. ... . . . . ... . 1 8~ 
J nlil e nb. ] I:Lton Hou ge 2 1117 
Dalon Hougt>......... . . . .. 3 J I);J 
l m. bel. Bn.ton Bougc. ~ I 18 
1 5 m. nb. Plaq uemine. 1 1:2:l 
1. 5 m . bel. " 1 l :!tl 
l m. ab. Donaldsonvill e 1 11 8 

------------
lllen n-sny.. ........ 113 

Sq. ft. 
~ 111,0110 

l tli,liOO 
2~lH,!ItHJ 
1 DI. OOIJ 
181,000 
1Sv,ooo 
1 ~ 1 ,GOO 
1\)\!,300 
200,:200 

200,000 

-
I 

No. ~la x. 

of :-PC-
di•pth. 
}I.W. I ti ua<. l "flt.'l. 

-

lA>cnlity. 

Ft. 
llella Sut·ycy. O.G m. bel. Donnld'v' le. 

·• " 
1 2.:2 miles belo w Bonnet 

l 103 

\ I r . Ellcl. j 'a rr c chu r (; h .......... . 
Dcl1 :1 :::>urvey. A b. Jl. C. c reva~se 18:)0 

" '' I Bel. " " " 
" " 17 111. nb. New Or! nns. 

1 1 () 

-1 111 
5 82 
1 1:l8 

Mr . .Ellct. l:'i " " " I 1·N 
" " l.l cnd a b. Carr ollton ..... 18 1-17 
" " In front of CmTollton .. :21) Hi 

Dara tnrin cnnnl l ocks .. . I .Fort St. Ph ilip .......... .. __ . 

1-----

l, J\l ca n-~ny .. .. ...... 

5 1:!2 
l 15 1 

1:!1l 

Area for 
lli >jt ltaq~t~, ~"-nthoril y .* 
h. w . I S;j.':) , 

---
Sq. ft . 

:21-J,GOO Mr. Ell t. 

2112, "100 Delta S urvey. 
228,1)00 " " 
11H. GOO " " 
1 i -1,000 " " 
18 1,000 " " 
:211j,3(Jl) " " 
18-1,700 " " 
187,800 " " 
:23 1,300 " " 
--------1 

1\Jil,OOO 

The same prin iples apply to the determination of the high-water width as to that 

Tables exhibit­
ing the high­
water width of 
the Mississippi. 

of the high-water area, but the exact topographical snrvey of both 
banks, made between Baton Rouge and Carroll ton , in 1851, furnishes 
the means of determining it for the lower part of th e river with gren.tcr 
prec1s1on. 1,he width n. t equLLl intervals of about L~OOO feet between 

these two pluces is given in the following table, and but one cxpln.na tory remark is 
required. Between lled river and Baton Rouge there arc eveml islands, while 
between the lu.ttcr place and bayou Ln. Fourche only one exi.·ts. A i:l i.·1amls materially 
increase the width of a riYer, it is ev ident that the tuble, containing, as it docs, G8 
widths below lhton Rouge nnd only 7 abo,-e t l1i city-nud mo.· t of these not taken 
in the vicinity of the islands-must o· ive too smull a mean width. The numerical 
mean of the colu mn in the table is 2 GO, but HO fi •e t more huve b en allowed, to cor­
rect approximately for this cause of error, giving 3000 feet as adopted. 

*As· it somctimrs hnpp n rl that di!frrent employ~ of' th urvey mad sect ion ut the ~nme locnlitirs, it is imp os-
sible lo give crcLl it to imlividuals here. Exact information on this point may, however, be f'onn d in 1\ ppcndi x U. 
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High-water widths of tlw Mississippi between banl~s. 

_________________ o_l_'i_o_ri_•_c r_· t_o_A_r~k_a_'"-M--ri_v~c '_·. ___________ ______ l ----------------A--rk-·a_n_s~--r-iv7c_r _to_l_l._c<~lr_i_•e_r_. __________ ___ 

lligh- I 

Locality. width Party of 
b C'tW('(' tl 
banks. 

Hig h­
wa.tf'f 

Locali ty. width 
between 

banks. 

l'arty of 
water I 

-------------- ---- ----- ----- ------------------1----- -------

1 mile below Ohio ..... .. . ......... . . 
Ncnr Isb nd 4 ....... . ................ . 
Columb ns .............. . ............. . . 
]I iokm;w ....... ....................... . 
i\ bove New 1\Iadrid ... ... ... . . .... .. . 
3.5 miles below ;{ew i\laurid ... . . . 
:l mil es above Osceola .............. . 
1. 5 miles below Osceola ... ........ . 
Hnnd olph ... .. . ......... . ..... ···· ····· 
0.5 m. below Randolph .............. . 
Na!Towest. point.-Ra.ndolpb bluff. 
Memphis, opposite Gayoso house 
] mile above Helenn. .............. '" I 
ll clcnn ................................ .. 
10 miles below Helena ............. . 
Fri>w's poin t ........ ... ............ .. .. 
H ot·se-shoe cut-off .................. .. 
Foot. of Islnnd 68 ...... ... ............ 

1 1 mile below [s la1lCl 68 .... ........ .. 
0.75 m. above Arkansas river .. ... . 

Feet . 
4030 
G:!80 
2:2<10 
3fi00 
6880 
ii800 
GOSO 
7li70 
3110 
:l800 
2~ 0 
3~60 
-1 00 
4080 
7081) 
().)()() 

2\HO 
4250 
2460 
2810 

i\Iean-sny.. . .. .. ........ ... 4470 
I 

Mr. ElleL's report. 
i\fr. W. S. Smith. 
1\Ir. H. C . .Fillebrown. 
Lt. Abbot. 
" " 
)fr. W. S. Smitlt . 
I.t .. Abbot. 
i\Ir. W. S. Smith. 
Lt. Abbot. 
" " 
i\Ir. W. S. Smith. 

Lt. Abbot. 
;\It·. W. S. Sm ith. 
Lt. Abbot.. 
)I r. E llet' s r eport. 
Lt. Abbot. 
.:lfr. W. S. SrnitlL 
i\Ir. Imet' s r eport. 

flelow mouth of Arknn srtS .. .. 
0.76 m. b eluw Arlmn sas ....... . 
Fort. of I sla nu 7G ............. .. 
IT end of T sland 83 ........ . .... .. 
Gt·eeHville . .. .... .. ... ....... .. .. . 
Upper side American bend .. . 
Lower " " " . . . 
L>tke Providence ....... .. ..... .. 

I 
0.5 m. bel. lake Provi dence .. . 
:!.5 ,, ,, '' ,, ······· · 
3.5 " " " " .. . .... . 
Hcnd of Island \l8 ............ .. 
U ppm· side 'l'err>1 pin neck .... . 
LOW Cl' " " " ···· · 
i miles above Vieksbmg .. ... . 
Vicksburg ...................... .. 
4.fi miles below Vicksburg .. . 
Above Pttlmym bend .......... . 
New Ctwthage .. ............. .. . .. 
]1elow P:olmym bend .. ...... . .. 
4 miles nbove Grand Gu lf. .. . 
3 miles below " " .... . 

I ]3,·uinsburg .. ·:· . .... . ... ........ . 
Coal-creek pomL ...... ..... .. .. 

1 Natchez-at br~akwat.er .... .. 
Ellis cliffs ...... ............... ... . 
Routh's point... ........ .. ........ . 

li'eet. 
3:l:W 
3731) 
7800 
5050 
471)1) 
33()0 
32\lO 
3580 
3·100 
4670 
49Hl 
3350 
3-1-1 1) 
3.'5-10 
3G l0 
2Giill 
42!)() 
4050 
4 ~~00 
5611) 
36·10 
5900 
4080 
2350 
4:)40 
3:l50 
3880 

Lt.. P utnam. 
1\I t·. 1\llet.' s reporf.. 
Lt. Abbot.. 
" " 

Mr . Ellet' s report. 
" " 

Lt .. Abbot. 
1\Ir. \V . S. Smith. 
Lt. Abbot.. 
l\Ir. W. S. Smith. 
Lt. Abbot. 
~Ir. J~ ll ct's report. 

" " 
" " 

M t•. JI. A. l'nt.t ison. 
Mr. W. S. S mith. 
i\{1· . ElleL's report. 
I.l. Abbot. 
i\It-. Ellet's report. 

" " 
" u 

1\>Ir. W. S. Smith. 
Lt. Abbot. 

" " 
Mr. W. S. Smith. 
i\Ir. G. C. Smi th. 

--- ---------
Mean-say............ 4080 

______________ n_e_d_•_·iv_c_r_to--ba_y_o_u_r"
1
a_E_' o_u_rc_h

1
e_. ---------------11 Bayou La Fourche to head of JlllSMS. 

l\Jout.h of Red river .... .. : ........... 1 3:i00 i\Ir. J. K. Ford. Donn.ldsonville ...... .... .... .... 3300 i\Ir. J. K. For e!. 
4 000 feet below Red m •er ....... 3GOO " " I 4,000 fL. bel. Donaldsonville. 3176 " " 
8:ooo " " " " ....... ~700 " " 8 0()0 " " " 2700 " " 

J•) 000 " " " " .. .. .. . ~000 " . ' 112; 000 " " " 2450 " " 
R~~ccourci cut·off-upper end... .. 24_00 " " I 16,000 " " " ~ 3:)0 H " 

" " lower end..... :l41l0 " " 20,000 " " " :l350 " " 
Tunic~ bend.......... .. .......... . .... 3:3~0 l\Ir. E llet.'s r eport. 2-!,000" " " :.! 300 " " 
llulon Ro uge-opposite arsenal .. ! ~QOO ~Ir . J. K. Ford. 28,000 " " " 2150 " " 

" " " Stale House. :!:3.)0 " " 82,000" " " 1G50 " " 
4,000 feet below " " :!:lOO " " 36,000 " " " 2150 " " 
8,000 " " " " :!G50 " " 40,000 " " " 1950 " " 

12,000 " " " " 30:!.:> " " 44 000 " " " 2050 " " 
1 G, OOO " " " " 2400 " " 48,000 " " " 2200 " " 
2o.ooo " " " " 31 oo " " 52:ooo " " " 25oo " " 
'~4 000 " " " " 3400 " " 5G,OOO " " " 2200 " " 
2s: 000 " " " " 3000 " " GO 000 " " " 2200 " " 
32,ooo " " " " ~li .:>O " " G~:ooo " " " 2100 " " 
3G,000 " " " " 3250 " " 68 000 " " " ] !JOO " " 
4o,ooo " " " " 34no " " 12:ooo " " " 24.00 " " 
44.,000 <r " " " 2:!50 " " 76,000 " " " 2400 " " 
48,000 " " " " 2250 " " 80 000 " " " 2150 " " 
52,000 " " " " 2-175 " " co'nven t .................. .... .. . .. 2450 " " 
5G,OOO " " " " 2.).)0 " " 4,000 feet below convent.... 2360 " " 
60,000 " " " " 2500 " " 8,000 " " " 2-1 00 " " 
64 ,000 " " " " ~4-50 " " Jefferson College. ... . ........... ~000 " " 
6H,OOO " " " " 3700 " " 4,000 ft. bel. Jefferson Coll. 2650 " " 
i\l outh of b~you Ma.nchac ...... ... 29.:>0 " " 8,000 ' ' " " " 2750 " " 

4,000 ft. bel. " " ......... 24t)l) " " 12,000 · ' " " " 2·l75 " " 
8 000 " " " " ......... :!ROO " " 

1
11G,OOO " " " " 2850 " " 

] 2:000 .. .. .. .. .. ... .. .. :!4!i0 .. .. , 20.000 .. .. .. .. 2800 I " .. 
] 6,000 " " " " .... .... . 1 3:.50 " " ' 24,000 " " " " 3300 " " 
20,000 " " " " ......... 2900 " " 128,000 " " " " 2050 " " 
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.------------------------------------------------------------------
Hetl ri Yer to bayou l .a Fonrch o. 

J.ocnlily. 

2-1,000 fl. bel. bnyou l\ [nnchnc .... 
Just n.bove mout h bn yo u Ploq 'uc. 

<1,000 feet belo w " 
8,000 " " 

12,000 " 
lG, UOO 
20, 000 
24 ,000 " " 
28,000 
32,000 
3(i ,000 
40,000 
~ -1 , 000 " 
48, 000 " 
G2, fl00 
5ti,OOO 
Jn sL n.b ove Bn.you Gou\11 .... . . . . . .. . 

4-,0001'1. b el. " " . .. ... . .... . 
8, 000" .. . ...... .. . 

12,000 " " .... .. .... . . 
lu,OOO " ... ... .... . . 
20,000" ..... .. ... . . 
24 ,000 " .. . .. . . . .. . . 
28,000 " . ..... . ... .. 
il:!,OOO" . .... .. .... . 
3[),000" ... . ...... .. 
4.0,000 " " " ..... ... ... . 
Opposite Claiborne isln.nd . .. . ... . . 
1·, 000 f1 .. bel. " 
8, 000 " " 

12,000 " 
I G, OOO " " " " 
20,000 " " 
D. F. Ken ner ' s plnn t' n (Ashl nnd ) .. 

4,000 ft . bel. lJ . . F. Kenner 's pl ' n. 
8, 000 " 

12, 000 
l G,OOO 
20,000 " 
24 000 " " 
28' 000 " 
32:ooo " 
Just 11bove Donaldsonville . ...... .. 

Jligh­
watcr 
witl lh 

ht•l \ \'PC' n 
J,ank:i. 

F eel. 
2-100 
~700 
2760 
:!575 
2\J30 
2!JHO 
:!!!ilO 
4-100 
<1500 
2000 
2-JOU 
2!l60 
:!700 
2-160 
2450 
2800 
3760 
3:!50 
~tj[JO 

2u5o 
2500 
:!250 
2-!00 
:1500 
3 100 
3500 
3700 
3-100 
2450 
:!800 
3 11)1) 
3000 
2000 
26.)1) 
3f>60 
3;)00 
3000 
aooo 
:14 50 
2UOO 
2700 . 
2600 
3050 

3000 

l'urty of 

l\Tr. J . K .Fonl. 

" 

" 

" ,, 

" " 

" 
" 

" " 
" 

" 
" 

ll11 you La. }'ourchc to hcntl of pnsscs. 

Locality. 

32.000 ft. bel. J efferson Coll. 
. u,ooo " 
-!0,()0()" 
44,000 ,, 
4t: OliO .. 

\· 5:!:ooo" 
bli,UOO 
uli,UUO 
(H ,UIIU 
t..!l,UUU ·' 
7:! ,1Jil0 " 
i li,UUO " 

" 

lln rkc r 's pln nt ntio n .. .. ...... . . 
4,UUU f t. be l. llnr ke t·'s p lt'n . 
8 000 , , 

l l :~: UI)O . . 
I JJonn cL (;n lTC church .. .. .... .. 

! 
4,(!00 ft. be l. ll. . churcl1.. 
8,UIJO •· " " " 

I ) 2, UUO " " " " 
, JU,OUO" " " ' ' 

SL J ohn's Pos t- ffi ee ...... .... . 
-! ,000 ft. bcU:>t. J ohn' s 1>.0. 
8 000.. · ' , , " 

12:uuo" 
l u,UOO ' · 
:w,uou " 
2-!.000 
:!!l,UOU ·· 
3 ~,0(1() " 
su,uuo .. 
-!0,000" 
-14,000" 
-1 8,000" 
b2,1JtHJ '· 
[>(),0()0" 
uo,uou .. 

" 

Hed church ... ......... .. ...... .. . 
4 ,000 ft . below Jted chut·eh. 
8, 0 0" 

1:2,000" 
](j uuo " 
2o;ouu " 
lA> Bm nch c's p la nt a tion ..... . 

4 ,000 ft. bel. La llranche's p . 
8,000' 

l :! ,OIJO " " 
l li ,UOO " 
~u, uup ' " " " " 

1 
I Sauve ere,-a se .... ..... . ... .... . 

1 4,000 ft . bel. Sn uvc crevasse. 
Forti er crc,•ns-c ............... .. 

-! ,UOU ft. bel. Fori ier crevn ~se . 
!l,tJOO , , " 

J:!,IJt )l)"" 
l li,OOO' 
:!0,000 " 
2-!,000 " " 
28, 000 " 
32,000 " 

I illi, IJOO" " " " 

1

40 001) " " " .. 
J3,{ralnria cn nnl loekR . .. . . .... . 
l l miles b low New 0 1'1 nn ~ . 

I Fon ' t . P h ili p ........ ..... . .. .. 

ll ig-h-
W I\I t' r 

w id th 
IJ('lWt'C II 

lmnks. 

Feel. 
:,!1)1)1) 

:2:!1!0 
2:lt!O 
2~-)1) 

:2 1311 
2:WO 
:2300 
2400 
:!800 
:!iOO 
221)0 
;!;31)() 
:2JI)U 
2 100 
2·100 
:!1)00 
:!flOI) 
1800 
HI 50 
:!J I)I) 
-!!161) 
'l!l()() 
3:\1)0 
4:21)1) 
3200 
:23ri0 
:!::!00 
~;l.)l) 

2 150 
:2 100 
:! 100 
:!:lOO 
:!liiO 
3350 
:!UOO 
2700 
:!250 
:!·100 
:2 :WO 
l !J50 
:2 100 
2300 
:!500 
~ -1 00 
2UOO 
~!!00 
:!3' 0 
20" 0 
~ 1 50 
:2~ 1)0 
:!2:}() 
2100 
:21)()1) 
21100 
21 j,jiJ 
~!liil) 

2.:i-iO 
~350 
:2 75 
:2700 
~500 
:! / 00 
2:loiJ 
~ 1 :!0 
:!·HJO 

:\l ean- ny .. .. . .. .... . l ::! ·liO 

r nrty of 

i\fr. J. K . F or d. 

" 

" 

" 

" 

.. 
" " 

" 

" 

" " 

" 

" 
'· 

" 

" 

" 

" ,, 
" 

ll fr. F.ll ct's rc~or l. 
Lt. Abbot. 

___ j 
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Low water.-The mean low-water dimensions of the .Mississippi river are more 
diffLcult to determine than those at the high-water stage, partly beca.use 
there is a much greater relat ive cha.nge in the different parts of the 
river, and pa.rtly because the clntn, arc more meagre. It should be 
remembered, however, that when the mean low-water width is fixed, 
and the mean range known, the mean low-water area can be found by 

Outline of plan 
adopted for 
determining 
low-water 
dimensions. 

subtracting from the mean high-wa.ter area the a.rca. of a trapezoid whose para1lel sides 
are respectively equa.l to the high-water and low-water widths, and whose altitude 
is equa.l to the mean ra.nge in the part of the river considered. Also thu,t. the low-water 
mid-channel depth is equa.l to the same quantity at high water, minus the mean range · 
The range of the river l.>elow Reel river, in 1851, and between the Ohio and Red riYers, 
in 1858, is well fixed by the observations of the Survey. It is only necessary, there­
fore, to find the mean low-water widths, for the four grand divisions already considered, 
in order to fix all the mean low-water dimensions from Cairo to the gulf. 

Low-wa.ter widths n,re only known where the cross-section and range have been 
determineJ. Mr. Ellet docs not give the quantity for any of his sections. The low-water 
The only existing exact datn, a.re, therefore, the widths taken from the width below 
cross-sec tions made by this Survey. Below the mouth of Red river Red river. 

there n.re very few islands and sand-bars, and the mean range is comparatively smn11. 
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 follo·wing table exhibits all the data available for this 
part of the river:-

Locality. Number of 
sections. 

Width. 

Atld~:h 
wntL·I', At low 

betwee n wuh•r. 
banks. 

1------------- ------- --- -------- ------
Feet. Feet. 

Hcd-river landing..... ........... ... . . ... ............. ... .. . .. . ..... ...................... .. ...... .... . .. .. ..... . .... 2 
Huccourci cur-oft'.. ............... ....... .... ... ... ... ..... .... ................... ....... .. ......... ... ......... ~ 
1 mile above Bat on Houge.......... ..... ..... .......... ........ .. ..... .... .. .. .... .. ............... ....... ... 2 

f'~~~~!~ ~~lt~~: j \~;~;; .it ~-~~g~--~ :.' .' .': .·.·_-_-_-_- .'.'.'.'.·.' .... .'.'.'.'. ~ ~ ~ ·. ·_-_-_-_·.:: :: ·::.·:. :·.'.'.'.'.'.'.·.: :::.: .' .' .': :: .'.' .' .'.'.' ...... : ~::::::::: ~ I ~ 
2.:! miles below Bonnet Cnnc church... ....... ............ ................ . .......................... ..... 1 
;\ bove Bonn et Can·c crc,· rr s~c .......... ......... ................ .......... . ...... .. .... ..... ..... ....... ...... 4 
13elo'v '' ~. . ... ...... . . . . .. .. . ......... .. . .............................. .. . .... .. ..... ······ 5 
17 miles above Xew Orl en ns ..................... ............. ............ ................................. .. . 1 
15 " .... . .... ................... ..... . ... ... ... ............ ...... .. ... ... . ... . ........ ) 
Bend n bove Cnrrollton .......................... .. ... ...... .... .... .... .. · ...... · · ......... ... ····· ·· · ........ · ~g 
In front of nnollt on .......................... . ............. .. . . ............................................. . 
Bnrataria cann l locks. ... ...... .. ....... ......... ...... .. .. ........................... . ......................... 5 
Fort St. Ph ilip ...... ...... .. .. .. ........... ......... ................... . ........ ................ ... . .............. t--1-t 

3():.!0 2600 
2330 :<000 
2800 :lMIO 
:!560 2:370 
2190 2000 
] \)()0 ]650 
3080 20GO 
3170 2G90 
2200 211!0 
2200 2070 
2037 2448 
238 -~ 2:!8] 
2575 24\)0 
23GO 2335 

;\lea n .... ... . . . ................ . ................................... · ...... · ........ ········· . .. ..... · ........... . 25i2 2340 

The ratio between the mean high-water and low-water widths given by this table is 
0.01, :-mel it hn.s been adopted, giving, for the mean low-water width between Reel river 
and. bn.you La Fourche, 2750 feet, and for thn.t below bn.you La Fourche, 2250 feet. 

Above the mouth of ReJ river, the cha.nnel of the .Mississippi is en­
tirely different in character. The mnge between high ancl low water 
is gren.t; mn.ny i. bnds exist, and large sand-bars are found opposite the 

Low-water 
width above 
Red river. 
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fundus of almost every bend. The variation in width at high and low water is thererore 
very irregular, in some places being very small, as at Columbus and Vicksburg, and at 
others very great, a.s at New lVIadrid, Natchez (at Mr. Brown'::; breakwater), etc. 'ro 
arrive at a correct mean value for a ratio which undergoes so gren.t variations, from the 
few measurements of this Survey (eleven low-water widths in a di stance of nearly 800 
miles), could hardly be expected, nor was it nece.·sary to depend upon them. A ca.re­
ful reconnoissance of the river at its low-water stage, from St. Louis to New Orlen.ns, 
was made in the months of October, November, and December, 1 21, by aptain Young, 
Ca.ptain Poussin, :mel Lieutenant Tuttle, oC the U. S. Army, under the direction of the 
Boa.rd of Engineers. ·:rhey prepa.red 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 col­
lections of snags, the course of the main chan nel, etc., etc. The. e mn.p accompa.nied 
the report upon the Ohio and Mississippi rivers, atldres ed by the boa.rd (General 
Bernard and Lieutenant-Colonel Totten) to the Colon l commanding U. S. Engineers, 
da.ted December 22, 1822, and published by order of the U. . House of Repre ·enta.tives 
in 1823. The maps were not published, but are now on fil e in the Burea,u of Topo­
graphical Engineers, War Department. They exhibit much detail in the locfl tion n.nd 
relative dimensions of the bars, isla.nds, etc., a.ncl a.lthough t he survey was not of a 
sufficiently exact character to furnish a reliable estimate of the absolute widths, a clo e 
approximation to the ratio between these quantities at high a.nd low wn.ter ma,y be 
drawn from it. This ratio for the river between the Ohio and. the Arlmnsns, deter­
mined by seventy-seven equidistant measurements on the map, waR 0.72, and between 
the Arkansas and Reel river, determined by sixty-one equicli ta.nt mea urement. , was 
0.74. It. is, therefore, viclent tha.t, for the portion of the 1\Iis,. issippi lying between 
the mouths of the Ohio and Red riYers, the low-water width mny fnirly be assumed at 
three-quarters of the high-water width, or at 34:00 feet b tween the Ohio ttnd the 
Arkansas, and at 30GO between tbe Arkan as and Red rivers. 

The mean ob ·erv d range in 1851 below ba.you Ln. Fourche (m an b tween the mnge at 
Mean r ange of Dona.ldsonville and that at Fort t. Philip) wa 25

'
1}o.s = 15.4. Between 

river; 1851 and bayou La Fourche and Red river in the same y ar (m an of ob. erved 
1858. 

ranges at Donald onvill and Red-riv r landing) it wa 25 ' 1 i .~' 2 =34:.7. 

Between Red river and the Arkansas in 1 5 (m an of rang sat Red river, Natchez, 
Vicksburg, and Napoleon) it was 3n.n+m; 3n.i t to.s=40 .5. B tween the Arkansas and the 

Ohio (mean of range~ at Napoleon, Memphis, and Cairo) it was 408 "a~H~= 38.0. 

Mean low-water The mean low-water area i., therefore, e rual to the high-water area, 
areas. minu.' tho following areas, viz:-

Below bayou La Fourche ............................... 2250 x 15.4+ (2-! 70-2250) ..!!~· ' ' =say 36,000. 

Bnyou La Fourche to Red river ... .................... 2750 x 34.7 +(3000-2150) .:!.:~,:.2. = ay 100,000. 

Red ri ver to Arkansas river ........ ... . ................ 3060 x 40.5+ ( 40 0-3060) 1 ~~=say 145,000. 

Arkansas river to Ohi o river ........................... 3400 x 3 .0+(4-470-34 0) ~~.o = sny 150,000. 

Mean low-water T!J low-wn.ter max.imnm depth r . ult from Rubtra ti11 g the mean 
mid-channel ranges in the four divisions from the orresr onding high-water maximum 
depths. depths. 
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The following table exhibits the mean values of the dimensions 
just deduced for high and low water, it being remembered that the 
usual and not the extreme low water is considered. 

General table of 
resulting mean 
dimensions. 

I 

_]J{ean dirnension.s of cross-section of the Mississippi 1·iver. 

Hi gh water. 

""'"'. "'''" t 
Low water. 

Locality. 

Area. Width. Area .. '\ridtb . Mnxm. dcpU1. 

Sq. f eet . Peel. Peel. Sq. feet. Feet. Feet. 
Ohio rivm· to Arkansas river ........................... Hll,OOO 4HO 87 4(i, OOO 3400 4() 
Arknnsas river to Hed r iver ............... ............ lGG,OOO 4080 ()I} 5J,OOO 30(\0 55 
Red riv er to bnyon Ln fomche ... ................. ... 200,000 3000 113 

II 
100,000 27ii0 I 

78 
Bnyou L:t Fourch e Lo head of passes .... ............ JGG,OOO 2±70 12!) l G3,000 I 2:250 

I 11~ 

As stated at the beginning of this discussion, it is not claimed that the existing 
dnta nre more than sufficient to determine approximately the mean di-
mensions of the Mississippi river, but it is certa,in that the mean values Remarks upon 

of the different quantities exhibited by the above table are deduced in a 
this table. 

legitimate manner from all known existing data. When the results are compared, the 
changes in the values of the different quantities from Cairo to the gulf exhibit so much the 
appearance of some governing law, that the probability of the accuracy of the determi­
nation is increased. At both high and low ·water the width diminishes, and the depth 
increases, as the gulf is approached, facts long suspected, but never before reduced to 
fi gnres. '_rhe water added by the successive tributaries increases the high-water area 
of cross-section. The Atchafalaya nearly prevents Red river from exerting any such 
influence. The water discharged by bayous Plaquemine and La Fourche diminishes 
the area. These n.re the results to be anticipated, and these are the results indicated 
by the above figureR. Add to these reasons for believing in the general accuracy of the 
determination, the fact fully se t forth in Chapter V, that the values accord very closely 
with those given by the best river formulm, and it is believed that their adoption will 
not be objected to, at least until fu rther, more extended measurements indicate the 
necessity of correcting them. . 

Plate X has been prepared to exhibit the characteristic variations in form to which 
the cro .. -section of the river is liable, as well as to show its reln.tive dimensions as com­
pared with those of the principal tributaries below the head of the alluvial region. 
'fhe normal effect of a bend upon the local form of cross-section is indicated by a small 
diagram upon plate XII. 

DRAINAGE. 

To comprehend fully the character of a river, the relations existing in its basin 
between the quantity of rain and the drainage should be known. This subject will 
therefore be next con ·idered. 
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Yea?'ly amo1tnt of min.-To determine with precision the qun,ntity of rain thn,t fn,lls 

Data collected 
respecting down­
fall in the Mis­
sissippi basin. 

in a region of such vast extent n.nd such diversity of climate as the 
basin of the Mississippi river, ·would. involve much more labor than 
has been expended. upon the problem up to th e present time. Still it 
must not be inferred that lit tle hn, been done townrd its ·olution . An 

extended system of observntions hn,s been carried on eontinuously since the year 
183G, at the mili tary posts, by the Medical Department of the United States Army. 
Another, established under the auspices of the Smithsonian Institution in 1840, has been 
the means of n,ccumulating a mass of materin,l throughout the settled portion of the 
valley. Learned societies, colleges, and individual observers have contributed to the 
general fund . By the usc of these observn,tions an a.pprox imn,tion to the truth may be 
made, tha.t will be suffi ciently accurate for any general purpose contemplated. in this 
report. 

The first set of charts ever published exhibitin g the di tribution of rain in the 
Mississippi basin was that illustrating the Army Me teorological Rcgic­
ter (fourth in the series), which wn.s published in 1865. 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 rnin-districts, as there laid 
down, to tho more recent maps constructed upon n. much larger scn,le, 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. 

Army charts. 

In 1868 Mr. Lorin Blodgct published his "Climatology of the Uni ted States," 

Mr. Blodget's 
charts. 

which was illustrated by a series of rain-charts similar to that j ust 
mentioned. .Mr. Blodgct had been engaged., as assistant to Dr. R II. 
Coolidge, U. 8. A., in the preparation of the Army chn,rts. In recon-

structing them for his own work, he modified them in some respects by add ing such 
other reliable data as he coul<l obtain. Computations similar to those detailed above 
h ave therefore been based upon his chart;:;. T he result.· will be found in a following 
table. 

In 1860 a new Army Meteorological Regi ·ter (ftfth in the series) was published by 
the Medical Department of the Army. This volume contains no rain­

New Army data, charts. ':rhe additional observations, however, arc too valuable to be etc. 
neglected, and they have been united with those published in 1865 ; 

with those in Mr. Blodge t's work; and with snch private ob. ervations ns have been 
available to the Survey, with a view to exhaustin ()' the subjec t up to the present date . 
The re. ults, which t hus include all available information relative to the downfall m 
the Mississippi basin up to the year 1 GO, are presented in the following table:-
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Obse1·vations upon yea1·ly amount of 1·ain. 

Years I Downf:tll of rain in inches. 

Stntion. nnU 
months. 

Spring. Summer. Autumn. 'Vint.Cl·, Yettr. 

-------------------------- ---- ---- ------ ------ ------ -----
Atkinson, Fort ...... .. ......... . .... .... ........... .... ....... .. .. .. 
Arbuckle, " .. .................................. ..... .. ....... . 
Ann Arbor, Michigan ................................. ......... .. 
Athens, Illinois .................................................. .. 
Dutt'nlo barrncks ....... . ..... ......... ......... ...... .... ........ .. 
Drady, Fort ....................................................... .. 
Benton, Fort ..................... .... ............................ .. 
Durgwin, Cnmp .. ........ .............. ....... ... .. ......... ..... .. 
lJMon Rouge barmcks ...................................... .... . 
Dclknnp, Fort. ........................ .. ........ ...... ........... .. 
Battle Creek, i\Iichignn ......................................... . 
Beloit College, Wisconsin .. .. ................................. .. 
Cr:twford, Fort ................................................... .. 
Chadbourn e, F ort ............. ...... ............................. . 
C1·oghan, " ......... .. .. ... ...... .......................... .. 
C!lln:ch H_ill. i\!ississippi .... ..... ............. . ................ . 
Cmcmnnt1, Oh1o .......... ....... ... .... .. ............. . ........ . .. 
Dodge, Fort ...... .. ......................... · ..................... .. 
Detroi t arsenal ................... , ............... ..... ............ . 
Gmham, Fort .... .. .... ................ ........... .... ..... ....... .. 

Y. Af . 
2 1 12.'l 20.4 4.8 2.3 39.7 
8 0 8.0 10.1} 9.0 5.2 3:2.8 
3 0 7.3 11.2 7.0 3.1 28.6 .. 10 0 12.2 13.3 9.2 7.1 41.8 
3 1 8.5 0.2 13 5 7.5 38.8 

17 7 5.8 9.6 10.5 5.0 30.8 .. 4.9 1. 0(?) 2 1(?) 5. 1 13. 1 
2 11 3.5 3.4 8.8 28 20.5 

15 0 13.5 18.4 12.2 15 0 60.4 
.. 6 4 5.7 8.7 5.2 3.0 22.5 

3 6 7.5 11.2 7. 1 6.8 32.7 .. 4 0 13.2 18.1 10.4 (].4 4.8.1 
9 3 7.6 11.9 7.9 4.0 I 31.4 
8 2 6.4 6.6 7.7 3.6 I 24.3 
4 3 11. 6 7.8 8.3 8.9 3(;.6 
4 6 11.4 12.0 8.1 17.0 49.5 

20 0 12.1 13.7 9.9 11.4 47.1 
1 10 7.0 8.1 8.2 3.1 27.3 

12 4 8.5 9. 3 7.4 4.9 31.1 
3 13 12.0 1}_0 9.8 11.0 40.6 

Gratiot, " ..................................................... .. 10 10 8.0 10.0 8.9 5.7 32.6 
Gibson, " .. ........... ............... ...... . ................... . 20 5 9:2 D.4 9.3 G.4 34.3 
Germantown, Ohio .. ..................................... . ...... .. 5 0 10.7 }0.1 8.1} 9.5 38.9 
Howtwd, Fort ........... . .. ........ .. .................... .. ...... .. .. 7 6 9.0 14.4 7.8 3.4 3-±.G 
Huntsville, Alabama ........................................... .. .. 12 0 14.0 14.6 10 0 15.4 54.9 
Hu dson, Ohio ......................... .. .......... ........ ....... .. .. 9 0 10.0 9.4 7.5 7.6 33.6 
J cfferson barmcks .... .............. ..... .... ............. .. .... .. .. 18 6 9.9 13.3 9 (j 6.6 39.4 
Jesup, Fort ...................... ..... ............... ... .. . ....... .. 
Jackson, Mi ssissippi ............................................ .. 

.. 9 11 13.7 10.9 9.7 l Ui 45.8 
3 6 10.9 14.2 9.5 18.4 53.0 

Reamy, Fo1·t .................. .. ................ .... .............. . 11 3 9.4 11. 3 4.7 1.6 2G.G 
Leltvenworth, Fort .............................................. .. 24 2 8.1 13.5 7.8 3.2 32.3 
Laramie, " ..................................... .. .... . .. .. 10 8 7.0 5.2 3.1 1. 3 l6.G 
Mackinac, " ................ . ... .. .......... .............. . 12 4 4.5 9.0 7.0 3.3 23.7 
1\! t. Vernon arsenal. ............................................ .. 17 5 13.3 17. G 13.7 16.0 59.6 
Me Kavett, Fort .. .... .. .... .. ................ . .. ....... ... ... . ... .. 
Mobile, Alltbama .... .. ...... ..... ......................... .. .... .. 
l\Ionroeville, Alabama .... .... ... .... ......... .................. . 
Memphis, Tennessee ..... ....... ........... . .................... .. 
Marietta, Ohio .................... . ....................... . ...... .. 
Milwnukee, Wisconsin .......... : .............................. . .. 
l\Iuscatinc, Iowa ................. . ............................... .. 
Madison, Fort ...................................................... . 
Ningnm, " ..................................................... .. 
N !ll.chez, Mississippi ............................................ . 
Nashville, Tennessee .................. .......... .. . ............ .. 

7 2 4.5 5.3 7.5 3. 7 21.3 
2 0 14. 2 18.0 13.0 18.3 64.4 

.. 4 0 1!).2 21.4 8. 7 16. 2 65.5 
3 0 11.0 7.8 7.!) 15.0 41.8 

28 0 10.0 12.8 9.2 9.G 41.6 
9 0 7.1 9.4 7.1 4.2 27 .8 

10 0 11.2 15.1 10.3 (i.i 4+.3 
4 0 15.3 15!) 14.5 4.7 50.4 

10 0 G.9 9.8 8.7 6.4 31.7 
.. 13 0 13.0 11.7 ll. G H .O 51.2 

l'l () 14.4 13.8 13.5 12.2 53.9 
Newport, Kentucky ..... . ................. . ..................... .. 
New ll nrmony, Indiana .............. . ........................ .. 
New Ol'ieans, Loui siana ...................................... .. 
Pittsburg, Pennsylvania ................... . ...... . ........... .. 
P h an tom IJ ill, 'l'exas .. . ........................................ .. 
Plaquemine, Louisiana ........ ...... ............. ... ........... .. 
Portsmouth, Ohio ....... .. ........ .. ..... .... ....... ... .. ....... .. 
Pierr e, l<'ort ..... ... . ......... .. ... . ............... ... ...... ..... . .. 
Ripley, " ..................................................... . .. 
l~~tpid es, Louisiana ............................................. .. . 
Hiclgely, F ort ......... . .................................. .. ....... .. 
Snelli ng, " ...................... ... ......................... ... .. 
St. Louis arsenal. ............................................... .. 
Scott, Fo1·t ......... .. ....... ................. ............ .......... .. 
Smith, " ............................ ..... ... ...... . .............. .. 
San Antonio, Texas ...... ....................................... .. 
St. Fmncisville, Louisiana .................................... .. 
Springdale, Kentucky .. . ........................................ . 
Steubenville, Ohio ............................................... .. 
'J.'owson, Fort ..................................................... .. 
Union " .................... ........ .......... .. . ............ .. 
Vick burg, Mississippi ......... ..... ........................... .. 
Washita, Fort ....................................... : ... .. ........... .. 

5 0 12.5 12.9 10.4 10.1 45.9 
2 0 10.5 12.8 7 3 12.2 42.8 

24 0 11.1 1G.G 11.8 12.0 51. 5 
22 7 8.7 D.7 9.0 7.4 34.8 

1 6 3.8 4.1 7.3 2.0 17.2 
6 0 15.9 26.3 !J.4 15. 7 66.3 

15 0 10.0 11.6 8.1 8.5 38.2 
1 11 4.6 3.3 3.8 2.1 13.8 

10 1 6.2 11.1 7.2 2.2 26.8 
3 0 13.4 21.0 12.3 19.7 68.4 
5 0 8.4 9.6 5.9 G.5 30.4 

22 2 6.4 9.9 6.3 2.3 24.9 
18 8 12.8 13.8 8.8 6.2 41.6 
10 3 12.6 16.3 8.4 4.8 42.1 
1!J 5 11. 5 12.4 10.0 7.2 41.0 

3 2 8.6 10.2 7.6 7.3 33.8 
5 0 Hi.5 13.1 12.0 13.6 55.2 

11 0 12.1 14.8 9.0 12.2 48.1 
19 0 10.4 10.9 9.0 6.9 37.3 
15 9 15.5 14.4 12.2 8.9 51 .0 

9 10 2.4 10.6 5.2 1.!) 19.2 
14 6 11.7 11.2 IO.!J 15.0 48.!l 
15 1 11.5 10.2 10.0 6.4 38.1 

Wm·th , Fort ...... . ....... .. ........................ .. ............ .. 3 9 14.5 8.8 9.5 8.0 40.8 
West Felicinnn, Louisiana . ..................................... . 13 0 20.0 14.8 10.5 18.1 63.4 
West Salem, Illinois ........................................... . .. 1 0 11.9 17. 3 12.2 9.5 50.9 
Winneba.go, Fort .......................... ..... ..... .... ... ...... . 9 0 5.6 11.5 7.6 2.8 27.5 

·----- --- ---- - _____ , 
] 7 
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The mean annual downfall in inches at each of these localities has been placed 

Analysis of 
these data. 

upon plate I, which thus becomes a more complete rain-chart of the 
Mi ssissippi basin than any yet published. It exhibits not only what is 
actually known, but how much more the system of observation must be 

extended before the boundaries of the different rain-districts can be accurately laid 
down. It has not been deemed advisable to attempt, at pre ent, to mark these bound­
aries; and the mean downfall in the basin of each of the principal tribu-k'tries has, 
therefore, been deduced in the manner indicated in the following table. The grouping 
of the different stations has been adjusted with a view to represent, as nearly as possible, 
equal areas. 

Classification of doW11jall in the Mississippi basin. 

Downfall of rain in incl1cs. 

llM!n. Locality. 
Spring. o.mmer. Autnmn. Winter. Yea r. 

Delia of the :Mississippi ...... Rnpides 

} 
West Fclicinnn. 
St. Frn ncisvill() 13.1 15.6 !l.4 13.6 60.9 
J3~tton Rouge ··············· 
Plnqnemine 
New Orleans 

liJ can ... ... ... ................ 13.1 15.6 9.4 13.6 60.9 

Of the Red river ............... F ort Union } 4.0 9.6 5.2 2.5 20.8 
F ort Belknap ............... 
Fort Arbncldc l Fort Wnshiln 12.4 11.0 10.1 6.8 40.7 
F 0rt Worlh I 

..... .... ...... 
Fort Towson 
F ort J esup 

J 

Hnpidcs 
Chnrch Hill 14.6 17.3 1 l.O 15.8 55.6 

ntchcz ... ......... ... 
West F'clici nnn 
St . .Fruncisville 

1\lcnn ........................ 10.3 12.G 8.7 8.:! 39.0 

or I he Arkun sn.s nnd White 
rivers ............. .......... .. .. ForL Union .......................... 2.4 10.6 5.2 UJ 19.2 

F'orL Gibson 

} F ort Scott 11.1 12.7 0.2 6.1 30.5 
FOI'I Smilh ... ................ 
Memph is 

i\Icnn ........................ 6.8 11.6 7.'2 '1.0 29.3 

---
Of the St. Frn.ncis river ...... Memphi s ............ ..... ............ ]] .0 7. 8 7.0 15. 0 41.8 

SL Loui s 
J cffcrson } ......................... 11. 3 13.5 0.2 6.4 110.5 

1\Ican ........ ............ .... 11.1 10.6 8.5 10.7 41.1 

Of tbc Missouri river ......... Fort Scott } 33.9 Forl Dotlgc .......... ..... 9·5 12.G .1 3. 7 
Fort Lenvenworlh 
Forl Kc11rny } 7.0 7.3 4.3 1.8 '20.2 
Fort Pierre .. · ............... · .. " 

I Fo.t L.o·omio .. ....... .... . ........ 7.0 5.:2 3.1 1. 3 ] 3.1 
Fort llenton ......................... 4.0 1.0 '2.1 5.1 16.6 

/ i\Ienn ... ..................... 7.1 t.l r. 4A 2. 7 20.9 .o 
--------- --
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Downfnll of rain in inches. 
Dasi n; Locali ty. 

Spring. Summer; Autumn. 

Of the Upper Mississippi . ... Fort Ripley } 
Fort Snellin g .. ... ... .. ........... 7.0 10. 2 0.5 Fort Ridgely 
Fort Dodge 
llluscatiue 
ForL Alkinson 
Fort Crawford 

!J.2 13.6 8 .0 Fort Winnebago ················ 
F ort Howard 
Milwnukee 
Beloit 
Fort Madison l Athens 
St. Louis J ............ 12.5 14.1 10.5 
Jefferson barracks 

i\Iean .............. ... ... .... 9.9 12.6 8.3 

Of the Ohio river ............... ~~~~~~~~\~e } ..... ..................... 14.6 14. 2 11.7 

Now ll>'mooy } 
Springdale 
Germantown .................. 11.6 12.8 9.0 
Cincinnati 
Newport 
Battle Creek } 
Ann Arbor ....................... 7.8 10.5 7. 2 
Detroit 
Portsmouth 1 

""'""' f Steubenville 
Hudson ···················· 9.2 10.5 9.3 Pit tsburg 
Butl"alo 
Fort Niagara 

1\Iean ...... . .... .... .. ....... 10.8 12.0 !J.3 

Of the Yazoo river; .......... . . Memphis .. ..... .. ...... . ... ..... ..... 11.0 7.8 7.9 
j~~~:~~rg } .. ............... ..... .. 11.3 12.7 10.2 

l\Iean ...... .... .... .......... 11.1 10. 2 n.o 

Of the small tributaries ...... . St. Jjouis } 
Jefferson barracks ............... 11.5 14.8 10. 2 
West Salem 

~i:~~p~~~em} ........ ........ ..... .. 11.4 12.6 10.0 

j'~~t:~~rg} · ......... ................ 11.3 12.7 10.2 

C~~~~!tz Hill} ........................ 12.2 11.8 9.8 

lllean ....................... . 11.6 12.9 10.0 

The following t able presents the annual downfall in each of the 
subdivisions of the Missis ippi basin, that marked "Delta-Survey map" 
having been deduced by multiplying the areas of the several basins by 
the mean annual downf<tll indicated in the above table. The three 

Wintm·. Year. 

3.6 27.3 

4.2 35.0 

6.2 43.3 

4.7 35.2 

13.8 64.2 

11.0 44.5 

4.9 30.8 

7.7 36.5 

!J.3 . 41.5 

15.0 41.8 

16.7 60.9 

16.8 46.3 

7.4 43.9 

12.2 46.3 

16.7 50.9 

16.9 

'3 13.0 47.8 

Annual downfall 
in the basins 
of the several 
tributaries. 

different determinations evidently accord well with each other, and thus show that the 
"adopted" results must be sensibly correct. 
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Yea1·ly ammmt of min in the ba ·in of ilze Missis ·ippi. 

l1n.sin. 

Army mnp. Rlodgc l'• map. Delta-Survey mnp. Vnlno adopted. 

Name. Area. 

---

Sq mile.!. Cubic feel. Cubic feet. Cubic feet. Cubic feel . 
Delta ..... . ...... ... .............. 12 300 ] ,)09 1)()0 000 000 1 rm ooo ooo ooo 1 i ~ D 000 000 000 1 700 000 000 000 
l{ ed river ......... .......... .. .. Di 000 !) flli9 000 000 ()()() 8 iJi 000 000 000 8 10 000 000 000 8 800 000 000 000 
Arkansns and Whi re rivers. 18!J 000 1 ;l ii( l 000 ooo 000 1:! !J-11 000 000 000 1:2 ().) 1 000 000 (}(j() 13 000 000 000 000 
St. Frn ncis ......... ........... . 10 500 I :220 ()(II) ()()() 000 1 :2().) 000 ouo 000 1 ():)~. ()()() 000 000 1 ]00 ()()() 000 000 
i\fissou ri ..... . ... .. ............. ii l8 000 :2(i -HiO 1)(1() 000 ()()I) :2() l .-,() 000 000 ()()() :2-i l :)!; 000 000 001)1 :2 .) 200 ()I)() ()I)() 000 
Upper i\lississippi ............ JG9 01)0 1:3 2iG 000 000 000 1:2 8-10 000 000 000 13 81 D 000 000 uno 13 800 000 000 000 
Ohio ........ ........... ........ .. . 21~· 000 :2 1 088 000 000 000 :2:2 i:>O 000 000 000 :20 08-1 000 000 IJOO i:20 iOO 000 000 000 
Yazoo ......................... .. . 1 :~ 8-iO 1 Ci!O 000 000 000 1 8-1 I 000 000 000 I m 01~ 000 0110

1 

I ,;,10 0110 0011 OIXI 
Sma ll t ribu taries ... ...... . .... 3:! 400 3 6i0 000 ouo 000 3 SiiG 000 000 000 3 0\JS 000 000 000 3 GOO 000 000 llOO 

Total. .... ..... .... . .. . .. 1 25G o;,n 91 C72 000 000 000 () 1 9;,1) UOil 001) OIJO ~8 !) 3 14 000 000 00018!) 400 000 000 000 

The next subject for con ideratiou is the annual di ·charge of the Mississippi river 

Drainage of 
the basin. 

and of th e several tributaries. It is not proposed to give any account 
of the manne1· in which the discharge has been determined, since this 
subject will be fully elaborated in Chapter IV. The obj ect here is 

merely to state certain results, and to draw certain general conclusions from them. 
Annual discharge.-Upon plate XIV is represented the measured daily discharge 

Tables of dis­
charge corre­
sponding to the 
different stages 
of the J;.iver. 

of the Mississippi at Carrollton for an entire year, plotted with r spect 
to the daily sta,nd of the river. It is vident that the condition of the 
river, whether ri sing or fallin g, make a oTeat di.ffi renee in discharge 
at a,ny given stand ; but it is equn,lly evident that a mean line be tween 
these two extremes can be drawn that .·hall form the basis of a tn,blc by 

which the annual discharo·e can b deduced from the r corded gauo·e-rcading . For 
a,ny given day, its indication will be erroneous, but for t he en tire year, whi ch includes 
both tho rising and the falling branches of th curve, it will b ·ufficiently accurate. 
Such a table has been prepar d for Carroll t n from this diagram; for Donald onvillo, 
from a similar one, constructed by transferring these di charo·os to tha,t place by a. pro­
cess hereafter to bo expbin d; n.nd for Natchez, from the measur ment made there or 
transferred thither from Vicksburg in 1858 (se plato XV). These three localities 
have been selected, becau ·e the long-conti nued eri of gauO'c-reading at them an 
thus be made the basis of an accurate estimat of th n.nnual discharge of th l\'I i · ~ i s­

sippi for a series of years. From the data publi !J ed in th is repor t it wi ll be easy, with 
the aid of the principles laid down in Chn.pter IV, t construct similar tables for any 
locali ty below H elena. It is thu s placed in the pow r of any one rcsi iing upon the 
Mississippi below Helena, to measure accurat ly the amount of water anmatlly pas. ing 
his residence, by keeping a daily r cord of th stand of the riv r. Th computation 
involved in preparing th table and in computing th di . hat'ge from i t will b trifJing, 
whi le the results ol taincd will po. s s much valu . Th , fo llowing i ~:~ the table above 
mentioned. For the li st of bench-marks, etc., se Appendix B. 
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Table exhibiting the clischa?·ge of the J,fississippi at different stages. 

Carrollton. Donalrlsonville. 

II Nntchcz. 

Gaugo. Discharge per second. Gauge. Discharge per second. Gauge. Discharge per second. 

Feet. Cubic feet. Feet. Cubic feet. Feet. Cubic feet. J(j 0 1 210 000 3).0 1 220 000 5~.0 1 285 000 15.5 1 160 000 30.0 1 150 000 52.0 1 200 000 ] i\ .0 1 llO 000 20.0 
I 

1 085 000 50.0 1 ll5 000 1-l.i:i 1 065 000 28.0 1 030 000 48.0 1 038 000 H.O 1 020 000 27.0 080 000 46.0 068 000 13.5 075 000 26.0 930 000 4-l.O 904 000 
13.0 !l30 000 23.0 885 000 42.0 8'14 000 
12.5 uoo 000 24.0 845 000 40.0 788 000 
1:2.0 860 000 23 .0 805 000 38.0 736 000 
11.5 8~5 000 22.0 765 000 36. 0 686 000 
11.0 700 000 21.0 730 000 3~ . 0 038 000 
10.5 735 000 20.0 005 000 32.0 5!l2 000 
10.0 7:W ono 10.0 600 000 30.0 551) 000 
!l.5 683 000 18.0 625 000 28.0 510 000 
9.0 000 000 17.0 590 000 26.0 472 000 
8.5 (j:!l) 000 1(\,0 5G-5 000 2-1.0 43G 000 
8.0 5!)1) 000 15.0 525 000 22.0 402 ODD 
7.5 6G<J OOIJ 14.0 406 DOO 20.0 370 000 
7.0 5311 000 13.0 4G5 000 18.0 3-lO 000 
(i. :) 505 000 1:2.0 4:~5 ouo 16.0 312 000 
GO 4 ·o ouD 

' 
11.0 405 000 H .O 286 000 

5.5 4.).) 000 I 10.0 3/.j 000 12.0 2G2 000 
50 430 000 9. 0 3-15 000 10.0 240 000 
4.5 405 000 

I 
8.0 315 000 8.0 220 000 

-1 .0 380 000 7.0 200 000 0.0 202 000 
3.5 360 000 'I 6.0 266 000 4.0 186 ooo 
3.0 340 000 

II 
5.0 2-lO 000 2.0 172 ooo 

2.5 321) 000 4.0 220 000 0.0 HiD 000 
2.0 300 000 3.0 200 000 
1. 5 28.) 000 I 2.0 
1.0 270 ono I 1.0 
0.5 2fiO 000 

i 
0.0 

I 0.0 230 000 

The method of applying this table to determining the annual discharge is very 
simple. The discharges taken from the table corresponding to the 

d. f h · Method of twelve mean monthly gauge-rea mgs o t e nver year (November 1st applying them. 
to October 31 t) are added together, and their sum is mul6plied by 
one-twelfth of the number of seconds in a year. By taking the sum of the discharges 
corresponding to the recorded dai ly gauge-reading and correcting the result for the odd 
hours, minutes, n.nd seconds of the year, a more mathematically exact determination 
may be made; but the small difference in the results will be of no practical import­
ance. The fir t three columns''' of the following table exhibit the results obtained by 
apply ing th former process to the mean monthly gauge-readings. 

The next que tiou is how to determine the true clischw ·ge of the 1·ive1· from these 
three columns. Natchez is itun.ted below all t he tributaries except Red Corrections 
r iver. Donald onvill e aud Carroll ton are situated below the three for anomalous 

bayous which derive their supply from the Mississippi. Supposing no influences. 

* The g,1uge-records at Carrollton for 1853 and 185J were obtained from Professor Forshey. They were not all 
kept at the sam e locality. and they arc less rxact than the rest. 'l'hi s is indicated by the table. F or the yea rs 1851, 
Ul52, 1 fi tl, and 1 59, when the gauge was regularly kept, the discharges computed at Donalclsomillc and a t Carroll­
ton accord Ycry clo ·ely. For the ye:1rs L 33 and 1854 a m:1rked discrepancy is observable. For thi s reaso n it is 
co nclud d th:J.t the DomtlclsonYille work for those years is the more correct of the two. For the year 1858, as 
will be hereafter fully explained, an anomalous influence affecteu the discharge curve both at Donaldso nville and at 

Carroll ton. 
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crevasses to occur between Natchez and Carroll ton, then the di ffe rence between th e dis­
charge at Natchez ::mel that at the two other locn1ities measures the difference between 
the contributions of Red river ::mel the amount lost through bayous Atchafn.ln.ya, 
Plaquemine, and La Fourche. But this latter difference is insignificant, n.ncl may 
be neglected, as the grand mean discharge at the thrc locali ties indicates, as well 
as that in 1851. I f then the d ischarges at Donaldsonville and Carroll ton be increased 
by the amount of crevasse water lo t b low Natchez, the re ults will be directly com­
parable with those determined fo r former year at Natchez. They truly represent 
the quantity which it is the object of this discus ion to deduce, i .e. the discharge of 
the Mississippi below all its t ributaries; the Red r iver not being considered one of 
these, but as emptying into t he gulf th rough the bayous Atchafn.laya, Plaquemine, and 
La Fourche. The data for clet rmining the 11eeclful creva se di charge, as will here­
after appear, were secured by t his Survey with all the accuracy requisite for the present 
purpose. The last column of the table exhibits the final results of the computn.tion. 

Annual discharge of the .lJfississippi ?·it r. 

At Cnrro\lton. At Donnldsonvillo. 

Cubic feet . Cubic feet. 
Nov. 1818 to Oct. 18 l 9 .. .. .. 
Jnn. 1822 to Dec. 1822 .... .. 
Nov. 1822 to Oct.. 182:3.. ... . 
Nov. 18:23 to Oct.. 1824 ..... . 
Nov. J8U to Oct. 1825 .... .. 
Nov. 1827 to Oct. 1828 .... . . 
Nov. 1828 to Oct. 18:!0 .. ... . 
NoY. 1820 to Oct. 1830 .... . . 
Nov. 1830 to Oct. 183 1 ..... . 
Nov. 18:33 to Oct. 1 8:~·1. .... . 
Nov. 1834 to Oct. 1835 .... .. 
Nov . 1835 to Oct. 1 8:~6 .... .. 
Nov. 183() to Oct.. 1837.. .. .. 
Nov. 1837 to Oct. 1838 .... .. 
Nov. 18:38 to Oct. 18S0 .... .. 
'ov. 183() to OcL 1840 ..... . 
Nov .l 8~0to0cl. l •ll ..... . 
Nov. 1 43 to Oct. 18-14 . ... . . 
Nov. 18<14 to Oct. 184.1\ .... .. 

ov. 18 1!\ to Oct. 1 46 ..... . 
Nov. 1 8~() to Oct. 1847 ..... . 
Nov. 18 18 to Oct. 18 10...... 25 ()0~ 000 000 000 
Nov.18 10 to 0ct. 1850 ...... 20 016 000 000 000 
Nov. 18-30 to Oct. 18-31 ...... 20 ·1-H 000 000 000 20 140 000 000 000 
Nov. 18-i l to Oct. 18-'i:L .... 17 ~ -1 5 000 000 000 18 17-1 000 000 000 
Nov. 18->2 to Oct. 18-:iL.... 23 Ofi2 000 000 000 21 72-1 000 OUO 000 
Nov. 18i):J to Oct. 18:3L .... 18 1!l:-l 000 000 000 , 16 10 000 OtlO 000 
Nov. 18ii+ to Oct. 18:iii ... ... 11 534 000 000 000 1 10 68-1 000 000 00 
Nov. 18:):) to Oct.. 18-)!i...... 1~ 8:12 000 noll 000 
Nov. 1856 to Oct. 180i..... . 1-i 07U 000 000 001) 
No''· 18-37 to Oct. 18.>8 ...... 23 83 ~ ooo ooo ono :! ~ :mt ooo noo oon 
Nov. 1 !i to Oct. 18-l\1 .. .. .. 20 28() 000 01111 0011 :!0 5 000 000 000 

ov . 18->D to Ocr. 18GO . ..... 15 JH3 000 000 000 

'----i\-· r_ca_n_ .. _ .. _ .. _ .• _ .. _ .. _ .. ·_··_··_,_l_l !l 682 000 0~00(~ t~)-l ii 000 ()(I[) ()(!() 

At Nntchc1 .. 

Cubic feel. 
1.) ~ 31l 000 000 000 
:!0 52B 000 000 000 
27 2(\() 000 0()1) ()[)!) 

:!l 1(j 001) ()00 000 
18 ~()() ()()() 000 000 
26 -102 000 000 000 
1 :J fi!IH 000 000 000 
20 iOI 000 000 000 
1 i fi(l.) ()()() 1100 ()()() 
20 ~-1 I 000 000 000 
li 15tl 000 000 01)1) 
21 ~ I)() 000 01111 0()0 
11) 4 :j (Jij(j ()!)() ()()() 

1·> :!iH Otlfl 000 000 
11 51 .") 000 000 0110 
1 H :j 000 000 000 
21 :lRfl 000 000 000 
2\l :! I 000 001) 000 
1 8 !)() 000 000 ()()() 
l .) 2(i.) 000 000 ()1)1) 
21 :3:!8 {)()() 000 000 

20 4"2 000 0 0 000 

2.j (j() i 000 OtlO 000 

True di•chnrgo. l 
Cubic feet. -~ 

15 400 000 000 000 
:!O 5oo ooo ooo oeo 
:!7 300 000 000 000 
21 200 000 000 000 
18 200 000 000 000 
2fl 400 000 000 000 
13 700 000 000 000 
:!0 700 000 000 000 
17 (;00 000 000 000 
:W 300 000 000 000 
17 200 000 000 000 
21 400 000 000 000 
15 500 ()()() ()I)() 000 
J 5 300 000 000 OtlO 
11 500 000 000 000 
18 ()()0 000 001) 000 
2 1 400 000 000 000 
:!0 :~tlO OlJO 000 000 
1 () 000 000 000 000 
1 i\ :wo 000 000 000 
21 3t)() 000 000 000 
27 000 000 000 000 
2 ~ 000 ()()() 000 000 
20 GOO 000 000 000 
17 00 000 000 000 
:!:l 000 000 000 000 
17 000 000 ()()I) 000 
11 ()(}I) 000 000 000 
1 ~· ROll 000 000 000 
15 1tH) 000 000 000 
:!(i 000 ()I)() 000 000 
:!1 ()()() 000 000 000 
lli 200 000 000 000 

10 ii:J 000 000 000 1 1!l 400 OOll OilO 000 

----'----

Remarks upon 
this table. 

ev ral in ter sting result. n.re xhibit 'd by thi . tn.hl 
Th annual clischarg of th river, n.lthou o·h n ~j · t to crren.t varm­

tions, avemges n.bout 1!H t rillions of cubic ~>c t. Tlwl'e n.ppear to be 
three well-de fined cla . . e of yea t's : the extr m low-water year n. 1 39 and 1 85.~, 
when the uischarge is only n.bout 11 t rillion. of ubic [! t; th ordinn.ry years, wh n it 
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is about 19 t trillions; and the great-flood years, as 1823, 1828, 1844, 1849, and 1858, 
when it averages about 27 trillions.* The differences between these quantities neces­
sarily imply corresponding 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. 

Without being sufficiently complete to be decisive upon the subject, this table is 
certainly ca.lculated to inspire the belief that the changes which cultivation has effected 
in the valley since 1819, have produced no appreciable effect upon 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 " be tween 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 determined; a con­
dition which the defective state of the gauge-records renders it impossible to fulfil. 

R atio between the yearly ammtnt of min and dminage 'in the bctsin.-Adopting the 
mean yearly amount of rain already determined, and remembering that . 
t he annual discharge of the Mississippi fixed by the preceding analysis tMhean rt~hobfo~ "b · . e en ne asm. 
is exclusive of n,ny contn utlon from Red r1ver, the discharge of that 
stream being carried off by bayous Atchafalaya, Plaquemine, and La Fourche, the mean 

. d d . . th ~1· . . . b . . 19 500 000 000 000 0 ')5 ratio between ram an ramage 111 e 11 lSSlSSlppl asm 1s 78 900 000 000 000 = ·""' . 
This ratio varies greatly, however, in different parts of the basin. In Chapter IV 

it will be proved 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 that Ratio in thet 

the Arkansas and "\Vhite rivers discharge about 2 trillions of cubic feet 
swamp coun ry. 

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. 

· £ 1 b · f th A ] d u rl • t · · 2 ooo ooo ooo ooo O 15 Thus the raho or t 1e asm o e r mnsas an n 11 e n vers 1s 13 000000 000 000 = . . 
Ratio for the 
Arkansas, 
White, and 
Missouri, and 
fo r the Upper 
Mississippi and 
Ohio basins. 

But this basin is entirely imilar- so far as downfall and drainage are 
concerned-to tl tat of the l\Iissouri. lienee the annual discharge of 
the latter i · 25 200 000 000 000 x 0.15= 3 780 000 000 000 cubic feet. 
The ratio being 0.9 for the Yazoo, St. Francis, and sma1ler tributa.ry 
basins, the discharge of those streams is 1 500 000 000 000 x 0.9 = 
1 350 000 000 000 cubic feet, 1 100 000 000 000 x 0.9=990 000-
000 000 cubic feet, and 3 600 000 000 000 x 0.9=3 240 000 000 000 cubic fee t, 
respectively. But if the total eli charge from these live basins be deducted from 19 t 
trillions of cubic feet, the result will be the annual discharge from the only two remain­
ino- basin. -those of the Upper Missisl:iippi and the Ohio. It is 8 140 000 000 000 

0 
cubic feet. These basins are so similar in physical characteristics that the same 

d £ btl Th. r · th fi sHoooooooooo 
ratio may be assume or o 1 · l S ra 10 l S, ere ore, 13 suo ooo ooo ooo+:~o 1oo ooo ooo ooo = 
0.24, giving for the annual discharge of the Upper Mississippi 13 800 000 000 000 x 

* '.L'o prevent miscon ception, it should be remarked that the total annual discharge is no fai r standard by 
which to compare the different great fl oods of the r iver. It is the maximum discharge during a fl ood which de­
ermines its height and dcstructii'C character, and which therefore furni shes the proper standard. 
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0.24= 3 300 000 000 000, and for that of the Ohio 20 700 000 000 000 x 0.24 = 
5 000 000 000 000 cubic feet. 

It being assumed that the annual di charge of the Red river is equal to that of the 
three bayous, the ratio between downfall and drainage in that basin 

Ratio for Red-
river basin. also may be deduced. Thus the mean annual stand of the river below 

high water, 1851 (transferred from Natchez, Donaldsonville, and Car­
rollton) being-at the upper mouths of bayous Atchafalaya, Pl aquemine, and La 
Fourche-23.5, 14.0, :mel 8.0 feet respectively, and the corresponding di scharges per 
second of the bayous about 50,000, 5,000 and 2,000 cubic fee t respectively (see Chap­
ter IV) , the mean discharge of Red river is 57,000 cubic fi et per second, or about 
1 800 000 000 000 cubic feet per annum. The ratio is then ~ :::::= 0.20. As 
this basin has proportionally less of the dry plateau formation than that of the Arkan­
sas, and more than that of the Ohio and Upper Miss issippi , this value of the ratio cor­
responds well with those deduced for those La ins. It cannot therefore vary much from 
exactness. 

General table 
of results of 
downfall and 
drainage 
measurements. 

The following tal ]e has been pr pared to exhibit in a convenient 
form a recapitulation of these several d terminations, the muncs 
of the tributaries being arranged in the order of their annual dis­
charge. 

Annual downfall and drainage. 

Dnsin . 

Ann ual down fall. Annual drn.inngc. llntlo. 

Nnmc. I Area. 

--
. . I Sq1~)11 re milu . 1 Cubic j u t. Cubic f eel. 

Olu o n vc1· .. . .. .... ..... . . ....................... .... . . ... 1 .1 -1 000 :W 'iOO 000 000 000 [i ()()I) ()()I) 000 000 0.2-1 
~r . . ii18 ()()() ~;) ~00 {){)ll 0()() 000 a i RIJ 000 000 000 0. 15 ISS OUI' l J'JV I' .......... .. .............................. , 

Upper ~ l i ss i s~ ippi .................................... ] li(l Ill)() ] :l Roo ooo ooo ()()I) :l :liJO 1)1)1) 000 ()()() () ~4 
Smrtll lribul nries ........... . ........ .... .. .. .. ... ..... . 

1 

~·) -100 ~ (j ()() 000 000 ()()() ~ :!-Ill 000 000 000 0.00 
Arknnsas and Whit e rivers ... ........ ... ........ .. .. J8!l 000 l :l 000 ()()() 00() 000 ~ 01 )I) 000 000 000 0.1 'i 
Heel river ..... ...... .. ..... . ......... ........... .. .. ..... 07 ()()() oo 000 {)()() ()()() I 800 000 000 000 0.~0 
Y nzoo river . ............................................. ] :l .)() ] ,)1)() 000 000 000 1 8.)0 000 000 000 o.no 
Sl. Fra nci s ri ver ....... .. .... ...... .. ...... ......... ... 1 10 liOO 1 100 000 ()()I) 000 () ()~)I) () 0 ()()() 000 o.no 
Eni ire i\1 i8siss ippi cx.clu . ive of Itcd river ....... 1 1-li 000 i Ollil 01)0 000 00() 1 () [if)() 000 000 000 0.25 

-- -- --

This table, taken in connection with a map of the reo·ion, shows that n ither th 
size of its basin nor th e length of its course i any criterion of the hydrographic 
importance of a tributary stream. 

SEDDfENT. 

Measu1·ements by the Delta 8un.:ey.-A knowledge of the amount of edimentary mat­

Introductory 
remarks. 

ter held in susp n ion by th Mis i: . ippi at its differ nt stages, and, in 
general, of the law. which aovern the formation of the alluvial delta of 
this river, i. of high pra ti al importance. With a view to inves tigate 

thoroughly one branch of th subj ct, I ro~ . or 'or hey in 1 61, in addition to hi.s cur­
rent-measurements at arrollton, was cbarg d with the duty of coll cting, daily, sam1 les 
of water from different parts of the riv r at that tati n, 0 a to pr sent a fair av rag 
of the whole, and of carefully weighing and pr serving th dim nt. 
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The stations were selected opposite the velocity base; one about 300 feet from the 
east bank, the next in the middle of the river, and the other about 400 

Details of the 
feet from the west bank. The high-water depths at these stations were measurements 
100, 100, and 40 feet respectively. Samples of water were collected at Carrollton. 

daily (Sundays excepted) at surface, mid-depth, and bottom at the :first two stations; 
and at surface and bottom at the third. The samples below the surface 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 surface, the water contained in it was thoroughly 
stirred, and a bottle filled from it. On returning to the office, 100 grammes of water 
were accurately measured 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 syphon. The remainder, after thorough shaking, 
was poured upon a double :filter composed of two pieces of filtering paper of exactly 
equal weight. The bottl e was then rinsed with clear wa,ter and again emptied upon 
the :filter, so as to secure all the sediment. After becoming quite dry, the two papers 
were separu.ted and placed-one containing aU the sediment of the 600 grammes of 
river-water, and the other perfectly pure-in opposite sides of a very delicate balance 
(correct to a milligram me). The difference of weight, which was, of course, the exact 
weight of the sediment, was then accurately ascertained. 

These elaborate measurements were begun on February 17, 1851, and continued 
:fifty-two weeks. During 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 t he east bank. 

The following table exhibits the results of these two years' measurements at Carroll-
ton. The fi ~.rures Jenote the number of grammes of dry sediment con- bl f ul ._ . . Ta e o res ts. 
tained in 600 gramme of nver-water. The observatiOns of the :first 
year are represented by a diagram upon plate XII. 

18 
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Sediment contained ~n ~Mississippi wctf,e1· at Car1·ollton. 

~'irst year, 1 851-5~. Second year, 1852-53. 

NumiJcr of week. } 'irst position. Second position. 1.'hird position. :First position. 

--------- --------- -------'1-------,----
Mid- l o. \I 'd Mid-

Surface. depth. Bottom. I ..,urfacc. cic ~tit. Bottom. Surfnce. 11oUom. Surface. dcpLh . Dottom. 

-------------1------------ - --------
Gram. Gram. Gram. Gram. Gram. Gram. Gram. Gram. Gram. Gram. Gram. 

3d in Febl'IHtry .. ...... .. . .. .... .. .... .. .... 0 .3:20 0.~60 0.306 o.:llo 0. 305 0.3 :!6 0.318 IU 18 0.207 
4th " .. ..... .. .. . .. . .... .. .... .. .. 0.506 0. 558 0. 671 o.55 1 O . G~8 O.li 5:3 O.G-10 0.80!) 0.7 15 
1st in MarciL ...... . .. .. .. .... ...... . .. ..... . 0.521 0. 530 0.5-H\ 0.570 O.Gl7

1 

O.G:\8 0. 5u::l O.ii l 0.631i 
2d " .. ...... ........... ...... .. .. 0. 3!l3 0. 406 0. 3% 0.373 0.480 O.:i04 0.418 O. GG8 0.482 
3d " .. ...... ...... .. .... .. ..... .. O.:.!!l-1 0. :3:3 7 0.:3:2:3 0.3;>0 0.350 IU;J7 0.~8!) 0. 45() 0. -181 
4th " .... . ... ....... . .. ... . . .. ... 0.22 0.:207 0.2.)0 0.233 0.8 10 0.310 0.253 0.3G8 0.548 
1st in Apri l .... .. .. .. .. .. ...... ... ...... . .. o.:W7 0.~3 7 0.245 O.:!a5 0 .:.!53 o.:no 0.~ 1 0 0.273 0.4:.! 
2d " .. .. .. .... . .. ........ .. ... .. o. 158 0. :201 O.:Wi> 0.1\12 0.211 0.:.!:!5 0.:215 0.232 0.370 
3d " .. .. .... .... ............. .. .. U. 1UU 0. 1!)0 0.1!)5 0.186 0.1 !l l 0.21·1 0. 172 0.237 0.320 
4th " ..... .. .... .. ............... . 0 . ~65 o.~,io 0.272 0.2u5 0. 303 0. 31lu 0.21H 0.:.!84 0.840 
1st in May .. .. .... .. .. . .. .. .......... ...... 0.210 0 .25!l O.:.! Bii O.:W3 O.:!li3 0.2.)~ 0.~23 0.:.!6:.! 0.5!10 
2d " .. .. ............. ...... ... .. . 0. 188 0.:2 10 0.:205 0.19'J 0.~:.!5 O.~G~ 0. 18 1 0 . :.! ~ 7 0. -1 ~0 
3d " .. ....... .. ............. . .... 0.1 50 O.li7 0. 183 O. IG8 0 .1 G 0.1 8J O.lH 0. 1i3 0. -11\G 
4rh " .. .. .. .. ... .. .. . ...... .... .. . 0. 130 0. 147 O. H ·I 0.14!) O. H 2 O.WD 0.0!).) 0.162 0.'1 1)2 
5th " ... .. .. .. .. .. .. .. .... .. ..... 0 .11 7 0.130 0.13:2 0. 11 8 0.13-1 0. 150 0. 10:3 0 . 1 6~ O.!l77 
1st in June .......... .. .. ....... .. .... ... .. . 0. 3-l5 O . .t07 0 .1 87 0.366 0.415 0.410 0.:.!85 0.3\lO 0.36-l 
2cl .. .. .... .... . ... .. ........ .. .. . 0. ,151i 0.507 0.510 0. -177 0.515 0.:)17 0. 36!) 0. 457 0. -142 
3d " .. ......... .. ...... .. ........ 0.!)17 o.96o O.!J~I) 0.7:3 1 O.!l81 J.JO,j O.GOii I.tHii 0.4 -17 
4th " .. ......... ..... .. .. . ..... . .. 0 .-HJS O.r. iO 0.0·ii 0. :):!8 0.6!17 O.GOI IH:!7 0. 53G 0. ~ 52 
1st in July .. .... ......... . .. .... ........... 0.407 0. -151) 0. -J.j!) 0.3!15 0.457 0.482 0.-Hi:l 0.42.) 0. 5\l!) 
2d " .. .. .. ......... .. .... ...... .. o.+22 IU!l:! 0.511 0.441 0.510 

1 
o.n:> o.:3!JO o.~u7 o.u84 

3d " ... .. . .. ....... .... .. .. ...... 0.501 O.li~2 0.570 0.52 0.570 I 0.;)82 O.H5 o .. )7:.! O.GG ~. 
4th " .... .... .......... .. ... .. .. .. O.lil:3 0.638 0.648 O.ul2 0.672 O.!i7i) O.ll74 O.li12 0.5'.lli 
1s t. in August ......... .. .. ... ......... .... .. 0.53() O.i)87 tl.li:!1 O.li:!7 O.lluO O.u:l7 0. 501 O.H:!.i 0.470 
2d " .... ......... .. ....... .. .. .. . O.li 17 O.!l73 O.!i!JT 0. 638 0.7 1!l 0.7:!8 0. 5 17 0.71 1 O. ·l!lO 
3d " .. .. ...... .... .... .. ..... .. .. 0. 51:! O.u:W O.li:H 0.~-10 0.7l!l 0.7il2 0. 31i l 0.7-ll 0.;33 :2 
4Lh " ................... .. .... .. .. O.G52 0.71U fl.i:l8 0.5 3 0.7 0 0.81() 0.4Gil 0.788 0. 300 
5th " ............. .. .... .... .. .... OA ::ili o. 51iu 0.572 o. J .J:! o .. :i!JO o .. 3H8 0. 37:! o . .:iu l 0.205 
1st in Sep tember ............. .. ........ .. ... O.-l:!3 O.liOO 0. 583 0.:30:1 o .. iti-1 O .. ili:! 0.:!5u O. GG!l 0.1\JO 
2d " . .. ..... .. .. .... .. .. .. .. .. .. . O.:l l O O.~.;o !l.4~ ·1 0 .:!77 , 0.-185 O . .:i:l.'J 0 .:.!73 O. li -1 0 0.11 2 
3d " .. ......... ........ .. ...... . o.2n2 o.:Jo:; o. -118 o.:!l -1 .·1:!8 1 oAno o.:!:la o.!i l l O.l =i:l 
4th " .. ....... .................. .. 0. 183 O.:!.i8 0.:110 0.173 0.317 0.3-1 8 0.1 58 0. 382 0. 100 
l stinOctobcr ......... .. ... .. ...... .. .. .. ... 0.1 37 0. 187 0.:!20 0. 1:!5 0.:215 O.:l:l.) 0.0% O.:!() .i 0 .170 
2d " .. .. .. .. . .. .. .. . .. .. .. .. .. ... o. 120 0.1 H!J 0.1 70 o. 1 on o. 1!1!3 o. :2:!0 0. 1 o7 o. :!35 o. on2 
3d " .. ....... .... .. ..... .... ...... 0. 100 0.132 0.136 0.0!17 0.1-l o 0. 1.')\J 0.11 -1 O.l !J;) 0.07 1 
4th " .. .. ............ .. ............ 0 .0(i8 0.0\Jli O.lOG 0.054 0.115 0. 1 I IJ O.Oii l 0.1:J(i 0.081 
1st. in November ............ ..... ...... ... ... 0.000 0. 140 0. 127 0.100 0. 143 O.Uu 0.0 0 0.17;) 0. 1-11 
2J " .... .. ............... .... . .... 0. 120 0.151 0.152 0.1 15 O.W7 0. 17:3 0. 111 0.207 0.008 
3d " ..... .... .. ...... .... .... .. .... 0. 11 5 0.1 30 0. 1-11 0.10!) 0 .151 O. J.I G 0. 103 O.:ll8 O.Oiiu 
4 th " ..... .... ............ .. .... .. 0.117 O. l li:l 0. 11!5 0. 117 0.167 0.161J 0. 102 0.:21):2 0.2:2.3 
5th " .. .. ... ..... ...... . .. .. ...... 0. 10!) 0.107 U.1 1!l 0. 10ti 0.1 32 0.13!1 0. 11 0 0. 151 0. -10:2 
l s t in Decem bcr.. .... . ......... .. ........... 0. 204 0. 20~ 0. :2:.!2 0. 1 0 0. 220 0. :! ~ 2 0. I f>5 0. lliO 0. 300 
2d , , ........ .... ...... .. ...... ... O.Hi8 0.:!3.) O. ~~fi 0.1!!7 0.25 1 O.:!(li 0. 130 I 0. 3:'lfl 0.31.) 
3d " .... . ..... .... .. .. .. .. . .. .... o.:!3-l I o.2n~ o.2!15 o.:!oi o.:;3:3 o.:N5 o.:wo o.34G o. s20 
41 h " ...... . ........ .. . .... .. .. ... 0. 11)1) ().2 1.) 0.:!-IU O.lGO O.:!O.:i 0.:1-l,j 0. IGO I O.:!.(jl) 0 . :3 ~ 2 
l s tinJ a nllltry ........ .... .. ... ....... ...... O. llill 0. :.!07 O. Hlll 0.1!11) 0.:!00 O.l !lli 0. 1:!8 0.200 0.:!!)!) 
:Zd " . ................. .... .. .. ... 0. 14-1

1 

0. 1!1:3 0. 1!1;) O. J!J.j 0.:!10 0.:!1.) O.l;Jil 0.:!-18 lU03 
3d " .. .. ... .. ... .. ............ .. . o. -170 o.5:tl o.r):n 0.-1:;o o .. ifio 0 . .').)0 o. -1 oli o.no:i o .. i:W 
4rh " ........ .. ........ .. .... .... . o. -17 1 o .. i:3 1 o.ow o.-ll li o . . ).i l o.~~~ ~ o.aHo t o . .-)·1=! o.a7o 
5rh " ............................. 0.1 :37 O.:!lli o .223 0.1Gl O.:!Ofi 0.201 O. l i' l 0.:!~ 1 O.:l3:! 
1sL in F ebrun.ry ........ . .......... .. .... .. . O.Oi\1 0. ]()fj 0.0!1\1 I 0.0 I 0. IOii 0. }I)} 0.0!17 O.Otii> o. aos 
2<.1 " .. .... .. .. . .. .. . .. . .. .. .. .. .. . 0 . 0 :! 0. 11 :i 0. 11 .i 0 .0 1 0. ]].j 0. ](I.) 0. Oi I 0. f)!) I 0. :!3-1 

------------------ --1---- -----------
_ Tol!tl... .. .... .... .. .. ... ... ..... ........ 15.:302 li. c.i2(. o

1

t5.1.3G i l . \J ii l '.l.:i38 1 3.!l~ ii j 20.070 1U.JOO 
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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 
this the case. Dupuit demonstrates (Chapter V, "Etudes Theoriques et 
Pratiques sur le Mouvement des Eaux Courantes") that the power of 
suspension is due to the fact that the different layers of water are actuated 
by different velocities, and thus exert different pressures upon the differ­

Mississippi 
water under­
charged with 
sediment. Im­
portant practi­
cal deduction. 

ent 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 thread of the current; and 
in vertical planes parallel to the c~rrent, 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 amount near the banks and 
near the surface and bottom, and the least amount near the thread of the current and 
nea.r t he layer 0.3 of the depth below the surface. If the water be undercharged, on 
the contrary, the distribution of sediment will follow no law, the amount at any point 
being fixed by the accidental circumsta.nces 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 current, that ca.used by a cre­
vasse, for instance, must produce a deposit in the channel of the river below it. The 
error 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 third 
week of June, when the weight of this matter constituted -d-1 of the 

Maximum and 
minimum 
amounts of sedi· 
ment in 1851. 

weight of the river-water; that the minimum amount was found in the 
fourth week of October, when the above fraction was only 63

1
83 ; and that 

the mean value for the year was 1 ~ 08 • 
The observations of the second year show what caution should be observed in 

attempting to generalize upon the proportion of sediment contained in In 1852. 
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, we 
have-for the maximum, minimum, and mean proportions of sediment to water, by 
weight, during the second year-the fractions 5 ~ 2 (fourth week of April), 85

1
84 (third 
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week of November), and 1 ,/
40

; which differ materially from the above values for the 
previous year.* 

Further data 
upon this 
subject. 

Before drawing any general conclusion, therefore, as to the amount 
of sedimentary matter annually disch~trged by the Mississippi into the 
gulf, it is well to examine all other data upon the subject. The obser­
vations of this Survey at Columbus in 1868 are the first in order. 

'rhese observations were undertaken voluntarily by Mr. Fillebrown's assistant, Mr. 

Observations of 
the Survey at 
Columbus. 

vVebster, and continued until he left the party, in June. From that 
date they were made by Mr. Fillebrown. These observations are espe­
cially interesting in one respect. They demonstrate that the Mississippi 
and the Oltio waters do not mingle until after passing Columbus, which 

is fully 20 miles below the junction of these river;:; . . Where the waters do become com­
pletely blended i not known, but they are very distinct at Columbus, as the following 
table shows. 

The method of observing differed from that adopted at Carro11ton. Mr. 'Vebster 
took daily one "measure" of Ohio and one of Mississippi water at points 

Details of these a.bout midway between the banks and the dividing line, which could be 
observat10ns. . . . . 

d1stmgmshed by the eye. Mr. F1llebrown took two "measures" of each, 
one near the shore, and the other near the diviuing line. Prior to Ma.y 1st, the "mea­
sure" contained 54 cubic inches. Subsequent to that date, one was used containing 70.5 
cubic inches. Surface water only was collected. The samples of the two waters were 
filtered separately 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 confu ion arising from different amounts of water being collected at diiferent dn,tes, 
the table has been modified so as to exhibit in all ca. es the number of grains Troy of sedi­
ment contained in one cubic foot of water. The column headed " mean of river" has 
been computed by multiplying the numerical mean of the other two columns by 1.2, 
the ratio between the surface and the true mean at all depths, derived from the Carroll­
ton observations . 

* Specimens of the ch:1ractcri tic varieties of the sedimentary matter taken from the ri\·er at Carrollton in 1851 
have been placed in the hands of Mr. de P ourtales, of the . S. oast Survey, for microscopic and chemical examina­
tion. The same di position has bee n 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 lauds. 
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Sediment contained in ~ll1~ississippi water at Columbus. 

Day March, 1858. 
I April , 1858. May, 1858. June, 1858. July, 1858 . 

or the 
month. Ohio Mi ss. Mean of f Ohio l\Iiss. Mean of Ohio Mis~ . :Men.n of Oh io Miss. Mean of Ohio I i\liss . 1\feanof wn.ter. water. nver. wa.tcr. water. river. water. water. ri\'Cr . water. water. river. Wttter. water. river. ----------- ·---------- ------------

Grains Grains Grains G1·ains Grains Grains Grains Grains Grains G-rains Grains G?·ains Grains Grains Grains 
1 ...... 3!)4 504 53!) 
2 ...... !J(j 320 288 343 418 (340 G35 
3 ...... 
4 ...... 9(3 320 288 1tl7 245 235 35!5 500 5(37 
5 .... .. 171 294 279 344 5-n 531 
Q ...... 135 343 28G 418 455 524 
7 ...... 

11 245 

541 4G7 G05 
8 ...... 553 ·516 641 
9 ...... 128 320 2G9 318 238 541 455 508 

10 ...... 96 384 288 357 541 MD 
11 ...... 529 406 5(31 
12 ...... I 147 343 294 517 504 613 
13 ...... 64 288 211 443 064 6G4 
1-L ..... 160 320 280 147 302 323 554 541 657 
15 ...... 128 320 269 304 512 490 110 220 198 
16 ...... G1 5 4G7 648 
17 .. .. .. 128 336 378 352 57G 557 455 615 642 
18 ...... 160 41 6 346 288 608 538 171 171 206 45:3 615 GJZ 
19 ...... 128 416 3:26 3:20 480 480 147 147 176 

II 

418 357 '165 
20 ...... 128 320 269 122 122 147 

I 
394 283 406 

21 ...... 3G8 528 538 615 615 738 
22 ...... 384 400 470 701 627 797 
23 ...... 128 320 269 I 24 ...... 12~ 384 307 240 352 355 529 664 716 
25 ...... 

I 

I 147 245 235 
26 ...... 

I 
196 441 382 172 258 258 553 504 634 

27 ...... 123 258 229 307 258 339 
28 ...... 96 256 211 208 404 367 61 107 155 184 369 332 
29 ... ... 128 320 269 

I 
246 

30 ...... 112 352 278 110 343 272 74 258 100 
31.. .... 128 320 2G9 

-- - - - - - -
411.4 1380.7 1 

-- - - - - - - -- - - ------
Mean .. 128.0 340.8 293.3 ,I 214.9 160.1 274.4 260.7 118. 7 284. 3 241.7 466.2 508.2 584.7 

August, 1858. September, 1858. October, 1858 . November , 1858. 

1 ...... 172 123 177 123 148 162 541 86 376 
2 ...... 123 111 140 455 689 686 160 160 Hl2 
3 ... .. . 246 541 472 74 209 381 354 
4 ...... 234 209 266 307 304 420 443 
5 ...... 2311 2il 303 148 24G 23G 135 123 155 443 393 502 
6 ...... 258 209 280 209 123 HHJ 520 
7 ...... 320 332 391 
8 ...... 123 148 163 492 135 376 
a ...... 344 240 354 I 184 160 206 08 135 140 307 

10 ...... 332 360 4:2 1. 
11 .. .... 357 455 487 221 184 243 135 86 133 320 209 317 
12 ...... 44 3 480 55-! 148 123 163 135 135 162 295 283 347 
13 ...... 603 44.3 628 14.8 111 155 111 86 118 332 381 428 
14 .. .... 357 480 502 160 2-!6 244 
15 ...... 148 111 155 271 246 810 
16 ...... 344 394 44.3 197 271 281 37 61 50 
17 .... .. 34-1 295 383 
18 ...... 307 306 422 135 258 236 74 
1!l ...... 504 4.18 553 246 160 243 49 25 44 
20 ...... 455 25 111 82 
21 ...... 406 529 561 184 2-!6 258 86 37 74 
22 ..... . 135 184 191 61 61 73 
23 ...... 400 492 539 98 123 133 98 25 74 
24 ...... 332 664 598 135 123 154 49 94 86 
25 ...... 98 111 125 86 135 133 
20 ...... 86 184 162 

I 
98 111 125 

27 .... .. 566 456 613 
28 ...... 08 148 148 
29 ...... 332 578 546 1 4 184 22 1 98 172 1G2 
30 ...... 639 541 708 18-! 160 206 
31.. .... I - - --

361.7 385.9 448.6 ll 186.1 220.6 24!J.2 1ru 105.G 122.0 
--

Mean .. 362 0 264.2 37G.2 
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To represent these "mean-of-river" results properly, th ey have been plotted on a 
laro-e scale and interpolations made for lacking days. The mean weekly 

~ei;!:S~:t \~em. amoun t of sediment per cubic foot of water thus calculated (table in 
Chapter VI) is shown on pln,te XIII. This curve confirms the inference 

drawn from the Cn.rroll ton work, that no artificial diminution of the high water of the 
river ca,n produce a deposit in the channel. 

From the above ta,blc, it can ren.dily be computed that the maximum, the minimum, 
and. the grand mean proportion , by weig~t, of the sediment to the 

Resulting river-water (considering 1 cubic foot of this water to weigh 436,24 7 
maximum and 
minimum 
proportions of 
sedimentary 
matter. 

()'rains Troy) are - 1 
-

1
- a,nd - 1

- respectively; the date of the 
b 670' 7 1 5 2) 1 3•:!1 ) 

maximum proportion b ing the third w ek in July, and of the mini-
mum the third w ck in October. This result, when compared with 
those deduced from the Carrollt<?n observations, indicates the varia,ble 

nature of these ratios. 
These three results will now be compared with those obta ined by former observers. 

Defect in some 
former measure­
ments of this 
character. 

A great difficulty i encountered at the outset. It has sometimes been 
the custom to measure not the weight of sedime?d in a given weight or 
volume of water, but the volume of serliment in a given ?:olume of wate?·. 
This method is considered to be objectionable, inasm uch a. the ?:olume of 

the sediment depends upon its density, which may vary with the manner of deposition. 
A series of experiments was made tote t this que tion. 

Professor Forshey was provided with a o·lass t ube of uniform bore, 29 inches long 

Test measure­
ments to deter­
mine the density 
of sediment arti­
ficially deposited 
in the usual 
manner. 

and 1 inch in diam t r. Into thi., fi xed permanently in a verti ca,l 
po. ition, he poured. G gramm s of river-wat r from each of the io-ht 
bottles collected daily during the yea,r 1 51-52. This water wa,s in­
troduced ncar the bottom of the tube by a,'" cond funn 1-mouthcd tube, 
which, being sma,llcr tb a,n t he first, could read ily be inserted. The 
main tube contain d about four days' collections, and th water near the 

top thus had time to b come perfectly cl a,r b fore it was forced out by new contribu­
tions. At the end f the yea,r he thus ur d the diment fr m 14,976 gmmmes of 
river-water, which, with the diameter of hi tub , would hav made a column about 
186 feet in height. 

The following xtract from his manu cript report contains interesting 
d ta,ils :-Observed 

phenomena. 
"A severe frost in January froze the water and cracked the tube, 

but it lo. t only some clea,r water near the top. The mud in th bottom wa,s curdl d 
into rolls a,nd no longer lay compactly. It was 2.5 inchcH to the top of the curdled 
mass. 

"Fungi grew in the wa,ter and along the wall of th tub during the summer, but 
deca,yed and disa,ppeared in the winter. 

" Leaving the tub full of th last wat r ntributed, I r ached with n, small wire and 
sponge the rna, s of alluvium, and stirr d it completel , and th n wa,shed down the 
walls of the tube and left it to ettl . At the end of three mon ths the height of the 
alluvial column was 2 inches. 

"I found by in erting a, wire that on inch was tol rably solid alluvium, while th 
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other was soft, blackish slime, probably decayed fungi and algre and other carbonaceous 
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 tnbe, had evaporated, and left 
a mass of blackish matter, contracted so as to leave the walls on all sides near 1 i 
inches high." 

He proceeds to state that this deposit was 1 inch in height solid 
matter, and hence that the volume of the deposit was 2 .l\ 2 of the volume 
of the turbid water. 

Analysis of 
results. 

This result demonstrates that the specific gravity of this solid matter was much less 
than that of the ordinary depositions of the Mississippi, or, in other words, that the 
conditions under which 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 18

1
08 part, by weight. This matter, as 

deposited in the tube, constituted 22\ 2 part, by volume. Its specific gravity wa.s, then, 
~ 3 ·2 = 1 23 .'~ The specific gravity of common earth is usually considered to be 1.5,· that 
l BOB • 

of sand, 1.8; that of clay, 1.93. Professor Forshey found the specific gravity 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 Mississippi, upon the bank opposite Vicksburg, in 
the tlood of 1858, gave 1.92 and 1.93, respectively, for this 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 bar, and in 30 and 
40 feet water outside the bar, the specific gravity was uniformly 2.6. In 20 feet water 
outside the bar, it was 2.8.) It is evident, then, that the density of the solid in Pro­
fessor 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- Resulting proof 

of the error in 
an old method 
of observing. 

strated, since the result, being dependent upon the peculiar manipula­
tions adopted by the observer, is not determinate. Discrepancies in 
measurements, when only the volume has been cqnsidered, should 
therefore be expected. 

llfeasu1·ements upon the Jlfississippi by other pa1·ties.-Mr. Meade and Mr. Sidell, 
assistants of Captain Talcott in his survey of the mouths of the Missis- Formermeasure­
sippi, in 1838, measured the amount of sedimentary matter contained in ments of the 

the water. The former, from observations made in April and May, ~~~:~~~~~~ined 
considers the quantity to be the I :.e~ 6 part, by weight. The latter in Mississippi 
ado1)ts 

17
\

4 
for thi. ratio. Further details of these observations are water. Captain 

.t - Talcott. 
presented in Appendix A of this report. 

The only experiments which are known to have been published are those of Profes­
sor J. L. Riddell, publi hed in 1846, 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 

* Professor Forshey did not check this determination by actual measurement. 



144 REPORT ON TilE MIS S I SS IPPI RIVER. 

proceedings of the same association for the yertr 18:1:!); rtnd those of the same officer, 
published in 1853 in the vVashington Astronomical Observations, vol. III. These labors 
will be noticed in turn. 

Professor Riddell's first experiments upon the amount of sedimen t contained in 
Mississippi water rtre reported in a letter addressed to Sir Charles Lyell , 

Those of Profes- M 1 r: 1846 Tl r 11 · · f 1 · 1 sor Riddell. on 1 arc 1 o, . 1e 10 owmg u; an e.· tract rom t 11s etter:-
" In July, 1843, I made some ca reful experiments to determin e the 

amount of sedimentary matter in the Mississippi water, which then posse Red about an 
average degree of turbidness. For each experiment I u ed near a pint of water, 4 75.85 
grammes (Fr.) actual weight. The sedimcn t was allO\Y d ncar ten days for natural 
subsidence; it was then oarefully collected, allowed to dry spontaneously, and when 
effectually dry was carefully weighed. 

No. l. -Procured from opposite Randolph, by Dr·. Drake, iu June, 1 8~3 ...... ........ . 
No. 2.-0pposile Cl\rthu ge, in June, Dr. D1·1\kc .............................................. .. 
No. 3.-0pposite New Ol'lcnns, June, Dr. Dr·nke .......... ... ............................ .. .. 
'o. 4.-0ppositll New Orlel\ns, July Gth, 18.J 3 .. .. ......... .. ........... ...... .............. .. 

'edimr nt in 
grammes. 

0.4.0 
0.38 
0.35 
0.40 

Jlntio by weight 
to th o wholo. 

1- ll'JO 
1- 1250 
'l - 13!>0 

1- 11 ao 

"Average ratio of dry sedimentary matter in numbers 1, 2, 3, 4, to the weight of 
water and :cdiment, =near 1-1245." H e adds that by volume, the ratio is ncar __!. 3 000 . 

Professor Riddell's second experiments w re made when a member of a committee 

Second series. 
appointed by the Association of American Geologists and Naturalists to 
ascertain the amount of sed iment carried into the sea by the Mississippi 

river. His report was read at the meeting of thi body in 1846. 'rile following 
extracts sufficien tly explain his labors:-

"The following table embraces the results of experiments upon Mi sissippi water, 
taken at intervals of three days, extending from May 21 to August 13, 184G. 'rhc 
water was drawn up in a pail from a wharf ncar the mint, where there is con:iderahl 
current. Its temperature was observed at the time, and th height of th river de­
termined. orne minut s afterward the pail of water wa agitated, and two samples of 
one pint each measured out. The rr}ass pint mea nre wa rrrad urttcd by w ighing jnto 
it, at 60° Fahr., 7295.581 grains of distilled water, and marking the height with a 
diamond. 

" From the pint samples of water, after standin rr a day or two, most of the matter 
mechanically suspended would , ubside to the bottom of th e containing ve s Is. Ncar 
two-third of the clear supernatant liquid wn. next decanted, while th r maining water, 
along with the sedim nt, was, in ench in ,' tance, poure l upon a double filter, the two 
pa.rts of which had been previously adjusted to be of qual w ight. The fi lters were 
numocred and laid aside, and ultimately dri din the sun shin under like circum tance , 
jn two I arcels, one mbracing tbe cxp rim nt from May 21 t to July 15th; th oth r 
from July 17th to Augu t 13th . The difli r nee in w ight b twe n the two parts of 
each double filter was then car fully a certained, and a to the inner filter alone the 
sedim nt was attached, its exec of w ight indicat d th am unt of scd im nt. I em­
ployed Mr. John Chandler, a skilful manipulator, to a , i t me in all the e operations. 
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Date of experiment. Heigh t of rivor Tempera.- Gra ins sc,limcnt in 
Date of experiment- Height of river Tempera- GminR sediment in 

above low water. ture~ pint water. a.Uovc low wa.ter. ture. pint wa.tcr. 

- - - ---- - ----
1846. Ft. l n. 0 A. n. 1846. Ft. In. 0 A. B. 

May 21. ........... 10 11 72 6.66 7.00 July 3 ..... .. ..... 7 2 7!l.5 9.63 10.00 

I " 25 ............ 10 11 73 !l.08 9.12 " 6 ............ 6 2 81 8.20 7. 57 
" 27 ............ 10 10 73 7.&0 !l.OO " 8 ....... , .... 6 0 81 /.30 6.!l6 
" 29 ............ 11 0 74 7. 30 8.10 " 10 ............ 6 ] 81 6. 12 6.28 

June 2 . ....... .... 11 1 75 4.80 5.46 " 13 ............ 5 9 82 7. 72 7.30 

" 4-............ 11 1 75 7.87 6.10 " 16 ... .. .... ... 5 10 82 () .67 6.80 
" 6 .. .. ........ 11 4 76 4.60 4.90 " 17 ............ 5 10 82 4.65 4.57 

" 8 ......... ... 11 4 76.5 5.48 5.ti0 " 20 ..... ....... 5 4 82 6.07 5.75 

" ]0 ............ ]0 4 76 6. 70 6.80 " 24 ............ 3 10 84 5.76 5.72 

" 12 ............ 10 8 76 6.!\0 6.30 " 27 .. .......... 3 1 84 4.77 4.60 

" 14 .. ........ .. 10 6 76.5 6.00 6.00 " 29 ............ 3 11 84.5 4 28 4. 13 

" 16 ......... .. 10 4 76.5 ().47 6.15 Aug. 1 ............ 2 6 85 4.40 4.44 

" 20 .. ......... 10 4 i7 7.08 7.40 " 3 .... ........ 2 0 84 3.18 3.34 

" 22 ............ 10 2 7i 9.88 9.00 " 5 . . . ... . ..... 1 9 83 3.56 3.40 

" 24 ....... .. . .. !l 8 77 8.40 8.4.8 " 7 ............ 1 6 83 2.85 2.85 

" 26 . ........... 8 !l 77.5 

I 
8.25 8. 78 " 10 .... ........ 1 6 83 3.03 

I 
2.92 

" 28 ......... . .. ! 8 0 79 9. 10 9.58 " 13 ............ 1 2 3 84 2.97 3. 00 
July 1.. ...... .. .. 7 2 79.5 9.15 9.25 

II 
The mean :J.verage of column A. is .. ...... .. .............. . ....... .. .................... . ......... 6.32 grains. 

' ' ' ' '' ' ' '' B. is .................................. . ..................... . ......... 6.30 '' 

" By repeated trials in the first week in July, by direct and careful comparison with 
distilled water, the specific gravity of the filtered river-water wu,s found to be 1.000 25; 
consequently a pint of such water at 60° weighs 7297.404 grains. Thence by weight, 
the mtio of the sediment to the water is as 1 to 1158.3." 

Mr. Brown made a series of measurements between the dates July 1, 1846, a.nd 
June 30, 1848, upon the sedimentary matter transported by the Mis-
SISSippi. The following extmcts from his printed report exhibit the Those of Mr. 

Andrew :Brown. 
results of his labors:-

"A ~:;e ries of glass vessels of a cylindrical form were procured, to one end of which 
(that being the section of a cylinder) there was attached a tin tube of the same cylin­
drical 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 
cocl, by which the tin tube could be conveniently discharged of its contents at pleasure, 
without cau ing any disturbance to the contents of the glass vessel below; this attached 
tin tube was in length, above its lower opening, 48 inches. 

" This tube was charged with water from the Mississippi river, and that water 
allowed time to depo it it contents into the glass vessel below; that being accomplished, 
the water wu,. drawn off, and the tube recharged by more water from the river, each 
particular 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 dis­
chargings of the tin tube, amounting in all to four hundred and eighty-four times, or, in 
the aggregate, to a column of water of 1036 feet, there was deposited a column of sedi­
ment or solid matter of 46! inches (such column of sediment herein submitted), inclosed 
in three of the respective glass cylinders above named, and in which the same was de­
posited from the water in the a~tached 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; greu,ter certainty would have been obtained by giving it u,nother year; but, as 

10 
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the most of it has been long collected, it cannot now, we think, shrink to less than 44 
inchefi. Assuming that, therefore, to be the true quantity, and the product of a column 
of river-water of 23,232 inches, it nee ssa.rily follows, that as 44 is to 23,232, so is the 
quantity of solid or sedimentary matter conta.ined in the water to the volume of the 
river; or, in words and figures, the mean proportional qua.ntity of sediment to the river 
is as 1 to 528." 

* * :j: * 
"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 
he held in suspension. It was fully decided, after many trials, that there wa 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 wa eCJ_ual and effective, there also the suspension of sedimentary 
matter was found to be e 1 ual. 

" There can be no que tion but that much matter in the character of coar. c and 
and gravel is transported by the river current; of the quantity of tlri your committee 
could have no possible opportunity of estimating the val uc, or even ascertaining its 
existence, only that the many sand and gravel bars visible at low-water stag s of the 
river are composed, to a considerable extent, of uch matter, and they are subject to a 
perpetual change of position, and consequent tendency of their matter to the river's 
mouth." 

* :;: * 
"We found, in the incipient stages of the depositing procesR, a very decided want of 

uniformity to take place in the dcpm;ition of the ·edim ntary matter in the glass tube, 
which, in pln.cc of se ttling level, was, on the contrary, found to be ·ettling in such a 
manner as to gi e it a very inclin d upper surfa c. The cau ·c of this un xpc ted 
p culiarity was inquired into, and at once su p cted to proce d from the unequal dis­
tribution or action of light; one side of the tub being more di po ed to that inllucucc 
than the oth r. To verify this conjc tnre, the tube was turn d round in an opposite 
direction to that influence, when the low side not only r cov red itself, but very soon 
had an inclination upward; and, as often a. the turning round. was resorted to, the 
same effect was produced; for most sedim nt would p r ist in settling on the dark id. 
of the tube, that being lea t agitated. by the action of light. 11o r 'nuer th cau e of 
this phenomenon a fact no longer to be doubted, a slir of black pap r wa procured, in 
width about half the circuni.fl renee of the gla . cylinder, a.nd to on id.' of which it 
was applied in order to exclude the light from that ·ide, while it had fr e ace ·s to th 
oth r; the result was as anticipated, for it cau1;ed. a v ry much increa cd depo it on the 
sides shaded by the paper. 

"'l'his variation, or inclined settling, progre i ely decrea d a th light r part of 
the tube, through whi h the particle · l ad to fall, b amc . hortcnecl by its filling up 
with s ~clirncnt." 

Th se inter sting ob rvation as to th ffi t of light u1 on the d position of sedi­
ment arc certainly confirmatory f the conclu ion alr ady arri d at-that the den ity 
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of the deposit from the same sample of ri ver-wa,ter may vary materially, according 
to the circumstances under which it is deposited. 

Lieutenant Marr's first sediment observations were continued dur-
ing the months of April, May, and June, and a part of July, 1849. He ~~::t 0~~:;~­
thus reports the results:-

" The quantity of silt has been ascertained by daily placing a known quantity of 
river-water in a box, drawing off the water as it becomes clear, and weighing (when 
dried) 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 weight, of the sediment to the water is 

5 
~ 

6
• This is certainly too large for a true yearly mean, on account of the turbid rise 

in the Missouri, which always occurs about this date. In 1856 the value for these 
months at Columbus was 1 2

1
6 6 , while for the whole period of the observations, it was 

only 
1 3

'
2

,. Had not a very unusual flood of comparatively pure wu,ter from the Ohio 
occurred, the difference between these fractions would have been much greater. (See 
preceding table of sediment at Columbus.) 

Lieutenant Man·'s second series of observations upon Mississippi sediment were 
continued from March 1, 1850, to March 1, 1851. The following 
extract from his report explains his method of taking them:-

Second series. 

"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 bulle, 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 fi·om which the 
proportion of sediment contained in Mississippi water may -be deter- Observations 
mined. The following facts relative to European rivers are of value as upon other 

f · rivers. affording a means o cornpanson. 
Meas'Ltrements upon EuTopean and othe1· 1·ive1·s.-In the report of M. A. Surell upon 

The Rhone. 
the Improvement of the Mouths of the Rhone, it is stated that from the 
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, , 7 ~ 0 0 • 

From similar experiments made at Arles, the head of the delta of the Rhone, dur­
ing four months in 1808 and 1809, by Messrs. Gorsse and Subours, the quantity of 
sedimentary matter held by the Rhone at that place was, by weight, 7 ; 00 in the low 
stage of the river, and 2 ~ 0 for the maximum in the floods, and 20

1
00 in the mean condi­

tion of the river. According to M. Burell's own researches, the quantity of earthy 
matter suspended by the waters of the Rhone, in its course through the delta, increases 
from the surface 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. 

'rhe greatest quantity ever observed was, by weight, 1 ~ . 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, 25
1
00 , which, he states, should be regarded as a minimum. 
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The Chevalier Lombardini, in his papers upon the Po, uses iJo- for the proportion 

The Po. 
by volume of earthy matter held in suspension by the Po; the deter­
mination of this proportion be credits to Tadini. 

M. Spittel states that in the Vistul::t the quantity of sedimentary matter is greatest 

The Vistula. 
just after the passage of the ice, when it is 

1
1

8 
by volume, the mean 

velocity being about 10 feet p r 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 publi hed. 

The Rhine. 
The sedimentary matter carried by the Rhine in Holland during 

the flood, according to Hartsoeker, is by volume ~-
According to experiments made by M. Leonard Horner at Bonn, the Rhine at that 

place, more than 100 miles above the head of the delta, carries 1 6 ~ 00 of its volume of 
sedimentary matter. 

Mr. Everest, who made a series of experiments upon the Ganges at Ghazipur, Ben­
gal, found that the mean annual proportion of sediment:uy matter 
transported by that river was about 5 : 0 by weigh t, or 

1 0\~ 1 
by volume, 

of that of the water. In the four flood months these numbers were - 1
- and _ 1_ 

1:.!8 8 6 0 

The Ganges. 

respectively. 
Summw·y of 1·esults.-For convenience of reference, the different results above men­

tioned are recapitulated in the following table, the denominator of the fraction whose 
numerator is unity being given. 

Propo1·tion of s diment in 1-ivm·-water. 

Jllvor. 

Mi ssiss ippi at Cnrrollton ............ . 
" Cnrrolllon ........... . 

oluo.bus . . .. ........ . 
tho mouths ......... .. . 

various places ....... . 
N cw Orleans ........ . 

" Nalcb ez .............. . 

" l\J empbi s ............. . 
l\lempbis ............. . 

Rhone at Lyons . ... ................... . 
'' 1\.rlos ...... ................... . 
" in !ella .......................... 

1 

Po ...... .... . ........... ....... ............ . 
Ganges ............. . ...........• ... .... ... 

AntlJOrity. 

?I I ississ ippi Delta Survey .. .. .. .. ... . . 
?. lh!sissippi Delta Survey .. .... .... . . 
Miss issippi Delta ' urv y . . .. .... . .. . 
l\lr. i\ lcade ........ . .................... . 
Mr. Sidell ..... .. .. ... .............. . ... . 
Professor Riddell . ........ ... ......... . 
Professor Riddell ....... .............. . 
Mr. Drown ........... ......... ......... . 
Lieutenant ~lnrr •...................... 
Lieulennnt Marr ... ....... .. ..... ..... . 
1\J. Sm·el l. ......... . ..................... . 
liD f. Gorsse and Suhours ........... . 
l\L Surcll .. .. .......... . .... . ............ . 
M. Tndini. ................... . . ......... . 
?II r . Everest. .... .. ......... ... .. ... .. .. . 

'rater to sediment. 

By weight. lly bulk. 

1,808 
1,-1-J\l 
1 3" '1 
1 :2~(; 
l ,i24 
l ,2 -t 5 
1, 15ii 

506 

17,000 
2,000 
2,500 

510 

3,43.j* 
2, i 5!3* 
2/>10* 
2,3 6* 
3,:!i6* 
2,:3liU* 
3,000 

52 
1,132* 
2,050 

300 
l, O:l l 

Me01mroments mndo. 

For 12 months, 18!i1-52. 
For 12 months, 1852-53. 
for !J month s, 1858. 
For 2 months, 1888. 
1838. 
For 14 dnys, summer 1843. 
For 35 dnys, summer 1 46. 
At irr gulnr dates, 1846- 4 . 
For 3.5 flo od-months, 1840. 
For 12 months, 1850-51. 
18-14. 
For 4 months, 1 08-0. 

For 12 mont hs. 

Conclusions 
respecting pro­
portion of sedi­
mentary matter. 

A comparison of th e dill'erent results 1 ad to the b lief that no 
material error will result from a uming that the sediment of th Mis­
si sippi is to the wat r, by w ight, n arly a ' 1 to 1500, and by bulk, 
nearly as 1 t · 900; provided long p riods of tim be consider d. 

* Computed by assuming the specific gravity to be 1.9, which, ll.S nlready shown, is nearly that of the natural 
deposits of the Mississippi river. 
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If this be so, and if the mean annual discharge of the Mississippi be correctly 
assumed at Hl 500 000 000 000 cubic feet, it follows that 812 500 000 000 
pounds of sedimentary matter, constituting one square mile of deposit 
241 feet in depth, are yearly transported in a state of suspension into 
the gulf. 

Annual amount 
transported to 
the gulf. 

When the Mississippi swamp lands are securely protected against overflow, the 
earthy matter, which, in their original condition, was ::mnually deposited upon them, 
will be carried to the gulf, 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, the Yazoo for example, during the mean annual flood, may be 
taken at 100,000 cubic feet per second during a period of one month. As there are 
four of these great swamps, a simple calculation gives for the additional amount of 
sedimentary matter that will be carried to the gulf, one-eighteenth 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 

upon material 
rolling along 
the bottom of 
the river. 

The well-known fact that rivers in their upper courses transport 
gravel and sand, and the experiments of Dubuat upon the velocities 
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 Mr. George G. Meade, now Captain Topographical Engi­
neers, on the bar of the Southwest pass in 1838, to ascertain the nature of the earthy 
matter suspended by the river near the bottom, led to the attempt in 1851 to ascertain 
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 Red river, and the facts elicited by it induced the direction to 
the Carrollton party to include these experiments in its regular duty, 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 Red­
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
quently repeated at all stages of the river, and always with the same result, chiefly 
sand and earthy matter being collected. 

No exact measurement 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. 
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Total annual 
contributions 
of the river 
to the gulf. 

The total yearly contributions from the river to the gulf amount 
then to a prism 2G8 feet in height, with a base of one square mile. 

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 sufficient accuracy to make the computation of any value. 

TE?I(PERATURE. 

Measurements to ascertain the relative temperature (Fahr.) of the air and water 
were conducted daily for two years at Carrollton . The air temperature 

Measurements. · has been determined by taking a mean of ob ·ervatwns made at 6 A.~L, 
3 P .M., and 9 P.}L, which very nearly represents the mean for the twenty-four hours. 

Ai1· and water tempemture at Oa?Tollton. 

1851 . 1 52. 1 51-52. 1852- 53. 
Week . lfock. - -

Air. Water. Air. Water. Air. Water. Air. \ \'nt r . 
-------- --------

0 0 0 0 0 0 0 0 

3d in Fcbt·uary .................. 62 44 62 44 4th in AugusL .................... 81 8" 82 R-~ 
4th " .. .. .. ............ 6J 45 63 45 5th '· 80 83 82 84 . ........ ....... .. 
] SL in March ..................... 66 48 66 48 1 tin September ............ .. .. 81 82 80 83 
2d " ... .............. 69 48 65 50 2d " 78 R2 78 R3 . ................ 
3d " ... .. ..... .. ... .. . 69 51 57 51 3d " 76 82 78 82 . .... ......... .... 
4.th " ...... .... ........ 6!) 56 71 M 4th " 73 R1 RO 81 . ....... .......... 
) SL in April ...... ... ............. .. 70 50 ()6 [>f) ] St in October .. .. ........... ... . 76 78 77 7!l 
2d " ·················· (j!) G:l 67 li7 ~d " 70 7:i 7:\ 78 .. ...... ........ .. 
3d " ················· · 68 64· 65 58 3d " ()~ i2 72 7!' .... .............. 
<tth " .... .... .. .. .... {j:} 63 (j;) 5G I 4th " 6·1 (i\1 74 73 .. ..... ...... .... . 
1 SL in l\Iay ..................... 72 63 74 1) 1 SL in November ... ........ ... .... (){] (j.) 6 70 
2ll " .................. 74 (\4 72 rn ::!d .. ... .. .......... ... ij.) ()2 70 (;8 
3d " .............. .. .. 81 67 7G 6.) 

I 
3d " . ..... ........ .... !i:.l 5\l G:l G3 

4th " ·················· 7!) 72 78 (j 4th " 5G 57 58 f>5 ... ............ ... 
5th " ·· ················ 78 76 76 72 !jt b " 51 5 l 5!) 51 .................. 
1sL in June ...... ................ 7!) 7!) 78 73 1st in December .. ....... .......... 50 "1 G1 4!l 
2d " ··········· ······· 81 7!) 77 75 :.ld " GO 48 [)!) 118 ... ... ...... ... ... 
3d " ·········· ····· ··· 77 7!) 81 77 3d " 41 45 M <18 .................. 
4t h " ·················· 7!) 78 82 79 4th " fi8 48 (i7 4() ......... ... ...... 
1st. in July ...................... 81 7H 2 0 1st in January .................... 5'1· 4·1 Ii-I· 48 
:,!d " ···· ·· ····· ····· ·· f) 80 R2 1 

:I 
2d " 47 4!i 56 4(; ........... ... .. .. 

3d " .......... .. ... ... 8 ~ 80 7!) 3 3d " 3() 4:.! 50 45 . ............. .... 
4th " .................. Rl Rl 80 -l 4th " 37 37 4!) <13 . ....... .. ........ 
·1 SL in August ...................... R:.l 83 8 ~ R6 lith " ....... .. ......... !)~ 35 52 43 
::!d " .................. 80 8:.! 82 6 l sL in February .. . ............... 57 3 (j(j 4 1 
3d " ............... ... 83 8-~ 7() ,j I ::!d " . ................. 5:.! 43 57 43 

From this table it appears that the mean annual temp raturc of the river-water for 

Results. 
the :fir t and second year wa. G3.0° and G-:1:.3° Fahr., the corre pending 
air temperatures being G7.G 0 and GO . 0

• 'I'hat i., the m an t mp ra­
ture of the river-water at this point of its cour e j about 4. d gree colder than that 
of the atmo. phere. To illusb·at the relati ve hano· f temp rature in air and water 
at di:ffi r nt seasons of th y ar, a ·mall diaoTam ha. b n add d to plat XII. 'l'h 
curves represent the mean of the two year/ b r ations giv n in the above tabl . 
They show that the changes of t mperature in th water are much mor uniform and 
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gradual than the corresponding changes in the atmosphere, and also that they occur 
later. The water is warmest in the latter part of August, 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, 
however, by Lieutenant Marr, U. S. N., at Memphis, between March 1, 

Lieut. Marr's 
observations. 

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. Wolf river, which runs alonO' 

' 0 
the same parallel of latitude, and enters the Mississippi at this place, has a grea.ter tem-
perature 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 man­
ner 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 temperature of the climates through which the river flows. The difference 
between the temperature of the water at the surface and a.t 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 degree." 

These measurements, in connection with those of this Survey, indicate that the 
mean temperature of the Mississippi water increases 3° Fahrenheit in 
traversing the 750 miles of river channel between Memphis and Carroll­
ton. The corresponding difference of mean annual temperature of the 
atmosphere is about 8° Fahrenheit. 

LEVEES. 

General 
deductions. 

It is designed to limit the discussion of this subj ect in this chapter to the history of 
the progress of the levees in the Mississippi valley; the present general 

· · fi 1 · t f th 1 t · tl d'~r t Scope of the pre-orgamzatwns or t 1e mam enance o e evee sys em lll 1e weren sent discussion. 
States ; and, la,stly, the dimensions and cost of the existing levees. In 
Chapter VI the subj ect will be continued, and the dimensions required to effectually 
protect the country, the dangers of the system, etc. will be fully considered. 

H istory of the prog1·ess of the levees in the Mis8iss1'ppi valley.-As already seen, by far 
the greater and more fertile portion of the natural banks of the Missis­
sippi river between Cape Girardeau and the gulf is below the level of 
the floods. Since this condition has existed from a period long anterior 
to the discovery of the country, the first object of the settler has alwa,ys 
been to secure himself from inundation during the high stages of the 

Levee system 
coextensive 
with civilization 
below the mouth 
of the Ohio. 

river. Throughout the entire region the levee system has been adopted for this purpose, 
to the exclusion of every other except that of cut-offs, which has been partially tried in 
a very few instances for loca.l objects. The history of the levees is, therefore, inti­
mately connected with that of the settlement of the country. 
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First settle­
ments of the 
country. 

The first permanent settlements by Europeans in the valley of the 
lower Mississippi were made at Natchez and at t he present site of New 
Orleans. At Natchez the bluffs were occupied, but at New Orleans 

precautions had to be at once taken to protect the colony from inundation. 
According to Dumont, De la Tour, the engineer who laid out the city of New Orleans 

in 1717, directed "a dyk or levee to be raised in front, the more effec­
Levees in 1717. 

tually to preserve th e city from overilow." Although this work wa . o 
early contemplated, it was not completed until November, 1727, when Governor Perrier 
announced tha.t the New Orleans levee was fini shed, it being 5±00 fee t in length, and 18 
feet \vide on the top. He added that within a year a levee would be constructed for 18 
miles above and below the city, which, though not so strong as that at the city, "would 
answer the purpose of preventing overflows." 

In the mean time, colonists continued to arrive slo\'\'ly and occupy the land along the 

In 1723. 
river banks, so that in 172 , according to Francia Xavier Mar tin," the 
only "'e ttlements then began below the Natchez were t hose of St. Reine 

and Madame de Mczieres, a little below Point Coupce-thatof Diron d'Artaguette, at Baton 
Rouge-that of Paris, near bayou Manchac-that of the Marqui d'Anconio, belo-w La­
fourche-that of the Marquis d'Artagnac, at Cannes Brulees-that of de Meuse, a little 
below, and a plantation of three brothers of the name of Chau in , lately from Canada, 
at the Tchapitoulas." 

In 1728 Dumont says there were five colonie "extending for 30 miles above New 

In 1728. 
Orleans, who were obliged to constru t levee of earth for their protec­
tion." The expense of con tructin rr the c embankments was borne by 

the planters, each building a levee the length of hi river front. 
In 1731 the Missis ippi company gave up the colony to the French crown . In 1735 

In 1735. 
Du Pratz states that "the levee ex tended from English bend, 12 miles 
below, to 30 miles above and on both ides of th r iver." The sam 

. year, the in. u fficiency of the works wa. demon tratcd, a "the water was very high, 
and the levee broke in many pla s." It is certain that thi difficulty continu d to be 
felt, for in 1743, according to ayarr6, " an rdinance wa promulgated r quiring the 
inhabitants to complete their levees by the 1st of J anuary, 1744, under a penalty of 
forfeiture of their lands to the crown." 

According to Monette, in 1752 the plantations ext nded "20 miles below, and 30 

In 1752. 
miles above New Orl ans," and in that di tan " nearly the whole coast 
was in a high state of cultivation, and. ecur ly protect d from fl ood' ." 

Captain Philip Pittman, who publi h d a work in 1770, d fin e. the seUlem nts at 

In 1770. 
t hat date as extending only "30 mile.· abov , and 20 miles b low N w 

Orlean ." In other w rd , the inhabitant for tw nty y ars had b en devo­
ting th mselves to the cultivation and. improvement of tho distr ict alr ady partially 
re laimed, instead of trying to extend the l v e farther along th bauk. 'rhc wars 
between England and ] ran e, th ces:ion by the la.tter pow r of all h r te rritory on the 
Mi sl:l iss ippi to Spain in 17G3, and th imp li t ic our:· pur;;u d by the 'pani flh gov l'll Ol'S, 

doubtl ss contributed to r tard the growth of the olony :1t that poch. It also appears 
to have been supposed that the settl ments ould not be ext nd d farth er down the 
river, "on account of the immense xpen. attend ing th 1 e n c sary to prot •c t 
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the fields from the inundations of sea and land floods," which would render it advisable 
to defer the se ttlement of t hat sec tion of the country " until the land shall be raised 
by the accession of ·oil." (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 U nitcd States. Its condition may 
be inferred from the following extracts from the Abstract of Documents 
of the State Department and of the Treasury, 1802- 5:-

In 1805. 

" The principal ettlements in Louisiana are on the Mississippi river, which begins 
to be cultivated about twenty (20) leagues from the sea. Ascending, you see them im­
prove on each , ide till you reach the city [New Orleans J. 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, extend­
ing 8 leagues along the river. Behind it, on an old bed of the river now a lake whose 
outlets arc closed. up, is the settlement of Fausse Rivi' re." 

" There is no other settlement on the Mis issippi except the small one called Con­
cord, opposi te Natchez, t ill you come to the Arkansas river, 250 leagues above New 
Orlea.n . Here is a small settlement. There is no other se ttlement from this place to 
New Madrid." 

" On both banks of this creek [bayou La Fourche J there are settlements one planta­
tion deep for near 15 leagues ." 

" Bayou Plaquemine, 32 leagues above New 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 history of 
Louisiana, publi hed in t hat year, states : " These banks [levees] ex tend In 

1812
. 

on both sides of the river, from the lowest settlements to Point Coupee 
on one side, and to the neighborhood of Baton Rouge on the other, except where the 
country remain unoccupied." 

" Few settlements are fo rmed on the west bank of the Mississippi between the Red 
and Arkansas river . They are thinly scattered along from Red river to the mouth of 
the Yazoo." 

Brackenridge state. : " From Pointe Coupee to La Fourche, two-thirds of the banks 
are perfectly cleared, and from thence to New Orleans the settlements continue 
without in terruption on both ides, and present the appearance of a continued village." 

In 1828 the levees were continuous from New Orleans nearly to Red-river landing, 
xcepting aboye Baton Rouge on the left bank, where the bluffs r endered In 1828. 

th m unnecc sary. Above Red ri ver they were in a very disconnected 
and unfinished state on the right bank as far as Napoleon. Elsewhere in the alluvial 
region their ext nt was so limited as to make it unnecessary to mention them. 

In 1844 the levees had been made nearly continuous from New Orleans to Napoleon 
on the right bank, nnd many isolated levees existed along the lower In 

1844
. 

part of the Y n,zoo front. Above Napoleon, few or none had yet been 
attempted. 

In September, 1 -o, a great impulse was given to the work of reclaiming the allu-
20 
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Donation by the 
Federal Govern­
ment in 1850. 
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vial region below the mouth of the Ohio by the Federal Government, 
which, by a,n act approved September 28, 1860, grunted to the several 
States all swamp and overflowed bnds within their limits remaining 

unsold, in order to provide a fund to reclaim the districts liable to immdation. ~rhe 

States of Louisiana, Mississippi , Arkan sas, and MiRsouri Roon orga.nized ofTtces for the 
sale of the swamp la.nds, and appointed commissioner::> for the loca.tion a.nd cons truction 
of the levees. 'rhe systems adopted were generally faulty, and have undergone many 
modifications. Those now in force will lJe explained unucr th next subdivision of this 
subj ec t. 

Careful examin ations and inquiries made by parties of the Delta Survey, in the 

Condition of 
levees in 1858. 

a.utumn of 1857 and the wintet' of J 0 , resultccl in the fo11owing cx­
hilJi t of the actual cond it ion of the leve 'S a.t tbat date. Each bank of 
the r iver will be noticeu in turn . 

Beginning at the head of the allu vial region, on tbe right bank the inlet betweell 

On the right 
bank. 

Cape Girardeatl and Commerce bluff.s was closed by a ma~Jadamized 
road, some 4 fee t hi gl1 , which crossed the ]ow ground abo ut 2.5 miles 
from the river bank. From Commerce blu:ITs to a sandy ridge abo \re 

overflow near Dog-tooth bend, the levees were nea,rly completed. 'l1hcnce, th ey were 
fini shed to a point G miles below Cairo. Here was a g:tp of 3 mile , but upon hnd so 
elevated as to be overflowed only in th e highe t iloods. Next was a strip of high land 
above overflow, 3 miles in exten t. Next came 8.5 miles of completed levee; next 0.5 
of a mi le of high land n,bove overflow. This point is about 5 miles above Hich:mn,n. 
Thence to bnyou St. John, th ere was a continuous levee. Thence to Point Pleasant, 
the land is entirely above overflow. Thence to t he northern boumln.ry of A rlmnsas, 
the levees were nearly completed. Between the northern boundary of Arkansas and 
Osceola, there were about 2.5 miles of nnflni shcd lt:Y es. In the be:1d 1Jelow Os cola 
-..vas a gap, 1.5 miles long. Opposite Island 34- was another, 1.5 miles long. Between 
Islands 36 and 37 was another, 2.5 mi les long. At foot of I. ·lanu 37 was another, Ll 
miles long. At foot of Island 39 wa anoth r, 1 5 mil 'S long. At foot of I land 41 was 
another, 0.3 of a mile long. Six miles below Memphi was another, 1.5 miles long. In 
Counci l bend, near Island 53, was another, 3 mil s long. In vValnut bend, ncar Isla.nd 
56, was another, 1 mile long. 'rhe a,bove li t includes the whole t. Francis bottom. 
By summing up the difleren t gaps, it will be found th at they were about 25 miles 
in length. It would be a great error to imagine that the l ottom wa. ::;ec urc]y leveed 
with the exception of these breaks. The levees had all been made since the flood 
of 18i) l , and. consequen tly had never bee n te.ted. They were much too low, hardly 
averaging 3 fee t in h igb t, although ::;o me of them, acros: old bayous, were of enormous 
size, as, for instance, a, hort one ne:tr th northern boundary of Crittenden county, 
which was reported to be 40 feet high, ±0 f'>et wide at top and 3:20 fee t wiuc at bottom. 
Generally their eros -section was much to ·mall, and, upon the whole, th y wer quite 
inadequate to e.fl'ect the obj ect for whi h t h y w r in ten l d . 

From the mouth of ' t. Francis riv r to Olu Town, th levees were complete. 
Between this plac and 'crub-gra. · bayou, there wer . ev ral gaps, amounting to about 
14 miles. Thence to Napoleon there were no love s. Betw en Napoleon and th h igh 
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land, south of Cypress creek, there were only about 3 miles of levee. Thence nearly to 
Point La Hache, below New Orleans, the embankments were completed. 

On the left bank, excepting a few unimportant private levees, there were no artificial 
emLa.nkments between the mouth of the Ohio and the southern boundary 
of Tennessee. The near approach of the hills to the river, throughout On the left bank. 

the greater part of this region, has the effect of flood ing by hill drainage the narrow 
belt. 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 Missis: ippi river. 

The Yazoo bottom below the Mississippi State boundary was considered to be well 
protected by levees. They, however, averaged only about 4 feet in height, and, having 
been mainly constructed since 1853, had 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 enormous embankment across an old lake. It was 1152 fee t long, 
and 28 feet high, with a base spread out to the width of 300 feet. About 10 mi.les 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 properly before 
the occurrence of the high water. There was only one open gap. It was nearly 
opposite Helena, and had been caused by a caving bank. 

Between Vicksburg and Baton Rouge, on the left bank, the levees were complete 
where there was any occasion for them. The hills approach so near to the river in this 
part of its course, that the bottom lands are limited in extent, and hence somewhat 
liable to injury from sudden upbnd drainage. 

From Baton Rouge nearly to Point La Hache, the whole river-coast was leveed. 
Levee organi:~ation in the (bjferent States.-It is important that it should be under­

stood, that much of the want of success attending the efforts to secure Reason for 
the alluvial lands from overflow has ari sen not from inherent difficulties treating of this 
in the construction of works of protection, but from the adoption of subject. 

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 involved, and very unlike in different 
parts of the tate. Premising that the " Police Jury" of each parish is 
an elective body, which ha the general control of the affairs of that 

Levee laws of 
Louisiana. 

parish, the following extracts from the Revised Statutes (1856) exhibit the most im­
portant features of the complex levee organization of the State. 

"SEC'l'ION 1. The Police Juries of all the parishes of this State are authorized to pass 

General laws. all such ordinances as they may deem necessary, relative to roads and 
levees, bridges and ditches ; and to impose such fines and penalties to 
enforce the same a they may judge proper and expedient, to be recovered and enforced 
by indictment or information." 

"SEC. 5. Throughout all that portion of the State, watered by the Mississippi and 
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the bayous r unning to and from the same, which are settled, where 
levees are necessary to confine the waters, and to protect the inhabi tants 
against inundation, the said levees shall be mad by the riparian pro­
prietors, in the proportion and a.t the time hereinaft r prescribed." 

"SEc. 18. 'rhe Police Jury of every pari h of thi s 'tate where levees 
are necessary to protect th inhabitants aga.inst inundations, shall meet 
once in every year, for the purpose of proceeding to the n.ppointment by 
ballot of such number :of Insp ctors as shall be deemed necessary, in 

such a ma.nner, however, that no Inspector ha.ll 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 In. p ctor to make every week, at least during 
high water, one in. pection of the road m1d levees subj ect to his inspection, and to 
ascertain whether the obligations impo cd upon the riparian proprietors have been 
CODlplied with. * :;: :;: :;: :;: :;: :;: :;: 

"SEc. 21. '1' ~' ''' :;: :;: * :;: :;: 
"The In pcctor sha.ll provide all the means which he shall deem expedient, in order 

that the repa.irs be made in time ; and for that purpose he shall be authorized to furni h 
the proprietors, on urgent necessity, with any number of slaves he may deem necessary, 
not only from his own section, but also from the other sections of the parish situate on 
the same side of the river. * :!: ''' ''' ::: * ::: 

"SEc. 22. The Road and Levee Inspe tors are hereby mpowered within the 
several parishes to call out to work on the levees therein, in case of a crevasse or 
threatened crevasse, all the m ale slav s above the age of fift en y ars and under sixty, 
or so many thereof as may be deemed nc cs~<ary, ·whose owner. res ide on the same . ide 
of the river or ba.you within seven miles of the threatened danger; except persons on 
high lands, that is, l::mds not alluvia.]." 

... 
•l · :t: * 

"SEc. 27. If a.ny Inspector of Roads and L v es shall not a usc the levees in his 
district to be repaired or made anew by the fir t of Novemb r of ach year, it shall be 
the duty of the other In spe tors appointed for th arne pa.ri h and on the sn.me side of 
the river, to cans the repair or new levees to be made; and for the e purposes they 
are invested with all the power ve ted in the In pector of the re 1 cctive di stricts, and 
subjected to the same penalties for omis ion . If th re are no th r In pectors in the 
parish, on the same side of the river, or if th yare abs nt, or do not act, any planter of 
the parish, on the same side of the river, ma.y notify the P re id nt of th Police Jury 
that he underta.ke · to act a.s Inspector ; and by the fact of giving su h notice, he sha.ll 
be invest d with all the power vested in In . pe tors of Road ' and L v es." 

" EC. 20. Every proprietor whose levc ha be n broken by hi own neglect, shall 
b liable for all damages and lo ses cam; d th reby agr abl to articl two thou a.nd 
two hundred a.nd nin ty-four and two thou and two hunlred and nin ty-five of the 
Civil Code." 

" 'Ec. 43. Where there exist lev , the makin o- a.nd r pair of which d volve upon 
the parish s, all th Inspectors of such pari::~h , ha.ll join to ca.us th' sam to be ma.de 
or repa.ired by proportiona.l requisition of Iav ·, on the proprietor::; within their respec­
tive ections.') 
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"SEc. 50. The alluvial lands of the parishes of Carroll, Madison, and Catahoula 
shall be constituted a levee district." 

"SEc r::1 For tl1e f b ·1d· 1 · . . Laws constitu-' . u . purpose o m ll10' or rna nn()' and repau·m()' all t· 1 d. . . . . o · o ' o mg a evee lS· 

levees m the sa1d levee d1stnct, an annual tax of 300 per cent. on the tric~ of three 
State mill tax, shall be levied in the parishes of Madison and Carroll, panshes. 

according to the State assessment roll of each year. No tax for that purpose shall be 
levied in the parish of Catahoula." 

"SEc. 56. The levee tax shall be a common 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, three Commissioners, who shall be styled and shall constitute a 
' Board of Levee Commissioners.' 

"SEC. 58. The first election of Commissioners shall be 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 lands in the said levee district: Provided, no person shall be denied the 
privilege of voting who may live on the hill lands but cultivate alluvial lands." 

"SEc. 62. 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 necessary for determining the same." 

"SEc. 63. They shall have power and authority to select their Treasurer, their 
several Inspectors, Engineer, and all other officers appointed by them; to fix the time 
for which they shall be appointed or elected, the causes of removal, the amount of the 
bonds to be given, and all other acts necessary to carry into effect the provisions of this 

law." 
"SEC. 69. It shall be their duty 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 wards ; to prescribe their duties, and the penalties for neglect thereof; and they 
ure 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 the first Monday of May of 

each year, to order the levees ut the most important points in each of said parishes of 
Madison and · arroll, to be repaired or built." 

"SEc. 75. It shall be the duty of each of the Inspectors to let out, to the lowe~t 
bidder the buildin"' or repairinrr of the levees in their respective wards, after public 

' o o ·hd. h 
notice thereof having been given, by publication in some newspaper pubhs e m t e 
parish in which the levee shall be built or repaired, for thirty days." . 

"SEC. 77. They shall always require the levees to be completed by the first day of 

February in each year." 
"SEC. 70. 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 uge of 
fifteen and under sixty, or so many thereof as may be deemed necessary." * * 

"SEc. 84. The Police Jury of the parish of Tensas shall divide the parish into five 
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ParishofTensas. districts, to be called levee wards, giving the metes and bounds of ench, 
and shall cause a map or plat of t he 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 succe. or be appointed." ''' * ''' '1' 
"SEc. SG . They shall annually appoint, in each leYee ward, two Commission erR, 

whose duty it shall be to act in conjunction with t he Inspector, in laying off new levees 
in their respective wn,rd , and to ass ist him at other times, when he mn.y deem it neces­
sary; in ca ·e of absence or resignation of the Inspector, they shall perform all the duties 
belonging to the Inspector, until a succe sor be appointed, or until the Inspector shn,ll 
return to the performance of his duties." 

"SEc. 87. It hall be the duty of the Levee In. pector or Enrrineer to direct and 
superintend the construction and repairs of all levee. in tb e pari.'h in accordance with 
the requisi tion of the Police Jury." ''' ''' ''' ''' ''' ''' 

"SEc. 90. The Police Jury are authorized to levy and collect, in the sn.me mn,nner 
that the State and parish taxes arc now call cted, an annual tax: upon the n,sses ed 
value of real estate a returned by the A se sors of 'tate taxes. ~ 'n,id ta.·, when col­
lected, shall form n, special fund for levee purposes alone." 

"SEc. 107. 'rhe Police Jury of the parish of Rap ides are authori?.ed to lay off their 

Parish of 
Rapides. 

pari.'l1 into levee districts; and with the con. ent of n, mn,jority of th' 
inhabitants of said districts owninrr land therein, to lay a tax: upon all 
lands wi thin the several eli trict which w r overflowed in the 

year eighteen hundred and forty-nine, for the purpo. e of making leve s on Red river, 
within the parish, nnd con tructing . uch embankment::; as th y may on id r necessary 
across all bayous connecting with th e river; n,nd for the purpose al ·o of creating and 
maintaining the permanent levee fund her inalter mentioned . 

" The Police Jury, in levying said tax, ·hall di criminat qu itably b tween the 
front and back lands, o that they may be tax: d as n arly as po .- ible in proportion to 
the ben fit to be derived by them resp ctively from levee , th tax so levied by the 
Polic Jury on the front and back land , to b 1 inding on both. 

"SEc. 108. The Police Jury shall appoint annun,lly on the fir. t Monday of June, 
three Levee Commissioner. for ach district, whose duty it hall 1 to l ate the leve s 
and embankments within their resi ectiv eli tri ts, and to 1 tout contracts for construcl:r 
ing the same; which contrac ts shall b l tout to the low ·t bidder. :;: * 

"SEc. 100. 'rhe Police Jury hall also appoint annually at the sam time one or 
more Leve yndic. in each distri t, whos duty it hall be t cause t be made all 
needful repairs or additions to the levee within their rc. p ctiv district ." :;: * 

Parish of 
Catahoula. 

" ~ 'r: . 115. The Poli e Jury f the pari h of atahoula hall have 
full and unlimited power to -tabli. h !eve ward within it limits, and 
enii rce the constru ti n f l v . thor in." 

"SEc. llG. Th y sha,ll hav power t :w ·e, with a pre vi u · noti of thirty dn,ys, 
the elec tion in each l v e ward by th qualift d ot r th r of. of thr 
sioners, who shall hoose one In ·p ctor; tb t rm of offic duti and 
the Commissioner an<l Inspector to b pr · ri b d by th P li e Jury . 

Leve' mmls­
qualifications of 

"SEc. 117. 'rh y shall have pow r al to 1 vy and nfor th oll tion of uch 
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taxes as- ma.y be deemed necessary in any ward, for the construction of levees therein· . . ' 
the fund so raised to be expended upon the levees m 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 power to make such enactments with rerrard to 

u Parishes of 
roads nnd levees within their respective limits as may Le deemed neces- Concordia and 
sary and proper by those bodies, including the power to authorize the Washita. 

ai'sessment 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 levee­
ing 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 Coup6e 
to levy an annual tax, not to exceed the one-half of a mill on a dollar 
on the estimated value of all the property subjec t to taxntion not other- Parish of 

Poi!lte Coupee. 
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 tax 
is now collected; and shall form a special and distinct fund in the parish treasury for 
the repairs or making of roads and levees; and the Parish Treasurer shall keep a sepa­
rate a,nd distinct account of all taxes so collected." 

The fund derived from the sales of land granted by Congress for aiding in construct­
ina' the levees and drains necessary to reclaim the swamp land is subject 

0 
• l t f St t 1 · d d f . h . . Dispositionofthe to an espeCia se o a e aws, m epen ent o - pans orgamzatwn. swamp-landfund 

Since the Revised Statutes were published in 185G, a change in the organ- received from 
ization for controlling this fund hu,s been made by abolishing the "Board Congress. 

of Swamp-lu,nd Commissioners," and replacing it by the "Board of Public 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 
hu,lf being borne by the riparian proprietors. 

The present levee organization in the Stn,te of Mississippi is based upon a law passed 
by the legislature in November, 1858. It went into practical execution Levee laws of 
in June, 1859 . The following extracts from the law suffi ciently explain the State of 
the o'eneral system· it beino' understood that a "Board of Police" is an Mississippi. 

b ' b 

elective body which controls the affairs of a county:-
"SEC. 8. Be it further enacted, That it shall be the duty of the Board of Police of the 

several counties of 
4 

J?e So to, Tunica, Coahoma, Bolivar, Vv ashington, Board of Levee 
Issaq uena, Ya,zoo, Sunflower, Tallahatchie, and Panola, to meet at the Commissioners 

Court-house of their respective counties on the first Mondu,y in February, -their powers 
and duties. 

1859 and then and there to elect a citizen of their respective counties 
to sm:ve as a Levee Commissioner for three years from thu,t time." 

* * * * * * * * * * 
"SEc. 9. Be it jLtrther 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 Mon-
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day in March thereafter, in the town of Prentiss, in the county of Bolivar, in thi s 
State, and when n,ssembled, to elect one of their number, or some freeholder in the dis­
trict, as President of said body; said President and sn,id Levee Commissioners shall be a 
body politic, to be styled the Levee Commissioners, n,nd in thn,t nn,me may sue and be 
sued, contract and be contracted with. The President of said board shall keep his omce 
in the said town of Prentiss, and service of process on th Presiclent shall be notice 
sufficient to bring the corporation into court. Should said board elec t one of their own 
members President, then the Board of Police of the proper county shall fill the vn,cn,ncy 
occasioned by said election, by a specin1 election, made at such time as they mn,y see 
proper." 

"SEc. 12. Be it J~wther enacted, That said Board of Levee Commissioners shn1l hold 
their regular meetings a t the town of Prentiss on the second Mondays of April n,nd 
October, of each year, and at such other times as th ey may appoint, and as often as 
they may be called together by the President on ten days' notice of the time of 

t . " * * * * * * * * * * * * mee .mg. 
"SEc. 13. Be it jtwthe1· enacted, That it shall be the duty of the Board of Levee 

Commissioners to expend all moneys they may receive n,s general fund s, under t hi s or 
any other act, in re-building, strengthening, or elevating the old levee, or in making 
new embankments, when they may regard SLlch to be necessary, through the counties 
fronting the Mississippi river aud within their district. ''' ''' ''' * =~ * 
Said Board of Levee Commissioners shn,ll have all th e power of n, body corporate to 
carry out the objects of its creation. They 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 a. for the protec tion of the same. 
'fhey shall have power to employ all engineer or agents nece sary to the work, and do 
all other acts not inconsistent with thi s law, nor in v iolation of the laws of thi s Stn,tc. 
They shn.ll determine the base, height, slope n.nd elevation of the levee-may abandon 
any portion of the old levee that they mn.y regard a· un afe or improperly built, and 
may build new works, and repair old on such ground as they may sel ct, and make all 
needful regulations necessary in their opinion to secure the counties under their charge 
from overflow by the Mississippi riv r." 

"SEC. 21. Be itfm·tlwr enactecl, That in add ition to the levee tax a. se sed in th e first 
section of thi s act, the Boards of Police in the countie. of Tunicn., Con.­

Additional tax. hom a, Bolivar, Washington, and Issaquena, hn,ll hn,ve power to a. scss a 
tftx, annually, on all the lands within their rcspec ti e counties, subj et to tax, under th 
provisions of this act, not exceeding twenty- fi ve cents per acre, to be used under the 
dir ction of such persons as said Board of Police may respccti vely appoint, for re-build­
ing old, or erecting new levees; said tax to be a e ed and call 'C t d after the form now 
provided in the local laws of such coun t ies, and the same hall not become a portion of 
the general fund, nor be subj ect to the control of tb Gen raJ Board, furth r tb ::m the 
Board of Police for the counties r spe tiv ly slmll all ow, but ha.ll be a sp cific fund 
for the use of the county in which th am . hall be oll ct d. ' 
By-laws of the The following extt'a ts from the by-lawl:l of the Bon,rd of Levee Com­
Board of Levee missioner. are suffi cient to indicate the practi n,l system of onstructing 
Commissioners. d t t' 1 l an pro ec mg t 1c cvees adopted b th m :-
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"An Engineer in Chief shall be elected by the Board on nomination b tl p. ·_ 
d d · f d · Y 1e IeSl 

ent, an m case o a vacancy unng a recess of the Board, the Presi-
dent may appoint a successor ad interim. Upon a fai lure or refusal of C~ief :J?ngineer; 
the Board to confirm the nomination of Chief Engineer by the President hls dutles. 
any member of the Board may nominate." ' 

"_Duri~g the rece_ss extendrng from April to Octol~er, 1859, the Chief Engineer shall 
appomt lus o_wn . ass1stants, the_ number to be determmed by the President; but at the 
regular meetl~g m Octo~er, 18o9, and. at ~very regular meeting thereafter, the Board 
shall elect As. 1stant Engmeers on nommatwn by the Chief Engineer." 

" He shall make such surveys on the line of work, with such plans and specifications 
maps and reports connected therewith, as the President shall require of him, and shall 
keep a record-copy of the same as the property of his department." 

"Besides the report n.nd chart of his general survey, he shall make a report to the 
President, to be by him laid before the Board at each regular meeting, showing the 
number :md extent of his local surveys and all other operations of his department durino­
the current recess, and shall make such recommendations as he may deem importan~ 
and w1thin the scope of the duties of his department." 

" Iustruments, stationery, and camp equipage required for the use of his department 
together with the wages of chainmen, rodmen, and l:tborers 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 approval endorsed thereon." 

"The Chief Engineer may be removed at any regular or called meeting of the 
Board, on motion, two-thirds of the members present concurring." 

'' En.ch river county shall be drvided into Inspectors' Districts, to wit: one in De 
Soto, three in Tunica, three in Coahoma, four in Bolivn.r, four in Wash­
ington, n.nd three in I~ aq uenn., n,nd an Inspector for each district shall be Inspectors; 

their duties. 
elected by the Board on nomination by the Commissioners of the front 
counties-each of ·aid Commissioners nominating the Inspectors for his own county." 

" It hall be the duty of every In pector to make immediate report to the President 
of n.ll instances falling within his knowledge or belief of wilful damage to the levee, or 
other violn.tion of the Levee Laws ; and once in every week he shall inspect all the 
levee work going on in hi di trict, and report the progress of the same to the County 
Commis.ron r, to be by the latter reported when neces ary to the President." 

" Each 1nsp ctor . lwJ I 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 
instance.· of misbeha.vior or neglect of duty on their part, without addit ional charge on 
the levee fund. " 

In Arkansa , immediately after the passage by Congress in 1850 of the law dona-
ting the ·wamp-land to the ' tate, an act was passed organizing a" board Levee laws of 
of \vamp-land ornmis ioner::s" to fix the price of the overflowed lands, the State of 
to di strict the 'tate, to determine upon the necessary levees and drains, Arkansas. 

aud to let out the contmcts to the lowest and best bidders. This board was abolished 
in Dec mber, 1 5G . The following extracts from an act approved in January, 1857, 
exhibit the present ystem. There are seven swamp-land districts. 

21 
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"SECTION 1. B e it enacted by the Gene?-al Assembly of the S tate of Arlcansas, That in 

M. . . . d order to close up the gaps in levees on the ri ver.· Mi ssissippi, and so 
lSSlSSlppl an · . . . . 

Arkansas rivers, much of the Arkansas as IS embraced m the H elena dt. tnct, as estab-
howto be leveed. lished by the act to which this is supplemental, it shall be lawful for 
any engineer, under instructions from the Governor, to le t out cont mcts for the con­
struction of such levees to close up such gnps : Procided, th at ach contract whi ch shall 
be made for the performa.nce of any of such work, shall expres ·ly state t hat the work wm 
only be paid for in spec ie, which sl1all be obta.ined by th e ale. of swamp and overflowed 
lands, situated within the limits of th e distri ct in whi ch said work is r quired." * 

" SEc. 4. 11 hat the Governor be and he is here] y authorized to appoint, from time 

Swamp-land 
secretary; his 
duties. 

to time, a. swamp-land ec retn.ry, who shall hold his offi ce during the 
pleasure of the Governor, not to exceed a term of two years, or until L.is 
successor sl!all be qualified. 

* * 8 * :;: 

"SEc. 5. That said 'ecretary shall have haro·c of all th books, map., records, 
papers, contJ·acts, and a.ll th e furnitnre a.nd l ropcrty, of every de. cripti on or nature 
which appertains to the ofiice of the former swamp-land commi ss i on er~, or to the office 
of the secretary of such commissioners, as well as other papers which may !Je ftled with 
him, which may relate to the swamp.lan(ls or con trads for work und ' r the swamp-land 
ln.ws, and shall be responsjble for the I reservati on of the f'anw in hi s office, and shnJl 
investigate, and ascertain, and report to the Governor, wheth r an y of the work wh ich 
shall be reported lor payment by any encr ineer, has already be n in part or wholly pai 1 
for or not, so that tb e sam e work may not b twi e paid for." ''' ''' 'i' 

" SEc. 10. 'rhat in order to preven t a nsclcss accnmul a ti n of specie in the State 
General levees tre~tsury from tllC sales of swamp and ovc rJi owed lands, ·whenever th 're 
and drains in the · h~tll be in the Sta te treasury as much a: fi ve thou:and dollars in specie, 
swamp region. obtained from the sales of such lands, sitnat d in a.ny di strict a.s estab­
li shed by the act to whi ch this i a uppl m u t, it shall b bwful for any engin er, 
under direction of the Gov rnor, to 1 t out c ntrncts for mn.king l v 'es, ditching, drai ning, 
and reclaiming swamp ~tnd overflowed land · itua. ted in the di stri t, by the sales of lands 
in which district th p cie in the 'tate tr a ury . hall hav b n ol>tained." * :;: 

New system 
inaugurated. 

Levee laws of 
Missouri, 
Kentucky, and 
Tennessee. 

Louisiana 
statutes for con­
struction and 
dimensions of 
levees. 

The H lena distri t, ml ra in o· th counties al ng th e Mi. si sippi 
river, h~ts already exp nd d its quota of swamp-lands ; and some of th 
ounties ar therefore making t.h ir own levee laws. 

The proportional amount of allu vial land lin,bl t o inundation in the 
State of Missonri is so small that no d tailed noti e of its l 'vee laws is 
requir d. In K entu ky a.ncl T enn ssee non k wc b en 'na ted. 

Dimen~ion and co.'il of c.ci8lin!J ler ·.-Th ' foll owing ex tracts from 
th laws of Loui ·iana 'xhi bit the tatut ~ r e<1ui r mcnts in th a t ' tat :­

" E ·.G. E very lev whi h hall contain on p rp ' ndicular fo t or 
wat r, and not al>ove thr e f' t, .·hall hav ' :tt I ast five fe t bas for 

n h and every foot in h igh t. 
"Every lev ' whi h shall conta,in mor than thr p rpenclicuhtr Ji'et or w:tt ~', and 

not above five feet, ·hall have at least six f> t ba. for ach and v ry root in hejght. 
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" Every levee which slmll contain more than five perpendiculn.r feet of water, and not 
above six feet, shall have at least seveu feet base for each a.nd every foot in height. 

" Every levee which :::>hall contain above six perpendi cular fee t of water, shall have 
a.t least eight feet base for each and every foo t in height. 

" The summit of every levee shall be of the breadth of one-third of its base · and 
' ' finally, 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 highest. * * * 
"SEc. 7. Every new levee shall be constructed, in places where the bank is caving, 

at the distance of at least one arpent [about 192 feet] from the water's edge, and in 
places where the bank does not cn,ve, at the di stance of at least sixty feet; in both cases 
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 a.nd construction of a levee 
shaH be taken at the distance of a t least twenty feet from the base of the levee on the 
side next the river, under the penalty prescribed in the six th section. 

"SEc. 10. E very new levee, or every portion of a levee which shall be made anew, 
shall be fascined on the river side, either with pn,lmetto or otherwise with pickets, under 
the penalty prescribed in the six th sec tion. 

"SEc. 11. All new or old levees on the unsettled and uncultivated lands, situn.ted on 
the ri ver or on the bayous running to n.nd 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 necessn.ry to confine the waters, to c~wse attentively and carefully to be dug and 
filled up every year the holes which crawfish, muskrn.ts, or other a.nimals, mn.y have 
mnde in the said levees, a.nd to a.dopt constantly all the necessary means to prevent the 
prooTess of those which ha.ppen during the high water as soon as they shall be apprised 
of ~-" * :;: :;: :i: :i: :i: * * * 

"SEc. 41. In fu ture no bayou, which receives the waters of the Mississippi, when 
that river is high, a.nd which then affords an outlet to the said waters, shall, under any 
pretence, be shut up without a Hpeciallaw." * '~ * :i: * 

"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 Provisions in the 
wide and three feet deep, shall be cut in the centre of the foundation; carroll, Madi-
and the levees shall be made at len.st three feet a.bove the highest water, son, and Cata­

houla levee 
and shall have six feet base for every foot in height, and sha.ll have such district. 

width on top as the In pector shn.ll think necessary." 
The actual dimen ion of the levees fall far short of those required by these statutes. 

The t ransit and level survey of the right bank from Red-river landing 
to Carrollton, and of the left bank from Baton Rouge to Carrollton, has 
supplied the following ~ata b~ which the average dim~nsions of the levees 
between those points, m 18o1, may be accura.tely Judged. So far u.s 
known, no change in t ltese mean dimensions has been made since tha.t 

survey. 

Actual dimen­
sions oflevees in 
Louisiana be­
tween Red-river 
landing and 
Carrollton. 
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Dimensions of le'Vees in Louisiana. 

Width . J,c,·cl of top. 

---- ----
J"ocnlity on rigl>t bnnk. Loenli ty on left bank. 

/---------------- -- -- -- -- '------ ---------
f. 'eet. Feel. Feet. Feet. Feet. Fer/. Feet. Fert. 

H.accom ci bent.! ............. .... ............. 11. 11 li.n t i .~ ~.0 Kcnr Tinton R ouge ...... .. . ........ ......... 3.5 .0 3.0 1.0 
Haccourci bend ..... . ....... ..... .......... . . 11. 0 1!1 .0 RO ~.0 Ncnr Tinton Houge ............. . ..... ..... .. 3.5 10.0 2.5 1.0 
Haccourci bend ............ .. .... . ....... .. .. ~.0 1-i. li :!. 1 ~ . 0 (i miles nbov Plnqucmine .... .... . ... .. ... 5.7 1-1. 0 -l. ii 2.0 
Jlaccourci bend . ........................... .. ~.0 8.H :l .-! 2.0 () miles be low Plnqucmine... ... ... . .... ... 3.5 D.O 4.0 :!.0 
Haccourci bayou.... ........ ...... ........... 6.0 12.0 4.~ :Ul ~ .5 miles nbove lhyou Goula ............ 4.0 11. 0 5.6 1. 0 
RRccou rci bayou.... ...... ... .... ... . ........ ti.O U.O -1. 8 :!.0 8.:!.) miles below l.luyou Gouin. ........... 5.0 13.0 U.O 1.0 
Haccourci bnyou.. .... ........ ........ . ..... . li.O 17.:~ i . .-, :!.0 1 milo b clowllny ou Goula ... ....... ... .. .. 6.0 1.0 
2 miles nbove ll lorgnnza .. ..... .......... . ~.0 1 :l.O -1.0 :!.IJ 1 :.! mil es above Cla ibo r ne i@land ...... .. .. -1. 0 1. 0 
.l milo a bove :\l orgnn za..... .. ....... .... . 5.0 :.! i\.(1 (i.:l :!.II :.! mile below ltliborno i lnnd ..... ...... -I . !I 1.0 
::.ii miles below P or t lludson .... . .. .. ... 2.0 18.ti ·1. 0 :!.0 10 miles below lniborne i lnnd .. ....... -1.0 (1.0 -1. 0 1 .0 

l
5.G mil csabovellntonltouge .. .... . ..... (i.O 1 .ll 5.1 1.0 1 ~.5milos bcl owDon~ld~o nvill e .. ... ..... 4.0 1 ~ . 0 4 . .-l 1 .0 
Ncnr ]3n ion Houge.. .. ... ............ ....... J.O 1:1.:> .f. .) 1. 0 \l -I. i ii_ mile~ nbovo .Joflcr Ro n ollcgo ...... ·1. 0 8.0 1. 8 1.0 
Ncnr J3nt on Houge... .. ............... ....... a.ii J 1. 5 fUi 1.0 2 mtles below J e.[fc t·son ollc p:e ... .. . ... 4.0 ..... 0 •l. :l 1.0 
Ncar .IJtt lou Houge ..... .. . ... .. .... ......... 6.0 1:l.5 -I. G l. ll l 1~. :i mi le above J3 onnetC:wr 6 ehmch . 4.0 10.01 fi.4 1.0 
11 miles ftbove l 'lnquemine ............... 7.0 3:!.0 i. 8 1.0 1! 1J.i5 mi le8above BonnrlCnrr6church. ·l. ll H.O :! .. j 1.0 
8 miles ttbovel)lnqumnino...... . .......... :3.fl R.O ::! .G 1.0 1 G mi l es above Donne! Cnrrr ch urch ... . 4.0 1:2.0 lUi 1. 0 
1 mil e above Plaq uem in e.. ..... ........... -1. 0 8. 0 ~ . 0 J.O · 0. 5 of a mil e 11bove JJon nct Carre church 4.0 10.0 ) G.3 1.0 
6 m il es hc low l ' loqu cmi nc .............. . . -1. 0 7.0 :1.0 1.0 I Bonn et CaTI'C ch urch ..... . ................. ci. O 1:.:! . 0 4.!\ 1.0 
8 miles below P lnquc111inc .... .. .... .. .... ,1. \1 8.5 3 .5 1.0 1 .:!0 miles below Bonn et Currt' church. -1. 0 10.01·1.0 1.0 
4- mil cs bc l ow1~nyou Gmlia .............. . 4.0 ... .... 1. 0 -l. :.!ft milc bcl owDonn etCun·e crevn sse. a .. i 10.0 :l.f i 1.0 
2 mil es b elow Bayou Goul 11......... ...... ~ . 0 ....... 1 1.0 i miles below Red chur ch ..... .. ....... . .. ,1.0 1:1 .0 U.O 1.0 
2 mi les above Claibome is lantl .. .. ....... ~-~ D.O j ~.0 1.0 
3 miles below Claiborne i ~ lnnt.l ........ ... o .·) D.O 4. :~ :2.(; 
r, m iles below Claiborne island...... .. ... 4.0 1:1.0 .:;.o 1.0 
D mil es below Claiborne island........ . .. :1 .6 f). (J .l.(t 0.0 
2 m iles below Dona ldso nvill e .... .. ..... . 5. 0 10.01 ,l .::i :2.fl 
4. ii m il es above J e fferson Collei(e ...... .. 4.0 Hi.fl -1. 2 1 .0 
O.i 5 of a mile be low Jelfcr on College. 8.0 2~ .0 ~ fi.O 1.0 
-Ui mile below J effer son Coll ege .. .. ... 3.r, :.!0. 0 .).fl 1.0 
(j miles above Bon net Cnrru church ..... ·LU IH.0

1 

~. :) :!.0 
;3 miles nbove .Bonn et Co n e chmch ..... ~ .0 :2:.0 ~.o 1.0 
1. i ·i miles above Honn ctCarrc ch ut·ch . .). tl l :l. ll :).I) 1.0 
O.i iio fnmi lobelowllonn etCnr n!church ;:,5 !1.0 :l.\1 1.0 
2. i :i nJil es uclow l!onn et c .urc clnll·c lt . -1. 0 1 H. II i.~ :! .0 
-1. 7ii mil es bel ow Bonn et CutTe church. -1.11 lli.O 4.0 1.0 1 
2 miles below llonnet Cun6 crcvu ssc... -1.0 1 :!.0 G. i 1.11 
G.G milcA nb ove Hcd church .... ..... ..... . .f.() 11! .0 -1. 0 l.tl 
7. 5 mil es below Hed chur ·h .... .. ........ 

1 

6 . 0

1
~ ~ ~ 

Mean .. .. .. .. ........................... , -J.i 1·1. 6 -l. i 
1 

1.4 :\l ean ......... .. ............ .. .. .. ...... 4.0 1. 0ii 4. ll l.O 

Regulations in 
the State of 
Mississippi 
respecting the 
construction 
and dimensions 
of levees. 

In the tate of Mis i ippi , th new levees ar con truct d a cord­
ing to th foll owing sp cification , but the. e are not always adh red to 
in repairing old levees:-

" 3. The levee will be graded 5 feet wid on top, except where other­
wi e dir cted by the Chief En crineer with . ide slop s of .· uch in lination 
as the Chief Engineer in each ft. e shall c1 sio·nat (usually 6 to l on the 

river sid , and 2~ to 1 on the other ide) and in conformity to u h heights of filling 
as may have been, or mny hereafter be, determined upon''' by the hi f Engin cr." 

* A ccordi ng to the in formation obtained, nil new 1 vecs arc now ( incc l 60) c nstrnctcd in a cord an with tho 
foll owi ng regul ation:-

In De So to and Tunica counties ............. .. ............ . .. . .. .. ..... 4 feel nb vo the hi g h s t know n fl ood. 
'' on homn. cot1nty ... ......... .. ....... .. .... . . . .. . .. .. ................ . ... 4.5 fc t ,, '' 
" Boli var and Wa shington counli s ....... . . .... .. .. .. ... .......... ... 5.0 • " 
" Is. aqncna county ................................... .... . .. ............ ;:,. ~ •· " " 

This make the average height of the new J v cs along t ho entire front of the t\ZOO b ttom about 10 feet. tho cubi­
cal contents per mile being ab nt 1,000,000 ubic ytml , and the co t about _0,000. 
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"4. The ground to be occupied by the levee must first be cleared of t t . rees, s umps, 
logs, trash, weeds and all penshable matter, the trees and stumps being cut up by the 
roots, at least 1 foot b_elo1v the suface of the g_round. The entire surface must then be 
thoro~ghly broken With a ~pade or plough, m order to form a bond with the earth 
deposited. Then a muck ditch must be c_ut, ~ fee~ wide at top, and 3 feet at bottom, 
and 4 feet deep; all stumps and roots crossmg It bemg 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 bemg exercised not to displace any of the stakes of the 
centre:line) on th~t side next to the_ river, the earth fr~m it being thrown entirely on 
that sHle of the ditch next to the nver. As each sechon of a mile in length is thus 
cleared, broken and muck ditch cut, the contractor must notify the engineer in charrre 
of the fact, when he will ''' * =i= ''' set stakes each side of the cent~e 
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 hor e 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 levee is sand 
or oth er porous material, the Chief Engineer ma! require a wall of buckshot or clay, 5 
feet thick, to be continued up from the muck dttch to the top of the levee, the earth 
being tmmped in by horses in the same manner as the muck ditch, as the levee is built 
up on each side of it, the object being to obtai~ a strat~m through the levee impervious 
to si 1 e-water. ::: ''' * ''' ''' * =~ =i= 

"5. ·when the ground is prepared, as required by article 4, the embankment wnl 
be commenced, and must be formed in uniform layers, not exceeding 1 foot in thick­
ness ; n sufficient 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
m need FULL ouT TO THE SIDE STAKES, and carried regularly up as the embankment pro-
gresf\es. :;: :;: :;: :~: :;: :;: * :r: * 

''6 . :Mnterial taken from ditches or drain s (except when otherwise · directed by the 
engin eer in charge) hall be deposited in the adjacent levee, the cost of removing which, 
when the haul i not more than 300 feet, will be included in the price paid for excava­
tion. In procuring material for the levee, the place will be designated by the engineer 
in charge (alway. on the river side, unless otherwise directed) , and in excavating and 
removing it, care mu t be taken to injure or di figure the land as little as possible. In 
no case mu t it be obtained within 20 feet of the base of the levee on the river side, 
and the slope of the pit n xt to the embankment must not be less than 2 to l. If, 
from unavoidable cause , it becomes necessary to procure material on the inside of the 
levee, it must not be t aken within GO feet of the base. But is not to be taken from 
the in ide at all, unleF:s forced by high water, or some insuperable difficulty. Any 
n roachrnent upon the limits either ide must be measured by the engineer in charge, 

and deducted from the amount of the final estimate. At intervals of 100 feet, hermes 
mu t be left acros tbe barrow-pits, to prevent the flow of a current along the levee. 
In procuring materi al for the embankment, if the place designated by the engineer in 
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charge exceed 300 feet from the centre-line of the levee, three-fourths of a cent per 
cubic yard will be paid in addition to tbc contract price, for every 100 feet of :wcragc 
haul exceeding 300 feet th at said material may be transported. All levees shall be 
estimated in embankment and not in excavation, and be paid for by the cuoic yard. 

"7. All earth designed for embankment must be eutir l?J divested of rootR, trash 
:md n.ll other pcrishn.ble matter before IJeino· thrown into the cn.r ts or wheelbarrows. 

"8. After an embankm nt shaH hn.ve been raised 3 feet, the ides mu t be trimmed 
with slope-boa.rds, and any irregu larities app aring on the slope must be corrected at 
once; this trimming must stead ily progress a the cmbankm nt increases in height. 

"9 . In cutting drains or Dew channels fo r streams, they shall be cut at such distance 
from the levee as the Chief Engineer may require; th materials deposited in the adja­
cent mbankment, and paid for as spe ified in article 6 of the e speci fications. 

" 10. Th Chief E 11 ()" inee r may, whenever h deems it nece sary, require a double 
course of slwet-pi liug, breaking joints, to be driv n at the centr or either Ride of the 
levee, 5 fe t be low the urfacc of ground, and ext 'nding 11p within G incheH of grade; 
th plank to be of heart red gum, white oak or cyprc . , or snch other timber a· t h 
Chief Engineer may select, and of snch dimension as he may determine; the material 
n.nd ln.bor to be pn.id for by the thousand feet, board mea ·ure. All p iling must b driven 
in advance of the levee, and the embankment con: tructetl on both sides of the piling 
simultaneously. The Chief Engineer may also, wh never he deem· it neces ary, require 
a breakwater to be constructed on the river slope of the levee, of post and plank fence, 
properly braced, and fill ed in behi nd with earth, according to detail d plan and speci fi­
cations in t he office; the material and labor to b paid for by the thousand feet, board 
measure, and the filling at th contract price per cubi c yard,. tipulated for rnbank­
ment." 

" 14. ':Chc ends of all lcve . . hall b protcctetl from flood by a double cour of sheet­
piling clo ely driven and l:iec urely bracecl, extending across the ba e and around each 
side, not le s than 100 fl et. This protection always to b put up on t h completion of 
the levee, unless other wi e direc t d by the engine r in barge, and also during th pro­
gress of the work in n.nticipation of destructive ilo ds. 'rhc hicf Engineer may also 
require the bas of the levee to be cov red with a caus way of timber, whenev r 
noces ary to support the mbankm nt, for whi h n.n extra compensation, to be deter­
mined in each case, will be made." 

:j: * :j: 

In Arkansa ·, the levees are construct d in accordan e with the following pecifi a­
tion :-

Arkansas regu­
lations for the 
construction 
and dimensions 
of levees. 

" The levee or embankm nt Rhall b en tir ly of earth; and should 
any tre , log, hunk, wood, bru$hwoo l, cane, or th r p rishabl mate­
rial be imb dded in the 1 'th party or tho first part [th ont ra tors] 
in addition to forfi iting all rio·bt to any comp n ation what v r for 

any nnd all work d n , or which shall be done und r this ontra t, hall al o 1orf< ,it tb 
full amount of the bond ann xed th r to." 

" All tr c., brushwood, logs, and oth r p ri ' hable mat rial , ::;hall be r mov d from 
oil' the surface of the ground to be occupicl by th mbankill nt or 1 v , so as not to 
injure th adjoining land. All stumps ·hall be ut off lo to the ground. ':J:1he cl ar-
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ing shall be sufficiently wide on either side of the centre-line 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 fee t base. The embank­
ment shall be at least 30 inches above overflow. A benne bauk, 6 feet wide on 
either side of t he base of the embankment, shall in all cases be preserved; and the 
bermc bank slope shall be cut conformable with the slope of the embfmkment. Earth 
benches, each 100 feet apart, on the river side of the embankment, shall be left stand­
ing, nt right angles with the centre-line of location, connecting with the berme bank, 
to prevent the abrasurc of the embankment, by the flow of water, at times of flood." 

"All material which will when rotted leave conduit pipes, or which retain water, or 
upon which frost acts, by heaving, shall be removed from the base." 

" \Vhcrc the levee crosses county or neighborhood roads, a crossing shall be made of 
earth 1<3 feet wide on top, sloping uniformly at right angles from the centre of the 
levee, on either side, a distnnce seven times greater than the height of the levee ; which 
crossi11g slm1l be so ele,'ated in the centre that water falling upon it wi ll run off on 
either siJe; nnd Rn-id cross ing shall have uniform sid e slopes extending out on each side 
1 foot for each foot in height; and the same shaH be paid for at the reguhtr contmct 

. " pl'lce. 
Careful inquiries were made with a view to ascerta,in the usual cost of levees. The 

contractor's price for the Ohio levee at Cairo, th e finest on the river, 
was 35 cents per cubic yard. It is an enormous embankment, having a 
wide street nnd a railroad track upon the top. Its river slope is covered 
1 foot thick with broken stone, costin g $2.00 per cubic yard . It is also 

Cost of levees 
per cubic yard 
in the several 
States. 

protected at the edge by a rip-mp wall. It is fnlly 15 feet high, its top being above 
the level of the flood of 1858. 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 averages about 1 ~ cents in open ground and 23 cents in forest regions, 
where the trees arc to be cut down and a " muck ditch" is to be dug through their 

roots. 

GREAT FLOODS. 

' ucb hi torical notices of the great floods as can be prepared from existing records 
are added to thi chapter. The analytical compari on of the floods cannot General char­
be attempted here, lor the reason that the system upon which it is based acter of the 

ye t remains to be explained. A general statement, however, of what :~1:r:~0°f/he 
tributnri s produced tho ·e destructive overflows ; at what dates they 
occurred; and what damage they occasioned in the different parts of the great alluvial 
reo·ion forms a fittincr conclusion to the present chapter, besides precluding the necessity 

0 ' 
oC hereafter interrupting trains of reasoning in themselves suffi ciently involved. 

In preparing these histories, great care has been taken to collect information 
from all rel inble ource . For the more recent floods, thi s has been . 

b ~, I f .(' t' . l b r. d Earher records. comparatively en y, ut, tor t 1osc o wrmer tmcs, 1t 1as een 1oun 
impossible to determine even the mo t essential particulars. 'r he list of fl oods, how­

. ever, is complete for the present century; for in 1798 a regular record was begun 
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at Natch ez by Governor ·winthrop Sargent, and continued by him until 1810. 
From that date until 1841, observations at the same pln.cc ·were made by Mr. 
Samuel Davis. They were continued by Professor Forshey, until 1848, when he 
removed to Carrollton rwd began a new series there. The ln.ttcr, together with the 
record · kept at the :Memphis navy yard, render the information complete up to the 
date of the commencement of the present Survey in 1851. From t hese old papers 
Professor Forshey hn.s compiled (sec plate VII) a set of gauge-curves to represent th e 
oscilhtions of the river at Natchez from 1817 to 184 7. Th e cale of high waters at 
Natchez (figure 2, plate IX) is also mainly constructed from these records. 

Prior to 1708, we have only occasional note preserved among the papers of the 
colonies. Governor Sargent, however, states that accord ing to tradition there was no 
very hio·h water between 1750 and 1770 and that from 1770 to 1798, ther wat> no 

0 ' 

general overflow. The latter s tatement is contradicted by th records re ·pecting the 
flo od of 1782, as will soon be seen. 

Flood of 1718.-" An cxtmordinary rise of the Missi. Rippi this year . Bien vill had 
selected a site for '"city, bnt the colony not having mean to build dykes or levee , the 
idea was for the present abandoned ." (F1·ancios Xavi r Martin.) 

Flood of 1735.-Gayarre state · that in this year the waters were so high t hat many 
levees were broken, and m uch damage was done. New Orlcn.ns itself was inundated. 
'rhe tlood continued from the latter part of D cembcr to the latter part of June. When 
the river fell, it reached a lower point than ever before note<l, the range at New Orleans 
being 15 fee t. 

Flood of 1770.-A great flood, according to the tradition recorded by Governor 
Sm·gcnt, but the publi .·hed statements concerning it arc so ambiguous a. to render it 
uncertain whether thi flood was equal to th at of 181 1 or a foot higher, at N atch z. 

Flood of 1782.-" This year the .Mississippi rose to a greater height than was 
remembered by the oldes t inhabitan t ' . In the Attalca.pa and Opclou a:, the inunda­
tion was extreme. The few ·pot::> wi.Jich th' wttter diu not r 'aclt were covered with 
dee r." (Francios Xavier :Martin.) " 1782 wa. l'anne de aux." (Brackenridge.) 

Flood of 1785.-A gr at flood n,t St. Loui s in I ril, rticl to ha,ve b en equal to that 
of 1844 . Professor J . L . Riddell, of New Orlean., tat s on the authority oC the l'Amie 
des Lois and Evening J ournal, ~hy 25, l LG, that New Orlea.n · was fl ooded by 
crcva. es. 

Fluod of 1701.-Sn me remarks at New Orleans a. for the flo d of 17 5. 
Flood of 179G.-Tll c T eche ovcrflowe<l it.· bn.nks for om GO mile ab ve New 

Iberia, and poured. into Grnn<l lake in a,. mooth ·hee t of wat r. The lal eat th i.· dn.te 
attained the highest level on record , being 2.5 fee t hi o·h r han in 1 :2 , G. feet higher 
than in 1 50, m1d 14 feet higher than th e ordinary O' ul f lev I. ( erbal tat m nt of 
Mr. --Fuller, upon the authority of a creole re id 'nt. ) 

Flood of 1790.- amc r mark at N w Orl an a~ for th fl ood of 17 -. 
Flood of 1 00.-A disa ·trous flood, whi h, a ordin o· to ovcrnor , 'arg nt' · n teR, 

inun<latcll all th plantations near at h z, a,nd d ·tn y tl Lb rop.. lt wa imagin d 
by the su:ffi ' r r ' thu. t th northern lak s had il und a ha.nn l to th ri v r. Natch z, 
this flood was l.G feet belo\ that of 1 15, and 2.1 f· 't 1J low tha,t of 1 30, th Lighest 
ever known in tl.mt vicinity. 1'h date of highest , a,t r wa 1\hy 4. 
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Flood of 1811.- " There was a great flood this year." (Brackenridge.) "During 
the great floods of 1811 and 1813, much damage was done by the wate r rushing through 
the rents in the levees." (Darby.) Governor Sargent places this flood at Natchez 1.5 
feet below the high water of 1815, or 2.0 feet below the high water of 1859, the date of 

highest water being June 4. 
Flood of 1813.-"Was 6 to 8 inches higher than 1811." (Brackenrido·e.) This 

writer also states t hat a ri se "within 2 or 3 feet of high water" occurred in °December 
of the preceding year. " In 1813, when the Point Coupee levee was broken, the water" 
(in lower part of ~tchaf~aya basin.-Grand lake) " rose 4 or 5 feet above any elevation 
it had attained smce 1180. Durmg the month of June of that year, which is ordi­
narily the season of greatest rise, the level of t~e ge~wral body of water, from the 
efflux of Atchn.fn,laya, could no t have augmented m height more than 4 feet without 
haviu<r thrown the wa.ter of t he inundation into the Teche in almost its whole length 
aboveo the town of St. l\Iartin." (Darby.) Governor Sargent's notes at Natchez place 
this flood 0.3 of a foot below the high water of 1815 or 0.8 of a foo t below the high 

water of 1859, the date being June 8. 
Flood of 181- .- A very great flood . At the. mouth of the Ohio it attained the 

bi<rhest point ever recorded, i.e. 2 feet above the h1 gh water of 1858. The highes t water 
th~re occurred on April 9. (Verbal s tatement of Mr. J ohn Bird from his own obse rva­
tions.) It wa::; due to a geneml coincidence ~f freshets in the Ohio, the Upper MLssissippi, 
t he Missouri, the Cumberland, and the Tennessee. (Letter of Mr. T. B. Martin, accom­
panying t lw report of ~he Secretary of the Treasury upon the levees of the Mississippi 
river December D, 183o.) At Natchez, Governor Sargent's notes state that it was hi o·hest 
on J t~ne 22, when it was 2 inches higher than any flood of which we have records, e~cept 
that of 1850 . Reel river must have been low enough to allow ba.you Atehafalaya to do 
n· d service as an outlet, for, at Morganza, the flood was 0.6 of a foot lower than that 
e 00 . . l' d d of 

182
8 (Colonel 1\Iorgan's manuscnpt JOurna), an no amage below Red-river lan<ling 

is recorded. 
Flood of 181G .- Same remarks at New Orl:ans as fo~ the flood of 1785 . 
Flood of 1823.-This was a great flood, wh1ch was highest at Napoleon, on June 1, 

and at Natchez, on May 23 . It was caused by a flood in the Arkansas, which occurred 
w ben the !\lis i sippi was high. Between the Arkansas and Red rivers, this flood rose 

]1 
a lit tle hi rrher than that of 1828, but probably not quite so hi O'h as that of 

gen ra y < c . 0 ° 
1815

. Mr. Samuel Davis' notes place It .2 of a foot below high water of 1815, or 0.7 of 
a foot below lligb water of 1859 . A great number of crevasses occurred below Red river 

011 
both banks of the rive r. . 
Flood of 1824.-Tbis flood was 0.7 of ~foot below the lugh water of 1815, or 1.2 

feet below that of 1859, at Natchez, accordmg to the notes of Mr. Samuel Davis. It 

was hi ol lC;-;t on ~Iay G. 
' Be~veen 1824 and 18GO, the only great ~ood years .were. 1828, 1844, 1849, 1850, 

18
rl 

1 
5 anu 1 59 . It is true that the n ver was qmte h1gh at eer-

D ' '' · J' t · 1832 1836 The more recent . J't' . · some of the mtermeCila e years, as m , , and floods. 
tam Joca 1 tes 1n . . 

1
, tl il ous were of so secondary a character m a general pomt 

1847, uut 1 0 . · · B r · . t l t tl ey do not reqlllre d1scuss1on. e.LOre proceedmg to the more detailed 
of Y teW 1a. l . . 'f tl ~ seven comparatively well-known floods, the follovvm g table exhibitin O' 
lnstory o 1e::.e 22 o 
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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-off.~, 
the location of crevasses, etc. materially modify the local heights attained in different 
years even when the volume of di scharge is the same. 

The plane of reference adopted in tbe tabl e is the flood level in 1858. The sign + 
denotes that the flood in question exceeded the height attained in 1858 ; 

Their compara- d h · h · r 1 f 1 tive heights. an t . e Sign -, t . at Jt lell s JOrt of thi s height. The numbers ol ow-
ing the signs denote th e difference in the height attnined in the two 

flood s. Great cnre has been taken to insure accuracy throughout thi s table ; but as 
some of the numbers are better determined than others, a distinction has been drawn 
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 , tbe number in the table 
is not marked by an asterisk; otherwise it is, however good the authority for t he height 
of the flood may be. 

Compamtive lteights of the modern floods of the ~fis.·issipp i. 

1828. !' -, ---] 51. 1f50. 

------ ------ - ------ ---...,.------- --- --L ocality. 
184-1 . 1 8~9. l bf>O. 

--------- Diff. . D"t" :._ ~ff._ -~~- Ditr. I Dat e. -~~~--Dato. --~~ 1--~~~~ __ n~~ 
Feet. Feet. ~Feet. Fu t. ' Fat. .r~ct. 

St. T.oui8 ............ ........... -O.i* +-;-4
3 

.. ~1 June 28. 

1
-0+ 0·.~ !June 11. 

Capo(J irar,lc:Ul .. .. ... ....... --1.3"' l -6.3• • 
Cairo, l llinois. ..... . . . ....... .July 4. 

Oppol:'.! il o l slnnJ 4.. ..... .. .. -2.fl* -l.i~* 
Norfulk, ~I isnouri..... ..... . -4-.4*1 -2.5* I I 
Culnm Lns............... ...... -\1.\J .Tnly +. -l.U* , -2.;•

1 

-5.0• (I) 
Hickman ....... .... .... .. .... -O.[i*l -1.0* I 
Mou th ;J ames Uayuu. ..... -~.U* 

0JJP~~j te l s~~nd ~~~::::: :: :: =~:~: _2_5• I 
ltl......... -J.:j I I I 

First Chicknsn.w bl111f..... . -1 .5* 
J.O milcM ht•low Hftndolph -0.8 -u.7 I 
Oppoaito J.lnnJ :J5 ......... -O.i* 

" '- 38 .... ... .. -H.(;:f: 
Memphis ............ ... ...... - 1.3 -l.U ."July. 
Opposite l s l~tnd 40......... -0.0 

H H 51......... - 1.0* 
66 .. ....... -O.fi• 

ll clona ...... .. ................. -J.o 
Opposi to I s l~tnd l\ll.. .. .. .. . +0.4* 

" " 74 ...... ... --().7 
Nnpolcon ......... . ..... ...... . 
Ncnr Jallmtl 78 ............ .. . 

" " 80 ...... ...... .. . 
GrcenYill<' ........... ..... .. . .. 
N Clll' .l 81n.nd h8 ......... ..... . 
Provid ence ..... ... ........... . 
Ncn r ls lnnJ 100 ........... .. 
YickRbnrg ..................... -0.0• 
.&. mil es IJeJow Yicksburg. 
;"\'c:w Cartil age .... ........... 1 

Nntchf'r. ........................ + 0.7* Mnrcl1 20. 
".'.our l • lnnrl 11 6............. +l.i I 
J< ont h's !'oin t (a h. Ucd-

ri\'Cr land ing) ............ + :).3 
ll t·nd bnyon .~ tchnllllayn. + 3.0 
H(·d-rin·r lnnd ing ......... . 
.lnsr 1lh. Haccourci cutroff 
.Just. below " " -0.3* 
Bnyou ::5tUIL..... ............ March 1-L 

11~11\ton H (~n so........ .. .... ... + 0.2 
l\f} 11 Cil\l l l(l .. , .... . . , .. . . .... , + 0.3 

b mil cH l ,ctow L'ln(1n€"mine + O.l 
Donn ld Hon ville ... ...... ..... . 
J ~vnne t Ct\.n6 l)Uin t.. ... ... . 
Carroll t.on ................... .. + U.l April 1. 

-2.·1* 
-2.0* 
-Ui 
-1.7 Jon 5. 
- 1.:!* 
- 1.0* 
- 1.2 
- 1.5* 

-0.7* 
-0.8 .J n no 28. 
-tJ.Il* 
- 1.7* .Tnn£1. 
+ 0.1 .July 16. 
1 OA 

+2.9 

+ 1.5 1 
-~.0 

'

July 11. 
-0.0 

~).0 I -0.7 

-0.0 

-3.3 Feb. 
I I 

10. -0.6 'IJny 14-21. 
--H.f;* 
-1.0 .llnrch 11. 

I 
-1.8* 1_1. ~l ny I nnd 20. 

1
-4.8• 

-O.G April 20. 

-1.3 
- l.U 

+ OA 
11.0 

I o.o 
-+- 0.1 

~l !lrch 2. 

I 
o.u I 

~ 11.1 ~larch 11 -15. 

-2.4 

-1.~* 
-2.(1 
-\lA* 
-j 0.1 1Juuc ~ . 
., 0.:!*1 
-u .. ; 'IJay. 
-0.5 
+ U.2

1 • 1.9 
+1.9 / , ~.., I 

0.0 
-\1.0 
-II A 
-1.:.! 

~J n rrh 15. 
)l arch 15. 

-1.3 .Inn. ~ -Fth. 2. 

1
-2.0 April 10. 

-2.1 March 10. 

I 
April 3. 

1
-1.5 ~lnr.31 -Ap l. 2. 
-O.i April l-5. 

I -t O.i 
;-0.7 

I 0.0 
t O. I 

+ O;l 
+ U.2 

0.3 

April1-3. 

~In r. 29-,\ pl. 1. 

) lnrch 27-31. 

.llnrch :!.i-30. 

-2.1 r lay R. 

~l ny 12-13. 

March 2"2. 

+0.3• 1 ~1nrch . 

+0.8 1 1\ pri l 25-28. 

+ 1.3 1\ pril 2 1 -36 . 

I 
+ 1.2 Mny 2. 

-10.5 

-f 0.5 
+ 1)..1 
+ 0.4 

I 
I 
I 
Mny 0. 

Mny n. 
~lny 3. 
) lny 0. 

- ----
Flood of 1828.-This flood occutT d before th 

Some uncer- was much settled, and it is probabl 
tainty about found ed with those of 1 15 in many 1 
this flood. h d' t e 1rect testimony of Mr. John Bird, 

country al v Rrll.-riv r landing 
that its marks hav been con­
alities; b ca u e while we hnve 

who b n. r sided at the mouth of 
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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 th e present century in every one of the great swamp regions below the 
Ohio. These statements can only be reconciled by supposing a great difference in the 
duration of these two floods, but respecting this it has been impossible to obtain 
any information. 

At the mouth of the Ohio, there were three rises in this flood two 
' in the winter and one in the spring, all equal in height and fully 2 feet 

below the higl;t water of 1868. 

Its height 
throughout the 
alluvial region. 

At Randolph, at Memphis, at Helena, and opposi te Island 74, this flood was, by 
exact measurement, between 1 and 2 feet below that of 1858. 

At Natchez, Professor Fortihey's compi led gauge-record (plate VII) places it 0.7 of 
a foot above the high water of 1868. This may be due to the effect of the Red-river and 
Raccourci cut-offs, both of which were made subsequently to 1828. Their effect in the 
vicinity of Red-river landing is strikingly shown by the table just given. 

Below the inUuence of these cut-oft:.,, the floods of 1828 and 1858 were sensibly equal 

in height. 
No records of the history of the different tribut:wies in this flood have been pre-

Action of the 
t r ibutaries. 

served, but it is known that a, Red-river flood, which, according to Pro­
fessor Forshey'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 
hi()'her than in 1850. 

0 

The St. Francis and Yazoo bottoms were deeply inundated, being !~~~~e~~ the 

entirely unprotected by levees. 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 the 
Louisiana line was 7.1 feet, or 4.0 feet greater than in 1850. Between 

In the Tensas 
bott om. 

Vidalia and Ilarrisonburg, this quantity was 7.7 feet, or 3.0 feet greater than in 1850. 
At the mouth of Black river, the water stood 5.0 feet above the tloocl level of 1850 and 
7.5 feet above that of 18-±4. 

In the western part of the Atchafalaya basin the flood was the greatest of which we 
have record, for, there being no levee for several miles below the mouth 

. , . In the Atchafa-
of Reel nver, and , breves cut-off not yet havmg been made, the water laya bottom. 
from the Ten as 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 
fl.oocl level of 1850; at the mou tb 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 
()' round and 3.0 feet above the flood level of 1850; at the head of Grand lake it was 4.3 
b 
feet a hove 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 lea ·t 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 intluence 



172 REPORT ON '!.'HE MISSISSIPPI Jli V ER 

of the backwater from the AtchnJnlaya overflow. At St . .Marlinsv.ille 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 Ate hnfalaya basin, indeed the whole r egion borderin g upon 

In the lower 
country. 

the Mississ ippi below the head of thi s basin , seems to have nearly 
escaped dam age; the only ex ception being the Grosse T ete region, which 
was clceply Hooded by backwater from the AtchafnJaya overflow, and by 

a break in the grand levee of the parish of Pointe Coupce nen,r Morganza. 
Character of Floocl of 1844.-The informa tion collected respectin g thi s flood is 
information meagre, but still sufficient to establi sh its general history. (Sec plate 
respecting this VII.) 
flood. 

A considerable rise occurred in Apri l, from a freshet in Arkansas 
First rise. river, whi ch poured into the l\Ii ssissippi when that stream waR already 
high from rains prevailing in the vnlieys of its upper tributaries. This rise below 
Napoleon only attained a level of from 1 to 2 feet above the naturn,l bank, and con­
sequently did very li ttle damage. 

In May, however, before the lower river had subsided, another and much grea ter 

Second rise. 
flood in the Arkansas river occurred. It wa . f: cond only to the flood 
of 1833, and was highest a t Fort mith on l\Iny 25. A corresponding 

rise, doubtless due to the same gen eral can eR, attainecl its height at ~t. Louis on May 
22, and did much damnge above the mouth of the Ohio. imultnneous rises occurred 
in bn,you Mn<;on and bayou T ensas, but they were not of suffi cient h eight to injure the 
valleys of those streams. In the region bordering upon the Missi. sippi it. elf, how­
ever, the effect of this combination of floods was serious. Above the month of Red 
river the country was more or less tlooded, but Red riv r being fortun ately low, the 
AtclwJa!n.ya carried off enough water to protect the plantations below the mouth of that 
stream from "erious dmnagc. 

This was the condition of the river in June, when the gr at comLined flood of th 

Third rise. 
Upper .M iss i::<sippi and the l\'[i so uri , whi h has rend r d this year me­
morable in river annals, occurred. At t. L ouis it exceeded th e preceding 

ri se by more than 8 feet, and all other fl ods of which we have r cords by more than 4 
fee t. The daily gauge-record at St. Louis, given in Appendix B, furni sh s all neceRsary 
detail s for that vicinity. Throughout the whole alluvial region, except be twe n Napo­
leon nnd N e\v Carthngc, where th e local effec t of th e prec ding flood in the Arlm nsas 
was predominant, this Upper .Mi ssis:; ippi and 1\Iis. ouri flood produced the high est 
water of the year. 

Th e comitry above t J1 e mouth of HcJ river was o· n rally flooded. The St. Francis 

Ravages of 
the flood. 

::mel Yazoo bottoms were nearly unprotectecl by 1 ·vees, ancl the w:tt r 
had, of course, free entrance. 'I he Ten~a:; bottom was badly inundated 
through break::; ·ill t he }eve R. 'l1Ue n·ang' kept by i\Ir. l\i(n,nd vi li e (s C 

Appendix B) shows that, a.t hi . plantation, situat d wher th, \ iclnlin, a nd H arri sonburg 
road crosse-. bnyou T ensn., the water was at it err ntcl' t hei crllt from July 1 to July 21, 
and that it was then 1. 5 ~ et hi gh r than it lu t v r 1 en ,·incc, except in the floocl 
of J 850. Below Red-river landing the ountry c cap d with Lut liLtle injury, owing 
to the very low stage of Red riv r which allm d the At hafalnya to cn,rry off the 
greater part of the surplus di scharge of the Mi . i .ippi. 
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Flood of 1849.-The only gauge-records kept during this :llood are those at Mem-
phis (plate VIII) and at Carrollton (plate IX). The former indicates Observations 
that the ri vor wa:; undergoing constant oscillationR, but without attain- made during 
ing its great :llood level. Its highest stand occurre<l about the middle of this flood. 

F ebrun.ry, when it was 3.3 feet below the high water of 1858. In the latter part 
of 1\hrch it again reache<l nearly the Rame level. At these dates it was fully 3 fee t 
higher than at any other period of the year. According to Lieutenant Marr's gaugings, 
the dischn,rge at no time exceeded 900,000 cubic feet per second. By referring to the 
ta.ble just given, showing the relative heights of the :lloods, however, it is evident that 
the gauge at Memphis does not present a fair view of this flood in the upper 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 Memphis 
through the St. Francis bottom and returned again at Stirling to swell the :llood below. 
Such was re~dly the case, as stated by residents near the mouth of the St. Francis 

nver. 
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 tbe 
middle of May. It then gntdually declined until the latter part of July, when a second 
rise of short duration and of much less height occurred. 'l'he water then fell with 
unusual rapidity to its lowest stage for the year. 

Unfortunately, the history of the condition of the different tributaries during thi s 
flood is so defectiYe, that it is impossible to trace the Rources of thi s flood. 
It is known that there was a flood in the Arkansas, which was highest 
at Fort Smith on June 9 ; and a very great flood in Red river, the 

Action of the 
tributaries. 

highe t, indeed, of which we have records, which carne to a stand 4 feet above the 
natural 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 Memphis and Carrollton gauges be reconci led. 

Above Red-river landing the ravages occn.sioned by this flood were comparatively 
slight. Mr. Mn.ndeville'H gauge on bayou Tensas shows that the water 
there wh en highest (May 10) was 1.4 feet below the flood of 1844, and 
3.0 feet below that of 1 ' 50, and exactly equal with that of 1858, and 

Ravages of 
this flood. 

that it rapidly subsided after May 21. The St. Francis u,nd Yazoo bottom lands were 
inundn.ted, but to an extent not unusual for great flood years. 

Below Re<l-river lauding the injury done was so immense that the flood is justly 
clas. eel 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 Atchafa.laya 
basin. At Brashear City the water was over the hanks for eight dn.ys, and only lacked 
0. 3 of a foot of attaining the same level as· in 1850. On April 7 another crevn.sse broke, 
n,lso on the we t bank, n.bout 15 mi les above New Orleans, at Fortier's pbntn.tion. 
Thi s flooded the country between the Mississippi and bayou Ln. Fourche to a depth of 
about 4 feet, and thus submerge<l the re;tr of many ri ch sugar plantations. The effect 
of this creva se upon the bed of the river has been much discussed. On the left hank, 
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a crevasse occurred on May 3 at Sauv6' plantation, 17 mile above New Orleans, by 
which that city was inundated. 11hc break remained open forty-eight days, and did an 
immense amount of damage. Many interesting d tail s relati ve to these seveml crevasses, 
and to the flood generally, arc given by Professor Forshey in an article whi h appeared 
in vol. I, Southern Medical Reports, edited by Dr. Fenner, of New Orleans, in 18110 . 

Flood qf 1850.-0nly two complete records of th o ·cillations of the ri ver in this 
Observations ilood have been preserved. On wa J·ept at Mernphi ··, and the other at 
made during Carrollton. Both are contained in Appendix B, and are exhibited on 
this flood. plates VIII ;md IX. 

By the Memphis record, j t appears thtLt there were four principal ris s, of which the 
.first and seconJ prod.uced very little if any damn.gc. The third was hi p;hest in the ln.tter 
part of March, and the fourth in the middle of ~Jay . The maximum discharge at Mem­
phi s in encb of the 1ast two rises wa about 1,0 0,000 cubic feet per . econd, according 
to Lieutenant Marr's corrected gauging . After the middle of May, the Oood in the 
upper river rapidly subsided, t he rcgu l<.tr June ri e being hardly perceptible. 

The records do not show what tributaries cn.used thi: flood a t the head of the al lu­

Action of the 
tributaries. 

vial region, but mention i made of a gren,t flood in tlte pper Mi :-~sis­

sippi, which was the highest on record at t. PauL In the lower river 
the ilood began earlier th an nt Memphis, being high even on J an uary 1. 

This was caused by heavy rains, which produced fre~he ts succc sively in the Arl an sas, 
Red and Black rivers, and thus flooded the whole region below Napol on. The water 
did not subside until the middle of June. 

The damage occasioned by this nood wa immen e.· The t. Francis and Yazoo 
Ravages above bottoms wer · not protected by ]eve s, and were both d.ceply flood.ed. 
Red-river The Tensas bottom W <l S submerged more ffectually than in any year 
landing. subseqn nt to 1 2 . Tbis was in some degree due to the heavy rai ns 
already mentioned, which fill d th ·wamp-drains b for th rcva ·. s o cu tT cJ , and 
th us retard.ed the escape of the Missi 'sippi water. Th prin ipal breaks were several 
above the Louisiana line, which flooded bayou Ma~on; that at Point Lookout, ju ·t 
below Lake Providence, which wa 1.5 miles wide and from 5 to feet deep; that ncar 
I sland 102, whi h was 1 mile wide and 7 feet d ep; that b ' tw n Lake Providence and 
NcwCa.rthage (gap in lev e), 10 mil s wide and ab ut. fe tdeep; thatjust b lo\ Rodn y, 
whi ch was 1300 feet wid ; and that oppo: ite Elli clilT: , which wa 3000 fe t wide. 
These dimensions arc only approximat , as no ·u rv y of th br aks was mad . The 
history of the 11oocl in thi · bottom i. well exhibited by ~Ir. i\Iandevill 's gauge-r cord 
(Appendix B), kep t on bayou 'fen as at th eros ·ing of th Vidalia and Harri ·o nburg 
ron,d. The water rose tea.dily until .March 15, th n cleclin d slowly until arly in 
Apri l, then ro c again until the micldl f :\hy, wh n it attain cJ its high e:-~t 1 int, and 
then rapidly ubsidcd. 'I'he iiood was l.G feet hi <r her than in l ':U , and 3.0 ~ et hin·b r 
t han in 1 40 and 1 38 at thi::; lo ality . A t Trinity (marks of Major Liddell) th 
wat r was 1.8 [I et higher than in 1844: ; 3. ii' t hi o·h ' r than in 1 40; and ii'et 
lower tbau in 1 2 . At tb mouth of Dla k riv r this flood wa · .0 ii ' t abov that of 
1844, rmd 5.0 feet below that of 1 2 Aft r the fi O' ures it is ne Jless to a.dd. that • 0 

nearly tb whole region wa.::; subm rg d and the crop d. ' troyed. 
Below Red-river land.ing the country far d but little b 'ttc r. The water pouring 
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from Red river exceeded the discharging capucity of bayou Atchafa­
laya, and the surplus forced its way into the .Mississippi by both of the 
mouths of Old river. The flood from above, augmented by this new 

Ravages below 
Red-river 
landing. 

supply, maint::tined an elevation sufficient to keep the numerous crevasses below Red­
river landing actively discharging for more than four 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 overflow alone will be referred to here. The Atchafalaya, basin was 
more deeply flooded than in any other year since 1828. At Brashear City, the wuter 
began to rise rapidly on Muy 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 until July 4, 
when it began falling so rapidly that the land was uncover~d in 4 days. The basin 
between bayou La Fourche and the Mississippi escaped nearly uninjured. The crops 
upon the left bank, above New Orleans, were mnch injured by the celebrated Bonnet 
Carre crevasse, which attained a width of nearly 7000 feet, and continued flowing for 
more than six months. 

Flood of 1851.-Platc V illustrates this flood. 'rhere were three principal rises at 
the head of the a,lluvial region. The first occurred in December, 18GO. 
It now here attained to the level of the natural banks; and as several 
weeks intervened between it and the second ri se ~ the water nearly 

First rise of 
this flood. 

drained from the channel before the occurrence of th e latter. The first rise, therefore, 
exercised very little, if any, influence upon the succeeding overflow. 

The second rise, so far as can be ascertuined, was ca,used mainly by the Ohio. At 
Columbus it attained a point about 5 feet below the high water of 1858. 
At Memphis it was highest on .March 11, being then only 1 foot below Second rise. 

t he 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 1868. This rise was characterized, a,t least at Memphis, by the extrn,ordinary 
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 
ma,ximum in th is time being 3.3 feet. The tota,l rise a,mounted to 28 feet. At Helena, 
the highest stand was 4.8 feet below the high water of 1858, an a,pparent anomaly, 
which is explained by the fact that, at the date of high water in 1858, a, large volume 
of water escaped into the St. Francis bottom above Memphis, passed through the 
swn,mp, ancl returned to the river just a,bove Helena, whereus, 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 
a,bove had pa,ssed, produced, on April 10, the highest water of the year in the imme­
diate vicinity. Its height wn,s 2.9 feet below the high water of 1858. At Lake Provi­
dence the effect of a very large crevasse at Point Lookout, just below the town, was 
eviden t. The break occurred on March 10, when the water stood 2.1 feet below the 
high wn.ter of 1868. A gradual fall in the river at Lake Providence began n,t tlu t clute, 
precisely as occurred from a similar cause in 1858. On April 10 (the elate of high 
wa,ter at Nn,poleon) this fall amounted to 2.6 feet. All of this fall should not be con­
sidered the effect of the Lookout crevasse, since there were others between the two places, 
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especially on the left bank; but its influence wa predominant. At New Cartlw.g the 
river was n,t its highest point fl'om Mn.l'ch 31 to April 2, inclusive, when it ~> toodl. 6 fee t 
below the high water of 1858. The difference in date and in rcbti ve height of the flood 
at thi;;; place and at Ln,ke Providence is attributable partly to water which re turned 
to the Mi. sissippi from th e Yazoo bottom by way of the Yazoo river, wlJ crc the current 
wns credibly reported to be very strong, and partly to the locn,l effect of the creva~>ses 
ncar Lake Providence. At R d-river landing, the flood was nt its height from April 1 
to April 3, when it stood 0. 7 of a foot auove the hio·h water of 1 --s. 'T he reason s for 
the ano~aly in th height of t he two floods at thi s place and at point. below, a:-; com­
pared ·with points above, hav been fully de eloped by the operation of the Survey. 
They arc too involved for di scussion in thi s prclimin al'y synopsis, but in Chapter VI 
they are treated at length·. Jicre it i. suffi cient to ~ ta. te in geucral terms that the com­
bined influence of a great flood in Red river, and of orne crcva ·scs above anu below 
the mollt.h of Red river, produced. all the apparent coutrauidion::; . The b st t :tble, on 
page 171, exhibits the h ights and date of the highes t \ntter in this rise at points 
below Red-ri vcr landing. 

T he third ri se of the flood of 1851 was cn.used by n, combination of great flood· in 

Third rise. 
tb e U ppcr Mississir pi and Missouri. 'l'I..Jc rap iJ ri ·c a t 't. Loui~ b gan 
iu the latter part of l\Ia.y, the rive r being, on :;Ua,y 3] , 15.7 fc 't below 

t he high wat.erof1844 . On Jllne 6 it 'i\'a 10.1 feet ; on J une 7, 8.3 feet; on June , G. 
feet ; and on J unc 11, 4.8 fee t, below thi lcYcl. The latter s ta.m1 was the highes t 
a,ttain cd during the fl ood. A gradual decline, amounting by June 10 to about 1.1 fee t, 
took place, but at thi s da.tc the ri ver again bega.n to ri s , n.nd ontinu d to do o until 
Jtme 23, when it stood 5.3 feet b 'low the high water of 1 -1:4, or 0.5 of a foot b low the 
preceding rise. Sub. equcnt to J nne 23 it gradually declin d. Excepting the .O.oocls of 
18<14 and of 1838, this wa. the gr atcst Hood n.t 't. Loui. of which we h ave rc orJs. 
The fl ood of 185 waB 0.4 of a foot above th at of 1 Gl. At n.pc Gimrd au t lt c fl ood 
of 1851 exceeded the flood of 1 ' 38, !Jcing OA of a loot high r. Fortunately for the 
alluvial r gion, however, the Ob.io river and th main tributaries b low i t w r low at 
this p •riod, and th flood pas eel onward. to th gulf wi thout attn,ining the level of th 
preceding r ise a t any point below the mouth of the Ohio. The following ta.blc exhibits 
the rclativ height · of these two rise :-

J.oculily. 

i\1 l'n1 ph iM ..... .... , .......... , .. .. ................ . 

Lake Prov idence ..... ........................ .. 

I 
Vicksburg . ................. .. ......... . ......... .. 
N w Cnn ha gc .. .................. .. .............. .. 
Nntchcz .......... .. .. . .. ............ ... .... ...... .. 

l
l\ cd -ri vcr la nding ......................... .. .. I 
l.l~tLO II Houge ......... .. ........................... .. 
])onnld Ho l ville ................................ .. 

'f11'l'Olli.on ............. .. . ......... . .. ............. , 

Dnt <- of high wnt C' r I .June ri sf' below I 
in Juno rl~t . I .\lnrt ll ri c. 

.J une 2 

. July Jtj 

.July 10- :!.i 

.July l H-:!1i 

.J uly I ~l-:!ll 

.July :!;l-;lU 
Ju ly :! -'i-:!t> 
July :!:l- :!li 
July :!:i 

.;. I 
i. i'i 
5.7 
.J.Ii 
:! . ·l 

Ht' tna.rk:i. 

Sec gnuge-rccort!s in Append ices for rurthcr 
u tail~ . 

Ravages of 
the flood. 

The azo bottom wa. pa.rti n.lly Oo 1 cl by th , ond ri c, nnd th 
St. Franci. by both the onu n.ncl third. riR :-; f thi :s fl ood. rrh e 
T cnsn.s bottom es ap d with littl injur , tl! natural drai ns being uf-
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ficient to carry of!' the crevasse water. Below Red-river landing there were several 
crevasses, a list of which is given in Chapter VI. The damage occasioned by them 
was loca1. 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 Cha,pter VI. 

Flood of 1858,-By reference to plate VI, it will be seen that in the flood of 1858 
there were four great rises, besides several minor oscilhttions, at the • 
head of the alluvial region. The first rise, caused mainly by a flood in ;~f:~~~J. of 

the Ohio, occurred in December, 1857. It filled the Mississippi to 
about the top of the banks, but no water escaped over them into the swa.mps. The 
maximum discharge at Columbus was 1,190,000 cubic feet per second. In passing 
down the river, this rise received considern.ble contributions from the Arkansas, Yazoo, 
and Red rivers, which were all high n.t the time, n.nd thus raised the water at Donald­
sonville from a comp'a.ratively 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 
n vers. 

The second rise occurred in the latter part of March and first 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 

Second rise. 

Ohio. The Illinois and Wabash rivers were especially high. The maximum discharge 
at Columbus was 1,130,000 cubic feet per second, and no water escaped to the bottom 
l::tnds above the town. Between Columbus and Helena, the swamps on the left ba,nk 
received a little water, but as the levees along the, St. Francis bottom remained 
unbroken, and as t he river rapidly subsided within its banks, the quantity was quite 
inconsiderable. This rise was higher than the first, although the discharge was less; 
the reason being that the rise in December was consumed in filling the channel of the 
lower river, which contained comparatively little 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 stream being high from rain in the swamps ~nd from hill 
drainage. At the mouths of the White and Arkansas rivers, it encountered great 
floods in both streams, which produced the highest water of the season in that imme­
diate vicinity. The Yazoo river, also, was high from a flood in the Y allabusha and 
other hill tributaries, 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 nothing, but it prevented the Atchafalaya from ~educing 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, the date of its breaking. The American-bend cut-off occurred in this rise 

(April 5). 
The third great rise in the upper river occurred in the latter part 

of April, and was caused by heavy rains which flooded the lower tribu-
23 

Third rise. 
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taries of the Missouri, of the Ohio, and of the Upper Mississippi. The Tennessee 
river was unusually high. The max imum discharge at Columbus was 1,2G O,OOO cubic 
feet per second, and as the overflow into the bottom lands above the town was small, 
this quantity truly measures the flood which entered the alluvial region. It received 
considerable contributions in pa. sing each of the main tributaries, although all of them 
except the Red river were comparatively low. Their supply came from the swamp 
drainage proper and the creva .. e water ,~vhich had escaped during the preceding rise, 
and whjch returned just in time to well the present one. If thi ri se had occurred 
two weeks sooner, it wou ld 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 r ise proved unfortunate for the region 
above thi s point. 'rhe channel 1 eing nearly :fill d by the remains of the preceding rise, 
and the draining of crevas e water from the wamps, the increase of the discharge 
caused by the flood mostly poured into th e t. Francis and White-river basins. 
Although comparatively little of thi s fl ood entered the "Yazoo and T ensas bottoms, 
yet the ri se prevented many of the breaks in th e levees from being clo. ed, and thus 
indirectly augmented the ruinous effec t of the nex t rise. 

The last and greatest ri se in the flood of 1858 occurred at the hen.d of the n.lluvial 
Fourth and region in the mont h of Jun . About the middle of May ex tensive 
memorable rains prevailed in th e Ohio valley, and occa~; ioned much damage by 
rise. flooding the small s treams. 'rhey al o prevailed we. t of the Ohio basin 
and caused a rapid ri se in the lower tributaries of the pper .Mis i ippi a.nd Missouri. 
These rains continued, especially in the State of Ohio, Indiana, Illinois, and Missouri, 
rai sed the Miami, Waba ·h, and Illinoi riv rs to unpr d nt d height., and £lled all 
the lower tributaries of the Mi . ouri. The u nal June ris of the latter ri er, occa­
sioned by the melting of snow iJl the Rocky mountain , and the spring and a.rly sum­
mer rains along it s course, arrived ju. tin time t contri but it water to the general 
flood. With the Ohio and Mi Rsis. ippi both in full flood , the torrent which poured into 
the alluvial region by th ri ver it. elf and throu o-h the . wamps above olumbu s, was 
imm en ly gr ater than in any of th arlicr ri e of th year, and econd to none of 
w hi h we have records. For v n day· (J un 16-22) it amount d to 1 4 75,000 cubic 
feet p r econd . It inundated the city of airo. It wa h d away miles of the insig­
nificant 1 vee· along the St. Francis fron t, and p ured rar idly into the bottom lands of 
that ri ver, which w ' re alren.dy d ply o rflowed from heavy rains and from th cr -
vn sses of the April ri ~ e. 'o small wm; the actuaJ r servoir apacity of that reo-ion that 
the channel. ' o [ th ~; ix large bayou· and of th t. Fran i · it elf w re in nffici nt to 
g iv water-way to th e flood, re turnin o· to th :Jii ' i sipi i. For mile~; abov tirling, it 
poured over the banks th m lvc. , wa bin ()' the remain · f tb ] v into th riv r. 
It pa . ed like a gr at wave through the ·wamp ausing th d p st ver.Oow ev r 
known. Colt ting again in thi . manner, n.t Il l na, in ab ut two w k after it 
ent red the alluvial re0 ion, it p ur d with r new •d for ' upon the l w r untry. In 
th ·whit -riv r swamps, the ·am c ndiLi n xd d a in the t. Frauci. bottom. 
The Yazoo and T nsas 1 ottom., n th ontrary w r mparativ ly mpty , owing to 
th general r sistance of th ir I ve in t h £ rm r ri , and rv d in some degree a 
reHer voirs to dimiui .·h the h ight of th flo db low. Th forme r was d · ply inundated, 
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although the Yazoo river was returning more than 125,000 cubic feet per second during 
the whole rise. The latter escaped almost entirely, its bayous being sufficient to carry 
off the limited amount of crevasse watet·, and discharge it into Blade river, whence it 
passed down bayou Atchafalaya. Below Red-river landing, the levees remained 
unbroken, 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-wa.ter mark, being only retarded by a slight rise 
which occurred in July. The water that drained from the great 
St. Francis and Yazoo bottoms maintained the flood discharge at 

Termination 
of the flood. 

points below them for about six weeks; after which the lower river also subsided 
rapidly to its lowest stage for the yea.r. 

Floocl of 1859.-By reference to plate VI, it will be seen that this flood was char­
acterized by hvo principal rises at the head of the a.lluvial region. The 
:first, which occurred in December, 1858, was due entirely to a general 
swelling of the tributaries of the Ohio. In pa.ssing down the Missis­

First rise of 
this flood. 

sippi, it received important a.ccessions from the Arlmnsa,s a.nd Red rivers, which were 
both high; but it nowhere atta,ined the level of the natural banks, and consequently 
produced no direct injury 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 1·ise in the floocl of 1859. 

Locality. Date. Stand below 
h. w. of 1858. 

--------·----------------------------------·---- 1----------------- ----- -------

Columbus .. ... . ..... . .. ...... .... .. ............. .... . .... ..................... ............ .. 
Memphis ... ..... ..... ......................... . ...... ........ . . . ... .......... ..... . ........ . 
Napoleon . ........................ . ............................. . ............ ... ... ..... .. .. . 
Vicksburg ................ ...... ··· ···· ........ . ...... . .......................... ... . ...... .. 
Natchez .............. . ............ . ............................. . ........ .. ... . ............. . 
Red-r iver lnndin g ............................................................... . ........ . 
Donaltl sonville ................................ . ................. ..... ....... .......... .... . 
Carrollton .............. . ........ . .............................................. -........... . 

December 27-28, 1858. 
Janunt·y 1, 18.)!). 
December 2:3 , 18:)8. 
Jnnunry :)-7, l 8ii\J . 
Jrtnun.ry 7, 185Q. 
Ja nuary 7-10, 18l>0. 
January 12, 18.)!). 
J tmuary 1:1- 13, 1859. 

Feet. 
11.4 

4·.il 
8.7 
().7 
7.8 
8.9 
5.2 
3.3 

The second and great rise at the head of the alluvial region occurred earlier, and 
remained at its heio-bt much lono-er than is usual. It consisted of three 

o o ' Second rise. 
successive swells, which followed in such rapid succession a.s to prevent 
any ma,terial fall of the river between them. The first of these swells was occasioned 
by great freshets in the southern tributaries of the Ohio, which produced a flood in tha,t 
river. At Louisville, t he 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 fee t below the great flood in March of that yea,r. 
It stood 32 :fi et on the falls at Louisville, or 10 feet below the highest water ever known. 
Tbe Missouri, the Upper Mi sissippi 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 March 7, when it was 2.9 feet below the high 
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water of 1858. After a gradual subsidence of 4.3 feet, the river nt this point ngain 
rose under the combined influence of a series of freshets in the lower t6butarie. of the 
Upper Mississippi and Ohio, until, on April 1, it nttained n point on ly O.G of n foot 
below the fvrrner swell. It then again gradually receded until , un April 25, it had 
fallen 4.0 feet. It at once begnn to swell ngnin , however, from a gcneml flood in the 
Ohio valley, which attained its beio·ltt at Loui ·ville (5 fc t below the Fcbl'uary ri e) on 
Mny 2. This produced th e highest water of the season a.t Columbus, where, on Mny 8, 
the river stood only 2.1 feet be low high wnter of 185 . It fell immediately about 9 
feet, when a sudden freshet in the .Missouri an l ppcr Mis i~sippi brougb t it to a stnnd, 
but only for about two weeks. It then again rapidly and finall.y subsided, being only 
checked about three weeks, in the latter pn.rt of J nne and first part of July, by the 
mountain rise of the Missouri, aided hy a gr at frc hct in the Upper 1\fi · is. ippi. 

Such is the general hi story of thi s flood at t he head of the alluvial region. Only a 

Explanatory re­
marks upon this 
flood, above the 
Ohio. 

small quantity of water escaped from the river into the St. Francis 
bottom above Columbus. Th e highest point attainccl th ere was more 
th an 2 feet below the level of the flood of 1 08, and Lhe maxim Lim dis­
charge into the aJluvial region wa at least 200,000 cubic fee t per econd 

less than in that great flood. ( ee Chr1pt ~r VI.) 
By reference to plate VI, it will be seen that the three w ll s, which constituted the 

At Memphis. 
great rise at Columbu , became hlended into one at Memphis, and thus 
cau. ed the river to remain fo1· igldy consecuti?;e days within about a foot 

of high-water mark. This anomaly was due partly to th r scrvoir action on the channel 
between th e. e two places, and partly to the lo::;s of th e water whi ch es ap 'U into tlJC t. 
Francis bottom at the top of the .. wells, and thu · pal'. ed Jlcmpl1is, not in the riv r-b d 
but in the ·wamps. 'rhc highe ·t point attain d in 1 .jU was O.l of a foot below the 
high water of 1858, a difTcrcnce doubtless r1 ccid ntal. 'l'he dnration of th high stand, 
however, so far from th e gulf, wnR unprcccJcntcLI; and it explains many apparent on­
trfldictions in the hi tory of thi s p uli ar fl ood. Fo1· a!Joul ir;hl,ij emu. cative dwy., 08 

much wal r nt reel th d lta ngion rts could pa ·.· ~femJ ltis in tit channel qf the ?'i'V 1· in th 
p1·esent condition of the l vees. on. cqucntly, fr •shcts in the 1 wcr Lrilmtnri , which , 
under the u. ual varying conditi n of th upp r river, might pour into th Mi FJsissppi 
and pass off unnoticcJ , must hnxc ex rei. d a rn st imp rtant inilu nee npon local high­
water mark in this ontimtall8 fl od of th upp r riv r. 'uch wa. fl tually th ca. c. 
To exhibit the anomalous charact r of thi. long duration or cx tr m high w:tt ' r at 
Memphis, the followin g table hns been pr p:tr d from Appcnclix B :-

~and of tl1 1·ir r at ~fun phi in d(tj'>r nt }foods. 

Tiivr l' •lOO<I at ~1 om phis ) 19. I ] , [>0. l'-51. l ~"Q· l%9. I n{'marktl. --,-- ---

Days. Do1f8. I D tt!l&. Day . . Doys. 
lli ~ h r~ l wnlcr -mnl'k ( IR:,R) 0 ;1:1 (I :lj' li'l () I .-,.) .. ., ;):! ~ I 1' •uds :!.:i.3 on gauge. 

() (jf} ·I:!? j'l) !I I 

Within 1 fool of hi g hest wnl r .............. .. 
' ' :2 fc t ·' '' ...... .. ....... . 
" 3 foot 

At Helena. At Hel na the ri. v r' a. hi o·h .- t n l\J arch 22, wh nit a ttn.in d :t 1 v 1 
1 foot b low the high water f 1 r:. • It th n gradunJly de lin c1 wiLh 
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gentle oscillations, being, on April2, 2.1 feet, and on May 14, 3.1 feet, and on May 26, 2.8 
feet below the high wuter of 1858. This early date of high wuter at Helena was caused 
by a freshet in the St. Fmnci s river. The heuvy rains, which, as already seen, produced 
the first swell of the great rise by fillin g the southern tributaries of the Ohio, extended 
over the basins of the t. Francis and White rivers, and caused floods in both these 
streams. The former . tream was so fu ll thut the rapid rise of the Mississippi at its 
mouth diu not l:mck it up even for a, day. In the latter purt of March, its current was 
credibly reported to exceed 6 feet per second, which would give a discharge of 200,000 
cubic feet per second. l\Iuch of this was doubtless returning Mississippi water that had 
esca.ped below Columbus, at which town the dischurge at this date (plate XVII) was 
about 250,000 cubic feet per second less th an at high water in 1858. Much of the St. 
Francis discharge, however, was undoubtedly legitimate dra.inage from the basin. The 
subsequent gradual fall of the Mississippi at Helena was due partly to the failure 
of this supply n,nd 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 B t th St . e ween e . 
did occur were much fewer m number than in the preceding yeur. The Francis and 
effect of this wa to increase relatively the height of the floou in 1860 at Arkansas rivers. 
N n,poleon. This result was still further promoted by the condition of the White and 
Arkansns rivers, the former of which was in flood and the latter in good boating condi­
tion in March, at the precise date when the freshet in the St. Francis river was produc­
ing the maximum discharge in the year at its mouth. White river was very high, 
being on March 24 about half a foot higher at Indian-bay landing than at any time in 
1858. This coincidence of the maximum discharge from above with the freshet in 
·white river, produced the highest water of the year at Napoleon, where, in the latter 
part of March, the 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 1 58, but the influence of the Americun-bend cut-off, in Between Na­
depressing the flood le~'el immediately above and elevn,ting it immedi- poleo_n and Lake 
ately below, was indicated by the general exemption from breaks in the Provldence. 
levees above, and by the large number of them which occurred in the bends just below 
its site. At Ln,ke Providence the river attuined its highest stand. (0.8 of a foot ubove 
the high water of 1 0 ) about April 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 equal, 
and we accord ingly find that, at the da.te of high water at Napoleon in .Between Lake 
1850, the river had about the same relative stand (0.3 of a foot above the Providence and 
hio·h water of 1858) at the two places. This date, however, was not that New Orleans. 
of l 1ighest water at Vicksburg and points below. The Yazoo river caused this apparent 
anomaly. As already stuted, the Yazoo-pass levee remained unbroken, and the number 
of crevasses in the ·upperpa1·t o.fthe bottom (which alone drain past Yazoo City in Yazoo 
river) wa.s materially less in 1850 than in 1858. Yet we find that at Yazoo City, on 
March 17, the river was rapid ly r ising; on March 25, it bcked only 4 feet of the high 
water of 18 ~ , heavy rains in northern .Mississippi, with freshets in Yall abusha and Talla­
hatchee r ivers, being al o reported; on April 3, the flood was equal to thut of 1858, and, 
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on April 15, with far less water from the Mississippi, it was half a f oot above that level. 
By May 20, the river bad fallen 0.9 of a foot at Yazoo City, and from that date it con­
tinued to recede slowly. This m in-water fre,shet in the Yazoo river, encountering the con­
tinum~rs maximum channel discharge from the head of the alluvial region, produced nt 
Vicksburg, and many points below, the highest fl ood level ever ye t 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 fee t above the high water of 
1858; at Baton Rouge, on May 6, and was 0.5 of a foot above the hio·h water of 1858; at 
Donaldsonvi lle, on May 6, nnd was 0.5 of a foot above the high water of 1858 ; and at 
Carrollton, on Mny 6, and was 0.4 of a foot above the high water of 1858. Red river 
was low during this entire flood, and it is probable that bayou Atchafnlnya, besides 
carrying off the river nnd crevasse drainage from the '1, nsas bottom lands, relieved the 
Mississippi by the channel of Old rive r of orne part of its urplus discharge. Owing 
to the absence of the gentlemrw who ha i formerly kept the gauge nt Red river, how­
ever, no defini te information as to this fl ood at that point ha. lJeen collected. 

No reconnaissance of the crevasses of thi . year wa m:ulc, and t he information col­

Crevasses in 
this flood. 

lected re pccting them i , con quently, somewhat vague. E pecial atten­
tion, however, has been be. towed upon co llecting all available data, and 
the following list is believed to be tolerably exact, and-for tll region 

below Napoleon at least-nearly complete:-

Crevasses in the flood of 1 59. 

___ ____ L_oc_al-ity_. ________ ,_n~: Dntc of breaking. 

Opposite month of St . Frn.n c is river ........ .... . . . 

1 

Oppos it e IT clenn ... . ........... . .. ...... . . . ..... ... . . ... . 
Ncn.r F riar' s po int. .. .. .... . .... .. . . ....... . . ... . ... . ... . 
Nen.r I slnnd G(i. .... . . . ....... . ................ . .. . ...... . 
He low Island (i ........ . ........ . . .. .. . .... .. .... .. ...... 

1 
Belo w Island 7·J.. . . .... . ......... ...... .............. .. . . 
A t Pren t iss .. . ..... . ......... ............... . .. . .. .. . .... . . 
Nen.r Tslnnd iS .................... ... ........ . ....... .. . 
llelow Green ville ... . .. .. . . ....... . ............. . . .. ..... . 
ln Old riv r ; Ameri ca n ben d .. . ....... . .. . ......... . 
Jn Kent ucky bend .................. . .... ..... .... . .... .. 
A hove l lnntl 88 ... ... . . ...... .. ........... ... .......... . 
He! ow Tsln.nd Stl. ...... . . . . . . ..... .. .................... . . 
Hclow 'l'allul n ... . .... .. ............ .............. . ....... . 
Oppos ite hlnnd 100 . .. . .. .. .. ....... . .. . . . ... . ........ . 
Tiel ow l sln n d lfl:l ....... . .... . ......... . . ............... . 
Bend above Vick sburg ....... . ......... .. ........ . . . . 

1 Opposite Vichburg ... .. . .... . ....... . ............... . 
cnt· Warrenton ......... .. ..................... . ... . ... . . 

' etu· Wnnenton ...... . ..... . . . . ........ ... ......... .. .. . . 
Nenr WuJTenton ............................ ............. . 
Op pos it e l slnnd ]()+ ....... . .. . . ..... . ................ . . 

Above T ln.nd lOll ......... . . . .... . . ... . . .... . .. . . . .... .. 
Del ow New nrt hnge .. . ...... .. ... . .. ............... . . . 
A hove Island 11 0 ...... . ............... . .... ... . ... . .. .. 
Above Grnnd Gulf ....... . ......... . . ................... . 
Nenr I land 11 5 ........ ... .. .. .......................... . 
A bovc Elli cliffs ........................... . .......... . . 
~b1ovo T'orl :~ tln_mR .... _. ... ......... .................... . 
1 cow R ecl - t lvet lnndmg .. ................... . .... ... . 
l U mi les nbove Bn.ton Ro uge ......... . .. . ........... , 
1 n Donn el 'nne bcud ............. . .. .. .. ....... . .... . . 

J.eft. 
J.cft. 
I.e fl. 
L ft. 
Hight. 
Lett. 
Left. 
Left. 
Left. 
L ft. 
Left. 
Right. 
Left. 
L ft. 
Left. 
Ri ght. 
Hight. 
Hight. 
Hight. 
Hight. 
Hi~ht. 
Hight. 
Left. 
Hight. 
Hight. 
Hi ght. 
Hight. 
Right. 
Right. 
Right. 
Bight. 
Left. 

P rior to .\l urch :2 -3. 
I l' 1·ior to ' larch :2-i. 

P rior to .\l urch ~.). 

Prior to " •wch 3 . 
.\ lluch :20. 
1'1·io1· 10 .\ larch ::!-i. 
March 17. 
Pri or to March ::!.). 

I 
Prior to :\l arch 31. 
P l'i01· to .\l urch :l l. 
ln ll larch. 

1 1'1ior 10 ' fnrch I . 
Pri or !o ) larch 23. 
;\l urch 1 ~ . 

"arch 10. 
.\ pril I i. 
:\larch :2 1. 
:\Iorch \l. 
April :lll. 
) lurch :lo. 
April ]1). 
)l llrch 3 1. 
April !l. 
P rior tO April :2!j . 
.\l ny 1. 
April , . 
April:;. 
.\ pril :!0. 
April :!.i. 
April 1~. 
Prior to ) fay 5. 
April lH. 

Rcmnrks. 

Bud break . 

() feel wide; mu ch excnvnt ion . 

evc r ul b1·euks. 

I ;\ l nx imu m width, 3000 fl.; deplh, 3 fl. 
' losed ;\ lay :21. 

I ?l l nximum wid th, 1000 feel. 

) fnx. d plh, 9 fl. ; mnx. wi d th , 4000 f t 



THE MISSISSIPPI RIVER BELOW 'l'HE MISSOURI. 183 

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 
even in the inundated districts. The general ravages of the flood may 
be summed up as follows : The St. Francis bottom was overflowed, but 

Ravages of 
this flood. 

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 

P
ossessed of only a limited knowledge of the important facts bearing Conclukding 

. . . remar s. 
upon the subject. The precedmg statement of the actual condition of 
the river and of its tributaries is authentic, and, as will appear in Chapter VI, it explains 
perfectly all the apparent anomalies presented by the flood. 



CHAPTER III. 

STATE OF TilE SCIENCE OF HYDRAULICS AS APPLIED TO RIVERS. 

Early l1isto ry of bydmulics. -J~poch of Gu""Jielmini.- Era of modern experimental invest igation.- New system of 
notation.-Various method of measuring the velocity of rivers.- Veloci ty below the su ri\Lce in any given ver­
tical plane.- R orizontal cu1·ves of velo ·ity.-True mean vclocity.-Chczy formula. - Dnbunt formu la.- Gimrd 
form ula.-De P rony formula.-Eytclwcin formula.-Yonng f rrnula.-Local C rmul:c of Lomhardini.-\ Veishaeh 
formul a.-Baurngarten formula.- Dupuit formula.-Local formula of El let.-'l'aylor formula.- Saint Venant 
formula.-Ellct form ula.- tevcnson f rmula. 

THE solution of that great problem, the best method of prevcntino· the overflows of 

Scope of this 
chapter. 

the Mi ·sis ippi, xactcd diffi cult measurements and cxtrcm 1y intricate 
computations. In connection with it, a careful exmnination of n]l 
writings upon hydraulics that were within reach was made, to ascertain 

precisely t he present state of tbat science; a 1i ' t of the principal publicn.tions upon the 
subject, with a bri ef synopsis of those parts of their contents t hat arc connected with 
the pre ent problem, has been prepared for future reference. It will be found from this 
that the laws which govern the flow of water in natural chann ls were only partially and 
imperfectly developed; but, a.s a knowled(J'c of tho. law. wa.· essential to the d termi­
nation of the plan of protecting the Mi. ' i .. ipp i vall y from inundati n, the inv sti O'a­
tions of the Delta , urv y, cond ucted with tlw.t obj t, in ac ompli ·hing it, have nee s­
sarily contributed to the advanc ment of th sci nc of hydraulics. An account of these 
investigations wi ll be presented in full detail in the two following chapters. This 
chapter is devoted to n. brief notice of publi h d work·, wbi h is pa.rtly rigina.l n.nd 
pa.rtly compiled from imil ar notice by Renn i , Lomb rdini, torrow, and others, and 
from the various encyclop::odias. 

OUTLINE OF TIIE IrrSTORY OF HYDRA LI APPLIED TO JUVERS. 

Em·lie1· histm·y.-Pmcticn.l a.cquainta.nc with th ()"'en rn.llaws of fl owin o· wat r pre­

Early history of ceded any knowlcd<Y of hydraulic a.· a. cicnc , a.nd, v n a.fter om of 
the scie:r:ce of its fundamental prin irlc. bad be n di:-;cov r d by Archirn des, Lhc pr -
hydraulics. gress of the ci nee was almo t imp rc ptiblc for ages. It is p robably 
becau e the compli at d nature f it proll m::; r nder an x.t nsive know! dg f th 
mechanics of solids es entiu.l b for th ir olu tion an b a.tt rnp d, that 110 a.b ·tra L 
dis u sion of th sul dcct in th writing f tb arly ngin rs is fo und v n wh n 
describing hyd raulic works, w·hich, lik th R man aqueducts r'main to thi s day unsur­
pas din ext nt and rnagnificenc . !though I om in .D. 9 wa · suppli ' d with wat r 
by nine aqueducts whos a.ggregate length amoun t d t ~.30 mile ·, and who c discharg 

( 1 4) 
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was 27,000,000 cubic feet per day, still hydraulics was not considered entitled to 
the rank of a science until about the fourteenth century. At this time the difficulty 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 withdrew attention from rivers and concentrated it upon canals. 

In the seventeenth century the science of hydraulics began to assume a rapidly pro­
gressive character, a change attributed to the influence of Galileo, although he person­
ally contributed little to the subject. 

In 1628 a valuable treatise upon rivers was published by Castelli, 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 1643 another pupil of Galileo, the celebmted Torricelli, discovered that, abstract­
ing all resistances, the velocities of fluid veins flowing freely from small 
orifices 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 

Torricelli's 
theory. 

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 pressures. He also endeavored to trace 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 conte ts 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 
method of disposing of the water of the stream which occasioned the disputes. Many 
theoretical essays upon river improvements were the result, but little of value was 
added to the science. 

In 1684 the grea.t workt 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 investi-
ga.ting the subject. 

Epoch qf Gttglielmini.-The works of Guglielmini., the great master of the Italian 
school, appeared near the close of the seventeenth century. Adopting 
the theorem of Torricelli, he perfected the celebrated parabolic theory 

Guglielmini. 

*The Jock was first applied to the can::tl le::tding from the Ticino to Milan, upon which the stone for the construc­
tion of the c::ttbedral, which bas been nearly five centuries iu process of erec tion, was transported. In th::tt city the 
first Jock was built, and it remn,ins at the present day unimp::tired by time. T o it L eonardo da Yinci, one of the many 
nrchitects employed upon the cathedml, nmde 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.) 

t 'l'raite du Mouvement des Eaux. 
24 
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of rivers, which may be briefly stn.ted as follows : Any particle x feet below the urface of 
a fluid mass will have a tendency 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 a quire in falling x feet in vacuo, a velocity 
given by the formula V= (2gx)Y.. Hence if a vertical line i drawn through the point 
and made the axis of a parabola whose vert x i at the water surface and whose param­
eter is equal to four times the distance thro ugh 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 res t through a dis­
tance equal to the distance of th particle b low the plane of the surface of its source, 
produced. 

The legitimate consequences which result from this theory arc all contrary to obser­
vation, and the fact that it was adopted by so many eminent writ rs shows how entir ly 
the science was separated from observation at this period of its bi tory. Cuglielmini 
was sensible of the great discrepancies between his theoretical and the practical laws of 
rivers, and endeavored to explain them. His works have given him the chief place 
among the Italian hydraulic engineers of his time. 

Newton, in his Principia, discussed the friction of fluids on solids, and the discharge 
through orifices in reservoirs. Some of the conclusions a t 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 les 
valuable than those to other departments of cience. 

The Marquis Poleni publi heel a work''' in 1718 upon the di. charge of fluids from 
orifices, which was based upon num rou. cxp rim nt. . He was the first to discover 
that the discharge through an orifice in a thin plat may b increas d by adapting to it 
a small cylindrical tube. 

In 1725 Varignon publi bed hi ing niou w rk on hydranlics, in w hicb he reduced 
the opinions of Gugliclmini to algebraic formul ro, but added no new ideas of conscqncn c 
to the science. 

Several papers upon hydraulic. were ubmitted to the Fr ncb Acad my, by Pitot, 
Error of the bctw en the y ars 1730 and 17 , in one f whi h, publish d in 17 2, 
adopted theory he dctRil d the r ult.· of a . ri of exp rim nts upon vclocitic at die­
demonstrated ferent depth ' made by rn au or the tub which b n.rs his nn.mc, eXI)e ri­
by observations 
with Pitot's ments which demon trate tho fallacy of th parabolic theory of flowing 
tube. water. 

Th results of a noted , ri s of .·p riment hy upl t, upon tl di . harge of th 
wat r-pip s at V r aill , w r publi h cl in th M moir · f tb Fr n h Acad my in 
1732. About this time the workB of many Italian writ rs of el brity app ared. 
Among th se may· be numerat d randi Manfredi Z ndrini Frisi ·1· Zanotti, G n-' ' ' ' . n tte, etc. 

* De nstellis per qu. Dcrivanttll' Fluviorum Aqn , . 
tOn Rivers and Torrent , tr. n lat d by 'cncral arstin. London, 1 '1 . 
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In 1738 the work* of Daniel Bernouilli appeared. In it he applied Bernouilli 
the principle of living force to the motion of fluids, and thus originated school. 
one of the schools of hydraulics. 

In 17 42 the work of John Bernouilli appeared, containing an exposition of his 
theory of flowing water, upon the study of which he had been long engaged. His 
results did not differ materially from those of his son, although deduced in a different 
way. 

The celebrated writings of d'Alembert appeared between 1743 and 1752, works 
which have been considered of value to the theoretical science of hydraulics. 

Lecchi, an engineer of celebrity, published, in 1765, a very complete work at Milan, 
in which he discussed the various theories of flowing water. 

Profound theoretical papers by Euler, upon the motion of fluids, may be found in 
the Memoirs of the Academy of St. Petersburg, for the years 1768, 1769, 1770, 1771 , 
but they have little pmctical value, as he assumes a mathematical fluidity as the basis 
of his system. 

Em of experimental investigation.-It was reserved for Professor Michelotti, of Turin, 
and the Abbe Bossut, of Paris, to inaugurate a new era in hydraulics, 
by establishing, as a fundamental principle, that formulre must be deduced 
from experiment, and not from abstract reasoning. The former, in 
1764, undertook an extensive series of experiments, under the patron­

Commencement 
()f the era of 
experimental 
investigation. 

age of the king of Sardinia. The results were published,t in detail, in 1774. The 
latter, under the patronage of the French government, made numerous experiments on 
a less scale than his rival, but better adapted to solve practical questions. The results 
were published from 1771 to 1778, and have been of very great value to later writers 
in deducing constants, and testing formulre. 

From this epoch may be dated the origin of the modern school of hydraulics. 
Earlier writings now possess comparatively little importance to the practical engineer. 

In 1775 M. Chezy, a celebrated French engineer, first attempted to express by an 
nJaebraic formula the laws of water in motion, taking into account the 

0 

effect of the retarding forces. 
In 1782 Belidor published his voluminous work! on hydraulics. 
In 1784 two papers, on the expenditure of water through large 

orifices, and on the junction and separation of rivers, were published in 
the Memoirs of the Academy of Science, at Toulouse, by M. l'Espi-
nasse. 

First formula 
for mean velo­
city in terms of 
the slope and 
dimensions of 
cross-section. 

In 1779 appeared the preliminary edition, and in 1786, the completed work§ of 
M. Dubuat, upon which he had expended the labor of ten years. Start-

h Dubuat's great 
ino- with the law that, when water flows uniformly in any channel, t e work. 
fo;ces which keep it in motion are equal to the sum of all t.he resist-
:111ces, 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 expressions for these two 

* llydrodynamica sen de Viribus et hlotibus Fluidorum Commentarii. Strasbu rg. 

t Sperienze Idraulicbe. 
t Architecture llyclraulique. Paris. 
e Principcs d'Hydrnulique Verifies par un Grand Nombre d'Expcriences, fai tes par Ordre de Gouvernemcnt. A u 

enlarged edition, called Principes d'Hydraulique et de Pyrodynamiqne, appeared in 1816. 
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equal and contrary forces and equate them. This he did in a manner that beautifnlly 
illustrates Daniel Bernouilli's empirical method of generalizing natural phenomena. 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 resi ·tances are due to viscosity and the 
friction upon the bed. First proving that a clo e analogy can be traced between the 
motion of water in pipes and in riv ers, he proceed d, by many ingenious e ' periments 
upon pipes, and logical deductions therefrom, to determine values for these various 
quantities, until finally he produced a formula, which, although complicated, is appli­
cable to most problems of water in uniform motion. In his treatise he fully illustrated 
the manner of its practical application, discussed the general questions 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 hydraulic , by Bernard, appeared; based in part upon 
the theories of Dubuat, Bos ut, d' Alemb rt, and B rnouilli. 

In 1789 and 1790 Bruning t made some important experiments upon velocity at 
different depths. 

A workt upon hydraulics, in four volume , by Woltmann, appeared at Gottingen 
between the years of 1791 and 1799. 

In 1797 Fabre published a work§ on torrents. 
Venturi published a memoir, in 170 , giving the results of a seri s of exp ri­

ments upon the contraction of the fluid vein, in which, among other ques tions, he 
discusses the effect of eddies in river , and bows that they are a cause of retardation to 
the current. This paper was tran lated by William Nichol on in 1799, and published 
by Thomas Tredgold in his "Tracts on Hydraulic ." 

In 1800 Coulomb published a paper,JJ in which, after an elaborate investigation of 
the laws of friction b twe n fluids and , lids, h hows, besides other 

Coulomb's law. 
results, that the re istnnc may b r pre nt d by a function consi ·ting 

only of two terms, one containing the fir t, and th other the s cond, power of the 
velocity. lie did not, however, apply this mo t valuable di covery to e<]_uations r pre­
senting the movement of flowing water. 

In 1 01 M. Eytelwein published a large work on bydrauli s, whi h has been 
translated by Nichol on , beside · r ceivinrr a d tail d notice from Dr. Young in the 
Journal of the Royal Institution. The writer followed the methods of Dubuat in 
discussing the motion of water in op n chann 1 . 

In 1803 M. Girard** first appli c1 th law of oulomb to the m tion of wat r flowing 

It is applied to 
water flowing in 
open channels. 

in op n channel , d clueing a formula much mor impl than that of 
Dubuat. He wr te eral oth r arti les upon hydrau lies, more 'I -
cially treating of canal ·, and mad many valuable xp rim nts. 

* ouveaux Principes d'H ydraulique. 
t ur Ia Uommunicati on Lat6r I du M ou vem nts des Fl uides. 
t Boitrarre zut· H ydranlisch n Architek tur. 
~ ' l'h6orie des •rorrenls ct Ri vieres. P aris, 1797. 
II E xperiences dcstin 6es a Determiner Ia oh6r DCC des F luidcs t lcs Lois de I nrs n sis tanc s clans les Mouve­

ments tres Lentes. 
llantlbuch der :Mechani k uud der l rydrauli k. 

** R apport sur lc Projct G6u6ral du anal d I'Ourcq. 
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The next writer of note upon the subject was M. de Prony. His first work* con­
tained nothing relating to rivers. His second workt upon hydraulics 
appeared in 1802. In this he discussed the methods of gauging by 
weirs, reservoirs, etc., and determined valuable formulre for the dis­

De Prony's 
writings. 

charge through vertical and horizontal orifices. It is, however, his third work,t 
published in 1804, that has placed him among the chief writers upon river hydraulics. 
In this work he begins by discussing the laws which govern a system of heavy bodies 
moving in circumstances similar to those of fluids in uniform motion. He then modifies 
his results by introducing the condition of fluidity. He next shows, by discussincr 
experiments, that as indicated by Coulomb, the resistances may in practice be repre~ 
sented by an expression involving only two terms, one containing the first, 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 common 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 jndiscriminately. 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 formulre, etc. 

In 1804 Lecreulx published a workjj upon the formation of the beds of streams. 
In the Memoirs of the Italian Society, 1807, a paper by Focacci appeared, detail­

incr the results of certain measurements of velocity below the surface. 
b 

In the Philosophical Transactions of the Royal Society for 1808, a paper by Dr. 
Thomas Young was published, giving new formulre for flowing water. 

In 1808-9 a work~ upon hydraulic architecture, by Flink, appeared. 
In 1809 experiments were made by MM. Mallet and Vici, upon the discharge of 

water-pipes. 
In 1813 M. Krayenhoff presented a very full collection of tables of observations** 

upon the topography a.nd hydrogra.phy of Holland, a work whose value Krayenhoff's 
will be only increased by time. He made a few detailed measurements observations 
of discharb()'e, slope of surface, etc., determining the velocity at various upon the rivers 

of Holland. 
distances from the banks by noting the time of transit past a base line, 
of vertical float-poles extending from the surface nearly to the bottom. This work con­
bins extensive tables of the slopes of the rivers in Holland, records of gauge observations 

* Nouvelle Architecture Hydraulique (first volume published in 1790, and second in 1796). 

t Sur le Jaugeage des Eaux om·antes. 
t Recherches Physico-mathem:ttiqnes sur la Theorie des Eaux Courantes. 
~ Recucil de inq Tables pour Faciliter et .A.breger les Calculs des Formules Relatifs au Mouvement des Eaux, etc. 
11 Recherches sur !a Formation et !'Existence des Ruisseaux, Rivieres et Torrents. Paris, 1804. 
1f Beilriige zur allrremeinen W asserbaukunst. 

** Recueil des Observations Hyclranliques et 'l'opographiques faites en llollande, 1835. 
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upon them referred to a common datum-plane, etc. A simil::tr work upon the Missis­
sippi, bearing the same date, would now be of very grea.t value. 

In the Memoirs of the Academy of Berlin, 1814, 1816, ar ticles by M. Eytelwein 
appeared, giving his celebrated new values to the constan ts in de Prony's formulm, etc. 

In two memoirs, presented to the Academie Royale de. Sciences, in 1815 and 1816, 
M. Hachette treated of the form of fluid veins. 

In 1816 Girard read before the French Academy an elaborate work* upon the Nile. 
. This paper was accompanied by a diagram showing the readings of a 

~l~:.rd upon the daily gauge kept for the years 1799, 1800, and 1801; being the first 
graphic representation of the kind on record. 

In 1820 a second work was publi h d by Funk,"f upon the hydraulics of rivers. 
In 1821 Escher de la Linth read a paper! before the Hclvetic Society of Natural 

Sciences in Basle upon the upper Rhine. Modifying the discharge given by Eytel­
wein's formula by a few measurements of surface velocity, he prepared a sca,le of di s­
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§ by Robison, 
which contains (in vol. II) papers upon the resistances of fluids, rivers, etc. 11 he 
article upon rivers chiefly consists, after a brief historical notice of the subj ect, of an 
extended synopsis of Dubuat's great work, whose views Robison in the main adopts. 

In 1822 de Prony published his well-known work!l on the Pontine Marshes. 
In 1822 General Bernard and Lieutenant-Colonel Totten, then onstituting a Board 

Report upon the of Engineers, submitted a report upon the Ohio and Mississippi rivers 
Ohio and Missis- to the Colonel Commandant of the U. '. Engineers. This report was 
sippi rivers. transmitted to Congress and printed, but without the accompanying 
maps. It contains much definite information about the fa.lls of the Ohio and about the 
bars below them, of which there were then twenty-on . The r marks upon the Missis­
sippi are in less detail, but the accompanying eries of manuscript maps made by Cap­
tfl.in Young, Captain Pou sin, and Lieutenant Tuttl , furnishes an admirable mod l for a 
river reconnaissance. They are now on fil e in the Bureau of Topographical Engin ers. 

In 1823 a valuable coll ction of Italian papers upon hydraulic was publi. hed at 
Bologna. It was a continuation of the Italian collection noticed by Abb6 Mann in th 
Philosophical 11ran actions, 1779. 

In 1824 M. Bidone pre. ent d a paper*':' upon th flow of water over weirs. 
In 1824-26 M. Rancourt made his celebrated experiments upon 

!~u~O:V,~ upon the Neva when frozen and when open . Th sew r partially te. ted by 
MM. Destrem and Henry: lt 

* Observations sur Ia Vall ee d'Egy ptc ct su r Exhau scmcnt 'cculairc du Sol qui Ia Rccouvrc. Mem. ti c l 'AcaJ. 
des Sci. 1817. P aris, 1819. 

t Von tier Bcwcgung des Wassers in trom- und Flussb tten. Berlin, l 24. 4to. 
t For an ex tract, sec Bibliotcca Universal' eli Gin vra, 1 :n. 
~ System of Me ·hani cal Philosophy by J ohn Robi on, with n tcs by David Brewste r; in four volumes and a 

volu me of plates . Bdinburgh, 1 22. 
II Description llyd rographiquc ct ITistorique d s Marais Pontins. Pari , 1 22. 

Report of the Board of Engineers on the Ohio and Missi. ~ippi riv rs, from an Examination matlc in the months or 
September, ctober, November, and Dec mbcr, 1 2l. 'V hington, 1 23. 

** M6moi rcs de !'Academic d s cicnc s de T urin. 
tt J omnal des Voics tlc Communication, 1 26. t. P et rsbourg. 
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M. Poncelet published, in 1828, a work* treating of water in per- Theory of "per-
ma.nent motion, tha.t is, while moving with an established regimen manent motion" 
through a canal whose a.rea and slope vary within limits. introduced. 

In the sa.me year M. Belanger published his noted workr upon water in permanent 
motion, con.t~ining an original. formula based upon assumptions more nearly analogous 
to the cond1t10n of water flowmg in rivers than any which had preceded it. 

In 1829 M. Genieys published a practical treatise! upon water-works, in which he 
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 published an elaborate report§ upon the Canal de l'Ourcq, which had 
been under his direction. In this report he treats theoretically of the movements of 

flowing wa.ter. 
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 cur­
rent between artificial banks of a peculiar kind. This paper is to be found in the 
Annales des Ponts 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 princi-
ples of, and fix the values of the constants in, the formulre for water The Poncelet 
flowing through orifices. The work was performed under the patronage and Lesbros 
of the French government, by MM. Poncelet and Lesbros. A paper experiments. 

upon the subject was read before the Academie des Sciences in 1829. The report!! was 

published in 1832. 
In the Journa.l of the Asiatic Society, 1832, appeared a paper by Everest, upon the 

earthy matter and volume of water brought down by the Ganges at Gha.zipur, Bengal. 
He considered the annual discharge to be about 6! trillions of cubic feet, the contribu­
tions of sedimentn.ry matter being about 6 billions of cubic feet. 

In 1820 l\1. Defontaine began a series of observations upon the Rhine and its tribu-
taries the results of which were published~ in 1833. These are among . 

' . . . l b f Defontame upon 
the most va.luable contnbutwns of modern hmes, from t 1e num er o the Rhine. 
experiments and the detailed information upon the different methods in 
use for conducting works of river improvement. The object of these works ~as to pro­
tect the banks from caving, a.nd the surmunding country from overflow .durmg floods. 
They were of two clas. es, temporary and permanent. The forn:er cons1sted o.f works 
to close chutes by inducing deposits of sediment, etc., which, bemg of no servlCe after 
their object was accompli::;hed, were made of perishable materials. The latter consisted 

* Cours de hlecanique fait a l ' J~cole d'Artillerie de :M:etz. 
t Essai sur Ia 'o lution 1umerique de 9uelques Probl.em~s relatifs au Mouve~cnt Permanent des Eaux Courantes. 

t Bssai sur Jes moyens de Condnirc, d'Elev.er, ct de D1stnbuer les Baux. Pans. 

~ Mcmoires sur Je anal de l'Ourcq. Pans. 

II ]
, , . sur lcs L ois d'Ecoulementde l'Eau ales Orifices Rect.'l.ngulairesVcrticaux en MincesParoisPiancs. 
~X Jki'ICllCCS . 

P · 183? • !so continued by Lesbros. Pans, 1851. 
:\!'IS, -· A d p t Cl ' 'l'ravaux du Rhin. See also .Aunales es outs e mussees. Mem. 1833. 
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of levees and either solid revetements or breakwaters, to secure the banks when exposed 
to caving. The details of the construction of the e different classes of works are very 
fully set forth in the memoir, together with a mass of exact information about the Rhine 
itself. The dimensions of the levees are far greater than those of the Mississippi 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 v ry gentle transverse 
slope, so as to drain inland the rain which falls upon it. The heights of the levees arc 
calculated so as to be a foot and a half above the highest flood . Even tho e large 
levees are not considered sufficient. Strips of grass-land are left on both sides, 6 ~ feet 
wide on the outside and 3! on the inside, reckoning from the foot of the slope of the 
levee. Willows and poplars are planted at the out ide edges of these strips of grass­
land. "'When the levees are more than about 7 feet high, 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 600 to 1000 feet apart, and guard d, if need be, with fascines. Defontainc made 
a few careful measurements of dischatge, with a view to test the various formul ro for 
mean velocity, but he did not publish his re ults in this m moir, except to state in a 
general way that the usual formul re for deducing the mean from the surface velocity 
gave too small a discharge. His experiments upon velocity below the surface will be 
mentioned elsewhere. He advocate , for improving the Rhine, :first, the closing of all 
chutes, so as to confine the river to a single channel; and second, the reduction of all 
straight lines in the river's cour. e to curved. The rea on for the latter recomm nd;Ltion 
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 defcn. ive works is n c ary. 

The Reports of the llriti. h A ociation for 1 33 and 1 34 conta,in two interesting 
articles by Mr. Rcnni , upon the progress of the science . lie also d tail s some experi­
ments of his own, upon th friction of fluids up n olids. 

Papers treating of wat r in permanent motion w republished by d aint.. uilh m 
in the Memoir of the Acad my of Toulon. , 1 34 and 1 G. 

In 1834 a g neral treati e* upon hydraulic wa.· publi. h d by 'Aubui on d oisins. 
A second edition appeared in 1 40. A tran la,tion of th work, by Mr. J. . Bennett, 
was published in Boston in 1852, all the formut l in ()' auc pted to Engli ·h units of 
length. Thi admira.bl trcatis is well known to n()'in rs. 

In 1834 .M. Des ha,mp publi h d a mem iti rela,ti to th imr rovem nt of navi­
gation on the river. in the southwest of Franc , p ia,lly on th Oaronn . Two a,rH 
later, he added a supplem nt,t d vot d xclu~; i ly to th na,vigation of the Oaronn . 
The e works treat csp cially of canalization, low-wat r dam , t ., t . 

Destrem upon 
the Neva. 

In 1 35 1:. D ll trem publi h d a 11 ' tion f m moir :3 on variouH 
ubj cts, . om of which hn.d nlr n.tly nppe, r u in th J nrnal d •s Voies 

de ommuni a,tion. On of th m tr at d of a, car ful gauging of the 
Neva river a,nd of it. variou brn,nch , ondu t d by him:; lf. 

-------
* 'J'rail6 d'fTydl'll.ulique a l'usnge des 1ng6ni uro. , trn bourg ct P aris. 
t Hecherches et 'ousicl6rutions sur lcs ' uno.tn. t 1 Hi\· i r s . P uri., 1 3-k 
t Supplement o.nx n cherchcs t 'onsicl mlions urI s 'o\IU\UX t lcs I ivi I' 8. l'aris, 1 tl:l6. 
e .Memoires sur Divers Objets rclatifs a Ia !:>ci nco de l'lng6niour. ' t. Polcrsbourg, 1835. 
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In 1835 a work'' was published by Mr. Chttrles S. Storrow, containing a short histori­
cal ske tch of the progress of hydraulics, with demonstrations of various formul oo proposed 
by different writers, their practical applications in the construction of water-works, etc. etc. 

In the Annales des Pouts et Chaussees, 1836, appeared a memoir by M. Borrel upon 
the improvement of the navigation of the Garonne and other rivers which flow over 
gravel beds through aJternate rapids and pools. 

In the smne volume is a long and detailed article upon the theory of water in per­
manent 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 three me­

moirs by M. Venturoli, 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 formuloo, assuming the slope to remain constant. 

In 1836 Tredgold published, with notes, a collection-!' of short papers on hydraulics, 
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 Dt·. Young's summary of 
practical hydraulics, chiefly from the German of Eytel wein. (The latter :first appeared 
in the Journal of the Royal Institute, 1802.) 

A series of careful experiments upon flowing water was made at Toulouse in 1835, 
by Castel, and published in the Annales de Chimie et de Physique, vol. LXII. Paris, 
183G. Also in Memoires de l'Academie des Sciences de Toulouse, t. IV, 1837. 

M. Hennocque made a series of measurements and observations upon the Rhine, 
near Strasburg, in 1839 . 

M. Baumgarten did the same upon the Garonne between the years 1837 and 1846. 
In 1840 M. Dausse obtained the Monthyon premium for a paper inserted in the 

Comptes Rendus de l'Academie des Sciences, 1840. It was chiefly a discussion of a 
lar(l'e collection of statistics of the principal rivers of France, collected with a view to 
thr~w light upon the best methods of improving their navigation. 

In 1840 Lombardini prepared a treatise! upon the basin of 
the Po, which wa.s published in the third volume of the Politecnico 

Lombardini's 
works. 

di l\tiila.no. 
In 1843 a second article§ appeared in the sixth volume of the same publication. 

Other papers feom the pen of this distinguished hydraulic engineer have, from time to 
time, appeared in the J ourna.l of the I. R. Istituto Lombardo di Scienz e, J ... ettere ed 
Arti. Among these arc, in 1846, two memoirs, onell upon the importanc.e of the stu~y 
of the statistics of rivers, containing a brief notice of the labors of varwus hydrauhc 
cnrrineers · the other~ upon the effect of lakes in moderating the inundations of rivers. 
In °1852 ~ pa.per** upon the changes in the hydraulic condition of the ~iver Po in the 
territory of Ferrara, in which he demonstrates that levees have not ratsed the bed of 

* A 'rreatisc on ·water-works. Boston, 1835. 
t Tt·acts on Hydt·auli cs. Second edition. London, 1836. 
t Intorn o al istcma Idr[lulico del Po. 
e Altrc Osservuzioni sui Po. , . . . . . 
11 Importanza dcgli Studj sulla StattstlCa det Fmm1. 

Della Natura dei Lughi. 
** Dei Cangiumcnti cui oggiacque l'ldraulica Condizione del P o, nel Territorio eli Ferrara. 
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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 which before escaped through creva ·ses ; and this height has been 
still further increased, he thinks, by the more rapid ilow caused by clearing the sides 
of the mountains of their forc .· ts. 'rhi conclusion had been n.lready announced in his 
earlier works. In 1853 a paper* upon freeing Mantua from the inundn.tions of the Po, 
in which he proposes, as a part of th e plan, to cut of!' the di scharge of the :Mincio, during 
floods in the Po, by a dam with gates at the effiux of lake Garda; the surplus water 
thus collected to be used to increase t he deficient di scharge of the river :Mincio at low 
water. This writer, who is well known :LS one of th e first hydraulic engineers of the 
age, also prepared Chapter IV and V of the first vol ume of the "Notizie Naturali e 
Civili su la Lombard ia. Milano, 1844." They treat of the natural and artificial 
hydraulic condition of Lombardy, and are reple te with information s tatistical and 
scientific. Among other t ables are two containing the monthly discharges of the Adela 
and the Po for many years, computed from known gauge-readings by original formul::e, 
which will soon receive further attention. This paper, together with those already 
nam ed, pnblished in 1 40 and 1843, were reproduced in a condeDsed form by .M. Baum­
garten in the Annales des Ponts et Cbaus.sees, 184 7. 

In 1841 a workt was published by Mr. IV. A. Brooks, treating chiefly of bars n,nd 
other obstructions to river nn,vigation. In the n,ppendix tb e author publi hed a report, 
prepared by Murray in 1833, upon the improvements in the river Clyde. 

In the Annales des Ponts et Chaussees, 1 41, mn,y be found an n,rticle by M. Lavn,l 
upon a great freshet in the river aone, which occurred in the preceding year. It is 
complete and interesting, especially for showing the very sensible e.ffect of briuges in 
increasing the height of the flood. 

In 1841 M. Surell published a papert upon the torr nts of the Alps, in which, among 
other things, he demon. tmtes th at for sts exorci::;e a very important moderating efl'ect, 
and n.dvi ses the cultivation of growth on the mountn.ins for thi s purpo ·e. 

In 1842 1\I. Vallee pullished a memoi1·§ upon conv 'rting lake eneva into an arti­
Gcial reservoir for the surplus flood waters of the Rhone, anu eventua,lly using them to 
improve navigation in t he river in s a on. · of low wn.ter. 

In the Annal des Ponts et hn.u ~ . ces for 1 42 n.ppear d an laborate pap r by 
Daus~e upon downfall of mi n n,ncl the intluen s of for st. upon riv r . . 

In 1843 M. de BnJTon published a very complete work jj upon irrigation, in thr 
volumes, the first being historica1 and cl criptiv in charact r; the Hecond treating of 
prn.ctical question s of d i.tribution, con. truction, etc.; n.nd th third eli. cu ·ing the 
administration, etc., of irrigating canal-s . Chapter· XIY and XV (contain d in vol. II) 
especin,lly treat of th gauging of tream. . In th former the writer, aft r a cursory 
noti of the forces acting upon ' ater in motion, and of Lhe gr n,t diffi culti s to l> 
encountered in deducin o· n, corT t fi rmula for the men.n velo ity r fers to tlP furmulro 

0 . ' 

* Dcll n Sistemazione ll i Laghi di )l nnto\'a. 
t Treatise n the l mprov m nt of the Navigation of Rivers . London, l -n .. 
t Etude sur I s Torrents lies H aute Alpes. Paris, l H. 
~ Du RhOne et llu Lac de ' nev . P aris, 1 ·2. 
II ' l'rai t6 'l'h6 rique t l mtiqu des J rrigation . Paris. 



THE SCIENCE OF HYDRAULICS AS APPLIED 1'0 RIVERS. 1()5 

proposed by Chezy, Dubua,t, and de Prony. He finally adopts de Prony's formula, with 
Eytelwein's coefficients 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 mea,suring the discharge. He mentions seveml of the ordinary 
instruments for determining the velocity, but expresses the opinion that the float, from 
its simplicity, is superior to them a,ll. After explaining the methods in common use for 
gauging very small streams, he proceeds to give, in great detail, a statement of the 
method adopted in gauging the 'l'iber at Rome on June 19, 1821; considering that in 
every respect a model to be imitated. 'l'he method was, in effect, that adopted by 
Krayenhoff, but carried out with greater exactness both in the field work and in the 
computation. 

In 1845 lVI. Bourriceau published a work'' upon the prevention of obstructions to 
navigation at the mouths of rivers, in which he advocates the use of diverging walls. 

M. M. Sonnet published a workt on hydra,ulics in 18±5. 
M. \Veisbach, in a work on mechanics, published at Freiberg in 184- G, treats very 

fully of hydraulics; a subj ect which he had made an especial study. 1'his work was 
translated! in 1848 by Mr. vV. R. Johnson. 

In 184 7 M. Surell published an elaborate work§ upon the improvement of the 
mouths of the Rhone, giving an historical sketch of previous works, a 

Surell upon 
discussion of the feasibili ty, expense, and ad vantages of deepening the the mouths of 
channel at the mouth by closing all but one of the branches, and a the Rhone. 

project for a canal to admit vessels to the river, independently of the natural entrances.' 
lVI. Dupuit published in 1848 a treatisejj giving the results of an original and pro­

found theoretical study of the laws of flo·wing water. 'l'his important 
1. 1 1 · 1 · I Dupuit's work. work appears to be very 1tt e mown m t ns country . t treats fully 

of the laws of water in uniform and permanent motion and contains a discussion of the 
reO'imen of rivers well worthy of study. 

b In the Annn,les des Ponts 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 
indicn,tions of the formulm for water in permanent motion. The experiments were 
conducted and the article prepared by MM. P. V authier and L. L. V authier. 

'l'he Annales des Pouts et Chaussees for 1848 contain a long and exceedingly inte­
resting memoir by M. Baumgarten upon a portion of the Garonne, with 

Baumgarten on 
an historical notice of the various works of improvement executed upon the Garonne. 

the river and a discussion of their effects. 'l'he writer treats of the 
topography, geology, and meteorology ofthe 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 
O'eneral; the duration of the different stages of the river; the temperature of the water; 
~he discharge; the navigability, etc., etc. H e reports some interesting and unique mea­
surements upon the transverse section of the water surface at a nearly straight portion of 

*Etude de ]a Navigation des Rivieres a Marce. Paris, 1845. 
t Recherches sur le ?lfouvement des Eau x chns lcs Tuy~ux rlc CondLiite et les Canaux Decou verts. Paris. 
t \V cis bach ·s :J[echanics and :Eugmccnng. PhJladclplna. 
~ ~Jemoirc sur !'Amelioration des Embouchures du Rhoue. Nimes, 1847. 
II Etude Th6orique et Pratique sur le Mouvcmcnt des Eaux Courantes. Paris. 
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the river (width about GOO feet), both when the water was ri. ing and falling. 'When rising, 
at the rate of about 5 feet in twenty-four hours, with n. maximum velocity of about 7 fee t 
per second, he found th e water in t he middle to be abou t 0.4 of tt foot above that on the 
right bank, and 0.1 above that on the left. ·when fal li ng, at the rate of about 8 fee t in 
tw·enty-four hours, with a max imum velocity of about 7.5 feet per second, the water sur­
face was sensibly a plane, be ing at the right bank a li ttle less than 0.1 of a foo t above 
its level a t the opposite side of the river. The velocities at the banks arc unfortunately 
not given in either case. 

In the proceedings of the American Association for the Ad vancement of Science, for 
1848, may be found an interes ting paper by Mr. Andrew Brown, detaili ng the results 
of a series of discharge a.nd sediment measurements conducted by himsclC upon the Mis­
sissippi river at Natchez. A supplemental paper a.ppeared in t he sa.me proceedings 
in 1853. 

In the proceedings* of the American Association for the Advancement of Science, 
1849, is contained a report by Lieutenant lVIarr, U. S. N., upon cer­

Marr upon the 
Mississippi: tain ob ervations upon the Missi. ippi river, conducted by himself, at 
first series. Memphis, Tennessee, during the months of April, May, June, and J u1y, 
1849. This report wn.s presented by Lieutena.nt l\I a.u ry, U.S.N., a.t whose insta,nce 
the observations were directed by the Secreta,1·y of the Na.vy. I t contains tn.bles giving 
the daily gauge-reading, daily discharge, dai ly 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 determi11 e t hese discharges a 
cross-section of the river was made, and subdivided into three partial areas. The surface 
velocity in each of these area.s was measured by a.nchorinO' the boat and using a" chip " 
and line. During calm wenther the relative ve loci ty near the bottom was also measured 
by comparing the velocities of a surfn.ce 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 products of the partial ar a by th · ' averag " vela i ti s in them. 
The temperature of the water at the bottom wa found to be the same as at t he surfac . 
The velocity near the bottom was to that at the urface in the ratio of 2G to 300. '_l_lhe 
average downfall was 0.11 inches and th average evn.poration from the sur face of water 
of considerable depth , 0.13 inches daily . 

In 13±0 Mr. Ellet submitted to the mith onian In titution a memoir containing 
some valuable statistica.l informa.tion relative to the physical geography 

~~i~~ upon the of the Mis.·i. sippi vall y, tog th r with an argum nt in favor of apply-
ing the reservoir sy tcru to the improvement of the navigation of the 

Ohio and other rivers:r 
In 1849 appear d th e second edition of a collection of table. J by l\1. laud 1; whi h, 

among the fo rmul ~, etc., relating t hycl1·aulics contains ·ome bri f extracts from 
Dupuit's work upon the laws of flowing wa.t r. 

In Dr. Fenner's South rn l\Iedical Rer ort , vols. I and II (l +D and 1 0, pub-

* Publi bed nt B stou, Muss., 1 50. 
t Smithsonian Contribution to Kn owlc<lgc. Yo!. TT, . \.rL 4. 
t Formules, Tab! ct Reuseigncm nts Pratique . P ari . 
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lished in New York and New Orleans) will be found articles written Forshey upon 
by Professor Forshey which contain interesting facts relative to the the Mississippi. 

floods of the Mississippi river in 18Ml and 1850. 
In 1844 the French government authorized M. Boileau to make a very extended 

series of hydraulic experiments, at Metz. The results of the expen-
l 

Boileau's ex-
ments upon d~sc 1arge by weirs and orifices were published in the tended experi-
J ournal de l'Ecole Poly technique, in 1850. The detailed report/ ments. 

giving the results of seven or eight years of labor, appeared in 1854. It contains many 
original formuloo, and is a work of much value to the science. 

In 1850 a report to the legislature of Louisiana was made by a joint committee on 
levees. This document was published, a.nd contains valuable information. Among the 
papers accompanying it is a" Memoir upon the Physics of the Mississippi Itiver," by 
Professor Forshey, illustrated by several diagrams. Many other valuable papers upon 
the Mississippi river are to be found among the public documents of Louisiana. 

In 185 11\'[r. Ellet submitted a report to the Bureau of Topographical Engineers, War 
Department, upon a survey made by himself under its direction to 
determine the be t method of preventing the overflows of the delta of Ellet upon the Mississippi. 
the Mississippi. This paper constitutes part of Ex. Doc. 20, 1st Session, 
32d Congress. Occasional references to it will be found in different parts of this report. 

In 1851 was published a workt by Mr. T. J. Taylor, upon the laws governing the 
action of rivers, with an especial application 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, Dubua.t's formula for the velocity 
at the bottom in terms of that at the surface, and Chezy's formula for the mean velocity, 
adopting 100 for the experimental coefficient. He subsequently proposes an original 
formula for the mean velocity, which will be given in the proper place. He advocates 
for the improvement of the Tyne a prolongation of the banks by means of two piers to 
be carried out upon the bar to the point where the along-shore tidal currents are 
d cidedly felt; and the closing, by a solid quay, of Yarrow Slake and the Coble Dean 
Indentation , tracts of low land, which serve as reservoirs at high tide. By these 
means he expects to increase the velocity sufficien tly to deepen the bed in the lower 

portion of the river at lea t 5 feet. 
In 1831 M. de 'aint Venant published a work! on hydraulics, containing original 

vi ws and formut "' · 
A second series of observations upon the Mississippi river was made by Lieutenant 

Marr in 1 50-51, in accorcl<mce with instructions from the Secretary of 
the Navy. His report constitutes Appendix B of the third volume of 
the ' Vashington Astronomical Observations.§ The system adopted for 

Marr upon the 
Mississippi: 
second series. 

measurin()' the di charge was identical with that already described in noticing his earlier 
labors. From a limited series of rough observations upon the relative velocity of sur-

* 'frait6 de la :llcsurc de Eaux Courantcs. Paris. 
t \n In uiry into the pcrution of' Running SLrcams and Tidal \Vaters, with a View to Determine their Principles 

f
• \ ~t. q 1 Ull Applic·1tiou of those Principles to the lmprovemcnt of the River Tyne. Loudon. 

0 1 C !On, ant ' . , . 
+ l' 

1 
c' ·r·,bles :\"" ouvelles pour Ia SolutiOn des Problemes Rclattfs aux Eaux Courantes. Paris. 

+ •ormucs " ~ -
~ Published [l,t IY ashingtoo, D. '., 1853. 
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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 com­
puted from the surface velocity alone. The investigations made by the present Survey 
indicate that this method of computation must give mn,terially too smn,ll a discharge, 
and that the results obtained by using the surfn,ce velocity uncorrected are much nearer 
the truth. One-ninth should therefore be added to each of the tabulated discharges . 
The measurements were mad e daily from 1\farch 1, 1850, to February 28, 1851, and 
the results presented in a table giving for each day the gauge-reading, di scharge, tem­
perature of the air, temperature of tbc river-water, evaporation from bodies of water of 
considerable depth, and amount of rain. The annual discharge (corrected by adding a 
little less than one-ninth to that reported by Mr. Marr) was 15 000 000 000 000 
cubic feet. The annual ev(l,poration wa 43.37 iuches a.nd the anmml min 4D .4 7 inches. 
The mean temperature of the air was 60°.4-1, whil that of the river wn.s 60°.05. Mr. 
Mn.rr preserved the sediment conhtined in two quarts of water taken dn.ily from the . 
central part of the river surface. At the end of the y n.r he found the bulk of t bis 
sediment was to that of the water from which it was taken a 1 to 2050. Althongh 
the two series of observations conducted by Mr. Marr were made in addition to l1is 
·duties as Acting Master of the Memphis nn,vy yard, they probably con tituted, n.t their 
date, the most extended series of actual mea urementH ever mn.de upon any river. 
A1though made in a somewhn.t rough manner, n,nd exhibiting considerable eli. crepancies 
when closely analyzed, yet they answer well the general purposes for which they were 
designed. 

In 1851 a report upon the subject of deepening the chn.nn 1 at the mouths of the 
Mississippi, made by Mr. C. Ellet, Jr., to the Bureau of Topographical Engineers, vVar 
Depn,rtmen t, was published by Congress.''' 

Mr. Francis pulJlished a work'!- in 1 5- , giving the r sults of some extensive 
experiments upon the fJow of wn.ter over weir. n,nd through short, rectano·ubr canals, 
together with trials of certain hydrau lic motor.·. Th exp rirnents were made at 
Lowell, Ma suchuse tts, at the expense of th" mn.nufactu ring ompani s of that city. 
'rhe velocity of the water through the canals was det rmined by Bn.ron Kmycnho.fi''s 
method, namely, by noting the time of tran . it ov r a (J'iven di.' bnc , and t he paths, 
of long tube. so adjusted that they :Ooated upright, with th ir lower ends very ncar the 
bottom, and their upper ends above th urface. From thc ~e data, Mr. Fmncis deduced 
the mean velocity, and hence the discharg , since th area of the ection wa. known. 
A careful comparison of this method with that by w irs gn.v n, . mn.ll cxc ss in favo l' 
of the former; but the experiments were not ufficiently numerou to (J' ive a r liabl 
coemcient of compari on. Jle subs quently dct rmin u thi co ffi cient by a v ry 
extended compctrison of exp rim nt., and ha kindly commnni at d it, altltotwh yet 
unpubli heel, to the D lta 'ur vey. It will a,l pear in eli en. Hing the ob ervati ns of 
M. de Bu:ITon upon the Tiber, in Chapter V. Thi.· method wa. tc.' tcd n when the dis­
charge amount d to ov r 1000 cubic feet I r . e onc1. 'l'o t st 1\I. lc Prony's formula. 
for the rcln.tion botwe n ·urfu and m n.n ol iti . th ' urfa vclo •it, W[l,.':i m m;urcd 

*Ex. Do. ro.l7, 31st ongr ss, 2d cs in [.'cnatcj . 
t Lowell llydro.ulic gxpcrimcnts. Bo ton. 
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by floating . balls of "":"ax, two inch_es in diameter, and the mean velocity determined 
from the di scharge g1ven by a weir measurement. The formula was found to crive a 
result materially too small. 5 

In 1855 Mr. H erman Haupt published a pamphlet upon the improvcme~t f tl 
Ol

. . d . 0 lC 
110 nver, a vocatmg a low dam and chute plan. 

In the Annale. des Ponts et Chaussees for 1857 is to be found an article by Gras 
upon the torrents of the Alps. 

~he same volume contains a record of some gaugings of the Arve and Rhone by 
Cha1x. The slope of the water surface, unfortunately, was not noted. 

In the Journa~ of ~he Franklin I~s tit~te (1857) there are papers upon the improve­
ment of the navigatiOn of the Ohw nver, by Mr. Elwood Morris, and Mr. Milnor 
Roberts. 

In 1858 Lombardini published a memoir upon the recent inundations in France 
and the me::ms proposed to remedy the evils thereof 

In 1858 Dupuit published a small work* upon floods, which contains an able argu­
ment in favor of the levee system. A note upon the flood of the Loire in 1846 by 
Boulrmge, which originally appeared in the Annales des Pants et Chaussees, 1848 is 
added as a,n appendix, after receiving a somewhat severe criticism from Dupuit. ' 

In 1858 ~Ir. Cha,rles Ellet, Jr., submitted to the James river and Kanawha com­
pany a report upon a survey made by himself to determine the feasibility of improving 
t he navigation of the K~nawha river by artificial la~ces . This report was published.·!· 
Attached to the appendix are to be found the details of an accurate gauging of the 
Ohio at Poin t Pleasant, just above the mouth of the Kanawha river, on November 20, 
1838. 

In 185 Mr. David Stevenson published, as a separate treatise,! an article prepared 
by himself for the eighth edition of the Encyclopoodia Britannica, upon " Inland Navi­
gation." In this he treats at some length of cann.ls, rivers, the effect s of tides upon the 
latter, work of river improvement, the formation and rec1a.mation of land, etc. In the 
chapter de,·oted to the physical characteristics of rivers, the writer gives a comparison 
of tbe accuracy of certain formu loo for mean velocity, determined by applying them to 
very careful mea ·urements made by him elf upon a small stream, and by Dr. Anderson 
upon the Tay. The formul m selected were Dubuat's (erroneously called Robison's), 

h zy's, with two new coeflicients, proposed respectively by Leslie and Beardmore 
(erron ously call d Lesli '::; and Beardmore's formuloo) , Ellet's Mississippi formula, 
and Dubu at's formula for deducino' the true mea,n from the maximum central surface 
velocity. The on lu ion derived by Stevenson from this comparison and others, is 
that none of the formulro arc "generally a,pplicable," and he adds (page 44), " We have 
seen t hat th formula appli cl to the .Mississippi by .Mr. Ellet docs not a,pply to such 
river. a the Tay or to smaller water-com' cs; and until the result which he has given 
ha been compared with the di cha,rge obtained by actual measurement of the velocities 
at di.O'cr nt part , of the eros -section, we do not think that the discharge of the Missis-

* Des Tnondations . Examen des "lloyens Propos6s pour on Prevenir le Retour. Paris, 1858. 
t Report on the Impro,·cment of the K anawha, and in cidentall y of the Ohio River, by means of Artificial Lakes. 

Phil atl lphia, l 5 . . . , . _ 
t t'nnal and Hivcr EnrrtnerriU". htlmburgh, 18.)8. 
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sippi, which has been calculated by Mr. Ellet., can be relied on n. very accurate." He 
proceeds to propose a formula which will be noticed in the proper place. 

In 1860 M. Thomassy published n. work''' upon the geology of Louisin.wt, in which 
he gives an account of t he various charts of the mouth of the Mississippi, many his­
torical and geological facts and other interesting mn,ttcr connected with the river. 

In his annual report for 1 GO, 1:r. J. K. Duncan, hief En()' inecr of the Board of 
Public ·vv orks of the State of Louisiana, pre en ted the results of certain surv ys made 
in connection with pr~jects for improving the low-water navigation of Old-Red river. 
The paper was illustr n, tcd by sketch map . . 

In a periodical entitled De Bow's Review, published in New Orleans and ·w ashing­
ton, many interestin ()' papers upon the Iissis ippi river have appeared from time to 
time within the past twelve or fifteen years. 

A detailed reference is not made h r to the published reports of the officers of the 
Corps of Engineers and of the Corps of Top graphi al Engineers, upon ri ve r and ha.r­
bor improvements, because of their great number. They cont::1 i11 a la.l'g n.mount of 
valuable information as nearly connected with the present subject a.s on1 of th 
writings na.m d in this li st. They will be found in the Execut ive and other official 
documen ts published by Congr ss. 

:'lrETJIODS, l~OR:'lfUL.tE , ETC., Jg U E FOR G.\.UGING RIVEHS. 

Some of the works mentioned in t h forcgoin n· division of thi . chapter have not been 
Information consulted, because they were not atta.inabl ; but mo.. t of them ha.vc 
derived from the be n, and whatever r la.ted to th praeticaJ ganging of streams r to the 
precetdinbg w:orks laws governing water moving in open channels, has been care fully ex-
now o e g1ven. . . . . . . . 

ammed. Th1 s a.r tlcl 1 devoted to a bncf ynop.·1 ·of the r sults of th1s 
examination, which, i t is believed, pres nt. a tolerably compl tc sbtt mcnt of the pre­
sent condition of the subj e t. I n ord r to prcv nt confu. i n, all omment. arc po t­
poncd; and it i , therefore, to be born in mind that th view::; h re stat d arc imply 
tho c of th au thor of th works r ~ 'rr d to . 

New sy'"' tem of notation adopted.- In work t reating of this ubj cct, ambiguities 
New system of ari ing from imp rG ct n tation ar fr qucn ly to be found. 'rho num-
notation bcr of quan ti ti , on ·id red i o 0'(' at t hat, unl csp cial care is 
adopted. 1 f: · F taken, t 1i ault 1s inevitable. or th i rea. on, the fo llowing general 
sy' tem of notation has been devi ed and uniformly ernr loyed . nle ·s xprc ·sly stat d 
to the contra.ry, the unit is alwa.ys the Engli h foot. 

l = Length of a limited portion of the river. 
h = h, + h" = Differen c of 1 vel of th water ·urfacc at th two xtr miti . of th 

distan e Z. 

h, = Th part of h consum din ov r ominrr th r , i. tanc , o[ th chann l upposcd to 
be straight and of n arly uniform ro - ction. 

* G6ologi rratiqnc de 13. I.oui innc. Pari . 
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ltH = The part of h consumed in overcominO' the resistances of b d d · t 
irregularities of cross-section. b en s an unpor ant 

h, . 
s = T = ~he .sme of the slope; o.r the fall of the water surface in one English foot 

cons1dermg the channel straight and nearly uniform. 

H = Fall in water surface in one English mile. 
a = Area of cross-section. 
p = Length of wetted perimeter. 

1' = ~ . Mean radius, or hydraulic mean depth. 

1·, = P : W = Mean radius prime. 

Q = Discharge in cubic feet per second. 

v =~=The mean velocity of the river in feet per second. 

D = Depth of the river at any given point of the surface. 
d = Distance below the surface, of a,ny given point. 
d, = Distance below the surface, of the fillet moving with the maximum velocity in 

the as umed vertical plane parallel to the current. 
1n = Di tance 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. 

D.= Maximum or mid-channel depth. 
W = 'Width of the river surface at any given locality. 
w = Perpendicular dis t::mce from the base-line to any point of the water surface. 
w, = Perpendicular distance from the base-line to the surface fillet moving with the 

maximum velocity. 
V = Velocity in feet per second at any point· in any vertical plane parallel to the 

current. 'Vhen any particular plane is considered, its perpendicular distance 
from the base-line is placed below and to the left of V. Thus 500 V denotes the 
velocity at any depth below the surface in the vertical plane 500 feet from the 
base-line; ,.y denotes the same quantity in the vertical plane containing the 
maximum surface velocity, etc., etc. If the velocity at any particular depth is 
con idercd it is designated by placing the perpendicular distance from the water 
surface below and to the right of the letter v. Thus, Vo, v6, VMDl Vn, V d, ) V,, , 
dcnot , re pectiv ly, the velocity at the surface, that at a point 5 feet below it, 
that at mid-d pth that at the bottom the maximum and the mean of the entire 

' ' cur e in any vertical plane parallel to the current. This system renders 
it ea y to de ignate exactly the velocity at any point of the river cross-section. 
Thus, 100 ~ i the velocity 20 feet below a point on the surface at a perpendicular 
distance of 100 feet from the base-line. 

U = elocity in feet per ·econ d 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 
sa me as that ju ·t de cribed for V. Thus U,. signifies the grand mean of the 
wean clocitie in all vertical planes parallel to the current between tl~e 

26 
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river banks; U,. signifies the mean of the bottom velocities of all vertical 
planes, etc. 

f = The number denoting the force of the wind; a calm or a wind blowing at right 
angles to the current being considered zero and a hurricane ten. Its essential 
sign is negative for a wind blowing down stream, and positive for a wind blowing 
up stream. 

d = 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 deflection s uecessary to pass round it. · 

G = Density of the river-water. 
g = The velocity acquired in fall ing for one second. It is uniformly assumed at 

32.138 feet, its value at the level of the sea in lat. 35°. 

The discharge of a stream is usually estimated by the number of cubic fee t of water 
which passes through its channel in a given time, as, for instance, one 
second. This quantity is equal to the sum of tbe products of each of gauging rivers. 
the elementary areas of the cross-section by the velocity with which the 

Methods of 

water flows through it, or to the product of the total area of cross-sec tion by the me(tn 
velocity, as a mean of all these elementary velocities i · called. There are three methods 
in common use for determining the discharge, when, as is the case with most riv rs, a 
dam measurement-the most accurate of any-is impracticable. In each of them a 
knowledge of the area of the cross-section of the stream is obtained by ca,reful soundings, 
or, if desirable, by other more aecumte means. The methods, therefore, differ only in 
the manner of determining the mean celocity. Each method will be noticed in the order 
of its accuracy. 

Method by act,ual rneasu1·mn.ent.-By this method, th e velocity in ull parts or the cross­
Direct measure- section is actually measured, and a mean of the results taken for the 
mentof the mean mean velocity. If the cross-s ction is irr gnlar in form, the only uccurate 
velocity. manner of computation is to divide it into purtial aren,s so small that 
the velocity throughout each may be considereu unvarying. The discharge is then 
equal to the sum of the products of these partin,l urea by their velocities. The difiercnt 
meuns used to measure the velocity arc:-

1. By noting the time of transit of flouting bodie over kno·wn distances. Small 

Method by 
floats. 

bodies, too light to be sensibly afi'ec ted by the component of grav ity 
parallel to the surface, must Le select d. Bits of solid wood, and bottles 
fill ed with water unti l nearly subm rged have oft n Leon used for sur­

face Goats. Boileau proposes balls of soft wux on ac ouut of th ir adhesive properties. 
Dubuat useu gooseberries for velocities near the bottom. Double 11 oab; ior measuring 
the velocity below the surface were fir::; t us d by da Vinci. 1, hey are of various ki11d s, 
usually consisting of small surface floats, of minimum size, supporting by cords larger 
submerged bodies. Kray nhoif used rods loaded at one nd, and sur ported by a light 
float at the other, so as to assume a vertical I o ~ ition. 'rh 'Y were made to extend from 
the surface nearly to the bottom, in ord r to obtain as cl sely as possible the mean 
v.elocity of aJl the fillets in the vertical plane. This method, , ilh . light modifications, 
has been adopted by de Buffon, Destrem, Fra,ncis, and others. In small canals, Ilirn 
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used light, covered frames, so arranged that they would assume a vertical position at 
right angles to the thread of the current, and nearly fill the whole cross-section. He 
thus measured, a.pproximately, the mea.n velocity of the whole stream at once. Raucourt 
used a kind of ship's log for some of his experiments upon the Neva, a method adopted 
by L1eutenant :Marr in his observations on the :Mississippi at :Memphis. 

2. By noting the time of transit of a, globule of air through a given portion of a glass 
tube immersed and held parallel to the current. The velocity of passage 
can be made as small as desirable by fitting a conical mouth-piece to the 
upper end of the tube. The expression for the ratio between this velo­

By a modified 
air float . 

city and the true velocity of the current can be readily deduced by ac tual experiments 
with 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, 
which can be deduced by noting the number of rotations in a given ~[ ;~~~~!~ons 
time, is nearly that of the water. This instrument, of course, only 
measures velocities very near the surface. 

4. By different kinds of self-recording meters (vVoltmann's, Brewster's, Laignel's, 
S:txton's, and others), to which motion is communicated by the water, 
which strikes fans like those of a windmill. The velocity is deduced By self-record­ing meters. 
from the number of rotations of the axle. These instruments can be 

used at any depth. 

By a box. 
5. By a box with a small hole in the up-stream side, which is sunk 

to the desired depth and withdrawn in a given time. The velocity is 
computed from the quantity of water found in the box. (Grandi.) 

6. By a glass tube bent at the lower end. Its lower orifice is directed against 
the current at any de ired depth, and the velocity deduced from By Pitot's tube. 
the diJrerence of level between the water in the tube and that in the 

river. (Pitot.) 
7. By mean of a quadrant, to the centre of whose graduated arc a string sup-

I
)ortin()' a ball is attached. The ball is immersed in the stream and the dr t o . . . By a qua an . 
angular change mduced by the current measures the veloc1ty, whiCh, 
for the same ball, i equal to the product of a constant coefficient by the square root of 
the tangent of this angular change. (Ca telli.) 

By mea urino· with a d licate balance the pressure of the current b 1 d o By a a ance an 
upon a ball immersed in the stream and attached to the balance by submerged ball. 

a wire. ( aint VemUlt.) 
D. By mean of a mall plate connected by a system of pulleys and braces with a 

]Jalan e. The in. trument is held firmly at the desired depth, so that 
d h By a balance and 

the plate is directly oppo d to the current. The balance in icates t e machinery. 

pre sure, and the velocity results. fro~ i.t by computation. Bri:inings' 
tachometer i con tructed upon tlus prm01ple. 

10. By bringin ()' ~ d licate thermo~eter. to a fixed temperature 
and th 

11 
noting th d1fferent rates of coohng, m and out of the current. 

By ather· 
mometer. 

(Le li .) . 
Jl[etlwd by patliul measure111 nt.-By th1s method the velocity in one or more places 
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is measured by any of the above plans, and the mean velocity of the 
stream deduced by calculation. This method requires a knowledge of 
the relation between the velocities in different parts of the cross-section 
of streams, a relation which has not yet been discovered, although it 
has formed the subj ect 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 would be equal in all parts of a river section wore 
it not for the retarding influence of the bed. The layer of elementary particles nex t 
to the bed adheres firmly to it by virtue of the force of adhc ion. 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 th e irregularities 
which, of course, correspond to those of the bed. The n xt layer is retarded in the ' 
same manner but in a less degree. Thus the eifect of the resistance. i. diminished as 
the distance from the bed is increased . According to this the ry, assuming, as is 
generally done, that no sensible resistance is experienced from the air, the maximLtm 
velocity should be found in the surface fillet situa ted at the greatest moan distance 
from the bed. Many experiments have been made to determine the actual variation in 
velocity at different depths, and, upon the surface, ttt different di ·tances from the banks. 
Great diversity exists among the results obtained, as will be . ccn from the following 
synopsis. It shows that no mathematical relation, of sufficiently general application 
to constitute a practical law, has been hitherto discovered. 

The velocity below the surface in any given vertical pla.ne parallel 
to the current will first be considered. 

Velocity in any 
given vertical 
plane parallel 
to the current. 

Tadini (Italian collection, 1823) states that generally the velocity 
at the surface is to that at the bottom a. 1 is to 0.001G; but that in 

parts of the Po where the current and slope are gentle and the surface pttrallel to the 
bed, the two are nearly equal. 

Dubuat found, by forty-eight experiments upon a mall anal less than 1 foot deep, 
that the difference between the surface and bottom velocities ·in the th1·ead of the cu?T nt 
was greater as the velocity was le. s. He thought the ratio wa · indep ndcnt of the mean 
radius and nature of the bottom. His formula for the bottom elocity is-

'",V n = (w,Vo'A - 0.29) 2
• 

He found the position of the fillet of mean v locity to be from t to k of the total depth 
of the water above the bottom, but he did not consider his experiments decisive upon 
this point. 

Focacci found that, in a canal 5 feet deep, the maximum velocity was from 2 to 2.5 
feet below the surface. 

Gerstner consider.· the vertical law to be given by the ordinates of an ellipse. 
Brunings found that the mean of the whole vertical curve varied from 0.80 to O.DG 

of the velocity at the surfac , or rather 1 foot below it, for vela iti s betw en 2 and 
5 feet p r second, in canals from 5 to H fc t d cp. 

Woltmann states that the velocity diminish . from th surfac downward in the 
ratio of the ordinates of a parabola whose axi. is vertical and whose vertex is a certain 
distance below the bottom of the river. 
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Ximenes found the mean velocity in a vertical plane in the Arno, where it was 15 
feet deep and had a surface velocity of 3 feet, to be 0.92 of that at the surface. 

Eytelwein found no fixed law to exist, but finally admitted a decrease in an arith­
metical progression, amounting to 4

1
0 of the superficial velocity for each metre in depth. 

In other words, the law is shown by the ordinates of an inclined right line. 
FUnk considers the law of diminution to be shown by a logarithmic curve. 
Young considers fo of the superficial velocity sufficient for the mean of the vertical 

curve. 
Defontaine states that in calm weather the velocity of the Rhine is greatest at the 

surface. It decreases insensibly at first as the depth is increased, but the change 
becomes quite rapid neu.r the bottom. The law is given by the ordinates of two righ t 
lines forming an u.ngle with each other. The meu.n 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. 

Ru.ucourt made experiments upon the Neva where it is 900 feet wide and of regu­
lar section, the maximum depth being 63 feet. ·when the river was frozen over, the 
maximum locity (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 be found the maximum velocity 
was near the surface in calm weather; but the wind had great effect, reducing the sur­
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 the surface. 

Hennocque found the maximum velocity in the Rhine to be, in calm weather or 
with a light wind, ~ of the depth below 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 maximum velocity was generally at the 
surface, but that in one section (about 325 fee t in width) it was always below; and in 
another it was below for a certain portion of the width (about D and not so for the 
r st. Often, when the maximum velocity was below, and sometimes when it wn.s at 
the surface, the curve of change was nearly a straight line; generally, however, there 
wa a slight elbow, the upper part being vertical or inclining down or up stream. In 
th lu.tter ca e the curve resembled a very open hyperbola whose vertex was at the 
point of maximum v locity. The direction and force of wind were not recorded in 
those experiment . In the Canal du Rhone au Rhin (45 feet wide) the maximum 
velocity wa uniformly from ~ to ~ of the depth below the surface, except for about 3 
feet in the middle, wh re it was at the surface. The point of maximum velocity wn.s 
relatively higher as the depth was greater. The velocity below the point of maximum 
generally decreased according to the parabolic law. 

D'Aubui on considers that the velocity diminishes slowly at first, as the depth 
increase , but that near the bottom the change is more rapid. The bottom velocity is, 
however, alwa; m re than half that of the surface. 

Boileau found, by experiment in a small canal, that the maximum velocity was ~ 
to ;, of the depth b low the surfu.ce. Below this point the velocity diminished 
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rapidly and nearly in the mtio of the ordinates of a parabola whose axis was at 
the surface. Above, he considered that the change followed no law, but was much 
affected by wind. lie decided, from a discussion of the experiments of Defontaine, 
IIennocque, and Baumgarten, that in large rivers the mean velocity in a vertical plane 
is generally a very little more than 0.9 of the maximum in that plane, which is by no 
means always at the surface ; also that no relation exists between the surface and mean 
velocities in a vertical plane; and that the velocity varies more on the same vertical as 
the velocity is increased and less as the depth is increased. 

The velocity at different points of the surface will next be considered. The form of 
Horizontal the cross-section and the set of the current have such an effect upon the 
curves of velocity at the surface, at different distances from the bank , that no 
velocity. definite law of change exists. There is gen rally an increa e of velocity, 
as the distance from the banks is increased, until the maximum point is reached. 
Boileau, from eli. cussing some observations made by himself upon a mall wooden canal, 
and the observations of Defontaine and Baumgarten on the Rhine, considers that this 
decrease fotlows the parabolic law except for points very ncar the banks. He concludes 
that the velocity from point to point varies more in great than in small velocities and 
less in wide than in narrow rivers. , 

It is generally conceded that the variation in curves of surface velocity is too great 
to justify any attempt to deduce numerical relations, but, in practice, many engineers 
assume the same ratio between the mean and maximum veloci ties upon the surface that 
exists between the same quantities in a vertical plane. 

The mean velocity of the stream comes next in order. This v locity is qual to 
the quotient arising from dividing the eli. charge in the unit of time by 
the area of cross-section. The ratio between it and the maximum sur­
face velocity has formed the subject of much careful investigation. 

True mean ve­
locity of the 
stream by simple 
measurement. Dubuat, from several experiments upon small wooden canals, has 
deduced the following formulm :-

w,Vo + w,Vn 
v= --2 -- , 

w,Vo = (w,V D}\! + 0.299) 2 , 

,.,V n = (wYo'- - 0.299r. 

De Prony criticise these formulm because v does not become zero when wY o = 0, 
which it should do to conform to nature. He deduces the following formula from 
Dubuat's experiments :-

He considers the formula--

V = V ~Yo_+ _2:7_~~. 
w, 

0 v + 10.3450 
w, 0 

v = 0.81G45 ,.,Vo 
to be sufficiently accurate in practice. 

Young proposes the fo1·mula-

v = w,Vo + ~ -CYo + D >~. 
Most writers have been satisfied with deducing a sim pl numerical ratio between the 

mean velocity and the maximum surface velocity. 'I h followin O' are some of these 
ratios:-
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BrUnings adopt 0.85, varying between 0.72 and 0.98. 
Dubuat, for small canals about 1 foot deep, proposes 0.71 to 0.9G. 
Destrem n,nd de Prony consider, from observations ur)on the Neva that the mean . ' 

velocity of that river is ~ of that at the surfn,ce. 
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 give a well-determined horizontal curve; and. 
then to tn,ke a mean of this horizontal curve to obtain the mean velocity of the section. 
H e consider 0. 2 an approximate ratio for canals. 

Baumgarten found, by his observations on the Garonne, that de Prony's formu la, 
with a coefficient of 0. , gave fair results. 

Dupuit, from theoretical considerations, be1ieves the ratio to vary between 0.(37 

and 1.00. 
~[etluxl by fo'rmulce.-By this method the mean velocity is computed from certain 

measured. quantities of which it is a function . Many practical forrnuloo By formulre in 

h ave been propo ed. for this purpo. c by hydraulic engineers. Some of terms of dimen­

the ar based upon the upposition of " uniform," and others upon that :~~~~o~f a~ts­
of "permanent," motion. The former requires th at the cross-section of slope. Two 
tho channel shall be invari able and the slope of the fluid-surface constant. classes of such 

formulre. 
In other words, if the stream be divided into straight :filaments, parallel 
to the direction of its motion, the velocity may vary for different :filaments, but not at 
different points of the arne :filament. 'The condition of permanent motion is essentially 
different. The cro s-section and slope of the water-suriace may undergo changes­
provided, however, there b no sudden bends to produce eddies or undulation-but the 
di:;charge through the different cross-sections must be identical. In other words, the 
strea.m may be considered to be composed of filaments parallel to the general direction 
of motion, varying from point to point in diameter, and hence in velocity, but unvarying 

in di. charge. 
The latter suppo ition ev idently corresponds to the more general case, and more 

nen.rly conform: to the actual condition of rivers, but the formul::n based upon it differ 
only from tho e for uniform motion in containing an expression which takes into account 
the changes of livin rr force produced by changes of cross-section at different localities. 
If, th refore, the variations in the cross-section of the stream throughout the di stance 
considered ar unkn own, the only distinctive terms between the two formul::n disappear. 
This is, in g neral, the ca. where a formula is required in the discussions contained in 
this report. For thi · rea ·on, the formul m proposed for water in tt?ujm·m motion will 
alou be noticed . 

1. M. Ch zy considered that, from the manner in which the friction of the bed 
exerts its influen e the re. i. tances encountered by water in uniform 

l f h That of Chezy. 
motion are directly proportional to the lengt 1 o t e wetted perimeter 
and to the length of the channel. He also, upon the supposition of a ln.yer of immov­
able liquid particle. lining the channel, considered the resi tances to be proportional to 
the square of the mean Yelocity; since, by an increa:e of velocity, a proportionally 
rrr n.ter number of parti lcs are sepamted in a proportionally les time. That is, the 
; ,istances may be onsidcred to b equal to A v2 l p. Placing this expression equal to 
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a g 11,, a product proportional to the effective component of the weight, which in uniform 
motion is entirely consumed in overcoming the resista,nces, and solving the equation 
with respect to v, he deduced the formula-

= (gh,a) ~ _ B (· ) ~ v A.l p - 18 • 

When B has been determined by experiment, this formula gives the mean velocity by 
a very simple calculation. It is singular that thiR, the first practical formula ever pro­
posed for the uniform motion of water in open channels, should be the one now generally 
adopted for large bodies of water· in rapid motion. The number adopted forB by Cuezy 
is not given in any of the papers met with which contain his formula, but several differ­
ent values have been proposed by sub equent engin ers. Thus Young, for large 
streams, adopts 84.3. Eytelwein uses 93.4. D'Aubuisson, for velocities over 2 
feet, uses 95.0. Downings and Taylor, for large and rapid rivers, adopt 100. Leslie, 
for small streams, uses 6 , and for large streams, 100. Beardmore adopts 94.2. Neville, 
for straight rapid rivers with a velocity of 1.5 feet, uses 92.3, and for greater velocities, 
93.3. Stevenson, for small streams, adopts GO, and for large streams, 96, etc., etc. 

2. Dubuat exhibited great ingenuity in deducing his celebrated formula. 'I'o follow 
him through his theoretical analy is would extend this article Leyond 

That of Dubuat. . 1. · t d th fi 1 b · f t' f h · · 1 1ts proper 1m1 s, an , ere ore, on y a ne no we o t e prmc1pa 
steps can be attempted. 

He began by showing first, that the slope of the surface alone causes motion; and 
second, that in uniform motion the resistances are equal to the accelerating forces. He 
then demonstrated that a close analogy exist between the motion of water in pipes 
and in open channels, and thus inferred that theories for the movement of water in the 
latter may be tested by the more accurate experiments which can be made upon the 
former. 

Considering reason and ex peri men t both to indicate that the resistances increase as 

v2
, he assumed them to be proportional to ~. The accelerating forces are proportional 

g h1 v' g h1 ( l ) ~ , 
to z · Hence, for a preliminary equation he d. due d .A. = z , or v h; = (g A)~ , 

in which the second number is a constant quantity. On t ting this formula by many 

experiments, be found that v (~ ) ~, venin th same channel, is not constant, but that it 
,~, 

increases slightly as v increases. That is, in ord r to have A a constant, ::;orne function 
of the coefficient of v, which will increase le s rapidly than the quantity itself, must be 
substituted . Denoting this function by x, the formula became-

vx - (g A) ~. 

Experiment showed that, when the slope is very small , x is n arly equal to ( -7l ) ~, but 
t, 

l ~ 

( z)~ ( -) that as it augment. , x must becom considerably 1 . s than - and. that h, _ must 
h, X 

· (z) ~ d. · · h · (l) ~ h · mcreafle as 7 tmims e . Many functions of - were tri d and muc reasomng 
t, h, ' 

upon the effect of variation in slopes wa. employ d beiore Dnbuat finally found that these 
conditions are numerically fulfilled in a sati -fa tory mann r by the following expression, 
in which Lis the hyperbolic logarithm:-
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(l) Y. (l )X 
X = ,-;:; - L '~ + 1.6 . 

Substituting this value for x, the formula became-

(( z) x z ~) v 7~ -- L (r;:, + 1.6) - == (gA) X. 

Although this va.lue of x made v x constant for all cases where the slope alone varied, 
experiment howed that, where different beds were used, the expression again became 
a variable, being greater as the perimeter became greater with respect to the area. This 
is evidently to be expected, since the smne amount of friction must become less effec­
tive as the number of particles upon which it acts is increased. Hence A cannot be a 
constant except for the same bed, as it must vary with the me~n radius. Dubuat first 
tried a simple ratio, assuming-

(gA)X 
VX=-r . 

This modification did not quite agree with experiment, as ?'X increased rather more 
rapidly than v x . He then tried 1.;,~ - 0.03, and found it to make the first member sen­
sibly constant for small pipes, where the viscidity produces little effect. The formula. 
therefore became-

(g A)~ 
VX = ' ?·X-0.03 

in which the econd member, being constant for small pipes, may be placed equal to B. 
Hence-

B• )? A = g ('rX - 0. 0 3 ·. 

That is, A, instead of being a constant, as was at first assumed, is in reality equal to 

a constant ~· multiplied by a variable. Placing ~
2 

= C, substituting the value of x and 

reducing, the general formula became-

(0 g)X (rX - 0.03) 

v = (_!_ ) ~f - L (_!_ + l. 6)x 
h, h, 

This formula, when applied to large pipes or canals, was found to give results slightly 
in exce s the error increa ing with the mean radius. This Dubuat attributed to viscid­
ity, or the cohesion of the particles of water to each other. Since the difference of 
velocity of the adjacent particles alone brings this force into action, it mll'st be very 
small. A certain portion of the lope, which otherwise would produce velocity, may be 

con idered a: constantly exerted in overcoming this force. Calling f this slope, the 

velocity due to it, or v', will b given by the formula-

v' = e)CMg)~ (r(l- 003) t 
- -L - + 1.6 h; h; 

Since h' i ~ always very small, the second member becomes practically equal to 
I 7 I 

D (1·X-0.03). But f is a portion of the slope which would cause velocity were not its 
2'7 
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effect absorbed by the viscidity. This value of v' must therefore be subtracted from 
the expreF'sion for v m order to obtain a true equation. ·with this correction the 
formula became-

( 

z()C,%)X (r(-;- 0.03) t- D (,.x - 0.03). 
- - L - + l. G 
h, h, . 

v= 

Substituting the numerical valueR of the constants deduced by Dubuat, and reducing to 
English feet, it :finally takes the form-

- 88. 49 (r~~ - 0.03) 0 osn ( .x 
V- (l)X (l )Yo - . v? --0.03) , 

- - L - + 1.6 
h, h, 

in which L, the hyperbolic logarithm, is equal to the corre. ponding common logarithm 
multiplied by 2.302585. 

3. Girard was the :first to apply Coulomb's exp rimental laws for the friction of 
fluids npon solids, to deducing a formula for water flowin g uniformly. 

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 surfn.ce; and entirely 
independent of the pressure and of the nature of the surface. Considering the viRcidity 
proportional to the velocity, the resistances being proportional to the sum of the friction 
and viscidity, may be represented by A l p (v + V 2

). Placing this expression equn.l to 
g h, a, an expression proportional to the accelern.ting force, n.nd solving the equation 
with respect to v, he deduced the formul a,- · 

( 
g h1 a) ~f 

v = 0.5 + 0.25 + A lp · 

Considering thn.t in canals, for which he especially deduced this formula, the velocity 
would be affected by the n.qun.tic plants growing upon the sides, Girnrd assumed the 
effective perimeter to be equal to 1. 7 p. lie deduced the value of A from twelve 
experiments of Dubuat and Chezy, the maximum velo ity being n.bout 2.5 feet, and the 
maximum area 96 square feet. Substituting these value and reducing, the formula 
becomes in Engli. h feet:-

v = (2.69 + 26384 ?' s) '~ -1.64. 

4. De Prony, adopting the supposition of an immovable liquid layer lining the 

channel, placed Chezy's expr . sian fl._ h, !!:. equal to a function of the 
That of de Prony. l p 

form C + A v + B v2 + D v3 + etc., and proceeded to determine by 

experiment the values of C, A, B, D, etc. for water in uniform motion. lie argued that 
since the value of C depends upon the vn.lues 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 smn1l 
as to be safely neglected in practice. lie also found that, for all practical purpose.' 
terms involving v to high r powers than the second might be neglec ted. His formula 
therefore became-

!J r s = A v + B v~. 

He then s lected ten of Dubuat's and two of Ch zy's xpcriments, and deduced from 
them, by La Place's methods for correctin()' anomalie the values of A and B. Finding 

b ' 
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the formula gn.ve satisfactory results, he instituted new and very careful experimen ts, 
and deduced by the same process from twenty-three of them, and eight of Dubuat's, still 
more accura.te values. The maximum velocity in these experiments was n,bout 3 feet, 
and the ma.ximum area of cross-section 96 square feet. Substitutin rr the values of A 

0 c 
and B last determined and reducing, with the adopted value for g, the formLlla becomes 
in English feet-

v = (0.055G + 10593 ?" s) ~ - 0.2357. 

De Prony then deduced new vn,lues of A and B from fifty-one experiments upon pipes 
and thirty-one upon open chn.nnCls, in order to fra.me a formula applicable to both 
kinds of discharge. The resulting formula is-

v = (0.0237 + 0066 1" s) ~ - 0.1542. 

Eytelwein proposed new va.lues for A a.nd B in de Prony's formula, deduced by him­
self from ninety-one observations on canals and rivers, where the velocity varied from 
0.4 of a foot to 8 fee t, and the cross-section from 0.2 of a square foot to 28020 square 
feet. The formula thus becomes-

v = (0.0119 + 8963 1· s) '" - 0.1089. 

5. Eytelwein deduced a formula for wa,ter in uniform motion by the following tmiu 
of reasoning. ·when water is moving uniformly, the whole component 

That of Eytel-
of gravity which causes the motion is employed in overcoming the wein. 
friction. This component varies as the fall in a given distance. Hence 
the friction varies as tbis fall. But the velocity varies as the square root of the fric­
tion, since a proportionally greater number of particles are separated in a proportionally 
less time. Hence the ve locity 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 thi quantity. But, if the velocity varies with the sq uare root of the 
fall in a given distance and with the square ro t of the mean radius, it must vary as 
the product of the square roots of those two quantities. AU.opting 2 Engli, h miles as 
the length in which toe -tima,te the fttll, Ey telwein found the experimental coefficient 
to be : ~ . His formula therefore took the form-

v = 0.9001 (2 II 1·)Yz, 

in which H is the fa,ll in one Engli h mile. Thi i. evid ntly a simple reproduction of 
the hezy formula, ince by reduction it can be put under the fo rm-

v = 93.4 (1· s) ~ . 

6. Dr. Thoma Youn rr in som investirrations relatin
0
o- to the circulation of the 0) 0 

blood, had occa ion to use formulre for the flow of fluids through pipes. 
That of Young. 

Being di ·ati fied with those already existing, he undertook to deduce 
original ones from variou published tables of experiments by Dubua.t and others. He 
found that the friction could not be represented by any simple power of v, n1though it 
frequently varies with V

1
". It could be representeu by a function of v and v2• The 

coeffi cient of these power , however, must vary in pipes of different diameters ; that of 
v being in very large pipes or rivers less, and in minute tubes greater, than that of v2 ; 

while tha.t of v2 must be greater for a given area of the surface of the pipe as the 
diameter dimini be . 
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Now dividing the total head into two parts, one ma,y be considered as employed 
entirely in overcoming friction. Calling this h, , the diameter of the pipe D, its 

length l, and the mean velocity v, we may assume h, = A~ V2 + 2 B ~ v, since friction 

is directly proportional to Z and inversely to D. But h, he found from the experiments 
vz 

to be given by h, = 1~- 550, in which lt 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, formul:n which, when reduced to English feet, become-

rs B" ) '"" B 
v = ( 3A + 144 A 2 - l2 A' 

in which A and B are variables depending upon 1.. He deduced the following values 
for them from published experiments :-

( 
1.5625 90 15 ) 

A = 0.0000001 413 + --
1
. - - 3r +s- 4 1• + 0.0296 ; 

( 
900r2 1 6.8 0.000114-6)) 

B = 0.0000001 ;.' + 0.5 + (3 T) J-6 ( 271.25 + ~ + ?'' • 

For most river , as al ready stated in discussing the Chezy formu la, he adopts 
v = 84.3 (1· s)Y.. Dr. Young gave tables of the values of A and B compu ted for various 
small values of 1·, both for French and EnO'lish inches, in Philosophical Transactions, 
1808. Mr. Storrow introduced these formulm in his treatise on water-worlu;, 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 docs not give the detnils from which he deduced his formul:n for 
computing the discharges of the Adda and the Po. He assumed Chezy's 

Local formulre general equation for the mean velocity of water in uniform motion, viz:­
of Lombardini. 

v = A (1· )l'~ . 

Substituting D for 'r, and multiplying both members of the quation by a, it becomes 

a v = Q = A a (D s) ~ = A WD (D s) ~ = A WD~ st. 
Assuming the bed of the river and Vv to remain unchanged for all stages of water, he 
derived from a few actual m a. urements of di scharg the values of A and s, the former 
proving to be a constant and the latter a function of D. The re ulting formul:n, giving 
the di charge per second in cubic metres, are-

For the Adda ..... Q = 100 D~ (1 - 0.0 2 D) = 100 D~ - 3.2 D~ . 
For the Po ... .. . . Q = 7G7 D~ (0.115- O.OOOGD D')!. 

These empirical formul m are convenient for th e purpo c for which they were deduced,­
namely, a. rough computation of the di scharge for a given gauge-reading, but b ing strictly 
local in character, no application of them to other rivers is pos ible. A glance at the 
measurements of the di scharg of the Mi si Bippi ri vcr, which will oon b stated in detail, 
will show that uch formulm nn only be employ d for the rno ' t general purposes. 

8. Weisbach, adopting Dubuat's theorem, that in uniform motion all t he fall is 
That of consumed in overcoming friction, deduc s a formula by placing the total 
Weisbach. fall in a given distance equal to the height due to the resistances of 
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l p v• 
fri ction, which, following the usual course of reasomng, he represents by A a 29· 
Hence-

v = Cag 1· s ) v.. 

He considers that the quantity A, which he terms the "coefficient of the resistances," 
increases for small, and diminishes fo r great velocities, and adopts Lahmeyer's value, or: 

A= 0.007409 (1 + o.ozos)· 
lie gives 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 1' s)l1- 0.0164. 

Thi. is only a reproduction of de Prony's formula, the only change being in the 
numerical value of the coefficients. It will therefore be so classed when tested in 
Chapter V. 

For flood:;;, vVei, bach considers the relative change of velocity to be one-h alf, and 
the relative change in the discharge three-halves, of the relative change in the depth of 
the water. 

0. Baumgarten gauged the Garonne twenty-five times between the years 1837 and 
184 7, at stages varying nearly from low to hjgh water. From the data 
thus co1lecteu (which are not published in detail), he framed an em- BLocal formt ula of . · aumgar en. 
pirical formula, adoptmg the general form of that proposed by Lombar-
dini for the Po and \.dda. It accords, within about :five per cent., ·with the measured 
di charges. The unit being the metre, it is-

Q = 125 D2 (0.201 D- 0.044 D2 + 0.003 D3
- 0.004) Yz , 

in which Q represents the di charge, and D the mean dep th , a t Tonneins. This formula 
is evidently entirely local, and liable to the obj ections raised n.gainst Lomba.rclini's. 

10. Dupuit' formulm are based upon assumptions which differ ma.terially from those 
of most en <~inee rs. H e proves, by an analytical demonstration, that the . 

. . f . bl l f l' ' ,1 1' . h h 1 d 1 That of Dupuit. supposition o an nmnova e a.yer o 1qmu mmg t e c anne, a.n t 1us 
reducing the friction from that of a liquid. upon a solid to that of a liquid upon a liquid, 
i inadmi sib! , anu that the cohesion between the different particles is very much greater 
t han their adhesion to the solids on which they flow. H e eonsiuers the resista.nccs of 
ad hesion and. cohe. ion to have the common properties of being uirectly proportiona.l to 
the surface. in contact, and of being entirely independent of pressure; but that, while 
the former increase with the absolut velocity of the stream, H.nd may be directly com­
parcel to the friction of solids, the la.tter is properly a kind of chemical affinity, which 
is proportional to the relative velocity of the contiguous molecules . 

The e ideas relative to the res istances acting upon water in motion suggest equations 
of equilibrium for a fluid mass flowin g in any channel with any velocity whatever. For 
simplicity, he uppo es the water to be flowing uniformly through a rectangular cross­
. eetion of indefinite width, so tha.t no re::;istance is experienced from the sides. 'rhe 
motion in a.ll yertical 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 
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condition of a solid gliding over an inclined plrtne. The accelerating force of gravity 
acts on it proportionally to its weight and to the sine of the angle of inclination. Desig­
nating the velocities of the surface fillet and of the fillets bel wit, successive ly, by V0 , 

Vi , Vii, etc. etc., the retarding force which holds the surface fillet in equilibrium is evi­
dently a function of (V0 - VJ, otherwise the motion could not be uniform. The equa­
tion of equilibrium for the upper :fillet is, therefore-

G g s J cl =-= 'P (V0- Vi) . 
Or, dividing both members by G g :-

sad = 'P (V0 - Vi) · 
Each fill et below, except the bottom one, is urged forward by"its weight and by its cohe­
sion to the more rapidly moving fillet above, and. is retarded by its cohesion to the slower 
fillet below. The bottom fill et i;;; retarded by its n.dhesion to the heel . The following 
equations of equilibrium can therefore be written, in whi ch th e velocities of the bottom 
fi llet and of the fillets above i t, successively, are designated by V n , V n- i, Vn- ii, etc.:-

Surface fillet s ;; cl = 'P (V0 - V;) 
Nex t ftllet ..... . s J d = 'P (Vi- Vii) - 'P (Vo- Vi) 

:j: * :j: * 
* * !!! * 

Last fillet but one . s a d = 'P (V n-ii- V n-i) - 'P (V D-iii- V D- ii) 
Bottom fillet .... s J d -= 'P (Vn) -'P (Vn_;;- Vn-i)· 

Taking the sum of these equations, member by member, the fo llowing very important 
expression results :-

8 D =--- 'P (V n). 

The velocities at the bottom in all the vertical plane having been assumed equal, this 
may be put under the form :-

sa =- P'P(Un),or?'8 'P(U0 ) A n +B 0
2 + ... · 

This equation is analogous to the usual expre. sion 1· 8 -=-- 'P (v) ; but the difference is 
evidently a radical one. The needs of the science, however, require a formula for the 
mean velocity, and unless some algebraic r lation between Un and 1: can be establi shed, 
this discussion amounts to little more than a barren demon tration of error in existing 
formulm. The relation exi::;ting between U0 and v depend· direc tly upon the law govern­
ing the action of cohesion, and i. deduced by Dupuit by the following simple and inge­
nious train of reasoning. Since the force of cohesion is proportional to the infinitely 
small difference of velocity between contiguous molecules, it can only be expressed in 
finite quantities by adopting for the unit an infinitely small quantity, such as the di s­
tance between the elementary layers of the fluid. The algebraic expression for the 

resistance of cohesion between two layers b comes, therefore, 'P (~~) in which J Vis the 

infinitely small difference of velocity between th e two layers, ancl ~~ d th i.nfinitely s~~ll 
Ji stance between them. ub tituting thi expression for the diiference of the vel ocitJ ~S 
of the elementary fillets heretofore used, in the quations for the equilibrium of th e flmd 
mass, and taking the sum of the equations, member by member, from the surface down 
to any assumed dep th, d, the expression becom -

8 cl ~-= '~ (vd ~ ;r~ _ i) __ 'P ( _ ~ : ) 
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Dupuit proceeds to show that, in the development of this function, all terms but the 
first may be neglected, without sensible error, giving-

av 
8cl =-E - · a a 

Integrating this equn.Von, it becomes-
s 

V = C- - cl2 
2 E · 

Since the velocity at the bottom in all vertical planes is assumed to be equal, the con­
stn.nt C may be determined by the condition thn.t, when cZ = D, V shall become equal to 
the val_ue of Un given by the equation 1·8= A Un + B Un2

• Hence the following equation 
results :-

V=Un + 2sE (D2-cl2) . 

This is the equation of a parabola whose n.xis is at, and parallel to the plane of, the wn.ter 
surface, and whose parameter varies direc tly with the slope.* The velocity at the sur­
face is evidently given by the equation-

s D' 
Vo=Un + 2 E. 

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-

2 D's 
V rn = U D + 3 (Vo- U n) = U n + 3 E · 

These equations evidently furnish a complete solution of the problem for the simplest 
case, thn.t of a rec tangular cross-section of indefinite width. Dupuit proceeds to apply 
the same principles to different forms of cross-section, and then to the general case, but 
the limits of this article, and the difficulty of rendering the processes clear without 
trrm cri bing his diagmms, render it unadvisable to continue following him step by step. 
Suffice it to ay that, for the general case, where the cross-section approximates to a cir­
cular form, he proposes the following formulm as sufficiently accurate for practical 
purposes:-

1· 8 = A U,. + B U rz, 
s 1· a 

w,Vo = U r + 2 E W ' 

· - ,.,V0 + u,. - U + _sra . 
V - 2 - r 4 EW 

These formulro contain only three numerical coefficients, A, B and E. Dupuit con­
cludes that new experiments are required to fix the proper values of these coefficients, 
and expl n.ins how they hould be conducted. In default of such experiments, he pro­
poses for A and B values a little larger thn.n those proposed by de Prony ; viz. (formula. 
in English feet), 0.00001 and 0. 000110. For E he suggests no numerical va.lue, 

* lt should be stated that, although the brief extracts from the wo1·k of :J[. D upuit contained in the T ables of Claude! 
bad been examineu a t an early day, ye_t the work itse lf was consulted for the first t ime when imported from P aris in 
Jun , 1859. A t that date, t~le expenmental study of the change of veloeity below the sur face in the :Mississippi 
riYer, which will be fully detail ed 10 th.e ~ex t chapter, bad been co mpleted. Although t he formul a thereby dedu ced 
differs radically from that of M. Dupuit Ill so me re ·pects , its general resernbhuce is striking. 
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only remarking that 0.001025, the value proposed by Sonnet (formula reduced to 
English feet) is, in his opinion, much too smaJl. 

It is evident that without numerical values for A, B and E, no direct practicnl test 
can be applied to Dupuit's formulrn. Hi s theoretical method of treating the subject is 
more exact than that of any writer who has preceded him, and elaborate measurements 
to :fix the values of the three coefficients would have been undertaken, had not the 
observations of thi s Survey shown that the position of the fill et endowed with the 
maximum velocity, far from being always at the surface as Dupuit assumes, in truth 
varies in position in accordance with certain laws. His formu1m are therefore neces­
sarily inexact, and no a,ttempt has been made to d duce their coefficients. If, however, 
as Dupuit seems disposed to allow, these coefficients are constant for any given flu id, he 
ha,s in effect by assigning values to A and B, furni. bed the means of deducing E from 
any accurate measurement of the mean velocity corresponding to a given slope, area, 
mean mclius and width, since by combining his three general equations and eliminating 
•u,Yo and Un the following value of this coefficient results:-

sra 

E = 4 W (v + 0.082- (0.006'7 + 9114 r s)~). 
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 them elves. 
Their mean, allowing the proper weight to the uiiferent observations, is about 0.02 
(formula in English feet) , and this va,lue has accordingly been adopted. With it and 
the values of A and B chosen by Dupuit, his three formulm, reduced to English feet 
and consolidated into one, become-

s r a 
1 v = 0.08-w- 0.082 + (O .OOG7 + 0114 1· s) ~. 

In this form it has been subjecteu to the same tests as tho ·e of other engineers. 
11. From nineteen rough measurements of di. charge made in 184:0 at Wheeling, Mr. 

Local formula 
of Mr. Ellet. 

Ellet framed an empirical formula for the di. charg of the Ohio at tha,t 
point. lie offers no demonstration or indication of the process by which 
he arrived at the form of the equation, but tho expression is almost 

identical with that used by Lombardini for the Adela,, a manner of deducing which has 
been already given. Denoting by Q the discharge per hour, and by D the '-reduced 
depth" (probably the mean depth), this formula is, in English fee~ 

Q = l08300Q D2
- J oooo D~. 

For remarks upon this expression, see those upon Lombardini's formula. 
12. Taylor deduces a, formula. for moan velocity by a train of reasoning which is in 

substance as follow : In rivers which are continuous, that is, not broken 
Taylor's formula. . . · 1 

mto rap1d · and pools, the resistance to t 1 flow of the water mu t be 
considered a a whole. In this cla s of s trcams, the slop of the bod i s so adju ted as 
just to allow the water in the lowest stages to pas off. When the di scharge is 
increased, the height of the rise at any point in reases proportionally to its distance 
from the sea (since the total resistance at any point is pror ortional to this d i. tance) 
nntil a cascn,de or rapi<l is reach d, which constitutes what is caUed the "equivalent 
origin" of the river. Below such" origin," therefor , the motive for e at any point may 
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be a ·surned proportional to the mean depth there. But the resistances are directly pro­
portional 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 sqttare of the mean velocity, since a greater velocity implies both a greater 
force of impact and a greater n umber of impinging particles. They are inversely pro­
portional to the mean area of cross-section below the given point, since their effect mn,y 
be assumed to be divided equally 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 following expression results:-

D = c V' l p, 
' a, ' 

in which D, is the depth of water at the locality considered; a, is the mean area of cross­
sec tion thence to the mouth ; and p, is the corresponding mean perimeter. From certain 
" data of the Nile" (authority not sta ted), Taylor determines a value for C, which, when 
substituted, gives the following equation for the mean velocity :-

v = 384 (P~) )I:; . 
l p, 

This formula, from the peculiar qua.ntities which enter it, seldom, if ever, admits of 
practical te ts or applications, and it is therefore only giv en here in order to make the 

li t complete . 
13. In Boileau's treatise, the following formnla is mentioned as proposed by Saint 

Vena.nt, but without indicating his method of deducing it. The origi­
nal work in which it was proposed could not be obtained in P aris in 
1859 . It is a very simple fo rmula, and readily solved by logarithms. 
As quoted by Boileau, in metres, it is-

~ 1 

?' B=0.0004 vn . 

Reduced to English feet, and solved with respect to v, it be comes-
11 

V = 106.068 (?' s) H . 

That of Saint 
Venant. 

14. The next formula to be considered is that proposed by Mr. Ellet in his " Report 

That of Mr. 
Ellet. 

on the Overflows of the Delta of the .Mi.ssissi_pp i." This formula was 
deduced to . ol\·e certa in problems of the highest practical importance in 
the work of protecting the}Ii . siRsippi valley fron~ overflow. Mr. Ellet 
full y n.pprecin.ted the necc sity for accuracy, for h writes: " It is important. to n.scerta.in 
what volume of water es n.ned thr01 wh all the creva. ses below Red river n.t the top of 

L 0 

the flood of 1 -1; n.nd n.lso, approxirn n. tely, some method to determine the volume of 
water thn.t will be needed to raise· the surface of the river, when in flood, any given 
height. The e que tion. involve the unknown relations of depths, slope, and velocity 
of ri vers ; questions which have been discussed by several n.ble and distinguished writers, 
but which, nevertheless, must receive a further examination here. 

* * * * * * * * * * 
" everal fo r ign write r~ on hydrauliques have published formulm derived from experi-

ment. to exhibit th rehtti ons between the depths, slopes, and velocities of running 
streams. But their yarious equations are almost all derived from each other, or built 
upon the same ob en·ations; while these observations, limited in number, have been 

2 
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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 rccognizcu 
facts. It has therefore been deemed advisable, indeed ncces ary, to derive new and 
better formul re 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 ncountered in the 
attempt to frame such a formula from observation on the flow of the Missi sippi. The 
rnovements of this great river arc remarkable, and need to be carefully studied before 
the resulting law can be confidently applied. The river descends on an average slope 
of about three and a quarter inches per mile, and the mean velocity of its current is, of 
course, due to that slope. Yet it not unfrequen tly 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 hour, the water next the shore is running to the north at a speeu of one or two miles 
per hour. 

"It is no unusual thing to find a swift current and a corresponding fall on one shore 
toward the south, and on the opposite shore a visible current n.nd an appreciable slope 
toward the north. In other words, the water is often running rapidly 'ti'.]J stream on one 
side of the river, while sweeping with equal or much greater 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 affected by the bends of the river, and 
the centrifugal force acquired by the water in sweeping round the curves, and by the 
eddies which form on the opposite side, under the salient angles. 

" The surface of the river is not, therefore, a plane, but a, peculiarly complicated 
warped surface, 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 measure­
ments of the slope, levels and soundings were tn.ken at different points along the shore, 
not very remote from each other, and m an slopes, depths, and velocities derived from 
mn.ny observations. As a check to the result , and a guard n.gain t material error, the 
average slope, depth, and velocity was obtained for considerable distances, embracing 
many bends of the river. And as a, further check, the slopes, depths, areas, and velo­
cities of the tributaries and outlets of the .Missi sippi, and of various small mountain 
Rtreams, were collected and compared. A formula wa then sought which should express 
the maxima. or central velocities, in terms of the slope and maxima depths of ench of 
these various streams." 

" The equation produced by the e inve tigation. is here submitted, with the obser­
vations from which it wn.s derived, nnd its application to each et of observations. 

" Let d represent the maximum depth of the river, in fi et, at the place of observa­
tion; /, the slope of the urface, in feet, I er mile; v, the velo ity of the central surface 
current, in feet, per second ; theu the formula propo ·eel is-

·v = o.8 (d 1r~ + ~{ 
The application of this formula to many of the ob ervations, with the amount of dis­
crepancy in each cn.Rc, will be found in note 



THE SCIENCE OF HYDRAULICS A.S APPLIED TO RIVERS. 219 

"It was further ascertained from numerous observations conducted with much care, 
that the mean velocity of a great river, in a straight channel, is about eighty per cent. of 
its maximum velocity, as has been obtained by De Prony and others, for smaller streams. 
This proportion is close enough for any practical application needed in this paper; it is, 
probably, as close a general approximation as can be made in the premises." 

On turning to note C, to examine the observations and the application of the formula 
to them, we read :-

" It was the intention of the writer to discuss this formula, in some detail, in a note 
to the text. But being under the necessity of submitting this report hastily, and wish­
ing to test the formula on shallow mountain streams, he is compelled to reserve this 
discussion, which will form part of a supplemental paper." 

No such paper has, so far as it is known, been yet published. When reduced to a 
single equation, with symbols corresponding to those adopted for this report, Mr. Ellet's 

formula becomes-
v = 0.64 (6. H) l-f + 0.04 6. H. 

By this expression Mr. Ellet calculates the discharge of the Mississippi river, the 
discharge of crevasses, and, in fine, demonstrates the impracticability qf the levee system 
for the lowe1· paris of the Mississippi ·ri:ver. The task of criticism is always ungrateful, 
and if this formula had been proposed by an obscure writer, it would have remained 
unnoticed. Coming, however, from a civil engineer so well known as Mr. Ellet, and 
furnishing, as it does, the basi~; upon which rest practical conclusions believed to be most 
erroneous and most mischievous, it cannot be passed by in silence. The objections to it 
will be stated in the inverse order of their importance. 

I. Mr. Ellet furnishes no demonstration for his formula, and publishes none of the 
data from which its constants were derived, thus rendering his personn,l accuracy and 
thorouO'hne. s its only guarantees. 

0 -

II. W'hile 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. No formula 
of this character c~n apply even approximately to such a river as he describes. There 
are very many placeN on the :Mississippi where the current flows through a nearly straight 
and reguhtr cross- ·cction, and whore tho requisite approximation to uniformity for short 
distances mn,y properly be considered to exist. To 1mch places only can a simple for­
mula like hi , apply. Ob. ervation which should be rejected have, therefore, probn,bly 
been admitted amorw th se from which its constants have been derived. 

III. It does not bear the test of practical application. Stevenson reports its fn,ilure 
when applied to British streams. The observations of this Survey-and even the nice 
measurements mn,de by Mr. Ellet himself upon the Ohio at Point Pleasant, in 1858, and 
reported in his pamphlet upon the K.anawhn,-river improvement-show that it is the 
worst ever sugge ted. Its enormous discrepancies, when applied to tho Mississippi, will 
receive a further notice in Chapter V. Mr. Ellet himself seems to have discovered its 
errors since the publication of hi report, for in his pamphlet on the Kanawha-river im­
provom nt, publi. hed in 1 58, he does not refer to it, but uses "the hydraulic formula 
on which engineer rely for determining the flow of water." 
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IV. It is theorctica1ly inexact-far more so than any of the others. No formula 
can be correct which uoes not contain all the essential variables upon which the solution 
of the problem depends. All writers of note upon the la.ws of flowing water agree that 
the area of cross-section and the perimeter are such variables; the ratio between them, 
denominated the mean radius, being the usual form under which they arc introduceu. 
No such variables are to be found in Mr. Ellet.'s formula. Their place is supplied by the 
maximum deptlL, a quantity which for good and :mfficicnt reasons has never been intro­
duced into any general equa.tion heretofore proposed. Without further disCLLssion, which 
will hardly be deemed necessary by those acquainted with the subject, it may be addeu 
that, according to Mr. E llet'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 con­
tinuing unchanged. Also that the mean velocity would be unchanged in a sec tion con­
taining a deep hole like that at Natchez (plate X), if the whole channel were to be 
excavated to a uniform depth equal to the maximum. If this formula were proposed for 
certain localities on a certain river, it might be sur posed that Mr. E11ct had found no 
essential error to arise from assmuing the ratio between the mean radius :md the mas i­
rnum depth to be constant, but being designed io cmbmce "grcn.t rivers of gentle slope 
in full flood, and passing from those to small er stren.ms of abrupt descent and in various 
conditions of their channels," the assumption is untenable, as a very cursory inspection 
of published cross-sections of rivers wi11 show. 'I'o illustrate how entirely Mr. E llet 
trusted to the exactness of this formula, it may be added that he actually considered it 
to be applicable to the involved and complex conditions governing the flow of water 
through crevasses. No furth er comments are needful to prepare one to learn that most 
of the practical conclusions of Mr. Ellet in reference to protection against the inunda­
tions of the Mississippi have been proved to be erroneous by the actual measurements 
of this Survey. 

That of 
Stevenson. 

15. Stevenson's formulm arc offered without any demonstration, and 
are as follows:-

x =y(1·H) Y. . 
5280 X 

z= -60· 

Q=a z. 

Here x is the true mean velocity, in mil , per hour; z, th 'amc quantity, in ((~ct, 

per minute; II, the fa.ll of the surface, in feet, per mile; n.nd y, "a qttantity which b 
found to vary from 0.65 for small streams under 2000 cubic fee t per mi11ute to 0.9 for 
large rivers such as the Clyde or the Tay." 

A simple process of algebraic reduction re~olves the, e equations into the Chczy for­
mula, with a numerical coeffici nt equal to lOG.G y. Hence, as no equation for v was 
proposed by Mr. Stevenson, the result of hi . di t;cussion of the ~;ubj cct migl1t hn.vc been 
more simply stated by presenting Chezy's formula with a o flici nt :varying from GD 
"for small streams under 2000 cubic feet p r minute " to 96 "for l:trge rivers such as 
the Clyde or the Tay." 'rlut is-

For small streams : v= G9 (rs) ~ . 
For large treams: v = 9G (1· ) Yo . 



CHAPTER IV. 

ME'rriOD OF GAUGING THE MISSISSIPPI, ITS TRIBUTARIES AND ITS 
CREVASSES. 

General scope of field operations. - Method of determinin g dimensions of cross-section.- :1\fethod of conductin g 

1·elocity measurements.-Oomputation of discharge, neglecting change of velocity below the surface.- Investiga­
tion of the sub-surface cun·e of velocity.-Same of the horizontal curve.-PrLrameter law deduced.-It applies 
to . ub- urft\Ce CU ITe , with a modifi cation for smal l s treams.- "Equation for mean of whole vertical curve.­
Locus of maximum ye\ocity below the surface, incluuing effect of wind.-Preliminary computation of discharge 
corrected for change of velo<.:ity below the urface.--Systcm for interpolati ng dischargcs .-1\[cthod of transfer­
ring measured discharges. - Phenomena a ttendant upon crevasses. -1\[easurern ents of velocity and resulting 
formula.-Depth.-\Yidth.:-Pra~tical cocffieient for exceptional case of crevasses .- Incidental compuh\tion of 
ratio between rain and dnunage Ill Yazoo basin . 

TnE preceding chapter exhibits the imperfect condition ofriver hydmulics. Discordant 
statemen ts and theories are found in the works of the most eminent 

An extended 
writers, and it i apparent that the laws enunciated rest upon hypothe- system of 
sis and imperfect data rather than upon principles established by measurements 
extended and thorough experimental investi

0
o·ation . essential to the investigations 

This condition of the science of river hydraulics has been very un- of the present 
fortunate for the Mi sissippi valley, since it has prevented any satis- Survey. 

factory discus ion of the best method of guarding against its inundations. The wild 
speculation and impracticable plans of security offered, even by writers of abili ty, are 
the nece sary result of the want of knowledge, both of essential facts and of the prin­
ciples upon which deductions should be drawn from such as are known. 

The fi r t object of the Survey was the establishment of a sys tem of observation, by 
which a mas of fact would be collecteu to form the foundation of correct theories, and 
thus become the basi· of an intelligent inve tigation of the subject. The nature of the 
practical requirements of the problem will be understood by a glance at one of the 
characteristic features of the alluvial land· of the Mississippi. The river below Cape 
Girardeau Oows through immense swamp , which, from time immemorial, have 
received a portion of the flood waters. The extension and perfection of the levee 
system will re ult in shutting out this water from these swamps, and confining it to the 
river. eglecting, for the present, the consideration of the effect which this will have 
in chanrring the abrading power of the stream, two great and equally important 
questions snO'gcst th mselves : first, how much water will thus be added to the present 
high-water discharge at any given point; and, second, what will be its effect in changing 
the local high-water mark ? 'rhe obj ect of the present chapter is to explain the method 
employed in collecting and reducing the data necessary to answer the first of these 

que tion . 
(221) 
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The general plan of operations was to determine, as accurately as possible, the diB­
General scope of charge of the river in its difierent stages at all points from Cairo to New 
t~e field opera- Orleans; the quantity added by the tributaries below the Ohio, and the 
tlons . . d . _(] d . t h d . .fY' · quantity escapmg urmg oo m o t e 1uerent .·wamps. The follow-
ing is a synopsis of the :field work performed:-

A series of daily measurements of discharge was made at Carrollton, Louisiana 
(plate III), from F bruary 15, 1851, to February 18, 1852. When field work was 
resumed in 1857, simibr series were made at Columbus, Kentucky (plate III) , from 
December 11,1857, to November 16, 1858 ; at Natchez, Mississippi, from January 8, to 
February 20, 1 58; and at Vicksburg, Mississippi (plate III), from February 24, to 
December 15, 1858; together with corresponding observations upon the Arkansas river, 
at Napoleon, from December 29, 1857, to November 30, 1858. Besides these continuou. 
series, many measurements of width, depth, area of cross-section, discharge, etc. , were 
made both upon the Mississippi and upon itl tributaries and bayous from the Ohio to 
the gulf. 

Various gaugings were made of crevasses both large and small, and all facts essential 
to an approximate computation of the discharge of those which occurred between Red 
river and New Orleans, in 1851, and between Cn,pe Girardeau and New Orleans, in 
1858, were collected. As a check upon the e measurements, which, from their nature, 
were lin,ble to som inaccuracy, various eros. -sections of the swamp lands were made, 
and others obtained from sources a.lready na.med, with a view to determine as closely as 
possible the capacity of these swamps as reservoirs for the flood waters escaping through 
or over the river banks, and thus to collect the data for a double computation of the 
amount of water actually subtracted from the river. 
Full details The method of conducting the :field work anU. of compu6ng the 
respecting field results will be expla.ined in great detail, in order that it may be seen 
and office work what deb()'ree of confidence the conclu ions hereafter to be drawn from 
essential. 

this material are entitled to. 

PlELD OPERA'riONS FOR GAUGING THE MI SISSI PPI RIVER AND 'riUl3UTARIES. 

Accurate measur ments for determining the discharge of a river involve an exact 
determination of the cro s-section at the locality cho en, and of the velocity of the water 
in passing through all portions of it. These two subjects will b treateU. in turn. 

ATea of eros -section.-The strength of the current, the depth and width of the river, 
Practical and the floating drift-wood, all combine to render an ac urate measure­
method adopted ment of this quantity a difficult operation on the fi . sis ippi. After 
for determining various experiments, th followin o· ys tem was ado1)ted, by whi h :wen-
the dimensions -
of cross-section rate work may be done even in th hio·he ·t staCY s of the river. The 
of the river. middle stages were u ually . lee ted for the purpose; b ing prefern blc to 
the low stages, during which there would be XI .-ure to oppr Hsive h at and di seas , 
and more favorable tha.n the high stag , wh 11 th difli ulti att nding accurate 
measurement are great st. 

Preparatory to mak:ing a cro. s- ection of th river, wh th ' r for g neral purposes of 
comparison or for determining the djscharg~, a base-liue, arying in length from 400 to 
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1000 feet, was measured along the bank near the water's edge. An observer, with a 
theodolite, was stationed at ea.ch extremity of this line. The one directed the telescope 
of his instrument across the river so as to command the line on which the soundino·s 0 

were to be made ; the other prepared to follow the boat with his telescope in order to 
measure its angular distance from the base-line when each sounding was taken. The 
boat, a. light, six-oared skiff, contained a man provided with a sounding-chain, a 
recorder with a. flag, and three oarsmen. The strongest kind of welded jack-chain was 
employed, to which bits of buckskin were attached at intervals of 5 feet; smaller 
divisions being measured with a rod in the boat. The sinker, varying 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 purpose. The boat was rowed 
some little distance a.bove the proposed section-line, and allowed to drift down with the 
current, the sounding-lead being lowered nearly to the bottom. By this precaution, the 
deflection of the line by the force of the current was prevented. When the first 
ohserver, stationed on the proposed sec tion-line, saw that the boat had nearly reached 
it, he wa ed a tlag as a signal to take a sounding, and then carefu1ly turned his instru­
ment 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 fo11ow the boat carefully with his telescope. The 
man with the sounding-chain allowed it to slip mpidly 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 ba e-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 was repeated 
until soundings enough had been taken to give an accurate cross-section of the river. 
Careful lines of level were then run up each bank from the water's surface to points 
above the level of the highest Hoods, when such points existed. Generally, the trian­
gles were computed, and the work was plotted, before leaving the place, in order to fill, 
by additional oundings, any gaps which might appear on the diagram. 

·where a cries of daily observations for discharge was to be made, two independent 

~ection., 200 feet apart, were sounded with the greatest ca.re. Sound- Additional pre­
ings repeated from time to time upon these lines uniformly showed that cautions at p~r-

'bl h 1 · h b d f h · Th f 11 manent veloc1ty no s ns1 e c anO'e took p ace m t e e o · t e nver. e mean o a t t' o S a lOllS. 

such sections, wh n reduced to the same stage of the river, was accord-
ingly alwrtys taken for the true cross-section at the locality. The change in area pro­
duced by any change of level in water surface can be readily computed from the plotted 
section. To determine the dai ly changes of thi s level, a gauge-rod, graduated to feet 
and tenths, was ob erved daily; its correctness of adjustment being frequently tested by 
comparison with secure bench-marks. An accurate knowledge of the area of the cross­
sect ion of the riYer on any given day was t hus obtained. 

The detailed measurements of all the sounding operations are given in Appendix C, 
and a fi w of the haracteristic sections exhibited on plate X. 
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Velocity of the C'lm·ent.-N arrow and straight portions of the river, where the form 
of its cross-section approximated. most nenrly to that of a cann.l, where th e waters of 
the highest floods were confined to the channel by nn.turaJ banks OJ' by levees, n.ncl 
where the river at all stages was free from eclcli es, were selected for the permanent 
velocity stn.tions. 

The depth of the river and th e violence of its current r ndered the men.suremcnt 

Different instru­
ments used for 
determining the 
velocity of the 
current. 

of the velocity , especin.lly below the surfa.ce, exceedingly difficult. Of 
all the methods known fo r determining thi s qun.ntity, that by double 
floats was found to give the best r sults. A fi w measur ments of the 
velocity of tributary stren.m., where both banks were submerged, were 
made with a ship's log ; and some few observn.tions were taken at the 

rnouth of the river w·ith Saxton's current-meter ; but for all other velocity ob. crvn.tions, 
the doul>le floa.t was exclusively used. Various kind were tested. Solid cubes of 
wood n.bout 1 foot on the edo-e were first tried. 1, hey were loaded ·with lcn.d , so as to 
sink, and suspended by cords from surface fl oa.t · of cork, Gearin g small ll ags. 'I'hey 
proved to be too heavy for convenience. Bot tl e ' , pa.r tly filled with water and . us­
ponded in the same manner, were te ted, but they did not pr sent sufficient surface 
to the current to be adopted. K egs without bottom or top, ball asted with strips of 
lead so as to sink and remain upright, were next tried for the lower floats. A rope 
handle was secured to the upper end of each, and connec ted by n. cord with a surface 
float made either of light pine or cork, or hollow tin. A small flag was attached to a 
wire a.bout a. foot in length ri sing from the top of the surface float in order to make it 
visible. The dimensions of the floats were as follows : For th e work in 1851, kegs 15 
inches in height by 10 inches in diameter; cord two-tenths of an inch in diameter; sur­
face float of cork a.bout 8 inches square by 3 inches thick, submerged an inch and a 
half: forth work in 1858, kegs (paint kegs) about D inches in height by G inches in 
diameter; cord one-tenth of an inch in diam t r ; surface fl oats,- ·when fli ght pine, 5.5 
by 5.5 by 0. 5 inches,-when of tin, of an ellip oi<ln.l form, the n.xes being 5.5 and 1.5 
inches. For velocity observations more than 5 fc t below the surface in ] 851, no 
change was made, but in 1 5 the kegs were mad larg r, being 12 inch . · in height by 
8 inches in din.mcter, with a cord rather leAs thn.n two-tenth of an in ch in diam ter. 
By varying the length of the cord, the keg could b made to sink to ~wy required 
depth, and its s i~e was o much gr a ter than that of the . urface float that the latter 
did not sensibly affect the rate of mov ment. Tbis assumption was tcRtcd by placing 
the apparatus in still water during a high wind, and al so by noti cing the direction of 
the pn.th . of the float. during n. gale blowin o- directly aero the ri ver. No wind effec t 
of con equcnce could b detected in either ca.·e. H ence by cau. ing the keg to prtss 
through the diffe r~.:nt pa,rts of the cross-. ection of the ri ver, th e vel city at a ll points 
could be men.sured. The method of conduct i11 o- the. e ob er vation. wn.s the followin g:-

Two parallel cro: s-section of the ri ver having been made ru alr ady e.'plained, 200 
Method of con- feet apart, a base-line of tb same l ngth wa. laid fl' upon the bank 
ducting velocity from one to the oth r, b ing of cour. c perpendi cular to both. ThiR 
measurements. length was suffi cient to insur accuracy with out b i.ng too gr at either 
for convenience in communicating, or for oh rving many floats in a day, or for a.void­
ino- local chano-es in v locity. An ob. erver with a theodolite wns stationed at each 

0 0 
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extremity of the base-line. It is evident that when the telescopes were directed upon the 
river with their axes set n,t 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 passn,ge of a float 
between these lines was thn,t 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 di::;t::tnce 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 th 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 imrnediately sank to the depth allowed by its 
cord, and the whole floa.t moved down toward the upper line. The observer at the 
lower station followed its motion, keeping the cross-hair of his telescope directed con­
sta.ntly upon the flag. At the word" Mark!" uttered by his companion when the float 
crossecl the upper line, he recorded the angle shown by his instrument, and then set­
ting his telescope upon the lower line, watched for the arrival of the float. In the 
mea.n time the observer at the upper station, whose theodolite supported a watch with 
a, b .rge second-hand, recorded the time of 'transit of the float acro::;s the upper line, and 
then followed the flag with his telescope. At the worcl "Mark!" given by his assistant 
when tbe flag crossed the lower line, he recorded the time and a.ngular 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 again t error. A stop-watch was sometimes used. 

This system was adopted for the observations both of 1851 and of 1858, with an 
import:wt uifference, howev r, in the depth of the floats. It is evidently Difference in 

impossible to obserYe floats daily in all parts of the cross-section. The the systems 

best practica.l method, therefore, is to adopt a uniform depth for all the ~!~P{~g8~n 1851 
flon.tR, distribut them equally across the entire river, and multiply the 
resulting clischa.rge 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 prac­
ti cal law of change of v locity in a vertical plane parallel to the current having thus 
far baffied all effort· of hyuraulic engineers for it;:; elucidation. It was, therefore, 
deemed un afe to der end upon this method at the outset, and Professor Forshey's party 
were instructed temporarily to distribute the floats as uniformly as possible, at all 
uepths and at all di tances from the banks, in measuring the discharge; while at the 
sam time especial experiments were made to determine the law of change of velocity 
below the urface. 

Various methods of observing for the latter purpose were resorted to. Saxton's 
current-meter wa tried, but proved to be unsuited to measurements in 
a river of uch great depth and violence of current. Only double floats 
wer found to giYe reliable results. The observations were made at 
differ nt distance. from the banks, the boat being anchored considerably 
above the upper line. Many series of floa.ts were thus observed at each 
station, the keg::; pas ing at all depths from the surface nearly to the 

29 

Observations for 
the determina­
tion of the law 
regulating the 
change of ve­
locity from sur­
face to bottom. 
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bottom. Discrepancies being manifest in the results, every care was tnken to avoicl 
causes of error, by changing the order of depth; . ometimes observing a large number 
at the same depth consecutively, and at other times pnssing rapidly from the surface to 
the bottom of the river, observing a single float at each depth. Experiments were thus 
made ~t high and low water at various point. near Carrollton and Baton Rouge. 
When field work was resumed in 1857, a uniform depth of 5 feet below the surface 
was taken for all floats, a few especial observations being however made upon the 
velocity at different depths in the same vertical plane. A full eli cussion of the law of 
change in velocity below the surface will be given in the next division of this chapter. 

PRELIMINARY COMPUTATION OF DISCIIARGE, NEGLECTI G CIIANGES IN VELOCITY DELOW 

TilE SURF A E. 

Mississij pi rrivm-.-A separate plot of each day' velo ity observations was made in 
Method of plot- the following manner : Line were drawn upon section-paper to repre­
ting velocity sen t the section-lines, the ba e-line, and the water edges. The dis­
measurements. tances from the base-line to the points where each float eros eel 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 corre ponding poin ts 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 f:loat 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 di scussion of the analytical relations sh~wn to exist 
between these velocities, it is sufficient to state that the velocity in­

~::t:~ 1o~~~~p- creased gradually and quite uniformly with the distance from the banks 
until the thread of the current wa reached. Conceiving the cross­

section of the river to be divided by a syst m of vertical line 200 ~ et apart, the velocity 
was found to vary but slightly throughout the pace limited by these vertical lines, 
except in the immediate vicinity of the bank ·. Th fir t step, therefore, was to divide 
the daily v locity plots by parallel line· 200 ft et apart, the first being th base-line, and 
to take a mean of the seconds of tran it of all floats in each r these divisions, so called. 
~rhe corresponding velocity, taken from a table con. tructed for the purpose, wa.· con­
sidered to be the mean velocity of the division-ab. olute for the ob ervations of 18ol, 
and relative for those of 1 58. For the shore divisions, unle ·s the iloat · happened 
to be well distributed through them, the mean velocity was n. sumed to be ight-tenths 
of that at the outer dge, a rule deduced from a ubdivision and study of the velocity, 
when thoroughly measured in these division . . 

To. guard against errors, the clay's work wa. next plott d in a curve, whose ordinates 

Method of check­
ing ; and, when 
necessary, of 
interpolating. 

were the mean velocities of th diffi rent divi::;ions, and whose abscissro 
were the eli. tanc s of th ir middl point from the ba -line. When 
ob ·ervations on any day w r wanting in a clivi ·ion, thes curves 
afford cl the be t possible mean. ~ r interpolation. ·when observa,tions 

in s veral divisions were wanting, the following plan wa~ adopted : A simple insp ction 
of the daily curves showed a change in form correspondin o· to a change in mean v locity 



ME'l'HOD OF GAUGING THE MISSISSIPPI. 227 

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 this mean velocity. The complete or nearly complete daily observations were 
therefore computed, and the mean velocity of the river determined in the manner soon 
to be detailed. The daily curves were then grouped 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 divisions interpolated from a com­
parison with the form of the mean curve of corresponding stage. These mean curves 
also served to correct errors in the work of 1851, arising from a deficiency 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 the following table:-

----

I Moan division velocity in feet per second for-

T,ocnlity . Dirision. Gra.nd mcnn. 
v= 1.72!l9 v =2.5230 v = 3.4930 V=4.4539 v = 5.6767 v = 6.1 399 

v= 4.0026 

---- ------------------- ------------
Carrollt on .. I 

I 
1.27U 1.9800 2.8738 3.6Glil 4.6071 5.0522 3.2417 

" II 1.8.51)-i 2.7908 3. H 19 4.71358 5.!l87B G.5122 ems 
" rrr 1. 0068 2 8 1 8:~ 3.0652 5 . 0~ 75 6.2824 6. 7644 4.4641 

" lV 

I 
l.Q05:2 2.7-tG7 3.<J076 5.000-i G. 18 l0 6.7178 4.4098 

,, v J. 8G48 2.6GOO 3. 797] 4. 8~19 6.011 ,1 !l. 4800 4.2742 

" VI ] . 7988 2.5225 3.G567 4.6775 5.8586 6.3356 4. 141 6 

" vrr l.il08 2..!375 3.4~86 4.42-(2 5.G395 6 .0900 3.%8-1 

" VIII 

I 
1.5760 2. 3:l33 3.1 533 4.098() 5.41G2 5.()022 3.H50 

" IX 1.42Jj 2.0883 2.8552 3. 7619 5. 1586 5.6322 3.48G8 

" X 1.2468 1.8717 2 4671 3.323!) 4. 7:252. 5.3756 3 .1 68-i 

" xr l 
0.9016 1.5058 l. <JIJ52 2.6808 4.1 6\35 4.4344 2. 6:296 

" XII 0.77 80 ].1 825 1.5\357 2.1175 ~.2495 3.6133 2.0894 

The data for Natchez are presented in the following table, . and for Columbus and 
Vicksburg in those on pages 240 and 242. 

Locnlity, 
~Jean vclocily, in feet par second, fi ve feet below the surface, in divisions-

Nn1chcz. I 
rv I v n vn inn :vi \XV ll J II J1l JX X XI XII XIII XIV XV XYill XI X XX XXl XXH 

----------
:li dn:ys'obser-} 0 3.53 4. 7:! ~~ -=-:::: ~ ~I~-"~ 4.32 4.09 3.90 3.64 3.32 1. ()3 

<!.•)I I<!. II v. I . I 

1 
... 0~ 4.40 4.46 4.46 4.4 1 -1. 34 4.36 4.201 4.18 

vnt1on s ...... 
1 

1 

Approximate mean veloc ity of r iver .... . . .... .... . .. . . ..... .. .. . .. . . 4.2\362 feet. 

In the tables in App ndi x: D, the mean velocity of every division for all discharge 
measurement. made upon the Survey is given; " old style" figures being Method of 
employed to distingui h interpolations from observations. Unless stated c?mputing the 
to the contrary, the width of the divisions is uniformly 200 feet. It is dlscharge. 
evjdent th at, if the areas of all the divi sions were equal, the discharge would be the pro­
duct of the total area of eros. -section by the mean of the velocities of all the divisions. 
This is, however, never the cas for natural channels. Neither is the ratio of these areas 
con tant for the different stages of the river. The only accurate method of computation, 
therefore, is to multiply each division area by its velocity, and take the sum of the 
products for the di charge. This sum, divided by the total area of cross-section, is the 
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approximate mean velocity of the river. Thi s method, ftlthough very laboriou i:i, ·wai:i 
ftdopted for this Survey. A~ already intimated, a mean of the low-water areas on all 
the plots of both linei:i of soundings was taken for the true low-water area of each divi­
sion. For the shore divisions, the areas at the other stages of the river were computed 
in the same way, hut for · the intermediate divisions, since they were all 200 feet in 
width, an addition to the low-water area of 200 x 0.1 = 20 square feet was made for 
each tenth of foot of rise in the river. 

To simpli fy the computation, talJles were prepared giving the velocity and its loga­
rithm for all observed ·econds of transit pas t 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 tftbles for any day 'rvas 
the logarithm of the discharge of the divii:i ion in cubic fee t per second , and the sum of 
these discharges for all the divisions was the total discharge of the river. When floats 
were observed at ail depths, as at Carrollton in 1851, thi. di. charge is as absolutely 
correct as can be deduced from the observfttions. ·when· the fio:tts were aU at a fixed 
depth below the surface, as in the observations of 183 7-58, this eli ·charg is only 
approximate, and is to be multiplied by the ratio of the velocity at thi s depth to the 
mean of the whole vertical curve. In the latter ca e it is named "npproximate dis 
charge" in the tables. The method of deducing the ratio for correction will receive a 
full discussion in the next division of this chc pter. 

The method above detailed was used in computing all discharg s of the Mississippi 
river, except those near Red river, on March 12 and 19, 1851. On 

?:~hi~x~~1~::,s these days,- as only a few Uoats were observed, and as the curve of 
velocity in the different division was not ·ufficiently dete_rmin d. for 

accurate interpolation, it was thought better to assume th at the discharge bore the 
same ratio to that on other days wh n it was accurately measured, as the mean velo­
city of all the floats ob rved bore to the mean of Hoat · pa . ·ing over the same paths on 
those other days. 

T1·ibnta1·ies.-The labor which it exacts prevented the adoption of the partial-area 
More simple me- system of computation for the tributari i:l and bayous. It was con­
thod of comput- sidered . uffici ntly accurate for tho e , treams to dedu a di s harg , 
ing the dis- called "approximate di char()' " in the tables, by multiplying th area of charge adopted 
for tributary cro s-section by the m an of the velocitie of all the divisions, the 1loats 
streams. in each divi .- ion being plotted and grouped as described for th e Mis ' is-
sippi itself. To correct the re nlt for the errors ari ·ing from differen e in the area of 
different clivi ions and from change of v locity below the surface, this approxim ate dis­
charge was multiplied by a ratio obtain d by divid.in O' the true m an velocity of the 
Mississippi by the c rresponding m an velocity 5 feet b low the urfa e. The follow­
ing table exhibits these ratios for olumbu , Vicksburg, and N atcbez :-
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'rind down stream. Calm. '\Vind up stream. 

Locality. 

~-
No. of days V 
observed. Hn.tio U _ · 

No. of days V 
observed. Hatio U- . No. of da.ys 

observed. 

I v 
Hntio -- · 

u" 

Columbus............ .. . .. .... .. ......... 64 
Vicksburg ........ .. .... .. ................ 42 
Natchez .................... .. ...... ...... 12 

Mean ................................. j 

0 

] .06.Jl 
1.0174 
1.0547 

1.0454 

24 
88 

5 

5 

] .0735 
1.0.11 !\ 
l.Oi:i43 

1.0598 

100 
80 
10 

1.1140 
1.0522 
1.0022 

1.08()4 

The three mean ratios were a,dopted for computing the discharge of all the tribu­
ta,ries and bEtyous except that of bayou Pbquemine and ba,you La Fourche, where, as a, 
very exact determination was required, the p:wtial-area system was used; the sum of 
the approximate di scharges of all the divisions being multiplied by a ratio ·between the 
velocity at the observed depth and the mean velocity of the whole vertical curve, 
deduced from especial observations upon the bayous themselves. 

The change of velocity below the surface is a subject to be discussed, in order to 
explain the manner of deducing the ratios used in computing the 
revised discharges of the Mississippi, when aJl the observations were 
made at a £xed depth. For convenience it will be treated in an 
independent division of this chapter. 

VELOCITY IN DIFFERENT PARTS OF THE CROSS-SECTION. 

An important 
digression riow 
necessary. 

Before entering into this somewhat long and intricate discussion, the general prin­
cir)le upon which it has been conducted \vill be enunciated. 'rhe pr.e- N o theorizing 
ceding chapter shows that two radically different methods have been admissible in in-
heretofore used in such investigations. Some writers, adopting a sys- vestigating the 

laws governing 
tem of laws based upon theoretical inferences, have proceeded to deduce the action of 
corresponding formuh:e. Others, of whom Michelotte and Dubuat are cohesion. 

the chief, have limited their: endeavors to generalizing by their formuh:e the truths 
revealed by their observations. The latter method has been exclusively followed in 
this investigation of the true ratio between the velocity 5 feet below the surface in 
any vertical plane parallel to the current and the mean of all the velocities in this 
plane. New bw of great practical value have been developed, some theoretical use of 
which will be made in the next chapter, but here theories are only admitted when 
established by observations. 

The list on pages 200, 201 and 202, which explains in full the rather peculiar 
system of notation rendered necessary by the unusual number of quan- 1 . t f b 1 . . d 1s o sym o s. 
tities to be considered, should be carefully examme . · 

Yelodty below the swfac'e.-As already stated, very elaborate series of observations, 
to determine the law governing the change of velocity from surface to 
bottom, were conducted in 1851 at Carrollton (plate III) and Baton 
Rouge, from boats anchored at different distances from the banks, 
besides many isohtted experiments while observing for discharge. 'ro 
counteract, as far as possible, :my effect of change in velocity during 

Care taken to 
avoid sources of 
error in conduct­
ing the field 
work. 

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 bot-
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tom or bottom to surface. Sometimes many observations were made consecutively at 
each depth. Sometimes floats were started near the surface and nen,r the bottom, and the 
distances from these pla.nes were successively increa eel until the mid-depth was reached. 
In fine, every eifort 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 ame paths when starting from a 
Classification fixed station, and are, consequently, unafiected by the chn,nge in vela-
and primary city due to difference in distance from the bn,nks, the principle was 
combination of adopted of depending entirely upon the elaborated se ts of obse rvation~ 
observations. 

from anehored boats. All the observations of each set being thus con-
fined to nearly the same vertical plane, one great cause of error was practically elimi­
nated. From the position of the boat, found by triangulation, the recorded gauge­
reading, and the . known depths of the diiferent 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 tran. it past the bn.se-line, and a mean 
taken of all the observations a.t ea.ch depth for the true velocity at that depth. 'fhe 
curves resulting from al)plying this proce to all the different sets of observations were 
neA.i: plotted upon .. ection-paper on a large scale, the depths of the float. forming the 
ordinates, and their velocities the corresponding abscissm. A general difference of 
form in the curve at high and at low stages of the river was manifest, although irregu­
larities were sufficiently apparent, as may be seen by reference to the following tables. 
It wa.s evident that some combination of curves was necessary to reconcile discrepancies 
of observations. 

The first method adopted was to combine a.ll curves of ob. ervation where neither 
the depth of water nor the velocity of the ri ver varied materially . This was done 
by taking a mean of the velocities of all the floats at each depth, ach set of observa­
tions thus receiving a weight proportioned to its number of ob. ervation at each point. 
When observations were wanting at any depth, careful interpolations were made from 
the plotted curve. 'rho resulting mean curves are exhibited on plate XI, figures 1, 3, 
10, 2, 4, 9, the numbers being shown in the following table· :-

Sub-su1jace velocity obse1·vatiorts at high stages of the 1·iver, the wal r being about 110 f eet deep. 

1 
Mi>nn · J · ·§ I clocity in feet pt: r ii cond nt variom1 llcpths below watC' r surfllco. 
' 1 ·.t i" ~-- ~ --

D t \ ve OC I y 'Vt'tl li. - · ~ -----;----:-·--Stati on nt Carrollton . a e. ~ of th e = .o ..C "':: g 
1 

-- --

;; 1 rircr. .~ ~ g . ~ ~ ~urf:u:c. ~~ f.ttlt. 1 fatb. ,3 fllth . 0 fnth. 9 fath. f12 fath. Ia fntlt. li fnll1. 

1851. J/i':/. 1 Fetl~---::. ~~ ;.-;= --, ---~--~----~------
Prime bnso ......... )far. R 13. i 5.H 1 (i 1 Down 2 ;j.jf) 11 0 1 fl . GGGii 6. 6666 6. 6666 6. 6666 I) 11Giili IU.'i Iii fl. 2001) 5.88:.!3 5· 263 r 

" " ......... M ay 21; !l.4 f8.8 1iii Up !.l .J:lO 110 :.! :UJ:.! I i) -1 ;!.).):l -l.llilili 1. :.!5;):l.J.:l 178 -1. 3 178 -l .:/.)!i:l 4.o8 r6 3.846 r 
" " ......... " 2H I 9.4 8.8 15. 7 JUp 2 !J:.!il IHJ I :.! :1.(;:3~i:l :l ~O~i :l ~~:t .~ :l . -l u.l :1. ' ! ~>~ :1.~ 1 ~ 1. :l.~i:l? f :l.~l~:li :J· ~~H~ 
" " .. ....... " 27 9.4 3. 770:l 0 100() 110110 :l.6fl,l:l3. 1-l·>l> ·l.,._,:!IJ .I.H!J I.l3H·>·ll ,J., I·>h3!iiO,l ,,l.UI,,J3,l.1-.j(, 
" " ......... " 28 0.5

1

3.80 19 0 350 1101 (l .J .!Ji':J.j .J.IHiili-1 .1-l!lU 1.1) Iii I. IJI\.):l .J .2.'ili::l 4 . 1 ~ · 11 3.75:!1) 3. 4482 
rtnce-courso bo.sc .. Juno 3 10.1l ,1.1 580 Up 2 4:31) 10.) 2 4.<1 -11}0 -1. :3.)1111 /·l.i'l iiHI -I .i'liiH) .J.71i00 -l. ii.')()O .1, 1).200 <l. li~OO 4·44° 0 

" " " 3110.G I'I.l 580 Up 2 H.J01J05
1

2 1. ;1.')110 1. 561111 1.7li11111.J.ilillll li i·'>IJO ·I. ;,.) IH! I ;1 .,00 -l.liOO 1.0000 
Locks b11se . ........ " 4 10.7 3.!i-120 IUp 3 !Hill IOii 2 :J.i'II001:l.!l:!OI) I I.OOIII! :!.7/111) :l.HiiOO 3.7700 :1.7000 :l.f>700 :l.GIOO 
Pl'im o base...... ... " Gfl0.7 -1.0();{:2 p 3 :300 110 j n ·1. 51Wii ·I. IJfilili -l. ·l:! .il -1. 5H77 1-1. 80-IH( i l i(j 1. 5 1 5 ~ ~-1. -1 -114 4. 1666 

" " ......... " 11 ,10.8 4.2iiO::l ) p 1 300 110 l fl -1.:!7 :! ' ;l,!).):.!!l ~ ]/.).) 1.11-1 1 ~ .1:1 11 1. 00 2 :1.80:2:> 3.6298 3.5087 
'' " ......... " 12 11 .0 4. 307!1 Downl 000 11 0 lli ~ .:l!lfi 1 ,-l.illi7J l l. 3!11i l -1. -1 -Hl J .. i l5 1 I..Jil i 1.4 :l l7f'1. 3!lli-14. 4ll4(i 
" " . ........ " :2.i 11. 11 4.:.!::143 fUP 2 :200 11 0 2 ·l. lflllil+.o8 r6 10000~.25.->!l .J.:l .i .:> :J 4.2.'ili :l-J.I IHili -l. ll8 1 1i -1. 0000 
" " .. .. .. ... " 25 ll. U ·1. 23~ ~ Up :l 800 11 0 :2 .J. ().J,i l +·5+S4 -1 .5 1;14 4. ii 15 1 ii.OilOO I.(';Gll ;) .128~ :i.OOOO ·I. G:i JI 

'l'rno mean....... ·l.l 21GJUp 0.8 ~ J:t.:!u f:3'W:i J. 27-15 :l.J580 4.o0-8 :l. 0-18 1 



METHOD OF G.AUGING THE MISSISSIPPI. 231 

Sub-sU?jace 'Uelocity obse1·vations at high stages of the 1·ive?·, the wate1· being about 70 f eet deep . 

.,_; 

Men n d tli .:: Velocity in ft. por sec. at various depths below water surfnco. ,=> 0 
velocity 000 o"' Station at Carrollton. Dnto. Wind. C)~ 

d of tho ""' ~ ~g •• ~~ " river. "' " " ~~ Surfr~ cc. Y. fath . 1 fnth. 3 fa th. 6 fath . 9 fath. 11 fnth. 

'"' A..:: A 
---- -- --- -- - - --- --- ----- --- --- ----

1851. Ft. Feet. F Pet . Ft. 
Prime bnse .. ...... . .. ............... May 26 9.4 3.8157 Up 2 1400 65 2 3.1250 3.076!) 3.174 0 3.2780 3.4482 3 3333 3· 2239 

" " I " 29 9.7 3.89 1. 3 0 l CiOO 65 8 2.8902 2. 9155 3.0\16 1 3. 0530 3. 1300 3.1448,3.1 548 .................... .. ..... 
Rt\Ce-course base .. ......... ........ . June 3 10.0 4.1580 Up 2 13(il) 70 2 4.4 400 ,4.5500 4.G500 4.4400 4.0800 4.0000 3.8500 
Locks bnse ......... .... .............. " 4 10.7 3.6-!:W Up 3 1700 70 2 3.8600 4.G511 4.3500 4.2GOO 4.3500 4. 3500 4.1700 

" " " 4 10.7 3.G420 Up 3 2070 70 2 4. 3500\4.5500 -L G500 4.5500 4.5500 4.1 700 3.8500 .................... .. ... .. 
Prime buse ........................... " 9 10. 8 4.1271 Down 1 I7:w 05 8 3. 2028 3.4724 3. 6430 3. 7107 3. 7037 3.5580 ::!.4724 

" " " 13 11.1 4. 3773 Down 1 1620 65 l(j 3.5338 3.4845 3.6700 3.0303 3.7316 3.5G5 1 3.4845 ..... ············ ·· ······· 3.846113.8461 3.9215 
" " " 26 11. 6 4.3051 0 1500 65 2 4.0816 4.0816 4.0816 3.8461 ···· ············· ······ ···· --- ~ - -- --- ~-- ---

Tru e mean ......................... 4.1279 Down 0.1 3.5503 3.6551 3.6999 3.5843 3.4917 

Sttb-sU1jace 'Uelocity observations at high stages of the 1·ive1·, the wate1· being about 55 f eet deep. 

Mean d ~·§ Yel. in ft . per sec. at vn rious depths beJ. water surface. 

Stnlion at Carrollton. Date. Y!'10Cily Wind. 8~ o -
,; of tllb """ .s ~.c .. 0~ ,; g " river. "' ~! Surface. ),ffllth . 1 fath. 3 frttll. 5 fnth. 6 fl\th . "' A '"' p,.;; 

" --- -- --- - - - --- --- --- --- --- ---
1851. Ft. F eet. Feet. Ft. 

Race-course bnse .. ................. ....... .. Juno 3 10.6 4. 1680 Up 2 1070 50 2 3.0215 3.G303 3.84G1 3 7062 3.6363 ~:846 1 
Prime bu~e .................................... " 9 10.8 4.1271 Down 1 1900 55 8 2. 9631 2.8290 8944 3.0629 3. 1696 2.9895 

' 0 1850 Hi 2.fi774 2. 1811 2.0213 2.5642 2.G110 2.G042 " --" " ·························· ······ ·· ·· H 11.2 4.4240 vv 
" " " ...... .. ........... ... .... ... ... ... .. 

''!"·" 
4.3051 0 1900 55 2 3.1250 3. 1250 3· I 746 3.1746 3.2786 2.0850 
--- - --~ --- ---

True rnenn ............... .............. .. ... 4.3117 Down 0.1 2.7623 2.8263 2 8311 2.8!165 2.8152 

Sub--stt?jace 'Uelocity observations at low stages of the 1·iver, the wate1· being about 100 feet deep . 

Stntion 
nt Dnte. 

Carrollton. 

1851. 
Primo bnsc.... Sept. :!-1 

" 25 
Oct.l3 
·' H 

Nov. 20 

Truo mean. 

..; 

:\fean c ~ 1 2·3 Velocity in feet per second nt various depths below water snrfn.co. 

<:> YCl. of \Vind . gi ~: --.....,-------;---;---:---,----,--.,---,---.,-----;---;---,--.....,-----,--w the c:: ... '5 o o 
~ rinr. ~ e fr j>: Sur- 1 fl\- 2 fa- 3 fa- ·I fa- I 5 fa- \ G f:\- 7 fa- I 8 f:t- I 9 f it- lOft\- 11 fn- 12 ffl - 13 fa.- 14 fn-
0 ----- __::__ ~~~ face . thorn. thoms thoms thoms

1 
tho~ ~ thoms thoms \ thoms ~ thom'iJ ~oms thoms ~ thoma 

Ft. H Pt. I Ft. Pt. , I J.S 1.!1~:!< Down2 n ; 100 4 2.2222 2.2297 2.1575 2.1 ~5!1 2.021).1 2.0513 2.0-171 2.0081 1.92SG 1.oqs1 l.n139 1 .9120 1.8-11 6 1.8656 1.8-167 
u 1.90 15 •· 2 ooo 100 4 2.2l22 2.2%2 ~.3753 2.:1qon 2.3800 2.3202 2.2753 2.2002 2.2-1-17 2.2:.112 2. 212~ u n o 2.1276 2.1 oH 2.1299 
1.1 l.fo5i7 '· 3 -100 100 4 U-122 1.37 -IU 1 .3~0 I L\513 1.3495 1.31-1011.3227 1.33151 \.:JO:!I) U 157 1 .3012 1.2886 1.2970 1.248+ 1.2000 
1 .0 1.r,r,52 " 3 <,;;o 100 4 2.127f• 2.1231 ~.'.123 1 2.111n 2.1119 2.oo1;; 2.0-&il 2.o-108

1

2.0305

1

2.oooo z.oozo 2.o6-to 2.oooo 1.9-&17 1 .8518 
0.9,1.597(> _"_3_1300 I 95

1 

l. 518 1.7437 ~~ 1.9:1;)~ 1.88~o l.8-150 \ r. S66~ 1.8885 1.8.(8.(1.8083 ~ 1.6806 J.58J2 1.4858 1.3614 

1.72.;9 " 2.7 1 I 1.9362 1.91 5 1.943!> 1.9727 1.939-1 1.0002 1.0043 1.8929,1. 672 1.8596 1.82-17 1.7990 1.7388 l.68Ul 1.6300 

Sub--sU?jace velocity ob e1·vations at low stages of the ?ive?·, the wate1· being about 80 f eet deep. 

Stn.tion. 

I 

I ~l ean 
Date. :. vel. of 'Vind. the 

~ riYor. c I 

q): 
~~ 

"" .i i§ A A.!: 

~ 
~l 

~~ za Sur· 
fuco. 

Velocity in foot per second nt various depths below wnter surfa.eo . 

I fn- 2 fn- 3 fa- j ·t fn- 5 fn- U f<\· 7 fn- 8 fn- 9 fa- 10 ftl - II fa- 12 ftt­
thom. thoms thoms thoms thorns thoms thoms thoms thoms thoms thoms thorns 

1---------,-----------~--------
J 51. Ft. Ft. Ft . Ft . 

Cm·rollton-primo bnsc ...... Ocl. 15 11.0 1.6610 Down 2 1250 ~0 -1 1.9357 1.0590 1.93-l2 1.90 9 1.8707 1.8628 1.8961 1.8961 1.8311 1.8281 1.772G 1.7178 1 .5850 

Baton Rouge-1owerbnsc... ' · 30 4.9 2.1603 0 1100 75 2.7200 2.7500 2.7200 2.6991 2.6585 2.6179 2.56o5 2.5032 qS¢ 2.I661 2.4221 2.3781 2.1930 

True mcun .... ........ ... ... . 

" 31 -18
1
2.2377 0 11550 

1 12.0914 Do\\·n o .. 
1 

2.JOOO 2.3300 2.JOOO 2.2805 1.2792 2.2779 2.2295 2.1811 2. 1716 2.1622 2:ll 74 2.0726 12.0597 
-- -- -- -- -- -- -- -- -- -- -- -- --
2.3951 2A239 2.3991 2.3738 2.3-192 2.313-l 2.2952 2.2530 2.2287 2.2170 2.1703 2.12-10 2.0181 

Baton R ottge-1ow r base.-. 
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8ub-swface velocity observations at low stages of the 1·iu 1·, the ~cater being about GO f eel dl'ep. 

I MeJ d I I ~1 Y clocity in fuet. per second nt vn rions dupt.hs be low water su rface. 

D nto. ~ ' '01· of " 't nd = .:3 ..: 1.:..: 

~ I r ~~1:1 ! ~ S ~ I ~ 5 - - - -- -
=' ' - t; c:,. ~..:. Sn r- I fa- 2 fa- 3 f1t- I fn- !i f•1- G f11 - 1 7 f1t- 1 H fn.- 9 fa-

tllt ion. 

t.:> I "' ~ I ~ c: f.t ~:c . t.htJ!Il thom:t tl wmrJ thvnHI th lil n ~ th tJi ll i t.hoti\S th ow s th oms. 

~ J.'t.--;;; -~ Fl. ~~~ -~- -~-- -- -~-~-~-- -
rtm·olllon-plime u"se . ... .... .... .... Sc pt.~G 1.0 L'-S3! 0 1500 55 4 ~-1il 0 2. t ;,oo 1 ~ . J :;; ;; 2 lli OI2.1 835 2 13li~ 2.1 0i i 2.0:>:ll l 9GG:,) 

Can ol/ton-pi imc b1HC. .. .. ...... .. .... " 20 11.511.883!! 0 11800 55 4 1 939b 1.906.'>11.80'!-l l.i i 16 1 7: 31 1.609 I l.G-188
1
1.5f>U8 J.5J08 1. 5662 

a rrrolllon-J!rim e IJ"sc .................. Oct.l5 1.0 J.f,QJO Down 2 ! GOO 5;; 4 l_ r,,oo LGSIU l.GiO~ l llJ\Ii 1.0 13 1 1.5i 8GI 1 5209 1!4030 1405 1 

Balon R ouge-upper· base............... " 30 4.0

1

2.46641 o 120;;0 G5 i' UO% '·~,. 1 ,, ~ '·"'' '·"" '·"" '·'~' : '·'"" U.W '""' 

Ba~on R•JUge-!owcr base .. .. ...... .. ... " 30 -1.0 ~.1 003 Down 1 600 00 8 2.03 2.06i4 2-920512.8737 2.7792 2.68-17 2.f:Jf:ix) ~.649 1 z.ss6• 2AG.11 

B <tlO» R ouge- iOII"O r bnse .. ............ . " 31 4;R 2A UG-I __ o 1900 55 8 2.2051 =~ 2-JH S 2.3053 2.JS8o 2 .34i -1 1 2 .2~6JI1 2 .1 1"1 0 2.oS J7 "2.05~ 
'l'ruc m ean ........ .. . = --=--· _ !:!.12% ])owu OA 2_3g04 2.30 1 0 : 2 .3S~i 1 2 . 3004 2.3404 2.2\120 2.24:1 1 2.1. SS 2.1 370 ~-0028 

These curves :tt once indic:tte th e exi tence of law, :tlthough the d i crepn.ncies arc 
too grea.t to permit the deduction of a.ny algebra.ic expression for it. It 

General results. 
is evjdent, however, tha.t the velocity differs very li ttle at different 

depths ; that it at first increases and then decreases as the dep th is in ' reru:;cd; that the 
point of maximum velocity is found at a very variable depth below th e surface ; a.nd 
that the degree of curvature of the curve varies with the stage of the river. 

It is manifest that some further combination is nece sa. ry in order to eliminate the 

Further combi­
nation of curves 
by proportional 
depths neces­
sary. 

effect of disturbing causes. Since the a.bsolu te depths differ, this ca.n 
only be done by combinin·g the velocities at proportiona.l depths, leav­
ing the correctness of this principle of combination to be eventually 
t ested by the application to each inuividual curve of the law thus 
deduced. ':rhe method adopted fo r thi s combination was to plot the 

mean curves on a.. cale so di storted th:tt thousandth of a foo t of velocity were r adily 
distingui hed. The entire dep th was t hen divided into ten qu:tl p:tr ts. Ilori:t.ontal 
lines were dra.wn and th velociti es at their points of cut ting the curves noted. 'fhese 
numbers were th e mo:t correct interpoln.tions tha.t could be made for the velocity at 
each tenth of depth, and they wer next combined in th mtio of the number of ob. er­
vation at ach point of the original curves of ob. rv:ttion . Tile point inclosed by 
circles in fi gure 16, pbte X I, exhi bit the m an poiut · thus determined, the gra.nd 
mean of all t he observ:ttions from anch red boa.t . They are plotted from the fir t 
column of the next table. Each point is fi xed by 222 obser vation. ; nongh, as the 
resul t proves, to eliminat irregulariti s :tnd to reveal the bw govoming the transmis­
sion of re. i tances through the Suid. 

The curve formed by connecting th e point· is evi d ntly symmetri cal, h:tving a 

Algebraic analy­
sis of resulting 
grand-mean 
curve. 

horizontal nxi · who. depth below the , urfaco is about thre -tenths of 
the tot:tl depth of t he river. The peculi ar form ugO'es ts thrLt it may 
be one of the conic ection. . To d cide which on it must be, if either 
of th m, th gen ml equation of these cu rves i us urn d referred to 

re tangu lar co-ord ina te axe , the origin b in cr at the vertex and the axis of X being 
the :tx:is of the urve."' 'rhe curve can b passed thron()·h any two points, y, x, :tnd 
V" x"' by as igning tho following :tlues to B2 and 2 P, IZ.:-

* ~1 ' = Rl x' -f 2 P .r. 
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R2- Yll2 x,- XII Y/. 
- x,/ x,- x/ x11 

2 R 2 ,, 2 p = y,- .X/. 
x, 
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By a wel1-known law of the conic secti.onfl, when R2 = 0, the curve 1s a parn,boht; 
when R2 < 0, an ellipse; when R2 > 0, an hyperbola. If, then, the known point of the 
curve most distant from the axis be a,ssumed for x, Vn n.nd the intermediate points suc­
cessively for X 11 '!Jm the corresponding vn.lues of R2 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 actua,l observations, it is not 
to be expected that R2 shall become absolutely zero, even if the law be parabolic, 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 application of this process 
to the curve in question. The values of X 11 represent the differences between the 
maximum velocity (3.2611) and that at the depth considered. The values of '!)11 

denote the distances from the axis (assumed at 0.3 of the depth below the surface) of 
the given points; the entire depth being considered unity.* The values of x, y, corre­
spond to a depth of 0.9 D, viz., :x~, = 0.2852; y, = 0.6. 'rhe values of R2 in the fourth 
column o this table prove conclusively that, if the cmve which reveals the htw of 
transmission of resistances through the flLlid be either of the conic sections, it must be 
considered a parabola; for the term R2 x2 varies in sign, and has, uniformly, too small a 
numerical value to be of any importance. Whether 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 eqmttion 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-

X 11 - X 1 0 
X = -2 -- V" + X, • 

Y11 

The n,xis of the curve of observations is approximately constructed, and assumed n,s 
the axis of X. It cuts the curve at the point x, 0, and thus fixes the value of Xr The 
known point mo. t distant from the axis of X is assumed for the point xll '!111· 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 ob ervations, the difference 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 a a correction to the arbitrary constant and to each computed value of 
x; 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 

* This peculiar unit of depth was adopted for convenience, since it abr idges the labor of computation. 'l'he final 
formnl ::c, in which depths arc expressed in feet below the surl',tcc, arc arranged to adjust themselves to this unit with­

out a change of constan t . 
30 
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pn.rabola is now plotted on the same scale as the curve of observations. When a copy on 
semi-transparent tracing-paper is placed upon the curve of observations, the eye n.t once 
detects if a closer approximation can be made by slightly changing the depth of the 
axis, or the position of the point x" Yw After n. little experience it is seldom necessary 
to make more than one or two trials. By this process, the following equation was 
deduced for the parabola corresponding to the grand-mean curve of observations:-

V =- 0.79 222 d} + 3.2611, 
in which V, taking the place of x, is the velocity in feet, and d"' 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 exhibit the comparison between the observations 
and t he parabola. 

Depth of fiont R• Velocity by Velocity by 

below surfncc. X II Yu obsernll ion. abovo Diffe rence. ll cmnrk a. 
equation. 

Feet. Feet. Ji'eer. 
Smf11ce ... . . . O.OGG l + 0.8 -0.45 3.1050 3.1 !)01 + 0.0049 Grand mean of n.Jl obsor·vn.ti ons tnkcn 
O.J D ...... ... 0.031~ + O.:l - 0.08 3.2:1()0 3.22!l3 + 0.0006 fr om nnchor od boals, combincu in m li o 
0.2 D .. ....... 0.007!) + 0.1 - 0.01 3.2532 3.2525 + 0.0007 of number of obscrv ttlion8 at each de-
0.3 D ... .. . . .. 0.0000 0.0 - - 3.2()11 3.2GOO + 0.0011 lcrmin ed point. T.hey were taken nt 
0.4 D ... ...... 0.0005 -0.1 + 0.73 3.2516 3.2525 -0.000\l Cnrrollton and 13uton Rouge in 1851. 
0.5 D ... ... ... 0.0329 -0.2 + 0.18 8.2282 3.227-! + 0.0008 Each point i8 fi xeu by 222 obaerva-
O.G D ....... .. O.Oil04 -0.3 + 0.70 3.1807 3.1 873 -O.OOGu li ons. i\J en.n mn ximum volocir y, which 
0.7 D .... ..... 0. 13.15 - 0.4 + 0.4 3.1 :2GG 3.1313 - 0.004i is 0.207 D below the surface, i s 3.2Gll. 
0.8 D ... ... .. . 0.2017 - 0.5 + 027 8.05!).1 3 1)596 - 0.000:! feet. Mel\n depth is 82 feot. i\I en.u 
0.9 D .... .. ... 2. ()750 2. 9710 + 0.0040 wind is down force 0.2 . Mean velocity 
Bollom ...... 2.86 .) of river is 3. 3814 feet per second . 

Sum of comm on point s ....... .. ...... .. .. .... .. 31.7616 31. 7tj]!) 

I 
0.0245 

i\I can of common poin ts .. .. .... ..... ........... 3.1 i G:l 3.1762 0.0024 

It proves to be a 
parabola whose 
axis is parallel 
to and below the 
water surface. 

The two curves, repre ented by figure 16, pln.te XI, almo t coincide, 
and it is ther fore cln.im d that exp rim n t demon. trates that the velocities 
at d~ffen?d d p ths below the swfu ·e, in a 1: rtical plane, vary as the abscis re 
of a pambola, whose ax is is the a;.ci of X and parallel to th wate1· su?·­

face j also that the axis of the curv may be onsiderably b low t.he surface. 
The next step in the investigation wa to determine wheth r th parabola retained 

A further analy- an unchanging param ter and a uniform po ition of axi . . To solve 
sis of the data the e ques tions, a s parate combination of all high-water and alllow-wat r 
shows that the curves, reduced to tenths of d pth, was mad , each curve having a 
parameter and 
depth of axis weight proportional to its number of ob ervation at each point. Figures 
both vary. 15 and 14, plate XI, exhibit the two resulting curves. The m an high-
water curv (the men.n of all observations made at high stn.ge of the river) is vid ntly 
parabolic in form, with the axis horizontal and about 0.350 of th d pth b low the 
surface. The mean low-wat r curve exhil its o-reatcr irregularities, but is till parabolic, 
with its axis about 0.150 of the depth below the surfa e. By further subdivision of the 
data, other mean curves were obtnined, corr ponding to in t rmediat tage , but the 
number of observations at each point wa ·o limit d that th rrors of ob rvation on­
cealed the di 'tinctiv form of the curv . Thi · wa to be xpect d, sine , in experi­
ments of uch delicacy, these error. an onl b eliminated by th mutual oblit ration 
resulting from a combination of many ob r ation . By the proc ss alr ady d tailed, 
the equations of parabolas which hould oincid a. n arly a pos ible with the e high 
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water and low-water mean curves of observations, were deduced. The parameter (the 
constant which fi xe. the degree of curvature of the parabola) was found to vary mate­
rially in the high-water, the low-water, and the grand-mean curves. The position of 
the axis, as already seen, was also different in each of these curves. 

The practical importance of this inves tigation, in dedU:cing the absolute daily dis­
charge of the river at Columbus, Vicksburg, and other places, rendered imperatively 
necessary a study of the laws by which these quantities varied, although the subject 
was rather unpromi ing in appearance. 

Neglecting for the t ime the position of the axis, the law of change in the parameter 
(and, consequently, in the form of the curve) was first investigated. 'l'o . . 
this end a new curve had to be determined, which should exhibit the tihnvelstlgatlon of . . . e aw govern-
law of change m the parameter. The data, as already seen, consisted mgthe change in 
of the parameters of the grand mean, of the high-water mean and of the the parameter. 
low-water mean curves; 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. ':rhe 
reciprocals of these quantit ies were taken as the abscissre in the parameter curve. The 
first question which arose was, what are the corresponding ordinates? that is, with what 
do the reciprocals of the parameters vary ? 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 abscissre of the velocity curves 
themselves or with t he 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 requir s the parameter of the velocity curve to become infinite, which makes its 
reciprocals zero, and thus adds a fourth to the known abscissre of the parameter curve. 

Plotting these four abscissre of the parameter curve with the mean of the abscissre 
of the corresponding velocity curves as ordinates, a laborious but unsuccessful effort was 
made to discover an equation by the curve thus formed, which should reveal any 
reasonable law. The mean velocities of the river were next tried as ordinates for the 
parameter curve, b ing computed by dividing, by the total number of observations at 
each point, the sum of the products of the number of ob ervations at each point upon 
each day by the corresponding mean velocity of the river. It seemed more natural 
that this hould 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 affec ted by any change in the mean velocity of the river . Although 
it became apparent that orne law existed connecting the reciprocals of the four param­
eters and the corre pondino· grand-mean velocities of the river, yet the slight difference 
in the latter quan tities and the somewhat uncertain determination of the parameter of 
the low-water curve rendered the result of the inve tigation unsatisfactory . It was 
found impossible to deduce sufficient proof to establish the existence of any mathe-

matical law. 
Baffied by the curves of sub-surface velocitie themselves, a clue to the law was to 
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The result being 
unsatisfactory, a 
further clue is 
sought in the 
curves of sur­
face velocities. 

REPOR'l' ON THE .MI SISSIPPI RIVER 

be sought for elsewhere. It wn.s reasoned, since the form of th se 
curves depends upon the gcnern1 law of transmission of resistance to 
separation through the fluid , that the arne law must govern the form 
of the curve of velocities from one bank to the other in a horizontal 
plane. Hence the desired clue mio·ht be fouud by a s tudy of the curves 

of surface velocities, which were well dctcrmiucd at all stages of the river, both n.t 
Columbus and at Vicksburg. ~rhis subject, therefore, was examined at this stage of 
the discussion of sub-::mrface velocities. 

Velocities newr the s~t?ja ·e at 'Cm·ious distances from tlw uanks.-In the cries of ob or­
Columbus curves vations at Columbu , Vicksburg, and N atchcz (plate lii), recoi'dcd in 
selected for full detail in Appendix D, the ulliform depth of 5 feet below the 
study. surface was adopted for all float s. At the fir t-n:un d stations many 
observations were taken at every stage of the river at very point between the banks; 
but at Natchez the work was discontinued too 0011 to obtain a full series. At Carroll­
ton, the only other permanent velocity sta.tion, the floats were observed at difiorent 
depths, and were, consequently, variously aflcctcd by the resi stances tran::;mitted from 
the bottom. The use of tho e at the surface or at th same Jepth, would a. (ford few 
observations compared with those a.t Col urn bus and Vicksbnrg, and although the curve 
would not probably be materially aflected by the source of error s tated-since the 
variation in velocity from ba.nk to bank is very great, while that from surface to 
bottom is very small-still, as the Columbus and Vick ·bu 'g series were not liable to that 
objection, they alone were used in tudyin O' th . law of change at different distn,nccs from 
the banks. An inspection of the plotted curves of vclocit ic. near the surface, in the 
different divisions at Columbus, at once showed that the entire urve, from one bank to 
the other, differed but slightly from a parabola; while that at Viele. bnrg was so modi­
fied by change of depth and by direction of the curren t, that it did not, as a whole, 
approximate to any known curve. The a cidcntal re n· ula.rity of th Columbns cnrve 
was a, great advantage in th inv stiO'ation, and it was accordingly selected for tudy. 

In deducing th approximate di ·charge of the riv r, th daily velocities in each 
division of 200 feet in width O'ivcn in Appendix D, had been already 

~~g:rt~i~t!~aly- ca.refully computed, and plott d in curves, who ordinates w r the 
velocitie , and who c ab ci ., m wer th orre•ponding distan s from 

the base-line. These daily curves were first grouped a cording to each ev n foot of the 
approximate m an veloc ity of th e riv r, outained by dividino· th npproximntc di scharge 
by the total area of rosfl-section. Ei o·ht m •an curv s were t hus obtained from the 
year's series of observation.-, every point b ing a mean of many days' observations. 
These curves arc indi cated on fi O'u rc 19, pla te XI, by the point. in lo eel by ircl s. 'J.1he 
law already di cover d to hold belo\V th e . nrfac , that the I ss the n pproximn t m nn 
velocity the fln.tt r the curve, wn · at once appnr nt to th eye in t!J sc .urvcs, while 
their number and regularity promiR d 'uccc. s in deducing an analytical cxprcs!:>ion for 
the la.w of change. Th fil' t st p wa. to d clucc a gr;tnd-mean ·urvc of all th o!J:er­
va.tions, and to det rmine wh th r, as wa hop d, it wa a coni section. 'l'his was 
don by combining the eight m an urv . , iving ach, for simpli ity of ·amputation, 
equal weight ( in c each wa.s vid ntl well c1 tcnnin <1) and th 'n following th ~ pro c. s 
already xpla.incd for deducing th equation of th · ::;ub. surCac v locity nrvcs. ~r .bc 

grand-mean curve was found to diffi r but lightly fr m a parabola who e quation i -
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v5 = 6.6528 - 17.0665 w}, 

in which w" 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 
division 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 followin g table exhibits the com­
parison of the parabola with the curve of observations, a comparison also shown by 
figure 22, plate XI. 

Gmnd-mean su1j ace cu,rve of velocity at Columb~ts. 

Velocity 5 feet below sur fa ce. 

]) iffcrcnco. n emnrks. 

By obserYation. By formula. 

I .. ..... ..... ... .... ... ... .... ...... ..... . . 
1 [ ..... ..... . .. . ... . ... ... ...... ... ....... . .. 

P eel. 
2.8 86o 
~ .l (;()7 

5.2478 
6.3017 
0.11 87 
G.(i•:i59 
6.:2-lc/2 
5.5835 
·Unl 
g . 5 7~ :3 

2 .1 0 74 

Feel. 
2. 8828 
4. :Jl(jcj 
5.4087 
6. ] i"J96 
r. .UI:i !/2 
G.G~74 
6. 3044 
5. 7500 
4. 70-1 3 
3.4\Ji2 
1. 8588 

.Feet. 
+ 0.0032 
- 0. 1467 

Gt"Und mean of 107 days' observa­
tions . 

lli . .. ... .... ........... . .. ..... .. ..... ..... .. 
l V .......... ... .. ... .. . . .. .. .... . .. . .... .... . 

-O.Hi \4 
+ 0.1421 
+ O. J.J.f/5 
+ 0.01 85 
- O. ll 72 

A pproxim at.e mean velocity of 
l"ivcr 5. 3404. feet p er second. 

v ..... .. ... ..... ............... ..... ... .... . 
VI . .. ..... .... .... .... . . ..... ... .. ...... .... . 

VII ........... .. ......... ... ... .... .. ... .. . .. 
VIII . ............. . ......... .. ... .... ........ .. 

l X . .. ..... .... .... .. ........ .... .. .. .. .. ... .. ! 
x ... .... .. ..... ... .. .. ....... ... .. ........ .. 

XI ... .. ..... .. .. ............ .. .. . ... ....... .. 

-0.1605 
-0.0-.!72 
+ O.ll/71 
+ 0.2486 

- - - 1--------
Sum.. ..... ... ................ .. .. 5·1.2388 1.2780 

Mcnn ...... .. ..... .. ........ .. ... 4.!)308 4.D.308 0.1 16:2 

This mean difference of only about 2 per cent . proves that t he ent ire curve of sur-
face velocities at the Columbm; base sen~ibly forms par t of one and the Fortunately 
sn,me parabola, thus makin g these observations especially valuable in they prove to 
stuuyi11 g the change in form produced by a change in velocity. '\Vhen be parabolas. 
the cross-section is of :1 regular, elliptical form, and the direction of the current parallel 
to straight banks, thii; might be anticipated from the law already deduced by means of 
the sub-. urfaee ob:>crvations. In nature, t hese conditions are rarely, if ever, fulfilled. 

At Columbus, a nearer n,pproximation to them is made than at any other station 
where ob.-ervation · were made on the Mis issippi river. It not unfrequently happens, 
that two half parabolas may be nearly adapted to a surface c urve, the double axis 
ly ing at the thread of the current. I n general, however, the form of the curve is so 
modified by the var ing depth and the se t of the current, th at any general equation 
would nece n,rily contain fun ctions of these quantities. It was remarkably fortunate 
for t hi s investigation that these functions disappeared fi·om t he Co lumbus equation. 

It having been e tablishcd that the curves of surface velocities at Columbus were 
parabolas, t he next tep was to endeavor to deduce the law by which 
their parameters varied. By the process alren,dy detailed (page 233) 
the equation. of parabolai; were deduced, which should coincide as 
n arly as possible with the eight mean cmves of observations. T he 
reciproGal of the parameter of these parabolas were then plotted as 
abscissro, the corre ponding approximate mean velocities of the river 

Their parame· 
ters vary with 
the reciprocals 
of the square 
roots of the 
mean velocities 
of the river. 
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being the ordinates, 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, the 1·ecipmcals of tlw parameters of t/w ·wface-velocity cu1·ves were p?·o­
portional to the sqtta?·e 1·oots of the cornsponding mean veloeities of the 1·iver. This, then, 
appeared to be the desired law governing the change of form. The equation express­
ing it, being that of a parabola referred to itR axis and the tangent at the vertex, 
becomes known when any point of the curve is known. The point to be selected, 
because best determined, is evidently that whose co-ordinates correspond to the grand­
mean curve of all the observations. The reciprocal of the pa,rameter of the parabola 
most nearly agreeing with the grand-mean yearly curve, as already stated, is 17.0665. 
The corresponding approximate mean velocity of the river, giving each of the curves 
equal weight, is 5.3494. The co-ordinates of the point arc therefore 17.06()5 a,nd 
5.3494; and the equation is-

Y - -~·3494 ·' 
- (1'7.0BG5)' ;c . 

In this equation, x is the reciprocal of the parameter of the surface curve which cotT -

sponds to a mean velocity y of the river. ubstituting 2 ~P for x , and v for y, and reduc­

ing, the following general parameter equation for all surface curves at the Columbus 
base results:-

2~ = (54.4482 v)~. 
The parameter given by this equation for each of the eight curves of surface ve­

Method of test- locities differed but slightly from that already iound. for each by experi­
ing this law. by ment, the accordance between the curves of observation and the resulting 
the observatwns. pa,rabolas being rather more ·lose than that given by the parabolas first 
constructed, thus confirming the law deduced. It a curacy is now to be tested by basing 
upon it a general formula for velocity 5 fe t below the urface at the Colum bus base, 
and then noting the accordanc between thi formula, and the actual measurements. 

If the above general expression for 2
1
-p be substituted in the general parabola. 

equation, v5 = w,v5- 2 \:> 'W/1
2

' we have the qua.tion-

v6 = wY5 - (54.44 2 v) ' -5 w11
2

, 

in which V5 is the velocity 5 fi et below the surfac at any point of the velocity s ction 
at Columbus; w,V5 , the maximum v locity at th arne depth; v, the corresponding 
mean velocity of the river; and. 'W11 , the di tance from the axis (or line of maximum 
velocity) to the point whose velocity is v5' cxpres cd in fractional parts f the width of 
the river les 200 feet.* This quantity, 'W11 , being xpre cd in a unit pra ti ally incon­
venient, it became desirabl to ub titute for it an equivalent xpr sion, in whi h the 
variable sboLlld b the distance in fc t from th ba c-line to th d sired point. Denot­
ing this variable by w, and the di. tan in~ t from th base-line to th axis or line of 
maximum v locity by w" the diffi renee betw en the quantitie, or w-v.,, i · th dis­
tance in feet between the axis and th desired point. Th ~ ntial sign of thi s xpres­
sion is unimportant, ince its squar alon the formula.. 'I'o reduce this to 

j(· As the middle of each division is th point whose velocit.y is kn own, a diminution in widt.h, of 100 ~ et at ca h 
bank, results. 
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decimals of the width , divide by W- 200, in which Vv is the total width. The 
2 

resulting expression (;=;~0) is evidently equivalent tow}. Substituting it, placing 

for Wits numerical value, 2200, and reducing, the equation becomes-

(1) V5 =wY5 - (54.4482 v)Y. (0.0005 [w-w,J) 2
• 

This general equation, being now in a convenient form, was tested by applying it to 
the eight curves of observation. The values adopted for w, and wY5 

require explanation. The former was readily determined by inspecting 
the plotted curve, which must, of course, be symmetrical with respect 
to its axis. Its different values, given below in a note to the text, 
show that it varies but slightly, doubtless proportionally to the varying 
force of the wind blowing across the river. At ::my rate, no normal change 
due to a change of mean velocity can be detected. The quantity wY 5 was at 

The formula ac­
cords with the 
observations, 
and thus estab­
lishes the truth 
of the parameter 
law for Colum­
bus. 

first assumed in each curve to be the maximum observed velocity. When the curve 
had been computed, a correction for this value was deduced by dividing the difference 
between the sum of aU the observed division velocities and their corresponding com­
puted values 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 
the corresponding observed, thus equalizing discrepancies. The corrected values thus 
found are given in the note below.* 

The following table exhibits the result of the test, which is also graphically repre­
sented by figure 19, plate XI. The slight numerical values of the differences are within 
the limits of errors of observation, effect of wind, etc., and thus by demonstrating that 
the formula is correct, establish that at Columbus the parameters of the curves of velo­
cities 5 feet below the surface vary proportionally to the square root of the mean velo­
city of the river. 

-----------------------------------------------------------------
* .Although of no especial practical importance, it may be remarked that they are directly proportional to the 

mean velocity of the river, being very closely given by the equation--
V - (1.1699 v + 0.3533) v 

w, 
0 = v + 0.0001 ' 

as will be seen by the following comparison :--

v I 
w, w,V5 1v1V5 Dilforence. Rcmnrka. 

Corrected mean. Dy formuln given above. 

Feet. Feet. Feet. Feet. Feet. 

1. JQ9 1100 2.4 78~ 2.482:) -0.0043 

2. 7537 1JOO 3.5071 3.5676 + 0.0205 
3.0532 l OGO 5.022(i 4. 0783 + 0.0-143 

I I 
4. 880:~ 1020 6. Jl10 6.0630 + 0.0480 
5.3-HJ-! J O..IO 6.6528 6.611 !) + 0.0409 Grand mean. 

5.9745 1020 7.:2847 7.3-!3:2 -0.0585 

7.0861 1020 8.57 71 8.G437 -- 0.0666 

7. 8209 ]060 9.4843 9.5034 -0.0191 

8.5069 1060 10. 3017 ] 0.3 160 -- 0.014 3 
--------

Sum ........... 94 0 59.5095 59.5096 0.3255 
---- -----

)[elm ......... 1053 0.0362 

This table plainly shows that w, and w,V5 , except m the case of high winds, disappear as independent variables 

from equation (1) which thus becomes-
(1.1699 V T 0.3533) V v 

V 5 = V T 0.0001 - (54.4482 v) '" (0.0005 [w- 1053] )2 . 

It is believed that in calm weather this equation will give with accuracy the velocity 5 feet below the surface at 

the Colnmbns bnse nt any ~tage of the river. 
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Mean su1jace cu1·ves of velocity at Columb?,ts, J{y . 

Division. 

!. .... . 
II. .... . 

H I.. ... . 
IV ... .•. 
v ..... . 

VI.. ... . 
VII ... .. . 
vrrr... .... . 

IX .... . . 
X ..... . 

XL.. .. . 

Velocity 5 ft. below surface. 

Ry Uy 
obs~rvation. formula. (1.) 

Feet. 
o.6soo 

. 1.11 13 
1. 5577 
1.\)247 
2.1:297 
2.:W53 
2. 2530 
2 . 054 ~ 
l. 5Hl3 
0.7953 
o.osoo 

Feet. 
-0.0104 

0. 8855 
1. 5 2:3 
2.0800 
2.3787 
2.'178:l 
2. 3787 
2. 0800 
1.5823 
0.8856 

-0.0 104 

S um... 16.3106 16.3104 

Difference. n omn.rks. Divis ion. 

Feet. - II 
+ 0. 660-l 30 dnys' obscr - L .. .. 
+ 0.2:l58 vn.ti ons. If .... .. 
- 0.0:2-16 Approximn.le IlL .. .. . 
- 0.1 55~ menn veloc it y of IV .. .. .. 
-0.24 00 ri ve r , 1. 8 1\)9 V .... .. 
-0.:.!1 29 rc t. I v .r ..... . 
-0.1257 vrr.. .. .. 
- 0.0:257 VII L ... .. 
-0.0630 I IX .. .. .. 
- 0 .0902 i X ... .. . 
+ 0.060,1 XL.. .. . 

Velocity 5 fl. below surface. 

ny Uy 
observation . fonnnln. (1.) 

Feet. 
3 26!)3 
4.u6::l::l 
G.ll 160 
7.09:!1) 
7. 58-10 
7. 5513 
6.9893 
6.05D3 
4. 9733 
3.5 40 
2 .2000 

Feet. 
3 . -lfi~3 
4. !1~7 2 
6. ()(j .)!) 
u.8:l30 
1. 21 n8 
7.2-i:i8 
().0312 
!L~ 158 
5. 1 ~!9 7 
3.8001 
2.0:l54 

1.8!)30 Sum.... 59.9818 50.9818 

Differ nee. 

/! 'Pe l. 
- 0.1\)!1 0 
- O.:l8:l!l 
- 0.01 % 
+ 0.20!10 
+ 0.3G J2 
- O.:!!lii5 
+ 0.0581 
- 0.18()5 
- 0. 2~0'1 
- O.:Wil 
+ 0. 1746 

2 3228 

1----'----------

Men.n .. 1.4828 

I. ... . . 
II ..... . 

HI ... .. . 
IV .. ... . 
v ..... . 

VI. .... . 
vn .. ... . 

vnr.. ... . 
IX .. ... . 
X ..... . 

XI.. .. . . 

0.8 soo 
1.633 1 
2.4108 
3.0108 
3.450-1 
3. 6146 
3.536D 
3.1:l85 
2.4642 
1.4154 
0.5838 

1.4 :l6 

0. 5359 
1.6379 
2.4951 
3.107a 
3.4747 
3.5971 
3.4747 
3.1073 
2 4951 
1. 6370 
0.5359 

0.1721 

+ 0.3141 
-0.00-!8 
-0.0843 
-O.O!JG5 
-0.0243 
+ 0 Oli5 
+ 0 .0622 
+ 0.02U 
-0 0309 
- 0. 2225 
+ 0.0-179 

----- ---- -----
Sum.... 20.0985 26.0989 0. 9202 

Jlfean .. l 2. 3726 --2-.3-7_2_6- _ o ___ OR_4_2_ 

!. .... . 
II ..... . 

HI.. ... . 
IV ... . . . 
v ... .. . 

VI. .... . 
VII ..... . 

VIII.. ... . 
IX ... .. . 

]. 7050 
2. 7534 
3. 7393 
4.6039 
5.4102 
5.2!l77 
4.72 0 
4. 1764 
3.2530 

X.. . ... 2.2573 

XI... ... II-l- ._12_1_1 _ 

Sum ... . , 39. 0-162 

Mean.. 3 5~ 97 

I ..... . 
II ······ 

III. .... . 
I V .... .. 
v .... .. 

VI.. .. .. 
VII. .... . 

VITT. .. .. . 
IX .... .. 
X .... . . 

XL ... .. 

2.13 186 
3.77:!6 
4 .001l0 
5. 9314 
6.3800 
6.1169 
5.66!)1 
4.8689 
3 9-1 
3.04-17 
1. 151 

40 .0097 

4 .4 53-l 

1.6,J24 
2.0041 
3.8724 
4. 5473 
4. 9287 
5.01 67 
4.811 3 
4. 3 125 
3.5203 
2.4 346 
1.0555 

39. 04 58 

3 5406 

2.!lG1 7 
3.9!l84 
5. 009 1 
5.603 7 
6.0523 
6.0 4-9 
5. 791 5 
5. 1721 
4 .:l2G6 
2 !l01() 
l. 3570 

49.0095 

4.4554 

+ 0 0635 
- 0.1 507 
-0.13:-t l 
+ 0.05()6 
+ 0. 48 15 
+ O.:l8 l0 
- 0.0833 
- 0. 1361 
-0. :!673 
-0.1773 
+ 0.0056 

1.8960 

0. 17:24 

-0.0-1 31 
-0.:!:!5 
- o.1o:n 
+ 0.~3 77 + 0. 3277 
+ 0.0320 
- 0.1:!24 
-0.3032 
- 0 .3372 
t 0.0 01 
t 0.46i l\ 

:.. .:2698 

26 days' obser-
vation s. I 

Approximate 
mean velocity of 
river, 2 .7537 
feet.. 

I 4~ days' ob er- ~ 
vat1 ons. 

Approximate 
mean velocity of 
riv e r, 3.9532 
fee t. . 

Mean.. 5.4529 

I. .. .. . 
li .. ... . 

IIL. .. .. 
IV .... .. 
v .... .. 

VI.. .. .. 
VII .... .. 
VIri.. .. .. 

IX .... .. 
X ..... . 

XL .. .. 

4. ~383 
5.8513 
7.1 (j ~:3 
8.5000 

.7:!26 

.5439 
8.01 3!) 
7.2\00 
G.3009 
4. 7-104 
2.9662 

urn ... 72.2308 

)!can.. 6.56 il 

I. ... .. 
1£ .... .. 

Ill. .... . 
IV .... .. 

V .. ... . 
vr. .... . 

VII. .. .. . 
VIII. ... . . 

IX .... . . 
X .. .. .. 

XL .. .. 

4. 756 1 
6.67:23 

.1 43 
9.3•)09 
9.5.J30 
9.327 
8. 78H 

.080-1 
7.2Hl5 
5.0!JOO 
3.49 3 

Sum ... 8 1.5370 

)[can.. 7.-1 125 

5. 4529 

4. 3 127 
G.02f>6 
i . Z·lli2 
8. 073 1 
8.60li2 
8.545() 
8.191 2 
i .4 3!l l 
6.3012 
4. ii34 
2.8362 

0. 2112 

- 001•1-1 
- 0.17 -!3 
- 0.081!) 
+ 0.4 :269 
+ 0.21 li4 
+ 0.0017 
- 0.1773 
- 0.2 :2() 1 
-0.0003 
-0.0330 
+ 0.1 2!10 

-------1 
72.2505 

6.5682 

4.729 
6.50-1 :) 
7. GuO 
8 8 157 
9.352:2 
0. 47()0 
9. 1871 
8.4 55 
7.3712 
5.844:2 
3.90-H 

1. 5372 

7.-1 I :25 

].5-1-1 3 

0.14 95 

+ O.O:'l fi3 
+ 0.1678 
- 0.3 177 
+ 0.5:!.):2 
+ 0. 1008 
- 0.1482 
- 0. 3097 
- 0.4051 
- 0.1::!47 
+ 0.24-iS 
- 0.40u l 

2. Olii4 

0.2608 

-----===-·--=:;_c._ = 

3.) dnys' obser- r .... .. 
'vat ions. 1 II.. .. .. 

I 
Approx im ale II I .. .. . 

menn veloc it y of I T\7 
.. .. .. 

riv e r, 4. 03 V ... . .. 
feet.. j VI. .. .. . 

vrr. .... . 
\'II r. ... .. 

IX .... .. 
X .... .. 

X L ... .. 

nm .. 

Mean .. 

5.oooo I 
6.9000 I 

.0000 
10.0000 
1 0. !i:JOO 
10.5300 
10.0000 

9.0flfl0 
8.:3:100 
6 G700 
4- 5000 

9.5300 

8.14 09 1 

5.:1 ~ 3 1 
7.1 !l-11 

.G 14-1 
!l.GOH 

10. 1 ti40 
10.203 1 

0.9!.1 18 
0.:2600 

ll07!l 
G. ~> ll:i :~ 
·1.4 :!:] 

9.5:i03 

8.1409 1 

--0.:! 1 ~ 1 

- 0.:!\J -11 
- 0.0 14 -1 
-t 0.3!l5u 
-j 0.36GO 
-j- 0.23GO 
+ 0.00 ~ 
- 0.1700 
-j 0. 2321 
-j O. IGH 
-j 0. ()] 78 

2.8 129 

Hcntn rl<s. 

15 day s' obser­
VItfions. 

Approximat e 
me1ln ve1ocit y of 
r i ve 1", 5. 07-1:3 
feet. 

23 days' obser­
vation s. 

A ppz·oximalo 
mea n veloci ty of 
riv 1·, 7.0861 
feel. 

23 do.ys ' obsCJ·­
vations . 

Approximnte 
mean veloc ity of 
riv e r, 7. 8:200 
feet.. 

1 cl ay 's obser ­
vati ons . 

App1·o ximato 
m a n velocity of 
riv e r, 8.50(\\J 
feet. 
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In order to decide whether the parameter law deduced from the preceding observa­
tions is merely local, it was tested by the Vicksburg observations. It 

The parameter 
is seen by an inspection of the :five curves (fi gure ~0, plate XI) that law further 
here the whole curve is not regular. For the four divisions nearest the tested by an 

analysis of the Vicksburg shore, however, the form is evidently parabolic, thus admit- Vicksburg sur-
ting of a test of the law of change in the parameter. The processes face curves. 

already detailed for the Columbus observations were n,dopted for this purpose. The 
equation of the parabola most nearly agreeing with the grand-mean curve deduced by 
combining the five curves-giving each equal weight-was found to be-

v5 = 5.7991- 31.5744 w,/' 

the corresponding approximate mean velocity of the river being 4.8487. 
The parameter equation deduced by passing a parabola, referred to its axis and the 

tanO'ent at its vertex, through the point whose co-ordinates are 31.5744 and 5.7991, the 
0 

n.xis of Y being the axis of the curve, is-

2 ~ = (205.6103 vf"' . 

The geneml equation is, therefore-

V5 = w,V5 - (205.6103 v)Y> (0.0005 [ w- w,J) 2 • 

The values of '",V5 and 'W, corresponding to the different values of v were determined 
in the manner already explained for the Columbus observations.'~ The following table 
exhibits the result of the test, which is also graphically represented in :figure 20, 
plate XI. 

·* It will be seen that w, is a constant, and that w,V 5 follows the law already deduced from the Columbus observa­
tions, being directly proportioned to v. Its equation is very nearly-

(l.0445 v + 0.7786) v 
w,Vs = V + 0.00~ ' 

as shown by the column of differences. 

v I W I 
w,V5 

Corrected IJl CCln . 
w,V5 

lly formula given above. 
Ditforcncc. Remarks. 

Feet. Feet. Feet. Feet. Feet . 
3.li:l-! 1 20 4-.0\133 4.0-!16 + 0.0517 
8.8-12.3 1 20 4.64H 4.H05 - 0.093 1 
4. G!Jfl .) 1 '20 5.5003 5.6262 -0.1259 
4. 8~ 8 7 18:.'!0 5. i !J91 5.79 14 + 0.0077 Gmnd me!Ln. 
5. i71 8 1 :.'!0 6. 8632 G. 7556 + 0.107 6 
6.iu.33 1820 7. 8451 7. 793-! + 0.0517 

------ -------- ------
Sum .... . ..... . .. .... ..... .. .. 34.. 748-! 34 .7487 0.4.377 

---- --------------
l\Ie!Ln ........ .......... .. ... .......................... .. .. . ...... .... .. .... .. .. ... ... ... 0.0729 

It will be hereafte r demonstrated that, to be absolutely correct, this expression should involve functions of the 
depth of the stream and of the distan ce of the point of maximum velocity below the surface. A s, however, the former 
does not exert much in!luence, and as the latter is nearly constant in all rivers for calm weather, it often happens 
th at. these approxim ate exprc' sion g ive results differing but little from perfect accuracy. 'l'his is s trikingly shown 

31 
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REPORT ON TH E MISS I SS IPPI RIVER. 

Mean su1jace cu1·ves of velocity at Yicksbtwg. 

Yolocity 5 feet below 
snrfi1cc. 

----,--·---- Difference. Uemarks. Division. 

Yclocily 5 feel below 
surlilco. 

Difference. R CII1tll'k 8. 

Feel . 
1.7H 3 
2.017 I 
1.8!J,j 7 
2. 3!\-18 
2.8!\1}7 
3.30-[3 
3.577 1 
3. 7314 
4.0867 
4 .0-100 
3.3\l57 
2.f>G[)7 
1.:2:!86 

Feet. Ji'eel. 7 uay s' Ob erva- Feel. 
:1.80G0 
4.tl\l-IO 
5.:!1 i10 
.i. -J:!-I:J 
5.7:3-17 
5.!1;370 
G. 15uu 
0.30:30 
G.5-Hi :l 
G. 72->i 
G.a~ :~a 
4. 80 \7 
2.8353 

Feet. Feel. 30 days' observa-
I ....... . 

JT ... .... . 
JII. ...... . 
IV ...... .. 
v ....... . 

VI. ...... . 
VII.. .... .. 

VIII ....... . 
IX .... . . .. 
X .... .. . . 

XI.. .... .. 
x rr ...... .. 

XH L ...... . 

4.0510 
3.57-17 
2.50!):3 
1.03-18 

-0.011 0 
-O.li!JO 
+ 0.01);3(1 
+ 0.1!138 

--------I--·--
Sum ..... 11.:!300 ll .22\l8 

!'dean.. . 2.8075 2.8075 

I.... .... 2. :lli2 l 
n ........ 31ouno 

nr........ 3.3:!tl 
IV..... .. . 3.3086 
V ........ 3.G!Ji8 

VI........ 4.0850 
vrr........ 4.32:33 

VIII .... .... 4.Ml94 
IX...... . . 4. 8330 

0.38H 

O.O!JG!J 

X ...... .. 4.7408 4.0024 + 0.138-l 
XI........ 4.0511 4.0\lli!:i - 0.0-10-1 

XTT........ 2.73!17 3.0:!8-J. -0.28871 
XIli........ 1. 5!):3!) U!JR1 + 0. 1!1.38 

---- ---- ----
Sum .. ... 13.1:!0.3 l 3.12•H 0.1Hi8:l 

1\Jcan... 3 . ~8 14 3.~81~ 0. 1671 
==-.,- =--- - =-·= 

I.... .... ;:l.~03:l 
Il........ 4 .:ltHi8 

IlL ....... 4.Hll4 
1 v........ 4. 3455 
v.. ...... 4.0323 

VI........ 4.!Jfi0!J 
VII........ 5.2~ 1)0 

VIII........ 5. -1 8-i!J 
IX........ 5.5ii!J•i 
X........ 5.(i:l77 

x 1........ ·1·. n:l18 
XT f. ... .... 3. -1 !10!1 

X ll L....... 1. !101-1 

5.4 !iOG -j- 0. 17 71 
4. !l!G t 0.0-lil:! 
3.7llii -O.:!:!Oti 
1 .S!J i!l 1 o.ou:35 

, urn ..... 15.%18 l .J.!J,)J(j 0.4~14 

1\T enn .. . 3. rl8i!l 3. !J i!l 0.1101 

1 ions. I 
;\pproximat e 

menu vel oc ity of 
river, 3.1 i'8.J. feet. 

I ....... . 
TL .... .. 

Ill ....... . 
lV ....... . 
v ....... . 

VI.. ..... . 
1 VII .... .. . . 

Vlll ....... . 

I
. ]~:::::::: 

xr. ...... . 
I X1 l.. ..... . 

Xlii ....... . 

6. 0 1 
G.l 80 
4. 78!J 
2.8 O!J 

Sum ..... 20.7il<l0 :W.7fi5!l 

M enn.. . 5.1 8\lO 5. 18\lO 

I.. ..... . 

-0.0 24 
+ 0.1 •i53 
-O.t127:l 
- 0.045() 

0.3105 

0.0776 

36 days' obser-
vations . !1 

Appro:ximnl.e 
mean veloc ity of 
river, 3.8-t !5 feet. , 

II ....... . 
JII.. .... .. 

-l. -180-1 
G.1:H:l 
(i .48li8 
0. 75-3:3 
G.H 00 
7.2:!5!) 
i.4 84i 
7. iG35 
7. !l i !)\l 
7. 842 1 
1.21 a 
5.8tJiiG 
3.:!:!1 a 

2:. dnys' obscr­
vnt ion s. 

Approximntc 
mcnn velocity of 
river, 4. G!JU5 f ct. 

IV .. ..... . 
v ... .... . 

VI... ... . . 
VII... . ... . 

VJIL .... .. 
IX .. ..... . 
X .. ..... . 

XL ..... . 
xu ...... . . 

XIII... .... . 

7.7854 + 0.0!)88 
7.ll-ll + 0.10~ 2 
5. (i!l(l8 -!- 0. 11188 
!l.53:lll -O.:l l17 

Sum ..... :!-1.1 :300 :!4.1:!!)!) 0.0:!35 

i'l!enn... G.03~-:i I (i.0:3:!5 

r........ 3.11 :J:! 
IL....... ·l.llll tJ 

nr..... ... 4.:!:!.i 1 
I V........ -l. ·l:l7G 
v........ ,1.7801 

vr........ 5 .11 ~7 
VII..... ... 5.:3 17 

---=- -==== 

I

. vnr..... ... 5.:mw 
IX........ 5.8010 
X........ fUHl:lo 5.7·181l -j 0.05"0 

I 
XL...... !i. 1 0 f> .l 80:.l -j- O.IHliR 

X TI..... ... 3. !1117 3. !180-1 -- 0.08!17 
I/ xHI... . .. .. 

1
_:!_.,_7_,,:.-_> _~_.1_-l _!r_t _-t-_t_l._o:.._~7_' 

II 
urn ..... _1_i_.o_.-,_w_> _1_7_.o_;>_R:_1 _ t_l._l i_(_IG 

".\l ean. .. 4 .:!ti~ lj 4.:!G-16 0.0-1-l !l 

tio ns. 
Approx imate 

me~tn veloc ity of 
ri vcr, 5. 7718 feet. 

114 days' obscr­
vn ti on s . 

App1·oximal.e 
mcnn velocity of 
river, G. 705: feet. 

20!) days' o b scr­
vation s. 

Grand year l y 
mean. 

r\ pproximnte 
menn veloci ty of 
river, 4.8487 feel. 

It holds good 
there also, and 
thus is general 
for surface 
curves. 

Th s · light diffi r nccs conclusiY ly prov that the param ter law 
deduced from the olumbu observation, hold go d at Vicksbu rg. It 
may, th r fore, b as 'umed that th obj ct of this discu sion of the sur­
face velocity curv s, namely, a d t rminn.tion of the law goveruing the 
change of form conesponding to a chano· an velo ity, has be n 

by some ob ervalions mo.de upon o. smo.ll feeder of the 'hesapeak and 
soon be given. The following tttbl exhibits the ob crv d maJ>.imum 
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attained. The p ammeter of the c~wve of velocities 5 f eet below the su1jace at any stage 
is pmportional to the sqnw·e 1·oot of the corresponding mean velocity of the river . 

The existence of this law in this class of curves justifies the assumption that it a,lso 
holds good in sub-surface velocities. It is not necessary, however, to 
depend upon analogy, since the curves of observation below the surface, 
although not sufficient for the deduction of a law, are numerous enough 
to confirm or disprove one whose existence is suspected. This discussion 
will, therefore, be now resumed. 

It can be tested 
for sub-surface 
curves by the 
observations. 

Paramete1· changes in suh-sU?jace cU?·ves.- The same process of reasoning was followed 
in a.pplying the above law to sub-surface curves in a vertical plane as For this purpose 
had been employed in the case of the Vicksburg horizontal curves near it is introduced 

the surface. If the law hold good, the equa.tion of the parameter curve }:;~~~: f::eral 
must be that of a parabola referred to its axis and the tangent at its velocity below 
vertex, the a,xi s of Y, or of mean velocities, being the a.xis of the curve. the surface. 

The best determined point from which to fix the pa,ra.meter is that whose abscissa and 
ordinate are the reciprocal of the parameter and the mean velocity of the river corre­
sponding to the grand-mean curve, or 0.79222 and 3.3814, respectively. The equation 
of this parabola is-

3.3814 t 

'!) = (0.79222)2 X • 

Substituting 2
1
P for x, and v for y, and reducing, this becomes-

1 ( 1 

2 p = 0.1856 v)Y.. 

l 
Substituting this general value of 2P in the general equation for a sub-surface curve, 

l 
V = Va, - 2 P d11', we have-

V = Va, - (0.1856 v) Y. rl"'' 

in which v is the mean velocity of the river; Va,, the maximum or axis velocity in the 
vertical plane consid red; V, the velocity at any point in this plane ; and tZ,,, the dis­
tance of the poin t whose velocity is V from the axis, expressed in decimals, the total 
depth of the river being unity. This unit for d"2 is not convenient in a general formula, 

expre. sions ju. t ded uced for 10,V5 
at Columbus and Vicksburg , a velocity which, for the great depth of the Missis­

sippi, is equ ivalent lo that at the surface in small s treams. 

I I I I I w,Vo na computed by 

D w v Obscn •cd u1, V o· - Mean difference. Date. I Vicl<aburg eq. Colu mbus eq. 

--
Fee t. Feet. Feet. Feet. Feet. Feet. Feel. 

;)!).. . . .. . ..... .. . .. ... \ 7.'1. () 0 2. -i/85 3.3840 3.2530 3. 3674 0.0738 N ovcm ber 21l, 1 
_.., 

Nov ember ~ ' 1 
;)(} .... .. ....... ....... 7.1 23 2.2202 3.01\JS 2.9508 3.0896 

I 
0. 0002 

A rreneral equation for di,·isions 10, 11, 12, an d 13 at the V icksburg base cn.n evidently be dedu ced by substituting 
1820 f~r w, and the value ju t les ted for w,V5 in the above fo rmul a for v 5. It is-

( 1. 044.) v + 0.77 86) v 
V 5 = v 

1 
O. OOOl - (205.Gl 03 v)}o (0.0005 [w - 1820) ) ~. 
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and the equivalent expression (d D d,) \ s therefore substituted for it, in which cl is the 

distance below the surface, in feet, of the point whose velocity is V; 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) (
d d )2 v = v d, - (0.1850 v) y, D I . 

This general formula is now to be tes ted as rigidly as possible by all the observa­

Some data not 
yet mentioned 
are available for 
the test of this 
formula. 

tions taken upon the i::lurvey. Bes ides the measurements from anchored 
boats, some additional data were collected, which , although loss exac t in 
charftcte r, and t herefore not admitted into tlte grand-mean curve, are for 
that very rea,son especially va,lu a,ble for this purpose; the constants of 
the formula being deduced indepemlently of them. Agreement with 

such independent observations furni she.'> the highe t proof of general applicftbi lity. 11he 
nature and amount of th se additional data will be describ d before proceeding to test 
the formula,. 

Observations were made on April 11, 1 51, upon bayou Plaquemine, about 800 Ieet 
Observations below the upper mouth or point of emux from the river. The day was 
upon bayou calm and favor:1ble, the bayou being a.t a sta.nd nea.r high-wa.ter mark. 
Plaquemine. The form of the cross-section was semi-elli ptica.l and quite regular, th e 
width being about 300 feet, and the area. of cross-section, 5 75 square feet. For 150 
feet nea.r the midd le of the bayou, the depth wn . uniformly a.bout 27 feet. The obser­
vations were conducted in the usua.l mnnner, the bn we-line be ing 400 feet in length. T he 
floa,ts were cylindri ca.l blocks of green swee t-gum ·wood, G.5 inches in diameter by G 
inches in height. They were slightly load d with lead and . upported by . urf<tee fl oats 
of white pine, 7 inche. sqnare by 0.75 of a.n inch thick. 11 he flags were 3 inche~ square. 
The velocity wa~ measur d at th surface, and nt 10, 15, and 20 fe t below it, through­
out the central portion, where the depth wa.s uniform; a.ncl the results w •r plott d as 
usual. To reduce the ob. ervation. to the arne v r tical p lane, for the purpos of com­
paring the velociti s at diffi rent depths, it wa asl::lumed that the hange of velocity from 
bank to bank, in horizontal planes at the difii r nt d pth at wh ich fl oat· w re observed, 
wa the same. This assumption was n c ssary, sin th re was not a uili ci nt nnmb r 
of observations at a,ch d pth to form a. horiz ntal urve .fi r ach plat e. The ·nrf'a.c 
cu rve was very well d tcrmined. It wa. divided into ix divisions, a.ch 25 fee t in 
width , and a seal of correc tion coJJ structed, by which th velocity of any fl oat could be 
reduced to that of a float passing at the same depth in tl1 c v rtical pla.ne. elected, wh i ·h 
was placed where the great st numb r of fl oat~ at all ucpths h<ul pa.'~ d. 1'h prop r 
corr ction from thi table wft app lied to a h fl oat, thus r cluei ng th m all to th sam 
vertical plane. A mean of the v locitie. of all th flo:tts at ach d pth wa then ta.k n, 
and the results w r plott d in th mann r alrea.dy d crib d. 11 he:e data ar given in 
the followin g table, and r pre nt d by Ggur 7, I !at X L 

Similar observati ns wer mad on ba on La l~our h , on April 19, 1 r: 1, about 
Observations 2500 fee t below th upp r mouth or I oint of •ffiux from the river . ':riP 
upon bayou day was favorable. The bayo u wa a.t a stand 11car high-water ma rk; 
La Fourche. 

th cross-section r gular and mi- •llipti al; th uniform tLV rage d pth , 
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for about 150 feet near the middle, 27 feet; t he total width, about 225 feet; the area 
of cross-section, 3630 square feet. The velocity was measured as on bayou Plaquemine, 
the length of base-line, the kind of floats, and their depths being the same. The same 
method '\Vas also used in deducing the curve of velocity below the surface, which is 
shmvn in figure 6, plate XI, and given in the following table. 

Similar observations were made upon the Mississippi river at Columbus, Kentucky, 
at various times during the discharge measurements condncted there in 
1858. Through a. misapprehension of his instructions, the engineer in 
charge of this party observed no tloats at a greater depth than 50 feet. 
This was, however, sufficien tly near to the bottom to serve most of the 

Observations 
upon the Missis­
sippi at Colum­
bus. 

purposes of the ob ervations. It was designed that a series of tloats should pass at every 
10 feet of depth in several different vertical planes, but the impossibility of holding the 
boat by oars in a fixed position long enough for this purpose unavoidably caused th e 
floats to be somewhat distributed. Corrections, to reduce the observations to their 
re. pcctive planes: were deduced and applied in tho manner described for the Plaquemine 
observations. The results of these measurements will be found in the following table, 
and are represented by figure 11, plate XI. 

Some ob ervations of this kind were made at Vicksburg, MiRs issippi, in the year 
1 58 by the party stationed there . They were conducted and computed . 

' 1 d C 1 b A .(' . Observatwns by th e methods emp oyc n.t o urn us. 1ew of t he observatwns were upon the Missis-
made at nearly the high-water stage, when the mean velocity of the sippi at Vicks­

river was much greater than during similar measurements elsewhere burg. 

upon the river, and-although too meagre to result in a smooth, well-determined curve­
were of great value as afbrding a confirmation of the hw. 'rhe principal curve is 
shown in figure , plate XI, and all the dattt arc given in the following table. 

Some observations of t his class were made at Carrollton in 1851, but the floats were 
too much distributed to furni~:;h d~tta available for the present purpose. 
The careful observations from n.nchored boats were, therefore, ulone 
<lepcncled upon for the law at this place. 

The followin g tubles exhibit the adclitiona,l data just described:-

Sub- urjcwe 'l:elocity obsen;ations upon the bayous. 

Tables exhibit­
ing these addi­
tional data. 

Velocity in fee t per second nt 
l>i81<\0Ct' I j ~ ~ ~ ·I 8 ~ I .:i ~ .; I 

below .5: = :':' g ; .3 - .8 ~ ~----...,-------;---
Locnlity. uppt·r D[\tc . :.. ~ ~ -~ ~· ' Viml. :;! a 2 § ~ r;; foet 10 feet 15 fee t 20 feet 

~------ mouth. , ~ ~ 1 ':-.::> AJ:: - S ·fnco " 

F tl. - - -:.~-~ -:-:e-1. ---I--F e-el-. Ft. _:_~~ ~ ~ tloc p. deep. 

Hayou Plaquemine... 00 .\ pri\11, 1851 O.G ::. .41 Down 2 150 9 7 8 R.50 6.5:l 6.35 6.30 6.02 
3 > i n. 0 • 100 27 I (i I 3.Hi 3.:23 3.25 3.2:2 3.15 B 1~youLaFo urche .... ~;)00 Apri!Hl, 185 1 1.: :!.~;, : up . / 
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Sttb-su?face velocity obse1'vations 1tpon the },fississippi at medium stages, the depth being 
abottt G 5 f eet. 

Locnlity. 

Columbus, Kcntucl<y. 

" " 
" " 
" " 
" " 
" " 
" " ,, " 
" " 
B U 

u " ., ,, 
" " 
" " 
" " 
" " 
'' " 
" " 

True menn . .. ..... . 

Date. 

1858. 
. Ja.n. ao 
July 5 

.. 8 
" 14 
" :! ~ 
" :!.8 

Aug. ·l 
" 1 l 
" 18 
" ~ :) 

Sept . .J 
" 9 
" 17 
" 30 

Ooi. 12 
" 2:~ 

Nov. 6 
. • ] :1 

Otmgc 

Peel. 
17. i 
2H.O 
:!:.! .8 
:l0.4 
:13.7 
:!.G.:l 
:./1. 2 
:W.H 
18.3 
Hi 
)]. !) 

!1. 6 
11. 5 
0 .5 
4.0 
3.2 

] 1.8 
15.0 

Feet . 
~. u!i / 0 Down I 
·1.7 183 Down 3 
4.:!708 Down 1 
3.'J738 Up 3 
·UOll Up 2 
5 . 016~ Up 1 
4.0716 Up 2 
n01 :1 o 
8.-I:H+ Down ~ 
:3.0n:! Down I 
:2.0908 Up 3 
2.-I:J!l l Up 4 
:!..ii l-11 Down:!. 
2.1:!.G9 Up 4 
l .i4 uJ Up 3 
J. sj :!.l~ Up 2 
3.•30():)1 ~p 1 
3.7:!.\IO iu p 3 

3.4070 Up 1.2 

Ft . ~~-
noo 11> I a

1 700 7•i 
(11)0 I 76 :3 
(}()(1 1 70 :j 
,j l)() i ii :\ 
:)()l) i l) 3 
i OO il) :J 
/ ()() j() ;J 

.jill) I ill 
i llO li;> 
illl) (jf) 

!lOll ull 
700 (j () 
jl)() ;).) 

\1 00 f>:i 
!101) .).) 
iOO GO 
ROO G.) 

3 
3 
3 
:J 
!l 
3 
3 
;1 
3 
3 

Velocity in ft. pr r sec. nt vn_r ious depths below wnler surfnco. 

~1 rfaco . I J O feet. 20 feet . 30 fcot. 40 feet . 50 feet. 

I 
7. 6!1:!.:3 6. :!.300 li .OG06 
(i. ~ ii lll i.l.J:! !) 7.l.J :!!) 
6 J .) ]fj G. ~ !J JG G. 61i!Hi 
.).0000 0.1 :!.8 :! r,, .}().j .f 

4. :!,.j .):l i .J. (i.) ll ·klii iO 
5. 0000 5. 0000 5. ·I OG·I 
4. u.) 11 .J .87bO r> . l :!~ :!. 
4.ill 19 i) .:!.li :!l .-> .11000 
il. 77:l:'i :u;:l(i!"\ :{ . 6:~ r;:! 

a. 1n:n 3. \1 :!1 :; :l . n :l:; 
:!. . 8.->71 :uo:n a .l :!..io 
:!.. (j()(j6 :!.. !)8;)() :2. !)85 
3. 2:!..38 :!. !)$.)() 3. :!.:!.ii8 
:!. .OG \ 8 :!. .1 \!78 :!. .:!.·17:!. 
1. \) .1] 7 :!.. 08:3:3 :!.. ll83:l 
1. 7 O!l.J :!. . 0{;) 8 :!. . 06 18 
3. li·Hi 4.0000 -1.1!0011 
.J. :!..j.j~ .l_ :!,:j:):l 4 . :3478 

G.OG OG G.2000 6.25 00 
.0000 7. H 2!) fi .8! )()5 

(i,O(iOG fi 4!i }(j G.:.UiOO 
ti .4 0•i l 0.!i05•i (i.OiiOG 
4.8780 4. 8780 ii .OOO(J 
.). I :18:.! 5. 01100 5. 1 :!.82 
.) 1 :!R:!. 5. I :!8:! J .. 8780 
0. 1:18:! .') .1 :!.8 :2 li . l :! :!. 
: . ; o:; ; 

1 

a. 70il i a. 70.:! 7 
:l .8 1(i1 8.!1:!. 10 H.'.l:!.l 5 
a.li-16 3. 1:!.5\l :l. 071 i!l 
:2. !).j 11 :!.. DS:il) I :!. . D-111 
3.:38!>8 

1 
:3 .:!.:!.:i8 :l .:!78G 

:!.AO!Jii :!. .;1.i :!. !1 ~.4 0!1G 
:!. .08:l:l 2.1\l i R :!..1:!.iC 
:!..0·108 :!. .OG I8 1. DR01 
-1. I liuG -J.:l ·l 78 -1. IIHiu 
-IAHI 4. 1tiuu 4. G0 1l 

3.!J8:!.{i J .086.J ·1.16!i() ·1.1 !J 17 1 4 . 1 8~ 3 4. 1875 
I I I 

Sub-sm face velomty observations ~/,}_JOn the },fis 1,8 1ppL at its lLighest stage j tlw dep th being 
about 7 5 f eet. 

Q I .. ... I o: .-:;!o .,.,; 
~~ Yclocity in ft .. per a . nt Yltrioua drpths below water surfitcc. 

~.q~ '-'tl .0 ·= 
Locality. Date. Oaugo Wind. 

~..0 ,:: 8. I 
p g.:: t:6 <7 

I A o.c 
~- ~ iS~ . u I Surface. ~0 feet. 50 feet. 60 feet. 70 fc ' t. 

"'" o:! 
-< ~ if(,'-

- -- -- ·-·· ---- -

1858. Feet. Feet. Ft. Pt. 

I Vick sb urg, Miss ...... . May 1;J 47.~ G.'J38G Up 2 ] (if)() 75 ] 7. G9 8.3:3 8. 00 0.0!1 8.70 

" " ....... Aug. i H. (i 6.4-14 5 0 !iOU 75 2 7.41 7· 1 4 !l .!JO 0.45 5.88 

---

I True mcnn ......... G.GO\l2 Up 0. 7 7. 50 I 7.54 I 
7.27 7.33 6. 8:! 

·---

Sub-su1jace velocity observations upon th },[is is ippi at a medium ·tage j the dep th being 
abotd 55 f eet. 

i, .. ,.l ~b ~<:) 1"«.; Veloc ity in ft . per ace. Rt vn.rion!i dC'pths bolow wntcr surlitcc. u"' i·= ~:..., . 52 
u~ 

og, 
J~ocali ty. Dato. WirHI. "7.:: <7 ..._ 

Surftlcc.\ 10 feet. ~~ A ~g 20 fl' •t . 30 ~ ·o t . 40 foo t . GO ft•O l. 
.::.;.. y,'-" 
-< ---- --

18;) Put. Feet. Ft . I Ft. I 
Vicksburg, 1\Jiss ....... ScpL 21 17.8 4.0:3\)4 Down 1 .I !HJO 50 :l 4. ' 4. 8 IJ. ( (j 4.14 :3. 00 

" " 2 17.7 3.91 ] Down 1 1 ~(10 5.) 3 .J. iG 

I 
4·8:2. 4. 8 4. ·15 4 .:J6 

" 28 17. i 3.!.J J8 l Down 1 :.!:!00 {i!j ·) ~ j(j 4· 76 ·1. 00 3.17 2.34 

" " 2 17. 7 3.'J ! 81 Down 1 1!!110 45 1 -1 i G 4 .:./li :~. :.!:) 3 · 11 2·99 

" :!.0 17 .3 S.86•i:!. () :!:!Oil ();) 2 ~ . 1 7 3-97 3.ii I ::1.9:.! 4 . 111) 

" :1 \) 17.3 :3./l().):.l 0 ~0110 till • ) 5.00 4 NJ .J. !j.) 4. 08 :3.:">1 

" ~!1 17. 3 a . HG5:! 0 11!1110 ('" ·> .J .. 35 4.2S 1..1 ·1 ·l. :lu .J.OO 
•· 

" ov. 18 I! .J .G .J. i;;Gti Down :.! 1\IIHI li5 :! +·94 ;) AI 0.~ 5.50 5.88 6.:!f• 

" 18 2.J.. ii 4. i:3(i(j Down :!. liUO -15 :! 3· 1 3 3. 45 3.77 3.!i4 : .28 2.92 

" " 1.8 24. 5 4. 7366 Down 2 11 0() 45 •I + 86 .J. . i u tJ. (if> 4.5.j 4.14 4· 1 5 

True mcnn .... ..... 4.15\HJ Down 1 ~ .5 l ·I 5700 -1 .5!\75 4 .39~ 5 4.1 850 -1. 01\lO 



METHOD OF GAUGING THE MISSISSIPPI. 247 

The formula was fi rst applied to the mean curves in which the observations 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 from 
anchored boats in 1851; the mean Columbus curve; and the mean 
middle-stage Vicksburg curve. The corresponding approximate mean 

Formula first 
tested by the 
four mean 
curves. Tables 
of results. 

velocity of the river was carefully deduced for these curves, the mean velocity on each 
day entering in propor tion to the number of observations on that day. The correspond­
ing mean depth was found in the same manner. The value d, was t aken from the plot. 
V was at fi rst assumed equal to the maximum velocity, and afterward corrected so that 

d, 
t he sum of t he velocities of all the observed points and the sum of the corresponding 
computed values should be equal. The follo~ing t ables exhibit the results of this com­
parison, which are also shown by the dotted lines on figures 15, 14, 12, and 1 3, plate XL 

Mean higlvwate1· sub-su1j ace velocity ctt?·ve at Ca?Tollton. 

Velocity in feet pet· second. 

J)opth of fl oa t 
below surfncc. 

D= 110 fl. D = i Oft . D=55 ft. Truo mean. 

Surface ... . .. 4.2180 3.5300 2.7600 3.7270 

0.1 D ... . . .. .. 4. 2650 3.5800 2.8100 3.77 55 

0.2 D .... .. .. . 4. 3150 3.6300 2.8280 3.8192 

0. 3 D .. .. .. .. 4.3 ~ 50 3.6750 2.8320 3.8485 

0.4 D ...... ... 4.3200 3.6900 2.8510 3.8440 

0.5 D ......... 4.2i50 3.6999 2.8790 3.8296 

0.6 D ......... 4. 2050 3.6600 2.8tll0 3.7789 

0.7 D .... .... . 4. ] 370 3.u100 

I 
2.8ooo 3. 7175 

0.8 D ....... .. 4.0750 

I 
3.5580 2 7000 3.6510 

0.9 D .. .. .. ... 3. 9900 3.5010 2.5 8oo 3.5673 

Bottom .. ..... 

Sum of co mmon poi~ ts ... ...... · .. .. .. ... · .. .. · 37. 5585 
l\Jean of com mon pom ts . .... .. .. . .... ... ....... 3.7558 

Differences. 
lly formula. 

Feet . 
3.72% -0.0025 
3. 7822 - 0.0067 
3.8173 + 0.001 9 
3.8349 + 0.0136 
3.8349 + 0.0091 
3.8173 + 0. 0123 
3. 78:22 -0.0033 
3.7 2\l5 -- 0.0120 
3.65!)2 -0.0082 
3.5713 - 0.0040 
3.4 ll58 

- --
37. 5583 0.0736 

3.7558 0.0074 

llemarks. 

Observations (142 at ea ch poin t) made 
e1ocit.y 
pth 86 
eet (at 

fr om an an chored boat. l\.Iean v 
of river 4 .Hl05 fee t .. Mean de 
feet . l\1 aximum velocity 3.8371 f 
0. 35 D). l\Iean wind up 0.3. 

]Jfec11n low-wate1· sub-su1jace velocity cu1·ve at Gcm ·ollton and Baton Rouge. 

Ye\ocity in feet per second. 

Dr·p th of n t 
D =80 ft . l D =60 ft. 

Differences. Rcmari(S. 
below t~ u rfnce . 

D = IOO ft. True mea n. By form n\ n. - Feet. 

Surface .. .... 1. 0362 2. 39.31 2.3804 2.2508 2.:l3 G + 0.0122 Observations (80 at each point) mnde 

0. 1 D ...... .. . 1.9:380 ~ . ~1 60 ~ .3\! 1 0 :! .2614 2.:2508 + 0.010ll fr om an anchoreu boat. Mean velocity 

0.2 D ..... .... U 1u80 2.3 30 2.3 7 :2 .:!486 2.2G08 -0.00:2:2 of r iver 1. 9984 feet. Mean uepth 75 

o.;l D ..... 1.()110 ~. 3500 2.3 .)0.J 2.:! 185 ~ . ~ 38 (j -0.0:101 fe et .. 1\Iaximum velocity 2. 2523 feet (at ... 
0 :! .3100 2.3404 :l .:lOOl 2.2 1 4~ - 0.0141 0.15 D). l\Iean wind down 1.1. 

OA D . .. ...... 1. 8tl 

0.5 D .... .. ... l. 8U7~ 2.:2150 :2 .2029 2 1607 2. 1777 -0.0170 

0.11 D ....... .. 1.8390 :2 .:2:3:20 :2 . :2 ~ 34 2. 1l \l2 :2. 1:l!JO - 0. 0098 
I :! .:.'100 2.1 \188 2.0778 2.0ti81 + O.UO\l7 

0.7 D ..... .. .. l. 78t.i0 I 

0.8 D .. .... ... 1. G!l80 

I 
:! .15:20 

I 
:!.1 370 :2 .00(15 1. 9!)50 + 0.014 5 

1. 6180 2. 0500 2.UG28 1. 9:2(; :2 1 .!l007 + 0.01G5 
o.n D ........ . 1. 81:23 
Bottom .. .. .... -----
8 um of common poi~ t~ ... ..... .. . .. ..... .. .... . 2 1.4 7:!8 21 .4 i:!-i 0.1267 

l\1 cnn of common potnts .. ... .. .. · ............. · :.'.1473 :U -173 0.0127 
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llfean rnedium-stage sub-swface velocity cw·ves at Oolumb~ts and TTicl~sbw·g. 

Coltn nbus, Ky. 

DCJlth or fl oat below sur ftLCC. 
Velocity by Velocity by DifTt.•rence. 

olJscr \':1 Lion. formu la. 

Feet. Feet . Feel. 
Sut·fnce ... .. .. .. . . ......... 3.Dfi2G 3.!)808 1 IJ.IIII I Ii 
O.J D . . .. ....... ... ..... .. . ,Lor,oo •i. (/.j.ji\ 

I 
- ll.O(I.j.) 

0. 2 D . .... ........... .. .... 4. 11 00 ti. IJH -0.00·1·1 
O. il D ................ ..... . 4.11i~ll 4. 15i3 + O.IIO·Ii 
0.4 D ... . ......... ...... ... 4.1 30 ~.1 8~ 3 - 0.00 13 
0." D . ... ...... ........... . 4.1900 4.1 !155 -O.OOi\5 
0.6 !) ........ .. ...... . . . . .. 4.1 850 4. 1!JOi -0.0057 
0. 7 D .. .. .. ..... ....... . ... 4.1860 ·!.1700 + O.OlGO 
0.8 D ....... ... .. . ..... ... . 4. 1335 
0\J D . .... ..... ... . . ... .. .. 4.0811) 
13ollom .. . .. ... . ......... . . 4.01 :!G 

u m of common poin ts. I 33.0-186 3~.0.J 8G 0 .0·1·17 
Mean of common pomts 4. 131 l 4.1 311 0.005G 

-

-I! 
Yt' lue ity U) 
o t,~ t.· r\'ati o n . 

Fh t. 
~.5H IO 
~ .5 i.)() 

I 4.5u8o 

I 4.5 1\JO 
4.5080 

' .J.<J 300 I 
I' 

.J .3:l ! O 
4.21 80 
4.1200 

I 4.02 ' 0 

I 
·1 ~ .0080 

4.3\J\JS 

Yicksbu rg, ;\liHs. 

I 

I 

Yrl< >C ity hy 
llltllll. for 

4. 
4. 
4 . 
~-
4. 
4. 
4 . 
4 . 
4. 
4. 

Feet. 
.)(j :! I 
:)71)\) 
i)tj2 1 
5308 
JHIH 
4303 
:151 :l 
25·16 
1-10!'1 
OllR:> 

3. ii!l2 

Difference. 

F FFI. 
-j 0.01 8!) 
+ O.OOH + 0.00-)9 
4 () 0 132 
+ 0.01 G~ 
- - 0.0003 
-0.0:!02 
-O.t13ti(j 
-0.0:l()3 
-1 0.0195 

Hcmarks. 

I Columbus curve. 

I 
li:l obs. 111 cn.ch poi nt. 

~fer~nde pth (i.) ft. ~ l <uc. 

v lociLy 4. I \158 fl. (n.t 
0.5:2 D). !l l cnn winu up 

1 1.:?. Approx. mon n ve­
l loc ity of ri ve t· 3. ·10ill ft. 

Vicksburg wrve. 
1 20 obs. nt ench p oint. 

I 
:\ lcn1t dept h 5r, ft. M>IX. 
velocity 4.570!) ft. (11t 

------ 0. 1 D) . l\ [ennwi nddown 

! 
1. Appr ox. mer~n ve­
locit y of river 4.15\)!) fl. 

43. 

I 4. 
!1076 
3\JOS 

0. 16i\2 
.0155 

Formula next 
tested by actual 
curves of obser­
vation. Tables 
of results. 

Although the principle upon which the curves of difi(:!rcnt depths 
were combined is believed to be sound, it may, perhn.ps, b called in 
question. 'rhe general equn.tion hn.., therefore, been ::tpplicd to a.ll the 
origin::tl curves of obscrvn.tion, a.. first deduced by combining all observa­

tions where the depth was t he same. The following tables exhibit the results, which, 
excepting the Vicksburg high-water curve, arc also hown in figures 1, 3, 10, 2, 4, 9, 
11, 8, 7, and 6, plate X I. 

llfean high-water sub-&wface velocity c~m;es at Carrollton. 

High wuter; depth JlO fort. 

Dopl11 of Oon t iJolow 8nrfuco. Yelc >e ily Velocity 
by ob,a- by Ditfe: rcnCf'. 
va tion. forn111ln. 

Feet . Feel . F eet. 
1.5 .feet ... ....... .. ....... . 
C ·' •. .. •. ••• •••••.••• •• 4.230 1 ~ .2:lUG - O.OOG-1 
3 

18 
ao 
3U 
54 
(jl) 

" 4.:l8G3 + 0.01 !31 

~ .:won -1 o.0-1 5 ~ 
4.20U7 + 0.00~ 

High mtlt:r; th•pth iO fel'l . H igh wnter; d pth 55 fet•t. 

Yt·ltN:: ity Yt loc it y \"elocity I Ycloc ity 
Ly tJ IJ"lt·r- hy DiftCrenco. hy Oh -it' r- hy Ditfor£l nco. 

vntiou. fornnll n. \'1\l i 1}, funnu l 1~. 

-- -- - - -- --.. 
F'ul . .Fu t. /•'eel. Feet. Peel . Feet. 

2.7U:23 :?. i 58:l -1 0.00,10 
8.5-itl:l 3 .1\'1·16 + 0.00.) 

:1 .82(j:J ~.80!10 + 0.010-1 
3.G - ,i I a.n.:i87 -0.0086 2.8:l l1 :l.8i7 !l -O.Il"l(j 

2.8005 2.8!i:l7 + O.O:l28 
3.6flfl!l :1. (\ . . j + 0.011)~ 2.8Hi:! :!.H2~!i -0.00!)-1 
a . .>B-t:l a .t;o 11 - il.tl:!IH 
:U!ili 3 . ~ ' :l~ l t O.OOi!l 

I 
I :l . !i !l~i 1 (depth :ll . ft. ) :!. 82G ( uopth 22 ft. ) 

I :U :l:.W :l.6fi t) .) 
- ----- ------,--- ------ -
li. !J l :l l i.%1:! 0.04HI 11·1.1 :l l ·l I ·1.1 :l l ·l 0 . 11 :! ~ 

3 . .)\J(j:.! 3.5\Jtj:! U.OOULi :?.B2u3 :! .B:lti:l 0.0:!:2fi 
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Mean low-water sub-sU?face velocity cwrves at Oau o llton and Baton R ouge. 

Low water; depth 100 feet. Low watc r; depth 80 teet. Low w<>tcr; depth 60 feet. 

Depth of float below sur face. Velocity Veloci ty Velocity I Velocity Velocity Velocity 
by ob•cr· !Jy Difference. !Jy ob;er- by Di fference. !Jy ouser- by Difference. 
nt.tion. fOrJTIU l a.. -~ ~ormul a. _ vntion. for mula. I 

--- - --- ---
Feet . Feet. Feet . Feet. Feet. Feet. Feet . Feet . Feet. 

Surface ... ... .... .. ...... .. .. 1.()36:2 1. 936:2 0.0000 2.3~51 2.3819 + 0.0132 2.3804 2.3674 + 0.0130 
6 .feet .... . ....... .. ... .. ..... 1. 9185 1. 942.J. - O.O:W9 2.4239 2.3896 + 0.0343 2.3910 2.3811 + 0.0099 

12 " ················ ········ 1. 9.J.38 1.94H -0.0006 2.3998 2.3903 + 0.0095 2.3887 2.3824 + 0.0063 
18 " ·· ·· ····· ············ ··· 1. 97:27 1. 9424 + 0.0303 2.3738 2.3840 - 0.0102 2.3504 2.37!1 - 0.0207 
2.J. " .... ............... .. ... 1. 9394 1. 9362 + 0.0032 2.3492 2.3707 -0.0215 2.3404 2. 3472 - 0.0068 
30 " ········· ········· ·· ···· 1. 906~ 1. 9:26 1 -0.0199 2.3134 2.3504 -0.0370 2.2929 2.3 1071 -0.0178 
86 " ·· ········ ···· ····· ····· l. 9043 1. 9~18 - 0.0075 2.2952 2.3231 - 0.0279 2.2434 2.2617 -0.0183 
n " ·········· ···· ·· ········ 1.8929, 1.8935 - 0.0006 2.2530 2.2887 -0.0357 2. 1988 2.2001 -0.001 3 
~ 8 " ... ........ .... .... ..... 1.86721 1.8710 -0.0038 2.2287 2.2474 - 0.0187 2. 1379 2. 1259 + 0.01 20 
[i f " ·· ···· ··········· ··· ··· · l. 8.j96 1.8.J.46 + 0.0150 2.21701 2. 1990 + 0.0180 2.0628 2.0392 + 0.0236 
()0 " .... .................. .. 1.8247 1.8140 + 0.0107 2. 1iOil

1 
2.1436 + 0.0267 

G6 " ··········· ··· ·· ········ 1.i996 1.779! + O.O:W2 2. 12401 2.08 12 + O.O.J-28 
7'2 " .. .... .......... .... .... 1. 73 81 l. 7406 - 0.0018 2.0181 2.0118 + 0. 0063 
78 " ······· ·· ······ ········· 1. 68!)) l. 6978 -0.0087 
8~ " .... ........ .. ......... . 1.6390 1.6.510 - o.ouo 

2.3909 2.3834 (depth 9.6 ft.) Point of max. vel ocity .. . U J.J.H (depth 12 feet.) (depth 9.6 ft .) 
Bottom............ .. ........ 1.5061 1.\108-l 

1 9399 ~ 
Sum of common points .. 27.83:W l27.83l4 --0.1 582 

--- ----- ----------
29.5615 20.56 17 0.3018 22. 7867 22. 78G8 0.1297 

l\Icau ofcommon points .. 1.8555 1.855! 0.0105 2.2740 2.2HO 0.0232 2.2787 2.2787 0.0130 

Mean medium-stage sub-surface velocity curves at Columbus and Vicksburg. 

Columbus; depth 65 feet. Vicksburg; depth 75 fee t. Vicksburg; depth 55 feet. 

Velocity Velocity 
by obser- by Difference. by ob•er- by by obser- by Difference . 

vu.tion. formula. 
Difference. 

Depth of fioat below surface. Yelocity I Velocity II Velocity Velocity 

-

v<ltion. '-t-ormula. _ -----I vo.tion. formula.. 
---------- ·- ------ ------1--- -- - -----1 

I Feel . / Feet. Peel . 
Surfacc ......... . ............ 

1 

3.9 :21] 3.!'1875 
l O.feet ........... ... .......... -4 .0 6-l 4.0039 
20 " ........................ -1.1 659 4.16ti7 
30 " .. .. .. .. .. .. .. .. .. .. .. .. -1.1 91 7 -1.1 9()8 

~~ :: ::::::::::::::::::::::::1 1:~8i1 !:i~~! 
GO •· ..... .... ............... 4.0,.,3 

- 0.00!9 
- 0.00()5 
- 0.0008 
-0.0081 
-0.0110 
+ 0.0344 

70 " ...................... .. 
Poiut of max. velocity .. . 
Bottom .................... .. 

4. :!023 (depth 33.8 ft .) 
-4.0L \J3 

Feet. Feet. Feet . 
7.5000 7.5339 - 0. 0339 

7.5733 
7.6733 
7.533() 

7.5400 7.4551 + 0.0849 
U700 7. 3370 - 0.0670 
UilOO 7.1795 + 0. 1505 
6.8200 o. 95-4 5 - 0.13!5 

7.5782 (depth 15feet. ) 
6.8694 

Feet . 
4.5810 
4.5700 
4.5375 
4.39! 5 
4. 1850 
4.0190 

Feet . 
4.GG76 
4. 5705 
4.6153 
4. 4020 
4.2307 
4.001 2 

Feet. 
+ 0.0134 
-0.0005 
+ 0. ~222 
-0.0075 
- 0.0457 
+ 0.0178 

4. 5764 (depth 5.5 ft.) 
3.8657 

--- --- ----------- -------------- -
0.0687 36..J.GOO 36. -1600 0.4708 26.2870 26.2873 0.1171 Sum of common points .. :2~. 79 1 2-l. 7\J8:3 

l\leanofcommon poiuts .. 4.13311 4.1 3:3 1 0.0114 7.2920 7.2920 0.0942 4.3812 4.3812 0.01 95 

32 
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Mean sub-surface velocity curves in the bayous. 

Dnyou Plaquemine; depth 27 feet. llayon J"n }'uurcho; dept It 27 feet. 

Depth of float below •nrfacc. Yelocity Yclocity Yelocity I Velocity 
by obser· by DiiTcrence. by ob•er- hy DiiTerencc. 
vntion. ronil\lla. ''l\tion. fonuuln. 

----·--------------- --- -------- ---------

Peel . Feet. Feet. Feet. l•'eet. Ji'eet. 
Surface....................... ............................. . ............ G.500 G.~ .) + 0.015 3. 160 3. J (];l - O.OO!l 
5 feet ...... .. . ... . .. .. .. . .. .. . . . .. . . .. . .. . .. .. .. . . .. . . .. .. . . . .. . . . .. .. . G. 5:20 (].480 + 0.0~0 3.:130 :3 .23 1 -0.001 

10 " ..... .... .... . ... ..................... . .............. ........... . G.3.30 6.~06 - O.O-i6 3.:250 3 .:2~() + 0.00 1 
15 "......................................... . .................. ...... 6.300 G.:!Hi + 0.0:13 3.2:W 3.:2:!.1 -0.001. 
20 "............. .. ..................... ... .. . ....... ..... ............ 6.020 6.05~ -0.034 3. 150 3.14 1 + 0.009 
Point of maximum velocity ....................................... . 
Bottom ....... .. ......................... ............................ .. 

6.401 (depth 2.2 fL. ) ;l.:250 (depth 0.5 fi .) 
5.64-1 2.950 

--------------------
Sum of common poin ts ... .. .. ................ .... ........ ......... 31.6!10 3 l.fi\1:2 
Mean of common points ... ................................ ... .... 6.33 I li.338 

0. 1 i 1 G. 01 o 1 G. uo.:> 0.01 5 
0.003 0.03[; 3.202 3.:201 

This w~ight of evidence in favor of the truth of the formula and of the accuracy 
The result en- of the reasoning by which it ha. l een dedu ed i · thought to be irresist-
tirely satisfac- ible. When it is remembered that the forms of all t he. e curves arc 
tory. fixed by one and the same equation, it must be admitted that so clo. c 
an accordance with observations in localities and circumstnnces so different cannot be 
accidental. 

Investigation of 
the parameter 
law further 
extended by 
applying the 
general formula 
to smaller 
streams. 

That the numerical coefficient of v~ should remain constant for 
so great changes in cro. s-sec tion was a matter of surprise, and the 
question arose wheth r, for still smnller treams, it might Hot vary. 
Boileau's admirable observation. on his wooden canals afforded a 
menns of testing the matter. 

As stnted in the la t chapter, nptain Boilea,u considers his ob erva­
tions to indicate that the Yerti al curve below the point of mnximum 

Analysis of Cap-
tain Boileau's velocity is a parabola wbo e axi i.· at the urfac , wbil t he curv 
observations. above the point of maximum velo ity follows no discover d law. 1,he 
:first set of experiments was made in a, wooden a,nal r trough abou t 2 fee t wide and 1 
foot deep. The ob ervations nenr and b low th e point of maximum velocity were made 
partly with a n w kind of hydrometric tub and partly with a cnrrent-m ter. Above 
the vicinity of the point of mnximum v lo ity, Boil au d p'nd don floats which w r 
ob erved only at the surface, thu s 1 aving a r latively wide gnp in the curve undeter­
mined by measurement. Now it is vident tha t tb difference between the , urface 
velocity and that near the point of maximum mu t be affe t d by nny error in the on­
stnnts of the formu lm for computinrr the velo ity from th tube and urrent-meter 
ob ervations, and a,lso by th retardino· eif0ct of the sid -resistances, if the fl oats 
deviated ever so slight ly from the exa,c;t plane of the r st of the observnti ns. If th 
surface velocity was diminished by th e ca.uses of error to an amount equal to 0.077 of 
a foot per second, the cntir urve agr ry w ll with a parabola whose v rtex is il t 
t h point of maximum velocity, 0.17 f th d pth b lm th ur[a, e. Boileau's second 
series of experiments, matl when th J r th W<t r dnc cl to O.G 7 of a loot, fully con­
firms this opinion, as this cut·ve is evidently one and the same parab la b tu above and 
b low the point of mn.x imum vela ity, which i-; n.b· ut .3:37 or the dep th below th 
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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 the formulm-

V = 2.8254 - 1.5206 (d- 0
·
2034

) " 
1.1418 

v = 2.0079 - 1 2683 (d- 0
·
16

)
2 

. 0.676 . 

The axes are placed 0.178 and 0.237 of the depth below the surface, respectively, and 
the parabolas adjusted so that the mean of all the observations shall determine the 
mean of the corresponding points 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 these observations. 

Sub.surface velocity cur·ves /Tom Captain Boileau's experiments. 

:l'irst experiment. S.Oo<-.~rlm•-'· d 
Depth. Obscn ·cd Computed Difference. Depth. Observed Computed Difference 

velocity. 1'cloci ty. velocity. velocity. · 

- -· - -

.Feet . Feet. Feet. Feet. Feet . Feet. Feet. Feet. 
0.0000 2.7002 2.7771 - 0.0769 0.000 1. 9420 1. 93B8 + 0.0052 
0.1706 ~.l:S5JJ 2.82±1 + 0.0303 0.0±5 1.9680 1. 9713 - 0 .0033 
0.203-l 2.8577 2.825± + 0.0323 0.078 Ul810 1.'.)892 - 0.0082 
0 23()2 2.8544 2.8241 + 0.0303 0.111 2.0040 2.0009 + 0.0031 
0.2G!JO 2.8±78 2.8:204 + 0 0274 0.144 2.0170 2.00()8 + 0.0102 
0. 3016 :l.SilSO 2.8142 + 0.0238 0.177 2.0170 2.0070 + 0.0100 
0. 33·16 2.8281 2.8053 + 0.0228 0.200 2.0040 2.0034 + 0.0006 
0.4G59 2.7527 2.7432 + 0.0095 

II 
0.22!) 1.!l880 1. 9!)57 - 0.0077 

0.5653 2.6Hl 2.67<!6 - 0.0315 0.262 1.9680 1.9802 - 0.01 22 
0.6299 2.062± 5.6132 - 0.0408 0. 328 1. 9120 1. 9295. - 0.0175 
0.7!)~0 2.il590 2.4186 - 0.0596 0.4!)2 1.7250 1. 7059 + O.Ol!ll 
0. 892± 2.2343 2 2727 - 0.0484 0.557 1.6660 1.5705 + 0.0955 
0.9li80 2.1 359 2.Hi12 - 0.0253 0.623 1. 5370 1.4133 + 0.1237 
1.0236 2.037± 2.0408 - 0.0034 

I 1. 0893 1.9423 1. 9100 + 0.0323 I 
-

Sum . ..... .. .. 38.J.J.)7 38.522!) 0.4946 Sum ...... . ... 24.7290 24. 5105 0.3163 
?.l ean ....... .. 2. 5630 2.5682 0.0330 1\Iean ......... 1. 9022 1.€854 0.0243 

The columns of differences, it is considered, justify the assumption that the h~w 
already proved to exist in the Mississippi river holds good in this little 
experimental canal. If so, the coefficient of vY. in the parameter equa­
tion for a very small stream at once results. Boileau does not give the 
mean velocity of the canal, but, since the observations were in the 

They indicate a 
modification of 
the law for small 
streams. 

thread of the current, it may be determined with approximate accuracy by taking 0.8 
of that observed at the surface. This gives 2.1 and 1.5 feet for the mean velocity cor­
responding to the first aud second series of experiments respectively. Hence, desig­
nating by bY. the coefficient of the square root of the mean velocity, the following 
values of b result:-

b = (1.5206)2 - 110 
2.1 - . 

b = (1. 26~)2- 1 07 
1.5 - . • 
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These results, although rendered somewhat uncertain by the necessity of approx imat­
ing to the mean velocity, indicate a materi al change from 0.1856, the value of b already 
found for large rivers. 

The law of this change was considered an important object for investigation, but 
Furtherobserva- the existing data were insuffi cient until, when studying the effec t of 
tions to test the change in slope upon discharge, in the autumn of 18 -g, it became 
matter. highly desirabl e to test cer tain formulre by ac tual observations upon a 
small stream. A feeder of the Chesapeake and Ohio canal at the Lit tle Falls of the 
Potomac, near George town, D. C. , was selec ted, and incidentally anotl1 er value of b was 
determined. The details of these experiments, so far as they relate to sub-surface 
velocities, will now be given before finishing the discussion of b. 

The observations were made by Lieutenant Abbot, on December 2, 1 59, a calm 
and pleasant day. The clear water-way of the fe der, a t the point selected, was 17 
feet in width and 7.1 feet in depth, wi th a nearly rectangular, masonry cross-secti on. 
The total width of the feeder wa. 23 feet, but in this vicin ity on bank had parti ally 
caved in, thus obstructing the channel and more or less di ·turbin (l' the water for about 
6 fee t from one edge. Throughout the r maining 17 fee t, the urren t flowed with 
uncommon regularity from surface to bottom, thus afford ing an advantageous locn,tion 
for the experiments. Every care was taken to obviate errors of obs rvation . An 
examination of many published experimen ts had led to the belief th a t the subject, suf­
ficiently difficult in itself, had been greatly complicated by the use of in ·truments 
whose intricate machinery introduced so many errors a to onceal the true form of the 
curve. Oftentimes, different in truments had been used at different d pths, almost 
necessa.rily introducing relative errors. The doubl :Ooat had been g nerally r jected­
apparently without sufficient ground - and it was tb refore d cid d to give this m thod 
a fair trial. 

The low r float was made by b nding in the mi ddle two stri p. of shee t tin , 8 inch e. 
long by 2 inches wide, and then solderin (l' the b nt dg s togeth r, all the angles 
included between the four fans thus made b ing right angles. This sub-float, itself 2 
inches in height, was support d by two pie cs of ork, each 2 inche in diam ter by half' 
an inch in height. On pi ce was ecur d p rmanently to the top of the tin , thus 
increasing by its own area. th e area of the lower fi at. The other, forming the urfrt e 
float, was attached by a very fine iron wire. It wa .· ubm ra·ed only about an eighth of 
an inch, and , therefore, exerci ed no appre iabl effi ct upon the ra te of mov ment of 
the lower fl oat. By varying the length of the wire, the velocity a t any d pth oul cl. 
be measured, especial care b 'ing tn,k n to pla e th centre of fi o·nre of the lower float 
at the exact depth requir d, a very importn,nt matter, cRp cially fo r bs rvations at 
considerable di stances from th e poin t of mn,x irn um v loci t . 

The vertical 1lane in which to m asnr th , ub-surfa el iti was carefully 
selected so as to be as nearly a. p ·sible that f the tbrcal of th curre11t, b cause tho 
flatness of the horizontal curv in thi s vi ini ty would giv to sligl1t d viations of the 
floats from the exact vertical plan th ir min imum If ct in indu ing errors. 
· The vel city was determined by noting th tim of t ran:si of th e fl oa ts be twe 'n 

two cords 51 feet apart, stretched acros. th il ed r j ust above th wn.tcr :surface. A 
chronometer was used with all th care mploy d in nic ast ronomical bservations. 
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The flon.ts were placed in the water sufficiently far above the upper line for the lower 
float to sink and attain the 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 grand-mean curve with 
the pambola whos~ equation is-

V = 2.5216 _ 1.1 (d ~.~· 65r. 

Sub-swjace velocity observations upon a f eeder of the Chesapeake and Ohio canal. 

Velocities, in fC'et per second, of fl oats at various depths. 

Series. I 
I Vo ·v, v, Va v )5D v, vs v6.1 V7.I = VD 

Vn, 
uy cq. (5) 

---
I Firs! ........... . 2. 2787 2.4366 2.55!)0 24!)!)8 2.6154 2 3182 1. !)285 

Second .... .... \ 2. 31l02 2.fi.j80 2.4968 2.4D!l8 :u 878 2.26() 7 I. 92 99 
'J'hird ....... .... 2.4406 :!.5-'\80 2.6244 2. iin20 1.81'18() 2 318:2 I. 9814 
F ourth ..... .. . . 1 2.2787 2.5580 V~811 2.4406 2.3182 2.3182 2. 0040 
Fif1h ........ ... 2.2204 2.5iJ80 2.437() 2. H06 2.4286 2.3182 1.9655 
Sixth .. ..... .... 2. 3841 ' 2. ~ 3ii(i 2.62H 2 5()20 24878 1.8889 1.93 1 5 
Seventh ....... . I :2. 3841 2.3801 2.4(168 2.4998 2.21i4 2.1 250 l. 858G 
J~ igiJih ........ . I 2 38-11 2.5580 24968 2.4 406 2.4878 2. 3721 2.04-10 
Ninth .... ....... 2.38-Jl 2.5580 2.5390 2.3841 2. 4878 2.3 .1 82 1. 8254 
'l'enlh .......... 1 2.2787 2.49-38 2.5590 2.4098 2.4:!86 2.1702 1.7328 
Eleventh ..... . 2.38-U 2.5580 2.G932 2.4998 2.4286 2.4878 2.0856 
Twelft h ........ ,__:_2787 _ 2.5380 _ __:2757 _ 2.5Ci20 2.4878 2.3182 2.27 07 

-------- - -------- - ·-
:Men u....... 2.33G3 1 2.5178 I 2.::i li0 2.4909 2.3\JTl 2.2683 1.9632 

- -------------------- --------
Parabola .. 2.4!i26 I 2.5 124 I 2.5190 __:4818 2.4428 1 2.4010 2.2767 2.0895 1. 8725 2.3509 

--- --- ---------- ---------
Differ ence. -0.1 203 .+ 0.0034 - 0.0020 + 0.0091 -0.0039 -0 0084 - 0.]263 

The small n.mount of these differences proves that the curve is a parabola whose axis 
is parallel to the water surface and 0.232 of the depth below it, a result 
sn.tisfactory both a con firma tory of the Mississippi work and a.s indi­
c~ttinrr thn.t even n. few observations, cn.refully taken in a fn.vorable 

Analysis of 
them. 

b 
locn.li ty with double flon.ts, ma,y reven.l the form of the curve exhibiting the chn.nge of 
velocity below the surfa,ce. The mean velocity was carefully deduced from n. set of 
observn.tions taken across the feeder n. t n. uniform depth, by multiplying the mean of 
this horizontal curve by the ratio between the velocity n.t its depth and the mean 
of the whole vertical curve. It was found to be 2.0830 feet per second. From this the 
following vn.lue of b re ·ults :-

b = J l.l)' = 0.58. 
2.0830 

This new vn.lue of b confirmed the inference drawn from Boileau's observations, that 

They confirm the 
modification of 
the parameter 
law for small 
streams, and 
suggest an 
equation to re­
present it. 

the quantity varied inversely with the depth, n.nd justified an attempt 
to deduce its equation. The observations upon the Mississippi show 
thn.t b must remn.in nearly equal to 0.186 for depths varying between 
110 and 55 fee t, n.nd-if the somewhat less exact measurements made 
upon bayous Plaquemine n.nd La Fourche are to be relied upon in so deli­
cn.t a, mn.tter-for depths even as small as 27 feet. When, however, 
the depth becomes 7.1 feet, n. sensible increase is noticed, the quantity 
becoming 0. ~ , and when n. further reduction to 0.9 of a foot is made, the quantity 
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slightly exceeds unity, its value being about 1.1 (men.n of Boileau's two results) . The 
following expression fulfils these conditions with all needful accuracy, as is shown by 
the table of values:-

(3) b 1.69 
- (D + 1. 5)', 

I Vnlu es~f D, in f~el. .... ....... .... . . ...... . .. . .. ..... ... .. ...... ... . . . ... . ........ 11 0 82 55 27 7.1 1.1 0.7 

I Valu es of b by equation (3) ... . .... . ...... .. .... ... ......... . ~ .... . ... ... ........ ~ ~ ~ ~--;;:;--;:-~ 

Resulting equa­
tion for velocity 
below the sur­
face. 

(4 ) 

Since the rivers discussed in thi report arc usua.lly deep, b will be 
generally taken n.t 0.1 85G . If small stren.ms n.re to be considered, the 
above value should be substituted in eqnn.tion (2) mn.king it-

V = V _ ( 1. 69 v ) Y:i (d - d, ) ~ . 
d, (D + 1.5) ~ D 

This 1s in · truth a general equation. ·whether applied to the Mississippi river, 

Its general 
applicability. 

pouring its flood of waters with boils and whirls through n. chn.nnel 
200,000 square feet in cross- ection and mor thn.n 100 feet in depth, 
or to the bayou La Fourche, flowing as moothly as a canal through a 

na,rrow channel less than one-fortieth of the ize, or even to the exp rimental canal, the 
result accords closely with the observa tions. 

Formuln for the mean of tlw whole 'Vertical curve.-This is a, favorable place to consider 

Retrospect. 
both whn.t has been already deduced and whn.t more is required before 
the originn.l I robl m-thc gcncrn,l ratio of the v loci ty 5 feet below the 

surface to the mean of the whole verticn.l curve-cn.n b solved. By experimentally 
estn.blishing the corrcctne s of the formula-

(4) V = v - ( 1. G 9 v ) '-~ (d - d I ) 
2 

d, (D + 1.5)Y:i D ' 

it has b en proved thn.t the curve exhibiting the chang of velo ity in a v rticn.l pln.ne 
i a. parabola., of wh~ch the ordinates are the depth , and the ab ciss the corresponding 
velocitic. ; that the axis is parallel to, and, at tim . a t lea. t, below th plane of, the 
water surface; and that the param ter nries in a d due d ratio with the squar root of 
the mean velocity of tbe river. Al o thn.t thi ' ratio i. , u h, for larg tream., thnt n, 

slight error in mean velocity may be mad.e with ut mat rially afli cting the form of the 
curve-a fortunn.te circnmstnnce, sin c thi. qunntity i only n.pproximatcly determined 
by the preliminary computa tions. Eq untion for the mean ve lo ity of the who! v r­
tical urve and for one of the two remaining variables (Vd, aml d,) in g nern,l equati n 
(4) are yet essential to complete t h discu . ion. 

A mathematically exact xpres ion £ r th m an velo ity o[ the whole curve at once 
Exact equation r sults from what has alr ndy been ' tabli h d. and from the w Il-l nown 
for mean of prop rty of the parabola, that th ar a, of th gm nt includ d. b bv n 
whole vertical 1 d L curve of velocity t .1e co-or inates of any poin i qun.l to t\ o-thir ls of the rec tan <,. o con-
below the sur- structed upon tho o-ordinn. . . Indicnting by V,., h m an of th 
face. whole vertical cnrve, the followin rr quati 11 rc ults, ach member being 
an expr s ion for the ar a on figure 5, plate X I :-
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2 2 
V," D = 3 (Va, - Vo) d, + Vod, + 3 (Va, - Vn) (D- d,) + Vn (D- d,). 

By reduction it can be brought into the following convenient form for use:-

( 5) V m = ~ V a, + ~ V n + :: G Vo - ~ V D) · 
It only remains to deduce an equation for one of the two variables Locus of maxi­

in eq nation ( 4). For several reasons, not necessary to mention, d, was ~~~c:11~~~tJ/~ 
selected for study in preference to vd, · ' be investigated. 

Position of axis or locus of maximum velocity.-For this investigation, it is evident 
that only the five combined me::m curves can be used, since in these 
alone are the observations sufficiently numerous to insure the close 
agreement with the parabolic form which is necessary to an exact 
determination of the position of the axis. These five curves (figures 

Observed facts 
and general in­
ferences from 
them. 

12, 13, 14, 15, and 16, plate XI) indicate that this position 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 surface, is apparent from these diagrams. As theory 
has been carefully a.voided in discussing this subject, the object being to state correctly 
the facts expressed by the observations themselves, no attempt will be made in this 
place to explain the cause of this submersion of the axis. The fact itself, however, 
with the 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 resista.nce pro­
pagated by the same law from the bottom. This 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 depth below the surface being cl,. 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 
whieh must simil arly affect the surface resistance. The surface resistance, however, 
in addition to this cause of variation, must be n.ffected by every varying wind. H ere, 
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, ai3suming, for the time, 
that a. change in velocity of the river affects the surface and bottom resistances propor­
tionally, and hence has no influence upon the position of the axis. 

F~1ll notes were mn.d.e of the force and direction of the wind at the time of all the 
observations, as may be seen by reference to the preceding tables. The Determination of 
scale of notation was that usually adopted, a calm being denoted by the effective 

· d h' h force of wind force 0, and a hurricane by force 10. The highest WHl at w IC acting upon the 
velocity observations were possible was found to be force 4. The fol- five mean curves 
lowing process wns adopted in determining the effective force of wind of observations. 

acting upon each of the fi ve mean curves. The observations were separated into three 
classes : tho e t aken when the wind blew up stream; those taken when it blew down 
stream; and those taken in a calm, or when the wind blew directly across the river, and 
hence produced no effect. For the first two classes, the sum of the products of the number 
of observations at each poin t by the numbers designating the corresponding forces of 
the wind was found. The difference between these two· sums was divided by the total 
nnmber of observations at all the points of the curve. 'rhe result was the effective force 
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of the wind, which blew up or down stream, as the sum of the products of the first or 
second cla,ss predominated. The following table exhibits in full the data for the axis 
determination:-

Curvo. 

Grn.ncl mean-Carrollton .... ..... ................ ... .. ......... .. .... .. ... . 
High-wllt er mean-Can oll ton ....... . . ..... ... .. ........................ .. 
Low-wi1 te1· mci1n-Ci1rrollton ....................................... ..... .. 
Mean-Columbus ... ................. .... .. . .... . ... .......... .............. . 
i\Iean-Vicksburg .... ..... ............ .. ... ............... .. ................ . 

I No. of obs. at 
rach point. 

22~ 
142 

80 
52 
20 

Force of wind. I 

Down 0. 2 
Up 0.3 
Down 1.1 
Up 1.2 
Down 1.0 

0.297 
0.350 
O. J iiO 
0.520 
0.100 

A pprox. mean 
velocity of l'i vcr. 

Feel. 
3.3814 
4.1()05 
l. DHS<l 
3.4070 
4. 15!)() 

As already stated, the first step was to eliminate the effect of wind, ::mel thus 
Its effects ana- determine what the mean position of the axis would have been, had all 
lyzed and elimi- the observations been made during a calm. Since the mean effective 
nated. l' h · wind acting upon the curves was very s 1g t, rts influence was assumed 
to be directly proportional to its force, whether blowing up or down stream-a law 
which was subsequently demonstrated to be true even for high winds. It is al o 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 wind must have a contrary effect. 
Making, therefore, x = depth of axis in calm, expressed in decimals of depth of river, 
and y = effect of wind force 1 in raising or lowering the axis, expre sed in the same 

unit, it is evident that~'- must be equal to x increased or diminished by the product of 

the number indicating the force of the wind by y, according as the wind blows up or 
down stream. Applying these principles to the five mean curves, and giving each 
curve a weight proportional to its number of observations at ach point, the following 
equation results :-

222 (x- 0.2 y) 222 X 0.29 7 
+ 142 (x + 0.3 y) + 142 X 0. 350 
+ 80 (x- 1.1 y) - + 0 X 0.150 

+ 52 (x + 1.2 y) + 52 X 0.520 
+ 20 (x -l.Oy) + 20 X 0.100 

By reduction thi s becomes-
x = 0.3036 + 0.092 y . 

It is also evident that the difference between ~ and x is equal to y multiplied by the 

number indicating the force of the wind. 

222 (x - 0.297) 
+ 142 (0.350- x) 
+ 80 (x - 0.150) 
+ 52 (0.520 - x) 
+ 20 (x- 0.100) 

By reduction this becomes-

l-Ienee the following equation results:-

222 X 0.2 '!) 

+ 142 X 0.3 '!J 
+ 80 X 1.1 y 
+ 52 X 1.2 y 
+ 20 X 1.0 y 

X = 0.025 + 2.0ll y. 
Combining and reducing these two equations, the following values of x and y result:-

/ 
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X= 0.3170. 
y = 0.1452. 

257 

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:-

Curro. 

- -

1 mean-Carroll ton ......... OnlnC 
Hi gh­
Low-' 
~ l ean 

Mean 

wa ter mean-Carrollton . . 
vate r meon-Can-ollt on ... 
-Columbus ........ . ... . .. . . . 
-Vicksburg .... .. ........ . ... 

}'orcc of wind . 

Down 0.2 
Up 0.3 
DOIVD 1.1 
Up 1.~ 
Down 1.0 

ObSC I' VCd 
Observed d, 

d, n 
D reduced to cn1m. 

--
0.2!17 0.297 + 0.2 X 0.1452 = 0. 326 
0. 350 0. 350- 0.3 X O.Hfi2 = 0.306 
0.1 50 0.1 50 + 1.1 X 0 H 52 = 0. 310 
0 520 0.520- 1.2 X 0.1452 = 0. 3-lB 
0.100 0. 100 + 1.0 X 0.1±52 = 0. 245 

Mean Number of I 
d, Difference. Ob8CI'Vl\.• 

n tionR. 

0. 317 - 0.000 222 
0.317 + 0.011 142 

I 0.317 + 0.007 80 

I 
0.317 -0.029 52 
0. 317 + 0.072 20 

By the process employed in deducing the values of x and y, each curve has a weight 
proportional to its number of observations at each point; and the result­
ing differences, when regard is had to sign and to the number of obser­
vations, very nearly balance each other. It is apparent that these 
differences are very slight, and nearly inversely proportional to the 
number of observa tions. The legitimn.te inference is that they are due 

Resulting law 
for the locus of 
the maximum 
velocity in · calm 
weather. 

to errors of observation, and hence that the position of the axis in calm weather is about 
three-tenths of the depth below the S'U?face, whateve1· be the mean velocity of the 1·ivm·. This 
is a, great point gained, since it renJers it possible, by a process hereafter to be detailed, 
to deduce accurn.tely the desired ratio between the velocity observed at 5 feet below the 
surface and the true mean of the vertical curve, for calm .da.IJS at all stages of the 1·iver. 

The next step, namely, a stndy of the effect, in raising or lowering the uxis, of winds 
of different forces, led to difficulties apparently insurmountable. The Difficulty of 
five mean curves were but slightly affected by wind, and afforded no analyzing the 
data for J. ud

0
0'in

0
o- of the effect of a strong wind. But few observations effect of wind 

upon the locus 
for velocity below the surface were mn.de when the force of the wind of the maximum 
was greater thun 1; and, when grouped in up-stream and down-stream velocity. 

clus es and combined, each se t was found to be in ufficient in number to eliminate errors 
of observation, so as to give a parabolic curve whose depth of axis could be accurately 
determined. Even if thi:; had been possible, it would have been a wide generalization 
to a sume thut the mean effect upon the axis at all points of the river surface was the 
same as at j olated. points generally located ncar the thread of the current. Here, then, 
the di scussion must have closed., hud all the data ur on the subj ect consisted of the 
actual sub-surface observations. Fortunately, this was not the case. 

As alrea iy described, an approximate discharge per second had been computed for 
each day's observations at Columbus, Vicksburg, and Natchez, by taking 
the sum of the products of the areas of each division by the velocity ob­
served in it 5 fee t below the surfa,-·e. These di scharges were plotted in 
curve whose abscis::;ro were dates and whose ordinates were the di s-
barges per · coml. Any one, desirous of studying these curves for 

himself, can easily do o by plotting them on plate XIII from the 
column mark d' approximate discharge" in Appendix D. The printed 

33 

Errors attribu­
table to the 
effect of wind 
perceptible in 
the approximate 
computations of 
discharge at the 
velocity stations. 
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curves on this diagram exhibit the "revised discharge." It is evident that such curves 
ought to be smooth, without such irregularities as produce a serrated appearance, pro­
vided the discharge be accurately known. Irregulnrities were, however, found to ex ist. 
A reference to the wind-record for the days in question accounted for them. The 
depressions, indicating too smnJl discharges, were found to occur with remarkable uni­
formity when, according to the record, the wind had blown up stream; the sharp eleva~ 

tions, indica,ting excessive 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 result which 
the laws of cha,nge of velocity in a, vertical plane, already deduced, would lead one to 
expect. An up-stream wind increases the surface resi ·tance, depresses the axis, and 
therefore moves farther from the vertex the point of the curve 5 fee t below !he surface. 
The ratio of the observed velocity to the mean of the curve is tnerefore greater, and the 
dischnrge, as yet uncorrected by this ratio, must be too small. ·with a down-stream 
wind, the effect is exactly the reverse. 

Thi s evident rebtion, existing between the irregularities and the recorded force of 

E 
. . 

1 
the wind, suggested the feasibility of ded ucing an empirical correction 

mpulCa cor- . . . . 
rection deduced for wmd-effect. The Columbus observatiOns were selec ted for the trtal, 
therefor. and the curve and wind-record carefully studied together. It is evident 
th at, where the curve is nen,rly parallel to the axis of Y, a slight error in the oruinates­
in other words, in the discharges per second-cannot be detected. Such portions of the 
curve were therefore neglected. For the other portions, the following system was 
adopted. A ta,ble was formed, contn,ining 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 
point, and the estimated correction in cubic feet per second which would remove its 
serrated appcn,rance, was written in the column corresponding to the record ed wind 
force for that · day. ·when tb e whole curve ha.d been thus revised, a mcn,n of each 
column was taken. One· result, not a,ltogether unexpected, was evident. Up-stream 
and down-stream winds of any given force p10duced a.bou t equa,l effects upon the dis~ 
charge, the signs of cour ·e being differen t ; in other worcl , they lowered or mised the 
axis by nearly equal amounts. There are some theoretical rensons for a tendency 
towa,rd thi s result, but an absolute equalit.Y of effect could. hardly be anticipated. 
A down-stream wind acts upon the water first by relieving it from the resista,nce of the 
calm atmosphere, so that its whole force is effective in raising the axis from the posi­
tion it occupies in a calm, a,nd is eq ual in amount to tha,t of an up-stren,m wind of the 
sa,me force. The effec ts of the two winds in creating waves, however, arc different; tha,t 
of the down-stream wind being proportional to the difference between its own and the 
river's velocity, while that of the up-stream wind is proportionn,l to its whole force. 
The force of the wind is more effectively exerted. when the .wa,ves are large tha,n when 
i hey are small.* 

Although, n,s just rema,rked, no perc ptible difll renee could be d· ~ tectecl in the 

* Enough has now been learned to ju tify the remark th at the rc i tance at the surface in cal m wen.! her ca n be 
only pnrlly due to the friction n.gainst the air, otherwise a down-stream wind , movin g with cqurd velo ci ty with the 
water, must redu ce it to zero a nd mise the n.xis to the surface- a result contmry to th observatio ns. Tt occasions 
no surprise, however, to one familiar to the boils n.ncl whirls of the ?\[is issippi, that they shou lu cn.use n. great loss 
of living force at the su rface, and consequently 11 g re11t retardation of the surfa ce cu rrent. 
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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 roPt 
per secunrl. 

Up stream or down -stream wind, fo rce 1, diminishes or increases the com pu ted disciHtrge..... ... ........ .. 7.000 

" " " 2, . . . . . .. . . . . . . . . ... J 2, 000 
'' 3, .................. 1 D, OOO 
'' 4, .................. 33,000 

This empirical table of correctiun was applied to the Columbus, Vicksburg, and 
Natchez curves of discharge. It was found to diminish their serrated 
appearance greatly, but the correction was evidently too great fo r the t:;i~lt~~-ability 
low and too small for the high stages of the river. It was merely an 
empirical rule, and each co1-rection could p1·operly be applied only in that stage of the ?·iver 
fo1· which it was deduced, that is, when the mean velocity was abo,ut the same as the mean of 
the mean velocities of the days from whose observations it was deduced. 

This idea appeared to furnish a clue to the solution of the problem analytically. The 
effect upon the discharge of a certain mean day for each of the four 
desired forces of the wind might fairly be considered to be known. If it 
were possible from this to deduce the amount which the axis of each of 
the mean sub-surface velocity curves of t hose four days must have moved 
from its calm posit10n to produce this observed effect upon the com­
puted di scharge, data would be ded uced from which it might be possible 
to discover the law governing the effect of the wind upon the axis. An 
effort to accomplish this object formed the next step in this investigation. 

It is made the 
basis of an ana­
lytical investi­
gation of the 
effect of wind 
upon the locus of 
the maximum 
velocity in the 
mean vertical 
plane. 

The process was identical for each of the four forces under consideration al thou()'h ) 0 

the data were, of course, entirely distinct fo r each. A list of the days 
Numerical 
values of the 
quantities enter­
ing the computa­
tion. 

from which the empirical correction had been deduced was made. There 
were, then) computed for these days a mean approximate discharge, a 
mean approximate mean velocity of the river, a mean gauge-reading­
and from this the corre. ponding mean radius of the river-an unneu­
tralized effect of wind, found by 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, 
la. tly, a mean velocity 5 feet below the surface. The latter was found by taking 
a mean of all the tabulated velocities for all the divisions on the speci fied days. These 
mean quantitie , together with the deduced empirical correction for the force under con­
sideration, constituted the only data necessary for solving the problem. The following 
table exhibit these data fo r each of the four fo rces of the wind, together with some 
quantities deduced therefrom in a ma.nner sub equently to be explained:-

Wind. 

I ~ I 
I :: A " . .~ = 
I -~-~ 
I ~ ~ 

I
C.ft. 

Force 1 i UUll .j 
Force :2 1:..000 :3 
Fo1·cc s 1 n,>oo 1 
Force ~-~ 33UOll j 5 

-~ -
I I nneutral-
~ ~ ized wind-

pprox. :;8_ effect. 

~ ~~ ---v 
Up. Down ~~~ I 

--- -- -
Ft. c. fl 

. :!:!11 7122:!0 0.38 
6'JU 51Ui:3 0. :! :! 

.2:!1 1 i>:34i !lt) O. H 

. f) 4 !3;j 39, ~Ii i 0. J:3 

""' ind~tfect neutralized. 
Ob-

r 8Cr\'Cd 

u5 d, 
U' U'c~, U' U' 5 0 r r 

- -- - - ------ --· 

I Ft. Pt . Ft. I Pt. Ft. Ft. 
58.!11 iU 1:3a

1

-t.i 3 1-l \0.3 17 4.7 -H \H B55 -±.32.)2 
53. 71; 3 t.i2\)8 :3. () ;3 \)\) 10.317 3 . 6~~ -! i ~ · ~<J7 3 \ !-l :l8 ~5 
~-~. 5~ ? ·7.)26 :~ . 8 1~~ 1 1) 3 1~ ~ - 8·)!} \ 3 .t G69 1 ~ .4-b1 
Gt. , ·>.41l \J. 43 11 o. :n, <J. 4 ll6~1 f) . 30081<J .0063 

I I 

U" 
d, 

5 r 

Wind u," Wind '\' ind W iurl 
up. down. up. tlown. 

--- --- - - - --
Ft. Ft. Ft. 

4.66\)~ 1. 6851 U7ii 0 .374 0.260 
3 . 683~. l563 1 3. 7335 0.-±4 1 0. 193 
3.7;i2fl 1.6776 3.QH 2 0Ji03 0.130 
5.3i;J(j ).225 1 5 6503 o.5oO 0.080 
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Assuming equations (2) and (5) , and substituting for Y , Y<~,, D , Y,, , Y0 , and Y0 , 

The unneutral­
ized effect of 
wind upon the 
observations 
eliminated. 

respectively, U, U<~, • 1·, U"' , Ur, and U0 , the foll owing general formul re for 
large streams, applicable to the mean of all vertical curves, result-

(6) u = ud, - (0 .1856 v)Y. (d r cl,r 
(7) un> = ~ ud, + ~ ur + ~: G 0 _ ~ ur). 

If now, in equati on (G) , the tabulated values corresponding to the wind-force under 
consideration be subst ituted for l , v, and 1·, toge ther with the corresponding value for 
d, namely, 5, it is evident that the formula contains only two unknown quantities, 
Ua, and d, , and that if the corresponding vaJuc of either of these quantities can be 
determined, the other can be computed. 'I'he mean calm va lue of d,, na,mely, 0.317 1·, 
cannot be a,ssumed, since the curve is still n.cted on by a certain fract ional wind-force. 
This force is, however, known (sec above table), nnd , from the given data, it is possible 
to compute what U5 would have been bad th ere b en 11 0 wind; in oth er wordR, to com­
pute a new value fo r U5 , which shall correspond to th e known cnJm value of d,. 'rhe 
effective force of the wind in each case is so small that no corresponding e:ITect wi ll be 
made upon v, which will sensibly change the small function of it t hat ent rs the formula. 
The new value of U5 , con·es ponding to a calm, is deduced from the following considera­
tions. For small changes, the mean velocity 5 fee t below the surface may be assumed 
to be directly proportional to the mean velocity of the river. But the latter is directly 
proportional to the discharge, when, as in this case, the area of cro s-section rema.ins the 
same. Hence U5 ) in the a.bove expression, i , for light changes, directly proporti onal to 
the discharge. But the effec t of the wind upon th e computed discharge can be readily 
deduced, since the direc tion of blowing determine its sign, and the product of the frac­
tion showing the effective for ce, by the cmpir1cal correction, i ts nmount. Designating, 
therefore, by TJ'5 th e value U5 would have had, if llO wind had be n blowing, the follow­
ing proportion and resulting equ ation arc deduced:-

Approximate discharge as compu ted : Ap1 rox imate di . charge, had it been calm:: 5 : U'5 • 

U' _ U Ap~oximate discharge, had it been calm 
5- 5 Approximate discharge as computed · 

By this formula, the values given in the precedinrr table, in the column headed 
"U'5" , arc deduced. Using these values for · , and 0.317 ?' ford,, the other quantities 
remaining a before, equation (6) can now be so lved, and the alue of Ua, deduced. 
These values are given in t he I receding table, in the column headed. "U'/'. 'ubstitut­
ing these values for U<~, in equ a tion (G), with th tabu lateu valu of v and ?' a,nd the 
mean calm valu of d,, 0.317, and then making d = 0 anu d = 1·, the values f the 
velocity at the surface and at the bottom, contained in the c lumn h aded " '0" and 
"U',.", are deduced. All the quantitie · con taineu in th ' ond m mbcr of equation (7) 
being now known, the valu s contained in th column h acl cl '· " are coml)utcd. 

'" What the approximate discharge and the curve of v l citi s in th m an ver-

Analysis of the 
problem: What is 
the effect of wind 
upon the locus of 

tical plan would have b n on ach of th four m an days, had no wincl 
been blowing, has now be n 1 gitimately d cl uced. Mor vc r, the a,bso­
lute discharge per second must be unaffec teJ by any wind of uniform 
force. This reduces the problem to the question h w much the ax is 
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must be raised or lowered from its calm position, in order to make the 
product of the approximate discharge corrected for wind, plus or minus 

each of the empirical corrections in turn, by ~;; equal to the product of 
; 

26.1 

the maximum 
velocity in the 
mean vertical 
plane 1 

the approximate discharge corrected for wind by _uu-7, the quantity U". bein()' the mean 
• ~ • b 

of the velocities 5 feet below the surface corresponding to the particular wind-force 
under consideration. To answer this question, reference must again be bad 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 followed in deducing U'5 will lead to the fol­
lowin g expression for U"5 , in which only known quantities enter the. second member. 
The computed values are entered in the preceding table, in the columns headed "Wind 
up U"5 " and " 'Vind down U"o ". 

U/1-
5 -

Approximate discharge corrected for wind ±wind correction for force under consideration 
I • 

.; Approximate di~c barge corrected for wind 

For v, the approximate mean velocity of the river in the above table may be used 
without sensible error. 

Ford, u e 5. 
For 1·, 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 unaffected by wind. "'\Vhatever be the 
uniform force or direction of the wind, the true discharge, and hence the true mean 
velocity, rem ain the same. But for a uniform rectangular cross-section, U,, = v . The 
difference between these quantities, being solely due to the form of cross-section, must 
be independent of wind except for its inappreciable effect upon the level of the surface, 
and hence upon the form of cross-section. 

For U"o and "r, the following formul w result by assigning the proper values to d in 
equation (6), - the quantities v and .1· for each wind-force having the numerical values 

just named. 

(
d )2 

U"0 = U"<~, - (0.1856 v)~ -/. . 

U" = " - (0 .1 856 v) ~ (r -i!J.)2

• r d, 1 .. 

If this set of values be sub tituted in the two general formul w (6) and (7), it will be 
found that only two <]_Uantities remain unknown, namely, U"a, and d,, the numerical 
values of which may therefore be computed. By a somewhat tedious process of com­
bining the equations, eliminating "a,, and reducing, the following value of d,, in terms 
of known quantities, results :-

(0. 1 56 v)'f (5 r- -§-r• - 25) + r' (U;''- U m) _ 
d, = (0.1 856 v)'; (10- r) + 0 · 

The re ulting value. of d, , in decimals of the total depth, are given in the columns 
d," . a," a 

headed " ·wind up ; and " 'Vmd down -:;. · These values of -;_, it will be remem-

bered, are the number for which this laborious investigation was undertaken, and by 
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which it was hoped that the law governing the action of the wind upon the axis of the 
mean sub-surface curve might be revealed. The following table exhibits an analysis of 
these values :-

Wind. Snccf' ~t~ i 'ro ~ fean 

I 
l)iffcrcncr!-1 bC' t. . mNm and 

dillcrt·nces . di fH:reocre:. succcs~ i vc di OL-rcllCCs. 

---
Down- for ce 4 ........... ..... .. . .. ... . .. .. ... ..... .. .. . ...... I 0.081) 

O. l :lO 
O.HI3 
O.:WO 
o.:l17 
0.3 i-J. 
0.-IH 
0.50.) 
0.500 

0.050 O. OGO .I + 0.010 Down- force 3 . ..... . . . .... .. . ... . ..... ..... . .. . ... .. ... .. ... . O.OG3 O. OGO - 0.003 

~~~:=i-~ ~~: i ::::::::::::::::::::::::::::::::::::::::::::::::I O.Oli7 O.OGIJ - 0 007 
0.0& 7 0.060 + 0.003 0 ... . .. ...... .................... .. .. . . ... .. ... . . 0.0.37 O.OGO + 0. 003 Up- for ce 1. ..... ........ .. .. ...... .... ..... ......... ... . . . 0. 0(\7 0. 060 - 0.007 

Up- fo roo 2 .. .... ... ..... ........ ..... .... .. .... . .. ... .... . O.OG4 0.060 - 0.004 
Up- force 3 .. .. ....... .. .. .. ..... .. .. .. .. ...... .... ... .. .. . 0. 053 0. 060 + 0.005 Up- force 4 .... ... .. .... . . .. . . .. .. .. .... . .. .. ........ . .. .. . 

Sum ...... .. . .. .... .. .. ..... . . . ... .. .. ... .. ... ... .. ... .. ... . .. 0.480 0 . ~ 80 0.042 

No clearer revelation of law could be desired. The effect of the w ind, whethe1· blowing 

Resulting law, 
and general 
equation for the 
locus of the max­
imum velocity in 
the mean verti­
cal plane. 

ttp o1· clown st1·eam, is directly proportional to i ts .fm·ce, in the f ormer case 
lowering, and 'in the latter, 1·aising the a::cis. A lso, the amount of sttclt low­
ering or ?·aising is indep endent of the mean velocity of the 1·iver. When it 
is remembered that every part of the data, for detecting th effect of each 
:wind-force is entirely independent of that for the other three forces, the 
slight amount of the differences in the las t column of the above table is 

no less surprising than sati sfactory . It is evident that d, is no longer an unknown quan­
tity in equation (6 ). Its equation, which will receive a short discussion m the next 
chapter, is-

(8) d, = (0.317 + 0.06 f) ?', 

in which .f is the number indicating the force of the wind; a calm, or a wind blowing 
at right angles to the current, being denoted by 0, antl a, hurricn,ne by 10. Its es8en­

Explanation of 
discharge com­
putations can 
now be resumed 
where it was left 
on page 229. 

tial sign is p o itive when the wind blows up stream, and negative when 
down stream. 

The especial object of thi s inves ti cration of the law governing the 
change of velocity below the surfac is at length n.ttn.ined, since the 
complicated and vn,rying ratio, n cessn.ry to correct the work of the year 
1858, can now be readily d duced . 

FINAL DETER~IINATION OF DAI LY DISCIIARGE AT VELOCITY-STATIONS AND ELSEWIIERE. 

Method of c01·recting disclwrge mea<~urements jot chan.r;es of velocity below the swfa c.­

An equation for 
u,. 
U necessary to 

5 

complete these 
equations. 

It will b remembered that the method of determining th di ' ·hargc 
from the velocity men.surern ent<s has b en n,lready fully x pl ::tined, upon 
the supposition that tbe velocity in n,ny v rtical plane pn,mll l to the 
current is the same at n.ll dep ths. The prin i pl s and equn, tious just 
dedu ed rend r it possibl t co rr ct th se ar proximat di s hftrges for 

the error introduced by thi s a.·sumption. This an vid ntly b done by multiplying 

them by the ratio u~ · It only remain , ther fore, to d d ll ce an analy tical expression 

for this ratio, and to explain how it has be n pra t ic< lly applied. 

• 
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Substituting in equation (7) for Do and Dr the following values (de­
duced from equation (6) by substituting the proper values of if), viz.:-

(9) Do= De~,- (b v)Yz (~)\ 

(10) 

and reducing, the following value of Da, may be obtained:-

(11) D = D + (b v)Yz (~ + d, (d,- r))· 
~ m 3 . ~ 

263 

It is deduced. 

Substituting this value of Da, in equation (6), giving d, its value in equation (8), making 
d = 5, and dividing the expression D,, = D,,, member by member, by the resulting 
equation, the following analytical expression for the desired ratio results:-

u. u. 
(12) Us = U + (~ + (0.31'1 + 0.06f) (10 7'- r' )- 25) ( ) ~{ 

"' 3 -~~-- b v 
1'' 

The numerical values of this expression were computed and tabulated for each velo­
city-b11se by the following process. The days on which observations 
were made were grouped according to even feet of the approximate mean 
velocities already computed, it being assumed that the effect upon the 
desi red ratio, produced by changes in mean velocity of less than one 
foot, might be neglected. Each group was then examined in connection 
with the wind.record, and days were rejected until only calm days, or 
those on which the wind blew directly across stream, or those on which, 
w h n combined, the wind-effects bnlanced each other, were left. The 
resulting mean day in each group 'vas equivalent to a calm day, so far 
as wind-effect was concerned. The following mean quantities were then 

Manner of deter· 
mining the nu· 
merical values of 
the quantities 
entering the 
second member 
of this equation; 
with table of 
resulting values 
of the ratio for 
Columbus, 
Vicksburg, and 
Natchez. 

deduced for each mean day by dividing the sum of the quantities by the number of days 
going to make up the mean day, viz.: an approximate mean velocity of the river, a 
ga1we-reading-rtnd hence a mean radius-and a mean velocity 5 feet below the 
surface (found by taking a mean of the tabulated velocities of all the different divisions). 
Sub tituting in f1Uation (6) these mean values for v, 1', and D, giving cl its corresponding 
value, 5, and making d, = 0.317 1·, and b= 0.1856, only Uc~, remained unknown. Its nu­
merical valuewa ther fore computed and substituted, with the same values for v, d,, and?', 
in equation (G) which now contained only two variables, d and D. By making d = 0, and 
d = 1·, and ded uein cr the corresp ncling value of U, the velocity at the sn rface and bottom 
became known. ub tituting in eq uation (7) these vnlues, together with those computed 
for <I, d, and r, the value of ,,. resullecl. Substituting in equation (12) these values 

I 

of U,., with tho e already deduced for v and 1·, and making b = 0.1856, f n.lone remained 
unl nown. By givinO' it uccessively its vnJue for each of the various forces n.nd direc­
tion. of the wind, the following table has been computed. It will be noticed that eight 
ratios were deduc d for Columbus, five for Vicksburg, and one for Natchez; and thut 
they differ very lightly at th~ different stn.tions. 
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Table of m tios f or correcting the "ctpp1'0x imcde" d ischarges of the ~Mississippi. 

Locali ty. I Approx . ' Vind ' V\nd ,,~ ind 

mcun vcloc. dowu 4. dowu 3. down Z. 
of ri ver. 

" 'ind Calm. I 
duwn l. 

Wi 
ll fl 

nd 
]. 

Wind 
up:!. 

Wind 
u p 3. 

Wind 
IIJl ·L 

------ ---- ---- ----
Feet. 

I 

Columbus, Ken tucky . l. G82il 0.00i 5!l 0. !12~50 o. n:mn 0. !).",3!)1) I ll. !) i 0-10 I 0. !18 7:i0 1. Oll521 ·1.02:1:)7 1.0-1 :262 
102 1. 011/21 1. 0:.!2!)-1 1 . 0 ~023 
.):!1 1.1H I/ f;i J . O:W~ S 1. 1133!\0 
(j 11 1.110/(j() 1. 0 1!)03 1.0:30.)8 
i27 1.110ti8!l 1. 017!1:1 1.1128ii8 
8:\7 Ul0778 1.01 7'27 1.0:21i() 7 

2.H -IIl 0. 92202 o. n.'J.i l o 0. !1-IBH 0. !lfi2 i 3 0. 9i737 0. 9!) 
3.(;5.J 8 0. 93 i l (J O.fi48:Z6 O.fl:iO I 7 0. !17 liS f).f) 302 0. fJ!I 
4.ii0!Ji 0.0-WI!l O. !l.i IOi 0. !Hl l:!8 0. !l i -lli:l 0.!18-'i-lfi o.nn 
4.fl42() 0. !14()08 0.%8:!0 o.or;soo 0.07i -i 1 O.!l8 i :!H 0.90 

I 
fi.fi -l!l(j ll. !)i) .j ()() O.!H):!fH 0. \171 31 0. 9801() 0.\J 01H 0.9\l 
i -i :Z8:Z 0.95751 0.%!).) () 0. 973fi;j O.!l8 1D3 0. ()91)3.) O. H9 'I 8.3 !()2 O. O.J!JSJ O.D6i4i 0.9i 52:l 0.98:31 1 0.00 112 0.90 

It 
' -- -

01 I J.()(\/ (i2 1.0 1(\-18 1 1.0:Z:i i\ 1 
!)27 1. 00700 1. 01598 1.02-1:>3 

-- --==-- r -

Viok•b••g, >t;,.;.,;FP;ll 0. !1388 1 I 0. !l-1 R5 -l 
I 

3.()038 0.!1:)8-i il O.!lli G3 0. !li8!15 0.!18 
4.4 11 0 0.9-J ;,.I-1- O.!l:i-l:j8 O.!lfi-l:!!'l O.!ll :l iO o.n8i! IO 

1 
o.n9 

:jJ,!) i l 0 951 f)! I 0. \l() l)] 7 O.()fi8\l:j 0. 977 :; 0.08(;!13 0.0!1 

!).)(j J.OOO!H 1. 011 42 1. 02271 
:lOO 1. 1i011 07 1. 0 13: 7 l . ll238!) 
61::! 1.00GG i 1. 01:)18 1 .0:2~ !)~ 

II 
0. i :3G3 0.()503 1 0. !)644 0 O.!J i 2G4 0.!)810:} O.!lSo .-,2 ~ 0.99 
7 .06:2!) O.!l!lilOii 

I I 

23 1.0070G l. OIGO·I l.O:ZGl 0 

~-====--

N fl. l ch c7., ~T i ss i ssippi.. .. ll 4-.fl001 I 0. ()4 G(l() I 0. () :)501 I 0. 06-IG-i I 0.07-128 1 O.!lR-J20 I 0. !)!) -1 33 : 1. ()().I() I) I 1. 01 G:2:! ( 1. 02~02 
- -' ___ cl __ _, 

The practical applica tion of th ese ratios, so laboriously deduced, wa s very simple. 

Application of 
this table to the 
final computa­
tion of the dis­
charge. 

The approximate discbH.rge for each day at Columbu. , Vicksbnrg, H.nd 
Natchez was multi ied by the ratio, in the above tH.ble, most nearly 
corresponding to its approximate mean velocity, reference being ha.d to 
t he record ed force and direction of wind . A wind blowing directly 
across the river was considered calm. These di s harges were then 

divided by the corresponding areas of cross-section, to determine the tme mca.n velocity. 
The r snlts of these opera tio11s H.re given in Appendix D, in the columns headed " Dis­
charge" and " Mean velocity." The same op ration was perfo rmed up_on the fo llowing 
observations in 1851, in which all the floa ts passed .near th e surface, v iz.:-

R oul h's p oin l ........ . .. .. .... . . ........ .. ...... ..... ... . ... ...... . .... ..... . .. ... Fcbrunry 25. 
Rcd -r ivCJ' lunJin g .. .. .. .......... .... ..... . . .. ...... . .. . ... .. ... .. .. ... ......... ~ I ll reb 1 G. 
Ruccou rci cut-off.. . ...... .. .. .... . .. . .. . ... . ... ... . .. . . .. . ... .. .. .. . .. . . ... .. .... \ltuch 1 !l. 
l3nlo n Houge . .. .. . ...... . ..... .. .... . .. ....... .. ... .... .. ....... .. ............... April lund Apri l 26 . 
Bon net CtUTC .. .... ........ .. .. . .... ...... .... ..... . ....... . .......... .. . .. . .. .. .. \l ny 20. 

These corrected values are plotted on plate XV, X \ I, and XIII. On the two 
form er, the ord inates are th e daily o-aug -reading , and the abscissoo the 

Internal evi-
dence of accu- corresponding di scharges per second. On the other, the ordina te. are 
racy. t he dai ly di scharges per second, and th ab, issoo the corr sponding 
dates. :Many references will be hereafter made to t hese diagrams. At present, they 
are mentioned only to call attention to the evident moothne and regularity of the 
curves. T his is a evere te:s t of the accuracy of the work, as the calc is suffici n tly 
large to reveal readily by a . errated fo r m any irreo-ui<Lritie from day to day. To avoid 
complicating these diagrams, the "approximate di.·charge" has b -n omitted, but the 
curve can easily be added from the tabulated value · in At p udix D, if it be d sired. It 
will show that much of the fr dom from iiT gular iti is due to the appli a tion of t !Je 
correction-ratios given in the last table. Indeed, it may r a onably be claim d, .·ince 
this table is affec ted by every principle t hu far nun iated in this disc u sion, that the 
effec t of the deduced. corrections upon th curre of ar proximate discharg would be a 
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sufficient guarantee of the truth of the whole new theory for velocity below the surface, 
even if it rested upon abstract reasoning alone instead of upon observations. 

1,he corrected values are of course used in all the discussions of this report. To 
guard against any cavillings which may be directed against a process so 
long and. intricate as that by which these ratios have been deduced, all 
the data have been presented, necessary to enable any person to correct 

Concluding 
remarks. 

the approximate discharge, by any other desired process, for the difference 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 no 
general opinion can be based upon the revised result, which might not with. equal pro­
priety be drawn from the first approximation, wholly uncorrected. 

Interpolations of daily discharge at velocity-stations .-One uhiform system was adopted 

General system: 
of interpolating 
the discharge 
when no mea­
surements were 
made.-Missis-

at the several velocity-stations for determining the discharge on those 
days on which no current-observations were made. The discharges 
actually measured were plotted both with respect to time, as on plate 
XIII, and with respect to the stage of the river, as on plate XV. The 
determined points on one of the diagrams were then connected so as to 

'bl Tl · sippi river. make as smooth a curve as poss1 e. 1e mterpolations indicated by 
this curve were next tested and corrected by plotting them on the other diagram. A 
few trials will convince any one that, where observations are as numerous and exact as 
on this Survey, such interpolations are entitled to the same confidence as actual obser­
va.tions. They in fact amount to the 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 . 

• £' £' l . Arkansas nver. river. A correctwn was necessary 10r a 1ew days w 1en the nver was 
hi<rhest in order to a.llow for . orne water which poured across the bend just above 

b ' Napoleon. The amount of this correction from day to day was carefully estimated from 
relia.ble notes and records, and may be easily determined by comparing the discharges 
given in Appendices D and E. 

The di ·charge of ·white river has been assumed the same a.s that of the Arkansas, 
at Napoleon; partly because the measured areas of cross-section of the White river. 
str :uns near their mouth arc about the same, and partly because the 
large connecting bayou or cut-off has the effect of equalizing the discharge through the 
two chann ls below it, no matter from which river the water originally comes. 

In addition to his measurements upon the Mississippi river, in 1858, Mr. Pattison· 
was cha,rged with occa ·ionally gauging the Yazoo river, and with fully 
informing him. elf, from the regular packets plying between Vicksburg 

Yazoo river. 

a.nd Yazoo City, of its daily condition. During high water, these measurements could 
be readily made, since he could. pass in his ski£!' through the swamps, and return the 
snm e 0ay. After the river fell, the work could not be prosccLtted without interfering 
with. th operation:-; upon the i\Iissi.-:ippi, and it was acconlingly discontinued. Exact 
mepwranda obtained from gentlemen residing upon the river, together with the mea­
s urement ::tnd note: of 1\Ir. Pattison, furnish the means of accurately fixing the daily 

34 
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discharge from December, 1857, up to the last gauging on July 23, 1858. Subsequent 
to that dn,te, it is not attempted. 

The contributions of Red river, during the flood-period of 1858, were determined 

Red river . 
with much accuracy by :1 general system of checks. Through the kind­
ness of Mr. Thomas K. Smith, at Alexrtndria, the information needful 

for a knowledge of the daily stage of Hed river rtt that point, was secured. 'rhe gauge 
of Mr. H. D. Mandeville, rtt the crossing of the Vidalia and Harrisonburg road, supplied 
all desireJ. information relative to bayou 11ensas. Besides the gauge-regi ' tor at Red-river 
landing, Mr. 11orras kept a drtily record of the direction and force of the current in Old 
river. The gaugings of Red river, bayou AtchnJabya :md Old river, made in 1851 by Mr. 
G. C. Smith's party, and repeated in 1858 by that of Lieutenant Abbot, afforded a de:fi­
l1ite idea of the capacity of these rivers for di charge. The measurements at Vicksburg, 
transferred down the river in the manner soon to be explained, ful ly ch eked and 
established the accuracy of the di. charges estimated by di cus ing and studying these 
various records. It fortunately happened tha.t, during the critical period of high water, 
Red river was low, and the Atchafalaya carried off the cr vas e-water which drained 
through Black river. 'rhe water in Old river thus remn.ine 1 tationary, or nearly so, at 
this most important time, and no error of any practical importance can exist, therefore, 
in the estimated contributions of Red river to the Mississippi during the flood. 

Bayous Plaquemine and La Fourche so much resemble waste-weirs, that the amount 
Bayous Plaque- received for any given stand of the Missi ippi must be a nearly unvary-
mine and La ing quantity.';' By the. aid of this principle, the measurements of the 
Fourche. Survey afford all needful faci li ties for determining accurately the daily 
discharge during the flood-period, when a gauge-record has been kept. Tho following 
table has been computed for thi purpose from the data contained in Appendix D. :-

*Bayou Atchafalaya belongs to this class of streams, but, owiug to its peculiar situation, it i exposed to certain 
anomalous influences, which may produce an important effect upon its di charge. For this r ason, uo scale is con­
structed, although the foll owing data are su fii cient to furni sh a closely approximate idea of the discharge at ttny given 
stand:-

Authority. Date. dnnd below high water, 1861. Dischnrgo por acco nd . 

Fu t. Cubic feet. 
i\h. G. C. Smith 's party ........ ..... ......... . [nrch 9, 1 51. 4.2 105,000 
i\£r. G. C. mith' s party .... ... ....... ..... .... l\Turch 8, 1 51. 4.4 98,000 
Lieutenant Abbot's party ........ . .... ....... Feb. t 1' 1 5 .3 77,000 
Mr. Duncan, State Engineer of Louisiana. July 1-9, l GO. su.o± 20,000 
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&ale of discltw·ge for the bayous. 

Discharge per second in cubic fcQt. 
Miss iss ippi below Jdgh wntt'r, 1851, at upper 

moutl1 of bayou. 
B.:tyou Plaquemine. Jlayou La Fourche. 

Feet. 
0 35, 000 11,500 1 3~.000 10,500 2 29,000 9,600 3 26.000 8,800 4· 2:3,000 7,900 
5 21,000 7,100 
6 18,000 6,300 
7 15,000 5,400 

I 
8 12,000 4,600 

A very satisfactory test of the exactness of this table is furnished by the result of 
th e measurements of the discha.rge of bayou Plaq uemine, made by Mr. Ch:ules Ritter, 
at the date of high water, 1 8 .~3, and kindly communicated by Mr. Louis Hebert, State 
Engineer of Louisiana. The bayou stood about 2 fee t below high water of 1851, and 
the eli charge per econcl by the above table would therefore have been 29,000 cubic 
feet. Mr. Ritter found it to be 29,869 cubic feet-a difference of only about three per 
cent. 

Transfer of rneasw·ed clischarge.-There is yet to be explained the general method of 
computing-from the tabular exhibit of the daily discharge per second 
at the velocity-stations and the da.i.ly loss per second by crevasses 
(assumed for the present to be known), together with the corresponding 
gauge-records at different poin ts of the river-the daily discharge per 
second at va.rions important points selected for study . One uniform 

Outline of the 
process adopted 
for transferring 
measured dis­
charges. 

system has been adopted for all such transfers of measured discharges. The mean rate 
of mov ment of the water having been computed by dividing the approximate discharge 
by the approximate mean area of the r iver between the points considered, the water­
priSRl mea. ured at the velocity-base is traced to the point where the discharge is required, 
and corrected for the losse by crevasses, and for the contributions from tributaries, 
shown by the mea. urement. to have occurred at the dates of its passage. This is all 
that i. nee lful, provided the river is a.t a stand while this prism is passing, which' it is 
always at the top of the flood, when exact accumcy i most important. If, however, it 
be ri ' ing or fall in cr th prism i. affected thereby; a.nd a. correction, found by multiplying 
the mean area of river surfa c between the stations by the mean rise or fall per second 
while the pri m i pa. ing, is to be applied with its proper sign. A single example will 
show the practi al application of this process. 

Let it be required to fi nd the discharge per second at H elena on July 15, 1858. 
'iVhen the Mi , is ippi is at high-water mark, i ts mean area of cro s­
section from Columbus to Vicksburg is about 194,000 square fee t, and 

Example. 

it. eli. charge p r econd about 1,200,000 cubic fee t. This gives for the rate of move­
m nt of the water about 100 miles in twenty-four hours. This rate may be 
assumed ·without , en ible error for t he flood period. The distance from Helena to 
Nap leon is 102 mi le. ; thence to Providence, 132 miles; thence to Vicksburg, 70 miles; 
making a, total di · tance of 30-.1: miles from Helena to Vicksburg. It may, therefore, be 
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assumed that the water-prism which, moving at the rate of 100 miles per da.y, 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 unset on July 
16 and sunset on July 17; and pas cd Vicksburg, u lzere it was measu1·ed, between sun­
se t on July 17 and sunset on J u1y 18. Corrections arc, therefore, to be taken from the 
tabular exhibit in Appendix E, and the tables of crevasse discharge given in Chapter 
VI, to correspond to those dates, thus:-

Cubic feet per second. 

l\Icasurcd discharge at Vicksburg, July 18 ..................................................................... 1,2:25,000 
Deduct discharge Yazoo river, July 18 ......... ............................................................... 137,000 

Add crevasses, Providence to Vicksburg, July 18 {right bank ......... . ....... ........ ........ .... .. 
lefL bank. ...... .......... .... .. ................ .. . 

1,088, 000 
37,000 
24,000 

Approximate dischr~rge at Providence, July 17 .......... ...... .. ....... .... ....... .. ........ ............ .. .... 1,140,000 

Add crevasses, Nr~poleon to Providence, July 17 { r iglJt bank............. ........ ................ . . 2,000 
left bank.......................................... 8,000 

1\pproximnle di scharge at Napoleon, July 16 ..... . ........... . ............... ................... .............. 1,1 5!l,OOO 
Deduct. discharge Arkansas aud White rivers, July 16......... .............. .............. .............. 160,000 

DDD,OOO 

Add crevasses, IIelcn11 to Nnpoleon, July 16 r ·ight bank........ ..................... .......... ...... 16,000 
left bank .. ...... .......... .... .... ......... ....... ..... 63,000 

Approximnt.e disch argo at Helena, July 15 ................. ........ .. ........ .................................. 1,078, 000 

This computation shows that, if the river bad been at a stand during the passage 
of this prism of water, the di charge at Helena on July 15 would have been 1,078,000 
cubic feet per second. By reference to the gauge-records at Hcl nn, Napoleon, Providence 
and Vicksburg, how ever, it is seen that the river was falling during this period, and 
that, consequently, the discharge at Vicksburg was greater than that at Helena by the 
amount of water draining out of the channel between Helena and Vi ksbnrg. The 
amount per second of this supply must, thcr fore, be d duct d from 1,07 ,000, in order 
to ·find the true discharge per second at Hel na. The gaugc-rc ords slww that the 
river fell-

f'<·ct. 
At !Telcnn., July 1-1 fo July 15 ............ ... .. .. ................ .... ......................... ......... ........ 0.8 
At Nn.pol on, July 1!) to July lG ............................................................................... O.fi 
At Providonc , July HI lo July Ji ............................................ . ........... ...... .............. 0.7 
At Vicksburg, July 17 lo July 1 . . ... .. ...... ............. ........................... ..................... .... 0.0 

Since the river fell 0.8 of a foot while th water-prism was pa ing H lena, and 0.5 of 

a foot while it was passing Napoleon, it fell o. + 0·
5 = O.GG of a foot while passing 

2 

through the channel between thos two places. In like manner, the riv r fell O.GO of 
a foot in passing betw n N a1 ol on and Providence, and 0.35 of a foot in pas ing 
between Providcn c and Vicksburg. incc th se pla e are n arly cquidi t~ tant, th 
entire amount of water which was added to th discharo·e at Vi k ~:;burg on July 18 by 
the draining of water from the hannel b tw n II l na and i k burO', can be ob­
tained by multiplying th area of wat r surfac b tw en tho c pla s in square fee t 

(304 x 5280 x 4300) Ly O.G
5 + O.GO + 0·35 , whi h O'i · G 1100 000 ubic .fi ct. Divid-

3 0 ' ' 

ing this amount by 86,400 (the number of second. in 24 hour ), w hav 4 ,000 ubic 
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feet for the amount thus added per second. Subtracting this amount from 1,078,000, 
we have 1,035,000 cubic feet for the required discharge per second at Helena on 
July 15. 

In practical application, this process can be somewhat simplified 
by stating it in the form of an equation, and reducing the numerical ~:~~~;:::~f0°: 
coefficients. Thu , in the example just given, the process is represented 
by the following expression :-

[ 

Ri se !Lt Helena ... .. ....... ... ............ ..... ..... . ...... J uly 14-15 J 
. 304 X 5280 X 4300 1 + Twice rise !Lt Napoleon ...................... ..... ... .. . July 15-16 

Channel correctiOn = 86 400 X - " · · > · , () + I~1ce r1s: !Li I rov1dence ................... ....... .. .. . July 1~-17 
+ lhse at V!Cksburg ......... ... ..... ...... ...... .. ......... J uly 11-18 

By reduction the coefficient becomes, say 13,000. The method of computing the daily 
di .. charge at Helena, during a flood stage of the river, may then be indicated by the 
following expres ion:-

Disch!Lrge per second !Lt Vicksburg .................... ............ ......... ............. July 18 
-Discharge per second of Yazoo river ........... .. ...................................... July 18 
+ Di charge per second of crevasses, P1·ovidence to Vicksbm·g .................... July 18 
+ Discharge per second of crevasse~, Napoleon to Providence ..................... July 17 

Discluwge per second } = -Discharge per second of Arkn.nsas !Lnd White rive1·s ............................. . July 16 
nt IIolona, July 15 + Discl111rge pc1· second of crevasses, Helen!L to Napoleon .......................... July 16 

{ 

Rise at IJelenn ....... .. .. ..................................... .. July 14-15 } 
+ 13,000 + Tw~ee 1:ise at Nap~ leon ................ .... ............... .... July 15-16 

+ TwJCe nse at ProVIdence ... ..... ............................. July lG- 17 
+ Rise at Vicksburg ................... . : ................. .. , ... . July 17-18 

Thjs method of computation has been applied, without exception, to all cases where 
local d.ischarges have been determined from those measured at the velocity-bases. It 
is evidently a strictly mathematical process, allowing no latitude in its application. 

No furth er explanation 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 di cussions of this report. It may 
se m that an unnecessary d O'ree of detail has been attempted, but, 

Concluding 
remarks. 

sin e practical conclusion of great importance are based upon these numbers, it is 
ess ntial to demon trate fully that they are worthy of confidence. 

FIELD OPERATIOXS UPO RliVASSES.-RESULTING FOR?I[ULJE:, ETC . 

The requirements of the urvey made it imperative to undertake the measurement 
of the di charg of water through crevasses, or breaks in the levees, at 
seasons of high water, although the operation is so exceedingly diffi­
cult that it has rarely, if ever, been heretofore attempted. Several 
car ful ob rvations upon crevasses were accordingly made during the 
progre of he field work, and the results, although necessarily less 

General pheno­
mena attendant 
upon the flow of 
water through 
crevasses. 

accurate than the gaugings of the river itself or of its tributaries, yet seem, so far as 
they can be te -ted, to be worthy of confidence. 

Before pro e ding to detail these observations, a few preliminary remarks upon the 
g n 'ral phenomena a tendant upon the llow of water through crevasses may not be out 
of place. It i true of every crevasse, great or small, that its effect upon the currents 
of the river ext nd::l nly a ·hort distance from the bank. This was the case even with 
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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 iloatin o· bodies passing at about 200 
feet from the edge of the natural bank (or 300 D et fro m the break in t he levee). The 
day was calm, and no known anomalous influence existed. Between the crevasse 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 rear of the 
levee, when it rapidly diminishes; the water spreading in all directions, but mostly 
flowing toward the swamps. There is a sensible slope from the outer line of crevasse 
influence to the line of levee, where there is oftentimes a kind of cascade. In passing 
the break, whether by a cascade or not, the wat r is high r in the middle of the open­
ing than n.t either side. These conditions are evident to the eye in large creva ses, 
unless, as may hn.ppen, the wind or a pe·culiar situn.tion of the break w.ith respect to 
the current of the river modifies the fl ow of th e water. It may, therefore, be inferred 
that they exist in sma1l creva. ses also. 

The difficulty of mea. uring the discharge of a creva se can now be appreciated. 
Difficulty of The rush of the torrent through a bren.k generally render. the usc of a 
gauging a boat impracticable. The area of cross-section is constantly enlarged by 
crevasse. h · f 1 1 d I · t e cavmg o t 1e evee an was 1mg of the natural bank, and can 
rarely be accurately determined. The welling already mentioned, due to the exces­
sive velocity in the middle of the break, besides drawing the floats from the sides to a 
narrow path near tho threa~ of the current, prov nts any very accurate measurement 
of the slope of the water surface. The constant change in velocity, from the outer line 
of crevasse influence to the point of 1)readino- out over the o-round back of th levee 

0 0 ' 

renders the method of gauging by floats objectionabl , but the almost irresisti ble force 
of the current and the gr at slope of the water surface make any other plan impracti­
cable. From these consideration it i evident that. trict accuracy cannot be expected; 
but the close agreement of seveml experiments, conduct d by different individuals upon 
varied plans at di.ITerent crevas es, induces the b lief that a knowledge of tho laws of 
discharge has be n attained. 

Obse1-vations 'Upon the velocity of crevas es detailed ancl discus ed.-On several occa-
Rough mea- sions, t he velocity of the thread of the current of di.ITercnt crevasses wa. 
surements of roughly measured 1 y timing floats pn. t ba. e-linos of different 1 ngths, 
velocity. extending from the levo toward the swamp. The fol lowing table 
exhibits these results:-

r---·---- ---------- ------- ----------- --- -----
1 Ou<ern·d r n·l n ,•pth on I 

f.A' ngtl.l of tml "urfuce l~r u · of 'V idth. 
has ... hne. ·I .t lt•\'t't'. (1\p-

vc oca Y · pru~ianah• . ) 
'Onto. Party or-I"CV8SSO. 

Feet. Feet p t r u c. Peel . F'n t. 
Doyal ... . . ........... .. ...... ..... .. . .. . .. Ap1·il :24, 18/i l. 11;0 7 :l :2:!0 i\1'1·. G. mil h . 
On.rdr~nne ..... ..... ... .. .......... ....... ll.l nroh :2:.!, 1 ;;I. 200 i fl !10 Prof. c. G. l•'or~ h oy . 
On.rdnnue ..... ... ..................... .. .. Mnrch :2!1, 1 R.i l. :!Ill) 6 1 ao ] 'l'O f. c. For~hry. 
1\ l illandon ................... ... .......... April 1 !l, 1 .; l. :.!.-)\) !) :u 100 Prof. C. c. For s hey. 
II cspcri tt ..... . .. . ...... ............. ..... J\lo.y :.!:2, 18.i 8. :w 8 ]() ('! ) 1;30 ~ l r. H. A. Pnttison. 
Ln. l31·o.nchc .... ..... ..... ................ Juno ::l, 1 58. 104 10 i 307 ~.lr. w. IT. Williums. 
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In each of these cases, except at the Hesperia crevasse, the base-line was so long that 
the water must Lave u·ndergone many and great changes of velocity, rendering it impos­
sible to deduce from the observations that velocity with which it passed the l in~ of 
levee-the only line upon which the area of cross-section of the stream can be deter­
mined even approximately. .Moreover, the rela.tion between the slope and the O'ener-. b 

ated velocity not being noted, these observations cannot be used in deducing a general 
rule for discharge ; never theless, they are of value because they show how much the 
popular idea respecting the velocity of crevasses is exaggerated. 

In addition to the above, three sets of observations were made 
with all po ·sible exactness and with great care to obviate causes of 
error and arrive at practically usefl.tl results. They will be noticed in 

turn. 

Detailed mea-
surements. 

Observations upon the crevasse at Fausse Riviere were made by Mr. G. C. Smith's 
party, on March 28, 1851. Thi crevasse occurred where the levee was 

• 1. • } h 4 5 .r Fausse Riviere about G feet in be1gr1t, w1 t 1 t e water about . 1eet against it on 
~ crevasse. 

lVIarch 2 . The water, after rushing through a break 700 feet in 
width, pttssed it1to Fausse Riviere, and, being restrained by the banks, flowed for a time 
in the old bed. The measurement for discharge was made in this channel, where the 
stream bad apparently attained a nearly uniform velocity, the surface being 3.2 feet 
below the river urface. The area of cross-section was B420 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 this crevasse was 
3420 x G.5 x 0. 5 = 18,!)00 cubic feet. By the usual formula for discharge through weirs, 
with Ca tel's coefficient for reduction in the case of a canal through a dike,* we have 
the discharge equal to 0.527 x 5.348 x 700 x (4.5)g = 18,830 cubic feet. This coeffi­
cient (0.527) was deduced by Cas tel with great care from experiments upon a weir 
about 0.7 of a foot wide, with a ca,nal 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 agree­
ment of tbi , formula with the observation i. certainly satisfactory. 

Ob erva.tion, upon the Ganlanne crerasse were made by Prof. Forshey's party, on 
April 19, 1 31. The creva se was 350 feet in width , the levee being 7 

Gardanne ere-
feet high with the water about 5 feet against it on April 19. A pile- vasse. 

drivin O' boat about 0 feet in lenO'th, was moored in the crevasse, and 
0 ' 0 

th m asur m nts were made from it. The velocity of the water in passing its entire 
length wa .fi t per cond . \Vhcre it passed the line of levee, falling 2.5 feet in 10 
f, et, the ye1ocity acquir d at the latter part of this di ~tance was 15 feet. The floats 
pas. cd in th line of maximum velocity. Adopting the above ratio, the mean velocity 
is p: x 0. ~ = 12.7.:5 fi et. Hence the discharge is equal to 12.75 x 350 x (5- 2.5) 
= 11 156 cubic feet. The eli charge determined by the weir formula with Castel's dike 
coe ffi ; i nt is equal to 0. ~ 27 x 5.348 x 350 x 5g = 11,025 cubic feet-again in close 

accordance with the ob ervations. 

* Q = 0.5~1 (5.3-! W ll !) ; in which Q = dischn.rge, W =width of the weir, and H = the head of the lower 

edge of the wei r. 
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Observations upon the Bell crevasse were made by Lieutenn,nt Abbot, assisted by 

Bell crevasse. 
Its depth. 

Mr. W. H. \Villiams, on May 13, 1858, the crevasse being 237 feet in 
width. The levee was generally about 7 feet high in the vicinity, but 
at the crevasse it varied greatly, being, at some places, 2 feet above the 

water surface, and, at others, so low that a row of gunny bags filled with earth, upon the 
top, was necessary to prevent the wn,ter from flowing over. This crevasse differed from 
the others upon which measurements were tn,ken, by the water's having rapidly exca­
vated a channel below the natural surface of the ground. The uctual mean depth, on 
May 13, cannot be absolutely ascertained, but an approximution to it may be made by 
two distinct processes. Mr. G. \V. R. Bayley, when attempting to close it, found a depth 
of 22 feet ut the lower end, near the spot where he was driving piles on May 4. The water 
stood about 6 feet deep on the natuml bank (see the Carrollton gauge), showing a local 
excavation at that time of 16 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 the same hole, although 
the mean excavation in the part of the crevasse open on May 4 was only 25 feet. 
Hence, assuming the mean depths to be proportional to the depths in this hole, we have 
40 : 16 : : 25 : 8, giving 8 feet for the mean ex.cavution ucross the whole crcvussc on 
May 4. The second process of approximation is as follows : At low water the width 
of the crevasse was 731 feet, an increase of L100 feet huving been made at the lower end 
of the break since May 13. On this 400 feet a mean depth of 15 feet below the natuml 
surface had been excavated by the water. Assuming the ra.te of excavation to be uni­
form, 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 the creva. se was 25 
feet. Hence the mean excavation of the crevas e on the line of levee on May 13 was 
25 -15 = 10 feet. These two independent computa.tions agree so well, giving 8 feet 
for the mean depth of excavation on May 4, and 10 fee t on May 13, that 110 material 
error need be apprehended i.n adopting the latter for the true mea.n depth excavated on 
the line of levee on May 13. On the natural bank, outside the levee, the abrasion was 
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 M:ay 13, while on the line of levee, 
a.s already stated, a mean dq th of 25 feet had been excavated. Hence, allowing the 
rate of excavation on these two lines to be proportional, we have 25: 10:: 14: 5.G, 
giving 5.G feet for the depth excavated on the natural bank in front of the levee on 
May 13. Aclding 5 feet for depth of water above natural surface, we have lO. G feet 
for the mean depth of water on this line, a.nd 15 fee t for that on the line of levee 

on May 13. 
'rhe excavation, although with a much less mean depth, extended some hunclr cls of 

Its velocity. 
feet back from the levee. Consequently, it modified tbe ordinary condi­
tion found at crevas es, wher there i mmally a ·well clefinecl and sudden 

fall in water surface at the line of levee. The current mo,·cd ,'moothly from tho outer 
edge of the crevasse infiuence with a rapidly ace lemt d v lo ity through the break, und 
for perhaps 100 feet 1 eyond, when it broke into, iol nt boib, undoubtedly due to the 
irregularities of the bottom, and then spread outward in all direction . The la.nd was of 
course flooded, but a smn,ll spot remain u uncovered, GG fe t back from th levee at the 
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upper end of the crevasse. One instrument was placed on this island, and the other on 
the levee, and the time of fl oats in passing the distance between them noted. A mean 
of thirteen surface floats, tolerably well distributed across the crevasse, gave a mean 
velocity of 10 fee t per second for the current from the line of levee back 66 feet. Mr. 
Bayley, while drivitw piles to close the crevasse on May 1, found exactly the same velocity 
by noting the transit of two or three floats past his boat, which was 60 feet in length. 

The measurements of .M:ay 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 
pa.ssing from the line of levee rearward 66 feet, was found to be 10 feet per second. As 
during the whole period of this transit it was apparently undergoing a uniform accelera­
tion, this velocity may be assumed as that of the current at a point 33 feet back from 
the line of levee. 

The wa.ter 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 already remarked, the water surface in the middle of the torrent rushing through 
the crevasse wa considerably above that at the edges, estimated on the spot at half a 
foot. Hence, assuming for refe rence a horizontttl datum-phtne passing through the water 
surface at the lower velocity-station, the height of the water surface whei·e the floats 
passed, near the middle of the crevasse, 66 feet back from the levee, would be +: 0.5, 
and that of the river surface + 3.2 feet. At the middle of the torrent, opposite the 
upper velocity-sta.tion, the depression of the surface below that of the river was esti­
mated a.s closely as possible, by sighting through 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 = 2.5 
feet. Considering the slope uniform between the two velocity-stations, the reference 
above the datum-plane of the poin t midway between them, where the velocity was 10 

d · th 0
·
5 + 2·

5 1 5 r t B t t tl t d f · fl feet per econ , 1s, en, --
2

- = .. 1ee . - u a 1e ou er e ge o crevasse m u-

ence, the crevasse velocity wa~ 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 
is \VD v, in which \V 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 current, 33 feet in rear of the levee, may be assumed 
to b the same as that at the break; the depth, considering the ground horizontal 
between the two line., is D -1.7; the velocity 10 feet. The discharge on this line, 
33 fee t in rear of the levee, is, therefore, vV X (D - 1.7) X 10. Since the discharge on 
the two lines is equal, the equation results-

WD 'V = w X (D - 1. 7) X 10. 
By simple algebraic reduction, the following value for the velocity on the line of levee 
can be deduced:-

(13) 
17 v= l0- 15 . 

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 Effect upon the 
what it would have been, hrtd the depth there been the same as on the discharge ex-

35 
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erted by holes in natural bank between the levee and the river? In other words, is D 
the bed of a equal to 15 or 10.6 in the above expression and in the expro~;sion for the 
crevasse. 

area of cross-section vVD ? It is thought tlHtt it can be conclusively 
shown that the deep hole clid not increase, but rather tended to di,minish 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-e. tablished principle of hydraulics, that a 
limited hole in the bed of any stream, even if large enough to increase materially the 
local area of cross-!';ection, has no n.ccelemting, but rather a retarding effect upon the 
velocity of the current. This is probably due to the vertical eddies and boils which it 
occasions; but whether this be the true solution or not, the fact can hardly be disputed 
since the publication of Venturi's well-known experiments. To test the matter, he 
caused water to flow from a reservoir through a pipe whose diameter was alternately 
enlnrged and then contracted to its original dimensions. The e enlargements uniformly 
lessened the clischa1·ge. A pipe, 36 inches lon(l' and !) lines in din.meter, di8cha1ged nem·ly 
double the amount of a pip of the same dimensions, but enlm·gecl in .five places to u diametm· 
of 24 lines. 

Although these experiments are very vnJuable for stabli bing the general principle 
in question, they are not necessn.ry to prove that, for this particular case, the hole on 
the line of levee should not be allowed to in crease the value of D in the formula. This 
can be proved by simple computation from the da.ta just given. The area of cross­
section on the line of levee, as already seen, was 327 x 15 = 4905 . quare feet. But the 
area of cross-section on the line a, b, c, d (figure 5, plate III), was equal to 10.6 
(142 + 127 + 142) = 4357 square feet, or 548 square feet smaller. 'rhe discharge on 
these two lines was of course equal. It follow , therefore, that the velocity on the line 
a b, c, d must have been greater thnn that on the line or lev.e . But this is manifestly 
absurd, since, both according to ob ervation and to the general laws governing the flow 
of all crevasses, the rate of movement of the water underwent n constnnt acceleration 
between these lines and even for orne distance aft r pa sing the I vee. The absurdity 
arises from using too large a valu for D, and the on ·lu ion to be drawn from it is in 
perfect accordance with Venturi's experiments. 

With the depth on the natural bank in front of the crevasse, the di. charge on May 

Discharge of the 13 b comes 327 x 10.6 x (10- 2.~) = 29,100 cubic fe t per se ond. 
lO.G 

Bell crevasse tho 
when gauged on The same Yalues in th weir formula with a tel's coefficient mak 

May 13· di charge 0.527 (5. 34 x 327 x (10.Gf
1

) = 31,806 cubic fe t. The 

near accordance of these two values lead to the b lief that 30,000 cubic feet per 
second, although probably somewhat excessive, is as clo ·e an approximation to the di.­
charge of the Bell crevas eon May 13 a an be mad'. It wi ll 1 e noticed that it is 
nearly three times the maximum discharge of bayou La Foutche, and fiv -sixths of the 
maximum discharge of bayou P laquemine! 

This concludes the discussion of all the ob ervations made up n crevn.. ses, but 
there are to be derived from them some gen ral pra tical rule for computing th di R­
charge, when, as was generally the ca e, no dir ct obs rvations w re mau . Expressionti 
for the velocity and the dimensions of cross- ection are n c ssary. 'l'hc former will b 
first considered. 
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Formtdm fo?' velocity of crevasses.-The preceding tests of the weir 
Castel's dike coefficient go far to establish its applicability to crevasses. 
Dividing both members by vVD, the following expression for the mean 
velocity results:-

v = 0.527 X 5.348 DY. = 2.818 DY.. 
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formula with 

General rule for 
velocity of 
crevasses. 

Before adopting this formula, however, it is well to exn,mine the general expression 
already deduced for the mean velocity of the Bell crevasse, viz. :-

(13) v = 10- ~· 

From the manner in which it was deduced, it ought, if the discharge of this crevasse 
was governed by the usual laws, to apply to all crevasses of similar depth, although 
from its form, it evidently cannot be used when D is less than 3 or 4 feet, since v 
becomes zero when D = 1.7. To test its g•meral applicability to deep crevasses, it will 
be applied to the observations on those of Fausse Riviere and Gardanne. For the former 
it gives-

Q = 700 X 4.5 (10- E) = 19,530. 
4.5 

For the Gardanne crevasse, it gives-

Q = 350 X 5 (10- ¥) = 11,550. 

'rhe following table exhibits a comparison of these results with the measured dis ­
charges and with those given by the weir formuln, with Castel's dike coefficient:-

Cre"nss~ . 

Disch arge per second in cubic feet. I 
--:\leas- ur-ed- . ---,--lly- ,-, o-i r -fo-rm-ul-a.---;-- -E,-To-r.--;---ll-y -n.-w-fo-rm_u_la.---,--E=-1 

- F-n-.us_s_o R- iv-ie-re-.. -.. -... -. . -. . -.. -... -.. -... -.. . -.. -... 18, 900 18,830 + 70 19,530 -630 I 
Gard:wne ... ........... .. ..... .. ... .... . .... 11,156 11,025 + 131 11,550 -304 

It is evident that both formu lm give nearly the same discharges, but as the new 
formula errs on the safe side for these two observations, while the weir formula probably 
gives a little too small results, and, as the new formula, being especially deduced from 
observation on a large crevasse, may be supposed to accord more nearly with this par­
ticular class, it has been adopted for depths greater than 3 feet. For depths less than 
4 fee t, the weir formula with Castel's coefficient is used. The following table exhibits 
t he velocities computed by the two formulm in the manner just explained:-

Scale of velocity for m·evasses: 

I I I 

Values of D. in feet ... 1.0 2.0 3.0 4.0 6. 0 6.0 7.0 8.0 

--- ----

Values of v in feet.. .... 2. 8 4.0 4.0 5.8 6.6 7.2 7.6 7.9 
I 

This table has been uniformly employed in computing the discharge of crevasses. 
The manner of det rmining the value of D will next be explained. 

Depth of cr vm ses.-ln most crevasses, no excavation of importance is made, the 
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depth varyin g with the ri sing or falling of the river. From the high­
water depth on the line of levee, found by meR;surement after the river 
had fallen; from numerous river gauges observed daily at different 

points ; and ofte-ntimes from full local informati on from reliable sources, the daily depth 
of each crevasse, both in 18 51 and in 1858, has been estimated with much certainty. 

For the rare and particular ca e of excavating crevasses, it has been laid do\':n as 
an invariable rnle that the mean depth of the wate1· flowing o&eJ· the ?utluml banlc must be 
used for D, and that the mte of excamtion is p1·oportional to the dumtion of the flowing of 
the c?Y~vasse. 

As an illustration of the exactness of this method of computation, even in extreme 
Test of the ca. e., the following check upon the accura y of the computed di. charge 
exactness of the of the Bell and La Bran he crevas es is given. The area of the basin 
method adopted 
for computing into which they :Bowed was ay 20 x 50 = 1000 squn,re miles. By 
the dischargeof records furnish d through the courtesy of the officers of the Opelousas 
crevasses, the · 1 · b · 
width being railroad company, it appears that the depth of water m t ns asm con-
known. tinned to increase until July 20 when it came to a stand; and th at on 
September 14 the flow of the crevasse ceas d, the water in the ba in having fallen 7.4 
feet. These facts establish that on July 29 the di scharge of the creva. se became equal 
to the amount which was draining from the basin into the gulf; and al so that in the 
forty-eight days subsequent to that date, a volume of water 1000 square miles in area 
by 7.4 feet deep, plus the total amount received from the crevasse in those days; drained 
into the gulf. The character of the outlets through wh ich this water dra,ined 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 con idern.tion. But the latter 

. (5280)'1 x 1ooo x 7.4 50 oro b. I' ~ • d b h quantity was GoXBO x 
24 

x 
48 

= say , ) cu tc 1eet per ~cconct, mcrcase y t e 

mean discharge per second of the creva ·scs. The latter quantity (~ee Chapter VI) was 
107,000 cubic fee t per second. Ilcnce the approximate m au dif:lcharge from the basin 
in the forty-eight days-or its eq uival nt, the eli. charge of the two r,r va ·sef:l on July 
29-was 50,000 + 107,000 = 157,000 cubic il t per f:lecond . By the formu la it was 
144,000 cubic feet per second, giving a difference of only 13,000 cubic feet, which may 
be accounted for by rain-water draining from the ba in. This accordance leaves no 
doubt as to the exactness of the computations. 

"W'idth of crevasses.-The rate at which a crcva e increa. e · in width depends upon 
so many fortuitous circumstance., that it is, in tb nature of th case 

General rule for . 'bl f l f · 1 ]' t' '11 ' determining the 11nposs1 e to rame any ru e o · umver:-;n, n.pp 1cn .wn. ~ t1 , as , orne 
width of approximaJion to thi:s con tantly varying tn antity must be attempted 
crevasses. in omputing the daily amount. of' water tak n from th riv r by the 
different creva. sef:l, the subject has receiv d att ution. 'rho following list x hibits the 
only known series of accurately determin d width:s of the . arne creva. at difli rent 
da.tes. Although much shorter than could be uesir ' d it will be s en thn.t it include 
both great and small crevasses. 
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I Width . 

II 
Width . 

Creva.'iSC, Date II 
WiJth. II 

ofbrcaking. ------~-- ------,--- 1----- -

W!Jth. 

Date. }'eet. II Dato. Feet. )I Date. Feet . D:tto. Foot . 

Gn.rdanne .. .... ;l[n 

La Branche ... Mn. 
Dell.. .... .. ...... Apt 
Bonn et Carre .. Apt 

-

rch 18. '51 March 22 
y 3, '58 Ma.y 9 
·il 11 , '58 April 17 
·i I 19, '59 I April 20 

--~~~~ ?.l arch 2-; -~;-~:' April 19- - 350 
75 11 May 13 130 June 3 307 About Aug. 27 1050 

1:25 
1 

Jlprtl 20 175 lllny 13 ! 327 About Aug. 29 731 I 
150 II June 1 2700 1 June 23 I 3700 July 27 4000 

-~-----~--

'Vhen these measurements are plotted in the form of curves, several curious results 
are apparent. First, the rate of increase of the Gardanne, La Branche, and Bell 
crevasses is nearly the same, although the two latter, especially the Bell crevasse, exca-­
vated deep holes, while the Gardanne crevasse abraded the surface but little. Second, 
the Bonnet Carre crevasse of 1859 increased in width seven or eight times as rapidly 
as the others, a result probably due to the fact that the soil of which the levee was 
made contained much sand. Third, the law of increase in width which might be 
anticipated is app:went in all the crevasses. It is that, when the break is :first made, it 
increases rapidly until a considemble width, say about 100 feet, is attained. Afterward 
the width increases at a uniform but s1ower rate, until the river has fallen considerably 
below high-water mark. Doubtless, if the river were to fall very gradua1ly, the caving 
of the levee would partially cease before the water returned to its banks, but it almost 
always happens thn.t, after the first two or three fee t of fall, which do not seem to affect 
the caving much, the river subsides very rapidly. 

The last-named result of the study of these observations is importn.nt, as it affords 
a rule for approximating to the width of a crevasse ·whose date of breaking and maxi­
mum width are known, facts which ean generally be ascertained. For simplicity of 
stat ment, the rule may be put in the form of n.n equation whose second member shall 
consist of two terms ; the first being the width of the crevasse for each of the first five 
days of Bow (assumed uniformly at 100 feet), and the second the product of the num­
ber of sub equent days by the mean rate of increase after that time. This equa-

tion is-

(14) (
W,-100) \V - 100 + (n- 4) - -- -- , N-5 

in which 'V r present. the width on any desired dfl.y; W,, the width after the water 
has cea ed to flow; n, the number of day of dischfLrge which have preceded the given 
day; and N, the total number of days of discharge. When n is less than 4, the width 
is uniformly a , umed at 100 feet, as a sufficiently close approximation. 

Synop ·is of manner of compttiing C1' va.sse dischw·ges.-To prevent all ambiguity, a 

Recapitulation 
of general me­
thod of comput­
ing crevasse 
discharges. 

brief ynopsis of the manner of computing the discharge of a crevasse 
for a given day will be presented. Knowing, from the rneasuremonh; 
made after the ce sation of the flow, the high-water depth of the given 
crevasse,- estimated on the line of levee, if no material excavation was 
made there, and on the batture in fro nt of the le\'ee, if holes were dug 
on the line of the break -the depth on the given day was found by subtracting for this 
hi crh-\vater depth the stand of the river below high-water mark, a quantity which was 
al~ays known either from locn.l information or from a comparison of the nearest river­
gauges. Enterin rr th table on page 275 with this depth, the velocity of the. crevasse 
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was found. Knowing the date of breaking, and of ceasing to flow, from exact in­
formation, and the maximum width from measurement, the width on the day in 
question was computed by the expression ju. t given. The product of thi s width by the 
depth multiplied into the velocity gives the required discharge per second. The whole 
operation can be repre en ted by a formula,-equn.tion (15) b ing used if D exceeds 3 
feet, and equation (16), if it is less than 4 fe t. 

(15) Q --== (100 + (n- 4) (wN -=_1
;

0
)) D (10- ~) · 

(16) Q = (1 00 + (n- 4) (wN 1~ 0 )) D (2.818 D~). 
This process was applied to all the crevas es below the mouth of Red river, whose 

discharges are estimated in this rer ort. In U.iscu ing the flood of 1858 
Exception to the · h · b 1 1 f R d · general rule. m t e great regwn a ove t 1e mou t 1 o e n ver, as yet com para-

tively uncultivated, a cocffi ient of correcti n wa evidently required, 
since the conditions governing the flow of th water where these formu lre were tled uced 
were materially modified in that region. I n many case., the levee wa. so far distn.nt from 
the river that the depth at the edge of the natural bank was much less than that at the 
base of the levee, a cau e which diminished the actual di::;c harge, although not allowed 
for by the formula. Oftentimes, tree , a dense growth of aplings, or other obstacles to 
the free fl.ow of the water, existed in front or in rear of the break, and greatly reduced 
the discharge. The reported depth of the creva ·ses generally included whatever exca­
vation existed on the line of levee, and thus both the velocity and the area of cross-sec­
tion were unduly increfl.:-;ed. Add to these sources of error the natural xaggeration which 
must exist in much of the information upon which the calculations nre Lased, and we n.r • 

prepared to find a much too large result for the discharge of the crevasses in thi s part of 
the Mississippi valley. nw next point to be con idered, then, is a method for deducing 
a practical coefficient of correction for general applicn.tions of the formula to crevasses 
in this upper part of the river. 

Ooe.lfwient of correcticm, f ol' exceptional cas of cr ?:a.sses.-The daily measurements 
Outline of pro- of the discharge of the river and i ts main tributn.ries, the tolerablv 
cess for deter- exact information relative to all the rent~ . s which di chn.rged into thwe 
mining a prac- Yazoo bottom, the determination of the amouut of ' n.ter a tually in this 
tical coefficient 
of correction for swamp n.t the date of high wat r in 1 5 , and th rnitb nian records of 
this exceptional rn.i n-gaurres, received from Profc. :;or lien ry, render it p sible to deter­
case. 

mine this coefficient with con:;idcrable ac uracy. 
It has been seen that the area of the Y n.zoo bottom li n.ble to be submerged is 6800 

square miles; that, on December 1, 1 57, this ar a wa dry ; that, at high wn,ter in 1 5 
(July 15), this area was submerged to a mean depth of 3.0 feet, and on quently, that 
this reservoir received between those dates G 00 x (32 oy x .0 = 5 3, 5,209,G OO 
cubic feet of water more than wa di charged by the hann l f r azoo riv r, its sole 
outlet. The total di charge of this outl t, from D c mb r 1 to July 14 in lu. ive, was 
-by the m a urements of this ur y-140 GG- GOO 000 ubi feet Assuminrr 

) l ) ' Ol 

then, in order to be on the safe side, that fLll the water in the swn.mp on Ju ly 
15 eventually found its way into th i\Ii i ·sipr)i we ha c 5 5 200 GOO + . ' ' ' ' 1,408,665,600,000 = 1,992,5 0, 09,600 cubic feet f r the t tal volum ~ of wa.ter which 

' 
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entering the Yazoo basi n between the dates considered, eventually passed through 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 po sible to determine what amount of rain, fa,lling in the hydrographic basin 
of Ya,zoo river in the period considered, eventually drained off into the Mississippi 
river, it is evident that the total discharge of the crevasses into the bottom, up to the 
date of high wnter there, may be determined, and the results given by the crevasse 
formula thus be checked and corrected, by subtracting the amount of this min-water 
from 1,992,550,809,600. The operations of the Survey render this computation pos-

sible. 
The first step in the process is to determine the total fall of rain in the hydro-

Fall of rain in 
Yazoo basin in 
period consi­
del'ed. 

gmphic basin of Yazoo river between December 1, 1857, and July 15, 
1858. This quantity is equal to the product of the area of the basin 
by the depth of downfall in it. The area of the basin (see page 82) 
is 13, 50 . qu(tre miles. The depth of downfall during the time con­
sidered is found by takil1g a mea,n between the quantity of min at Memphis and that 
at Jackson, where accurate observations were made by Dr. Mitchell and Mr. Hatch 
respectively, the former observing for tl1 e Smithsonian Institution, and the latter as an 
amateur. The quantity at the two places was 3.19 fee t and 4.08 feet respectively, 
giving for the required mean downfall in the basin of the Yazoo river, which lies 
b tween those two places, 3.64 feet. The total fall of rain in this basin is, then, 
13,850 x (5280) 2 x 3.64 = 1,405,461,657,600 cubic fee t. 

The next point for consideration is what proportion of this eventually drain~ off into 
the Mis is ippi river. This question of the ratio between downfall and Ratio between 
dminage, which ha,s already been treated in a general manner in Chap- rain and drain­
tor II, has been much discussed by engineers charged with constructing age in Yazoo 

~ ~ basin. General 
various civil works, . uch a canals, reservoirs for water-works, etc.; and views upon the 

many direct observations and measurements have been made to solve subject. 

the problem. It has been ati~factorily shown that the ratio is very variable, depend­
inrr upon the locn.l conditions which govern the amount of evaporation and infiltration. 
Tbe following table exhibits the results of many measurements, and establishes the fact 
that, jn certain lo alities, by far the greater part of the rain-water passes away in the 
channel of the draining streams. It has been mainly taken from a pamphlet by Mr. Mor­
ri. upon the improvement of the Ohio river, but is slightly corrected in a few instances 
by reference to the Engli ·h authorities. 
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R atio between downfall ancl clminage. 

Locality. 

Bttnn r eservoirs .............. ..... .. 
Greenock . .. ............... ........ . .. 
!lut e ... ............................. .. . 
Belm ont, 1 8~ :1 ...... .... .. . ........ .. 

1844 .... .... ....... .... .. .. 
18-l.j . , ....... . ....... .... .. 
l 8<1G ..................... .. 

.llivington pike .................... .. .. 
Ashton .... ...... ..................... . 
]>tti slcy wnt cr -works .............. . 
Glasgow " .. ............ . 
Greenock ............... . .. ..... .. .. .. 
P c11k Forest Summit. ...... ...... .. 
Longcnd ttlc ............. . ....... .... . 
Schuylkill Nav. Res ... ........... . 
En.ton bt·ook . ............ .. ........ .. 
Mttdison brook .................... .. 
Ptttroon's creek .................... . 

" 
Lon g P ond .......................... . 
\Vest Pork Res .............. .. .... .. 
. Entire Missis~ippi vall ey ....... .. . 
Ohio n.nd Upper ~li ss. valleys .. . 
·1\'Lo., Ark., and Whitc-riv. v11l 's .. 
Red· river valley ................... . 

Character uf basin. 

1\Ioorlttnd. 
Fln.t moor. 
Low country. 
i'lloorlnnd. 

" 

Drainage 
nrf'n. 

S7. mile~. 
5. ] .j 

7 .R~ 
7. 81) 

2 81 
2.81 
:L 1 

2.81 I 
) C..2~> 
]li.2i> 
3. 18 1 
3. 18 
0. 5\) 

Sec Chttpt.cr I. 1,21~ ,000. 00 
383.000.00 
illi,OOO. OO 
!l7,000.00 

Annual 1 Annnnl 
downfall. j drainage. 

n.Ltio of 
tluwnf. lll 

nne! 
drainngf'. 

Authority. 

--- ---- ----------
Tnrhu. 

i :! 
GO 
4.) 
(;3 
·o 
55 
5 
53 
6 1 . 
46 
-18 
~() 

54 
[>I) 
(j.j 

:\:~ 

GO 
an 
3-1 
:1.) 
46 
-12 
40 
3G 
30 + 
3\) -
23 + 
R!l + I 

Inches. 
1 
~1 

2 ~ 
51 
33 
·11 
33 
2 -~ 
-10 
.[1 
30 
](j 

3fj 
30 
·12 
24 
40 
18 
23 
18 
2.j 
1 
18 
14 1 
8-
8- l 
3-
8+ 

I 

o.r.7 
O.GR 
o .. i:J 
0.81 
O.liG 
0.7r 
O.GG 
0.-11 
0.(i3 
0. 8f.l 
1), 1 
0. -10 
O.fi7 
0.00 
Q,(j.j 

O.i3 
O.ti7 
O.i\0 
O.ll8 
0.51 
0.!)3 
0. ·13 
0.45 
0.39 
0.:2 .) 
0.24 
O. lli 
0.:10 

Bcttrdmore 1.~nJ IT ugh lls. 

" 

JTpgl• cs. 

, tinatt. 

" 

} 
(Turton and 

Entwistle) . 

C. E. fi nd A. J ournal. 
SLi rmtt. 
ffow cr shttm . 
llalcmnn . 
1\l orl'is ttn•l Smit h . 
J\l c A1 pine. 

" 

l3os ton Wat et· C<>rnmiss ion ct·s. 
Rohcrts. 
Mis~ i ssippi Delta Su rvey . 

" " u 

From this table it appears that, when the ba in is well protected against evaporation 
and infiltration, some 0.8 or 0.9 of the total downfall may be carri d off by its streams. 
It would be difficult to find a region better guarded against the. e cause· of loss than the 
Yazoo basin. The hilly border of the swamp lands is narrow, and abrupt in slope. 
The rain which falls upou the steep clayey hill-sides runs rapidly to the channels of the 
streams, and is by th m discharged into th great wamp reservoir, and thus added to the 
volume resulting from direct downfall ther . Thi. swamp region is a flat country, und r­
lain by an impervious clay. tratum~ and haded fr m the evaporating influence of the 
sun's mys by dense foliage. The water i in a ci. ·t rn, and an only ·cap by the chan­
nels of the draining bayous into th Yazoo riv r, and by that into the Mis.- i . ippi. 

Especial compu­
tation of the 
ratio between 
rain and drain­
age in the allu­
vial region of 
the Mississippi. 
Outline of the 
process. 

Guided by the prec din()' table of publi. h d observation , we may 
therefore as ume that some 0. or 0.9 of the total downfall in this region 
eventually reache ~ the Mi~ i ippi. Thi . a. ·umption is not, however, 
nece ·ary. The observation of the Survey nable us to m CLsure the 
mean ratio for the bottom land. b tween Vick burg and tLpe Gira.rcleau, 
including the Yazoo, t. Fmn i.', <Lnd K entucky a.nd T nnes ee bottom , 
which ar all imilar in character, and which douutle ' have s nsibly tl1e 
same ratio. The proces by which this common ratio may be computed 

is a:3 follows :- · 
In the low stnge of the Missis ippi riv r, th gre:tt swamp laud b tween ape 

Girardeau and Vicksburg are dry; that is, the bayous carry otT th e min-water and tlw 
·drainage from the hills as fast as it is receiv d. uring fl oods, how ver, th se regions 
are submerged by water coming partly from th l\Ii, ' i. ippi river, partly from th 
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b·eams draining the surrounding water-sheds, and partly from direct rain. If, there­
fore, an entire flood, reckoned from one low stage to the followin g, be considered, the loss 
of water in to the swamps by overflow does not diminish the total discharge of the Mis­
sissippi at points below them, since the water which enters the sw~mp during the flood 
is drained out again into the Mississippi when the river falls. Hence, if the total quan­
tity of water pas ing the latitudes of Columbus and of Vicksburg be known for this 
river year, the difference between them, diminished by the discharge of the Arkansas and 
White rivers, and corrected for the diffe rence between the quantity of water in the chan­
nel of the N[ississippi at the end and that at the beginning of the year, will be the true 
drainage from the basins 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 this process of reasoning to figureR, it will be well to 
expJain that, as the discharge of a few crevasses enters into the numerical value of the 
ratio sought, the final expression for it must involve, besides known terms, the as-yet­
unknown coefficient of correction for the crevasse formula. This causes no difficulty in 
the process already indicated for deducing the numerical value of this coefficient, since, 
being the only unknown quantity, it matters not in how many terms it appears in the 
equn.tion. In order to simplify the explanation of the process, however, this algebraic 
work will be avoided by using the corrected crevasse discharges in deducing the numeri­
cal value of the downfall and drainage ratio. 

Total discharge 
past latitude of 
Columbus during 
the year. 

To find the numerical values of the quantities which enter into this 
ratio is the next step of the process. The water which passed the lati­
tude of Columbus, from December 1, 1857, to November .30, 1858, 
inclusive, was equal to the discharge measured at Columbus, increased 
by the water which pa. sed into the St . . Fra.ncis bottom through the Cape Girardeau 
inlet, and through the crevasses and gaps between Commerce bluffs and Columbus. 

The discharge at Columbus during t he river year was, by exact measurement, 
19,470, 5 ,27 ,000 cubic feet. 

An nccurate sutTey of the Cape Girardeau inlet was made in November, 1858. The 
high land which forms the west bank of the Mississippi river is here for tho :first time 
interrupted. The gap i::; about 3 miles in width, and conducts to the upper part of the 
great St. Franci ' bottom. At a distance of 2.5 miles from the rive r bank a macadamized 
road, mi ed to an aycrage height of about 4 feet, ha been bui lt across the swamp, form­
ing a kiud. of levee. During the high water of 1858, a portion of the northern part of 
this road 10 500 feet in l nrrth was ubmercred durincr nineteen days (June 9 to June 27, 

' ' 0 ' 0 0 

inclusive) . Th high-water depth wa. 3. 7 feet, but the mean depth for the whole nine-
teen days wa about 1.2 1i et le , or 2.- fee t ( ee Cairo gauge), giving 26,000 square feet 
for the mean ectional area of discharge for the whole time. The velocity of the cmrent 
through this br ak wa e timu.ted by an intelligent gentleman residing in the vicinity at 
about oue-tbiru of the low-wa.ter velocity of the Mississippi river in this part of its course. 
'l'bis i;-; equivalent to a velocity of about one foot per second, and is probably excessive, 
si nce the den fore ·t on each . ide of the road must have greatly retarded the. flow of 
the water, and the narrow branch of the swamp into which it first spread m:ust have 
soon L come choked. To guard against any under-estimate, however, this velocity has 

36 
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been n.dopt -J. The total qu n.ntity of wn.terwhich passed through thi s outl t duri11g tl 1e 
year is th en equn. l to 26,000 x 1 x 86,400 x 19 = 42,G81,GOO,OOO cubic feet. 

Below thi s gap, t he Commerce blu1Tis borde r the river for n. few mil H. From the 
point where they ter~iun.te to Columbus, Lh e :,; wamps were protected against n.ll but the 
June* rise by levees or high nn.turnl banks. During thi s ri se, water 'ntered the swn.m1 .· 
by many small crevn.sRes and by fl owi1w OY •r the top:3 of the leveeH. Th e average high­
water depth over the nn.tura,l La,uk, where the:-;e creYasses occurr ' u, wn.s :tbout [) feet. 
The di scharge through them Legan about .June 0, nnd continued for :-;ome twenty days. 
(See Cairo gauge.) ] rom .l\Ir. Smith ':-; reconnois:;ance, from Lhe oh."ervn,ti ons of Mr. Fille­
browu's party and frorn def-inite informittion obtained from wcll-infoemed resident:-;, it is 
concluded that t hese numerous breaks mn,y be a:-Himilated to a s i11 gle crevm;se, 1000 fee t 
wide on June a, and 10,500 on Jun e 2 , with n. dnily depth given by the Cn,iro gn.uge, 
and a velocity give11 by the corrected crevnsse formula. This g ives a total disc hftrge, 
during the twenty dnys, of 70, 3G7,010,000 cubic feet. As thi s quantity i · sufncie11t to 
flood the whole New Madrid swnmp, into which it entered, to n. mean depth of over 
3 feet, and as the actual mean d pth in this recep tacl , iucluding rain-wa ter and the 
discharge of all the numerous crevaR,' s b low olnmbus, was Cl:ltimatec1 by old l'eH id nts 
at only about 5 fee t, it is believed that this amount cannot differ mn.tcr iaJly from th e 
truth. At n.ny rate, no error cn.n exist ln rge enough to affect sensibly the final result 
of the computation. 

The total quantity of water which pn8s cl the latitude of Columbus from Decem­
ber 1, 1857, to November 30, 1 58, inclu:-;ive, wnf:, th erefore, 10,470,858,278_.000 + 
42,G81,600,000 + 70,3G7,040,000 = 19,5 3,90G,91 ,000 cubic f, ct. 

Total discharge 
past latitude of 
Vicksburg dur­
ing the year, 

'rhe next step is to ascer tain lww muclt pa:-; · •d the lat.itude of Vicks­
burg during the year. Thi .- quantity is equal to the di l:lchargc at 
Vicksburg, corrected for the difference between the q un.ritity of wn.tcr 
in the chn.nucl at the b gi nning and that at the nd of the yea r, p lus 

the amount whi ch escaped throu gh revas. e. below N apolcon and. fl owed through the 
swamps west of Vicksburg. 

Th e water which pas ed olumbu during the year from Dec .mb r 1, 1 57, to 
November 30, 1 58, inclusive, passed Vi I RLurg duri11g th, y ar from Decemb ~r lO, 
1 57, to December 9, 1 58, inclusiv ; in·' the mean rat of mov m nt n.t the low 
stage it> about 3 miles per hour, and th di ' tan e betw n th ::; • two pla.c' i:,; 589 mil · ·. 
The total Ji 'cha rge n.t Vicksburg from DecemL r 10, 1 57, to D c mbcr 9, 1838, inclu­
sive, is, therefore, what i · rcquireJ by the problem. The exn t di char,··c at V icksb n rg 
from J anuary 1 to Febru ary 1 , 1 5 , inclusi\· , rc ult::; front Lhe m asur mcnt:; at 
Natchez; .the discharg from F ebruary 19 to December 9, l :) , inclusive, from the 
measurements at Viele burg. The discharge from D ccmb r 10 to D 'C 'mh 'r 31, 1 :- 7, 
inclusive, was not dir ctly measured; but si n th riv r wn.- wit.hin banks, it call be 
quite accurately timn,ted by add iug to tiP mea. un'cl dis hargc at Uolumbus from 
December l to Deccmb r 22, 1857, inclu .. iv' the contri lmtions it r ivcd from the 
successive tributaries on its way to i k burcr and (l du ti 11 o· t.h, am unt which r -

O' 0 . 

mained in the channel to procluc ' the rise Lbn.l took ph ' in tbi . p riod. The dis-

* A very little water entered at the top of the April ris , tJ 1rough a few mall br nk , lJut it was so mnll a qu::tntity 
that it need not be estimated. 
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charge at Columbus from December 1 to December 22, inclusive, was 1,346,215;680,000 
cubic feet . Full information was obtained respecting the state of the tributaries, and 
all needful measurements were made. T he St. Francis and "\Vhite rivers were backed 
up, and contributed noth ing. The Arkansas added about 95,817,600,000 cubic feet, 
and the Yazoo about 73,180, 00,000 cubic feet. In the 589 miles of river channel 
between Columbus and Vicksburg, the records of tho Survey show a mean r ise of about 
18 feet in the twenty-t wo clays. T he me~n width of the river in this distance is 4300 feet. 
There remained therefore in the channel 589 x 5280 x 4300 x 18 = 240 707 808 000 

' ' ' cubic feet of water. The total discharge for the twenty-two required days at Vicksburg 
was then 1,346,215,G80,000 + 95,817,600,000 + 73,180,800,000 - 240,707,808,000 = 
1,274,506,472,000. cubic feet. Hence we have for the total discharge at Vicksburg 
during the y ar the following val ue :-

Cuuic root. 

Di scha rge December 10-31, 1837 , tr ansferred fr om Columbus . ..... .. . ... .. . .. . .... .. .. ..... . . .. ... 1,274,506,472,000 
Dischn.rge J anu n.r·y 1 to Febr·ua r·y 18, 18:38, t l'fl.nsfen ed Ct·o m Nalche'l...... .. .. .. .. .. ..... .. .. ... 4 ,465,815,552.000 
Disch>trge Februu,·y )\)to December ·, 1858, men.surcd n. l Vi cksbur·g .......... .. ...... .. .. .. .. . 20,25 7,608,2-HJ,OOO 

Discharge nl Yicksburg, December 10, JS.j 7, to December , 'J, 1858 .... .. ...... .. .. .. .. .. 25, 'J'J8, 0~0, 2(H,OOO 

Th e total quant ity of water which esc~tped thro ugh crevasses between Napoleon 
and Vicksburg on the right bank was 296,0D2,800,000 cubic feet. 

Hence the total quantity of water which passeu the la titude of Vicksburg from 
December 10, 1 37, to December 9, 1858, was 25,998,020,264,000 + 296,092,800,000 = 
26,294,11 3,064,000 cubic feet. 

T he total measured discharge of the Arkansas and White rivers, during the year 
considered, which, for Napoleon, extended from December 7, 1857, to 
December 6: 185 , inclusive, was 2,933,089,388,800 cubic fee t. Of this, 
50 7,456,000,000 cubic feet-the amount which, according to the 
measurements of tho Survey, escaped from the Mtssissippi river into the 

Discharge of 
Arkansas and 
White rivers 
during the year. 

"\Vhite-rivcr swu,mps- was no part of the real discharge of the Arkansas and White 
rivers. Thi :; real d[schargc was, therefore, 2,935,089,388,800 -- 597,456,000,000 = 
2 337 G3b 3 , 00 c~bic fee t. 
' ' ' Ther is ye t to be determined the difference in the a.mount of water in the chan-

nel of the river between Columbus and Vicksburg, on the first and last 
d~tys of the year. The records show tha.t the river was lower at the 
end of this period than at the beginn ing by a mean diffe rence of 6.8 
fee t. The moan width between Columbu. and Vicksbu rg at this low 

Channel drain­
age between 
beginning and 
end of the year. 

stngc is 3300 feet. Tho water which passed Vicksburg from the draining of the 
channel wa then ~ D x 52 0 x 3 00 x 6.8 = 69,786,604,800 cubic feet. 

T he total drainage for the year from the Ya:wo, St. Francis, 
Tennessee ancl Kentucky ·bottom lands, exclusive of the crevasse 
water, re ult from t he numbers j ust deduced, by the following process :-

Rain drainage 
during the year 
from. the basins ( 
cons1dered. 

Cubic root. 

Wn.tcr pn.ssing la titude of Yicksburg .... .. .... ... ....... ......... .. .. .. .. . .... .. .. .. .. .. .... .. .. ... .. 26, 2\l4,113,064,000 
Water pns~ing lil tituJe of Columbus ...... ...... .. .. .. .... ... . ....... .. .. . .... .. .... .. . .. .... ..... ... 19,583,906,918, 000 

DifT renee . ......... .......... .. .. ............ .. ... :. . .... .. ..... .. . . .. . .... .. . .... .... ... .... .. .... . 6, 71 0,206, 146, 000 
Drduct di scha rge Arka n ·as and Whi le rivers............ .. .... . .. ............ .... .. .. ... ...... .. .. 2,337,633,388,800 

4,372,572, 757,200 
Deduct for ch annel d rainage.... .. .. ... .. . .. ... .. ..................... .. ....... . ........ . .. .. .. . .. ... . 6\l, 786,604,800 

Hain clrainngc from tlr basi ns .. ..... .. .... .... .. .... ... .. . ...... .. .... . . . .. .. .. .... . . . .. . ... 4,302, 786,152,4.00 
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The nex t point to ·determine is the area of the bottom lands in question and of their 
Area of the water-sheds. The extent of the Yazoo basin bas been already given. 
basins con- That of the St. Francis basin and of . the Tennessee and Kentucky 
sidered. 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 bes t maps extant, as explained in Chapter I. The determina­
tion is believed to be accurate. 

Sq unro milow. 

Yazoo bollom ........ •. ..... .. .... .. ..... . .... .. .. . . . ... . ..... .. . . . . . .. .. ... ................... ... .... .... ....... ..... . ..... 7, 11 0 
Yazoowater -shcd .. . .... .... . . ..... .. .... .. ... ... ...... ... . ..... . ............... ................ .................. ... ... . . 6,7-10 
St. Francis bottom. . ... .. . .. ... . .. ......... ... .... ........... . ..... .. . ... .. . ...... ............. .. ...... .. . .. ...... ....... l:i, IJOO 
St. Francis water-shed ................................. . :.... ...... .... ........ ... ...... ......... .. .... ...... ..... . ...... .. 3,600 
'f ennessee and Kentucky bottom lan ds ..... .. .............................. .... .. ..................... .. .. . . .... .... 750 
Tennessee and Kentucky water -shed .. ...... . . ,............................ .. ........................................ 0, 500 

Total. .................................... ......... .......................... .... ....... .... .. ... .... ..... .......... 34,GOO 

Mean fall of rain 
during the year 
in the basins 
considered. 

The mean fall of rain in this region, during the y ar considered, mu t 
now be d termined. With th e exception of the r cord at J ackson, by 
Mr. Hatch, tbe only available data are those furnished by the Smith­
sonian In titution. By these records it appear that the total precipita­

tion from December, 1857, to November, 18-8, inclusive, was-
}'cct. 

At New Hnrmony, Ind iana .......... ... . ..... .. ..................................... ... ..................... .... ... .. .. .... 3. !l2 
At West Salem, Illinois ........ . ........ . .... ...... ..... ...... .... .... .. ............ .... ... .. ....................... ..... . .. 4.02 
Ai St. Louis, lllissouri.. ...... ........ .. .. ...................... .... .. ... ........ ... ......... ...... ... .. .......... ............ 6. 18 

Mean = downft1ll at bead of region ................................. ...... ............................. .... 4.38 
At Memphis = downfall at middle of region .. .......... .... . .. ..... .... ... ....... .... .. ....... .. .. .. . ... ...... ....... 4.4~ 
At J ackson = downfall at foot of region .. .. ..... .................................................. .. ................. 4.()\l 

lllcan = mcnn downfall in region considered .................... .. .. . ................. .... .. ...... : . .... .. 4.60 

The total downfall in the basins of the Yazoo and St. Francis rivers and in the Ten­
nessee and Kentucky bottom lands and their water-sheds, during the year consider d, 
was, therefore, 34,600 x (5280) 2 x 4.6 = 4,437,126,144,000 cubic fee t. 

For the desired ratio between the downfall and drainage, we have, therefore, 

Deduced ratio 
between down­
fall and drainage 
in the alluvial 
region of the 
Mississippi. 

4,302,786, 152,400 0 OG Th' 1 f 11 fi th · (' 4,437,126,144,
000 

= say . . IS va ue u y con rms e 1111erence 

drawn from the preceding table of publi hed re ults. irom the vast 
extent of the region considered, and from the grand cale on which the 
ob rvations were conduct d, ab l.ute exactne s of d termination can 
hardly be claimed; but the re ult, that n arly th e whole of the great 

downfall in the basins below the mouth of the hio eventually pas ·cs into the Missis­
sippi, cannot b questioned. The practical importance of this new proposition will be 
discus ed el ewher . II r it is a subordinat matter. 

T he value for this ratio having been deduced, th ·amputation of the pradical' 

Deduced value of 
practical coef­
fi cient for excep­
tional case in 
applying cre­
vasse formulre. 

coefficient of the creva e formulm may be re umed from page 279. 
The total amount of rain whi h :fill in th ba in of the azoo r1v r 
b tw en D cember 1, 1 57, n,nd July 15 1 , wa th r shown to 
be 1,405,4G1,G 7,G OO ubic fe t. Of this amow1t, ninety-six hun­
dredth , or 1,349,243,191, 00 ubic feet, even tually drained off into 
the Missis ippi. Th differ nc b tw n th latt r qnantity and • 
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1,992,550,800,600 (the total. water which, entering the Yazoo basin between the dates 
considered, eventually drained off into the Mississippi) is 643,307,618,300 cubic feet. 
This is the total amount of overflow from the Mississippi river into the Yazoo basin up 
to July 15, the date of high water in the swn,mp. This quantity, as computed by the 
uncorrected crevasse formula, is 1,758,153,600,000 cubic feet. The desired coefficient 
of correction for the formula is, therefore-

643,307,618,300 1 
1,758,153,600,000 =say 3' 

This closes the subject. It was shown at the outset, from considerations there 
adduced, that when the crevasse formula, dedtl.ced 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 measurements of 
the 'urvey confirmed the inference; for, at the date of highest flood, the crevasse dis­
charO'e below Helena, as computed by the uncorrected formula, would of itself have con-

o 
sumcd the whole Columbus discharge, and drained the Mississippi at Vicksburg. The 
above close anuJysis of the measurements has resulted in a coefficient for practicn.l 
correction. In the discussion of the flood of 1858, in reference to local high-water 
mark , 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 erevasse for which 
it has been dedueed. 



CII ArTER V. 

EXPERIME.r TAL THEORY OF WATER IN MOTION; JE W LAWS, FORMULJE, E'rC. 

Laws goveming the action of cohesion.-Locus of the maximum velocity in the mean ve rti cal plane.- Ratios here ­
tofoJ·e proposed fo r gauging ri 1·ers, of but little pmclict\1 uti! ity.- R cblion between th e mean of a ll vertical curves 
of velocity and th e mean velocity of the ri vc r. - The ratio of the mid-depth velocity to the mean velocity in nny 
vertical plane dis~;ov r d to be a sensibly constant quantity, unaffected by wi1id. - Practi cal atllrantagcs res nllin g 
from this discovcry.-Lis t of new formul tc fo r velo itie iu vertica l planes.- .A. new forrnuL• for th e menu velo­
city of rivers, in term s of the dimensions of eros -section and lope of water surface, deduced upon the snpp si­
tion of modified uniform motion.-Observations to determine it co nstants.-.Analysis of thi s new formula.­
Formub for the effect of bend in retarding the fl ow of rivcrs.-Ld of alllhe ol d formnl m for mean velocity.­
Tablc exhibiting their r lativo ac umcy as compared with the new formula. - Douhle te~t of mean-velocity nnd 
bend formulm.-PJ·oblem of the effec t exerted upon th e surface level of a ri ver by in creasi ng the di cha 1·ge a 
given nmount, solved upon th e supposition that the new lope is known .- Discu sion of clmnn-es in loc>tl slopc.­
R esulting general equn.tions.-Combined test of all the new furmulo:c for co mputing: the in cren.secl height to be 
apprehended in the Hoods of the l\lississippi, the incre:.se in discharge being known.-Concluding remarks. 

vVrrEN, in the last chapter, the subject of change of velocity below the surface was 

The science of 
river hydrau­
lics to be fully 
considered. 

discussed, the especial objec t of deducing a ratio between the surface 
and the mean velocities of the entire ve rtical curve in any given plane 
was kept steadily in view, and no general u e was made of the prin i­
ples deduced. It is now propo ed to consider the . ubject more fully, 

and to endeavor by the aid of these new principles to implify th di[erent m thods of 
gaugmg nvers. For ·the signification of the ymbols employed, r fer nee hould be 
made to page 200. 

,APPLICATION OF THE EW LAWS TO TIIE GA GLNG Or' RIVERS BY MEA URBi\rEN'£. 

New expe1·imental theor.?J for change qf velocity below th wfac .-The ob ervation 

Law governing 
the action of 
the force of 
cohesion. 

already detailed. prove tbat even in a p rfcc tly alm J.ay there i. a strong 
resi tance to th motion of the water at the Hurface a well as at the 
bottom, and-a will soon b seen-that it is n t wholly or even main ly 
caused by friction again.· t the air. On important cnuse of this resist­

ance is believed to beth lo . of livi no- fore , nri sin cr from upward cure nts or transmitted 
motion occasioned by irrcgula.riti at the bottom. Tbi los j "Teater nt the surface than 
ncar it. The experiment of transmitted motion throu rrh a. cri . f ivory ball illu trates 
this effect. It is likewi se illustrat d on a large seal 1 y th coli i i n of tw trains of 
cars on a railway, in which cas it has b n ob.-erved that the cars a.t the head of the 
train arc the most injured and thrown the farthest from th track; those n.t the end of 

(2 6) 
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t he train are next in order of injury and disturbance; while those in the middle of the 
train nre but little injured or disturbed. Other causes may and probably do exist, but 
their investigation has, fortunately, more of scientific interest than practica.l value. For 
all general purposes, it may be assumed that there is a resistance at the surface, of the 
same orde r or nn.ture as that which exists at the bottom. As the distance from the loci 
of these two re."istances is increased, their effect, propagn.ted by the cohesion of the 
different particles of water to each other, is dimini shed. \iVhere these dimini shed resist­
ances become equal, the current n.cquires its maximum velocity. Let this point in any 
verti cal plane parallel to the current be con sidered the vertex of a pn.rabola whose axis 
i.· pnrallel to the water surface, and th e velocity at any depth in this plane will be given 
by · t he abscissa of the curve, the axis of the curve -being considered the axis of X, and 
the origin of co-ordinates being taken a t a di stance from the vertex equal to the maxi­
mmn velocity. The parameter of this curve, or in other words its curvature, v aries 
with a known function of the depth a,nd mea.n velocity of the river. 1'he depth of the axis 
.vari es in direct proportion to the force of the wind, increasing for up-stream, and dimin-
i ~;hing for down-stream breezes, but withont producing any effect upon the form of the 
cnrYe. The m an and maximum ve locities of the curve are so related to each other 
that when either, with the depth of t ltc axis, is known, the other n.nd the cmve itself 
may be cl etcrmincu. It may be n.dJed, thnt the difference between the greatest and 
l east Yelocities i n.lways a Yery small fraction of the mean of the curve. 

To illustrate this experimental theo ry, fi gures 17 and 18, plate XI, have been pre­
pared. The form er repre ents the mean sub-surface curves at Columbus 
· 1 d · t l h f: 1 b fi Diagrams to il-m calm weat 1er, correspon m o- o t1osc ncar t e sur aces 1own y 1gure lustrate this law. 
10 of the sn.m plate. The change of form due to the combined influ- . 
ence of vari;ltion::; in mean n~locity and depth. in passing from low to high water, and 
the relation · ex i ~ting between th e velocity measured at a point 5 fee t below the surface 
and th e rest of the cun'e, arc both represented by this diagram. Figure 18 illustrates 
the extreme effect of wind upon the high-water curve at Columbu, , when velocity obser­
vation~ were practicable, i.e. when the wind was blowing up stren.m with force 4 and 
down st ream with force -±, re::;pectively. 'rhe extreme v ariation produced in surface 

ve locity i :-~ eYi(l ·ntly <tbout O. G of a foot. 
'l'ltc ab0 ,·c xperimentnJ theory sugges ts reasons why the problem has heretofore 

d >fi •d nil dlort: for its sol utio n, a nd why its study has given ri ·e to It r eveals the 
su h incon <rnwu :; n~~ults . Be ·ides the o- reat cli!fi eulty of taking the diffi.c~tie s ·of its 

• • , . . 
0 

. . .rc own d1scovery. 
obs rvat10ns wtth snfhct n t me ty to detect the very sh gbt dw erence 
of velocity at the different depth~, there is a second cause of fa ilure, namely, an almost 
constnnt relativ chang of yc Jocity at the different depths. ':Che axis can ·rarely be at 
rc: ; very yarying breeze however gentle, must afiect it delicate adjustment, while the 
s tronger pul:ation of a lti crh wiud must produce n,n oscill atory movement even greater 
than thn, t in t!t e top of the tallest trees. Diffcren t ftoats, therefore, n,lthough they may 
pn.H.' Ill tlze 811/11 df'pths ueloz the 8 ll rjrtce, may yet pass at rvery ll~fferent distances from the 
a.J:i,, nn<l thu m n.. ure the v •locity at very different points of the curve. This idea may 
explain in part a phenomen n noticed by th e observers, and recorded in the note-books of 
th ~ LH'Y y as a, pu l ·c in the ri ,-e r, owing to which there seemed to be a regular increase 
and then dccrea e iu the Yelocity of different floats observed consecutively at the same 
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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. "\Vind 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 outheast torm created an eddy just 
n.bove Red-river landing, more than half a mile in length, with a width nearly half that 
of the river, and with an up-stream current exceedin g 7 miles per hour.t It is mani­
fest from these considerations, that no certainty of deducing the law experimentallyc:m 
be had without taking a vast number of exceedingly accurate observations, and even 
then it seems remarkable that great discrepancies should not remain uneliminated. 

'I'his variation of axis may also account for the different forms heretofore a signed 

It suggests a 
common cause 
for the different 
erroneous theo­
ries heretofore 
promulgated. 

to the curve. If the observa,tions be taken when a,n up-stream wind 
forces the axis nearly to the mid depth, the observ r may well mistake 
the cur~ for an ellipse. If a down-stream wind raises the axis above 
the surface, the cnrve closely approximates to a right line. 1f the axis 
be at the surface, a slightly defective set of observations may cause it to 
resemble a broken right line; or this accidental circumstance mn,y be 

assumed to be a general law, and the curve con idered to be a parabola or hyperbola 
whose axis is always at the surfa,ce. All these forms have been assigned to the curve 
by different observers. 

The preceding general rem-arks apply to the velocity below the surface in rmy verti­
Discussion of the cal plane in any part of the river cross- ction. It is now propo. ed to 
locus of the max- con ider the grand mean of all such curves. An algebraic expres­
~~~~r~~~~~ity of sion £or the po ition of the axis of this mean cur has been alrencly 
curves. deduced and explained, but it will require ·orne further notice here. 

It is­
(8) d, = (0.3J 7 + O.OG f) r, 

in which f is the number denoting the force of th wind, a calm b ing r presented by 
0, and a hurricn,ne hy 10. It-s e sential sign i neO'ativc for a down-stren.m, and posi­
tive for nn up-stream wind. It is evident from the formub, that a hurricane will de­
press the axis to a position only one-tenth of the depth above th bottom, if blowing 
up stream, and raise it to a position three-tenths of th depth above the surface, if 
blowing down stream. · Also, that a down-. tream wind, fore 5, will place the n,xis ve ry 
ncar the surfac . As wind, force 1, is gen rally considered to move at a mt about 

* It may also account in part for th e o c illations of "sawyct"," a the nags whi ·h n.re lightly sccnr <l by ono nd 
to the hottom arc called. Thcs • I gs , even r1t point s fttr r tnov d from any eddy, a rc coos tantly ra ising their upper 
ends above the water surftiCC t\IHl then ubsitlin "' entirely out of sight below it. l f the maximum fore of th ·urr0nt 
is successively applied top ints n.t different di ~ tan ccs from th<' bottotn , a would be the case shoul d the axis change 
its position , this phenomcn n, which is otherwise su ffi ciently pcrpl xin", may be r adily xphti ned. 

t The small din.gmm on pl:1tc X n, which indicl\te lh norm al c flh :t of ~~ brntl upon th • lo ·al form of cross-:cc­
tion , :1lso shows the chan"'CS of tlir cti n that o cur in th urf'acc and bottom currents. Flot1t. were pl tl ·rd in the 
river in juxtaposition, on scctio1i GO- one at th snrf;t r, the thcr at the bottom. K w fl oa ts were put in the river 
on section 80, nnu aga in b !.ween sections 90 ;tnd 92 . The pnths of these fl oats indicate thnt the s urf,~c n.nd bottom 
currents which correspond above n bend sep11ralc widely in passing it, but resume thci t· origi na l relative positions i.\t 
the termination of the next bend, if the two bend ar of qual curvature. 
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equal to the average velocity of the current, it is evident that the effect of friction 
again st the air in calm weather depresses the axis 0.06 't, leaving (0.317 - 0.06) 1· = 

0.257 r for the effect 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.-pla.ce 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 distinct 
values deduced from the experiments for the coefficient of/, when f 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 
j= 1, was 0.145. The second value of this coefficient was deduced by computing how 
much th e axis of the mean vertical curve must move from its calm position in order to 
afTec t the computed discharge by the amoun t of the empirical correction for elimina.ting 
wind-effec t, taken from the plotted cur-ve of discharge . By this process, the mean co­
efficient for force 1 was found to be O.OGO. It should be remembered that there is uncer­
tainty in the determination of the force of t he wind, th at the two values were deduced 
by entirely difii rent processes from entirely differen t sets of observations, and that the 
values are not directly comparable, since one applies to the mean of the curves in cer­
tain ver tical planes of the river- ection, 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 ab olu te value of cl, . For ad pth of 60 fee t, which is about that for 
which both corrections were deduced, this difference in the computed values of d 
amounts to only about 5 feet. For less depths, it is of course proportionally less. 

Di. cussion of tlte different method in 'Use for ,qaltging 1·ivers by p artial measurements.­
Th ratio which has been most sought for practical use in gauging Analysis of the 
tt·eam. is that between the maximum surface and true mean velocities, different ratios 

f 
. heretofore pro-

it being, in general erroneou ly as umed that the sur ace veloc1ty is the posed for prac-
maximnru v l city in any v rtical plane. The equations deduced by this tical use in 

h l · h l t h b · gauging rivers. di::; u ion render it eaRy to s ow t 1at even w1t arge s reams, w ere IS 

n. on tun t, th ratio.· ~ and ~ , and even ~- and _v_, vary with so many different 
w, \ o w,Y a, w,Uo w, a, · 

quantitie a. to be of no pra tical utility when great accuracy is desired,-a result which 
might almo t have been anticipated fi:om the great difference in the numerical values 

ded uced by different eno-ine rs. 
onfinin o- the attention first to the vertical plane containing the maximum surface 

0 . 

velocity, th expre · ion for the surface and true maximum velocities 
derived from equation (2) arc as follows:-

(17) ... ,Yo= w, a, - (0 .183G v) H (~r 

(1 ) 

Ratio of maxi­
mum to mean 
velocity of rivers 
is too variable to 
be of practical 
use. 

ince the. e two quation involve three variables, wY o, ,v,Va,, and '",V n, no general 
numeri al value can be deduc d for the ratios in question; but it is evident that they 

37 
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must vary with the mean velocity, the depth of the stream and the depth of the axis. 
In other ·words, no num rical values of general applicability, as proposed by many_ 
hydraulic engineers, can exist. Moreover, the simple formulm proposed by Dubuat, de 

Prony, and Young, for the ratio ~ arc ~v i dcntly erroneous, as has been suspected by 
· ·w, 0 • 

engineers, since they do not contain these variables. Indeed, it i now manifest that no 
reliable formula can be deriv d for either of the, e ratios until the laws connecting the 
velocity in consecutive verticnl planes parn,llcl to th e current be known. 

To show how great. are the practical varin,tions to which this ma.ximurn . urfacc and 
true mean velocity ratio is liable, the following table has been constructed from the 
measurements of the Survey detai led in the Appendices; assuming, for the Mi sissippi 
observations, that the velocity measured - feet below the surface is in effect the same as 
that at the surface. Tbe ratios are computed by dividin g the corrected grand-mean 
velocity on all tbe days on which v varied betw n the limit. indicated in the first 
column by the maximum velocity of the corres1 onding mean curve of vclociti s nea.r the 
surface. For single days the ratios vari d still mor , a shou1u be expectetl. 

R atio between tl"ue mean and max imum S'urface velocities. 

-------------~------------~--~--~--~~~~------------~--~--~--· 

_g ~ ·g I ~ I -~ ~ I _g I I ~ I ,S ~ ~ ci .· 
~Jjss iss ippi ri\'cr at 

Mean velocity of stream. !---~---,.....--- J.o ,... ""' e ~ ; o .:: ~ ; ~ ~ ::::1 :;. i ::::1 'E - "'d c:; 
Golmn- 1 Yicks- I T • .g ~ -~ ~ .~ ..... £ ~ I ~ ;_'E :;.' e._~.:: ~- ~ '§ * 2 = ~ 

bus. btzrf'. ~ntchcz. 0..:;; ~ :.. .7, :.. :::: .;: :::.. .¥ ,.. ... _. ~" ~ 
t) ...... " .- .. . - E: ~<:..:: ~~= ~ ~~ ~~ cjr.lo,;;;. 

-1--.0-t-~e-~t-.. !J-.. -... -.. -.. -... -.. O.iG7 ---- ~- 7~G ~--~ O.Gtill 0.8~r~ ~---~---~---~~- 70:! ~.H IJ--
3.0 to 3.!J .............. 0.7 :2:2 0.77!1 CUl03 0. 58 0.753 
2.0 to 2.!'1 .............. 0.738 0.7i)H 0.77fl 0. 0!! , O.I:SG O.t\:36 0./.:i:l O.ti li\! il.73 '1 

4.01 0 4.!1 ......... ..... o.;.;s 'r o. s:21 0.70!1 1.ooo o.s~(j 
5. 0 to 5.0 .............. 0.780 0.8-lli I 1 I 0.8-18 
6.0 to 6. !J.. ...... ...... 0 80:i 0 . 8~1 
7.0 l o 7.!1 .............. 0.814 
8. 0 t O 8.0 ............. 0.804 
l\Jcan yeur1y curve.. 0.787 0. ~3 0. 70!1 ! I I I 

--~------~--~--~---~~ 

Having thus shown that the numerical value of the ratio. --;.. and -~ cannot be 
tv1 0 1v1 £11 

Algebraic rela- computed, the next step, a., a.h· n.dy :;;tated, is to how th e same to be 
tion between the 
mean of all ver- practically true for the corr spond ing points in th mean v rti cn,l plane. 
tical curves of To uo this, it i ' ne ssary to sta.b1i h algebraic r lations between U,. 
~e;~~i%~~~t~h~f a.nd v, which can evidently b done, incc these qua.ntitics va ry only 
the river must with ea.ch oth er for the same cros:-:ection. 

~: ~~~=:t~~~~en~ A. uming th g ncral qua.tion "'= <f (v), it i.· cvid nt that 'P (v) cn,n 
tinue the dis- contain no absolute term,. ince, wh n vi,' z ro, ,,. is aL o zero. lUor 'over, 
cussion. for a. rectangu lar ro. ·- ecti n m i c ua.l to v, a.ncl 'P (v) must r duce 
to _v. The only direct data a.va.ilab1c for dcterminin cr an cxpr . :ion for 'f' (v), which, 
besides fulfilling these conditions, shall a cord with actual obticrvn,tions, arc the valu s 
of U,,, and v corrc ponding to th · Columbus anu Vick ·burcr m n,n urv ·. Th s values 

• . 0 

are repeat d m th followmcr table, th tru m an v ·1o i y r v, b >ing dedu eel from the 
approximate mean v locity by multiplyin cr it by tb prop r ratio tak n from tbe table 
in the last chapter. A study of the urve formed by plottincr the valu s resp tiv ly 
as abscissre and ordinates showed that a simi)le fun tion of~, of the fonn A 'V, would 
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fulfil the desired conditions. In this expression, A is a variable depending upon the 
form of cross-section, being unity when this is rectangular. Its law of chanrre cannot 
be deduced from any observations now available, but its vu.lue, which is consta~t fo r the 
u.l>ove-mentioned observations, is 0.93, giving the equu.tion-

(19) U,,. = 0.93 v. 

The true values of U,.., those given by this equation, and their differences are contained 
in the following table :-

Locality. v U.,, U.,, Ditrcrence. 
by equntiou (19). 

Feet. Feet . Feet. Feet. 
Columbus ............................................... . 

,, ······················ ·························· 
··· ·· ·········· ·························· ···· ··· 

" ·········· ················ ·· ····· ·············· 
" ············· ··········· ··· ················ ··· ·· 
" .................... .... .. ... ................... 
" ········· ·· ·· ········· ······ ·· ····· ·· ··········· ... ....... ... ....... .. ............ .. .......... .. 

Vicksburg ................................. . ............ . 
,, ..... ......... ... ...... ......... .... ... ...... . . 

············· ····· ··· ······ ·· ·· ···· ············ .............. .... ... .. ........................ 
............................................... 

Nn.lchcz ... ............. ... .............................. . 

1.6::!28 1.4 289 1.5185 -0.08\!6 
2.38/ .) 2.0821 2.2204 . -0.1383 
3.5!l27 3.2185 3.3412 -0.1227 
4.1-~41 4.0441 4..1330 -0.0889 
5.2i.J4 4.86-18 4.9062 -0.0404 
6.5776 6.0512 u.11i2 -0.0()60 
7.3:)82 6.9385 6.8~!'ll + 0.0954 
8.2 ~ 2 4 7. 7838 7.66fi4 + 0.1179 
3.,i278 8.2.J.2l 3.2806 -0.0385 
4.3365 4.08-!0 4.0329 + 0.0511 
5.41\.!5 5.2:311 5.1006 +0. 1305 
G.6li67 6.4177 6.1901 + 0.2186 
6.98~8 6.74.1 5 6.4\l40 + 0.2475 
4.6160 4. 2J30 4.2\J2!) -0.0409 

----------------
Sum ............... . .............................. . 71.1230 66.3708 66.1441 1.4953 

i\Ienn .... . ......... .... ........ . ....... .. ......... . 5.0802 4.7408 4..7246 0.1068 

T hi slight difference of only about two per ce.nt. cu.n leave no doubt that the true 
expre. sion for U,. ha been deduced. It is also evident that t he law of 
change in A is, for rivers, practically unimportant, since t he great dif­
ference::; in the form of cro ·-section u.t Columbus, Vick burg, and Natchez 
( ee plu.te X) do not cause a sensible variation. 

Returnino·, after thi ::; digre::;sion, to the ratios under consideration, the 
following values of u and Ud, are deduced by substituting in equa­
tions (0) ancl (11) the Yalue:-; of d, ::tncl U,. for the mean plane, namely, 
d, = (0.:317 + O.OG /) r, and ,,, = 0.03 ·v, and reducing :-

(20) 
0 

= 0.03 r + [O. o33- (0.317 + 0.06 /) ] (0.1856 v)Y. . 

For rivers a con­
stant ratio existS' 
between these 
quantities. 

The ratios i;-
v 0 

and U- both vary 
d, 

too much to be of 
practical use. 

(21) tl, = 0.0. v + [ (0.317 + 0.06 Jr- (0.317 + 0.06 f) + 0.333] (0.1856 v)Y.. 

It is evicleHt, fr m an in pection of the e expressions, that U_2'_ and _Uv~ , although inde-
o d, 

pend nt of the depth of the river, are yet functions of the depth of the axis below the 
surface expressed. in decimals of the total depth. In other words, they vary with every 
varying wind, and probably with the degree of smoothness of the bot tom, and are there­
fore of little practic::tl utility . Boileau based his practical rule for gauging streams on 

the supposition that ~ i. unchangeable or nearly so. This rule is evidently a theo-
Ud, 

r ti al improv 111 nt upon tho e advanced by Dubuat, de Prony, and Young, since one 
variabl , the depth of the .- tream, i thereby eliminated fro m the corr~ction ratio. It is 
u.l ·o vident that if he ha.d adopted the pbn of observing floats at the surface, the labor 
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of the field work would have been greatly diminished without materially affecting the 
accuracy of the computed result, since the expressions for the mtios only differ by in-

volving the first power of ~J.., and the difference between the first and second powers of 
1' 

thi s quan tity . · 
It may then be considered as fu lly pro ed by this discu. sion, that no numerical 

All simple value for the ratio between v and either w.Vo or ,u,Va, or U0 or Ud, can be 
methods here- established, which will be of practical use when exactness is required. 
tofore proposed Thus far, the new formul m have only served to show the inaccuracy 
for gauging 
large rivers are of all previously received simple methods of gauging rivers, and to ex-
then defective. hibit more clearly the difficu lties to be met in making such measure­
ments a.ccurately . It will now be determined whether they furni sh the means of over­
coming t h se diffi culties in a less laborious manner than that used on thi.s urvey. 

New method proposed for gauging 1·ive1'8 by measur mcnt.-lf the ratio of the velocity 

The greatest 
practical simpli­
fication which 
can be reason­
ably sought. 

at any given point in any given vertical pla.ne to t he true mean velocity 
of the river could be shown to be onstant or nearly so, the greates t 
simplifica.tion of which the subj ect admits wou ld ue made. This result, 
however, cannot reasona.bly be exp cted in th present sta. te of our 
knowledge, since no general forrnul ro are known, connecting the velo­

cities in the different vertical planes with each other or with the mean velocity of .the . 
river. Such formulm must, of necessity, be exceedingly complex, making it improbable 
that any simple relation, of the nature sought, exi ts. It seems, therefore, that efforts 
should be directed to simplify ing the determin ation of the mean of all the velocitie · in 
any vertical plane. If the ratio between the velocity at any given depth and the mean 
of the vertical curve i independent of n.ny of the va.riables in the general fo rmula for 
velocity below the surface, this object may be accompli hed . 

Algebraic anal­
ysis of the pro b­
lem. 

(4) 

(22) 

To determine whether this i the ase, let the following general equa­
tions be as ·umed, the second bein oo deduced from equati n (5) by a pro­
cess similar to tha.t u ed in deducing equation (11) from equation (7): 

(b ) I / (d- c[1)2 V =Va, - v n --']) - · 

, (1 d, (d,- D)) V = V + (bv) ~ - + --,- · d, m 3 D 

By combining these equations and reducin oo, the followin rr expres ion r sults :-

(
D' 3d D- 3 d2 + G dd ) 

. (23) v = V,, + (b vrf I 3D' I • 

If the expres ion V,, = V.,. be divided, member by member, by this equation, w have 
for a general equation of the ratio in question-

v . Vm 
- = ,, (D' - 3 d:-

1 
-:-::D-.....,3-d;c:-' -+- G d d,) 

V,,. + (b v)" -- - 3 D' · 

Now it is evident that no valu can 1 e a. ign d t l whi h will r du. th e fraction 
in the denominator of tb econd member to z ro and that the variabl 1./' and v~~ 
must therefore remain in the ratio. I f, howev r, d b mad ! D, this fraction reduces 
to 1

1
2 , and both of the other variable , D and d, disapp ar, the equation b coming-
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(24) 
V ,n Vm 
V%n = V,. + 1

1
2 (b v)'~ · 

This equation reveals a fact of great practical importance in gauging rivers, namely, 
that the ratio of the mid-depth velocity to the mean velocity in any ver- The ratio of the 
tical plane is independent of the width and depth of the stream,-except mid-depth velo­
for their almost inappreciable effect upon b,-absolutely independent of city to the mean 

velocity in any 
the depth of th e axis, and, from the small numerical value of 

1

1

2 
n'A, nearly vertical plane is 

independent of the mean velocity. But t his is not all. From the form sensibly con-
f stant. 

of the second member o equation (24), it is evident 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 v, be substituted, it 

0.93v 
will be possible to predict from the resulting expression, viz., o. 93 v + 

1
,
2 

(b v)l• , the 

absolute numerical value of the ratio for any curve of actual observations, provided 
the corresponding mean velocity of the river be approximately known. 

Neglecting, for the time, its importance in gauging streams, this discovery suggests 
a method by which the new theory of velocity below the surface can be 

· 'bl . Severe test of 
subJe?ted to the severest poss1 e test, not only by the observations of the whole theory 
this Survey, but also by all avai lable published experiments, even when f~rnished by this 

. c t to ' b 1' l' • tl T 'd . l . discovery. too nnpen ec snow a para o IC 10rm m 1e curve. o ar m t us 
comparison, the following table has been constructed, containing the values of the above 
expression for the different values of v usual in rivers, the quantity b being assumed 
0.1856. 

--

V ........................... 1 foot . 2 feet. 3 feet. 4 feet. 5 feet. 6 feet. 7 feet. 8 fe et. 

Ratio ....................... 0 . 96~8 0. 9i34 0.0782 0.98ll 0.9830 0.9845 09856 0.9865 

The following table exhibits the data for the experimental test of the theory. 
The :first :five columns are given to show the amount of the variation in the quantities 
therein contained. The values of V,, and Yv.n for the experimental ratios of the sixth 
column, o far a the observations of this Survey are concerned, are taken from 
the paraboht,s adapted to the curves of observation contained in the tables already 
given, and exhibited on figures 16, 16, 14, 12, 13, 7, and 6, plate XI. The reasons 
for thi are evident. The ob erved velocities differ very slightly from the corre­
sponding point of. the parabolas, and the mean of these velocities is always the same 
as that of the corresponding points of the parabolas. Good reasons certainly exist 
for believing that these parabolas give the actual law of the curve. If so, mathe­
matically corresponding values of V,, and V 'Ao can be obtained by the parabolas, while 
by any arbitrary system for the necessary interpolation in :finding V,,, this correspond­
ence will not be Recured. For the observations of other surveys, t his method has 
not been practicable, a the form of the curve is generally obscured by discrepancies 
of observation. For these, V,, has been uniformly deduced by taking a mean 
of all the ob erved · velocities, including that at the bottom, found by rectilinear inter­
polation, provided the ob ervations were made at equidistant depths. If the depths 
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were variable, the curves have been plotted on a large scale,-the observed velocities 
connected by right lines,- and V,, considered equal to the men.h of a series of ten or 
:fifteen equidistant velocities, including surface n,nd bo ttom, taken from t he resulting 
curve. The mid-depth velocity, if not d irectly ob. erveu, ha::; been found by in terpola­
ting in the same way. The theoreti cal values in the la t column are computed by the 

. o. 93 v b . l .[' l 1· F " " B . ' expressiOn o. 93 v + T':r (b v) '~' remem ermg t 1at, 10r t 1e tt tle- 'alls 1e der and 10r 01leau s 
'U 

canal, it becomes v + T'·. (b v) '• ' since in these the cross-section is sen ibly rec tangnlar. 

OJ,•u•rYcd rrh oOrC' ti cn l 

Curve. Observer. Wiud. d, 
D w v, V,;, Difference. 

'U -
D V ;;v V J, D 

Feet. Ftel. Feet. 
Gr. mean-nnch 'd boni s. Pro f. For shey. Dow n 0.2 0.20i 8:!.000 :! :~00.0 3.3 1-1 0 .0i\l8 0.\li03 O.OOOii 
.II. w. n1c11n- " " " " Up 0. 3 0.3:;0 8ti.Ofl0 :1500.0 4.1 ()f):j 0.!1808 0. ~) 14 0:0006 
L.w. mean- " " " " Down1 .1 0.1 ;,f) 75.000 2200.0 1. fl!lR-1 O.!lili7 0. Di3 J o . oo:~a 

1\len.n - olu mbus ....... .. i\lJ ', F illcb r·own . Up 1. 2 O.fi:!O 66.000 2:WO.O 3. ·10i0 O.!lll 15 O.!Ji9~ 0.011!\1 
i'IIcnn- Vi cksb111·g .. . .. .. . ~h· . Po.Uiso n. Down l. O 0. 100 6-i 0011 :!600.0 -1.1 50!) 0 .!183:) O.!lRI-1 0.00:!1 
Bayo u Plaq ue mine ....... Mr. G. C. Sm ith . Down 2.0 0.080 2i .000 300.0 5. ·11 00 O.!IHGS 0.08:31) O.OIJ:l:l 
Bn.yon Ln. Fourche .. .. ... " " " Up 0.7 0.3:\0 27.000 2:!5.0 2. 7:100 O. !IR I 7 0.971i!l O.OIHR 
C. and 0 . CJ11H11 fccdel' .. Li cut ennnt AbboL. 0.232 7.100 17.0 2.0830 O.!JG~-1 0. 05HO 0 .00-1c1 
Expc,·im cu tnl co.nnl.. .... M . lloil eau. 0.178 ].100 2.2 2.1000* 0.!14li 0 .!\ I IJ O.Otl2i 
J~x p criment!Ll cana l. .. . .. " " 0.2 ::18 0 .<17U 2.~ I 1.5000* O.!lfi -10 0. f) !~ 2 1 0.03 1fl 
Rhin e .... .... .. ..... ........ :\L IT enn ocquc. t 0.225 8.100 J .800Wt IJ. ():l:22 O.!J.i :W 0.0208 
]t hin e . .. . .... .. .... . .. ... .. .. i'II. Defonfnine (fig. 5) 0.001) -1. 000 2.ii 00 O.!l.iliH O.\l551i 0.001 3 
Hhin e ... ..... ... . .. .. .. . .... . " ( fig. ll) 0.000 4.fl00 :! G800 0.\l:\4-1 0.%72 0.0228 
Rhin e . .... .......... . .. . .. . .. " (fig. 7) 0.000 4.\JOO 2.fl no O.fl:l3 1 O.D,ii2 0.024 1 
Rhine ..... . . . .. .... ......... . " (fig. ) 0.000 ~. 300 2.G 00 0.\J.JI 3 O.!J.:iG:! 0.0 1 ~0 

-

The exceedingly slight di screpn,ncies between the theoretical r a. tios a.nd those 
deduced from tbe n.ctu a.l observation.·, shown in · the last column of this 

Every available 
observation con- table, confirm " ·hat the analysis has demon. trated, namely, that the 
firms the truth of ra'tio of the mid-cl ~pth velocity to the mean velocity in any vertical 
!~~ ~=~~;e:lihe plane is pmctica11y indep ndent of the depth and th width of the 
theory by aid of str am, of the mean · cloci ty of th e river, of t he mean vel ity of the 
which it was · vertical curve, and of th locus of it maximum velocity. In other 
made. 

word , it is a sen ibly con. tant quan tity fo r pra.c tical purpo. es. This 
result, which must now be admitted to be a.s well dem n. tt·ated a. most law.· of hydrau­
lics, is a beautiful example of the value of analy is when .appli d to natural phenomena. 
The, olution of the problem of a con tant ratio be twe n an ob ervablc v 'locity and the 
mean of all the velocities in the verticn. l plane, sp l nO' s u()'ht in vain by hydraulic 
engineers, r ults as a simple con equcnce of tran form:ttion and r clu tion of equations, 
when the relati ons existing between tho· ' relociti ar exprcs!'led in t h language of 
analysis. 
The discovery The constancy of this ratio nece ~. arily impli tha.t the ve locity of 
proves that the the mid-depth layer of water in a ri \'er is not aiTcc ted by any changes 
velocity at mid- 1 · 
depth is abso- that t ak place in the direction an d force f the wind, whatev r t 1e1r 
lutel~ unaffected extent may b , even from a calm to a hurricane. ( figure 18, 
by wmd. plate X I.) · 

Th1s conclu. ion may be equally dcriYe<l from u. con~ iucrati on of the observ d effects 
---------------

*Deduced by 0.8 r ul . t Jleport d by Boileau . 
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of the wind and the manner in which it acts. An up-stream wind, for 
instance, at first dimini shes the velocity at the surface a certain amount, 
which dimin ution extends with a constantly decreasing effect to the 

The same conclu· 
sion reached in 
another manner. 

bottom. During a brief period, the volume of discharge is diminished and an accumu­
lation takes place in the bend above. (A corresponding depletion takes place in the bend 
below.) The slope, and therefore the velocity, is thu s increased until the original 
volume of di:charge is res tored, since it has been observed that the level of the surface 
in the reach is not appreciably affected by wind. It is to be remarked that the new 
surface velocity cannot be equal to the original surface velocity, for in that case the 
volume of eli charge would be increased. As this remains the same, the new slope 
adds as much velocity to the river as the winJ. consumes, and this effective increase of 
velocity must be greatest at the bottom, since the wind retardation is least there. It 
dimini shes in proportion to the distance from the bottom. The resulting effective 
decrease in y locity is grea.test at the surface and diminishes in proportion to the di s­
tance from the surface. As the effective increase of velocity and the effective decrease 
of velocity are equal to each other-the one grea tes t at the bottom, the other at the 
surface- the velocity of ~he mid-depth layer of the Anid mass mnst remain unaffected. 

Tl)is being establishe<l, it follow.' that the mid-depth velocity is independent of the 
position of the axis, and therefore is not affected by irregul arities of the 
bottom. A it is ah mys greater than the mean of the velocities in 

Deductions. 

the vertical plane, and as that mean must be less, in rivers of the same dimensions 
and slope, in proportion as the inequali ties of the bed are greater, the ratio of the 
mean and mi 1-clcpth will be leRs in that propor tion. Again, as the mean of the velo­
citi t; in the ver tical plane increases as the depth increases, the ratio of the mean tq 
the mi<l-<lepth mu t be greater in large and deep rivers, than in sJnall and shallow 
rivers. These conclusions are supported by the las t table. From the nature of this 

. rn. tio it is eviclent that i ts variations mnst be small; their actual extent is exhibited in 

the table j u t referre<l to. 
To those who ar practically familiar with the liability to inaccuracy and 

t] 1e labor iou ness of the methods used for brraugin bo· larbcre rivers, the ~ Field operations 
cli!-iC v 'ry of t hi ratio will seem most valuable. It at once sngge. ts for gauging 
f:everal m thods of determining with great nicety the mean velocity, small streams and large rivers 
and L nee th e di: harn·c, of a river. The fwld operations will vary based upon the 
according to th ac uracy <leman<le<l . If. the stream be small, and con- discovery . 

. iderable exa ·tne s b re 1nired, th boat shonld be anchored at various equidistant sta­
t ions, th banks being con idered two of them, and the actual mid-depth velocity be 
mea ' urcd by any of the known m thocls. The number of these stations should be 
large enough to pr vent any material change of vclo ity between consecutive stations. 
In the ca e of a larrr ri er, where this method is not convenient, if the depth is 
tol 'mbly uniform, uili cieut accuracy may be attained by observing, in the manner 
adoi)tecl on this ' urTey, a n umber of double floats well distributed across the river-sec­
t ion the k cr hcin (l' uniformly tiUnk beneath the surf<tce to a depth equal to half the 
mei:n ra<liu of th riYer- a d pth which can be readily computed from the plot of the 
cro~. _. ction by dividing the tota.l area by twice the perimeter. The paths of the floats 
·houl<l then b pl tte<l a.nJ <Tronpeu by di\·isions of equal width, and the mean of all 
ilon.t in each J i,·i ·i n taken. By the for mer of these method., the measured velocity 
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will be absolutely, and by the latter nearly, unaffected by the wind, no matter what 
its direction or force may be. 

The method of computing the discharge from these observations will vary accord­

Three methods 
of computation, 
the one to be 
selected depend­
ing upon the de­
gree of accuracy 
required. 

ing to the accuracy required. A close approximate result may be 
obtained by taking a, ·me:m of an the different station or division mid­
depth velocities. In this method, there are two causes of error which 
very nearly balance each other, na.m ly, the inequality in area of the 
different divisions, and the difference between the mid-depth and mean 
velocities in any vertical plane. If gr at r precision be required, the 

mean of the different division mid-depth velocitie may be substituted for U~r in the 
following formula, whose second member thus becomes known:-

(25) v = ( [1.08 u~ r + 0.002 b]'~ - 0.0±5 b'~y. 

This formula is deduced by substituting for U,,, in the general expression U~ r = 

U, + f2 (b v) x, its value deduced from equation (19), and reducing the resulting equa­

tion. As has been already stated, when the mean radius exceeds about 12 feet, b may 
be assumed to be 0.1856. The formula would be exact, were it not for the error arising 
from variations in the quantity represented by A in the expression for U,.. It has 
been already seen that, for the Mississippi river, thi. 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 nearly the same value may apply to all rivers. Should, however, so great 
nicety be demanded as to forbid this nssumption, it may be avoided, an<.l accuracy, 
affected only by instrumentnl errors of observation, be , ecured, by substituting the dif­
ferent station or division mid-depth velociti s successive ly for V y. n in the formula-

(26) 

The resulting values will be expressions for the menn velocitie of the diffi r nt divi­
sions in terms of v~ and known quanti tie . The sum of the I roduct of these expres­
sions by the corresponding clivi ion ttr as should then be placed qual to the product of 
v by the total area of cross-se tion. 'rh r sulting quation, involving only v nnd vY. 
and known terms, may be readily solved and the valu s of v determined. There wm 
be two such value., both positive : on , th lesser, corr spending to the actual case in 
nature, when the velocity at the ax i;:; i the 0Teatc t of any ; the oth r, the greater, 
colT spondino- to the hypothetical condition thnt thi.' veloci ty . hall be the lea t. It 
need hardly be added that the former i th true m an velocity of the river. It is 
beiieved that the latter process of computation, ttpplied to crtreful ob.· rvations tak n in 
the manner alrendy detailed, will furni sh th most accurate determination of th di . ­
charge of a larg stream which can pos ibly b obtai n d. It is, how v r, lnborious, 
and tlte other methods, which ar very simple, will I robably furnish results in which 
the inaccuracie of the computation will be les than tho arising from unnvoidable 
instrumen tal errors of ob ervation. 

Recapitulation 
of new form uloo 
for velocity be­
low the surface. 

R ecapitulcttion of the mo t imporlunt n >w formulce j o1· velocity below 
the wfuce.-Befor bringino- thi s tion to a lo c, the most important 
of the new general formul re for lo iti s b low the urface, will b 
r peated, the form of some of them b ing lightly modified for conve-
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nience· in computation. The signification of the symbols is explained on page 200. 
For veloc ity in any plane, these form ulm are as follows-number (29) being deduced 
by combining (-±) and (22) and red Ltcing. It will be remembered that for all values of 
D greater than about 30 feet, b is sensibly 0.1856 . For less values, if great exactness 

is required, it must be especially computed by its equation, viz.: b = (D ~6~. 5y.,. · For 

the mean of all vertical planes, D becomes ?' in this expression. 

V 1 (d- d )2 

(4) V = <l, - (b v)X })!. . 

(27) V0 = V<~, - (b v)X (~ r 
(28) Vn = Vd, - (b v)X (1- ~r. 

2 1 v d, (l 1 ) (5) V,, = 3 v<l, + 3 D + 15 3 Vo - 3 v D • 

(26) V x 0 = V,, + 1
1
2 (b v)X. 

(22) V = V + (b v) X (!. + d, (d, - D)) 
d, '" 3 D2 . 

(29) V = V,, + (b v) X (D 0 D- dJ D-:- d (2 d,- d)). 
For velocity in the mean of all vertical planes, the following formulm have been 

deduced. Equation (8) can probably be made applicable, without material error, to 
the velocity in any plane by substituting D for r . 

(8) d, = (0.317 + 0.06 /)?· . 

(19) U,. = 0.93 v. 

(30) U = 0.93 v + (d r (0 .
634 ~ O.l

2
j ) - d

1

- 0.06/ + 0.016) (b v) X. 

(20) U0 = 0.03 v + (0.016 - 0.06 /) (b v)Y. . 

(31) ur = 0.93 v + (0 .06 f - 0.350) (b v)Y. . 

(21) d, = 0.93 v + ([0.317 + 0.06 JJ- 0.06 f + 0.016) (b v)X. 

(25) v = (c1.os ux r + o.oo2 bJY. - o.o45 bxy. 
APPLICATION OF TIIE NEW LA 1\.,.S TO THE GAUGING OF RIVERS BY FORMULJE. 

Thu far in this inve tiO'ation the obiect has been, first, to determine the true method 
' 0 ' ,) 

of computing the discharge from the data collected in the ~el~, and 
second, to simplify the process of gauging streams by the apphcatwn of 
the newly-d i. covered laws. There remains still another problem,.much 
mor difficult thn,n either of these, whose solu tion is no less essentml for 
the purpo. e of this 'u rvey. It is the mathematical determination of 
th relations ex i ting between the cross-section, the slope, and the mean 

38 

The objects of 
this Survey de­
mand an exact 
formula express­
ing algebraically 
the rela tions ex­
isting between 
the dimensions of 
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cross-section, the 
slope of water 
surface, and the 
mean velocity of 
rivers. 
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velocity. A knowledge of these relations is necessary in order to deter­
mine the amount by which the ·urfacc-level of the river will be rai sed 
by t he volume of water confined to the channel by levees. It is true 
that the most obvious and apparently direct method of solving this im­

portant practical question is to measure th quantity of water pa sing a t the different 
stages of the river, and thus determine bow much adc.li tional water pa sc · for each addi­
tional foot of rise. This, as already seen, was done; but, as anticipated, it '\vas found 
th at the increase of water for a unit of ri se varied greatly in different locnJities and at 
differen t stages of the river. Reasoning baseJ. entirely upon such proportional increase 
of rise must therefore be liable to the o~j ctions which can nlwn,ys be urged against the 
assumption of certain values for variable who e laws of variation are not known. It 
was therefore deemed necessary to :find a general formula which, by a close agreement 
with actual ob ervations, should inspire confidence in the accuracy of its predictions in 
cases where direct observations were imr ossib1e. 

The first s tep taken was to collec t and apply to certnin observations, made especially 

None of the old 
formulre proving 
to be exact, a 
new one is to be 
deduced. 

for t he purpose or publi hed in standard works, all formulro ever pro­
posed for the mean velo ity of water tl wing in open channels of 
!mown dimensions and slope. The. e fi rmulm, with a sketch of the 
mn.nner in which th ey were dcuuccd, ha e ::tlrcn.dy been given in Chn p ter 
III. The result of t he comparison was not satisfactory, n,s may be seen 

by referring to a table in the latter part of this hapter. The d velopment of the laws 
governing the chn.nge of velocity below the .·ur fn.ce, and the posses ion of new ::tnd exact 
dat::t, afforded the means of app lying the principles of hydrau lics to the ded uction of a 
new formula,, which should at least be free from certain theorcti al errors believed to 
exist in all those already proposed. The 1ollowin o· train of reason inO' was pursued. 

Principles which delermiue the form of tlte new fu rmula.·-In Chapt r III it has been 

Of the two 
classes, that 
based upon the 
supposition of 
uniform motion 
is adopted. 

shown tlt::tt there are two class s of formu lro ::tppli c::tble to water moving 
in open channels : t hose bn.sed upon the supposition of " uniform " mo­
tion, and tho 'e based upon the uppo. it ion of p~rmancnt" motion. It 
has also been shown th at the only differenc betw en th ~;e two classes 
is that the one has not, whil th other hn.s, n, term whi ·11 takes into ac­
count the chnnges in li vin.-r for c produced by gradual chn.ngcs in eros. ­

section. It was evident that such a t rm a. thi s would be of no practical ut il ity for the 
purposes ·or t his ~ urvcy, because it would imply n, more exte nded sy tern of soundin n·s 
th::tn the limits of tho appropri::ttion wou ld n llow, and a great r dcgr 'e of r ' fin em n t 
in the compnt::tt ion. than the xactnesH of any determination of the :unount of wat r 
to be added could ju tify. 11 l1C supposition of ' ' uniform" motion wns thcr fore adopt d. 
'rhc condition of thrs motion-th::tt en.ch partie] of tho fluid shall pa:s through the 
corr sponding poin ts of th seveml 1 'montary r s - ·oc tion of the cl n.nnel with cqun.l 
velocity-can never be strictly fulfilled in n, natural ch::tnn 1; but, by · 1 cling ta,tions 
where the bed is most re•~u l ar, a c rtain approximation to thi ondition may be obtained. 
T ile difference b tween thi s pmctical approximat nnd the th or ti n.l absolute unifor­
mity of motion, the 11um rical Yaluc. of the con. tant: ought to corrc t; provided the 
obscrv::ttions from vvhich they nrc deduced are pror erly onc.ln ted. The precautions 
necessary to b observed to thi s end will h notic d ltC'reuft r. At present, the fonn 
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only of an equation based upon the supposition of perfect uniformity of motion is under 
consideration. 

The truth of Dubuat's two theorems: that, when water is moving uniformly, the total 
accelerating force is equal to the total resistance; and that, for all open 
channels, the accelerating force arises Rolely from the slope of the water­
surfacc,-is considered undeniable. The first indicates the most simple 
way of deducing such a formula, namely, to equate expressions for the 
accelerating and retarding forces. The second suggests an expression 
for the former, namely, the product of the weight of the water by the 
sine of the slope of its surface, a quantity which may in practice 

Formula to be 
framed by equa­
ting expressions 
for accelerating 
and retarding 
forces. Alge­
braic value of 
the former. 

be assumed to be equal to the fall in a limited distance divided by this distance. 
The accelerating forces are therefore represented (for nomenclature see page 200) by 

h, 
Ggal T An expres:;ion for the resistances must be deduced. 

The water of a river may be considered to flow through a natural pipe, whose inner 
surface is 'formed by the bottom and sides of the channel and by the Retarding 
atmo phere. It haL been demon:;trated by experiment in the preceding forces. Distinc-

t ion between 
chapter, first, that there is a strong resistance to the movement of the adhesion· and 
water, applied where it comes in contact with the air; and second, that cohesion. 

this resista"uce, whatever its cause may be, is of the same order or nature as that at the 
bottom and sides of the channel, since the law of transmission through the fluid is t he 
sa.me in each case. One resistance to the flow of the water may therefore be compared to 
t he friction arising from the forcing of a solid body through a pipe. Its locus is the entire 
onter elemcnta,ry layer of the fluid, and, for want of a better name, it may be called the 
resista,nce due to the n.dhe ion of this layer to the foreign bodies forming the inner sur­
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 ac­
cordance ,ri th the laws of a,n entirely different resistance, namely, that of the cohesion 
of the different particles to each other. ':rhis is properly a secondary resistance, being 
that which regulates the distribution of the effects of the primary resistance of adhesion 
among the different interior particles of the moving ma~s . The force of cohesion is of 
ao ent irely different order or nature from that of adhesion, and of fa,r greater intensity. 
It admit of only a very slight difference of velocity between the different consecutive 
elementary lay rs of the fluid, while that of adhesion allows a velocity, often amount­
ing to sev ral feet, to "xist in the outer layer of the flu id. 

These views concerning the nature of resistances to the movement of flowing water 
are, in some re pects different from those advanced by any writer upon the subject whose 
works have been con. ulted. The admission of a resistance at the surface, of the same 
order a tllat at the bottom, is entire ly novel; but the results of this Survey, already de­
tailed, and an examination of those of other surveys, with the clue afforded by the former, 
renders it absolutely necessary. The distinction drawn between the resistances of adhe­
sion and c hesion is not admitted by most writers, although it has its advocates, among 
whom 'i\1. Dupuit is conspicu us. Writers in general consider the resistance of adhesion 
to be infinite, tb.u cau ing the layer in contact with the bed to remain stationary, and 
reducing the effective resistances to the friction of a liqu.id moving upon a stationary 
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liquid layer, or, in other words, to the friction ari sing from cohesion. The reasons 
which have led .them to adopt this assumption have been twofold: first, because experi­
m~nts seem to indicate that the re is tances are independent of the nature of the surfa.ce 
of the channel; and second, because an ignorance of the law· by wh ich cohesion n.ct. has 
rendered it impossible, without this assumption, to dcduc any formula for the mean 
velocity. The reasoning whi ch has led to the rejection of this hypothesi s in framing 
the new formula is briefly this. The developments detni lcd in the last chapte r, relative 
to the change of velocity below the snrfacc, have made known the laws govcrnin ()' th e 
action of cohesion, and shown that the change of velocity between the consecutive 
layers of the liquid is very slight, and in accordnnce with the parabolic law (sec fi gure 
18, plate XI). If, then, the velocity of the bottom layer were zero, that of the nex t layer 
would be infinitely small, and the succe . ivc increase from layer to laye r, up to the point 
of max imum velocity would be reo·ular bein()' show n by t he t~ rc of a IJara.bolu havi ng a 

' 0 ' 0 

horizontal ax is, the vertex beinO' at th point o[ ma.x.imum ve locity. The mea::; ured 
• 0 . 

veloc1ty near the bottom would therefor alwavs be very small comp::wed w1th the ' ' ~ 
maximum. But all experiments upon streams have shown tha.t this i not so. Upon 
the Missi. ippi river, for in tance, the velocity, as n ar the bottom ns a float could be 
made to pass, was often as great as 5 or 13 ~ et per second, the difference between it and 
the maximum velocity rarely, if ever, exceeding half a foot. 'rhe 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 illustrat ed by reference to well-known physical facts. Should the 
correctness of the conclusion be doubted, it is hoped that a r ference to his work, or to 
a synopsis of his reasoning on thi s point, contain d in Chapter III of this report, will 
be made for a more elabora te demonstration. 

The deduction of an expression for the retard ing forces, ba. ed upon the views already 

Algebraic 
expression 
fQr retarding 
forces. 

stated, is very simple. It i. evicJent that the accelerating forces arc I ri­
marily consumed in overcoming the re istance of adhes£on, cohesion 
acting merely to govern th transmi ion of the effects of thos resist­
ances through the fluid. But th ab olu te r . istan es of adhesion are 

directly proportioned to the length of chann l con. id red, multip\i d by the circumfer­
ence of the fluid , or l (p + W ), and to om functi n f tb mean of the v loci tics of 
all the clements of the outer layer of the liqu id. But 0 i the m an of all th surface 
velo ities, and Ur that of all th bottom and side velociti ' . II n e the expression for 
the mean of the velocities of all th cl ments of the outcrmo t layer of the nuid is 
U0 W + Ur p 

W+p 

New general 
formula . 

The resistances of adbe. ion arc th refore proportional to-

( 
oW+ r P) 

l (p + 'V) '~' w + P · 

By equating thi expres i n with that alr ady deduced for the ac­
celerating forces, the follo-.ving ()'encral formula r ult :-

G l h, ( 0 w + ,. p) g a f = l (p + W ) '~' - , +])- . 

Dividing both members of the quation by g 7-sin e, for formulro applying to water, 
G g may be a sumed constant for any moderate chang f latitude-and sub tituting 
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for f its value, s, and for Uo and Ur their values for ordinary river cross-sections, given 

by formul m (20) and (31), remembering that 0.317 + 0.06 f= ~£,this expression by 

reduction becomes-

(32) 
as { (w(o. 333-~~) +P (~:-0.667) )} 

--- = 'P 0. 9 3 v + (b v) X _ · 
W+ p W+p 

This is the expression corresponding to the almost universally adopted formula:-

as 
-P- = 'P (v). 

It is believed to be theoretica,lly far more a,ccurate, while its absolute pmctical diflerence, 
as will soon be seen, is so slight as to account for the general accordance between the 
old formulw a-nd the published experiments upon small streams; an accordance which 

could J1ardly exist if M. Dupuit's expression, ap!__ = '!' (U,. ), were correct. Since the 

resistances at the surface are overlooked by this writer, it is evident that his expression 
cannot be considered theoretically exact. 

Substituting q p for \V in the fmction of the last term of the second 
member of equation (32), it becomes- x~:;i~~:.lsimpli-

0 3 
d, d, 

. 33q- - q+ - -0.661 
r r 

q + 1 

But for rivers, q is never quite-although always very nearly--equal to unity. For the 
:Mississippi, its mean value is about 0.99. No sensible error can, therefore, arise from 
assuming it equal to unity in the above fmction, which thus becomes - 0.167. The 
sign of this quantity must be changed, since, in the ultimate expression for v, which is 
a root of an equation of the second degree, the c1 i:fference between the radical and the 
other term is tbe root of the equa.tion corresponding to the true mean velocity. -With­
out thi s change of sign, the deduced va-lue of the numerical coefficient will correspond 
to the other root of the equation, which is the wrong one, since it does not become zero 
when the Jope is zero. Substituting, then, the value + 0.167 for the fraction in the 
second memb r, equation (32) becomes-

(33) v/; P = 'fJ (0.93 v + 0.167 bX vX) = 'P (z). 

Thus far in the investigation, the views adopted respecting the forces in question 
indicate every step of the process with mathematical precision. This 
is no longer the case, since the form of the function composing the 
second member of this equation can only be determined by the study of 
observations. A somewhat extended discussion of the condi tions which 
uch observation , should fulfil, seems to be required, as extraordinary 

Constants of the 
new formula 
must be deter· 
mined from 
observations. 

errors have at times been made by hydraulic engineers of standing, both in conducting 
uch measurements and in applying the various formulw for mean velocity to particular 

cases. 
Observation for deducing the constants of the new fm·mula.-It is plain that, in such 
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Fall of rivers 
consumed in 
overcoming 
three distinct 
classes of resist­
ances, which 
must be express· 
ed by two dis­
tinct formulm, 
whose constants 
cannot be deter­
mined from ob­
servations upon 
pipes and 
troughs. 

REPOR'r ON THE .MISSISSIPPI RIVER. 

observations, all the variables in equation (33) must be accurately 
measured. The manner of performing the necessn,ry fi eld work for 
measuring a.ll except the slope has been detail ed at the beginning of the 
last chRpter, and no further comments are required. Th e determ ination 
of the tnte s uggcsts many importnnt considerations. This qua.ntity, for 
rivers, is usun,lly stated to be equal to the quotient resulting from the 
division of the fall of the water's surface in a given distance by this 
distance. This is inaccurate language, and has led to many errors in 
applying the formul ro. The fa1l of any nntural stream in n,ny con­
sidemble distn,nce is consumed in overcoming three entirely di. tinct 
resistances : first, that already described as due to the joint action 

of adhesion and cohcl:lion; second, that ari i::l ing from the losR of li ving force when 
the stream is de!lected by bends; and, th ird, thnt arising from the loss of living 
force cn,uscd by changes in width n,nd depth. The first, on ly, of these is tn,ken into 
account by formul ro whose con ·tants nre derived from obscrvn,tion. in whi ch the con­
dition of uniform motion is perfectly fulfill ed. If, th erefore, such formul ro arc n,pplied 
to rivers, the men,n area, width, and perimeter between the upper nnd lower poi11tR con­
sidered must be used with a slope computed by dividin o· the n,ctunlly observed fall 
between those points, diminished by thut expenclerl in o-,;erroming the othc1· two ?Wit ·tances, 
by the total distance. For th e portion of the fitll con umed in overcoming the re ist­
ances of bends, a formula will be heren,fter discussed. For that consumed in over­
corning the resistances due to chnnges in cross-section, it is clenr thn,t no pmcticn,l 
equn,tion can be fmrn ed, if for no other ren,son thn,n that t he requisite knowledge of the 
exn,ct form of cross-sect ion cnnnot be obtnined in pmctice. Formulro whose coP-stants 
correspond to perfect uniformity of motion, then, cannot be applied to rivers. H ence, 
the constn,nts of river forrnul ro must be d duced from observations upon natural ehan­
nels, not, as generally heretofore, upon pipe8 and trouvlts. 

An extended examinn,tion of rivers with mod rat slop (to which n,lone formulro 
Effect of changes are usually applied) wi ll show thn.t, in gen ral , where the .' tl·eam ilows 
in cross-section with a straight course, the changes of cro.'. -section ar gradual ; while, 
to be allowed for in bendi-1, they arc abrur)t, crivin

0
o· rise to violent eddies a,ncl boils. 1' lli s 

by modifying the 
constants of the fn,ct suggests the proper method of allowing for th ir ffcct. The con-
two formulm. stants of equation (33) should be n,dju ·ted to correct for the ffect of 
ordinary, slight changes, while those of the bend formuln, should take into account the 
abrupt and violent changes. 

The above considerations indicnte that three conditiow hould be fulfill ed by obser­

Hence certain 
conditions must 
be fulfilled by 
observations 
from which 
the constants of 
the mean velo· 
city formula 
are to be 
determined. 

vn,tions conducted for the purpos of deducing the form of the function 
composing the second mern ber of cqu.t tion (33) . FirsL, th y hould be 
made upon a natuml chann I. cond, the b d mu t b stmight at the 
locality, in order to nv;icl the effect of bends upon the slope. Third, the 
cro s-secti n mu t be sensibly uniform, in ord r to avoid the ffect of 
sudden varintions upon th slop . 'ro the it may be add d, thn,t the 
"distn,nc must. be considerable-as great n,s pos ible, in fa.ct-in ord r to 
reduce to a minimum the pcrcentag of instrumental error in mea. uring 
the slope. 
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E ven in a locality fulfillin g nll these conditions, the measurement is an operation of 
·exceeding delicacy. The water surface, even then, is by no means a 
plane. The different veloc ities at different distances from the banks 
destroy any such character, since water in motion exerts less pressure 
than when at rest. T his causes the level of the surface near the thread 

Difficulty of 
measuring the 
fall of water 
surface. 

of the current to rise, in order to maintain t he equilibrium.* The difference of height 

due to this cause is usually estim ated by the formula. :-j- h = V/ 2 g V,l_. Thus the dif­

ference of level between the water moving near the bank with a. velocity of 1 foot per 
second and t hat in the thread of t he current, moving at the rate of 8 fee t per second, is 
82 p 

2 9 
= 0.98 of a. foot, or more th an 11 inches. If, th erefore, the water move with 

different velocitie at the two level-stations, error will result. The a.ir, also, is seldom 
entirely still , and even a gentle wind, besides prod ucing oscillations in the surface, may 
sensibly a:B:ect the relative level at t he two staJions. The almost constant rising or 
falling of the river greatly increases tb e li abili ty 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 mos t natu ral channels, and an idea can be formed of t he difficulty of its 
determination at any particular locali ty . 

This mea urement was attempted at Vicksburg, Columbus, and Carrollton, in con­
necti on with observations fo r dischar00'e, The locality of Vicksbur

0
CJ' 

Details of this 
being especially favorable for the purpose, several observations were operation at 
made to determine the slope at different stages of the river. An exceed- Vicksburg. · 

ingly carefu l transit and level survey wa · made by !ft. Patti son, between benches 
es tabli shed at E and G, figure 4, plate III, the line of levels being run five times with 
an accurate instrument, and finu,lly testing to within a very small fraction of an inch. 
When the slope wa · to be mea ured, gradua ted stakes were planted in the water oppo­
site t he bench-mrtrks, and carefully referred to them by means of the levelling instru­
ment. Accurate observations of t he height of the water surface upon the stakes were 
then made si111nltaneml'ly by different ouservers. Between these two sta tions, the cur­
rent fl ow nearly pnrallel to t he Louisiana. Rhore, the cross-section is regular, and the 
differ nee of level of the water surface di vided by the di;.; tance between the stations 
give a re;.;ult a n ar to the true slope as can pos..:ibly be obtained by measurement on 
the Mi ::; i ,' ·ippi ri ver. Th operation was performed five times in 1858. The corre-
ponding n.tea, width, and perimeter were found by taking a mean of all the sections indi­

cat d on fi O' urc 4 r)lat III inclu dinO' as one sect ion a mean of those at the velocity-
o ' ' b 

base. T he mean v locity of ob orvat ion was obtained by dividing the discharge found 
at the v locity-b, e by th is moan a.rea. 

At olumbus peculi ar difficulties ex isted, as may be seen by reference to fi gure 3, 

plate III. The edJy and bend above, the island below, and the mpid At Columbus. 
chan ·es of width in the eros -, ection rendered it nearly impossible to 
meas~ll'e properly the ·lope affec ting the d.i~ch nrge at the veloci ty-base, where alone 
tlJC dimen ions of the cro ·s- ·ec tion were determined. The fall in watel' surfa ce 

- -------
* ce some in rcstinrr mea3urenu nts to test this matter, by "JI. Baum garten, detailed in Chapter III. 

t ' eisbuch. 
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between the stations at G and A, on figure 3, plate III, was measured by .M:r. Fille.:­
brown, and in default of a better determination, the result is admitted, although 
probably somewhat inexact from instrumental rrors, which the shortn e~:;s of the line 
rendered very important. 

At Carrollton the locality was tolembly favorable, t he chief objec tion being the small 

At Carrollton. 
numerical value of the slope, which rendered its mea.. urement difficult. 
This was performed by the levelling party in cha.rge of Mr. Ford. 

'l~he upper station was in all cases a.t station A. ( 'ce figure 2, plate III. ) The 
lower was, for observations No. 1 and No. 3, at station B; for ob ervations No. 2 and 
No. 4, at station C. The area, width, and perimeter used in each n.se were found by 
taking a mean of those quantities on all sections indicated on the diagram ly ing between 
t he stations. The mean velocity of ob ervation was found by dividing the measured 
discharge by t he mean a.rea. 

The slope of the water surface of ba.you La Fourche was measured within about 
Observations 5 miles of the head, on Ma.y 6, 7, and 8, 1851, by the levelling party 
upon bayou La of the Survey. On May 6, the fall in a mile was found to be 0.230 
Fourche. of a foot. By the bend formula, soon to be :xplained, 0.042 of a. foot 
of this were computed to be due to bends (sin. 2 a, measured on the trnnsit-sheets of the 
Survey, being 0.68D). On May 7, the fall in 1 mile, and on .May , that in abou t 2 
miles, were accurately determined in two different localities, where the re were no sensi­
ble bends. The gauge-readings on those dates being known, the corresponding areas, 
widthf=l, and perimeters were computed by taking a mean between the mean of the 
three sections at the mouth and that at Pain Court, di. ta.nt about Q miles from this 
point. 'rhe discharge was not measured, but was accurately determined by an inter­
polation between the quan tities found by me,tsuremeut when the water at Donaldson­
ville stood 1 .2 and 7.3 feet b lu\1· the high water of 1 51 (being 10,250 and 5150 cubic 
feet per second at the ·e two staJtJ;:;, re.' pec tively) . 'ince the discharge depends directly 
upon the stand of the bayou at Donald ·onville, this mu t giv a ve ry clo. e determina­
tion. The party al so determined, by water-marks on tr s, the total fall in the fir t 5 
miles (less a few feet) at the high water of 1 51. It wa: 1.231 feet. By the bend 
formula, 0.105 of a foot of t his were found to be clue to bend: (. in. 2 a, measured on 
tran sit-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 di scharge were 
found in the same manner a.s for May 7 and 8. 

On J anuary 16, 1830, Mr. Pattison measured the discharge and corre. ponding slope 

Upon bayou 
Plaquemine. 

of bayou Plaquemine at its upper mouth . This slop , whi h was 
measured between A and B, figure 7, plate III, wa evidently affi cted 
by bends and marked irregulariti . in ro -section. ~rhe total observed 

fall was 1.03 feet. By the bend formula th effect of the e resistances wa. comput d 
to be equal to 0.408 of a foot, l aving O.G2 of a foot for th fa.ll t b u d with the 
formula. The corresponding ar a, width, and p rim ter were found by taking a mean 
betwe n a mean of the three sections near the mouth and that n ar the mouth of bayou 
J acob. 

The field work of the Survey had be n alr ady br ught to a close before this stage of 
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the office investigations was reached. As the importance of fu rther 
observations upon very : mall streams became apparent in the course of 
the investigation, the Little-Fa.lls feeder of the Chesapeake and Ohio 
canal, near Georgetown, D. C., was selected for this purpose. The ob­

Upon Little­
Falls feeder, 
near George­
town, D. C. 

servations were made on November 2G and November 28, 1859, near where the feeder 
leaves the Potomac river at the Little Falls. At the spot selected, the feeder, for a dis­
tance of about 360 fee t, har a traight course, aud uniform, nearly rectangular cross­
. ection, 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, and 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, 
t lte place is ver frworable for snch experiments. To measure the slope of the water 
surface, two benches, 336 feet apart, were established, one near the upper and the other 
near tb lo-wer end of the 1lace above described. The difference of level between these 
benches was determined with great care by five successive levellings, giving the follow­
ing result.· for the height of the upper bench above the lower: 0.247, 0.249, 0.248, 
0.2.-2, and 0.2.-l of a foot. The mean, or 0.2-19 of a foot, was adopted as the true dif­
ference of leveL The benches were about a foot above the water surface, and by 
measuring thi di:;tance exactly, the fall in 335 feet, and hence the slope, could readily 
be found whenever desired. To determine the cross-section, a cord, graduated by bits 
of red tape to lengths of 2 fee t., was stretched across the channel where no cavin()' had 

0 . 

occurred, and the depth measured with an ordinary lead and line at every bit of tape. 
The resulting a.rea. wa. that used in determining the discharge, as the floa ts were ob­
served through a clear part of the channel. The area to corre pond to the measured 
slope wa found by deducting from the water-prism-computed by multiplying this area 
by the di stance between the level-stations-the cub.ic contents of the small portions of 
the wall which had caved in. To measure the velocity, the tin double-floats, described 
on pnge 252, were u ed. The lower float was uniformly sunk to the mid-depth. The 
floats were made to pa s at dilferent di ta.nces from the banks, their velocities and paths 
being fixed by noting the times and points of cross ing two graduated cords stretched 
acroi-'s the feeder, 100 feet apart. A very slight down-stream wind was blowing on 
both day , but, as already demon. tratcd, it could exercise no influence upon the mid­
depth velocity. Th method of computation was the following: As the cross-sectiop. 
wa nearly r ct:m ()'ular in form, it wa considered unnecessary to subdivide it into 
partial areas for computing the mean velocity; this quantity being sensibly equal to 
the product of the m an 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 v locity in the mid-depth horizontal plane, the paths of the floats were plotted 

. and grouped and the re ulting velocities at different distances from the banks plotted in 
the form of a curve. It was evidently one and the same parabola on both days, being 

11 arly given by th following equations, which only differ in the values of wY~n:-

(Nov. 2G) ! ~ D = 3.3642-8.78 (~- o.5st 

(Nov. 2 '2 D = 3.0000- 8.78 (~- 0.5sr. 
39 
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The following table exhibits a comparison between the observations nnd the veloci ties 
given by these formul re :-

Measw·ements upon the Chesap eake aml Ohio canal jeede1·. 

November 26. 

I 
November 28. 

Velocity nt mid-depth. I Velocity at mid-depth. 
Di stance frmn Difl'ercnco. 

I 
Di !-.tnnce from DiiTCJ'C OCC. 

right bnnk. 

I 
ri ght bank. 

Observed. Computed. Observed . Con1putcd. 

---- - - - - - --- - - - --
Feet. F eel. Feet. Feel. F eet. Feel. Feet. Fee t. 

5.0 2AJ OO 2.274 2 + O.lu58 7.0 2.41 R8 2.4000 + 0. 0188 
!J.O 3.0300 3. 10!JO -0.05!)0 85 2. 5fl31 2.()/22 - 0. 10\J l 

10.0 3.!.!1 05 3.:2:270 - 0.01(i5 10.0 2.8002 2.RH:!8 + 0.0274 
1:2.0 3 388\J 3.3!1-(0 + 0.03~9 1:2 .0 3.0882 2.!1 ~)8 + 0.0084 
14.0 3.:!105 3.:)358 -0.1:253 14 5 2.\llG7 2.9444 -0.0277 

1() .0 2.8005 2.8083 -0.0078 
-------

Sum ............ l ii .2!J()!) Sum ........ . 10.07 75 J G.0/75 0.28!)2 
---------

15.3000 0.40 15 ll -s.ocool- o.o8o-3 -
- - - --

Mcnn .... .. ... .. 3.0600 Mean ........ :.U7\J() 2.77\J() 0.0482 
I I 

Since this comparison leaves no doubt that the actual curve was nearly that given 
by the above equations, the mean velocity in the entire plane from bank to bank was 
computed by equation (5), substituting 0Y;.~ n, w,V X D' and w V X D' respectively, for 
Yo, vd, , and VD . This qua-ntity, for November 2G, Wfl S 2.5754, and for November 28, 
2.3070. Multiplying these velocities by 0.9G24, the ratio taken from the sub-surface 
curve of observa-tion given on page 294, t he followin g mean velocities resulted: Novem­
ber 2(j, 2.4785 feet; November 28, 2.2202 feet; giving for the discharge 3G7 a.nd 324 
cubic fee t per second respectively . The mean velocity corresr onding to the slope 
was the quotient of the discha-rge by tho area corrected, as already explained, for the 
cavmg. 

All the original data of this Survey have now been enumemted. In relation to 

Character of 
such data given 
in published 
works. 

those found in published works, strange as it may seem, there is a. very 
great sca-rcity of such observations upon na.tuml chan nels, although 
there a.re many upon pipes and troughs. The m asurements of the 
disch arge and corresponding slope of a, river are such ]clicate opera­

tions that a full sta-tement both of the modo of conducting the observation. and of the 
method of computation is essential in order to inspire con fidence 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 Rome pnrt of the process, 
even in experiments conducted by engineers of ability, as the following criticisms 
show. 

Dubuat's six observations upon the Cana.l du Jard, a very small dmining-ca.nal, and 
four upon the river H aine, comprise all made by hif!! upon natural 

Dubuat's obser- II · 
vations. channels. Th width of tbes streams i not recorded. For the ame, 

thi s may be d duced by .-ubtra ting from the p rim ter baJf the rnea.n 
rad ius-the usual rule for rivers; but for canal.-, no su h relation exis ts, and errors, 
which the small size of the Crtna.l du J :wd would render important, would probably 
result from any snch assumption for that tr am. Mor o er, in neither aso did 
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Dubuat mea.sw·e the mean velocity, but trusted to deducing it from the observed cen­
tral surface velocity by his empirical formula.. For these two reasons, the observations 
upon the Canal du J a.rd have been rejec ted. Two of the four observations upon the 
R aine were made when a lock interrupted its flow and redur;ed it to a kind of elongated 
basin, with an almost inapprecia.ble slope. It cannot be assumed that this anomalous 
condition of the stream produced no effect upon the ordinary ratio between the central 
surface and true mean velocities, aud these observations are, therefore, also rej ected. 
The other two observations upon the river were made with great nicety under favor­
able circumstances, and have been admitted. 

Krayenh off made fi ve careful measurements of the discharge, slope, etc. of certain 
rivers of Holland in 1812. The slope as measured requires some cor­
rection; for, since the level- tations were several miles apart, the 
obgerved fall mu t have been affected by bends and inequa.lities of 

Krayenhoff's 
observations. 

cross-section. By the bend formula., soon to be discussed, the reductions on this account 
are computed as gtven in the fourth column of the following table, sin.~ a being 0.75 

per mile:-

Hivcr. 
I Dis tance I Observer! fall 
bctwc<> n Jc,·e l- in water 

star ions . surface. 

Feet. Feet. 
The Rhine at Byland ........ . ................... ............. ..... .. .... . ........ .. 60,5.j:3 6. 7 

G0, 55~ G.7 
fl2, 111 7.1 

j The Hhine at P,tnncrdcn ...... .. ........................ ... .............. ...... .. 
Th e w ,w l nt upper mou th .......... ..... .. .. .. ........... ...................... .. 

4-1,406 5.6 
5,190 0.6 

1

1'he Hhine below th e Y , cl .................................. . ........... .... .... . 
Th: Yssc~ upper month .............. .. .. ... ........... .. .......... · .. ........ .. 

Part of fall con- Difference~ 01' 
~mmetl in 0\'Pr- part of t:tll con~ 
com in~ Ocmls, snml'd in ove r-

etc. comin~ n.d lw~ion 
nn.ll coLcsion. 

Feet. Feet. 
0.8 5.9 
0.7 B.O 
O.IJ 6.5 
0.4 5.2 
0.0 0.6 I 

The mean Yelocity was measured by means of vertical floating rods ex tending from the 
surf:Lce nearly to the bottom. The error arising from the rods not extending quite to 
the bottom was probably counterbalanced by Krayenhoif's method of computation, 
in which the mea.n velocity was considered a mean of the different division velocities 
without rco·arding difference of area. 

Robison incidentally records the result of a. O"auging of a small canal by Watt, but 
without givin o· a.ny of the details of the measurement. The great 
reputation of lb n<Tineer and the scarcity of published observations of 
thi · kind, have induced he usc of this observa.tion. The mean velocity 

Watt's obser­
vations. 

is omput d from the ob ·erved central surface velocity by de Prony's eight-tenths rule. 
In De:>tr m' operation up n the Neva, the velocity was measured by surfc.we floats, 

from twelve to twenty-three being observed, according to the width of 
the stream. The di'charge wa.s computed by taking the sum of the dis­
charges of th - everal partial areas into which the cross-section wa.s 

Destrem's 
observations. 

divided. Them an velocity of each partial area was computed from the surface velo­
city obHcn· din it. entral portion, by de Prony's formula for the mean velocity in terms 
of th central urface v locity. ·with a view to test the correctnes of this novel use of 
the formula, which erta.inly wa never contemplated by de Prony, a very few observa­
tions were made upon the relative velocity, in passing over the same path, of a surface 
float and on compo ed of a cries of jointed rods so loaded with lead as to remain 
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vertical and extend from the surface nen.rly to the bottom of th e ri ve r. Although the 
observed ratios vn.ried greatly muong themselves, Destrem decided thrtt t hey just i fled 
this use of the formula. If so, the formula is greatly in error, for neither de Prony nor 
Dubuat, of whose original forrnu ln. this is a modificn.tion, des i<rued n.ny snl.xlivision qf tlte 
cross-section. As they proposed the formul a, the mean velocity thu.· found would be­
not that of the stream itself-but that of the stream subdivided into ns many diill •rent 
streams as there are division s; n. proces. which would greatly dimini sh the v ·locity by 
the increase of fri ction. The ob. er vn.tions of the Deltn. Sun 'ey provo thnt Des trem­
not de Prony and Dubuat-must be in error in this mn.tter, and a recomputn.tion of a.H 
his discharges seems therefore necessary . Tbis wonld n ot disturb their clo~::~e accord­
ance among themselves, as computed by him , while they would n.ll be mate rin.lly 
increased. The admirable manner .in which they arc reported renders the ir recompu­
tation easy, and it has been und rtaken in the two instances (Neva river, Table 2, and 
Great Nevka river, Table 6) in which the 8lope wns m asured. ~rhe sum of the pro­
ducts of the observed surface velocities in the different divi f:iions by the areas of t!J cir 
respective divisions, divided by the total n.rcn. of cross-sec tion, is computed for an approx­
imate mean velocity. The ratio between this nnd the true mean veloc ity is t hen 
deduced by the new process, fully expln.inecl in the Ia ·t chapter. This rn.ti o is rc:'\pec­
t ively 0.9946 and 0.9'922 for these two measurements; givin rr mean ve locities of 3.229 () 
and 2.0486 feet, instead of 2.6441 and 1.64 1.- fe t, as compu ted by .Des trem . By de 
Prony's formula, applied a.s lw designed it, these mean velocitie are 3.2834 n.nd 1.8074 
feet, respectively; showing that Dcstrem's own mea:urement do not justify his novel 
application of it. For the pnrpose of testing de Prony's general form ul a for discharge, 
Dcstrem measured the fall in these two cases for n.bout 3 and 5 mil es respec tively, 
immediately below hi s sections. In thi: operation, al so, h e was unfortunate. The 
detail ed map accompanying hi. report hows that in neither case did t he measur d 
slope corr . pond to the flow at hi s section . In th first case, a large bend, a n w 
tributary and a great increase in width are noti cable betw en the upper and lower 
level- tation . In the second, n.fter pas. in rr th upper lev 1- ·tation , the s tr a.m bends 
gradually to a kind of d lta, where it div ides into a maz of channels forrnin o· large 
islands, on one of which the lower level- tati n wa pla d. It is vident that no 
formula ba ·cd upon the supposition of uniform motion an a ord with the. c obser­
vations, a. they arc stated, without ther by establishing it. wn inaccuracy . In d f:wlt 
of a better method, the ob erved slope ha · been corr ct d by the forrnnla already rn n­
tioned; the values of sin. 2 a, measur d on D 'strcm's mn.p, being 1.44 and 2.17 re:;p c­
tively. The slopes as corre ted becon1o 0.00001 D and 0.00001+87 in the pl ace of 
0.00002GG5 n.nd 0.00002040. No gr at w io·h t can b attached to th e measurements, 
but, as ob ervation upon the d i1'chnrge of ri\'r r , p . :;e.' t-; ing . uch a degree of exactn 'SS, 

are very rare, it would hardly be justifiabl tor •j •c t them, when thus correct d. Th y 
serve as n.pproximat tes ts of the difr r nt formul ~ . 

The gauging of th Tib r, includ.ing th • f:i lope m a: ur mont, detail d by Bulfon , is 

Buffon's obser­
vations. 

up rior in xactnes.' to any already noti c 'tl. The •locity was m •n.­
ur d by long float:;, con isting of : n all Lm nd lcs of rod , . o loaded at 

one -nd a to Jloa.t almo:t ve rti cally a nd ex tending from t he surfa e 
nearly to the bottom. The time occupied in pa. ·ing a di ' ta n c of about 200 fee t was 
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noterl for twelve floats well distributed in different parts of the stream. The area of 
cross-se? tion wa carefully measured by sounding, and tli e discharge computed by tak­
ing the sum of the products of several partial areas by the mean of the velocities 
observed. in them. The measurement of the slope was unexceptionable. The admi­
rable method u eel in reporting the data collec ted has afforded the means of making 
two slight corrections in th e mean velocity as computed by Buffon. The :first error 
arise. from his assuming the velocity at the bank to be the same as that of the float 
nearest it. 1' his is manifestly erroneous, and a new value has been deduced by assum­
ing tb e 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 measured velocity clue to the fact that 
the rods were unaffected. 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 , i\Ia :whusetts, to determine the error arising from this cause, and the following 
unpublished formula for t he coefficient of correction has been kindly furnished by him 
as the res ult deduced :-

c m · ([D- D ]X ) oe c1ent = 1.000- 0.116 D ' - 0.1 . 

In tl1is formuh, D denotes the depth of the water, and D, the length of the immersed 
part of the rod. The mean velocity computed by Buffon is 3.6582 feet. The :first 
correction reduced it 0.0025 of a foot, and the second 0.1523 of a foot, making the 
true mean vel.ocity 3.-±132 feet. This is believed to be still a little excessive, as the 
measured velocity of some of the floats (of float No. 3, for instance) is evidently too 
great; but, on the whole, it is considered a very reliable experiment. 

On March 12, 1 51, Mr. Ellet measured th e slope of the water surface for several 
mil s down ba.you Plaquemine, at stations 1 mile apart. The details Ellet's observa· 
of thi s mea.~ u rement were not publi heel , but the original diagram is on tions upo~ bayou 

file in the Bureau of 'ropographical Engineers, ltt \Vashington. The Plaquemme. 

f~t ll in the fir t mile wa 1.4 ·5 fee t, the Mi .. ·issippi at Plaquemine being 2.1 fee t below 
the high-water le,·el of 1 .) l. The discharge was not measured; but, as this quantity 
wa accumt ly uetermined by the Delta ~ urvey when the Mississippi stood 6.3 n.nu 0.6 
fee t b low th high-water level of 1 ' 1 (being 10,900 and 33,390 cubic fee t per second, 
resp cti v ly fo r tho tands), the di scharge on .March 12 may be deduced by inter­
polation. 'rhi::; determination must be quite exact, as the quantity of water passing 
down the bayou d I ends ntirely upon the stand of the :Mis ·is::;ippi, and, for any given 
stand, can un lern-o but light variations. The area, width, and perimeter were readily 
comput d from tb ' cro ::;-sections made by the urvey, the stand of the river being 
rriven by l\Ir. E llet. A the bayou winds considerably in the distance in which 
~b e fall was mea ured, the correction for bend-effect, hereafter to be explained, 
mu t b appli eu to the observed falL Sin.2 a, measured on the transit.sheet of this 
~ 'u rvey was fo und to be 1.7-±G, giving by th b ncl formula 0.3.6 of a foot for the fall 

. ' due to bend. and other re ·i. tunc . This leaves a fall of 1.09 feet per mile for the 

true sl pe. 
Mr . E ll f gn.uginrr of the Ohio in 1858, including the measurement of the slope, 
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Ellet's observa­
tions upon the 
Ohio. 
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was admirably executed, as far as the fi eld work was concerned, and 
equally well reported ; but excep tion must be taken to the method. of . . 
computation. The velocity was mea ured by urface fJ oats well dis tri-

buted across the river, and the discharge compu ted uy taking eight-tenths of the sum 
of the produc ts of the several subdi visions of the cross-section by the velocity observed 
in them. The correc tion-ratio, cigl1t-tenths, is c rtainly n ot nllowed by the bes t au­
thorities. It seems to be a repetition of Destrem'. m isapplication of de Prony's rul e. 
By npply ing the process deduced from the ob ervations of thi s urvey-alrenJ.y fully 
explained-the true va lue of this ratio is found to be for thi s case O.DG, giving a mean 
velocity of 2. 5 1 5~ instead of 2.1, as computed by Mr. Ellet. T o prevent errors in tes t­
ing this result, it may be added, that the "mean surface velocity" (a quantity which 
enters the formul re) is not, as conside red by 1\Ir. ~ll t~ the q Lta ient of the approximate 
discharge by the area of .the cross-section, but the sum of t he products of the widths of 
the different subdivisions by the men,n surface velocity in th m, divided by the total 
width of the ri ver. In oth er words, it is in thi s ca.se 2 .50 instea,d of 2 .G2 . 

The above summary includes all ob. ervations upon water fl owing in n fl.tural ch ::m­

No more data 
available; but 
those collected 
sufficient for all 
the practical 
purposes of the 
Survey. 

ncls, publi ·heel in sufficient detail to be en titled to confid nee, tha t 
could be collec ted a fte r dili ge n t search . It is to be regretted that the 
works of Ey tclwein and Funk, which con tain repor ts of such m easure­
ments, have not been accessible in the present investiga-tions. It may, 
however, be doubted whether the operations therein detai led were con­
ducted with the requi site accuracy. A new a.nd ex tended se ries of such 

observations upon rivers of grea-t slopes is :tbsolutely necessa.ry to the entire determin a­
tion of the form of t he fun ction compo.·ing th s cond member of equa tion (33) . The 
data above men tiuned, however, which arc a.ll contained in the table on pag ' 31G, are 
suffi cient to determine i t for natural ch a.nu cb with 'lopes less than 0.0008 and cross­
sections la-rger than 100 square fcct,-limits amply ·uffic ien t fo r the prac ti cal require­
ments of t he pr sent Survey . 11 he process used in d tcrmin ing th e form of the fun ction 
remains to be xplaincd . 

D termination of the con lards of the new fo rmnln.- incc the enunciation of Coulomb's 

System adopted 
for the algebraic 
analysis of these 
data. 

la.w, it has been the g neral custom to a!'sume cp (r)-wh.ich, a alr ady 
expla ined, con espond::; wi th mo t writet" to 'P (z) in the n ew formula­
to be equa-l to fl.ll expres ion of t h form n + v2

, a nd then to find 
va.lues for the cocffici nts Band C which would make the fo rmula a-ccord 

with experiment. De Prony alone (excepting Ey tel wc in , who followed his method) has 
exactly deJined the proces adopted in find ing ·u h va,lnes. H e employed L rt Plac 's 
two methods the one rri in O' the minimum v:tlue fo r the maxi mum error, and the 

' 0 0 

other the minimum value for th e um of the error ·,- the urv who e o-ordinates are 

r s d (' l . ,., s d ) b . . 7 z· v n.n v m t n s case -;- an z cmg a ngtll we. A the ex pre sion rcprcsen ted by z 

contctins v and v\ if terms involving it first an d econd pow r.' are allow d to cnt r 
th e formula, t he fl]lal x pres ion for will be v ry ompl x . ~Ioreo er, a trial of this 
pro . s proved tha.t a r ight lin would not conform with ufTi i nt xactness to th e da.ta 
collected. F or these r easons, it was n cessary to try new m thod. The expression 
q; (z) in equation (33) was placed equal to the expr ·wn z·~, giving by reduction the 

followin g equation:-
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(34 ) 
as 

C=--- · 
(p + W) z2 

The second member containing only kno·wn terms, its numerical value was computed 
for the different ob~ervations already descri bed, and it was at once evident that C could 
not be assumed to be constant. To detect its law of variation, the uifferent values were 

plotted as ord inates to the corresponding values of P ~ W, v, and 8, successively, as a.b­

scissre. \Vhile serrated curves, following no apparent law, resulted when C was plotted 

with P : W or -z;, a qui te uniform result wn s obtained by usin g 8 . It was then reason­

able to conclude that C was some function of this quantity . .M:uch labor was 
expended before an equation representing this function was found. At first only 
t he data obtaineu on t he regular field work of the Survey were used; then, in sue-

. cession , the data described above for the higher slopes were added. The successive 
additions mod ified the rcsu1ts already obtained, by requir ing a change in the curve for 
t hese higher . lop s. To gi,-e a detailed account of these trials would extend the discus­
sion beyond it proper limits without answering any u eful purpose. Suffice it to say 
that few clas. of continuou curves for which equ ations of condi tions for passing through 
two, three, or even four point can be convenien tly computed, were left untried. There 
seemed to be orne fa tality from which there uniformly resulted either large discre­
pancieR for some of the observationl:l; or an absurd result when the quantity 8 ap­
proached its maximum real value, unity; or an expression so complex that it produced 
an equation of t he t hird degree or higher, when solved with respect to s; or the 
necessity of leaving the curve and following a t angent, for slopes above a certain limit. 
At length it was eli covered that the very simple curve-

s:Y. 
c =ygs 

would fulfil cer tain neccs ary conditions, which could not be forced upon curves whose 
equations are of a much higher degree. It was accordingly adopted. When this value 
for C is sub tituted in equation (3±), it can be put under t he form-

(3G) z = c;~a\~~rG · 
This i a general equation, from which the value of any one of the five variables may 

b deduced when the othe r fo ur arc known. It should be remarked, . 
l d Algebraicvalues 

however, th at \V and par hardly independent variables, as a know e ge of each of the 
of one often implies a knowl dge of the other. Even when this is not four variables 

the case, it will be found, for ordinary natural channels, that only a ~!~:ai~~~~i:l~. 
small pcrcen tnge of error will arise from as::;uming p = 1.015 vV. This 
reduces the variables to four : a, (p + vV), 8 and z. The last-named quantity is strictly 
a fun tion of v and r, but the coefficient of r is so small that it may be neglected, and z 
be considered, for all practical purposes, a simple fun ction of v. The following equa­
tions exhibi t the value of each variable in terms of t he other three:-

(35) z = (1 95 a sY.)Y.' 
. p +W 
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(36) 

(37) 

(38) 
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- ((p + W) z2)2 
8 - 195 a ' 

(p + W) z2 

a= --nThs':! _, 

+ ur_l95a s'~ 
p n - - z,-' - · 

It will be remembered that z 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-

z = v + 0.167 bYo vX, 

z = 0.03 v + 0.1G7 b' ~ v'~ . 

Substituting these values in equation (35), and solving with respect to v, we have the 
two eq nations-

(30) 

(40) 

V = (v0.0064 b + (195 ?', s' ; )'~ - 0.08 bXy, 

v = (.vo.0081 b + (225 ?', s'>) i; - 0.00 b'1r. 
As equation (39) is only applicable to a very limited class of streams flowinn- in arti-

. 0 

: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 practicnl usc. 

For small streams, b, as already shown, varies with r, being given by the equation: 
b 1.69 

Simplifications = (r + 1. 5) '• ' but for riven:;, who mean radius exceeus 12 or 15 feet, 
in these formulre 
for large the condition of most streams di scussed in thi s r port, b may be a sumed 
streams. to be 0.1. 86G. This makes the numerical value of the term involving b 
so . mall that, for any but theoretically small v lo iti . , it may be neglected, thus 
reducing equation ( 40) to-

(41) V = ([:225 ?'1 8~~ Yt - 0.03 8) \ 
which is an approximate formula applicable to river. as larg as, or larger than, bayou 
Pla.qucmine. From this equation the two following formul ro may be d ducccl, which 
arc sometime. convenient in finding approximate values of the quantities in question. 

(42) 

(43) 

?' = I 

(v' -' + 0.03 )~ 
225 .•• -- . 

It may happen that the discharge and two of the four variables in equa6on (3r.:) 

Solution when 
the discharge 
and two of the 
four variables 
are known. 

( 41) 

are known.. In this case, both the other may be computed, provid d 
a and v arc not the two known variable . Tbi · can be done by 
eliminating the unknown variable ii1 the concl memb r of tllat one 
of the aiJove equations wh . e Jir:t m mb r is the variable sought, Ly 
sub tituting for it its value d due d from tlJe equation-

=Q· 
a 
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o difficulty will be found in performing the operation except when s and (p + \V) 
are the two known variable . An equation of a higher degree 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 corresponding 
value of v be computed both by equation (40)-or (39) if the cross-section be rectangular 
-and by equation (4±) . If these values are identical, the assumed value of a and the 
corresponding computed value of v are correct. If these values differ, a slight change 
in the assumed value of a should be made and the operation repeated until any desira­
ble 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 
form-

( ( 
225 s>~ ) Y. )2 

v = aX 'P + W - 0.0388 . 

Before proceeding to detail the numerous tests which have been 
applied to these formulre, the various resistances opposed by bends to 
the flow of water will be discu sed, ina.smuch as some of the tests in­
volve the usc of the formula adopted for eliminating the effect of that 
class of resistances. 

Tests of these 
new form ulre 
temporarily 
deferred .. 

ll:.tJ'ect of bends, abrztpt inequalities of section, etc. upon the fall of rivers.-\Vhen water, 
moving uniformly in a strttight channel, encounters a bend, the addi- :Bends in a river 

tional power required to make the change of direction can only be analogous to 

obtained by an increa. e of slope, and the water is backed up until this dams. 

increa. e is attained. The fall in the reach above is adjusted to the level at the head of 
the bend, for a hort distance above which the slope is less than in the straight reach, 
owing to the a.ccumulation of water. On leaving the bend the water resumes its normal 
condition . The effect of every bend i , therefore, like that of a dam, to elevate per­
manently the plane of the water surface above it without affecting that a short dis­
tance below. 'rhe changes in the depth, the enlargement of the channel and the 
eddi s mmally noticeable at bend tend to increase this effect, ince they increttse still 
more the rc. i ta.nce in the bend. 

As a.lrcady Reen, it i an important practical matter to determine how much of the 
actnttl fall of a riYer i consumed in overcoming the increased resist- Dubuat's empiri­
anc s met in pa:sing round bends. The exceedingly complex nature cal b~nd formula 
of the movement of the different fillets of water renders any summa- for plpes. 

tion of the r :sistances encountered by them impossible; but it is not to be inferred that 
no empirical ex pre . ion can be found which shall satisfy the practical requirements of 
the hydraulic en<Yincer. A very si mple formu la of this kind has been proposed by 
Dubua.t in his O'l' •at work. Hil:l reasoning was, briefiy, as follows: If II." denote the fall 
r quircd to over orne the increa eel resistance, it is evident that it must be proportional 
to the number of bend , to ome function of the mean velocity and to some function of 
th angle of incid nee. Denoting by d this a.ngle of incidence, which must not exceed 
a c rtain ya.lu , say from 36 to 40 degrees, and by E a constant; he assumed for trial 

the xprc ion-
1)~ s in. ~ a 

h/1= . 
E 

40 
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He found by many careful experiments upon pipes of various dimensions that, with c 
equal to 2998.5 French inches, lt11 and v being also expressed_ in t hi s unit, thi s formula 
accorded well with the observations. ' Vhen reduced_ to E nglish feet it becomes- · 

" • 2 .. Z _ v- s 1n .~ . 
1
" - 266.3 

It is evident that, being deduced entirely from ob ervation upon small pipes, the 

Observations for 
determining a 
coefficient to 
adapt this for­
mula to rivers. 

numerical value of th constant cannot includ the effect of the fLbrupt 
changes in cross-section alwa.ys noticeable in river bemhl. A new value 
must therefore be deduced fin· natuml ch annel ~ . l\Icasurement::; for 
this purpose were m;tdc at various bends between Baton Rouge a·nd 
Carrollton during the progress of the level-survey between those points 

in 185 1; and, with still greater nice ty, at Vicksburg Juring the progress of the di s­
charge measurements there in 1858. At the latter station, th o work was imposed in 
addition to the usua1 onerous labors of the pnrty, and the exertions of Mr. Patti . on to 
accomplish it without allowing any interruption of the daily velocity ob. ervations, will 
be appreciated from the following statement. H e made an exceedingly careful transit 
and level survey between permanent benches at the points marked A, E, and G, on 
figure 4, plate III, a distance of about e1:.r;ht miles, running t he levels .five times and 
making the work test to within a small fraction of an inch. IIe establisheu graduated 
rods in the water opposite the three benches, and accurately determined their reference 
to the common datum-plane. Selecting times when no wind was blowing, the height 
of the water on these rods was observed simultaneously by uifferent obse rver., and tho 
true £1.ll in water surface bet-ween them thus determined. 

'l'he method of deducing the effect of tho bend upon the fttll of the river from these 
observation.· is simple. If the bend had not exi.'tcd, the slop measured 

Discussion of the · tl t · 1 t · f 1 · 1 · 1· d b 1 d · b t observations. m · 10 • ,rmg 1 portiOn o t 1e nver, mu tlp 10 y t te tstance o ween 
the extreme stations, woulcl giveth fall b tween them. Tho difTi,ronce 

between thi s quantity ::mel the ob · rved f.1.ll is h,, th fall exp ndecl in overcoming the 
additional re ·istanccs occnHioned by the bend. The c rrcsponding value of a waR found 
by plotting a line, con taining angles of incidence of about 30°, upon the tran .·it-. beets 
of the Survey, ncar the mid-channel. The sum of the squar s of the natural sines of 
the e angles gave the numerical valu of Rin.2 a. For the · ick ·bnro- ob or vations, v 
was directly mea urcd. For the b nd ~:> bctw en Ba ton Rou n- and Cm·rolltou, the di -
charge cou ld be readily computed from the daily m asurem nt ~:> nt 'nrrollton and th 
known di stance and rate of movement of tho wa tcr. The CO lT 'sponding at·eaH of cross­
section were uo t mea. urccl, ior Lhe rca Ron.· . tatod in the letter tr:m mitting the report. 
The width s, how \ 'Or, were known from the transit-sheets, anu th \ COJ'I'C'.'ponding 
perimeters were found with snfTi cicnt accuracy by the rule abO\' gi en. Knowin g th ese 
two quantities, tog ther with th uisclwrge and the slope in the stmight portion of the 
river, the corresponding value of a wa. compu teu by the general formula in the mall­
ncr alrcncly explained. 
New coefficient, When Dulmat's formuln is npplic<l to Lh s data, it give.· Loo Hm:tll 
anditstestsby values for"" ' whicli-a.s ha U' n shown-onght to be til ens' fur 
the observations. · b · 1 1 ·1 • 1 I n v rs; nt wtt 1 the now value ] 34 for s, it a.gr 'CS c osc y w1t 1 t 10 

observations. The formula, for English fee t, tL.u be oru -
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(45) 
v·• sin. 2 a 

ltll = 134 . 

The following table exhibits tho data above described, together with a comparison 
between the values of h" deduced from tho measurements and those computed by for-
muln. (45) :- · 

.. J .!:~ ' "'" 
I 

ll " Fall botwoon DiiT~roncc, or 
"' " ::: ~ extreme 

Dis- Aroa of ~~ ~s stations. h,,. 1i 
.&>on " Bend. Data. charge. cross- v ""'"' oo ~ 

sect ion. 
.,~ g s Com· / lly ~ 1>-" 
'" "' Eb putod Ob· moas- lly for· A ., ._ 
~~ ~~ by served. uro- llllll ll. 
0~ .:!.~'::. mont. -- - -- - - - - - - --

Feet. Ou.jt. Sq. ft. Feet. Feet. Feet Feet. Feet. Feet . Feet. Feet. 
J etfcl'ROn College ..... . ...... :Hay 1-J.- 16, 18:3l 0. 989 780,000 H 3,:200 ,) ..J4 Q.4 0 3 :27,700 0.578 0.005 0.327 0.:21\) + 0.108 

-I:J miles above r. O ........ i ~Iay :20-:21, 1851 0.5 1!) 
r >Jao6 

710,000I12!J,lOO :i.50 Q··/~ 'o~ 38,!)0010.77-i 0.8-16 0.1 32 0.117 + 0.015 

Above Plaquemine .. ........ June 19-:20, 18.j l ll.lG8 815, 500 157, 800 5.17 ft~l1% 4.3,280 0.680 0.!)5-l 0.274 0.233 + 0.041 

l3tlyo u Goula .. ..... ........... 
1
Jun e 23-:24,1 :)1·1. :287 7G7,000' l ;>i,700\ 4. 8G ~-.?i~J 38,800 O.J67 O.G3ll 0.106 0 227 -0.061 

Above Vi cksburg .... .. ...... High water, '5 1.\)27 1,2:2;),000 179,500 G.82 h4,9,o~ 43,525 l. !JOO :2. 1350 0.550 0.670 -0.120 
.... ~l 

Above Vicksburg .......... .. ,Dec. 18, 1858 1.027 750,000 134,9J 0
1

5.5G
1 

?i·:~1z~ ±3,525 1. 318 1. 880 0.5132 O.JH + 0.118 

Considering the great difficulties to be encountered in measuring such a quantity, 
the amount of the differences in the 1ast column 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 b subjected to a. further test, which is thought to establish its 
correctness. 

The subject which was deferred for this discussion of bend resistances will now be 
resumed, and a detailed account given of the tests which have been applied to the 
various formnlre, new and old, designed to express mathematically the relations existing 
b tween the eros -section, the slope, and the mean velocity of water flowing in natural 

chann ls. 
Tests of formulm for velocity, slope, etc. of 1·ivers.-'rhe most obvious 

Table of data 
for testing mean 
velocity formuloo 
for rivers. 

test, and that fir,' t applied, was to compare the results of the various 
formulre with the direct measurements contained in the following table, 
which has been already fully eli cu sed when explaining the manner of 
clcterminin rt the form of the function that constitute the second member of equation 

0 

( 3):-
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Mecwu1-rmwnts of cross-section, slope, and nstdting mean velocity of 'rivm·s . 

..... .,; 
Oo Dimens ions of cro:""::Hwction . 

$~ Stream. Locality. Date. ~renn Slope. Anthorit.y . 
5'- ''cloc ity :::: ffi .Arcn. Width . Perim· !\lnx . 
~ .g cter. depth. 
- -- ------ ---- ----

Sq. ft . Feet. Peel. Feet. Feet. 
1 Mi ssiss ippi river .... Crtrrollton. Hi gh w. 1851 1 D3,!lll8 :! fl53 21iD:J 136 G. 0288 0.00002051 Delt a Smvey. 
2 " " . ... " · • ' ' 11 05,R·I() :!fi.)6 :!fl()(i 1 :~(i 5.8 fj!) 0.0000171 R " " 
3 " " ..... " Moy 31, 18!i1

1
1 0,0Ci8 2-1:!1 :!-1Ci1 13 l -I. O!l:l8 O.OOOOO!l~ 2 " " 

4 " " ..... " Jun e 3,1 8->1 l 83,0Ci3 2~20 24(i!) 132 3.077ii 0.0000038-1 " " 
5 " " ..... Colum bu s. i\Jny 1ii J 8;)8 148,04:! :!2J J 2:!n 88 0.057•> 0.0000ii800 " " 
(j " " ··· ·· Vicksburg. .June 7, 18.)8 1 7 8, 1 :l 7 :!7:!!) :!770 100 G . !l ~ !lfi O.OOOOG!l 7!J " " 
7 " " ..... " H.w. 18ii8 170,50:! :!i3:! :!78:! 101 6.8:!-l;i 0. 0000-13Gii " " 
8 " " .. ... " Nov . li, 1858 ' 78,8:!8 :!:)07 25:l0 G3 3 . 5:!3-~ 1 0 . 0000:!227 " " !) " " .. ... " Dec. 18, 18:)8 1 3~. !l42 2-):i(i 2.j8!) 8:3 .i. ;ji)80t 0. 0000302!) " " 

] I) " " ..... " DPC. 24, 18ii8 J 50, 304 :!.")80 :!0:21 DO li.:3180 0. 0000-1811 " " 
11 llayou Plrtq ucminc .. Ncar upper mouth. :\Ja r . 1:!, l 8,i1 5,5GO 292 303 28 5 .1 ()7!) 0.0002004~ i\Tr. C. EllcL 
12 " " " " " Jan . ]li , 181)9 4 ,2~() :!08 278 2-l 3.058() 0 .0001-1372 Delta Smvcy. 
1:3 " La F ourche .. " " " II. w. 1851 3,7 38 223 238 :!7 3. 0760 0.00004 -IG8 " " 
]4 " " " " " i\I ~ty 13, J 851 3,1)25 223 2~2 2J. 2.8-130 0.0000373] " " 
15 " " " " " ;\'lay 7, 1851 2, 957 223 231 24 :2.806() 0. 000031i:i5 " " 
](i " " " " " ~ l ~ty 8, 1851 2,81i8 2:l3 :230 28 2. 780,1 0. 0000-1 :l8'J " " 
17 C. & 0. cn.n~Ll feed er Near Gcorget ' n , D. C. Nov . 2(\, 18ti\1 121 23 32.7 i.G ~ . 0~~~ 0.0006()851 " " 
18 " " " u ,, Nov. 28, 1 8:i~J ] ] () 23 3~ . 5 7.5 2. 7'!:2i 0. OOO!i!J85J " " 
10 Ollio river ............. ]>oint Pleusnnt. Nov. 20, 18,..,8 7,218 1073 107± 8 2.i5 1-i:! O.OIJOO!J33 '1 Mt·. C. Ellet. 
20 River Haine ......... .. France. - 1782 2-18.5 ·18 !i0.5 8? 2. ~ 9H O.OO(Ilf)(i!{-l j ~1. Dubuat. 
21 " " ........... " - 178:! 300 .1 50.5 :i!l .4 9 ? :!. ::iii7\l l\l .00015:i!l3 " " 
22 Cn.nal .................. Engbml. 50 18 20.6 4 1. 1 3:)1; 0. ODOOG!l 1 ;3 .\! r. Watt. 
23 River Rhino .......... Bylnncl . June- 1812 1 !), 135 11 5i) ]] (i3 20 3.5 7~!) 0. 00009 ~0!1 i\f. Kt·rty enholf 
24 " " ........ .. Pannenlcn. " " G,.'l0-1 5i57 ;)(j3 17 ? 3.27(;0 0.000()()QRG " " 25 " \Vnal. ........... Upper month . " 

,, 14.78:! 13:!8 1 3~ -1 1 ~ ? !l. 1fi -18 0.00010438 " " / . 
20 " Hhine ......... .. Below th e Yssel. " " 5,3-11 700 i0-1 12 ? 2.9107 0.00011744 " " 27 " Yssel ........... Uppct· mouth . " " 1,930 3:!1 3~4 9? 

') __ ,) _ 
0 .000 11 657 " " -· 11-1 

28 " ~'ib er .......... l~ome. June- 1821 2,3.i5 2~ 3 1 24!) 15 3.4 1:!:! 0.00013061 M. Bufl'on. 
2!) " Nevrt . .. .. ....... Ttussin. June- 18- 43, 4Ci1 1218 12:!7 ;)0 3.2:!!lG 0.0000138()1 ~[. Destrcm. 
30 " Great. Nevkn .. " June- 18- 1 5,55~ 881 1 8!l3 21 :l.Q.J8(l 0.00001487 " " 

List of the old 
formulre for the 
mean velocity of 
rivers, and table 
exhibiting their 
accuracy as com­
pared with that 
of the new 
formula. 

For convenience of reference, a complete li t of the old formulro (see 
Cha,pter III) is here repea,ted. The following ta,ble exhibits the result 
of the test. The figures denote the n.mount of the discrepancies, and 
the signs denote the manner in which they n.re to be applied to the com­
puted mea,n velocities in order to reduce them to thos given in the pre­
ceding tn.ble. Thus, under the first ob. ervn.tion, the error by the Dubuat 
formula being+ 3.1820 feet, the computed men.n velocity is 2.7468 feet, 
since 2.7468 + 3.1820 = 5.9288 feet, the measured mean velocity. 

{

(Young's coefficient) . . . . 
Olwzy . . . . . (Eytelwein's coefficient) . . . 

(Downing's and others' coefficient) 

·v = 4.3 (r s)Y2. 
v = 93.4 (,· s) Y2 . 
v = 100.0 (r .<~) · ~ . 

Dtdnlat . .... v = 88·49 (rJ~ - 0·03) - 0.0 6 ( r'~ - 0.03). 

(~) ~- L ( !_ + 1. 6 ) Y. 
s -~ 

In which L = common logarithm multir lied by 2.302585. 

Gimnl . . ... v = (2.69 + 2G384 1· sr~ - l.G4. 



• 
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De Prouy . . . I
(For canals) 
(For canals and pipes) 
(Eytelwein's coefficient) 
(\Veisbach's coefficient) 

(3
1 
• .A

8 + C1 ~BA) ~) 31 

Ymtng . .... v = ~ 

v = (0.0556 + 10593 1' s)Y. - 0.2357. 
v = (0.0237 + 9966 1' s)Y.- 0.1542. 
v = (0.0119 + 8963 1' s)Y.- 0.1 089. 
v = (0.00024 + 8675 1' s)Y. - 0.0154. 

B 
12 A' 

In which A= 0.0000001 (413 + 1. 5625 _ 90 _ __ 15 _ _ ) , 
1· 3 r + 8 4 ?' + 0. 0296 

317 

B = 0 0000001 ( 900 T2 + _ I _ (') 71 25 + 6.88 0.0001146)) 
· r' + 0.5 (3r) '~ "" · r + 1·" • 

sra 
Dupuit . .. . v = o.o w + (0.0067 + 9114 ?' s)Yt - 0.082. 

St. Venant .. v = 106 .068 (r s)H . 

Ellet . . .. . . v = 0.64 (l1 H)Y. + 0. 04 ~H. 

In which l1 denotes the maximum depth of the stream, and 

H the fall in water surface in 1 English mile. 

Tests of the seveml formuhe for mean velocity. 

----------~------------~--~---.------------------~--~--~----.---~---, 

I Ch <'zy's ft1_t'!luln with co- l I De Prony's formula with coeffi cients 
!'fHcwnt of St V 

'Xumber.of obs!' r\'a - Du bunt's (Hrnnl'R You n~'s Dup·nlt 's ~1 ~nt?~ E llcf's Now 
twue. furnraln. formula. - }'or formula .. form u la. formula. fol'nmla. form ul a. 

I 
. F.yt•1· Down· For pipes lly B.Y 

1 oung. . tua: ami canals. and lw~Yeltel•l1.- \\'(·is-
1 wem. oth i.' N. cnuals. bach. 

------- 1,'<~1. I l,'.~f ~ ~--1 .. I rLel., --;:::: l!',~~t.- - l!',~~t. . ~~-:~ 1!;~'~· I J;e~~·- )"<~: ~'e~t. ~~eel .. - + Peef· 0 

1.. .... .............. . ..... ~ -·"'"' - ··•l. •J "-·" .,l <- .1.1\cO + l.llltl r - --Ul' b --~130 -r _,.,n, l b _ .. lio.U -t - .l.al l + J.o.,.lr. + 2A.JS1 ~ - .sq,J, . O.O:JSa 
2...................... .... ~·!~1~7 ~· ·::~n ?,.:w.:J,J ~ :t.t:!;~, + ~ •. r~!a~ . + ~-"'~,c.;7 r ?·~~1-! ,..J. ~,.l i?~.t + .;·?:~~~ -t ~,-~~~,. + ~)·7'~:-'9 + ~·~~:? + ~-1 ?~ + o.~~~? 
3..... ...... ............... -.1 ~'' 3 ~ _,,.,~, _,,U'-1 .1.:!:>-L -·"-~'' -r -.6_11~ t- 2..101 ~ + _,IJ,l, 8 + -·"' - ·> ·b -·• 8 .. 2 + _,.!(>,, 1 + ... bo3-l b -.9ao- + O.-o.J3 
·1.... ..... .... ...... ....... 2.:.:,:?-2 2.a1"l - 2.2";' :l.2o7a + 2.11 '~ 1 + 2.4572 + 2.l:lli9 + 2.4'-:!0

1 

+ 2.4182 + 2.H3:!0 + 2.1ia2 -+ 2.5009 b 2.8230 + 0.0058 
5 .... .............. . ....... -t- 1..11!i2 0.7fN. l1 0.~1>13 1 1.5W0

1
- 2.~97J + 11.:11~\.l + 0.42811 + 0.72S, + 0.7:>-~S + 1.1 2:l8 -3.0950 r 0.7159 t- 2.0062 -0.8093 

6....... .. . ...... ... ....... J.{>.'>Gl li.U772 0.;,;,52 2.7722 - 1.0211; + 0.500~ ·i 0.71 l b 1.0m~ + 1.0001 + 1.:18-1-1 -0.0904 +0.9\JOG + 1.8883 -0.4 G02 
7........... ........ ....... 2.:151Ml l.\b77 + 1.5174 - 2.H7:~l-O.:J10H + 1.59:!0 j- l.ll7i>4 + 1.9<>7~ + 1. 9f1 + 2.2..%9 -0.4739 + 1.9298 + 2.80~4 + 0.0713 
........... ...... ......... + l.:l<t.!-o l.fHj;l] T (J· \9:1 l.ll2~ + 0.5~12 + 1.0377 !· 1.01:\.1 + 1.1:llil + 1.0%3 + 1.33.13 +0.8 166 + 1.1737 b l.48a2 -0.3978 

0 ......... . .... .... ... ... .. + 2.c'"';; r 1. u;g -- 1.:,,.17 r 2.571-l t o.a:~<,g l + 1 . . bD7J + J.H!i + 1.0037 + 1.!>726 + 2.1000 + o.81J.11 + 1.9437 + 2.G953 + o.IJ.I30 
10 ...... . ...... ......... .... + 1.'>94!2 - 1A121 + JJki,H b 2.1721 -0 73N + l.l 42,; + 1.22C'3 + u .;:JO I + l..U'Il + 1.7i85 - O.G2M + 2.UH 3 t- 2.3+12- 0.1982 
1~ ... .... . ........ .. ........ + .0094 -ox~r. -o.o;,,;o -u.190J,-3.:!032 -0.905!i -0.79-12 -0.5:!11 -0.[,104 -0.1556-1 .4981 -0.5187 + 0.4408 -0.~·1-18 
L ......... . ........... ..... + O.ll033 - 0.4:!3'> - 0.73.'!.1 - 11.05'>3 - 2.1lli 4 - O.li-1117 -0.5738 -0.3700 -0.3903 -0.0801 - 0.87G9 - 0.34~5 + 0.4903 - 0.38!1 
13 ......... ........ ......... +0.'>4:3:! + 0.~~):!3 + OA!i!i -t 1.0077 -f 0.1110 + 0.5756 -;.0.5817 -;.0.6751 j- 0.62-15 + 0.8!51 + 0.4~ 1 ~ + 0.71~0 + 1·~~~? -0.22•6 
1~.. .. ...... . ...... . ...... .. 11.0'~' 0._: :!0 + 0.6.374 + 1.1 533 + OM~ + 0.791H 0.790() + 0. 069 ·t- 0.8IJ.IO + 1.03~1 + 0.7353 + 0.80;1 + 1 . .:;6-~ + 0.0-1 3 
l o ...... ............. . ...... t 0.9<;35 ~. Q.,~ll6 + 0.6l39 t- 1.1 53b + 0.5G% + 0.80.19 + 0.7!lf>3 j + 0.8651 + 0.8076 + 1.0613 + 0.74-17 + 0.80o~ + 1.--IL + 0.03().1. 
l<i .. .. ... ................... + 0. 1'4 -! O.G056 + 0.4:>13 .,. 0.00~6 + 0.:!0"16 t- O.G072 + 0.6().1.] + 0.6821 + 0.7270 + 0.8657 + 0.5400 + 0.7156 + 1.0997 -0,0768 
17 .......... .. ..... ...... ... -1.2.').15 -1.71G~ -2.0517 - 1.70.10 -~.7470 - 1.9699 -1.8912

1

•- 1.6733 - 1.6876 -1.37-16 -1.9100 - 1.6l7U- Ui73 -0.0709 
18 ............ .. ............ -1.[>.106- 2.000~ -2.33.16 -l.9':i7 -4.0141 -2.2520 -2.17H -1.9070 -1.9723 -1.6(l()3 - 2.1R05 -1 .8953 - 1.7497 - 0.35!).1. 
1\l .......................... + 0.4<131 ' + 0.1750 + 0.010r, t- O.G' -0.2313 + 0.1623 + O.tfl.l:l + 0 . ~50 1 + 0.1977 + 0.+1.06 + 0.1 520 + 0.28&! + 1.0867 + 0.0:!08 
c10 .......................... + 0.0901 -0.16!14 -0.3bi7 + 0.0-153 -0.7802 -0.2U R -0.:!028 - O.O!l90 -O.Htl7 + 0. 105-1 -0.2GO~ -0.0593 + 0.52-10 + 0.0257 
21 .................. . ....... + 0.03fri -0.235'> -0.-133.3 -0.0038 -0.03011-0.2940 -0.:!779 - 0.1671 -0.212' + 0.01~7 - 0.2, 17 -0.12(j5 + 0.5194 -0.0886 
22 ............... .. ......... -t- 0.091J1 -O.tt.!-26 - 0.1043 t 0.1478 + O.li'!8 + 0,0737 + 0.().123 + 0.0655 -0.00-10 + 0.1871 + 0.0257 + 0.06 + + 0.3-113 -0.1965 
:!:!... .... ....... .... ........ - 0.1952 -0.1696 -uA3.12 0.2315 -1.0005 -0.3:?"2 1 - o.27G l - 0.11 33 -0.1439 + 0.150o - 0.51J.13 -0.0736 + 1.1067 -0.4809 
~.......................... OA:>7 7 + 0.153.1-0.0Gi 3 + 0.4~77 -0.75711+ 0.0627 + 0.0891 + 0.2179 + 0. 1774 + 0.·1-192 + 0.(1070 + 0.2597 + 1.0020 -O.O!i-14 
25 ................... ....... t o.2\>7S - o.Olli - o.~1 - o.247S - o.o:m - 0.1 01~ - o.Oi97 1 + o.o520 + o.o12;; + o.2xn~ - o.H;2o 1- o.~895 -1 o.s:no - o.1sos 
211..... .............. ....... O.lllfl;' .,. 0.1~'>~ - 0.~>~2 -~~:H -0J>~17 + 0.0712 + O.OSil + O.lil7f, + 0.151. + 0.+1 07 + 0.0()20 b 0.2382 + 0.8733 + 0.097:3 
:!7.................... .. .... 0X>1.1 0.: 1~1~ + O.U , ~ O.o.>'4 -0.111.~ + 0.2%0 r 0.2<Jl t- O.:Jsl:; + 0.3:~~7 + IU).II:l + 0.2%5 +0.4~21 + 1.00 18 +0.29\l~ 
2-,............... ... .... .... oA:~~1 + 11 . 1·.~!" -0.101 .! 11.4:!04 - 0,>,'1111 + 0.02:38 + 11.0:,53 + 0 .1 0~ , + 0.1 5'7 + O.+:n;, - O.Ollli + 0.2:147 + O.!WO + 0.137R 
c~> .......................... -f 1.:\:•!' Ll·>~!l r l.f>llo · lA!IH L 0.\111>9 t 1.17(>~ + l.lG-11 ;. 1.~:1:>7 + J.li()O + 1A1:!3 + 0.97:11 + 1.2071 + l.S573 -0..1 970 
au ..................... ..... 1- o.1m!l r o.:.i;,,, uAJ!~:J r u.wo1 + lJ.tiO:!f\1 + u.6JJ2 + o.&ssq + o.uaoo + o.51J.19 + ll.i77 t + u.53-18 + o.&lti3 + l.l(l()9 -0.5HJI 

... m.. ...... ........ ot.M'> ' .@ "-"' "'·~" "·~"I """" "'~" ! "·'"' ' .om ~.= ~·'"' "'·"'"' '"'" •·""' 
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The great superiority of the new formula, for natural channels, is evident from this 

The discrepan­
cies of the old 
formulre have in 
general the 
wrong sign. 

table. Moreover, erroneous as the old formulre are made to appear, 
t hey are-with the exception of the Prony-Eytelwein and Ellet for­
mulm-in reality too favorably represented by t he e columns of differ­
ences. This is plain when it is remembered that their constants were 
almost exclu ively deduced from ob ·e rvations where nearly absolute 

uniformity of motion existed; and that, therefore, when applied to natural channels, 
where a certain part of the actual slope is con. umed in overcoming the resistances 
opposed by the inequalities of cross-section, they ought to give too large a mean velocity. 
Exactly the reverse is in general shown by the above table, and the formulm, 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 conver.se is also true; that j ·, a correct 1·iver formula, when 

This idea con­
finned by apply­
ing the new 
formula to Du­
buat's observa­
tions on a 
wooden trough. 

applied to observations made upon water flowing with perfect uniformity, 
ought to give too small a mean velocity. To test this que tion-and 
incidental1y the new formula-it has been applied to Dubuat's observa­
tions upon his small wooden trough, where by ingenious contrivai1ces he • 
succeeded in securing perfect uniformity of motion. The result was in 
accordance with these views. Moreover, the deficiency fo llowed a definite 

law for nearly all the observations, requiring the addition of a funct ion of the tr ue men,n 
velocity, given by the expre.sion: O. G6 (v -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 experimen ts, 
this question was believed to be decisively se ttled in the negative ; but la ter writers, 
among whom may be named Dupuit, whose works place him in the first rank of those 
who have treated of hydraulic science, consider it to be till a subj ct for experimental 
invest igation. The fo llowing tabl e exhibit. the results of th computation s. It should 
be added, that it would doubtless be easy to dedu e a new value of 0, which wonld 
make the formula, without any empirical adrlition, accord clo ely with these observa­
tions, but not being required for any practical purpo ·e, this has not been attempted. 
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New formula applied to Dttbuat' s obse1··w t-ions on ltis t?·mtgh. 

I 
]) im cnsions of cro~INiCCtion . ~.lcnn velocity. 

~fran Slope. Obacn·atiou. I rnd i11s. I DiiTcrcnco. 
Arcn. .Width. Pcrirnetcr. ObHcrrcd. Com puted. CorrcctPd 

I as aiJov('. 
·---· --

Sq . jfel . Feet . Feel. Fee t. Feet . FPet . Feet. Feet . 
i\ . ..... ......... ... 0. 1-I ~G 1. o:l -~ l.J(j() 0.1:!8 0.004i1Gfl8 2 .• 1-1:33 0. 8:l8!l 2. l 8(i0 + 0. 256-1 
B ......... .... ... .. , 0.3!1fl1 1 .5:!1) 2.U20 0.10:! O. OOH1 (i!J8 2.5G86 ].()] :ll) 2 .4 -J:l7 + 0.1249 c .. ........ ........ O.u:)S l 1. !1.)9 2.aoo 0.:!8!) O.OW-1271 8 2. 4105 1.0\J.j:l 2.4 221 -O.OJl(j 
D .. .... ..... ... ... O.:!l.Jti l.l !J5 1. :300 0.1 58 0.00:! :3-l l!l:l l. G:2 3G 0. 8·i0(j UHi82 -0.044(; 
E .... ............. . 0. :3 105 UHifl 1. 610 0.1\13 0.00:!3-ll fl:! 1. 81130 O.Sli\l:l 1. 7\J:j:l + 0.0078 
F .. ... . ... ... ..... .. 0 :10 7() 1. 507 . 1 .811\) 0.2:20 0 .002!l-11!1:2 U18u8 0 .!1:3 fi7 l. \J8.JO + 0.0028 
0 .... . .......... . .. 0. -1-1 51 u ;:H uno 0 233 0. OO:l:l.J 1 !J:l 2.0!J07 0.9U83 2 .08-1-1 + 0.0()(j(j 
][ ................. 0.7D·I7 

I 
2. Hl :!.5:3-! 0.31-1 0.00231482 2. i\330 l .HI 3 2 .5-!!Jl -0.0161 

1. .... ...... . ... . . . . O.U4!l3 2 .32:l 2. 759 0.3-12 0. 0023 I.J 8:! 2.G787 ].] 070 2.7018 -0 0231 
] { ... .... .. ··· ··· .. . ].O!lll) :! . .J :!:l 2.88-1 O.il58 O.on:z:;J .J S:! 2.83:!-± 1 .2286 2.83-10 -0.0016 
L . ......... .... . ... J .< Hii5 :! .-I ii:! 2.(1:3-± 0.3(i-l 0.00:2g1.J 82 2. 8883 1.2-10:3 2.88:2{) + O.OIJ57 
i\1 .... .... . . . . ..... 0 ] (j.J 3 1.07-1 1.210 0.13(j 0 00007870 0.7910 0.-ISUG 0. 7.Jll7 + 0.0533 
N ........ .. ....... 0.2711 I 1. 310 1 .:)] 0 0.1 80 0.00057870 0.86:24 0.00GO 0.87 12 -0.0088 
0 ....... ......... .. 0. :3:~ ].! 

I 
1. -J3(j l . li(i0 O.:WIJ O.UOIJ,i7870 l.Of!OO O . l iO~ l 1.0015 + 0 .03·15 

l' . ·· ··· · . ...... . ... f l.:!i~ l 1.5:1:! 1.8 j 0 .1-1 -1 O.II0:21 8:H J 1.7!)/(j O.ri\181 1.0~05 + 0.177 1 
Q .. .. .. ....... ..... \)(i 1\3 1.;:):~:2 2.-1:!0 0.:!8 1 O.Oll21 83 11 :!. :) J :!(i I 1.081i8 2.481 1 + 0. 031;) 
ll- .. . ... .... .... ... 

1 

0.::!7::!1 1. 5:l:! J .PR7 O.l.J -1 0.001 071)-1:) 1, :! I J ~;~ IUiH.J 1.1052 + 0. 0!191 
s ... ......... .. .... 1!.:!11 

I 
] .83:! I 1. 89-1 o.1n i 0.001/ifiS:!:l 0 .8 16:! 

I 
o .. ; Hi7 0 .7(11 ·1· + 0.02-18 

'1' ......... ...... ... O. ·lfl •) 1 .)::~ ~.O!l5 0. 1(18 0.000708:!:! 1.07 ~ "j O.ii:!:\.) 1 .OGR8 + 0.0059 
V ........ ·· ······· O.GIIlll l. ·i32 :!.:n6 \1.2 :) \) () 000708:!2 ] .2.j8:) 0.7-IH 1. 3 JJO -O.Il525 

~::::::::: : ::: : :::: 1 
0. 8107 l. .j:l ~ 2.fl\ll o. :n :3 0. 00071!8:!:! ]. :)8 11 O.S I,i!l 1 .·l!l:!S -0. 111 7 
(! <i 1-13 J..j;J:l :!.243 0.2-13 0. 000107 G7 

I 
U.4077 0.422!i 0.4:!\17 - 0.0220 

z I 
1. :!:!.J.(j 1..332 3 .131 0 . 3\Jl 0.000107li7 0.006:! 0.50:!0 o.ww - 0. 15G4 

I Sum ... . ..... ~ 39.6702 

I 
3!1.1 882 1.2788 

But to return to the discussion of the errors of the several formulm, as shown by 
t he table preceding the last. Of all these for mnlm, Mr. E llet's alone 
wu deduced especially for rivers. For all exc pt his, therefore, the 
exceilsive error" exhibited by this table are considered conclusive as to 
t heir non-applica.bility to water flowing in natu ral channels. 'J.1he 
theoreti cal error;:; in Mr. E llet's formu la, exposed in Chapter III; its 
non-accordance with careful observations on small streams, as reported 

All the old 
form ulre except 
Mr. Ellet 's, are 
to be rejected 
without further 
trial. Reason 
for excepting his. 

by Ir. , ' teven. on; anu, above n.ll , it .· non-accordanc ·with the above observations upon 
the very river for which it wa deduced, would seem to j ustify its rej ection without 
furth I' tr ial. 'l'll is has not been deemed proper, howeYer, because the rej ection of this 
fo rmula. ne . ;-;arily deii troy the basi · of some of the mo t impor tant practical con-
lu. ions of :;\lr. Ellet' · report. It bas, t herefore, been decided to apply to it, as well 

as to the new formula, tlte other, sev rer tests, wlt ich a re considered essential before 
t rusting to any formula where intere ts involving so many mi ll ions of dollars are 
concerned. 

T he second te t i · very severe and applies equnlly to t he mean­
v 'lO ity and bend formulm. I t con i::~ t s in computi ng, by equations (36) 
anu (±G), the fnJI in water urface between those points on the Missis­
sippi anu its tributary streams for ·which the necessary data and the 
rea.l uifr renee of level ar known. 'rhese data are the mean climen­
sions of' eros -~cction, the Lli ·charge corre:-;ponuing to 'the known fa.l l in 
water. urface nnJ the Yn.lue of il in.~ a for the distance con. idered. 

For the ~I i;-; . ..;i:; ippi riv r below the mouth of the Ohio, the first two 
of th se quantitie;:; ha,-e been dete rmined with tolerable exactness, a t 

Mean-velocity 
and bend for­
mulre both to be 
tested by com­
puting the mean 
slope of the 
water surface in 
t he Mississippi 
river and in cer­
t ain of its tribu­
taries. 
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Data for the 
Mississippi 
river. Law re­
specting the 
quantity sin.2 ci. 

both high and low water; by the operations conducted d uring the years 
185 1 and 1858. The method of computation by which they are de­
rived from the obser vations, as well as a full di.scussion of the corre­
sponding slopes of t he water surface, will be found under the proper 

headings in Chapter II and Cbapter VI. The values of sin .~ a have been carefully 
deduced from the best maps extant, viz.: from Fort t. Philip to New Orleans, on Cap­
tain Hughes' map ; thence to Red river, on t he origin al large-scale maps of the Delta 
Survey ; thence to the northern boundary of Mi ::;si:sippi, on La Tourrette's map; thence 
to the nor thern boundary of Arkansas, on Langtree's sectional map; thence to the 
mouth of the Ohio, on IIutawa's Sta,te map of Missomi. As a rough test of the ac­
curacy of the e measurements, which arc , omewh at delicate, it was reasoned that, as 
the value of the sin . ~ a depends upon th e number of bends between the points con­
sidered, it should be approximately propor tional to the excess of di stance by the river 
over th at by an air-line. Denoting this q uan tity expressed in miles by M, it was 
found that with a coefficient of 0.34, giving th equation-

Sin .2 a= 0. "4 l\1 , 

a much clo cr accordance with the measurements was , ccured than had been antici­
pated. It is very probable that a still more accurate formuln, might be deduced of th 
form sin. a = <? (M), but as the subj ect ha little practical importance it was not 
pursued. The following table, comparing the mea ·urcd values of : in.2 a with those 
computed by the above expression, is given as an illus trat ion that, so far from being, 
as often declared in popular writings, a river without rule or beyond the res traint of 
law, the Mississippi JS m rea.lity controlled by laws that can be expressed in simple 
algebraic formul m. 

Ow·wture of the jJJi · issippi. 

-------- -- -------...,-------
l.ocality . 

C11i ro lo olumbus ............ .. .......... ... ...... .. ................ . 
Colu111 bus 10 Memphi s ............................. .. ... .. ....... . .. 
Mern p lli ~ lo 1lclcnrL. ........ ... ..................................... .. 
ll cl ' ll iL to N11polcon ...... .. ............ . .. ...... ..... . ...... .. .. .. . .. 
N11 poleon 10 Lake Providence .... .. .... . .......... .. .............. . 
L11k e Pr·oviucncc 10 \'icksb urg .......... .. ............ .. ........ .. 
Vicksburg lo 1\cw :ll'lhngc .... ................ .... ... ... ........ . 
New C11rthnge lo Nntcltcz .......................................... . 
Nttl chcz to Hcd r iver· ...................................... ......... .. 
Hcd r iver to JilliOn Houg • ......................................... . 
H111on Houg:c to Do naltl ~o nvill o ............. .... ................. .. 
Donnldso nvillc 10 Cur· r·o lll on .. ........................... .. ........ . 
Cn r·r·oll1uu to Fort St. l'llil ip ...................................... . 

Sum ...................... . .................. . ................... . ... , 

J!lil t8. 
;~ 

:] 

:l!l 
H. 
li3 
3i 

" 3.j 
17 
:!U 
:!1 
:!:! 
:!S 

OlJ:ooerv(\d sin .2 11 . 

:l.OI 
2:l. ii 

~). fjl) 

lUl:! 
1 !l. i!) 
11.\J.) 
:l.H 

J:l .IJ 
!1.:.!1) 
i . l i 
.2:! 

1:! .31) 
~I . 31) 

J 111. !:\ 1 

f'ulllputed ~ in.'l a. 

1. 0:! 
:l8.:!:l 

!UHl 
1 ~ .Uil 
21. 1:l 
1 :l .. ->8 

:.!.04 
ll.! IO 
5.7 
8.8 [ 
R. lli 
7..18 
!J .• j:l 

HI. ill 

....... I 

+ 1.0:l 
- ~ . 4 5 
-0.2G 
-3.0 1 
- l.li3 
-O.t;:J 
-+ 1.-l:l 
+ 0. 18 
-1 :l ·U 
-l.lii 
-+ 0. ()fi 
+·1. :..! 
--0.:..!:..! 

:.!:!.83 

Be ides the data fo r the Mi.:i · ippi ri ver ju L ind i n.t d, th op ralion of th 'ur­
vey furni sh the mea.n: of -x t nding th test to bayou La Fou r h an<l bayou Plaque­
mine in the mauncr now to b xplaine<l . 

The total fall of ba.you La Fourche from nall ' on vill ' to L ckport, a. t the high 
Data for bayou wat r of 1 51, wa. let 'rmine<l with a ura y. A clo approximation 
La Fourche. to the corresponding mean a rea, w i<ltb, and p r ime ter of th bayou '\Vas 
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had by taking a mean of the sections made in 1851, at Lockport, Thibodeaux, Pain 
Court, and Donaldsonville. The high-water discharge is about 11,500 cubic feet per 
second, as shown by the measurements at Donaldsonville so often mentioned. The 
distance and sin.2 a were taken from Powell's map of La Fourche Interior, drawn on 
the scale of 1 jnch to the mile, which is sufficiently large to insure all needful accu­
racy. 

The comparative level of the high waters at Donaldsonville and Lockport for the 
years 1851 and 1 58 wa also found by exact marks; but a crevasse which occurred a 
, hort distance above Lockport on April 11, 1858, so lowered the water at that place 
that it did not subsequently attain the lev l of April 11, although the bayou at Donald­
sonville rose 1.6 feet between that elate 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), le. s 1.9 (the high water of 1858 being 0.3 below the high water of 1851 
at Donaldsonville), less 2 feet (the elevation of the water on Aprilll, 1858, above the 
hio-h-water level of 185 1 at Lockport) . As the cross- ections at Donaldsonville and 

0 

Lockport are the only ones known on April 11, a mean between them is taken, in de-
termining the area., width, and perimeter, to correspond to this fa.lL The values of the 
sin.2 a and the discharge are found as just explained for 1851. 

The fall of bayou Plaquemine at high water in 1850 and 1851, between Plaquemine 
and Indian Village, was determined by this Survey by careful levelling 
between accurate marks at the two localities. The correspondin

0
0' dis- Data for bayou Plaquemine. 

charge of the bayou results by interpolation from the measurements 
made when the bayou was 0.6 and 6.3 feet below the high water of 1851. The dis­
tance and sin. 2 a have b en exactly measured on the transit-sheets of the Survey. To 
find the mean area of eros -section is a more uncertain matter, since no sections were 
made except near the mouth. As an approximation which is, probably, sufficiently 
exact, it ha. been as umed that the . arne ratio exists between this measured area at 
the mouth and. the true mean of the bayou as between the corresponding quantities in 
bayou La Fourche. This gives, for the high-water area in 1851, 5700 square feet 
in stead of Gl73 a mea urecl at the mouth. On March 12, 1851, Mr. Ellet measured 
th . lope of the water surface from Plaquemine to a point just above Indian Village 
( xact eli tance mile:) . The-e clata, which wer not published, may be found on file 
in th Bureau of Topoo-raphical Engineers, \l{ ar Department. The levelling was 
appar ntly done with care, checks on the water surface being made every mile; and 
it has be n ac ordinO'ly u d as a test of the formula, the values of the different 
variables b ino- found in preci ely the same manner as · for the fall at the high water 
of 1850 and 1 51, ju t detailed. 

A alr ady explained, this te. t has been applied to the new formula 
and to that propo eel by .Mr. Ellet. As he intimates that he allowed 
for bend-effect in deducing his coefficients, no separate computation on 
that account is required with hi formula. By it the value of h is-

= _ l _ ([64 + 25 v]Y. _ - )2· 
h 52 0 ..6. _.6.!. 

Application of 
this test to Mr. 
Ellet's formula. 

The following table exhibits the data and the results of the test. Its severity is 
41 
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Result of the 
test. Its severity 
and true signifi­
cance. 

R EP ORT ON THE MISSISSIPPI RIVER. 

evident when it is remembered that the formulm give the fall p et foot, 
and that, consequently, the discr pancies shown in the columns of 
errors are really the products of the errors by the number of feet be­
tween the level-station . It must also be borne in mind that the 

formuhe 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 ri ver, 
surface and bottom, shall be raised or lowered so as to affect the total fall by the 
amount of the discrepancy, without at aJl changing the present dimensi ns of cross-
section. 

Sti'Clllll. Lo\' Cl-s tntions. 

Tests of the form uhe fm· slope. 

Date. 

1.: ilt ('nsured b<•t we('n 
{C\ Cl·8lUtiOnl!. 

Ell t's 
formull\. 

Now fonuula. ,c. 

Area. ~ ~ ~ ~ <ti. ~ ~-" I ~s..c:::::: l 
~ = ! .§ ~ e-t ~ • ~3 ~ 7z 7 g_....: r- ,. 

I 
"' ·- "' 1i . ..: = • " ' I ~II 8E :E ' ·. rror. 

~ ~ I ~ ~ Jj iS ~ 8 ~ l "" 
1---·1--,-.- ----- --~-~ .-~ -- - - --

.<:q.ft. Ft. Fl . Ft r>t<.fl . .ftl"· i l<t. Fl. Fl. J.'t . Ft. Ft. fi!. 
Mi&~i~~ i ppi ~ ... ]!'l;,St.l)h,!JJp nn,~1 D. I;~· Fou~~Jic. r.·l;· 1 ~? 1 ~ ~~~:~ ~:~~~: ~:~~~ ~~ l ,~gi::~: / ~~:~ i ~~:~~ . tg:J. ~~:~ =3~:~ ) ~:~ g:1 1 ~::~ t ~:j 

" ll. La r 'ourcbo and Red riYcr. II. w. " 200,01HI 3,000 13.o:l:; ll :! 1,2rXI,OOO l ii.:JO 1 :?-L.f~l 23.7 47 .7 -24.ll 17.1\ ~.1 21.1 1- 2.0 
" " " t~. w. " 1on,ooo :!)5o :2.iiO 7N1 :?;w.ooo 15.30 T:!:!.HO j a.7 HU\- 12.n 1.8 o.i :l. i> 1 + 1.:2 
" Red river nnd Arknnsns rivor. lT. w.1 858 19!1,000 ~ .OSIJ ~.11:, OO'J,~~KI,O(J() 50.00 ~73.1Kl !1~ .0 172.1 ' -1~1.1 ~R . -1 15.3 1l :l.7 _ 1.7 

" " 1 •. w. " 5-1,000 :1,nf)l) ;I,OiO !Hi :.?1~,000 51l.fl0 3i3.()ct 1 t.t.O O:!A -i 21.li lli .1 fd~ 1'2.:.\.5 - 9.5 
" Arkansas river rmd Ohio Tivcr. H. w . " Hn,ono 4,.ti0 .t . .1lo Si . l.li,l,OOO .ti. :~ -W"'.<KI 1t' 1.(1 21-1:.! )-54:2 H)1.'i 1:3..1 1t.i5.l _ 5.1 

" " I " L.w. " 4j,(){)() 3,-10(13,-llU / ~fl 1:.11.000 ~7 .:!3 ~(I.'> .I KI 1;i\l.U 1'2 1:2 + 37.K 1H .1 3.8 H -1.0 j+ l U 
B.Plnqnem ino. 1Plnquominonnd Jndinn Village. 11. w.1 850 f>,51Kl 300 :n :n , ;~l.51Xl S.f:! ,<..:~1 c~w 12.1 + 7.(1 l R.O 2.·1 ~0.-1 _ OA " " I '· " " " Mnrch H , '51 5.120 300 31:, 30 2\l,IKIO ,<..t'J .... IKJ J 17.!1 10.7 1+ 7.2 1 14.!1 2. 1 17.0 j+ 0.9 

1" " " " " " ll. w . f>.701J 300 :1~>o 32 c5,1WKJ ,<..U:J f-.3:!
1 

2o.u 11.!! 1+ R.1 j 17A 2.4 11 ~ --~ 
1
_+ 1o_:6~ B. La ]'omcho .. Donn1dsonYille nnd Lockport. 3,640 230 245 25 11.500 1l.ii 55.50 11 .9 ~'7.7 -1:i.R 12.6 0.9 "v 

" " " " " April l1 ,';;R 3,567 :!'21 237

1

26 9,700

1

ll.ii 05 .50

1
-~~-=~ -JTi~ 0.8 O.i _7._:' _+_0_.5 

Snnt... ........ . 07l.S 800.4 302. OG7 .8 40,(1 

------

While it is conceded that some uncertainty exi ts as to the degree of exactness 
with which a few of the value in the above table of data have been The discrepan­

cies of the new determined, yet, taken a a whol , the te t must hav great weight 
formulre, small even with the most , c pti al. ·while it indicates that no confidence 
as they are, are 
not necessarily whatever can be placed in the re ulb; gi n by Mr. E llet's formula, it 
errors. confirms in a surprising mann r the xu tne s of the new formulm for 
this class of streams. The error of the latter, mall as they are, can in some ca es be 
explained. Thus the real fall b tween Donald. on ill and Lockport at high wat r, 
1851, which the new formulm make 1.6 feet greater than wa bs rved, was affected by 
certain small crevasses between those locali tie., and probably to about this amount. 
That is, if they bad not occurred, the increas <l area of eros:;- ction would have made 
the indication of the formulm approximate mor nearly to the real slope. The dis­
crepancy in the fall at low water b tween th Ohio nnd Arlmn a. riv rs may be due to 
the effect of the sand-bar. . But a di cussion of ·o ·ma1l error is ne dless. 

The third and last te. t consists in applying the formula. in e rtain cas s, where ail 

The third and 
last test. 

tho quantiti s involved ha b n mea ured, to th solution of the 
grand problem for which it wa. sp ially dedu d, nam ly, to deter­
mine how much the urfac of a riv r will b rais data given lo al ity, 

where the cross- ection and discharg are known, by the addition of a given quan-



EXPERIMENTAL T FIE ORY OF W A 'l'E R IN MOTION. 323 

tity of water. 
chapter. 

This problem, from its importance, requires a separate division of the 

Effect p1·oduc&l upon the surface level qf a river by va1·iation in discha1·ge.-This 
subject is very simple, as treated by Dubuat and most other writers, 
because they assume the slope to remain unchanged. It will soon be 
seen that this a sumption is inadmissible, and that the question be­
comes, in consequence, a very involved one. But, waiving for the 
present the question what the new slope is, or rather assuming for the 

New solution of 
the problem, 
supposing the 
new slope to be 
known. 

time that the new slope is known, the remaining part of the computation will be. ex­
plained. 

The following method is considered an improvement upon any heretofore suggested. 
It consist 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 f<tll in feet will be called x . Designate by a,, p,, W,, Q,, 
and v, the given aren., perimeter, width, discharge, and mean velocity (the latter being 
the quotient of Q, by a,), and by a", p", 'V11 ~ Q11 , and V11 , the e quantities after the 
change in the di charge. Lets, be the primitive slope, computed from the given data, 
and s

11 
be the new slope, supposed for the time to be a known function of s, and x . On 

figure , plate III, let E D B F denote the curve of intersection of the na.tural bank 
and the plane containing the soundings, G B being the water surface before, and I-I D 
the ·arne after, a certain increase in the discharge. It is evident that a straight line 
A B can always be drawn, which shall coincide sufficiently for all practical purposes with 
E D B F within 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 fol­
lowing expres ~ion can be readily deduced from the trapezoid representing the increase 
of area due to the rise :-

(4G) 
a, + x (W, + t x [tan. l) + tan. •9J) 

a" - ----~~--~~-2~~---~1--~~1~- , 
P11 + W" p, + W, + x (tan. /J +tan. fJ, + - - 0 + - -, ) 

COS. 1f COS. iJ I 

W 1 ( [ W 1 ]'2 2 (Q11 - V 11 a1) ) ~· 
( 4 7) X = - -ta-n-. • -~ -+~tan .• ~, + tan. /J + tan. 8

1 
+ v

11 
(tan. ,<) + tan. {}J 

In general, unless a very great change in the discharge occurs, the banks rna~ be 
assumed, without sen ible error, to be vertical, in which case the above expresswns 
become-

( 4 ) 
a11 a,+ W, x 

p II + W II - pI + \VI + 2 X 

(49) 

By the aid of the e equation , th~ method of successive approxi~ations! which is neces­
sary to avoid an equation of a h1gher degree than the second m solvmg the problem, 

becomes v ry imple. Let a value of x be assumed, and - +a"w, in equation ( 46) 
PI/ II 

or (4 ) be computed. With the value thus found, and 811 , V 11 can be deduced by equa-
tion (·fl); or, if the tream be small, by equation (40) or (39) . With this value of V11 , 
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let x be computed by equation ( 4 7) or ( 49). If the value thus found i.· the same as that 
assumed, no cha.nge is required. If it differs, the operation should be repeated, asRum­
ing new values of x, until a. suffi ciently close approximation i. · made. 

The new slope (811) is now to be discus. ed. It must evidently he a 
function of the primitive slope (.~,) and of the change (x) in surface 
level produced by the change in the di charge. The. ubj ct would be 
comparatively simple, so f<tr a. the practical problem i. concerned, if the 
slope in long distanceR only was to be con. id ered. Bnt even then it is 
evident, from the following considerations, tha.t different rules would be 
required for different parts of the Mi sF"issippi river. 

Discussion of the 
new slope. Its 
value cannot be 
deduced for any 
particular local­
ity by noting the 
change in the 
mean slope for 
long distances. 

While the level of the gulf is not sensibly affected by a flood of the 
Mississippi, the level of the water surfac in th channel of that river i. raised by an 
amount which increases nearly proportionally with the di tance from the gulf until a 
point near Natchez is reached, where the range from extr me low to ex treme high 
water exceeds 50 feet. For any point in this part of the ri ver, therefore, the. new mean 
slope is eviden tly equal to the primitive mean lope increns d by the fraction-

X 

Distn,nce 1n feet to unchanging waterlcvcl · 

Between Natchez nnd the mouth of the Ohio, however, totally diffi r nt conditions 
exist. The extreme range at these two locali tics is about equal , and there is, there­
fore, no sensible difference between the menn lope of tbi portion of th e river nt high 
and that at low wn.ter. If intermed iate points arc con idercd, howcvL:r, even this rule 
fails, since the ran o·e, affected by local causes, is not uniform; and h nee, for some long 
portions of th e river between the. e localities, the mean lope nt high water is 0 Teatcr 
than at low water, while, for others, directly the reverse i the case. No general rule, 
therefore, cn.n apply to this part of the river. 

Even if a general rule, governing chang s in m n,n ·lope for long distances, could be 
deduced, it would have little prndical valu in discu .. ing the 1 vee que tion, because 
the variation in the quantity of water add cl at diiii r nt part of th river is so gr at, 
that a knowledge of the rnen.n elevation of high-wa.t r mark in lon•l' distanc s would 
not be sufficient to ·olve the problem. I t i. n.pparent, therefore, that the ln.ws <Yovcrn­
ing local changes of slope mu -t b n.sc rtain d, in order to fulfil the practicn.l require­
ments of the urvcy. 

Some important information resp cting chancre, of local lope mn.y be deriveu from an 

Local slope. 
Experimental 
laws which 
govern its varia­
tions. 

ins1 ectiou of plates XIV, XV, XVI, and X\ II. For a given Rtn.nd of the 
river, variations in uiscbarge can only b produc d by vn.riations in 
slope, since all other quantities which inilucncc the flow of the water 
remain unchanged. Tbe practical effect of \'nriations in th slope up n 
the discharge, amounting at olumbu ', for som stand of the river, to 

400,000 cubic .feet per second, or about one-third of the u. ual flood di haxg of the river, 
is apparent to the eye. By criticn.lly studying th . thre Jiagrams, the following 
general laws are per ived: First, the absolu t va,lu of tb slope at any given sta.nd 
of the tiver may be very different for difii rent ri es. 'l'hi is sp ially true when the 
river is above mid-stage. The variation is mu h greater in the upper than in the lower 
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part of the river. Second, the slope increases during a rise. The rate of this increase 
does not differ very much for different rises, but is generally more rapid, the higher the 
stage attained. Third, during any given oscillation, the slope is much greater when the 
river is ri sin ()' than when it is fallin g, but the two parts of the curve formed by plotting 
this slope with respect to gauge-reading are nearly parallel. Fourth, the maximum 
di~charge for any given ri se usually occurs when the river is a little below the highest 
point attained during that rise. 

The explanation of these facts readily sugges ts itself. ·when a tributary discharges 
a sndden flood into the Mississippi, producing a rise, the water thus 
added moves toward the gulf in an immense wave, whose convexity ~;;~~nation of 
depends upon the amount of water added per second, and upon the 
stage of the :Mi issippi above and below the mouth of the tributary. When this 
wave is passing a given locality, the local slope will be determined by this convexity. 
As lono· as the river is rising, the top of the wave has not yet arrived, and the slope, 
and hence the discharge, at any given stage of the river will have its maximum value 
for that o. cillation. 'When the river reaches its hi ghes t point, the top of the wa.ve is 
passing, and, the slope being less than before, the discharge must diminish. 'V"hen the 
river is f~tllin g, the rea r of the wave is passing, and the !"lope, and hence the discharge, 
at any given stage, will have its minimum 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 diffu ion throughout that channeL The slope in the lower 
parts of the river is, therefore, liable to comparatively little fluctuation, being governed 
by the gradual fillin g and emptying of a reservoir, rather than by a succession of 

waveR. 
This experimental theory to account for change of local slope suggests the proper 

m thod of treatin O' the ubject algebraically. It is evident that, when 
an expre:sion for the i ncr ' ::tse of slope between the foot and the top 
of a rise has b ' n found, it may be applied. without sensible error to 
any part of that ri 'e except near the top and near the bottom, since the 
ri ing aml fallin O' branches of the curve are nearly parallel. Near the 
top and bottom, the branches of tb curve turn to nnite, and the ch:mge 

Algebraic anal­
ysis of variation 
in local slope, 
and resulting 
equation for 
Columbus. 

of slope b comes too im·olved for algebraic analysis. If, then, a general expression for 
th increase of lope betw en the foot and top of ri es at all stages of the river can be 
deduced fot' any giv n locality, th e problem is solved for that locality. There were six 
well-defined. rises at olumbus during the continuance of the discharge measurements; 
anu, a that tation i situated where the " wave " system is in full force, the general 
alg braic laws governing tbe change of slope can be more readily deduced for that 
locality than for place lower down the river, where the problem, although really 
much simpl r, does not admit of so clo e an analysis. olumbus, therefore, was first 
selected for . tudy. The data furni shed by the six. rises will be found in the following 

table:-
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Yariation in local slope at Columbus. 

I I 
Rise. Gauge. a I w p I Q S, computotl lJy 

JncroaHc in slope. 
equnliou (36). 

Feel . Square .feel. Feel. Fu l. Cubic .feel . 

1 {December 3, 1857 ..... .. .. ...... .. . 7.0 o2.no I 210:2 :2 11 .) 2:.!1l,OOO 0 000001 :)68 } 0. 00007 1\3~~ ·Decem bet· 21, " . .... ....... ...... S2 .:'l 1H ,5:W I 2:!1:1 ~~--) .) l , 1 fi0,001) O.OiJOOi'fi!lO:l 

I ? {Mn.rch1 7, 1858 .. .... ............ Hl.7 11 n. 7RO 21-)7 2:.!00 .')()0,000 0.0000 1/ :'iiii } 0. 00003691 :3 - ~l arch 28, " .... .. ........... 3U 1-):l,iDO :121~ 2:!.)1 1 ] , 121),()(){) 0.0000:).1-188 

3 { April 11 , " 18. 7 l li.ll30 21 :)7 2:200 I 1)70,000 0.000017087 } ..... ... .... ...... 
0.00005~:-!57 April 2fi, " ······· ······ ···· · 37.-f l 58,21i0 I :12:211 ~~;jfj j 1,:1fiO,OOO 0.000070-lH 

4 { lll n.y 7, " ... ...... ......... 26.:3 ] ;) ~ , 180 :21!19 :2:1-l:! 7i'!i,550 O.Oil0027 4-12 } 0 . 0000~0 130 · Ju ne 22, " .................. 40.9 1 6fi,f>:~o I 2:2 37 2:.!80 1,:183,080 0.00007G.i72 

5 { .July li, " .... ........ ...... 1 !l.fi 11 !1, 580 ! :.! l .ii :2:200 -1 :2~,.)5!1) 0.00000·1 74 } 0.000010217 July 27, ,, ... ... ... .... .. ... 2ri.2 13!'l, 91)() :2 1!)() I :22-12 I GIJ.) . -t :~o 0. 0000 1 .j()()] 

6 {October 30, " ..... .... .. .. ... .. .j 1 8G,Gi0 :lOi:l 208G I ]ll:l, 710 0. OOOUOil-l :t! } 0.0000080G3 
November 8, " ...... ..... .. .. ... 16.0 111,8:20 21-i7 :2200 4 11 ,990 0.000008-1\)l) 

I I 
- -

A diagram was first made by plotting th . lopes as abscissre, and the gn.u ge-readings 
as ordinates, and connecting the points indicating the top and bot to m of each of the 
different rises, r espectively, by a ri {)'ht line. These lines were not parallel, ::;bowing 
that the rate of increase of slope varied for the different ri::;es. To ascertain wbethet 
this varia tion was normal, six lines were drawn through the ori {)'in of co-ordinn.tes 
parallel to those just named. Tlw acute angles whi h these lines made with the n.xis 
of X were found to be less for rises in high than in low tages of the ri ver, indicating 
that the rate of increase of slope was greater fo r 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 were the elevations of water sur face above dead low wa.ter 
(gauge-reading minus 5. 7 fee t), at the top of the different ri.'es, aml who e abscis.m were 

the correspondin g values of 
8
"' - s,' the natural cotangent of the acute angle which 

,'r; 

the line denoting the increase of . lope makes with the ax i' of X. The curv result­
ing from connec ting these point ' must evidently pas through the origin of co-ordinates, 
a condition which adds another to the known p ints, b ides implifying the equation. 
This curve was found to be ·mooth and. regula r being very n arly a parabola whose 
equation is-

in which 2 P i a constant and in which e denot s the elevation above extreme low­
water mark of th primitive surface of the n ver. By reduction, this quation can be 
put under the form-

(50) 

Since this equation is nothing but an alg brai nunciation of the general laws 

This equation is 
general. Method 
of deducing the 
numerical value 
of 2 P for any 
particular local-

rev al d by plates XIV, XV and X I, 2 P may r a onably be supposed 
to be a fun tion of the mng f th ri r, of the dimension · of cro. s-scc­
tion, and of the con vex ity of the f:J od wav s." If this be· so, the 
equation is general and can b mad applicabl to any particular locality 
where e i known, by substituting the local value for 2 P . The data 
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collected at Vicksburg and Carrollton demonstrate the correctness of 
this inference, as will soon be een, and thus establish that one general 
law governs the variation in local slope throughout the whole river. 
The numerical value of 2 P for any particular locality can be readily 

ity. Its value 
for Columbus, 
Vicksburg, and 
Carrollton. 

computed, 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 pamllel to each other and hence to their mean line) pro­
vided the above quantities be known at any two times between which the river is 
either rising or falling 'Uniformly. In either case, the reciprocal of 2 P is equal to 
the quotient arising from dividing the difference between the two computed slopes 
by x (e + x) 2• For Columbus, its value proved to be 0.0000000015; for Vicksburg, 
0.0000000012; and for Carrollton, 0.000000015. 

It is needless to give separate tables exhibiting the tests of equation 
(50) with these several values, because its accuracy is necessarily proved 
by the sati factory result of the final test which is now to be applied to 
the new velocity formu la. Should it be desired, however, to discuss 
th subject more fully, the preceding and following tables of data and 
the Appendices afford ready means of so doing. 

As this third test of the formul m involves identically the same 
computation as that which will hereafter be applied to solving the 
great practical problem of how much the high-water surface of the 
Mi. issippi will be raised by perfecting the levee system, the process 
will be recapitulated in detail. 

For the new formulm, s, is computed from the given data by the 
following equation, in which z, = 0.9 3 v, + 0.072 v,Yz. :-

- ((p, + WJ Z/)2· 
(36) s,- 195 a

1 

The data are 
furnished for 
the further 
prosecution of 
this investiga­
tion if desired. 

Recapitulation 
of the new me­
thod of solving 
the problem. 

With new for­
mulm. 

A value of x is next a sumed, and the numerical values of the first members of the two 
following equations are deduced, 2 ·p having its proper local value :-

( 4 ) 
a11 a,+ W, x 

- - = ' PI/ +WI/ p, + w, + 2 X 

(r O) 8
11 
= 81 + 2 lp ( e + X) 

2 
X, 

With the e value , V 11 i computed by the following equation:-

(41) 
a X )

2 

V = ([225 8 )-~ II J - 0.0388 ' 
II II P" + -vv" 

'Vith thi value of V
11

, the value of x is computed by the following equation:-

(49) 

If this value is identical with that assum d, it is the true value sought; if not, the pro­
. ce::~s i to be repeated until uch accordance is obtained. The true value of x is always 
intermediate between that fir t assumed and that first computed, and a few approxima­
tions will criv the r ult with any de ired ac uracy. 
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In applying this test to .M:r. Ellet's formula, a difficulty has arisen in re poe t to the 
value to be adopted for the new slope. He gives no rule whatever, 

With Mr. Ellet's b . t' l l t 'll t t l . t l d f . formulre. ut, 111 a prac tea examp c o 1 us ra e H S me 10 o · computatwn, 
increases the fall per mile by an amount equal to the quotient of the 

increased elevation of water surface by the distance to the O'ulf. Equation (50) cannot, 
without a change of constant., be used with his formula, and it has therefore been 
thought best to adopt the plan indicated in the example given in his report. The 
process of computation, then, is this. From the given data, H, is computed by his 
equation-

H = ([64 + 25 v,]Y. _ _ 8 )2
• 

I .6:.1 .6:. ,v. 

A value of x is next assumed, and the numerical value of the firs t members of the two 
following equations deduced; L representing the distance in miles from the given 
locality to the gulf:-

X 

H" = H, +r.' 
.6:," = .6:., + X . 

With these values, V11 is computed by his equation-

VII= 0.64 (~/1 H,J Y. + 0.04 .6:.11 III/ . 

With this value of V11 , the value of x is compu ted by the same general quation as with 
the new formul ro (equation 49). If the re ulting value of x is identical with that 
as umed, it is the true one. If not, the proces is to b repeated with new values of x 
until such accordance is obtained. 

Data for the 
third test. Re­
sult for the new 
formulre and for 
those of Mr. 
Ellet. 

The following table of data has been elected from the Appendices 
for this test. It will be se n that every well -mark d ri se is included, 
reckoning from its day of low t to its day of hi crhest gauge-reading. 
The other data, which an b increa ed at will from the Appendices, 
hav been taken at random, when the river was 1·i ing or falling at a 
tol mbly '1.mij01·m m te. Near the top or the foot of ri es, as already 

intimated, the change of slope is so irregular that it can hardly be computed. 
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Tests for the .for1mtlce for o8cillation caused by vm·iation in discharge. ,-
T,ocRiity. Date. 

Colum bu• ................ .. .... Dcr. ~to Doc. 21, 1857 
lJec. 11 to Dec. 16, ' · 
~l ar. li to .\ Jar. 2~, 1&18 
.A pri\11 to April 26, " 
~lay i to June 2:!, " 
Juno 3 to June 2~, 
July J7 w ,Juiy 27, " 
Oct. 34J to Xov. . " 

Vicksburg ..... .. .............. :U ~trch 6 to )ln.rcb 30, '' 
)l 3r. lU to ~l :H. :?3, '· 
Mar . ~} to ~tar. 30, " 
.\ pril19 lu .June26, " 
An6. tl t,> Aug. '20, 
Aug. ·.w to ... vt. 1, 
:\ov.::; to ~oY . 1 ~, 

1 Th....:. 1<1 tu Dee. 13. ·' 
Carrollton ... .............. .. .. 

1 

F<·b. II to Feb. 2:!, 1S5l 
Ft·L. 1!1 10 .'fnrclt 1, o: 
'Ft•l,. :?fl t11 Fe lJ. :!5, " 
F<'IJ. :!.l to .Harcb :? J, " 
.-4. pdl 17 t•' )Jay 9, " 
) lay :?7 tv .July 25, " 
.Ju ly :n to Aug. 15, ' ' 
Jan. i , 10 .Jan. n, 1852 

L 

'l'rue oscilll\­
t ion. 

a1 W1 p1 Q1 Q11 -Q1 ! 

! Kind . .A.m't. 

Computc>d osci llation. 

f~l l r t's 
furm ula . New form uln. 

I 
z ·f~ rro r. x J~nor . 

Feet l·~et llfile.< .• <;q.fret fi'eet Feet Ou. / ei!l. Cubic j u t. -- Feet. Feet Feet Feet --;,-; 
1:?.7 H~ 1076 9:!,7:.;o :?HJ:! :?l1:j 22!),000 + 9-W oou Hise. 25.3 72.9. - ~r; :a "21 .o· - le.; · 
~5.8 75 1076 120,liHO ~l(;() ~~tJ.I G91,6:10 + +15:97U Rise. 12.2 20.8 - 8.6 13.8 -Ui 
~;,.~ 75 107r. 119,780 2i'i7 2200 590,000 + 530,000 Hiso. 15.0 27 .6 -12.0 15.0 o.o 
~~A H 1076 ll7.6:10 2 1:,7 2200 570,000 + 690,000 Hiso. 18.7 35.1 -10.4 18.7 0 .0 
a2.0 81 1076 1 ~~ . 1~0 2199 22·12 776,550 + 606.!\30 lli se. 1·1.6 26.0 - 12.0 1<1.7 -0.1 
42.:! 92 1076 156,5.uo 2:!t8 ~ ~:!52 1,16'J,070 + 2".2;uo !lise. 4..3 8.2 - 3.9 5.:! -0.9 

~:~ ~~ l3~3 ~~~:~~g ~6?~ ~~ iitlg +~~·.~og J::::: 1f:g m =~k:g 6·6 
o.o 

29.1 82 487 127,630 :!522 25<5 670,550 + 438,880 Jliso. 13.8 18.8 - 5.0 ;g + g:l 
30.9 8~ 487 132,200 :!J~Iii l 2500 7-18,200 + 199.~60 I ]lise. 6. 1 8.5 - 2.4 6.3 -0.2 
:l~.5 87 4 7 H1,3:>o 2:i5S ) ~.)85 841 ,o70 + 21l7,8W Hise. 8.4 10.5 - 2.1 7.4 + 1.0 
~5. ·1 98 487 169,<>110 2tH~1 ~ ~\l9 R 1,105,000 + 123,!!00 Hiao. 2.9 4.4 - 1.5 2.8 + 0.1 
·15.\J ns 487 168,1100 2G:;R 21l% 1 ,os~,400 - 3i2,3-IO }'all. u.u l n.o - 3 .4 11.2 + o.-1 
33A 86 4S7 1'\8,530 2:\Go l·to75 7H,060 -1i3,HO b'all. 6.7 8 .9 - 2.2 6.7 0 0 
8.7 61 487 77 ,3f>O 2~~ 24:l0 2.~6,00\l + :J:;n,ooo 1\ iso. 16.8 25.7 - 8.9 li .ll - o:s 

17.11 70 4Si 97,5~< 1 2 155 2~i5 399,\120 + 117 ,700 1\ise. 5.6 7 . :~ - 1.7 5.~ -0.3 
6.:3 u~ 1~1 16~l , liu z:!u ~:!:; :; 5:l4.78• ' + ~::.;,220 .!lise. ii .2 9.8 - 4.1i 4.5 + 0 .7 
8.2 J:;o l 2l 1 1iR,~~IO 2:1:18 2:!1'~ u:JO /IU<J + :IS~ •. i70 Hise. i\ .2 11.0 - f1.R 4.7 + 0.5 
v.u JaJ U1 I i O,S<JO 2'>4~ 1 2:3 74 ti70.770 + 2:Jfi, \ :I<J llise. a.o 7.0 - ·l.O ~. t -0.1 
1~.0 1:H 121 \ U7,91JO 2'1tl+ :tl~S 90V,O•JO + 2~\I,SIJII Hiso. 3.1 0.2 - a.1 3.0 + 0.1 
14.>< 1:36 1 ~ 1 1S:I,800 2>78 , ~4W l ,O(jJ,<JOO- h1,<~l<l F.tll. 1.8 5.1 - :!.:l 3 ·> -1.4 

u.9 1 :;~ J:! l 173,000 :!:;oo ZJSO 652,3-'.M + :!:?:!,t i7"o Hi:oJc . ~.o H.5 - 3.5 2.;') + o.5 
12A \ :ll 121 178,810 z:Jiji 124<!1 8~ 5,1100 -U5,Gl0 Fall. 2.G 5.3 - 2.7 2.9 -O.a ·r ,~ "'T" ~, ""000 

+ '~ ... ::::: ~: ~: - ,.:: ,~: r,:: 1 

This table fu rni hes the crowning proof of the exactness of the new formulre as 
applied to water moving in natural channels. Joined to the two pre­
ceding tests, it establit>hes beyond reasonable doubt, first , t ha t the same 
laws govern the flow of water in the largest rive t's and in the smalles t 

Concluding 
remarks. 

streams; second, that the new formulre truly express those laws; and, third, t hat the 
form nlm heretofore pr posed do not express them even approximately . 

The connection of the subject with such vast interes ts as those involved in the 
prot ctiou of the alluvial region of the Mis. is ippi from inundation, has exacted the 
utmo t care in it. treatment. The measurements have been made with the greatest 
exactitude; xperiment has been multiplied; the most rigid scrutiny has been exercised 
in th e appli ation of mechanical principles and algebraic analysis to the phenomena, 
and t he ncwl dev ' I pcd law are t hus accompanied by a weight of evidence that 

tabli hes their truth. The formulm by which they are expre sed are therefore entitled 
to th onfidcnce of practical men. 

42 



CHAP1'ER VI. 

PROTECTION AGAINST TilE FLOODS OF THE MI SISSIPPI. 

Plan adopted for measuring the effect of tile swamp lands upon the maximum discharge of th e river.- Daily 
discharge of the tributaries, of the crevasses, and of the ~{ississippi itself, throughout the allu vial region in 
t!JC fl ood of 185 .-Tes t of the exnctness of th det rmi nation.- Ef!cct of the swnmps upon the discharrre of the 
tributary stream s.- R eservoir inflnence of th e chann el.- ·what would have bee n the max imum di scharge through­
out the a lluvial region in l 58, had th e levees be n perfect d. -l~ffect of the swamps upon th river 
flo ods in their pr·e ent, their· form er, and their effectually leveed conditions.-Cornparat.i,·c anal y is of the fl ood of 
1858 with the fl oods of 1859, 1851, l 50, nod 1828.-Fi o d of 1 5' a afc stamhml for <:>stimating the proper· 
extent, a nd compari ng the relati ve advantages, of the cliff' rent protec tive mcasureR.-Cut-o f!il pernicious ill t he 
Mississippi valley.- Plan or diver ting tribulnries impract icable for the Missouri , tlr e Arkansas, the R d, or 
other branches.- Plan of artifi cial reservoirs chimerical, o fa.r a restraining floods is concern d. - Outlets 
highly effi cacious in redu cing the river flo ods, hut, except to a \'CJ'y ·lirnited rx tent , destructive to the great 
interests of Louisiana.-Plan of levees th e most practicable, economical, nnil safe that can he adop te1l , uolh for 
the present time a nd here::t ftcr.- Recommenchtions.-Pr·oposed local hei~hts and cross-sc(; t ions to be g iven to 
the levces.-Suggcsti on rela ti ve to an outlet ne:r r Lnke Providcnce.-Cost of a perfected levee syslcm.- Tmport­
an ce of a systematic and con tinu ous series of obs n ·ations. 

E NTERTAINING the opinion that a long se ri of ob ervations must be ma.de before 

The problem of 
protection 
against inunda­
tion required, 
for a double rea-
son, a very ex· 
tended system of 
field operations. 

the va.riou ·phenomena of the M:i ssissipr i could be subjected to n.ccurate 
calculation, a plan of investigation was adopted far more extendetl than 
any previously attempted upon a.ny ri\' r. It wa , in bri f, to measure 
da.i ly with accura.cy the di cha.rge of the Missi . ippi , and of its import­
ant tributaries, throughout the a.lluvia.l region; to asc rta.in pr cisely 
how much wat r e.-ca.ped in time of fl o d. from the channel, and. a.t 
what points; a.nd thus to determine for a.ny loca.lity the increa.se<l 

discharge a.t high wa.ter which would have re ulted ha.d the river been on fined. 
to the cha.nnel. Th operation nee 'Sary t arry out thi s pla.n, it was con ·eived, 
must furni sh the mass of mater in.l e sential to ta.bli ::;h th fundam enta.l principlet:l 
of the science of river hydra.ulics. Aft r accompli hing thi , and deducing the in­
creased high-wa.ter di. ·cha.rge to be gua.rded again ' t, the problem of the bes t method. 
of preventing inundations cou ld be subjected to the exact r aso11ing of algebraic 
analysis, and thu be definitely solved. 
One reason has The contribution. to the cience of ri ver hy dmulicR resulting from 
been already the application of thi syRtem, hav be n elaborately tated in the 
elaborated and 
the results of the preceding ch ap ter, where it i demonstrated. that all know] dge re-
investigation quisite to a complish the obj ect of the pr sent investi ()'ation ha · been 
announced. secured. 

The ma.ximum fl ood di,' chnrge whi h would oc ur at a.ny point b low Cap 

The other is 
now to be 
considered. 

( 330) 

Girardeau, were th riv r onfin d to th hann l, is now to be de­
termined. The me hanical op ration in th ii ' ld, and t he r duc tion 
of the data col! cted, luwe both b en d rib d in detail in Chapter 1 V. 
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All data necessary to an entire recomputation of the work have been presented either 
there or in the Appendices. Here, then, the attention will be restricted to the final 
results of operations and computations, which involve an amount of labor that few but 
those engaged upon the work will appr'€ciate. 

F.FFEC'l' PRODUCED UPON TilE MAXDIU)I DISCHARGE OF TIIE MISSISSIPPI BY RECLAIMING ITS 

SWAMP LANDS. 

It has been alren,dy stn,ted that extensive gaugings of the river were made in 1851 
and 18G8, both of which, fortunately, were great flood yea.rs. In the 
histories of the floods contained in Chn,pter II, it is shown that in 1858 
much the more general and extensive inundation occurred, and, more­
over, tha.t in that yea.r the system of measurements extended over the 

Outline of the 
steps proposed 
for the investi­
gation. 

whole alluvial region of the Mis issippi, while in 1851 it was not carried out above the 
mouth of Red river. Th e operations of 1858, then, form the basis of the discussion of 
wha.t would have been the maximum discharge at the different localities below Cape 
Gir(l,rdeau, had no water escaped from the channel of the river. Having settled this 
importa.nt question for the flood of 1858, the other great floods (where the data 
admit of it) will be subj ected, in turn, to a comparative analysis, in order to decide 
what may safely be 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 different plans for protection will be tried and 
their merits a. certained. 

Analysis of tlte flood of 1 38.-The plan of operating from the head of the alluvial 
reO'ion downward was matured in the autumn of 1857. The parties 

0 

were organized in December, under the immedin.te direction of Licu-
tenan t Abbot, and were oon established at their several posts. It was 
fortunate for the object:; of the Survey, that one of the greatest floods 

Fortunate com­
mencement of 
field work in 
1857. 

ever known in the riYer was thus ·ubj ected to exa.ct observation from its beginning to 

its end. 
Daily ga.uge-reading · were recorded a.t Cairo, Columbus, Memphis, 

Helena, Xapoleon ProYill nee, Vick burg, Natchez, Red-river la.nding, 
Dunalusonvill and Carroll ton. (Se Appendix B.) 

The daily di charo·e of the Mi sissippi, at Columbus and at Vicks­
burg, wa measured with all possible exn,ctness. ( ee Appendix E.) 

River gauges. 

Discharge mea­
surements upon 
the Mississippi. 

During the flo d-period, the daily contributions of the Arkansas, 
Whit , R d, and Yazoo rivers, and the daily loss l>y bayou· P laquemine Upon tributaries 

and La Fourche, wer d termined with all requisite exactne s, as ex- ~::l~a;;.o~:;J:!~ 
plained in 'haptcr IV. They are exhibited in the following table. 
Full verbal information of the action of the St. Francis river was also secured, as will 

be hereafter exphtined . 
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Disclt a1·ge per second of t1·ibtda1·ies and bayotf,S . 

-

Date. 
Arln nsns nnd Wblto Red river. Yazoo rher. Ilayou Pln~ u 

t iYcrs. 
em inc. Dn.you ln ·Fo11rcho. 

1858. Cubic (eel . Cubic feet. Cubic fee l. Cubic} 
l\Jnr ch 20 ... .. ... ... ....... ... l:W.OOO 8!),000 46,000 F>,Oll 

21 ..................... 1 ~5.0()0 80,000 4fi,IIOO 11,00 
22 ....... ..... 1:!8,000 I !J,OOO 47,000 14,00 
23 ..................... 1 :1:.!, 000 70.000 4R,000 11i.IIO 
24 ... ......... ... ...... 13·1,0110 Gli ,OllO 4D,OOO 10,00 
25 .... ................. 13$,000 GO,OOO 50,000 16,00 
26 .... ... .............. H O,OOO 50,0110 5:!.000 17,011 
27 ............. .. . . 1-1:.!,(100 40, (l(l 5~,001) HI,OO 
28 ............ . ...... .. 1 -1 ~,000 30,000 50,000 2\1,00 
2!l ........ ............. 1-1 ,000 20,000 !)8,(11)0 21,00 
30 .... ........ ...... ... J;j l) ,01)0 10,000 60,000 :!1,00 
8 1 . .. ................. . 15:2 ,000 - 5,000 (i:l,OOO :21 ,00 

1\ pri l 1 ... ... .. ............. 1 0'1,000 -20,000 (;4,000 21,00 
2 ........... .. ........ 15f.i,OOO -2; •. ooo 65,000 2:l,O 
3 ..... . .............. . 158.000 -20.000 GG,OOO 2!1,01 
•1 ............... . ..... 158,000 -10,000 G7,000 2-1,0 
6 ..................... JGO,OOO - 5,000 68,000 2.3,00 
6 ... ...... ............ 160,000 - 1,000 6!l,OOO 2fi,OO 
7 . ....... ............. 1 ()0,000 0 ()9,(1()1) :li,Ot 
8 ..... .... ............ lfiO,OOO 0 70,1100 :!7,00 
0 .......... ... .... .... 158,000 0 70,000 28,00 

eel . Cubic feet. 
() 6,000 
0 (i,(Jll() 

0 fi ,OOO 
0 6,000 
I) c.ooo 
() fi ,OOO 
() 7,\illi l 
0 7,000 
I) 7,000 
0 8,000 
0 8,000 
I) 8,000 
0 8,000 

00 8.1)00 
JO 8, 000 
00 8, 000 
0 !1,00(1 
0 \J.OOO 

JO n,ooo 
I) 0.0110 
fl \I,(J00 

10 ..................... 15<1,000 0 71,000 :28,1!0 () \I,OUO 
11 ........ ...... ....... 154,000 0 71, 000 2!1,0 00 10,000 
12 ..................... 1 f>:l,OOO 0 71,000 :lR.OO 0 10,000 
1 <l . .................... 1·18.000 1,000 7:2 ,0(1\1 2R,OO () 10,01):) 
14 ..................... U G,OOO 2,000 72,001) ~8,00 
15 . .. ......... ......... ] 4:!,000 7,000 7 :~,1)()1) ~R.OO 
16 ... ...... ............ ]:3-1,000 10,000 7 :~.000 :l!l,OO 
17 ................... .. 131,000 F,OOO 74,()1)() 2f),l)() 

18 ....... .. .... .. ...... 128,000 20,000 i .j,()l)0 20,00 
] 9 .. .. ....... .... .. ... 128,000 110,000 i.'i,Ooo 80,00 
20 ............... . .... . 12fi,OOO 4'\1100 ili,IH)() 30, 00 
21 .... ................. 1:lu,OOO 5-i,OOO 77 ,000 80,00 
22 ...... ............. .. 1:28,000 GO,OOO 7 ,OliO ao,uo 
23 ........... . ... ...... 1:28,(!00 QO,OUO 7 ~>,000 30, 00 
24 ..................... 130,000 70,000 80,000 30,00 
25 ...... .. ........... .. 132,000 70,000 1,000 31,00 
20 ..................... 1 !~:l,OOO 70.001) :! ,000 ;l i ,OO 
27 ..... ................ 132,000 r. ,000 :1,0 0 ~12,00 

28 ..................... 13:l ,OOO Gli,OOO 8-1,000 31,00 
2n ........ .. ........... 130,000 04,000 8!i,OOO :n ,oo 
30 ............ ......... 1:28,000 G:l,OOO 7,000 31,00 

May 1 ..................... 126,000 60.000 ,000 ::1 1,00 
2 .. ...... .. ..... ...... 126,000 5!<,000 !JO,OOO 31,00 
3 . .... ... . ............ 126,000 6fi,OOO 01,0()0 32,00 
4 ... : .... ............. 1:18,000 6-1,000 n:l.OOO 32,00 
6 ... ... ... ............ 128, 000 5~, 000 !l-1,0)0 ~2. 00 

/\ .. .......... ......... 130,000 5:!,000 !J.i,OOO 33,00 
7 .... ........... ...... 13·1,000 4 ,000 !lO,OOO 33,00 
8 ...... ..... .......... ] 32,000 4-'i ,OOO !li,OOl) 34,00 
9 .. .. ................. ] ::14,000 35,000 !l8,000 3-1,00 

10 .... .. ............ .. . 136,000 80.000 9~1,000 ;{·1,00 
11 .............. .. ..... 126,000 20,000 ]00,000 :1 -~.oo 

12 .. ................... ] 36,000 lli,OIJO 100,1lUO 83,00 
13 ..................... 120,000 !l,OOO 101,1111{) 3-1, 00 
14 .... .. ............... 126.000 5.000 10:!,000 33,00 
16 ..................... 132,000 2,000 1 ():3,000 3:~,00 

16 ............ . ........ 1!14,000 1,000 J(J:'J, IlOO !'!3,00 
17 ........ .... .... .. .. . 13fi,fl00 0 10~ .000 3:!,00 
1 ··· ············· ·· ·· · 138,000 0 100,000 ;{2,00 
10 ..................... 140.000 0 106,000 32,0(1 
20 ..................... 1·12,00() 0 10fl,OOO ;L,OO 
21 .................... 142.000 f) 107,000 32,00 
22 ..... .... ............ 144,000 0 10 .000 ;li,I)O 
23 ..................... 144 .000 0 1fJ ,1100 31,00 
24 ..................... 1-14.0 0 ]. 000 100,0110 31,00 
26 ........... ...... . .... 146,000 5,000 110,1100 31,00 
26 ..................... . 1 ~fl,OOO 11 ,(100 110,000 31,00 
27 ...................... 146,000 1 ,000 111 ,000 31,1!0 

I) 10,000 
0 JO,OUO 
I) 10,000 
0 10,000 
0 11),000 
0 10,000 
0 l 0,000 
I) 10,000 
0 10,000 
0 '10,000 
0 10,000 
() 10,000 
() 10,000 
0 10,000 
0 )1),000 
0 10,000 
0 10,000 
0 1 o,ooo 
0 10,000 
0 11,000 
I) 11 ,000 
0 11 ,000 
0 11 ,ooo 
0 J 1,000 
0 1 I ,000 
f) 11 ,000 
0 ]] ,000 
f) 11 ,000 
0 11,000 
0 11 ,000 
0 J 1,1)1)() 
0 11 ,1)00 
0 11,000 
0 11 ,000 
0 ] 1, 000 
0 10,000 
0 10,1100 
0 10,000 
I) ] o,oou 
0 10,000 
0 10,000 
0 10,000 
0 10,1JOO 
0 10,1JUO 
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Discharge p er second of tributaries and baymlS-Continued . 

Date. . \ rkunsns and "Wh ite 
Red river. ri vers. Yn1.00 river. Bnyou P laquemine . Bayou I.a. Fonrcbe. 

- -------- -

:t-Iny () - ······· ·· 
2!l .. . ..... . 
30 .... .. .. . 
31 .. .... .. . 

] ... .. .. .. 
2 .. .. .... . 
3 ........ . 
4 .. ...... . 
5 .. ...... . 
6 .. .. .... . 
7 oo oooo ooo 

8 ...... .. . 
n .... .... . 

10 .. .. .... . 
II .. .... .. . 
12 ........ . 
13 ........ . 
14 ....... . 
15 ...... .. . 
lli .... .. .. . 
17 00 .. .. 00 0 

18 ..... 00 0 

19 .... .. .. . 
20 .. .. .. .. . 
21 .. .. .. .. . 
22 ........ . 
2: 3 ... ... .. . 
~-L . .. .. .. . 
25 ...... .. . 
26 .. .. .. .. . 
27 ,_ .... .. 
28 ........ . 
2!l ........ . 
30 ........ . 

July 1.. .. .. .. .. 

June 

2 .. ...... .. 

Cubic fee t. Cubic f eet. Cubic fee t. Cu!Jic j eet. Cubic f eet. .... ... ..... 14-1,000 20,000 ll 2. 000 31,000 10,000 ............ 136,000 20,000 11 2,000 31,1)00 10, 000 
············ 138,000 15,000 11 3,000 31,000 10,000 .. ... .. .... . ] 32,000 9,000 113,000 31,000 10,000 
············ ] :lfJ,OOO 5,000 114,000 3 1.000 10,000 ..... ... .... 1~ 0, 000 1,000 ll li ,OOO 31,000 10, 000 ..... ..... .. 138,000 0 11 5,000 31,000 10,000 
··········· · 14 G, OOO 0 11 G,OOO 31,000 10,000 .... .... .... J iiG,OOO 0 117,000 31,000 10,000 
············ 1 ~ 2,000 0 11 7,000 31,000 10,000 
·· ······ ·· ·· 1 J~ ,ooo 0 11 8,000 31,000 ] 0,000 
········· ··· 1 ~ G,OOO 0 11!'1, 000 31,000 10,000 
············ 1 ;)0,000 0 J1 !l, OOO 31,000 10,000 
·· ····· ····· 150,000 0 119, 000 31,000 10,000 
····· ······· 1-30,01)0 0 11 9,000 31,000 10,000 
········ ·· ·· 1~8 . 000 0 120, 000 32,000 1 \ ,000 
·· ···· ······ Hr..ooo 0 1 ~ 1 . 000 32,000 10,1)00 
··· ···· ····· J -1~ ,1)1)0 0 1 ~2 . 000 il2,000 11 ,000 
····· ·· ······ 1-14,000 0 - 12:2,000 32,000 11 ,000 
.......... ... 1-111,000 0 123, 000 3:2,000 10,000 
... ......... . H 8, 000 0 123, 01)0 31,000 ] 0.000 
..... .. ..... 1 ~ ,000 0 12~ , 000 3 1,000 10,000 .... ...... .. 148.000 0 1 2G,OOO 31,000 10,000 ... .. .. .... .. 146,000 0 125, 000 31 ,000 10,000 
···· ··· ··· ·· 142,000 0 ] 20,000 31,000 10,000 
·· ······ ···· 140,000 0 126,000 31,000 10,000 .... ... .... . 1:38,000 0 127.000 31,000 10,000 ..... .. .. ... HG,OOO 0 127,000 31,000 10,000 
······ ······ ] 3(;,01)0 0 128,000 31,000 10,000 ...... ... ... 1il-J ,0(J0 0 128,000 31,000 10,000 ...... ...... 13-1-.000 0 J ~!l.OOO 31,01)0 J 0,000 
... ... ...... 1il-I, OOO 0 ] 20, 000 3 1,000 ] 0,000 
.... ...... .. ] il -~ 000 0 130,000 31,000 10,000 
····· ···· ··· 13-1,01)0 0 130,000 31,000 10,000 
······ ·· ··· · 13-1 ,000 0 13 1,000 31,000 10,000 

········ ···· 131l,OOO 0 131,000 31,000 10,000 

1858. 

3 .. ...... . ···· ····· ··· 1 ~8,000 0 132,01)0 31,000 10,000 
4 .. .. .... . ·· ·········· · H O.OOO 0 132,000 31,000 10,000 
5 .... .. .. . ··· ······· ··· H 2, 000 0 132,000 3 1,000 ] 0,000 
G .... oo oo .............. 1-1~ .ooo 0 133,000 3 1,000 10,000 
7 .. .. .. .. .. ...... ... .. 1-1 ,000 0 133,000 31.000 10,000 
8 .. .... .. ··· ·········· 1-i2,1l00 0 133,000 31,01)0 10,000 
fl .. .... .. ···· ·· ···· ·· · 1iiu, ll!'O 0 13 1,000 3 1,000 10,000 

10 .. .. oo 00 ......... ..... ] [J , ,00() 0 13-1,000 3 1,000 10,000 
11 ...... .. .. .. ..... ... . 1fill,OOO 0 1%, 000 3 \ ,000 10,000 
1 :!.. .. 00 00 ·· ··· ····· ··· 1ii0,0(l(J 0 1 3~) . 000 3 1.000 10,000 
1 :~ .... 00 00 ·· ······· ·· ··· 1f;2,01l0 0 1:1?l. OOO 31,000 10,000 
1-1 .. .. .. .. 
15 .. .. 0000 0 

16 ...... .. 
li .... .. .. 
18 .. .. .. .. 
Hl ...... .. 
21) .... 0000 

21 .. . 00 .. . 

2:! .. ... ... . 
23 .. . .. . .. . 

.. ..... ..... . 1 ~>1,000 0 13H,OOO 3 1,000 11),000 

... ..... ..... 1 i::!,IJOO 0 l :'lf\, 000 3 1,000 10,000 

··· ···· ···· ·· 160,000 0 1 :l i ,OOO 31,000 10,000 
..... .... .. .. 1 11~ .ooo 0 137,000 31,000 ] 0,000 
..... ...... .. 162,000 0 137,000 31,000 10.000 
.... ... ... ... 16:!.000 0 138, 000 3 \ ,000 10,000 
.... ... .... .. Hi:2,000 0 · 138,000 31,000 ] 0,000 
..... .... .. . 163,000 0 131!, 000 31,000 10, 000 
... ... .. .... 160 000 0 13!l, OOO 3 1,000 10,000 
.. .... ...... 15 ,000 0 13fl,OOO 31,000 10,000 

2 1 .. ...... . ......... ... 1:H .OOO 0 13!l,OOO 31,000 10,000 
25 ... ooooo o ........ .... 150,000 0 30.000 10,000 
:w .. .... 00 .... ....... .. 1-19,000 0 30,000 10.000 
27 oo .... . .. .. ...... ... 1-1 ,000 0 30,000 10,000 
2 000 ... .. .. ..... .. .... 14 ,000 0 30,000 10,000 
20 ..... . 00 . ..... ....... 11 ,000 0 30,01)0 10,000 
31l oooooooo ....... .. ... . 1 lfl,OOI) 1,000 30,000 10, 000 
31 ...... .. .............. 1-! ll,O()O 1,000 30,000 10,000 

August 1 .. .. .. .. 
2 oo ooo Ooo 

...... ... ..... 1-1-l, 000 2,000 29, 000 10,000 

.. .... .... ... 120.000 2,000 2(),000 10,000 
:3 ... ooo 00 . .. ...... .... 11 0,000 2,000 28, 000 10, 000 
-L .. . oo .. . .. .. .. ... ... 1112,1) 0 3,000 ~8. 000 10,000 
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D ischm·,r;e p er second of t?·ibutm·ies and bay01ts- Continned. 

1=--
- -- - - -- -

Dil le. Arknnsas nnd \\"hilc Red rivm-. Ymr.oo river. Bayou Plnt]UCininc. Jloyou I.n E'ou rcho. rivers. 

1858 . Cubic f eet . Cuuic f eel. Cubic feet. CuuicjePl. Cubic feel . 
August 5 ... ................ .. 9~ , 000 :3,000 2 ,OIJO 9,000 

r ..... .. ............... S·l,tltlO 3,000 27,000 0,000 
7 .. . ... ..... . ......... 72,000 ~.ooo 27,000 9,000 
8 .. .. ................. 67,000 4,000 26,000 n.ono 
9 ......... ...... ... ... 67,000 ·1,000 2\.i,OOO 9,000 

10 ..... .......... .. ... f\4 ,000 ii,OOO 2.),01)0 9,000 
I 1 ......... . .. . .. . .... . 50,000 5,000 2.), 000 n,oon 
12 ..................... f>(i,OOO 5,000 2·t,ono D,OOO 
'I ~ .. .... ... .. ... ... ... 54,000 6,1)1)() :e!·I,OOO 8,000 
14 . .. ..... .. . . .. . . ... .. 52,000 6,000 24,000 8,000 
Hi .. .... .. . .. .. ..... ... 52,000 <i,OOO 24,000 8,000 
1 (i ..•.. . ••• . .•. . •.. . ••• 5:!, 000 i ,OI\0 2:3, 1)1)0 8,000 
17 ........ .. ... .. ...... ·l ~l, OOO 7,01)() 2:!,000 8,01)0 
18 .. .. ... .. .. ... ... ... 4!>.000 8,000 2:!,000 8,000 
) !) .................. .. . ·1", 000 8,000 2:!,000 8 .000 

"'······· ·············! 46,000 9,000 21,000 8.000 
21 ...... .. .... .... .. ... 43,000 9,000 2\l.DOO 7,000 
22 ..... . .. . ......... ... 3:1,000 9,000 1 !),000 7,000 

-

After the river fell, a careful and laborious reconno1ssn.nce was macle between Cape 

Reconnaissance 
of crevasses ; 
classification of 
results. 

Girn.rden.u and New Orleans, wi th n, view to collect the dn.ta for com­
puting the daily discharge of the various crevasses between those pln.ces. 
For the St. Francis bottom, t he information thu collect d al though suffi­
cient for all general purposes, a will be h ereafter seen, wn.s too vn.gue to 

be reduced to figures; partly, because the levees h n.d been so l igh tly con tructed that the 
crevasses were too extensive for measurement, and par tly, because the system of swamp 
ridges diver ted much water back in to th e Mi sis. ippi a t ntriou ' places, t hus gr a tly 
complicn.ting the discussion. For all pn.rts of the river below th ' t. F rancis bottom 
ln.nds, reli.able inform ation and men.surement. were obtained ; and the dn.ily di scharge 
of the crevasses may b cons idered well determined . This difli renee in t he xac tn '- s 
of the data collected renders it n ces ary to d i u · the flood in diifcrcn t parts of the 
river upon som what difl'er nt principl s. 'rhat I ortion ly ing betw en t !Je bead of the 
Y n.zoo bottom and New Orleans will ther for be first con ·ider d ; and sub ·eq uently 
th region b tw en 'n,pe Girardeau and the mouth of t. Francis rive r. 

The following table exhi bits th mo t essential part of th data from which the 
Dataforcomput- daily di.·chn.rge of c revass~::s has been omputed . It should be sta ted 
ingthe discharge that th re were several break:-; in th levee upon the left bank of the 
of the crevasses 1 d f 1 'I.T 1. d II 1 below the mouth Mississ ippi, betw 'en the 1ea o · t 1e ~ azo uottom an e na, but the 
of St. Francis gren.ter part of t he water wh ich enter d by tb m was turned back 
river. in to t he ri v ' r by swamp ridg ~.·, pn.rtly through McKinney's bayo u 
and partly ov r the banks. The amoun t which eventually r ached the great Yazoo 
bottom from th se banks was balan ed by that part of th di ·charge of cr va s o. 1 
which returned to the Mis ·issippi , from th , [Lme cau in the b nd b low. This cre­
vn.sse may then be consider d, ior all practicn.l pu rp · s, to b the fir t which discharged 
into the Yazoo bottom. 
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List of crevasses m flood of 1858. 

.Locn lity. 
nauk 

of 
river. 

Date of 

1lc~;inni ng 
to 

discharge. 

Cca8ing 
to 

discharge.· 

I 
I 
I --------------,,---1---

1858. 1858. 

2 

3 
4 
5 
G 
7 
8 
f) 

](J 

11 
1:! 
] ;3 

H 
] .j 
]()* 

17 
18 

Just above H elena ........ ... ...... . . . 

10 miles below H elena .... . ... .. ... . 

Ju s l below No. 3 .... .. ............. . 
Ju~t belo w No. J .................... . 
Ju s t above Delta .. .. ......... .. .. . .. .. 
Bel ween Delta and Fri tt r 's Point.. 
In Horse-shoe ben t! ..... .. .... ..... .. 
Opposite fo ot of !;.land G3 .. ..... .. 
l)pposir e I:lnnd (;L .. .. ..... .. .... .. 
Oppo ite Is land 6t.i.. ............ .. ... . 
NcRr foot of IshLnd GG ...... .. ... .. .. 
Opposite I~\aml GS ... .. ...... ......... 1 

Neur Concordi a ..... .. .......... .... .. 
Opposi te foot of l eland 7 J ......... . 
1 mile below Helena .... ............ . 
Betw een 1'\o. 1 ;) nnd Old Town .. .. 
Opposite Island liS ............ ... .. .. 
J mile below No. 17 .................. ! 

J 0t l mile below ~o. 1 .......... .. .... .. 
20 5 mrles below Bolivar ...... ....... .. 
:!I Opposite I s lan t! 78 .. . ..... ........... . 
2:! O]'posite Island 80 ............. .. .... . 
23 He! ow foo t of I sland 8-1. .......... .. 
2~ Am erica n· bend cre1·asses ......... .. 
20 Opposite Islands SG aml 87 ....... .. 

I 21i 
2ii 
28 
:!U 
30 
31 
3:! 
3~ 
3-1% 
!'\.) 

39 

40 
41 
-1:2 
43 

4-l 

Oppos irc foot of Grand Lake .... .. 
Jus t ~tbo Y c I&l. nd 8:2 .. . ..... . .... . .. . 
:! miles above Columbia ...... . .... .. 
A hove American-bene! cut-off .... .. 
-1 mil es below Island H ............ , 
J mile a bo1·e Loui s inn n line ... .... . 
A hove Tallula .... .................... .. 
.-lbove Brunswick .... .. ............... ' 
Ne~tr Island l OU ..................... .. j 
13elow Lak e Pro1•idence .............. i 
4 miles bel ow Lake P rovidence .. .. 
Ncar W!Hrenlon ...... . ... .. .... . ..... . 

-l miles below Baron Rouge ... .. ... 

-l miles below Yick bu rg ........... . 

Just above Ellis' cliff ............ .. 
1 mile below :'\o. 40 .. ..... ......... .. 
Ncnr Island 1 Hl ..................... .. 
Neill' Island ll G ..................... .. 

Near Hell burch ................... .. 

Left 

Left 

Left 
Left 
Left 
Left 
Left 
Left 
Lefl. 
Left 
L eft 
Left 
Left 
L eft 
ltiglrt 
1tig ht 
H.i g bt 
Higllt 

Hi ght 
Left 
Left 
Left 
Lel't 
L eft 
Left 

Left 
Ri gh t 
Right 
Right 
l{ight 
Hight 
Lett 
Left 
Lett 
l{ight 

Right 
Lert 

Left 

Right 

Hight 
Hight 
R ight 
Right 

Hight 

~l arch27 J uly 19 

.June 25 J uly 14 

J une 25 Ju ly 1\) 
June 25 .... . .... .. . 
J une 23 July U 
June 18 July 10 
J un e 20 J uly 11 
June 25 J uly 13 
Apr i\ 23 July 13 
Apri l 30 July24 
June 17 J uly 22 
J une 17 July:!::! 
June 10 July 28 
June 8 J uly 2~ 
J uly 1 July 17 
............ July J(j 
Apri l + July 17 
June 27 July 1fJ 

.\ p1·il 4 J uly l i 
~l arch28 Ap•· illO 
rl pri l 5 r\ pr il 15 
April ::! Ap1·il 15 
April 5 April 17 
April4 J ulyli:l 
June 25 Ju ly lfJ 

May l O J ulyH 
Apr il 2 Apr il 15 
April 3 Apri \ 15 

!
April 5 J uly 20 
April 5 July 17 
April 4 J uly 28 
June 15 July :.!8 
April 10 July 28 
J'll,u·ch:l8 July :l3 
June l7 Aug. 10 

l
j\;~·~1~ 

April 11 

.\Jay 2:l 

M ~ty 6 
M~ty G 
;\ l ily 10 
Juno 1 

May 3 

Aug. 8 
Aug. 1 

Apr il UJ 

Aug. 10 

Aug. \) 
Ju ly 31 
Aug. 16 
Aug. 17 

Sept. 5 

45 0.5 of a mile above upper bound-
ary of .\' ew Orleans. ............... Hight April 11 Sept. 12 

~.Ia.ximum 
will.t11. 

.li'eet. 
2,()00 

3,050 

1,()00 
225 

1,000 
7,000 
1,000 
1,000 

200 
4,000 
1, 900 
1,000 

5 12 
1,030 

000 
20,000 

4:!tJ 
040 

730 
1,5(10 
1,000 

300 
2,180 
3,4 10 
3,475 

360 
1:!0 
(;00 
350 
150 I 

300 
80 

500 
10,000 

400 

3,435 
7,500 

210 

152 

300 
2,500 

150 
860 

1,050 

73 

Feet. 
8 

5 

8 
25 
4 
3 
4 
5 
5 
6 
4 
4 
\) 

5 
7 
() 

6 
7 

B 
5 
5 
4 
3 
5 
4 

3 
4 
4 
6 
4 
5 
5 
4 
2 
8 

7 
4 

B 

(i 

5 
3 
4 
5 

11 

Remarks. 

'l'wo hr eal:s. Bottom much and un­
evenl y wash ed. 

E igh t break s, separated by remai n s 
of levee . 

T wo breaks. Bottom m uch wash ed. 
Old bnyou. 

~lany small br eaks. 

Caused by fall of a tr ee. 
S upposctl to be cui. 
Supposed to be cut. Much da mage. 
Thr ee breaks. 
Many smnll bre~tl<s . 
Two bl'Ntk s; one in an old bayou. 
Supposed to be cu t. 
.Fl ooded fl elena. 
1\l~ny ~mall breaks an d gn.ps. 

'l.'h•·ee b reaks cau sed by old logs in 
levee. 

Three b1·eaks canse rl by crawfish. 
Closed a ft.e r ,\ p•· il r ise . 
Closed il.fter Apri l l'ise. 
Closed after Ap1·.il 1·ise. 
1'!11·ee brenk s. Closed a fter A pril ri se. 
Seven breaks. 
Cil.used by bnnk cflving . No exca-

vation. 
T hree s mfl ll br~ks. 
Closed after April r ise. 
Closed flfter April ri se. 

~lu ch excaval ion. 
'fwo br e,tks . 
:lluch excnvn li on. 
Caused by log in levee. 
II ole ~3 ft. deep. n early whole wid th 

of brenk , nuLl excil.vlttecl fr om bank 
r eanvaru several huncl1·ed feet . 

No seri ous excavnl ion. 
Wa ter ret mned at once thr ough Big 

Bluck lt. 
Close.:! by i\Ir. Louis H ebert., Sla te 

En gineer , La. 
" ' id !h ) Jay 24. 27, June 12. 011d A1t g. 

10, was. 15:l, 135, 35, n.nd 15_2 ft . 
respcct• vcly. Much excava tiOn. 

Suppose,! to he cui . 
Caused by cavin g. · 
WArer r et um od throug h R ed R . 
Thr ee breaks. Wu tor r et urn e d 

I hr ou gh Bed R. 
Wit! I b Mn.y 9 was 15 ft. (See figure 

6, plato Ill. ) 

20 (Sec fi gure fi, plate liT. ) 

• Brlow \ o. l A. hctwo~·n Old Town and the hC!'d .of_ I s~a nd 68, t~1erc wero numerous Rmall bre~\ks on tho right bank. i\fnny of theBe, however, onl_y sorvrd 
ns oull t'LJJ f11r the !!t \l. ntn p wu t ~r to ret urn to th e_ -'11 l'l~l:,8 1ppl , ns: for 1nsta.uco, thode near the foot ot l s lnntl 6:2 n.nd nrar tho hcnd of l s loud 68. Tho mfurmn­
tion coJI OC tl'll nhont th <" m is ~ ut:Jlc i £· nf w cs tnbli_B h that th l.\W outle.t~ rct~trned f~11ly ns nm.ch water as WIL':I rOCl·h·ed hy lhc rNit of _t ho breaks, nucl tl 1e '~' l w l o 
Rt ri C'~ i ~ nrc·onlin ):!ly nC'~l ec t l·d m thl.• c~..:m pntat1 on . Any t:rrur an~mg from tlll li cnus(l Will be couuu:rbalunced IJy th e compntnt10ns lJnscd upon the s1zo of 
1\o. 10, which 1s l'rolxthly ~omewbtH exagg l.' roted. 

t F . 111 l Irmd G9 10 r .. Iand il , th~re wen• onl y a few ,Jctnched levees. 'Jh('ncc to ~1npo1eon thero wore none. As mucl 1 water returned to the river ns loft 
it in rht~1di o~~n('f'. nnd no dd iled -: .. timuw is, thl.' reforc, attt llll!te•l of the diffci·ent outlets and inlet.s . 1t d('pended upon the s itun.tion of the locality wi th 
respoc t. to the ht·n~, whctht-r th • watt•r tluwcd to or fru111 the nvcr. 

t l'n>m ~n l•• l t-o n to the high bank a!Jt.,ut l.:i 111ilt'o belo w Cypress slough (6 miles aboYe. head of I~ l n~u.i R)_, tJ ,erc nrc only about 3 miles of levco. All 
tho wnf er v.tdt h <•n tt r~ t h i :~ n•.brion i ~ turned back by the l11 g h n dgc, and IS (_hschnrgcd Uack. mto tho M isSI:-!8Ippl 1r1 Cypress bend. 

~ 'fld3 c rc ,·n "~e is na.ar tllc enJ of con ~inuou~ lenl(·S on tlti:o~ bank. l~ctwoen it aud Yicksbnrg, no wntcr of consequence drai ned into the Yazoo bottom, 
since ,, !J ntc,·cr ~ ~ .. sed OH'r the b.'\nk was I IHilH:.dH\tdy returned by Old nvor. 

r From Dig·Bl!ICk ri \'C I' to Hal•>n Rou;,;c. the hills OOI'd Ct' the ril'er •o closely tbnt no important ljnnnlity of water Cricnpes. 
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Since the water lost through crevasse No. 37 returned almo t immediately to the 

Result of the 
computations. 

river, it had only a local effect and has not been comp ute<l. No. 38 was 
closed so soon that it had no sensible influence upon the river. The 
daily discharges of the others, arranged in convenient group.· for dis­

cussing the flood, are given in the following table. The computations have been made 
with great care, in accordance with the principles laid down in Chapter IV. Much 
assistance has been derived from local information respecting the daily stand of th 
water at localities intermediate between the regular gauges, and it is believed that this 
table does not contain any material error. 

Disclwrge pe1· second of crevas es. 

Uolcnn. Napoloon 

I 
Lnko l""~rovhlenc6 

l \l t o to 
Nn.IlOlcon. 1.-nkc L""~rovidcncc . Vick sburg . 

Date. 

I Yick~nrg Nalchcz Jlc() r i vor Opp. Now 
to "' Orleltn'" 

~ntchrz . ll.Nlri\'Cr. Cnrro\llon. (No. ·l 5). 

1\ightlll\nk L<lft bl\nk . Right bnnk Left bnnk. Hight b:tnk l l ,cft bank . 
1
nighL bank 1\ig\JL bnnk ltighl bnnk Higl tt Lnnk 

I 

J8i>8. Cu. feet . Cu. feet . Cu. feel . Cu. jeri. Cu. j et/. Cu. jeri. 

l\1tlrch 30 ....... . .......... :.!11,000 1,000 0 I) 0 0 
31 .. .......... . .. .... 8U, 000 1,000 0 0 0 0 

April 1. ................ . ·10,000 2,000 0 1,000 0 0 
2 .................. 4\l,ODO 2,000 0 3,000 0 0 
0 iiO,OOO 2,000 1,000 ~.ooo 0 5,000 u ..... . . . .......... 

4 ... ............ .. . 50,000 2,000 2,0()0 li ,OOO 0 10,000 
5 .... ......... ..... 48,000 2,000 4,000 8,000 0 14,001) 
6 . ........ ......... 45,000 2,000 5,000 10,000 0 1!!.000 

I 
7 ... .... .... .... ... -12,000 1, 000 5,000 10,000 0 :W,OOO 
8 ..... ........ ..... 35,000 1,000 5,000 10,000 0 :W,OUO 
\) .................. :.1~,000 0 5,01JO !l,OOO 0 :.!0.000 

1 0 ............ ~ ..... lU,OOO 0 ~ .uno 7,000 0 1!1,000 I 
11 .................. 0 ~ I 4,0110 7,000 0 18,01JO I 1 :! . ...... ........... 0 3,000 6,000 0 10,1)00 
13 ....... .... ....... 0 0 3,000 0,000 0 1-i,OOil I 
1~ ...... .......... .. 0 0 2,0[)1) 4,01)() 0 I l.J,OOO 
15 ... .. .. ........... 0 0 , :!,000 3,000 0 1:!,000 
](i ... .. .. ... ... ..... 0 0 I,OilO :.!,()()() 0 !l,OOIJ 
17 .. .. .. ... ......... 0 0 1,000 2,000 0 i,OOO 
18 .. ........ ........ 0 0 0 ],000 0 5,000 I 
Hl .................. 0 0 0 0 0 5,000 
20 ... ...... ......... 0 0 0 0 0 5,000 
21 .................. 0 0 0 0 0 ,000 

Cu. feet. Cu. feet. Cu. feet. Cu. f eet. 
0 0 0 0 
0 0 0 0 
0 0 () 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 () 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 1,000 
0 0 0 2,000 
0 0 0 8, 1JOO 
0 0 0 :1,000 
0 0 0 4,000 
0 0 0 5,000 
0 0 0 5,000 
0 0 0 6,000 
0 0 0 7,000 
0 0 0 i,OOO 
0 0 0 8,000 

22 ..... ............. 0 0 1,000 1,000 0 11,000 
23 . ................. 10,000 1,000 1,000 2,000 0 13,000 
24 ... ....... .. .... .. 1 a,ooo 1,000 1,000 2,001) 0 J.i,OOO 
25 . ......... .. .. .... 28,000 2,000 2,000 4,000 1U,OOI) 
2fi. ................. 37,000 3,000 2,000 4,000 0 :!:!,000 
27 ... .... ... .... .... 45,000 4,000 ~.ooo 4,000 I) :lli, OOO 
2 ····· ····· ·· ······ 5:.1,000 5,000 2,000 fi,OOO 0 :!7,000 
~\) .................. ,j (J,OOO 0,000 2,00 5,000 0 :!7,000 
30 ... .. ............. G-t,oOO 8,000 2,000 5,000 1,000 :li ,OOO 

l\Iny 1 . ................. !i8,01JO 8,000 :!,000 5,000 1,000 I :lll ,OilO 

:.! ... .. .. ... ........ 71,000 \J,OOO 3,000 5,00 1,000 :!·1,000 

3 .. ......... .. ... .. H,OLJO n,ooo :1,000 0,000 2,000 I :!:!,000 
4 ..... .. .. ... .. .... 7li,OOO o,ooo :1,000 6,000 :! ,00 :!0,000 
5 ..... ..... . .. .. ... 78,1)()() o,ooo :-l,OOO 6,000 3,000 :!0,000 
6 ....... ........... 80,000 8,000 3, 000 7.000 ll,OOO 10,000 
7 . ................. 1,000 li,OOO !3,000 7,000 4,000 10,01)1) 
8 . ... .... .. ........ 8 1,000 1! ,000 3,000 7,000 .J ,OOO 1\1.000 
.) ..... .. .. ......... 8 1,000 2,000 3,000 7,000 5,000 10,000 

10 . .. ........... .... 80,000 1,000 3,000 8,000 5,000 1(),000 
11 . .. ...... .. .. ..... 70,000 0 3,000 ,000 n, ooo 10,000 
12 . ................. 70,000 0 :3,000 D,OOO 7,000 J!l,OOO 
1 ;~ ....... ......... .. i:.!,OOO 0 3,000 ,01)0 7,0 0 1 ,01)0 
14 . ...... ........ ... fii,OOO 0 3,000 0,000 ,000 l ,000 
15 . ................. 5-1,000 0 3,000 !l,OOO ,000 l ,000 
16 . .. ...... ..... .... 4\J,OOO 0 3,000 10,000 n,ooo l ,001) 
1i .................. 40,000 0 3,000 10,000 10,0 0 ] ,000 
18 . ................. H,OOO 0 3, 00 10,0 0 10,000 l ,000 

0 0 0 n,ooo 
0 0 0 10,01)0 
0 0 0 JJ ,OOO 
0 0 0 11 ,000 
0 0 0 12,000 
0 0 () l ;~.000 
0 0 0 13,000 
0 0 0 1·1,000 
0 0 () l ii,OOO 
0 0 0 15,000 
0 0 0 lli,OOO 
0 0 1,000 li ,OOO 
0 0 2,000 18,000 
0 0 :!,000 19,000 
0 1,001) 2,000 20,000 
0 1,000 3,1)00 21,000 
0 1,000 3,000 23,000 
0 2,000 3,000 :!5,000 
0 ~.ooo 4,000 27,0 0 
0 2,000 4,000 2 ,000 
0 ~.ooo 4,000 2(),000 
0 2,000 4,000 ao,ooo 
0 3,000 5,000 :lO,OOO 
0 3,000 6,000 30, 000 
0 3,000 5,000 :30.000 
0 :l,OOO ,000 30,000 
0 3,000 6,000 31,000 



Date. 

P R 0 T E C T I 0 N AGAIN S T F L 0 0 D S. 

Discharge pe1· second of C?'evasses-Continued. 

Helena 
to 

NnpoJeon. 

Napoleon 
to 

Lake Providence. 

Luke Providence 
to 

Vicksburg. 

Vicksl.mrg 
to 

Natchez. 

Natchez 
to 

Rod ri ver. 

Rod river 
to 

Ca!Tollton. 

337 

Opp. Now 
Orloaus 
(No. 45). 

Right bank Left bank. Right bank Loft bank. Hi ght bank Loft bank. Right bank Right bank ltight .bank Right bank 

1----·---- ----1------1--- ---·1--- ---1--- --- - --1 

l\Io.y . 

June 

July 

1858. Cu. feet. 
1\).. ........... ..... 42,000 
20... .. . ...... .. .... 41,000 
21. ... .. .. .. .... .. .. 40,000 
22.. ................ 40,000 
23... ............... 40,000 
24 .... ..... .. .. ... .. 41,000 
25 ... : ........ ...... 42,000 
2li. .. .. .. ...... ... .. J3,000 
27.. ........ ....... . 44.000 
::!8.. ...... ...... .... 46,000 
2'J .. ....... ......... 48,000 
30........ .......... 51,000 
31. .. .. .. ...... .. ... 5~,000 

1. .... ........ .... . 57,000 
2.. ............ .... 61,000 
3.. ................ 66,000 
4.. .. .......... .. .. 69,000 
5.... ... ..... .. .... 72,000 
G.. .. .............. 75,000 
7.. .. ............ .. 78, 000 
8....... ........... 81, 000 
D.................. 8~,000 

10. ......... .... .... 87,000 
1 !........... ....... 8'J,OOO 
12... ........... .... 91, 000 
13.. ................ 93,000 
14.................. 95,000 
15.................. 97.000 
16.................. 09,000 
17 .... .............. 101,000 
18 ............ .. .... 1 103,000 
19 ...... ... .. ....... 105.000 
20 .... : ............. 107,000 
21. ........ .. ...... . 1 100,000 
2:! . ...... . .......... 110,000 
23 . ...... ........ .. . 111,000 
24.. ........ .... .... 112,000 
:!5 .......... .. ..... . 112,000 
26 .................. 11 3,000 
27 .. ........ ........ 114,000 
28 ..... ............. 11~ .000 
29 .................. 11 5,000 
30 .... .. ............ 11,5,000 
1.. ................ 116,000 
:2 .................. 11 6,000 
3 .... ............. 116.01)0 
4 ............. ..... 11 .) ,000 
5..... .. ........... 1 1.).000 
6 ...... .. .......... 1 1·1,000 
7 ... ....... .... .. .. 1 11 ;3,000 
8 ............ ...... 1 111 ,000 
0 .. .... ..... .... .. 108,000 

10 .................. 105,000 
ll ........ .......... 97,000 
J 2...... .... .... .... 83,000 
13.................. 67,000 
J.J.................. H ,OOO 
15.......... ........ 35,000 
16....... ........... 16,000 
17.. .... .... ... . .... 8,000 
1 .... .. .. ..... .. ... 2,000 
19.. ...... ....... .. . 1,000 
20... .... ... ...... .. 0 
21. ......... ........ 0 
22....... .. .. .. ..... 0 
23.................. 0 

Cu. f eet. 
0 

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 
6,000 
6,000 
6,000 
7,000 
8,0(l0 
9,000 

10,000 
11, 000 
12,000 
13,000 
u, ooo 
16,000 
18,000 
20,000 
2:2,000 
26,000 
32,000 
38,000 
43,000 
47,000 
52,000 
58,000 
63,000 
68,000 
75,000 
87,000 
n ,ooo 

11 2,000 
12~ , 000 
136,000 
1-14 ,000 
150,000 
152,000 
134,000 
155,000 
155,000 
1.)3,000 
14 ,000 
140,000 
123,000 
105.000 

07,000 
85,000 
72,000 
u3,000 
53,000 
42,000 
32,000 
C) •) 000 
iii;ooo 
12,000 

9,000 

Cu. 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 

0 
0 
0 

Cu. f eet. 
11,000 
11,000 
11,000 
11,000 
12,000 
12,000 
12,000 
13,000 
13,000 
14,000 
14,000 
15,000 
15,000 
1(),000 
16,000 
16,000 
17,000 
17.000 
18.000 
18,000 
19,000 
10,000 
20,000 
20,000 
21,000 
22,000 
22,000 
23,000 
24,000 
24,000 
25,000 
2G,OOO 
27,000 
28,000 
:28,000 
29, 000 
29,000 
30,000 
30,000 
31,000 
31,000 
31,000 
3:l,OOO 
32,000 
32,000 
32, 000 
32,000 
32, 000 
32,000 
31, 000 
31, 000 
30,000 
29,000 
27,000 
24,000 
21,000 
18,000 
15,000 
11,000 

8,000 
6,000 
5,000 
4.000 
3,000 
2,000 
1,000 

43 

Cu. feet. 
11,000 
12,000 
13, 000 
14,000 
15,000 
16, 000 
17,000 
18,000 
10,000 
19,000 
20,000 
20,000 
20,000 
2 1, 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 
36,000 
37,000 
38,000 
40,000 
42,000 
44,000 
46.000 
48,000 
49,000 
50,000 
50,000 
51,000 
52,000 
63,000 
53,000 
54,000 
55 000 
55:ooo 
55,000 
56,000 
56,000 
56,000 
56,000 
56,000 
56,000 
57,000 
57,000 
57,000 
57 .000 
57,000 
58,000 
58,000 
58,000 

Cu. feet . 
18, 000 
18, 000 
18,000 
18, 000 
19,000 
19,000 
19,000 
10.000 
1!l,OOO 
19,000 
10,000 
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 
2·1,000 
24,000 
25, 000 
25,000 
20,000 
26,000 
26,000 
26,000 
27,000 
27,000 
27,000 
27,000 
27,000 
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 
2-1,000 
18,000 
15,000 
10,000 

8,000 
6,000 

Cu. f eet . 
0 
0 
0 

4,000 
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 

Cu . .feet. 
4,000 
4,000 
4,000 
4,000 
5,000 
5,000 
5,000 
6.000 
6,000 
6.000 
6,000 
7,000 
7,000 
7,000 
8,000 
8,000 
8,0[)0 
9,000 
a,oao 
0,000 

10,000 
10,000 
11,ooo· 
u.ooo 
12,000 
12, 000 
13,000 
13,000 
13,000 
14,000 
14,000 
15,000 
15,000 
16,000 
16,000 
17,000 
17,000 
18,000 
1(),000 
1(),000 
20,000 
20,000 
21,000 
21,000 
22,000 
22,000 
22,000 
23,000 
23, 000 
23,000 
24,000 
24,000 
24.000 
24,000 
25,000 
25,000 
25,000 
25,000 
25,000 
25,000 
25,000 
25,000 
25,000 
25,000 
25,000 
25,000 

Cu. feet . 
7,000 
7,000 
8,000 
8,000 
8,000 
9,000 
9,000 

10,000 
10.000 
10,000 
11,000 
11,000 
12,000 
12,000 
13,000 
13,000 
14,000 
15, 000 
16,000 
l f\, 000 
17,000 
18,000 
19,000 
20,000 
21,000 
22, 000 
22,000 
23,000 
24,000 
24,000 
25,000 
26,000 
26,000 
27,000 
28,000 
29,000 
30,000 
30,000 
31,000 
32,000 
32,000 
33,000 
34,000 
35,000 
36,000 
37,000 
88, 000 
39,000 
41,000 
42,000 
43,000 
44,000 
46,000 
47,000 
48,000 
50,000 
51,000 
52 ,000 
53,000 
55 000 
56:ooo 
57,000 
68, 000 
50,000 
60,000 
61,000 

Cu. fe et. 
31,000 
31,000 
31,000 
31,000 
32,000 
32, 000 
32,000 
32,000 
32,000 
33,000 
33,000 
3:3, 000 
33, 000 
33,000 
34,000 
3<1,000 
35,000 
36, 000 
37,000 
38,000 
38,000 

1

39,000 
40,000 
41,000 
42,000 
42,000 
43,000 
4.3,000 
44,000 
<14,000 
45,000 
46,000 
4.6,000 
46,000 
47,000 
47,000 
48,000 
49,000 
49, 000 
50,000 
51,000 
51,000 
52,000 
53, 000 
54,000 
56,000 
5G, OOO 
57, 000 
58,000 
58,000 
50,000 
60,000 
61,000 
62,000 
63, 000 
64 ,000 
65,000 
66,000 
67,000 
68,000 
69,000 
70,000 
71,000 
72, 000 
73,000 
74,000 
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D1".<iclim·ge p er second of e1·evasses-Continued. 

llelcna Nnpolccn Lako t>rovidcnco Ticksburg Natchez Red rivor Opp.Ncw 
to LO to to ID to Or\l'nnH 

Na poleon . l .. nko Providence. Vicksburg. Nnlchcz. H driver. Carrollton. (N o. ~5) . 

D11tc. - · 

Right bnnk J_joft bank. Hight bnnl< I-efi bnnk. Hight bank \ Left bank. Hight ba nk Hight bauk Right ba nk Hight b~tnk 

1858. Cu. f eel. Cu. f eet. Cu. f eet. Cu. f eet. Cu feet . Cit . f eet. Cu . fee t. C1t. feet . C1t. f eet. Cu. f eet. 

July 2~ ..... ....... .... .. 0 G,OOO 0 0 50,000 3,000 6,000 :!:i,OOO ()2,000 74,000 

2;), ... ... . . ... . ... .. 0 4,000 0 0 5i.OOO 2,000 !i,OOO 2-i,OOO () 3,000 7fi, OOO• 

:!G ..... .. .... ... .... 0 3.000 0 0 55, 000 1, 000 6,000 :H , OOO 64,000 ifi,OOO 

27 . .... ........... .. 0 ~.000 0 0 

I 
51, 001) 0 G.OOO 24,000 G·I,OOO 77,000 

28 . ..... . .... .... ... 0 1,000 0 0 47,000 0 5, 000 23,000 G;i ,OOO 78,01)0 

29 ..... . .. .......... 0 0 0 0 ·15,000 0 5, 000 :l:l,OOO 6G,OOO 78,000 

30 .......... .. ...... 0 0 0 0 30.000 0 5,000 :22,000 Ui,OOO 7() ,000 

:'! 1. ................. 0 0 0 0 35,000 0 5, 000 22,000 68, 000 7(), 000 

August 1. .... ............. 0 0 0 0 31.000 0 f>, OOO 21.000 6\1,000 80,01JO 

2 ................ .. 0 . 0 0 0 27,000 0 5,000 :20,000 liO,OOO 0,000 

3 .................. 0 I) 0 0 2~ . 000 0 3,000 10,000 70,000 80,000 

4 ... .... .. ....... .. 0 0 0 0 1(1,000 0 3,000 18,000 70,000 81,000 

5 . .. ... .... .... . . .. 0 0 0 0 ] 3,0 0 0 3,000 ]7,000 71,000 1,000 

6 ............ .. .... 0 0 0 0 10,000 3, 000 J ij,OOO 71,000 8 1, 000 

7 .................. 0 0 0 0 7,000 0 2, 000 15,000 71, 000 8 1,000 

8 .................. 0 0 0 0 5, 000 0 2,000 14 ,000 71 ,000 8 1,000 

!J . ... .............. 0 0 () 0 3,000 0 1,000 13.000 71 ,000 81,000 

10 ......... .. ....... 0 0 0 0 1,000 0 0 12,000 7 1,000 81,01)0 

) 1. .... . .. .......... 0 0 0 0 0 (). 0 11,001) 7 1,001) 81,000 

12 . .. ............... 0 0 0 () 0 0 0 0,000 71,000 81,000 
13 . .. ..... .. .. ... ... 0 0 0 0 0 0 0 ,000 71,000 81,000 
l ·l ................. 0 0 0 0 I 0 0 0 6,000 70,000 8 1,000 
15 ......... ..... ... 0 0 0 0 I) 0 0 4,000 70,000 81,000 
1. 6 .................. 0 0 0 0 0 () 0 2,000 <i!l ,OOO 80,000 
17 ..... ...... ....... 0 0 0 0 0 0 0 0 68, 000 80,000 

18 ......... .... . .... 0 0 0 0 0 0 0 0 67,000 70,000 
1 !J .... .. .... ........ 0 0 0 0 0 (l 0 0 G<i ,OOO 70,000 

20 . ........ . ........ 0 () () ll 

I 
o· () 0 0 ();) ,0()0 78,000 

21. ....... .......... 0 0 () 0 0 0 0 0 (i4 ,000 77,000 

~:? . .. .... . .... ... ... 0 0 0 0 0 0 0 0 u:.!,OOO 75,000 

:!:3 ......... ..... .... 0 () 0 () 0 0 0 0 liO, OOO 7-1,000 

2·1. ................. 0 0 0 0 0 0 0 0 li i,OOO 7~,000 

~5 ...... .......... .. 0 0 0 0 0 0 0 55, 000 71,000 

:.!6 .................. 0 0 0 0 0 0 0 0 f> :.! ,OOO fl\), 000 

2i ............. ..... 0 0 0 0 0 0 0 

I 
0 40,000 <Hi,OOO 

:!8 . . ........ .. ...... 0 0 0 0 0 0 0 0 4ii ,OOO (i 4, 000 

29 . ................. 0 0 0 0 () 0 0 0 -11, 000 ():2,000 

ao ................. 0 () 0 0 0 0 0 0 3i,OOO 5(),000 

31. .... ......... .... 0 0 0 0 () 0 0 0 32,001) fi (J,OOO 

Sept. 1 .................. 0 0 0 0 0 0 0 0 28, 000 52,000 
2 .................. 0 0 0 0 0 0 0 0 2·1,000 4(),000 

3 . .. . ... ........ ... 0 0 0 0 0 () 0 0 17,000 45,000 
4 ..... .............. 0 0 0 0 () 0 () 0 !J,OOO '10,000 

5 . ................. 0 . 0 0 0 0 0 0 0 () :lH,OOO 
6 . .. .. ........... .. 0 0 0 0 0 0 0 0 0 3 1,000 

7 ........... ........ 0 0 0 0 0 0 0 0 0 :w,ooo 
8 ........... ........ 0 0 0 0 0 0 0 0 () :!0,000 

0 ................... 0 0 0 I) 0 0 0 0 0 l li ,OOO 

10 ....... .. .......... 0 0 0 () 0 0 () 0 0 \1,000 

11. .. .......... ... ... 0 0 0 0 0 0 0 0 0 4,000 

The next step js to determine, in accordance with th principl s ln.id down jn 
hapter IV, what the actun.l dn.ily di charge during th flood period 

was at the foll owing l calitie , el cted a being nearly equidistant and 
sufficient in number to answ r all pra tical purpo s : II lena, N n.poleon , 
Lake Providenc , Vicksburrr, Nat b z, Red-riv r landinrr, Donald onville, 
and Carrollton. Th mea ur m n ts at olumbu arc evid ntly not avn.il­
able for this purpo e, ince th daily lo . b tw n that place and Helena, 

Transfer of the 
discharge mea­
sured daily at 
Vicksburg to the 
points selected 
for study. 

by gaps in the levee and by creva s s, could not bed rmin d. Even if thi quantity 
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had been known, it would have been a very delicate operation to transfer discharges 
in this part of the valley, because the conti11ual and excessive oscillations of the river­
involving changes of level amounting sometimes even to :3 feet in a day-would have 
made the amount of the channel correction enormous and very difficult to estimate, 
especially as the mean width of the river is here so great. Vicksburg, therefore, is the 
important position from which the measured daily discharge is to be transferred both 
up and down the river. The following expressions, deduced in the manner described 
in Chapter IV, exhibit the rules for ascertaining all such discharges in the high stages 
of the river, the unit being the cubic foot:-

Discharge per second, } = 
IIcleno., July 15 

DischRrgc per second. } = 
Napoleon, July 16 

Discharge per second at Vicksburg .................................... ...... ........ ... . July 18 
-Discharge per second of Yazoo river .... .......................... ... ... ............ ... July 18 
+ Discharge per 11econd of crevasses, Lake Provid~nce to Vicksburg ............. July 18 
+ Discharge per second of crevasse~, Napoleon to Lake Providence .............. July 17 
- Discharge per second of Arkansas and White rive1·s .............................. July 16 
+ Discharge per second of crevasses, Helena to Napoleon ............... .......... . July 16 

{ 

Rise, Helena ................. ...... .... . ...... .... .. ......... ....... July 14- 15• } 
+ Twice rise, Napoleon ............................................ July 15-16 

+ 13•000 + Twice ri se, Lake Providence ....... .. . ........ ................. July 16-17 
+ Rise, Vicksburg ......... ..... ... ................................. July 17-18 

Discharge per second at Vicksbu~g .......... .... .. ........ .... ........................ .. July 18 
-Discharge per second of Yazoo river .......................................... .. . . . .... July 18 
+ Discharge per second of crevasses, Lake Providence to Vicksburg ... ... .• ..... July 18 
+ Discharge per seco nd of crevasses, Napoleon to Lake Provillence .............. July 17 

{ 

Rise, Napoleon ... .... ....... ... . ... . ... .............. ... ...... .. ..... July 15-16} 
+ 13,000 + T:vice r~se, Lake Providence ............... .. ...... . ............... July 16- 17 

+ R1se, Vwksburg ...... . ... ..... .. ........ ...... ..... . .. .............. . July 17- 18 

~ 
Discharge per second at Vicksburg ... .................... ... .................. .. ........ July 18 } 

Discha.l·ge per second,} - D~schargc per second of Yazoo river ......... ···:" ............ :·· ....................... July 18 
Lake Providence, = + D1scharge per second of crevasses, Lo.ke Providence to Vwksburg .............. July 18 
J 

1 17 
+ 10 OOO { Rise, Lake Provide~cc ............................................... July 16-17} 

u Y ' + Rise, Vicksburg ......................... .. ....... ....... ............. July 17- 18 . 

Discharge per ccond,} = { 
' alcbcz, July 19 

Discharge per econd, } 
Hcd·rivcr landing, = 
July 20 

Discharge per econd, } 
Don~tld sonville, 

July~~ 

D~scharge per second at Vicksburg · ··:···· · .................... ......................... July 18 } 
- D1scharge per second of crevasses, V1cksburg to Natchez ..........•.............. July 18 
+ 

13
,
000 

{ Fall, Vicksburg ..... ......... .. . .... .................................. July 17-18} 
+ Fall, Natchez .............. .. .. ..... .. ................................. July 18-l !l 

Discharge per second at Vicksburg .............................•........... .... •. ... .... . July 18 
-Discharge per second of crevasses, Vicksburg to Natchez ......... ............... July 18 
- Di charge per second of crevasses, Natchez to Red river ......... ... ....... ........ July 20 
+ Discharge per second from Red river .. .... .. ........................................... . July 20 

{ 

Fall , Vicksburg ................. .... ........ .. .. . ... ......... ........ July 17- 18 } 
+ 10,000 + Twice fall, _Natchez._. ............•.. .. ..... .... ....... . ........ .. .... July 18-_19 

+ Fall, Red·r1ver landmg ............................................ July 19-20 

Discharge per Mecond at Vicksburg ....................... . .............................. July 18 
-Discharge per second of crevasses, Vicksburg to Natchez .... . . .............•..... July 18 
- Di charge per second of crevasses, Natchez to Red river .......................... July 20 
+ Discharge per second from Red river .................................... ... ...... ....... July 20 
-Discharge per second of bayou Plaquemine ... ................... ..................... July 21 
- Discharge per second of bayou La Fourche .................... ... ..................... July 21 

{ 

Fall, Vick burg .. ............ ..... ...... . ....................... .. . July 17- 18} 
+ Twice fall , atchez ..... .... ... ............... .......... ..... ...... July 18-19 

+ 1l, OOO + 1\ •i f 11 Rd-. I d' J I 1" 20 1 ee a , e r1ver an mg .. .................. ... ......... ... u y ;,-
Fall, Donaldsonville .. .. ....... ....... ................ .. ........... July 20-21 
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Discharge per second at Vicl<sburg .. .. ..... ..... ... . ........ . ...... ..... .... .. . ......... July 18 
-Discharge per second of crevasses, Vicksburg lo Natchez . .. .... .. ....... .. . .. ... July 18 
- Di schnrge per second of crevasses, Natchez to Red ri ver ................. . ...... . July 20 
+ Disch n.r ge per second from Rod river ..... . .. ... . .. .... .... ........ .. .. ........ . ...... July 20 
-Discharge per second of bay ou Plaquemine ... .. . .... . ... . .. ...... .. . . .. .. ... . .. ... .... July 21 

Discharge per second, } = 
C11rrolllon, July 22 

-Discharge per second of bayou J. n. Fourche ... .. .... . .. .. ... . ... . . . ............... . ... . July 21 
-Dischar ge per second of crevn sses, Red river to arr ollton . ...... ........ ........ July 22 

i 

Fall, Vicksburg . .......... . .... ............ .............. . .............. July 17-18) 
-\- Twice fall, Natch z ................ ..... ... .. . .... ........... . ..... .... July 18-1() 

+ 10,000 + Twice fall, llecl-river landing ... .... ..... ... ... .. .... .. . ... . .. ... ... Jnly 10- 20 
+ Twice fall, Donnldsonville ............... .. . .... . ... . ........ ........ . July 20-:21 
+ Fall, arrollton .. .. ...... ... .... .. ... .. .. ....... .. . . .............. ... ... July 21-22 

Table of results . The following table exhibits the re ults obtain d by applying this 
process to the data given above or contained in Appendices B and E :-

Discha1·ge pm· second of the :Mississippi 'rive1·. 

Date. Columbus. ll clcna. Napoloon. Lake VIcksburg. Natchc1 .. Re<l· rivcr Donnldaon- Carrollton . 
ProYidenco. landing. l'liio. 

----

1858. Cubic fe et. Cubic feet. Cubic feet. Cubic feet. C11bic feet. Cttbic feet. C11bic feet. Cubic feet. Cubic feet. 

Mar ch 20 .... .. 740.000 8 1:2,000 !):30,000 901,000 8!Jl,OOO 

21 ..... . 870,000 870,000 017,000 !) 12,000 !)02,000 

22 .. .. . . () 1,000 8(]2,000 fiJO,OOO QO!l,OOO 807,000 91·t,OOO 

2S ...... 1 ,05(),000 ()23,000 ()()0,000 94i,OOO 0\ (),000 883,000 8()8,000 

2<1. ••••• 1,098,000 !)38,000 1,021,000 \)()0,000 ()(;1,000 951,000 890,000 880,000 

25 ...... 1,1 OG,OOO !)6 ,000 1,04 1,000 fl85,000 ODO,OOO f!3!J,OOO 076,000 DAOOO 880,000 

26 ..... . 1,130,000 !)6~.000 1,070,000 1 ,OOi,OOO 1,017,000 96i,OOO 081,000 9·10,000 918,000 

27 .. .. . . 1,180,000 ()75,000 1,076,000 1,033,000 1,042,000 !)!)5,000 9\l6,000 942,000 !lS!l,OOO 

28 . .... . 1,120,000 !)85,000 1,085,000 1,0·W,OOO 1, 070,000 1,019,000 1,017,000 !)53,000 93!),000 

2!l ... ... 1,105,000 1,000,000 1,1 11 ,000 1,065,000 1 ,O!l1 ,000 l • 0-I!J. 000 1,030,000 !l75,000 953,000 

30 ..... 1,090,000 9\l7 ,000 1,112,000 1 ,Oi7,000 1,1 O!J,OOO 1,078,000 1,052,000 O!JO,OOO 972,000 

31. ..... 1,075,000 1,013,000 1,0\)4,000 1,082,000 ] ' 1 ~2,000 J,om,ooo l ,OG!J,OOO 1,015,000 !l9-I,OOO 

Apri l 1 .. .... I ,059,000 l ,020,000 1,108,001) 1,0i6,000 I 1,120,000 1,105,000 l ,Oii8,000 1,035,000 l .01G,OOO 

2 .. . ... 900,000 1,008, 000 1,1 13,000 1,0 !J.OOO 1,1 !~ 1 ,000 l '112,000 1,0ii,OOO 1,02-1,000 1 ,03G,OOO 

3 .. .... !)47,000 1,01fi,OOO 1,1 11 ,000 1,mJ3,000 1 , 1 ~!l,OOO 1 '113,000 1,tJ8fi,OOO 1,036,000 1,025, 000 

4 ..•.. . 855,000 !)!l!l,OOO 1,120,000 1 ,O!l5,1JOO I ] '142,000 1,1:29,000 1,105,000 1,04-1,000 1,035,000 

5 ... ... 778.000 9!l6,000 1 ,Il l ,000 1,103,000 1, J44,Uil0 1,1 33, 000 1,1:2tl,OOO l ,Ofi1,000 1,043,000 

G .. .... 710,000 988,000 1,11 2,000 1,003,000 1,14H,OOO 1, J.IO,tJOO 1,1:!i,OOO 1,0i8,000 1,057,000 

7 .... .. C2!'!,000 960,000 1 ' 11 2,000 1,0nl ,ooo 1,1·1o,ooo 1,1 ·14,000 1,1:Vi,OOO 1,084,000 1,078,000 

8 ..... . 585,000 94fi,OOO 1,006,000 1,0().),000 1 ' 141 ,000 I, 13G,OUO 1, 1-11 ,000 ] ,0!)5,000 1,0 ::1, 000 

!l ..... . 568,000 93 1,000 1,005,000 1,087,000 l,H!l,OOO 1,1 3(),000 1,1 3:2,000 1,0!lfl ,OOO 1,09:l,OOO 

]0 ...... 1)(\5,000 92·1,000 l,OH2,0t10 1,0!!1,000 1,130,000 1,189,00( l,1 :l:l,UUO 1,090,000 l, O!l ,000 

11 ...... 570,000 8. !l ,OOO 1 ,O!JO,OOO 1 ,O!l3,000 1,145,000 1,1 :l0, 00 1,13·:i ,000 1,08 ,000 1,085,000 

12 ...... 5!)5,000 8 (),000 1,081,000 1,093,000 1 '152,000 1,144,000 1,1 a;~.ooo 1 ,09.),000 1,0!J 1 ,000 

13 ...... 625,000 8n,ooo 1 ,O(i:l,OOO 1,0!)0,000 1,1 1>4,000 1,1 31,000 1,144,000 1 ,003, 00 1 ,0 . 8,000 

14 ..... . 682,000 867,000 1,052,000 1,07!),000 1, 1:.i-J, 00 1,1 55,000 1 ' 151,000 1, 10.i,OOO 1 ,O!J4, 000 

15 ...... 800,000 886,000 1,030,000 1,0tii,OOO ] ,147,000 1 ,1:.ii,OOO 1, 1li3,0 0 1,111 ,000 1 , I 05,000 

1 6 ...... 8GO,OOO 805,000 1,033,000 1 ,Oii6,000 1,138,000 1,150,000 1,165,000 1,121,000 1,110,000 

17 . .... . !)00,000 !)18,000 1,031,000 1,037,000 1 '120,000 1,143,000 1,163,000 1,126,000 1 ' 110,000 

18 ...... !)50,000 927,000 1,040,000 1, 034,000 1,110,00 1,133,000 1, 16:l,OO 1 ' 123,000 1, 12G,OOO 

1 !l . ..... 1,000,000 94.),000 1, 038,000 1 ,03i,OOO 1 '1 0;),000 1,111.000 1, 16:!,000 1,114 ,000 1,12-1,000 

20 ...... 1,031,000 !loO,OOO 1,053,000 1,030,000 1 '103,000 1,10-1,000 1, 15,1,000 1.120,000 1 ' 121 ,000 

21. ..... 1,086,000 97 -1,000 1.06fi,OOO 1,0-t i,OOO 1 ,00!1,000 1 1,09 ,000 1 '1.).).000 1,1 I 1,000 1,1 2 1,000 

2:l . . .... 1,120,000 9!JG,OOO I ,080,000 1,060,0 0 1,111,00) 1,096,000 1, 15H,OOO 1,113,000 1,10 ,000 

23 . .. . .. 1,210,000 1 ,OOo,OOO 1,0!J5,000 1,06!1,000 1,1~3.000 1,110,000 I, 161 ,000 1, 11 !1, 000 1, 11·1,000 

24 .... .. . 1,2G1,000 1,02:1,001) 1,100,000 I ,082,000 ] ,130,000 1 1, 122,00() 1, l HO,OIJO 1,120,000 1, ll !J,OOO 

25 ...... 1 ,2(i5,000 1,02 1,000 l, 107,000 1,0H8,000 1,140,000 l, 1 ~7.000 , ], l 0 1,000 1, 13i ,OOO 1, 11!l,OOO 

20 .... . . 1 ,_60,000 1 ,o~n.ooo 1,102,000 1,002,00 1 '144 ,000 1, l 3t.i,OOO 1,1 Ou,OIJO 1 '148, 000 1,136,000 

27 .. .. .. 1 ,2~7.000 1,041,000 1,103,000 1,0 !),000 l '140,000 l, 1;l8,000 1 ,2();~,000 1,150,000 1, 14H,000 

28 .. .... 1, 2 10,000 1,0:i8,000 1,10-1,000 1,08i.000 1 '1~ 1,000 1, 14 :),000 1,:!0;l,OOO 1, 1fi3,000 1,14!),000 

20 ...... 1, liO, OOO 1,01)3,000 J '114.000 1,08!1,000 1,141, 000 1 1,1%,000 1,20H.OOO 1, 1fi2,000 1,164,000 

80 ... .. . 1,1 1 ~.ooo 1,001,000 1,1 0G,OOO 1, 100,00 1,H3,000 1,1 36,000 1,1 !10,000 1,1 6(),01)0 1,166,000 

1\Iay 1. ..... 1 ,0"0,000 1,0G7,000 l,1 0i,OOO 1,0!)7,000 1,1 GO,OOO 1,1 3 ,000 1, l fJ3,01)0 1 ' 157,000 1,164, 000 

2 .. .... 080,000 1,0fi:!,OOO 1,10 ,000 1,097,000 1,1 01,000 1,15 ,000 1,1!l..J,000 1 ' 148,000 1, l 56,000 

3 ..... . 8no,ooo 1,077,000 1 '1 04,000 J,O!lii,OOO 1.1(;2,000 1,156,000 1,210,000 1 '1 ·15,000 1,146,000 

4 ...... 803,000 1,0G7,000 1 '117,000 1,0!lG,il00 1,1 G5,000 1,15 ,000 1, 207,000 1' 163, 000 1 ' 142,000 

5 ...... 78i,OOO 1 ,07:.!,000 1,108,000 1,10ii,OO 1, Wi,OtJO 1, lfi..J,IJ( 0 1,2Hl,OIJO 1,1(;1,000 1,168, 000 

6 ...... 779.000 1,071\,000 1,117,000 1, 100,0\lO 1, 1i ,000 1,1 UG,OOO 1,2 13,000 ] ,16 :~.000 1, 15!!, 000 

7 ..... . 777,000 1,08:~,000 1,125,01)0 1, 10G,OOO 1, n~.ooo 1,1i ,llOO 1,21:3,000 1,161i,OOO 1,160,000 

8 .. .. .. 787,000 1,08!l,OOO 1,134,000 1, 11 G,OOO 1 '1 1,000 1,174,000 1,:.21 ,000 1, JC7,000 l , lGO,OOO 
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Discha1·ge p e1· second of the jJ1_ississ?ppi 1·ivm·-Continued. 
-

Date. Columbus. II elena. Nnpolcon. I_Jakc Vicksburg. Natchez. Red-river Dona.l flaon- Carrollton. Prov idence. 1nnding. vi lle. 
----

1858. Cubic feet . Cubic feet. Cubic feet. Cubic f eet. Cubic feet. Cubic f eet. Cubic f eet. Cubic f eet. Cubic feet . 
M11y 0 .... .. 800,000 1,073,000 1,145,000 1,125.000 1,100,000 1 '1 81' 000 1,207,000 ].]75, 000 1 ,Hi3,000 

10 .... .. 8:!0,000 1,096,000 1,1 30,000 1 ' 134,000 1,200,000 1,1 87, 000 1. 207,000 1,161,000 1,169,000 
ll ..... . 880,000 1,0Li8,000 1,146,000 1,121,000 1 ,20!J,OOO 1,1 99,000 1,20.5, 000 1,160,000 1,1 57,000 
1 2 ...... 053,000 1,0!J i ,OOO 1,135,000 1,1 34,000 1, 200,000 1,209,000 1,212,000 1,163,000 1,1 55,000 
13 ...... 970,000 1,092,000 1,149,000 1,127,000 1,211,000 1,200,000 1,216,000 1,166,000 1 ' 162,000 
14 ...... 1,005,000 1,0 3,000 1,152,000 1,140,000 1,204,000 1,214,000 1,202,000 1,174,000 1,163,000 
15 .. .... 1,030,000 1,076,000 1,161,000 1,142 ,000 1,218,000 1,204,000 1,213,000 1 ,15\l,OOO 1,170,000 
16 ...... 1,030,000 1,076,000 1,161,000 1,147,000 1,220,000 1,2Hl,OOO 1,203,000 1,170,000 1,156,000 
17 .. .... 1,011,000 1,068,000 1,166,000 1,148,000 1,223,000 1,221,000 1,217,000 1,1 62,000 1,165,000 
18 ...... 1,008,000 1,071,000 1,162,000 1,153,000 1,224,000 1,224,000 1,218,000 1,174,000 1,156,000 
19 ...... 1, 005,000 1,010,000 1,165,000 1,140,000 1,230,000 1,223,000 1,221,000 1,177,000 1,168,000 
20 ... .. . 900,000 1,0/4, 000 1,1 70,000 1,147,000 1,225,000 1,220,000 1,210,000 1,17!J,OOO 1,172,000 
21. ..... \1 2,000 1,075,000 1 ' 174,000 I ,156,000 1,223,000 1,224,000 1,224.000 l, 17i,OOO 1,171,000 
22 ...... ()85,000 1,074,000 1,177,000 1,160,000 1,232,000 1,223,000 1,221,000 1,184,000 1,16\1,000 
:23 ... ... 1, 010,000 1 ,06u.OOO 1,174,000 1,Hil,OOO 1 ,23J ,OOO 1, 228,000 1,219,000 1,1 82.000 1,177,000 
24 ...... 1 ,OJ .J,OOO 1.070,000 1.1 69,000 1 ,1GO,OOO 1, 235, 000 1,229,000 1,224,000 1,170,000 1,1 G8,000 
25 ...... 1,01 .000 1,082,000 1 '174, 000 1, 154,1J00 1,23!i,OOO 1,2:28,000 1,220,000 1,183,000 1,170,000 
2G ...... 1,114,000 1,075,000 1,180,000 1 '1 fi5,000 1,:227,000 1, '228,000 1,233,000 1,188,000 1,1 73,000 
27 .... .. 1,133.000 1,080,000 1,174,000 1,162,000 1,227,000 1,221, 000 1,238,000 1,1()2,000 1,17\l,OOO 
28 .. .... 1 ' 137,000 1,0!)6,000 1 ,17·1,000 1, 15!),000 1,236,000 1,220,000 l ,23.~,000 1, 107,000 1,182,000 
2() .. .... 1, 1-lO,OOO 1,100,000 1 ' 178,000 ] ,157,000 1,233,000 1,:230,000 1,:234,000 1,HH,OOO 1,188,000 
30 ...... 1,Ho,noo 1,116,000 1,180,000 1,158,000 1,'230,000 1,2:2\l,OOO 1,238,000 l ,J \l3,000 1,183, 000 
31 ...... 1,1J2,000 1,11 ,000 1,180,000 1,160,000 1,230, 000 1, 224,000 ] ,233,000 1 ' 197,000 1,181,000 

Juno ] .. .... 1, 143,000 1,117, 000 ] ' 184, 000 1 '16!J, 000 1,232,000 1,2:?5 ,000 1,221,000 1,104,000 1,186,000 
2 ...... 1,151,000 1, 1:25,000 1,101,000 1,162,000 1,241 ,000 1,:227,000 1,218,000 1,180,000 1,181,000 
3 ...... 1,161,000 1,122,000 1, 192,000 1,171 ,000 1,233,000 1,237,000 1,219, 000 1, li7,000 1 ,1f\8,000 
4 ...... 1 ' 115,000 1,117,000 1,1 \)1 ,000 1, li1 ,000 1,2ol1 ,000 1,226,000 ] ,229,000 1,178,000 1, 1G3,000 
5 ...... 1,1 5,000 1,114,000 1,1!)2,000 1,1G!l,OOO 1,242,000 1,236,000 1,217,000 1,188,000 1,163,000 
u ...... 1, 1\)5,000 1, llG,OOO 1,180,000 1,168,000 1,'240,000 1,239,000 1,2:26,000 1,176,000 1,171,000 
7 ...... 1,206,000 1,126,000 1, 16(),000 1 , ~ 5 7,000 1,238,000 1 ,'236,000 1,230,000 1,183,000 ] ,160,000 
8 ...... ] . ~ 22,000 1,132,000 1,178,000 1,145,000 1,227,000 1,234,000 1,225, 000 1,1 80,000 1,166,000 
\) ...... 1,241 ,000 1,141 ,000 1,185.000 1,152,000 1,214 ,000 1,223,000 1 ,22-~,000 1,184,000 1,171,000 

10 ... ... 1,:!5.),000 1,13G,000 1,190,000 1,150,000 1,220,000 1,212,000 1 ,2ll , 000 1 ' 183,000 1,164,000 
1 1 .... .. 1,2 70,000 1,137,000 1,1 3,000 1,164 ,000 1,225,000 1,218,000 1,201,000 1,16!1,000 1,163,000 
12 ...... 1.281,000 1 ' 1-17,000 1, 17\l,OOO 1,157,000 1,22\1,000 1,21\l,OOO 1,205,000 1,156,000 1,148,000 
13 ...... ] ,300,000 1,1 50,000 1.183,000 1,152,000 1,222,000 1,224,000 1, 206,000 1,163,000 1,133, 000 
1~ ...... 1,31 ,000 1,15!l,OOO 1,1 78,000 1,156,000 1, 216,000 1,22 1,000 1,211,000 1,161,000 1,141,000 

15 ...... 1, 3~ \1,000 , 1,167,000 1.185, 000 1 ,1<1!1,000 1,219,000 1,214,000 1,20!J,OOO 1 ' 168, 000 1,139,000 

16 ...... 1 ,:'l88,1l00 1,169,000 1,189, 000 1, WO,QOO 1,212,000 1 ,21G,OOO l ,201,000 1,168, 000 1,144,000 

17 ..... . 1,-103,000 1,185,000 1,187.000 1,160,000 1,218,000 1,210,000 1,201,000 1,161,000 1,146,000 

1 ······ l. -103,000 I 1,Hl7, 000 1,197,000 1 ' 157,000 1 ,22:..,000 1,217,000 1,1 H6, 000 1,161,000 1,136,000 

1 \J ...... 1 .too oon I 1.217,ooo 1,2110,000 1, J (iu,OOO 1,218,000 1,21 !l,OOO 1,203, 000 1,155,000 1,137,000 

20 ...... 1:39 :ooo 1,2:W,OOO 1,212,000 1,170,000 1,226,000 1,215,000 1,204,000 1 ' 162,000 1,120,000 

21 .... .. J.3!L-.ooo 1,:?J4,000 1,209,000 1,1 80,000 1,231,000 1,223,000 1, 19!l,OOO 1,16-1. 000 1,1 35,000 

22 . . .... 1 3 3 noo 1 1,251 ,ooo 1,221,000 1,1 i u,OOO 1 ,2'38, 000 1,228,000 1,207,000 1 ' 158,000 1,137,000 

23 ...... 1 ' 36o: ooo I 1, 250, ooo 1,210,000 1,188,000 1,234,000 1,233,000 1,2ll ,000 1,166,000 1,1 2!l,OOO 

2L .... 1: ::l!lO,IlOO 1,24o,OOO 1,:no,ooo 1 ' 1 G,OtlO 1,2-15,000 1,230,000 1,210,000 1,Hi\l ,OOO 1,136,000 
')" 1,2 li,OOO J,:n-.ooo 1.1 ()(),000 1,1 76,000 1, 242,000 1,23\l,OOO 1,212,000 1 ' 175,000 1,13 7,000 - <> ...... 
2u .... .. 1,2.)~1,000 1,20(1,000 1,1 \!,000 1 ' 1(;4,000 1,231,000 1,237, 000 1,220,000 1,171 ,000 1,144,000 

27 ...... 1,22o.ooo 1,:w ' ,ooo 1.1 8\l, 000 1, 1::>;l,OOO 1,220,000 1,225,000 1,2 18,000 1 ' 170,000 1,140,000 

:! .. .... 1,157,000 I 1,:.!H1,000 1,1 ,000 1 ' 1 5:3,000 1 ,20!l,OOO 1,215,000 1,207,000 1,178,000 1,147,000 

:.!fl ...... 1 ,ono,ooo 1 ,30U,OilD 1, 1\J6.00o 1,153,000 1,207,000 1,206,000 1,105,000 1,165, 000 1,146,000 

30 .. .... !lHi,llOO 1, 324,000 1,:202,000 1,101,000 1,20u,OOO ] ,203,000 J ' 185, 000 1,155,000 J ' 131,000 

July 1. ..... -11 ,000 1,32 /,1)00 1,203,000 1,16li,OOO 1,2W, OOO 1,201,000 1 ' 183, 000 1,144,000 1,122,000 

2 ...... 7·10,000 1 ,33:.!,000 1,20:.!.000 1, 16G,OOO 1,2 Hl,OOO 1,2 14,000 1 ' l 0,000 J ' 142,000 1,108,000 

8 ...... li71,1JOO 1,3:!a,ooo 1,201,000 1, 16G,000 1,210,000 1,214,000 1,19.J,OOO 1,1 3!J, OOO 1,106,000 

4 ...... I G.JO,OOO 1,320,000 1 ' 196,000 1,163,000 1,218,000 1,215,000 1,194,000 1,153,000 1,101 ,000 

5 .... .. 619,001) 1,334,000 1,Hl, 00 1, 10!l,OOO 1,215,000 1,214 ,000 1, l \l5,000 1 ' 1fi3,000 1,114,000 

6 ...... GO:!. f){){) 1,32 ,000 1,208,000 1,161,000 1,212,000 1,2 10,000 1,1 !J4,000 1 ' 154,000 1,112,000 

7 .... .. 5G ,000 1,309,000 ] ,20 ,000 1 ' 1 70,000 1,:..1 2,000 1,207, 000 1,1 \l,OOO 1,152,000 1,11 2,000 

8 ...... 53:~,000 1 ,30.),001) 1,:l10,000 1,1 i ::l,OOO 1,220, 000 1,2llG,OOO 1,186,000 1 ,14G,OOO 1,107,000 

9 ...... 500.000 1,275,000 ] ,206,000 1 ' 176,000 1,22-! ,000 1,213,000 1,1 8fi,OOO 1,14 6,000 1,101 ,000 

1 () ...... 490.000 1,:.!4:.!,0 0 1, 1 o~.ooo 1,172,000 1,226,000 1,218,000 1,103,000 1,145,000 1,103,000 

11 ...... 4 5 .1l00 I 1. I(Hl. OOO 1 '1 R,OOO 1,167,000 1,223,000 1,220.000 l , 198,000 1,152, 000 1 ,oa8,ooo 

1:! ...... 4'ii,Oil0 I, lfj2,000 1,115.000 1 ,1u·J,OOO 1,220,000 1,21 i ,OOO 1,200,000 1,157,000 1,104,000 

13 ...... 46-J.OOil 1.1:.!3.000 1.172.000 1,168,00 1,218,000 1,214,000 1 ' 1 ()6,000 1,159, 000 1,108,000 

H ...... 4Gfi,OOO 1 ,0/.i.fH~l 1, lfii.OOO 1,164,000 1 ,2:1:!,000 1,211 ,000 1 ' 195,000 1 ' 154,000 1,108,000 

1 5 ...... 461l.ltllll 

1

1 ,n:1tj,OI)O 1, 15.),000 1,1 !iH,OOI) 1,220,000 1,217,000 1 ' 1\l l ,000 1,155, 000 1,103,000 

J(j, .... 4-13.( ()(I 9b!l .000 1 ' 134,000 1, 11i9,000 1,221,000 1,214,000 1 ' 190, 000 1,150,000 1,102,000 

17 ...... 425.000 %3 ,000 1 ' 11 2.000 1,162,000 1,220,000 1,215,000 1,195,000 1,158,000 1,095,000 
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D ischa1·ge per seconcl of the ~Mississippi ?'i'Ve?·-Continued. 

-
Dat.c. Colu mbus. IIo lou~. N ttpo1con. J,qko Vicksburg. X atchPz. I llcd-rivrr ])onnl<.l i«ln- Carrollton. 

Providence. larHling. vi lle. 

1858. Cubic feet. Cubic f eet. Cubic feet. C•d•ic feet. Cubic feel . Cubic feet. I Cubic feet . Cubic fee t. Cubic feet. 
July 18 .. . ... 425,000 !N4 ,000 1,0!18,000 ., , 1~ 3, 000 1 ,:!:![i ,IHH) 1.~ ~ 1 , 0 11 1) 1, 1!17.000 1.1 !i;>,llllO 1.1 Il l , 01)1) 

1!1 ...... 4 ~ 5, 000 931,000 1,08ti,OOO 1 ' 1:18, 000 1,:!:!0,000 1 ,:!1 n,ooo ! 1 ,21l7.ooo 1, 1J)fi, Oil0 1,0!lG,000 
20 ...... 403,0()0 l ,OSU, OOO 1 ,l:){i,OOO 1.21 !<, 000 1 . ~1 0,00() 1 ,~il2,0il0 I, 11ili ,OOO 1 ,O!l!l,OOO 
21 ... .. 5'2 1,000 1, l :J!l,OOO 1,:!111,001) 1,:!1:!,000 1,1!l!l,illlll I , I G1 ,000 1, 107,0(10 
2:2 ...... 59!i,000 1,:!1 8, 000 1, :!1 ·1,001) I , l (l!i,OOO 1, 15fl,OOO l , 10:! ,000 
2L .... 620,000 l ,~ lil,OOO 1,:! 1 ~.ooo 1, 198,000 1 ' 165, 000 1 ,0!18,000 
24 ...... G3!l,OOO 1, 18(), ()()() 1 ,:!07,000 1,:wn,ooo 1,158,000 1,09 1,000 
25 ...... OGO,OOO 1,180,000 I 1, 181i, OOO 1.1 ()3, 000 1, 11i3,000 1,0!lG,OOO 
2G ...... Gli!i,OOO l ,1 70,000 1,17 ,000 1 ' 17:! ,001) 1, 1r,a,ooo I, 1011,1 1110 
27 ...... GG5, 0UO 1 ,155.0()0 1,11;!),0()0 1 ' 164,01)1) 1 '132,000 1,0!l i ,I!OO 
28 . . .. .. G64,000 l.1 5H, OOO l , l 'i ~ . noo 1,150,000 1,12-1,000 1,067 ,000 
2'J .... .. 062,000 l ' 15-3,000 1, 1:ji,OOO 1 ' 1~1 ,000 1 ' 1 :2~ , 0110 1 ,Oii\l, llllO 
30 .. .. .. 1)1-1,000 1, 1 ~ ,001! 1, I .)~, 1100 1 ' 1·17 .000 1 ' 1 02,000 1 ,or)B, onn 
31. .. ... 68!1,11(10 1,147,000 1,1 +t;,ono 1 ' 14 1,1)1)1) I, 10!l, lli!O 1 , 03~ ,000 

Aug. 1. .... . GGO,O<JO 1,1 ~0.000 1,H7,1100 1,1 :3 ,001) I, 1118,000 1 ,().10 ,000 
2 .. .... 532,000 1, 1:37,001) 1, 13!1,000 1, ~~~ . ooo 1,102,000 I ,03(1,000 
3 .. .... 51·1,01)1) 1,117,000 1, 1:l7,1!00 1, j :~ -1 , 001\ 1,107,000 1 '03:2,000 
4 ...... 493, 000 1,10-1,000 1 '117,000 1,1 35, 0110 1,0!1(),01)1) 1,037.0110 
5 .... . . ,180,000 1 '1)(18, 1)1)1) 1,1 llfl, 0110 1,11 li, OOO I , 1112,000 1,1!28,1!00 
G ...... 479,000 1,086, 0011 1, 101 ,1!00 1, 108,000 1,08 1,000 1,033,000 
7 ...... 4 0,01)0 1,01i 7,000 1,0!12,000 1,10G,OOO 1,0H,OOO 1 ,0 1~ , 000 
8 ...... 4()0,000 1,0.)0,000 1,0i ·I,OOO • 1,0\1\1 Olltl 1,1li7,111l0 1,003,1)1)0 
'J ...... 4'Jli.OOO 1,11:! G, OOO 1,037,1)1)1) 1 1,08:l, OOO 1,068,000 1,008,000 

10 ...... 496,00 1 ,rn o,ooo 1,0:18,000 I ,OGH,OOO 1.o.; ,; ,ooo !'l!lR,OOO 
11. .. ... 4!l5,000 9!1:l, OOO 1,o~n . ouo 1 ,0-1\),000 1 ,0+0,000 !l G,OOO 
12 ...... 480,000 !)8:!,000 1,007,001) 1,051,000 1 , 0~ 1 ,000 !)68, 000 
13 ...... 468,000 !).;1,000 nn~.ooo 1, 02!l,OOO 1,027,000 !l-l!l,OOO 
14 .. .. .. 467,000 935,000 !167,000 1,019 000 ! ,OOR,OOO !):)5, 000 
15 ..... . 450,000 020,000 9-18,000 !1!)3,000 'JH4,000 ():33,000 
16 .... .. 432,000 ()09,000 938.000 079,000 965,000 D25,000 
17 ...... 411,000 ()04.000 !l 18,000 I 072,00() !).):!,000 8H7 ,000 
18 ...... 391,000 882,000 01"1,000 n ,;:~.ono 'J-Ifl, OOO R !i, OOO 
10 ...... 385,000 I 873,1)00 8\1.),000 ().) ~ , 1100 !127,000 880,000 
20 ...... 383 ,000 I 8GO, OOO 7,000 ():l6,000 !1:l ~ , ooo G:), OOO 
21 ...... 3Gn,ooo 8:-l :! ,OOI! 87!1,()1)1) (130, 0011 \1~0,01!0 87 ~,000 
22 ...... 3133,1)00 8! :!,000 8.-,o,ooo I (1:!·1,0110 !l 15,000 850,000 
23 ..... . 3G4,000 i Ol, OOO :!0,000 !1-i,OOO 012,000 8G:l, OOO 
2+.. .... 340,000 i ii ,11110 87 ~1,000 88a, ooo 85-i ,OOO 
~5 .... .. 333,000 HH,OOO 

I 
871,000 830,000 

2G .... .. 300, 000 714 ,000 82.1,000 

On page 359 a table precisely similar to this exhibit the daily dis harge at certain 

Conclusive proof 
of the exactness 
of the measure­
ments of the Sur­
vey furnished by 
these tables and 
certain other 
transferred· dis­
charges. 

points b low Red-river landing in the flood f 1851. B fore proc ed­
ing with the discus ·ion of the flood of 1 58, the e tables will be criti­
cally examined, with a view to te t the xactne s of this sy ·tern for the 
transfer of discharge by det rmining whether the discharges and the 
corresponding stand of the riv r, at th everal locali ties, as shown by 
the gauge-records, conform to the laws already d duced in Chapter V 
from the observations at the permanent velocity- tation . This, how­
ever, is not the only criterion by which the accuracy of the system 

can be judged. 'rhe actual m a. uremcnts of di char(Te at c rtain dates at t mporary 
stations above Carrollton, in 1851, furnish th ever st possible te t of the work. Long 
before the syst m in question was appli d, all th computation of di charge had been 
made from the measurements, and the r ults appear in thi · rep rt xa tly as they 
were then prepared, without any chano- or modifi ation , hatev r. 1,h yst m of 
transferring di charge, as alr ady xplained, i a pur ly math matical one, allowing 
no latitude in its application. The dir ct compari on by transfer of the e results is 
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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 1 58 at Providence, Donaldsonville, and Carrollton, where large cre­
vas:es just below the towns modified the usual form, all of these curves accord with 
the laws laid down in Chapter V. To this presumptive evidence of their accuracy is 
added the remarkable agreement between the opemtions of the two years. At Red­
river landing- and at Donaldsonville and Carrollton, prior to the breaking of the 
crevasses-the two curves arc 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 tes t, however, as already intimated, is the comparison 
between the result obtained in 1851 by actually gauging the river, and those obtained 
by tmnsferring the di charge measured at Carrollton up to the same point. Eight of 
those actual measurements were made a. t Ba.ton Rouge or Re<.l-river landing, and they 
are all represented on this plato. Tho gaugings were conducted at points more than 
100 miles apart, between which the river was changing its stage, and discharging its 
, urplus wat r through two large bayous and several crevasses. When cmTected fo1• 

tlwse cat~es of variation and transferred to the swne point, tlw two ·independent ?'e.sults 
tm?'formly acco1·l so closely with each other, that even a slight vm·iation in the force or 
di1·ection of the wind, 1j 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
duce<.l upon the re ervoir action of the channel by confining the flood 
between its bank - a very important matter, as will be hereafter seen­
the fi.r:;t tep is to a certain the amount by which the high-water dis­
charcr at the everal localities under consideration were diminished by 

0 

crevas. e , supposin()' the river above Helena. to have remained in its 

actual condition . 

Effect of the 
crevasses below 
Helena upon the 
discharge at 
points below 
that town, to 
be first inves­
tigated. 

Below Rod riv r this ca.n be done by tracing each day's discharge down stream and 
ad<.ling to it the di"charo·e of the different crevasses during its pa sage 
past them. Ab ve Rcd-ri vcr landing, the question ]s more complicated, 
sine the actual di. charg of the different tributaries was greatly 
augmented by the return of crevasse-water through their channels. 
The allowa.nc to be made for this augmentation will be considered for 
ea h tributary separately . 

This requires a 
knowledge of the 
contributions 
proper of the 
several tribu­
taries. 

The wamp near th months of Arkansas and White rivers are comparatively 
small , a. may be een by reference to plate II. They were open to the That of the 
Missi sippi for everal mile near the mouth of White river in 1858, Arkansas and 
and were thus gradually filled as the Mississippi rose. White r iver White rivers. 

itself nJ o di ·har;red much water into them during its great rise in March and April. 
Th y nre n t, th reforc to b regarded as res rvoirs at the top of the flood in July, 
sin e th y ,vere already full of water, and whatever entered by crevasses and gaps at that 
time mu t ha,·e forced out a nearly equivalent amount through the two channels into the 
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Mississippi. The measur~ments of the Survey demonstrate the correctness of this 
opinion, as will now be shown. Defini te information relative to the condition of the 
Arkansas and White rivers during the flood period was obtained. There was but one 
important rise in each river. In the Arkansas this occurred in March , being at its 
height at Little Rock on Ma,rch 22, when it was only 3 fee t below the great flood of 
1844. The White river flood occurred early in April, being at its height at Des Arck 
about April 10, when it was only 1 foot below the flood of 18·±4. After the month of 
April, both rivers remained low, with occa ·ional, unimportant ri es, during the entire 
flood period. Let us now examine the discharge mea urements 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, notwith tanding a large ri ·e in th at rive r, then passing 
Napoleon. As already stated, Arkansas and Whi te rivers fell to an ordinary stage by 
the end of April. The measured discharge through their channels to the Mississippi, 
however, remained witlwut any important diminution until August. From wltat source 
was the wat r derived which thus maintained the di charge after the supply above had 
failed? Evidently from the Mississippi itself, which poured through the crevasses and 
the gaps near the mouth of White river a large volume of water which returned imme­
diately by the channels of the two rivers. What proportion of their discharge was 
upland drainn.ge can be approximately determined in two ways. By th e above tables 
the total discharge of the Arkansas and White rivers between April 23 and July 19, 
inclusive-the period during which the last great rise of the Mi sissippi was forcing 
water into their swamps-was 1,072,396,800,000 cubic feet. The total crevasse dis­
charge into their bottom lands during thi time was 5 ~ ,144,000,000 cubic feet. On 
Jllly 10 no more water remained in th swamps than wa in them on April 23. The 
difference b tween these total dischar(J'es (514,252,800,000 cubic fee t) is, then, the 
amount which Arkansas and Whi te rivers proper contributed to th Missis. ippi in the 
eighty-seven days under consideration. This is at the mean ra,te of G3,000 cubic fi et 
per second for the whole time. The second m thod of apr roximating to the daily dis­
charge of the two rivers during the great ri e i as follows : By August 6, the river at 
Napoleon had fallen over 11 feet, and all the wat r had drain d from the Whi te river 
and Arkansas swa.mps. During the succeeding fifteen days, wh n (according to the 
facts gathered concerning the condition of those riv r at point above th influence of 
the Mississippi river) the supply from abov ontinued to be about the sa.me a during 
the great rise of the Mississippi, the average eli charge of the e two riv rs was 54,000 
cubic fee t per second. This quantity di:ITers so littl from the result of the form r pro­
cess, that no material error can arise from a. uming that the Arkan a. and White 
rivers together discharg -d about 60,000 cubic feet per econd of drainag prop r into 
the Mississippi during the last grea.t ri . e. This timate i sufficiently large, and is 
therefore s!lfe. During the ri e of the Missi .·ippi in l\Iarch, these wamps wer doubt­
less reservoirs, which received and retained the , ater lo t throu (J'h the crevas es. 

0 

They, however, partially return d it a th ri v r fell b tween th two rise . 

That of the 
Yazoo river. 

'l'he information coll ted r pecting th condition of th Yazoo 
river during the flo d was qually xact and d ciAive. ~rwo rises of 
importance, independent of Mis i · ippi water, occurT d. One took place 
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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 Y a,zoo 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 cre­
vasse-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 cre­
vasses, draining into the Tensas and Black-river swamps, occurred, is a 

0 That of Red 
more complex problem. ld river, situated just above the landing, is a river, as modi-
former bend of the Mississippi, which Shreve's cut-off transformed into a fied by bayou 
kind of lake. Its level depends direc tly upon that of the Mississippi, Atchafalaya. 

with which it is till connected. It receives the water of Red river, and is drained by 
bayou Atcbafalaya, a species of immense waste-weir, which, for any given stand of Old 
river, must discharge a nearly unvarying amount of water. The direction 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 stream discharges more water 
than the Atchafalaya can carry off, its surplus empties into the Mississippi; and when, 
on the contra,ry, its supply is insufficient to maintain the di scharge of that bayou, the 
deficiency is made up from the Mississippi. By reference to the table on page 333, it 
will be een that for nearly the whole of the flood period in 1858 there was no sensible 
current in . the mouth of Old river. Consequen tly, during this time the discharge of 
R d river into Old river was just sufficient to maintain the normal discharge of bayou 
Atcbafalaya. In order to determine, therefore, what would have been the condition at 
Rod-river landing, had the Mississippi been confined to its channel during the flood, the 
facts re pocting Red river itself must be ascertained; for the Atchafalaya would have 
drawn from the Mi si ippi at -that point precisely the amount which was actually con­
tributed by the .Jii is ippi crova ses to increase the normal discharge of Red river. 

About 25 miles above its mouth, Red river receives the waters of Black river, an 
important ribu tary, which drains the whole swamp country west of the Mississippi 
betwe 11 Cypre s creek and Natchez, into which, in 1858, many crevasses were discharg­
ing. For this rea ·on, the condition of Red river proper must be determined from 
observation above the mouth of Black river. At Alexandria the following facts rela­
tive to it w re ob erY d. 

The first ri.' of Red river occurred in January. It was highest on January 12, 
wh n it was 7 feet below high water of 1849, the greatest recorded flood in the river. 
Thi. rise was th highe t which had occurred since 1851, when it stood, on March 20, 
1 foot below th high water of 1 49 . By the last of January, 1858, the river had 
f.'tllen about 4 feet, and then again began to rise. On February 1, it was 9.6 feet below 
hi O'h water of 1 49, and wus discharging 82,000 cubic feet per second. On February 
2 it had risen 0.3 of a foot, and was di. charging 90,000 cubic feet per second. It con­
tinu d to ri .-e until February 23, when it was only 3.9 fee t below high water of 1849. 
It th 11 fell, at fi r ' t gradually, and then rapidly, until abou t the middle of March, when 
it wa , 19 [i ot below high wuter of 1 49 . It then began to rise, until on April 22 it 
had ttttain d it hi O'he t point for the year, being only 3.0 feet below high water of 

44 
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1849. It then grn,dually subsided to low-water mark. On June 24 it was exactly 
23 feet below high water of 1840, ancl di scharging very littl e wrtter. It shoulcl 
be added thnt the extreme range of the river at Alexandria is 4 7 fee t. The 
month s of May, June, and J uly being those of hi rrhe t water at Red-river landing, 
it is evident that Red rive r proper had no ," nsible effect upon the Jloocl, ancl tha.t 
the wn,ter which entered Old river through its chmmel, and supplied the ·whole of 
the discharge of Atcha£alaya, came from Black r iver and the swamp bayous below it. 
Black river, then, is next to be examined, to asce rtain wl1at wa.s its real discharge, inde­
pendently of Mi si sippi crevns e-water . 

This river is formed by the junction of three strea.ms, the ·washita and Little river. ·, 
and bayou Tensas. The latter drains the Mi .· issippi swamp lands, and the two former 
the hilly country to the wes t of them. There wa.s no g re ~:t t flood in 1858 in either of 
these two str.eams, indepeudent of the backing up occasioned by Mississippi water. 
They must have been quite lovv during t he t hree fl ood months (May, June, a.nd July), 
since this was the condition of both the Arlmnsas and Red riv rs, which drain the 
country jnst north a.nd south of their wa.ter- heil. ' Vith resp ct to bayou ':r ensas, 
more definite information was obtained. Mr . .i\Ia.ndevill c, who resides a.t ·w es t wood, 
nea.r where Mr. Pa.ttison's line of levels eros es the stream, lta.· for many years kept 
a record of the oscillations of the bayou during floods, a copy of which he kiudly pre­
sented to the Survey. The e notes will be fo und in Appendix B. ':rhey show th at in 
1858 the bayou rose very slowly until August 5, when it was a t its heio·ht. Its cross­
section was then 16,000 square fee t. (See Appendix C.) Its velocity during the flood 
period was es tima ted by Mr. Mande ille to vary from 4."' to 5.0 feet p r second. As­
suming the latter rate for high water, we have for the discharge 16,000 x 5 = 80,000 
cubic:[! et per second, of which much the gr a.ter pa.rt wa · 1\Iis.-i ' ippi cr va.sse-wa.ter. 
Add to thi s the hilldrainage and the contri butions t hrough Cocodri e ba,you a.nd through 
the swamps therns lves, and it i evident tha. t Black river mu t have di charged over 
100,000 cubic feet per second into Red riv r, a.nd, by its chann l, to Old river, from 
which, as already seen, it all pa ed into bayou At hn.fttl aya. 1, he discharge of thi s 
bayou is next to be considered. It was ga.u O'ed thr time during the urvey. 

ubic fool. 
On Febru ary 11, 1858, iL wns 7.6 feet below high wnler of 1 ii , nnu di charged .... ... .......... ., ..... .. ., .. .. .. .. 77,000 
On March 8, 1 51, " 3.7 " ......... . ...... .. ... . ... .. ... . .. .. . 08,000 
On lll tweh 0, 1851, 3.5 " ........ . . .............. . . . .. .... ... 1 0{),000 

From May 2 to Au o-ust 3, 1 5 , it was nev r more th a,n one foot, and avera.g d only 
some 4 or 5 incheR, below high wn,tcr of 1 5 . Dur ing tbi ' p riod, th n, it mu ·t have 
di scharged 120,000 cubic fee t per second, which a.ccord clo ely with the amount just 
indicat d above as its probable , upply . 

Having tlm demon trat d tha.t ba.you At ha.falaya el i charo- d orne ] 20,000 cubic 
feet of water per second during the flood, th at thi a.mount wa n , , n.ri ly deriv d 
entir ly from th ha.nnel of Red riv r, th a.t a.ll th hill tributa.ri of thi riv r w r 
low, and, laRtly, that the wa,mp tributarie w re tl . d d by i\Ii ·si · ipr i cr a.ss -water, 
the conclusi n is inevitabl , that, had the Mi .. ·i .. ~ippi l v r main d un br k n, ba.you 
Atchafala.ya would hav served as an outl ~ t to red u ma.terin.ll y th quantity or wa.tcr 
passing Red-river landing. l n May, judging from th ompa.rativ ly bi o- h st<tge of R >cl 
nver proper, and from the mall <tmount of wat r a tually pas in o- thr ugh the cr -
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vasses, this diminution wo uld probably have been t rifling, but at the heigh t of the flood, 
in the latter part of June and in July, it could not have been less than 90,00Q cubic 
feet per second, unless Red river be allowed more drainage from its basin than was dis­
charged by either the Arkansas, the White, or the Yazoo rivers at that time. 

Having thus analyzed the actual effect of the Mississippi crevasse-water upon the 
several tributary streams below Helena during the flood in 1858, we are Resulting rule 
prepared to decide how m uch the crevasses diminished the maximum for determining 

1 l t t . l d b · · what wouldhave discharge at t 1e severa s a wns se ecte ; earmg 111 mind, however, been the dis-
that the results are sti ll to be corrected for the reservoir influence of charge at points 
the channel. The system of computation is rreneral: The actual dis- below Helena, 

...., had no crevasses 
charge a t each locali ty fo r each day during the flood period i.s to be occurred below 
increased by the amount of water lost in passing the crevasses above it, that town ; neg-

lecting reservoir 
and to be dimini heel by the diffe rence between the a,c tual discharge of influence of 

any tributary passed and its t rue discharge independent of crevasse- channel. 

water. Thns, for example, we h:we for t he discharge at Carrollton, at the height of the 
flood, t he following expression:-

Di sc lt nrge per second, } = 
Cllnolll on , July S 

Actual dischar ge per second, Carrolllon ........ . .......... . ...... .. ....... .... .. J uly 8 
+ Discharge per second of cr·eva sses, Helena to Napo leon ......... .. .. .... .... July 2 
+ Discharge per second of crevasses, Napoleon to Lake Provid ence ........ .July 3 
+ Discl• arge pet· second of crevasses, Lake P rovidence to Vicksburg ...... July 4 
+ DischMge per second of crcvnsses, Vicksburg to Natchez ............. ..... Ju ly 4 
+ Discharge pet· second of ct·evasses, Natchez to Red r iver. .. ... .. .. .. .... .... July 6 

1 Disc h<~rge per second of ct·evasses, Red t•iver to Carrollton .. .. ..... .... .. . July 8 
-Discharge per second of ArkfLn sas ~tnd White r iver s on .. .... .. .. .. .. .. ...... July 2- ()0, 000 
-Discharge per second of Yazoo r iver on .. .... .. .... ........ .... .. .... . .... .. ... .. July 4- 30,000 
- 90,000 (fo r Atcha f,llaya) 

The dotted lines on pbte XVIII indicate the approximate discharges 
at the several localities, computed by this process. The following t able 
crives t he D'ra,nd results :-
b 0 

Maximum dis­
charges com­
puted by this 
rule, with ex­
planatory re­
marks. 

First approximate maximum discharge per seconcl, with levees perf ected. 

Locality. 

Helcn~t .. .... ........ .. . .......... ............ .... ... . .. . 
Napoleon ....................................... ... .. .. . 
Lllkc l' r vidence ........................ ........ .. .. . 

~~~~~~~'.'~:::::: : : :::::: :::: :· ::.·: ::::::::::: :::::: ::·:::: 
. Rod-river landing ...... ...... .. . .............. .. .... . 

B11ton l(ouge . ............................ . ........... .. 
Donn. I<.! on ville ................ .... .... . ...... .. .. .. .. .. 
Carroll to n . .. .... .. . ... .. .. .. .................. .. .. .. .. . 

Date. 

1858. 
July 5 
July 6 
July 7 
Ju ly 8 
J uly 9 
July 10 
Ju ly 11 
July J1 
Ju ly 12 

Amount. 

Cubic feet. 
] ,334,000 
] ,393,000 
1,301,000 
1,420,000 
1,410,000 
1,333,000 
1,333,000 
1,292,000 
1,202,000 

Remarks. 

Upon the supposition t.hat ther e w~re no 
creva ses below Helena, a nd n o r eductwn by 
channel fi lling. 

Thi di cu sion and resulting table present the subject under the most unfa.vorable 
conditions p ·ible. It a sumes t he Arkansas, White, Yazoo, · and Red rivers to have 
been securely leveed, o that they could not have been backed up enough, during the 
great rise which would have occurred in J uly, to diminish perceptibly their drainage­
discharO'c into the 1\Ii-.:si sippi . All t he swamps below H elena being thus protected are 

0 

suppo. ·ecl to remain ab olutely dry ; the greater part of their rain-water even being 
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poured into the Mississippi by th four rivers ju. t named. The discharge of bay ous 
Atchafalaya, Plaquemine, a.nd La Fourche is supposed to remain unaffected by the 
increased height of the Mississippi at their upper mouths, or points of effiux. In a. 
word, every minor circumstance tending to dimini h the volume of the flood is 
neglec ted, in order to guard against all po ssibility of an under-estimate. 

Before proceeding to determine the effect of the great channel reservoir in dimin­
ishing the ma.ximum eli cha.ro·es indicated by the above discussion and 
table, the effect exerted by the bottom lands above Helena. upon the 
discharge at tha.t point and below it, will be considered. ':rhis effect 
may be es timated quite closely, although, as already stated, the 
data for tracing out the local effect between the hea.d of t he a.lluvial 
region and Helena are somewhat defective. The history of the flood of 
1858, already given in Cha.pter II, should be consulted for details bear­
ing upon thi s subject. 

The greates t discharge at Columbus occurred between June 16 and 
June 22, inclusive, when it was about 1,400,000 cubic feet per econd. According to 
the notc:s of the Survey, about 35,000 cubic fee t per second were ntering the swamp 
through the Cape Girardeau inlet, and abou t 40,000 through the breaks between Com­
merce and Columbus. The total amount of wa.ter entering the head of the alluvial 
region was then about 1,4 75,000 cubic feet per second at the heio·ht of this flood. At 
H elena, the flood was highest between June 30 and July 6, inclusive, the discharge 
being ahout 1,330,000 cubic fee t per second. Thus the rise was fourteen days later in 
date, and the discharge 145,000 cubic feet per econd less in amoun t a t Helena than at 
the head of the alluvirtl region. But t he di charge at H lena contain the lraina.ge 
proper of the St.. Francis bottom, estimated, as we hav a.lr ady seen, nt 30,000 cubic 
feet per second; and this quantity rnu t be ubtracted from the discharge at H lena 
before the full reservoir effe t of th St. Francis bottom at the top of the :fl ood of 1858 
is obtained. Thus deduced, it i 175,000 cubic feet p r . con d. 

This general conclusion a.s to th elfect-unc~rr cted for the r 'servoir inOuenc of 
the channel-exerted by the t. Fra.ncis bottom ur on the hi O'h.wat r di charge at 
H elena., will be compared with the corresponding e:ffi ct of the Yazoo swamp upon th 
discharge a.t Vicksburg, which, a. a.lready seen, was ac urately d termined . Th e two 

Effect of the 
bottom lands 
above Helena 
upon the max­
imum discharge 
below that 
town; still neg­
lecting the 
reservoir influ­
ence of the 
channel. 

·wamps are similar in dimensions, and, u ually, in d pth of overflow ; and g n ra.l con­
lu ·ions bas d upon the analogy existing b tw en them arc ntitl d to some confid nee. 

As already seen, the top of the flood pas d H l na betw en Jun 30 and July G, 
inclusive. By reference to the table of cr va s di. charges O' iv n above, it w ill be een 
that this prism of water los t 20 ,000 cubic feet p r econd into the Yazoo swamp. It 
passed the mouth of Yazoo riv r b >tween July 3 and D, inclu iv , and receiv d fr m 
that tributary (table on page 333) 13 ,000 cubi fe t per cond, wh ich wa 103,000 
cubic fee t more than it would ha e rec iv d if no creva ·e had occurred. Th d.iffer­
ence (105,000 cubic fee t per second) is th n the amount by whi h the Yazoo bottom 
dimini. heel the di scha.rge past Vi ksl urg at th dat when the highes t ilo d would 
have oc urred at that place, had the lev , r main d unbrok n b low II lena, and had 
the channel exerted uo mod rating influ nee. 

It must be borne in mind th at th ~ t. Francis bottom -.; a much le. s protected 
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against the flood than the Yazoo bottom, and that the depth of overflow in the former 
was reported to be much greater than was ever before known. It is evident that 175,000 
cubic feet per second must 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. 

The next step in the analysis is to determine the effect which 
' under the new conditions indicated by this table, would have been 

exerted upon the maximum discharge by the moderating reservoir in­
fluence of the channel. As heretofore, the river is made to speak for 
itself. 

Moderating in­
fluence exerted 
by the great 
channel reser­
voir upon the 
maximum dis­
charge in floods. 

The rise in December, 1857, admirably illustrates this influence, since the water was 
then entirely confined to the channel, and the effect of crevasses is thus 

Its effect upon 
eliminated from the problem. This rise was at its height (8.5 feet the rise in De-
below high water of 1858) at Columbus on December 21, the maximum cember, 1857. 

discharge being 1,190,000 cubic feet per second. The St. Francis river was backed up, 
n.nd contributed nothing. At Napoleon, the rise attained its highest point (7.1 feet 
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 January 1, the river had 
fallen 2.2 feet at Napoleon, and the measured discharge of Arkansas river was 59,000, 
and of White river 4 ,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, 1 58, the discharge then should have been 1,190,000 + 100,000 + 
45,000 = 1,335,000 cubic feet per second. It was measured on January 8, when the 
river had fallen 1.6 feet, and was 'found to be 845,000 cubic feet per second. Allowing 
a very liberal estimate for diminution of discharge at this date, the rise when highest 
could not have carried past Natchez more than 935,000 cubic feet per second. How, 
then , is t his enormou difference of 400,000 cubic feet per second to be accounted for? 
Only in one way. The reservoir furnished by 550 square miles of channel between 
Columbus and Natchez absorbed it a.ll. This is an extreme case, because such a rise at 
so low a stage i almost unprecedented, but it plainly shows that so important an 
element cn,nnoL be neglec t din discussing the subject of river floods. 

The only other rise in the flood of 1858 which produced a sensible oscillation in 
the lower river wa that which occurred neal~ the end of March. This 
then was the only other rise sensibly modified by the reservoir influ­
ence of the channel. It was highest at Columbus on March 28-9, 

Its effect upon 
the rise in 
March,, 1858. 

when it was 6.1 feet below high water of 1858; at Memphis, on April 2, when it was 
1. feet below the arne flood; and at Helena, on April 4, when it was 3.8 feet below the 
same flood. It was of very short dnrn.tion, and did not break the levees of the St. 
Francis bottom. Very little water entered these swamps, and its volume was counter­
balanced by the ex es of the discharge of the St. Francis over 30,000 cubic feet per 
second. This river \\'a pouring out a flood of rain-water from upland as well as 
swamp drainaO'e. The maximum discharge at Columbus in this rise was 1,130,000 
cu bic feet per sc oml. It was increased 30 000 cubic feet per second by the St. Francis 
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river, and should therefore have been 1,1()0,000 cubic fee t per second at H elena. The 
actual di scharge at Helena was 1,020,000 cubic fee t per second. The difference be­
tween those two quantities, 140,000 cubic fee t per second, is the measure of the 
reservoir influence of the 260 square miles of channel b tween those tw0 places .. 

Let us trace this ri se still farther down the river. On arriving at Vicksburg, it 
had lost 75,000 C!lbic fee t per second by ~reva.sses and received 225,000 cubic feet per 
second from Arkansas, White, and Yazoo rivers. It should then have amounted to 
1,170,000 cubic fee t per second. It was mea,sur d, and r ally amounted to 1,145,000 
cubic feet per econd; the difference, due to the reservoir influence of the cha,nnel, being 
25,000 cubic feet per second. The compa,ratively small a,mount of this effect in this 
part of the river is explained by the compamtively small and gradua,l oscilbtion of the 
river's surface, so clearly shown by plate XIII. Below VicksburO', this inilucnce upon 
the maximum discharge became practically unimportant, amounting only to some 5000 
cu.bic feet per second at Red-river landing. 

The above are a,ll the data collected by the urvey from which we may estimate 
the numerical value of this important intluence which the channel 

?t~hf~:~~t0f~coe~ exerts in moderating the ma,ximum Cl.i charge in fl oods. They are by 
no means all that establish its existence. A single gbncc at pbtc xrn 

is conclusive upon this point. The enormous a,nd evidently normal diiTcrcnc s con­
stantly exhibited between the discharges measured at Columbus and at Vicksburg are 
susceptible of explanation in no other way. 11 he channel is evidently an immen. e 
reservoir, into which the floods of the tributaries arc successively poured. In the 
upper river, this produces the constant oscillation whi ch every gauge-record of the 
Survey exhibits. In the lower river, the ha,nnel become a simple drain from a lak , 
the supply of which is maintained by th uccessivc ontributions of the tributa,rics in 
all parts of the valley . 

The question now to be considered is how much thiH moderating influence may be 

Its probable 
effect upon the 
maximum dis­
charge in 1858 if 
no water had 
escaped from the 
river channel. 

safely counted upon for reducing the maximum discharge in th 0Teat 
rise which would hav occurr d in J un and July, 18- , had the river 
been confined to its channel. An in. p ction of the diagram will . how 
that the hug wav mu t hav produced a fax gr at r os illation in th 
channel betw en Columbus and Helena than the v ry onsiderabl one 
which ac tually occurred, and that it rate of o cil lation muRt have be n 

at least equal to that of the March ri ·c. Its eife t may th n b afely assimilated to 
that measur d in the March rise ; that is, ·it may b e tim a ted at 140,000 u hie fe t 
per second. Below Helena, it is apparent from plate XVIII tha t th riv r would ha e 
be n lower when the rise occurred, and much bi o·her at the top of the Oood, than was 
actually the ca. e. The o cillation would probably have exceeded that at th h ight of 
the flood in March, and the influcnc in que ·tion have b en corrc pondingly gr"ater. 
Nevertheless, to guard again. t und rrating the pra. ti al diffi ulti s to be ov rcom in 
protecting these swamps from ov rflow, the measur cl. influence of th March ris only 
is allowed to enter the . t imate . 

To determine, then, what would hav be n th maximum di . char3e at th :several 
localities con. id red, in the fl od of 1 .- if the swamp htnds from Final determin-

ation of the in- Cape irardeau down had all b en effectually prote ted, we arc to add 
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to the maximum discharges per second given in the last t able 175,000 
cubic feet, minus, for Helena, 140,000 cubic feet;'~ for Napoleon, 150,000 
cubic feet; for Lake ProYidence, l GO,OOO cubic feet; for Vicksburg, 1G5,000 
cubic feet; and for N<:ttchez and all points below, 170,000 cubic fee t. 
This process is equivalent to deducting from the total volume that 
enters the head of the alluvial region, the channel effec t n.t each point, 
after having n.dded to the first the successive con tributions of the t ribu­
taries. The following table e~hi bits the final results; t hat at Memphis 
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crease in the 
maximum dis­
charge in this 
flood, which 
would have 
resulted from 
protecting all 
the swamp land . 
below Cape 
Girardeau.· 

being deduced by deducting from the discharge at Columbus the proportional part of 
the chan nel correction between Columbus and Helena, considering it to be proportional 
to t he. distance between those places:-

r ... x:a lity. 

Colun•hus ... .. .. . .. ...... . . . ...... . . .. .. .. ....... ..... ...... . 
i\ lcmpllis .................. .. ...... . ......... .. ............. . 
lfel na .. .. . . ...... ......................... . .... ...... . ..... . 
Nnpoleon . .. ... . . . .. .. .. ... . . ....... . .... .. . .. .. .. ..... . . . ... . 
Ln ke Pto1•idcn cc .... .. ... ... .. . . .. . . ..... ......... .. ... ... . .. 
Vick~burg .................................. . .. ........ . . .... . 

I ~~~~ : :;c,~~;: j,~·,; ;};·~ g: ::::::::::::::: :: :::::::::::::::::::::::: 
Union Hou ge .. . .............................. . .......... ... . 
D on n ldHonville ........................ ...... ... .. ..... ... .. 
Currollron . .. . : ..... ......... .. . ... . . . ....... .... . ........... .. 

Flood of 1858. 

~\ctual mnxirnnm disc harg:r per 
second . 

Dnlc. 

June 18. 

July G. 
JuM 22. 
J unc 23. 
.June 24. 
Jun o 23 . 
i\l ay 311. 
i\ l rty 31. 
~lny 3l. 
i\llly 20. 

Amount. 

Cuhic feet . 
1,40;)., 0l!l! 

1 .~~·1 ,000 
J,:! ~ l ,OOO 
l ,1R8, 000 
1 .24!i,OOO 
1, 2vfi,OOO 
1. :?38.000 
l ,238.000 
1 , l Di .lHIO 
1,188,000 

} fnximlllll •llischarg(', l1 nd swamps 
beluw Capo Uirar1\ran bocn 

rcclai nlcd. 

Dntc. 

June 18. 

June :!.:!. ? 
.June :?3? 
Jun e 2-1·? 
June:!.5? 
Jun e 2()? 
Jun :!7? 
Jun e:!. ? 
.Jnne:/81 
June 20? 

Amount. 

Cu.bic jul. 
J,n8,ooo 
1,380,000 
1,36\1,000 
1,118,000 
1,-IOG,OOO 
1,430,000 
1,424,000 
1,338, 000 
l ,338,000 
1,2\li,OOO 
l ,207,000 

Di ffcrencr, or 
reduction of dis­

charge by 
1:\Wampg below 

Cnpe Uirnrdcnu. 

Cubic f eet .. 
75,000 

35,000 
107,000 
218,000 
185,000 
185. 000 
100,000 
]00,000 
100,000 
100,1)00 

Tbi table, th mo t important which has thus far appeared in the report, g1ves 
n. definite answer to the first part of the first question to be con­
sid red in olYin O' the problem of the be t method of protecting the 
bottom land. below ape Girardeau from overflow; namely, what was 

Its accurate 
character. 

their actual e.tf'ect 'ttpon the rnaxim1trn discharye of the 1·ive1· in the flood of 1858. It 
xhibit the r suits of ear of patient labor and re earch. Every successive step of 

the analysi i based upon dir ct mea urement , the accuracy of which has been 
demon trat d J y numerous and con tantly recurring checks. The final result, then, 
exhibit d by thi table i · believed to b entit led to confidence even where such immense 
in tere t are at take. 

The next point for con ideration is whether the flood of 1858 may be safely adopted 
a. the tandard, in e ·timating the extent of t he artificial works 
required to prot ct the ouutry from overflow in the future. Before 
en t ring upon thi ubject, however, a question whi ch has an important 
b a,rin(l' upon the li ~cu s ·ion of the flood s of 1 2 and 1850 must be 

Is the flood of 
1858 a standard 
for estimating 
the proper 

- -----------------

* Thi ' cslimat allow about the usual am ount of rain-water drainage to have been discharged by lhe St. Francis 

ri ver, 30,000 cubic feel per oecond. 
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measures for 
protection~ 
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considered. That question rcla.tes to the effect the great swamp regions 
above Red river produced upon a flood in the Mississippi, before levees 
were built. 

The so-called 1·eseJ·voi1· iufluence of the bottom lwuls.-The topographical features of 

General topo­
graphy of these 
great bottom 
lands. 

the three great swamps, the St. Francis, the Yazoo, and the Tcnsas, 
arc described in detai l in Chapter I , and it is only ncce sary here to 
recapitulate their general characteristic fcatur s. Each great bottom is 
a :fiat plain, sloping from north to south at about 0.6 of a foot per mile, 

and from the Mississippi toward the bordering upland , at a mean rate considerably 
less. 11heir systems of drainage are identical in character. On the outer border of 
the Ya.zoo and Tensas bottoms there is a river, which, ri ing in the U})lands, .collects 
in its course nearly the entire swamp druinagc and pours it into tlic Missi sippi* 
at the southern boundary of the region. The same g ner<:tl sy t m exists .in the 
St. Francis bottom, although modified by several limited basins, which drain directly 
into the Mississippi-not into the t. Francis river. This modification complicates 
the local problem of protecting the swamp against overflow, but does not affect 
the general problem now under discussion, inasmuch as each of these ba. in., being 
but a type of the larger swamp country, produces a similur effect upon a flood in the 
Mississippi . 

By reference to plate I, it will be seen that these bottom land.· arc situated in that 
. . . part of the great basin of the l\Iissis:; ippi where the precipitation of 

Theu leg1tlmate · · l t · t · l l d r 11 b · · b downfall of rain. ram IS near y a 1 s maxnnum, t 1e average n.nnua own1a emg a out 
45 inches. It has already been shown in Chapter IV that their sub­

stratum of.clay and thick growth of fore. t. render both absorption and evaporation very 
slight, and that by far the greater part of their rain-water i · therefore discharged into 
the Mississippi. 'rhe presence of this rain-water in the swamps in the spring of the 
year constitutes an important element in their action upon th flo ds. 

In their former condition, the c r gion w re always mor or less flood d in the 

Their influence 
upon the Missis­
sippi in former 
times to be 
deduced from 
the measure­
ments and facts 
collected by this 
Survey. 

spring by Missi. sippi water whi<:h caped into them through many 
bayous, both larg and small, and ov r th natural banks. At pre cnt, 
levees to exclude this water are under construction, and are already 
suffici ntly advanc d to modify materially the action of the wamps. 
Their effect upon the flood of 1 was accurat ly mea ured, and it is 
propo ed, first, to analyz this effect, and, second, to endeavor to deduce 
from it and from such other facts a. can now be ascertain d, the influ­
ence xerted by the. c so- all d r crvoir upon the great flood ' of form r 

times, when the natural condition of the country remained undi turbed. The Yazoo 
bottom is selected for this investigation. 

The tabl s of discharge of th cr vas es into th Yazoo wamp, and of the Yazoo 
Measured dis- riv r into the l\1is i sippi in 1 .- , alr n.dy given, how that during the 
charge to and last great rise of that year the di · barge of the r va e , from having 

* This remark needs some qualification for the T nsu bott om, th re being no upland on the right bank of R d 
river for nearly 100 mil es fr om it s mouth. Thus, wh n vr r there was a coincidence in the flood s of that str am and 
of the Mi sissippi, a part of the wat r from th 'l' nsns swamp did not return by Red river, but pour dover its banks 
into Atchafalaya basin, and eventually discharged into the gulf through the drnining bayous of that region. 
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been much le. s than the discharge of the Yazoo river, suddenly in­
creased gren.tly, through the occurrence of many new breaks in the 
upper half of the swn.mp front, so thn.t on June 28- 29 it became equal 
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from the Yazoo 
bottom in flood 
of 1858. 

to the Yazoo river discharge, or 130,000 cubic feet per second. During the six days 
from July 6 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 by 80,000 cubic feet per second. By July 16, the crevasse and river dis­
charges became again equal, being about 137,000 cubic feet per second. After that 
time, the crevasse di charge continued decreasing rapidly, so that by July 28 it was 
only 3000 cubic feet per second, while the Yazoo river discharge was 140,000 cubic feet 
per second. 

The water in the swamp began to rise in the latter part of June, and reached the 
hio-hest m'ark along the mid-length of the swamp at dates nearly corresponding to the 

0 . 

beginning of the decrease in supply from the river, showing that the changes in the 
swa.mp were mpid, and that the water, pouring through constantly enlarging inlets 
into a nea,rly empty swamp, passed through it like a wave. For these reasons the 
Yazoo bottom must have served as a reservoir in this fiood. The extent to ·which it 
thus acted may be computed in the following manner. 

It ha already been explained in this chapter t hnt, of the volume discharged by the 
Yazoo river during the period now considered, 30,000 cubic feet per second was its own 
rain drainage, leaving 103,000 cubic fee t per second for the amount of crevasse-water 
returned to the Mississippi at the period of maximum crevasse discharo-e when the 

0 ' 

swamp wa receiving from tha.t river 212,000 cubic feet per second. The difference 
between the two, or 109,000 cubic feet per second, was then t he quantity held back by 

the swamp. 
Let us now endeavor to determine ·what would have taken place, if the river had 

not been leveed. In former times the effect of the river upon the 
swamps began when the ri ing water surface attained the level of the 
beds of th connecting bayous, that is, when it rose to within some 10 
or 15 feet of th top of the natural banks. The first effect was to stop 
the di ·charg of thc:e bayous, and thus to accumulate the rain-water in 
the wttmp . Even the Yazoo river itself, at this phase of the flood, was 

Well-established 
facts relative to 
the floods in 
these bottom 
lands before 
levees were 
cqnstructed. 

somctim backed up o as to discharge no water into the Mis i sippi. In general, how­
ev r, the amount of rain-water in the swamps was so large that the discharge of this 
. trcarn into t h i\lis i · ippi continued vv-ithout any cessation from the beginning of the 
ri c. Th Mi ·i ippi ontinuing to ri e, the water poured into the bottom lands 
through the num rou bayou. and finally over the natural banks. It is a well­
ascertained fact, n.tt t d by those familiar, from personal observation, with those great 
bottom land , that the water in the swamps continued to rise as long as the 1-iver 1·ose, 

1·eache(l its high ·l l vel at the same time with the rivm·, ancl began to fall when the 1·iver 
beg m to fall. Thi fact leads to the solution of the problem of the general effect of 
thos swamp. upon the flood ' of the river; for the water in the swamp being always 
s veral fe t bclo\Y the hi o·h-water surface of the Mississippi, the existence of such con­
clition. a tho e ju t de cribed can only be accounted for by supposing the discharge 
from th wamp back t that river by the grcn.t swamp drain to have gone ori increasing, 

45 



354 R E P 0 R '1' 0 N '1' IT E .l\11 S S I ' S I P P I R IV E R. 

as the water in the swamp increased, until at the top of the flood it was eqnal to the 
discharge from the Mississippi. 

This necessary inference· from one observed fact iR confirmed by another. It. is the 
testimony of every intell igent resident upon the main draining rivers of these bo ttom 
lands, that in the great floods, before leYees were constructed, there was alwuys a 
pmvmfttl currmt pottring into the 111issi8,s·ippi at tlte top of th .flood. Many assert that 
the current exceeded in velocity that of tho Iissi sippi itself. This wa. particularly 
noticed at the mouth of Yazoo river in the flood. of 1 2 and 1 30, nnd at t he month 

Necessary in· 
ference, that in 
their unleveed 
condition they 
did not act as 
reservoirs at 
the date of high 
water. 

This idea to be 
tested by the 
measurements 
made in 1858. 

Probable dis­
charge into the 
swamp, had no 
levees existed. 

of the St. Francis river in th o. o of 1 44, 1 49, and 1850. 
From these two w ll-estab1ished fact. ·, each independent of and 

perfectly consistent with the other, it must be inferred that in groat 
flood-years, before levees were made, the flood-wave rec ived about :ts 
much water at the foot of each of these great w:tmp regions as it ha.d 
lost in passing along their front ; and hence that they xcrted no sen­
sible :infiuenee upon the maximum discharge at points below them. 

Let us now sec how t hcHe conc1u ion· a cord with the numerical 
dat::t collected respe ting tho fjood of 185 in th e Yazoo bottom. 

We must fir~t ascertain what would have Leon the diRcharcre into 
b 

the swamp, had no levees existed. The high-water mark wr1s about 4 
feet above the bank along tho Yazoo front. From April 23 to July 20, 
the river surface along that front was not at any time les than 3 feet 
above the bank. The river would then have been discharging a large 

volume into the swamps for n, period of two montbs previous to the arrival of the great 
June flood. What the amount of that di . charg would have been, cannot be computed 
with exactness; but the volume actually discharg d through the cr 'vasscs on both 
banks from the bead to the foot of t he Yazo swamp durinrr that time (50,000 to 
60,000 cubic feet p r second), and the amount of the rcdncti n of the river di charge 
requir d to sink its surface to the level of th bank, and tho pr p rtional effect of the 
swamps on eith r bank,* indicate that it would have been not 1 than 110,000 cubic 
feet per second into the Yazoo wamp, and 5\00 cubic fo t I r , cond in to the T n ·as 
swamp, making a total of 165,000 cubic fe t p r second. What would hav been dis­
charged into those two swamps at th top of th flood may be e timat d in a similar 
manner. It would probably have b en for the Y az o swamp 27 ,000 cubic fo t per 
second, instead of 212,000, and for th Tcnsas as far as Vicksburg, 140,000 cubic feet 
per second, in tead of GO,OOO. 

~rhe next points to be considered arc the probable depth of ov erllow in the Yawo 

This value 
requires the 
escape of much 
water from the 
swamp in order 
to accord with 

swamp which would hav be n caused by thi~ di . chru·cre, and. the onsc­
quent probable amount of th li :-; hargo back to th ' river. 'I'hc history 
of the actual overf low in 1 5 has alr ady b en d tn.iled in Uhapt r I, 
and it is only n ce .·ary her to recall t mind that there was ve ry 
bttle Mi.· issippi ov rflow in that wamp-th ugh mu h rain-water of 

----- - ------- - ---------
*The T nsas swamp was comparatively well protected again st th II od of l. ;) ' . If thl' re had b0en no I vee~, 

the discharge into th two s wamps would have been distributed Lctw n them in proportion to th exten t of th eir 
fronts, that is, in the proportion or 2 to 1. 
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its own downfall-when the top of the June flood came down, and, 
breaking the levees, raised the swamp water in twenty days to the 
level of the flood of 1828 in the Bogue Fa1aya, and even as far as the 

355 

the probable 
depth of over· 
flow. 

Sunflower river, which is about midway between the Mississippi and the hills. Near 
the eastern border of the swamp, however-at MeN utt and Greenwood- where the 
general level is several feet below that ncar the SunB.ower, the overflow 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 t he supposed discharge into it corresponding to 
its unleveed condition-the discharge of the Yazoo rive r in May, June, and July, 
185 , had been equal to that actually measured during that time, the overflow from 
the Mississippi would have raised the surface of the water throughout the entire region 
to the level of that of 1 28 by the 1st of June, a foot above that level toward the 
latter part of that month, and a foot and a half above i t by the 8th or lOth of July. 
But there n,re many considerations''' which lead to the conclusion that the depth of 
overtlow would not have differed grea tly from that in 1828. Hence the supposed dis­
charge back to the Mi sissippi used in this computation was much t oo small. The 
swamp could not have acted as a non-returning reservoir, even to t hat exten t, but 
must have di charged a much larger volume back to the Mississippi. 

We are now to see what relation the probable discharge of Yazoo r iver bears to the 
discharge into the swamp at the top of the flood . As the depth of the 
overflow in the swamp and the duration of the flood would not have 
been materially different from these quantities in 1828, the discharge 
back into the .Mis. issippi would have been n arly the same as in t ha,t 
flood. But, as already stated, the strength of the current at the top of 
that flood wa.s e. timated, by tho e who observed it, to be even greater 
than that of the Mi si sippi. No\v the mean velocity of the Mississippi, 

The probable dis­
charge of Yazoo 
river indicates 
that, at high 
water, as much 
water escaped 
from the swamp 
as entered it. 

from the mouth of the Ohio to the gulf, at the top of such a flood as that of 1858, is 6.0 
feet per . econd . ..!- It may, then, be assumed that the mean velocity of the Yazoo river 
at its mouth, at the top of the flood in 1 68, would have been 6.0 feet per second, had 
no levees be n con:-;tructed. 'ince the area of cross-section wa.s 50,000 squ are feet, this 
give a di . charge of 300,000 cubic fee t per second. This quantity is identical with the 
probable di. harO'e from the i\Iississippi into the swamp (270,000 cubic feet per second), 
allowing :'0,000 cubic fee t per :econd for the proper drainage of the Yazoo basin. 
Hence the propo ·ition that the swamp could not have acted. as a reservoir at the top of 
the flood i. perfectly con i.' tent with the other probable conditions. 

It is not claimed that the pr ceding figures are minutely accurate, but they are 
sufficiently so to demon tra.te, first, that the gr:a.t Yazoo swam~, even Preceding anal­
when unleveed, cannot ha:ve acted as a recetvmg, non-returmng re- ysis demon-

* 
1 

car the head of the Y azoo swamp, the ~[is s i ss ippi was about 1.5 feet higher in 1858 than in 1828, while at the 
f ot it was about 0.6 of a foot lower. At Natchez, in 182 , the river stood during two months within a foot of the 
top or the flood, and durin" four and a half months.' '~ ithin 4 feet of that mark. In 1858, the river th ere stood fo r 
nearly tim· month · (two months and three weeks) witlun a foot of the top of the flo od, and for more than four months 

within four feet f that mark. 
t At 'olumbus it wa .5 feet per second, and at Vicksburg 7.1 feet per second. But these were narrow places, 

with smaller areas of cross-section than the mean . At 'Mroll ton, where the area of cross-section is a mean of that 
part of the r iver, the velocity was 6.2 feet per second. 
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strates that 
these bottom 
lands, even when 
unleveed, could 
not have been 
reservoirs at 
date of high 
water. 
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servoir, inasmuch as the water marks now exi ting are much too low to 
admit the possibility of such action; and, second, that the conclusion 
logicn.lly derived from the reiterated statements of actual witnesses of 
the old inundations, namely, that the di. charge from the swamp to the 
river at the top of the flood was equal to thn.t from the river to the 
swamp, is perfectly consistent w~th the probable numerical values of 
these quantities resulting from the operations of 1858, as well as with 

the actual depth of overflow in the wamps themselves. 
The following finn.l conclusions respecting these wamp regions in their unlev~ed 

Conclusions re- condition must therefore be considered e tablished. First, they pro-
specting the duced no effect whatever upon the volume of the maximum discharge 
effect of these of the Mississii:>pi, above or below them, in e:reat flood years. Second, 
swamp lands u 

upon the floods of they did reduce this volume along their front , and by an amount 
the Mississippi. which increased from their upper to their lower limits.* Third, they 
retarded both the rising and t he falling of 'the river at all puints below them. Fourth, 
they tended to increase the duration of the floods throughout the alluvial region. 

It mn.y be added that, in their present semi-reclaimed condition, they do serve as 
reservoirs, inasmuch as the levees keep the swamps comparatively empty until nen.r the 
top of the flood, when they break and re1i ve the river of a part of its excessive volume. 

A.?talytical comparison of g1·eat floods.-The foregoing con lusions having been 
reached, we may proceed with the discussion whether the flood of 1858 

The extent of · 
this comparison. may be safely adopted as the standard in estimn.ting the extent of the 

artificial works required to protect the country from ov.erfl ow in the 
future. This can only be determined by comparing it with the other great floods, whose 
histories, so far as they can now be learned, have alr ady been given in hapter II. It 
is there shown that the data in relation to those prior to the year 1 28 are of too vague 
and general a chamcter to be used for the pr , ent purpose; that non of tho e subse­
quent to 1828 were equal to that of 185 at the head of the alluvial r gion, and hence 
that the latter is a fair standard for all points abov the m uth of th Arkansa ; and 
lastly, that the floods of 1844 and 1840 below that point were similar to and manifestly 
less than that of 1850, and hence that an c pe ial study of them is unnece ·. ary. 
11 hese facts reduce the pres nt di scu sion to an analytical comparison of the iloods of 
1828, 1850, 1851, and 1 59, with that of 18-8. Th y will be treat d succ ssiv ly in 
an in verse order of date. 

1. The flood of 1859 has already be n , o laborately described and discussed. in 
Chapter II, as to render a detailed notice f it unneces ·ary here. 11he 

Analysis of the full information collected. resr)e tinO' it, toO' ther with the known r la­
fiood of 1859. 

tion: between the st;tnd of the river and. th discharg at the several 
localities named in the following table (subject to th modifications on to be n t d 
in this chapt r in discuRsing th height r quir d for the new levee ), renders it ea y to 
apply an approximate n.nalysis similar to that adopted for th flood of 185 The 
following table exhibits the result:-

------------
* It must not be inferred that they dimini . h d the height of the flo d in pt· cisely this tn{\nner, si nce the hn.ck­

water occasioned by the returning volume must have been felt for a considerable di tance above the foot of the 
swamp. 'l'he effe ·t of the return of water at the foot of a great swamp in anomalously ro.i ing the ri ver surface will 
be fully illustmt d in discussing thf' fl ood of 1 51 at the month of H. dri ver. 
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Flood of 1859 compa1·ed with tlwt of 1858. 

Actual maximum discharge per second. )laximum discharge per second; le"ecs perfected. 
Locality. 

Flood of 1858. 1'lood of 1859. DifTorenco. Flood of 1 58. I Fl ood of 1859. Difference. 

---- ---- - -----
Cubic fee t. Cubic f eet. Cubic feet. Cubic feet. Cubic f eet . Cubic fee/. 

Columbus .......................... 1,403,000 l ,27-i,OOO + 128,000 1,478, 000 1,275, 000 + 203,000 
H elena . ............. ...... ......... ] ,33-~.000 1,080,000 + 254,000 ] ,360,000 1,:WO,OOO + 169, 000 
N.apoleon ............. .. ........... 1 1,2n.ooo 1,:230,000 + 0,000 1,-11 8,000 1,320,000 

I 
+ ()8,000 

,Vicksburg and points below.
1 

1,2-15,000 1,285,000 - 40,000 1,430,000 1,350,000 + 80,000 
I 

This table, while it shows conclusively that, had the levees been perfected in the 
two floods, that of 1858 would have risen much higher than that of It was a less 

1859, and hence tha_. t any measures calculated to restrain the former flood than that 
of 1858. would have been ample to secure the valley against the ravages of the 

latter, also furni bes the true explanation of the apparent anomalies between the high­
water mark. of the two years, viz., that at some localities the actual discharge in 1858 
was larger than in 1 59,. while at oth rs the reverse was the case. 

2. The flood of 1 51 below Red-river landing was subjected to exact measurement, 
and will therefore be discussed in detail. Above that point a part of Limited cha-
the information collected was lost, and the existing data cannot be racter of the 
safely reduced to figures. The history of the flood, already given in flood of 1851. 

Chapter II, however, plainly shows that throughout that region the maximum dis­
charge must have been far less than in the flood of 1858, had the levees been perfected 
in both year . Indeed, it wa the flood in Red river alone which made this a flood 
year in the lower country, and an analysis above Red-river landing would therefore 
have comparatively little interest. 

Daily gauge-regi ters of the stand of the river were kept at Lake Providence, New 
arthage, Natchez, Red-river landing, Baton Rouge, Donaldsonville, 

Carrollton, and Fort t. Philip. Simil ar daily records of the changes of ~~\~sc;ls1:~!:!n. 
level in the rrulf were kept at lakes Pontchartrain and Borgne, and at 
bayou t. Philip, a small inlet near Fort St. Philip, to which the gulf has free access. 
From Red-river landing to the gulf, all gauge-rods were referred by accurate levels to 
one and th arne datum-plane, thus making those records a complete measure of 
change in the lope of the Mi issippi between the stations. For these records see 
Appendix B. 

Daily mea urements of the discharge of the river were made at Carrollton, checked 
by various similar operation at oth r stations above that place. (See Appendices D 
and E.) 

ince bayon Plaquemine and La Fourche are simply waste-weirs1 their discharge 
for any given stand of the Mississippi can vary but little. By making use of this prin-
iple, sufficient mea ur ment were made upon these bayous to determine from the 

known gaurr -readin rr at their upper mouths their daily discharge during the flood, as 
rri en in the next table. ( 'ee hap ter IV.) 
0 

All crevas occurrin O' between Red-river landing and New Orleans were accurately 
, urveyed, and all data nece. ary to determine their daily discharge secured. There 
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were eight of these crevasses, of which two, Nos. 7 and 8, were below the velocity-base 
at Carrollton. The following table exhibits all the clements which (exclusive of the 
daily gauge-record) are essential to a computation of the di scharge of these crevasse. 
by the formulm already explained :-

Crevasses in flood of f 851. 

I 
Dato of-

g Depth 

~ Locality . llnnk of ~ln x. nt Homarks. - ri ver. 
Re~;in ni ng to Gea..qing to width. ll i~h 

5 WlllCl". 
d i ,~chargo. dhcbarge. 

I 
- - - - ---- --- --

'1 51. 18.31. Feet. Feet. 

1 Lowor mouth F a usse Hivi re . ... .. High t Ma rch 1G l\Iay 8 i OO 5 
{ i\Iel\sUl' ed dischar go Mn.r ch 28, 

18, 000 cubic feel per second . 
2 Opposite I slnnd 124 ... .... . .. ...... .. Hight " 31 " 12 620 7 
3 2 miles nbovc P laq uemin e .. . ..... .. Hight " 31 " 3 :3.30 3 
4- 2 miles below P lnqucmin c . . . .. ..... Lort " 30 April i~ ~00 2 
() G miles below Pln.queminc . ..... .... Left " 27 Mny 8 (;50 4 F out· b1· nks near each other . 
G !l miles n hove Don 11ldsonvillc . ..... Left " 23 " 5 .\.10 3 R eopen co by n r nft . 
7 Bend below Carroll ton ... ..... .. . ... . Righ t April 17 " 12 330 3 

R ight l llfarch 18 
{Width i\[a rclt 22 WI\S !JO feeL. 

8 Bend below Carrollion . .... .. .. ..... . " 24 700(?) 6 " " ~~ , " 1 ao " 
" Apri l 1 !J " :)50 " 

Equations for 
transferring 
discharge. 

In accordance with the principles already laid down for t ransferring 
measured discharges, the daily discharge per second n.t Red-river land­
ing, Baton Ro uge, n.nd Donn.ldsonville has b en deduced. The follow­

ing expressions sufficiently indicate the processes for each pbce, D r high stn.ges of the 
river; the unit being, of course, the cubic foot:-

Di schn.J·gc per second aL Ca rroll to n .... ..... .. .. ..... ........... .... .. Ap1·il 5 
+ Discharge per second of bayou L11 Fourche .. .... .. ........... .... Apri l 5 
+ Discl11trg per scc oml of bayou l' t.1qucmine ... ..... . ..... ........ April 4 

Di sobn.rgo por soc. Rod H. la nding, April 3 = + Dischnrgo per seco nd of crevasse. I, 2, 3, '' , 5, G ...... .. .... ... April 4 

{ 

!lise RcJ -r iver landing ..... .. .. . ........ .. . Ap1·il :!-3 }' 
+ lti se Baton Rouge .. .... .... ..... .. ... .. ..... April 3- 't 

+ 
8

,000 + R ise Donaldsonvi ll e ...... ..... .... .. . ... .. . April a- 4 

+ Hiso Carrollt on ... .... .... .. ....... .... .. .. .... Apri l 4-5 

Di schn.rgc p r second at nr rollt on ..... .. .... .. .. ...... .. .. .......... April 5 
+ Dischn.rgo per seconl of bn.you Ln. F ourch e .... ..... ........ .. .. .. Apt· il 5 
+ Di scharge per seco nd of bayou Plt1queminc ............ .. .... .. ... April 4 
+ Discharge per seco nd of crevasses a, -J, 5, n ... ..... .. .. .. .. .... ... April 'l 

+ 10 OOO { Ri c Ba ton Hougc .... ....... .... .... ...... .... .. . Apl'i l 3 } 
' + Ri e Carroll ton ... .. .. .. .. .. .. ...... .. .... .. ...... Apr il 4- 5 

{ 

Discharge per second nL t1Troll tou .. ............ .. . .. .. .. .. .......... April 5 } 

Dischttt·gopcr sccond Donnhlso nv ille, Apri l 4 = + G,OOO { R ~se D )!JI\Id on vil le ............... .. ...... .. .. .. Ap1: ~ l 3-~ } 
+ R1sc Carr oll ton . .... .. .. ...... .... .. ..... .. .... .. . Ap11l 4- o 

Table exhibiting The followin ()' tn.ble-:1 complete exhibit of the flood of l 51 be-
daily discharges t R d . bl d. d. N 0 I . l d 'l d.. h below Red-river ween -nvcr an mg n.n I ew r ean - ontmns t 1 :11 y tsc n.rg 
landing. at these three plac s, comp4ted as ju t :s:pbined. For onv nienc of 
compn.rison, that n;teasurcd at Carroll ton 1 add 'd, tog ther with the discharge of the 
cr vn.sscs n.nd of the two bayous. 
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Discha1·ge pe1· second in 1851. 

)J iss iss ippi ri\'er nt- Crevasses. Dayous. 

Dnto. 

Donaldson ville., 
Jlcd-ri,·er land-~ Daton llonge. Carrollton. ~os. l and 2. Nos. Ploqucminc. r .. n l!"'ourchc. 

I 

tng. 3, 4, 5, n.ud 6. 

1851. Cubic feet . 

I 
Cubic feet. Cubic f eet. Cubic fee/. Culn'c feel. Ct10ic f eet . Cubic feet. Cubic fee t. 

Feb. :!+ ...... !18~,011() !WJ.IlOO !l1+,000 8!1~,1)00 (J 0 15,000 6, 000 
~-) .... .. !ln~.ooo I !l70,ooo 9-14 ,000 \)1!),000 0 0 16,000 6,000 
~u .... .. 1.031<.000 ()88,000 !l!iO,OOO Q~!J,OOO 0 0 18.000 7,000 
27 ...... 1,0:)'j ,OI)() I 1,031 ,1)00 1,000,000 !J55,000 0 0 10,000 7,000 
28 ...... 1 ,0-)~).1)1)1) 

I 
1.051 ,000 1,018,000 \)!15,000 0 0 21,000 8,000 

l\Ia r·ch . 1 ...... 1,007,000 1,0:)1 ,000 ] ,02 1,000 1,013,1100 () 0 21,000 8,000 
~ ...... 1.0 8,000 1,057,000 1 ,023,00(1 1,020,000 0 0 23,000 8,000 
3 ...... 1.0 n,ooo l.Oi8,000 1,0H,OOO 1,020,000 0 0 23,000 8,000 
4 ...... 1.002,000 1 ,086,000 1 ,052,000 1,0+2,000 0 0 2~ ,000 9,000 
5 ...... 1 ,100,000 I 1,08!1, 01)1) 1,052,000 1,050,000 0 0 25,000 0,000 
6 ...... 1. JO .llllO 1 ,09.),01!0 1,061,00() 1 ,0~ 8,000 0 0 2:) ,000 9,000 
7 ...... 1, 11 :i,OOO I l , 1 0-i,OOO 1,0!i8,000 1,U<i0,0UO 0 0 26,000 !J,OOO 
8 ...... 1 . 121.(1\10 1.113.0110 1,0ili, Oil0 1,0li8, 000 0 0 26,000 D,OOO 
() ...... l.H!.OOO l.11 R, OO() l ,Oi!l,ODO . 1,0i 5, 000 0 0 27,000 0,000 

10 ...... J.1:!:?.1l00 
I 

1,13!l,l)l)i) 1,100,000 1,077,11110 0 0 2R,OOO 10,000 
11 .... .. 1,1~ J ,000 1.11 ,tl()IJ 1.01!1,000 1 ,008,0(10 () 0 28,000 10,000 
12 ...... 1 'Hil ,000 I 1.1 :~8,000 1 ,I\\)(), I)()\) 1 ,078, 1100 () 0 29,000 10,000 
13 .. .... ].I I. 00 l.Hill,l\00 1 ' 11 ,00() 1 .Ofl-1, 000 0 0 30,000 10,000 
14 .. .... 1.1 9:?.111)0 I 1.1 7/.00il 1, l 31l,OIIO 1 , ll G,OOO 0 0 30,000 10,000 
1 :3...~- 1. :!0:?,00() 1.1!10.000 ] '1 -1 i ,ooo 1,1 :j.),OOO \) 0 31,000 ] 0,000 
16 ...... 1,200,000 

I 
l,HHi,lll\0 1,Fl-:i,OOO 1 ,1-1.),000 2,000 0 31,000 10,000 

17 ...... 1.1 < n.noo 1.HI-I.ill)l) 1 '1 ii l , 000 1,1 53.000 4,000 0 !l1,000 10,000 
1 ... ... 1.:?0:!,1/1)1) 1.18:!.01)1) 1,138,000 1,1 00.000 6,ooo 0 32,000 11 ,000 
19 .. .... 1 'l\1(1,000 I 1.1!12,000 1, 1-1\l,0\\0 1, 13i ,OOO 8,000 0 ::!2,000 11 ,000 
20 .. : ... 1 .I < 1\.1\1\0 1,1 ,1)1)() 1 ' 1 ~ 2,1)1)() 1,140,000 9,000 0 33,000 11 ,000 
:?1 ...... 1.1 !11),1)1)1) 1' Jlj ,lltll) 1, 12~.noo 1,140,000 10,000 0 33,000 11 ,000 
•}·) 

1' 1 (1,0()(1 1,1 11.000 1 ' 1 :31,000 1,122,000 ]1,000 0 33,000 11 ,000 
:!3 ...... 1 . 1 uO.I\1\0 l.171i,Dflt) ) '128,000 1,130,000 12,000 1,000 34,000 11 ,000 
:?L .... 1.11i .lll)t) 1.1-ll i,OOO 1,0!1U,OOO 1,120,000 1+,000 2,000 34,000 11 ,000 
25 .. .. .. 1,1 1,111\1) 1.1-)0,01)() 1 ' 101,000 1,09(),000 16,000 3,000 34,000 11 ,000 
:!6 .. .... 1.1 ",oon 1, 1u:!,OOO 1,1 1~,000 1,100,000 18,000 4,000 34,000 11 ,000 
27 ...... ] '1 7.1100 1,1GI,OOO 1,114,000 1, ll0,000 20,000 4,000 34,000 11 ,000 
2 ...... 1,1 n~.ooo ] .16-!,(1()0 1,110,000 1,113,000 22,000 8,000 35,000 11 ,000 
29 ...... 1.1 9!\,000 1,1 6(j,000 1 ,no, non 1,110,000 25,000 !\ ,000 35,000 11,000 
30 ...... 1. :?0~ .1100 J.lGfl,OOI) J ' 112,000 1,]]0,000 27,000 11 ,000 ~5,000 ] 1,000 
31 ...... l,:!Oi i.OOO 1.173.000 1, 11 5,000 1,]]3,000 ~!1,001) 12,000 36,000 11 ,000 

April l. ..... l, I !1:~ .000 ] '17,),11110 1,11 7,0()1) 1 ,JI5,000 3 1,000 11,000 31),000 11 ,000 
~ ...... 1,1!1:!,011() J, 11i0.000 1, 106.000 1 ' 1 18,000 8:-l,OOO 10,000 M,OOO 11,000 
n 1.1!!\01!0 1.157,000 1 ' 104 ,000 1,107,000 3ii, OOO !l,OOO a4,ooo 11,000 o . .... . 
4 ...... 1.1 !\:! ,11011 1.1-ifl,OOO ] ' 10(5,000 1,105,000 36,000 8,000 ::14,000 11 ,0110 
!i ...... 1. 1\1:!.011() 1,151).001) 1 ' 10~,000 1,1 0!),01)1) 37,000 7,000 :l-1,000 11 ,000 
6 ...... 1.1 .IIIII) l '1-)7 .011(] 1 ' ]()~ , 00() 1, 11\.i, OOO 37,001) 7,000 34,000 11 ,000 
7 ...... 1,181,000 1 .1 :) 1.1100 1 ' 1110,11()0 1,10:\000 37,000 7,000 34,000 Jl,OOO 
8 ...... 1.15:!.000 l.U.i .IIOI\ 1 ,O!l+,IJOO 

I 
1,100,001) 36, 000 7,000 34,01)0 11 ,000 

n ...... 1, I !~:l,lli 10 1. 11 'j ,Ill I) I J ,06·1.1lll0 1 ,llD::i,OOO 36,001) 7,000 3-1,000 11 ,000 
10 ...... 1,1 !l:l.IIIIO 1.0!17,0110 . 1,047,000 1 ,0G~,ooo 3-3,000 8,000 33,000 11 ,000 
11 ...... ].1:l, ,IIIlO 

I 
1, 100.110() 1 ,0·18, 000 ] ,04 ,000 35, 000 7,000 33.000 11 ,000 

1~ ...... 1.1~:!.0110 1.105.111)1) ] ,00~,0()() 1,0,18,000 34,000 8,000 83,000 11 ,000 
13 ...... 1, I.-, 1.111111 I 1,110,111)1) 1,0-)!l,llOI) 1,05!),000 33,000 8,000 33,000 11 ,000 
1-L. .... 1.1-i:.! ,llllll 1.1 :?0,11110 1 ,Oii!l,OoO 1 ,060,000 2,000 0,000 33,000 11 ,000 
16 .. .. .. 1,1-1-1,1100 I 1, 1:.!::!,1100 1,071,0(1() J ,OiO,OOO 32,000 8,000 32,000 10,000 
16 ...... l , l ;\:),0111) ], 11 -l.llOO 1.1161,(11)0 ] ,07~,000 31,000 !\,000 32,000 ] 0,000 
17 .. .... 1,11 .IIIlO 

I 
l ,lUG, 1110 1 ,()5~, 000 1,065,000 30,000 .!J,OOO 32,000 10,000 

18 ...... ] , 11 :),11110 1,0 8.01)1) 1,0 10,000 1,056,000 30,000 !\,000 31,000 10,000 
19 .. .... 1, 111 ,1100 1,0 ,000 1,030, 000 1,1l-Hl,OOO 20,000 n,ooo 31,000 . 10,000 
20 ...... 1 , 10~,11110 1.08 1 ,001) 1 ,0:1] ,000 ] ,0-10,000 2!1,001) !l,OOO 31,000 10,000 
21. ..... l,JO.),OOO 1 ,117.),0110 1.02!i,OOO J ,030,000 2\J,OIJO 8,000 31,000 10,000 
:22 ...... 1 ,11()\1,1)()1) 1,070.110(1 1,0:!(1,000 ] ,026,000 :!8,000 8,000 31,000 10,000 
:!3 ...... l.OU .1100 1,071.000 ] ,024,000 1,030,000 28,000 8,000 30,000 10,000 
2L .... 1 ,1 1( 1/.111)() l,OI :l. OOI) 1 .1125,001) 1,0:?5,000 2i,OOO 8,000 30,000 10,000 
C)- 1,(1, 7.11110 1.072.1l01) 1.11:!,1,1100 1,025,000 26,000 \'1,000 30,000 10,000 -·l ...... 

:2!; ...... 1.11 1.1 1\)0 1,01;:2.000 l.i\1 5, non 1,0~5.000 21\,000 8,000 30,000 10,000 _,_ 
1.1 'j .IIIlO ].I IIi 1.111 111 1.111 ~.000 1,111:),0110 ~-),1)11() 8,000 :}(),1)00 10,000 -I ••••.. 

I ~K ...... ].IIi:!. IIIlO 1.11.·, 1.11110 1 ,00\1,(\()1) 1.01-i.llOO 21),0110 7,1100 2!l,OOO 10,000 
:?!1 ...... 1,11-i:!.lllli) l.O!l(I,OOfl !1!1-1,()01) 1,1110,(1(1(1 :?~,000 I 7,000 20,0110 10,000 
30 ...... 1 ,Ill 'i ,000 l,O;lti,IJ!IO 085,000 !)IJ:i,OUO 23,000 7,000 2!l,OOO 10,000 



360 R E P 0 R '1.' 0 N T HE M I S S I S s· I P P I R IV E R. 

Discha'rge pm· second in 1851-Continucd. 

I 
::\li Hs iss ippi river nt- Crcvassc:i. 

I 
Dn.yous. 

Dnte. 
----

llci..l -ri vcr land- Baton Rouge. Donnldsonvi llr. C.'lrrollton. Xos. I nml 2. Nos. Plnquon1i no. l .n. Fourche. in g. 3, 4, 5, n.nd 6. 

18(i 1. Cubic feel . Cubic feel. Cubic feet. Cubic fret . Cubic f eet. Cubic f eel. Cu/;ic (eel . Cubic feet . 
28/HJO May 1 ...... 1 ,O:l -1.000 1 ,02() ,000 !!8 ~ . ono !18-i,llOO 2:1,01)1) 11,000 10,000 

2 ...... l ,OUI,OOO ] ,01 +,000 m:uoo !lR.;,ool) 22,000 5,000 28, 00() !l,OilO 
3 ...... 982, 000 !l9G, 000 fl-38, 1!00 !1/.),000 2 1,000 3,000 27,000 !l,OOO 
4 .. .... \)(i .j , ()l)() 91ii,OOO 02!) 000 !lfiO,OOO 

I 
18,1100 4,000 27.000 0,000 

v ...... fl-1.),000 000,000 ()] li,OOO !):)2. 1)()1) lli, IIOO 3. 01)() 2n,ooo (1,000 
ll ...... fl2:l ,OOO ()38,1)()0 fJOii,OOO \120,000 ]:\()()1) 2,000 2+,000 n.ooo 
7 ...... !112,000 \l l li ,OOO 887,000 I \J08,1l00 11 ,IJOO 1,000 2:1, 000 8,000 
8 ...... ~17,000 fl09,000 880,0DO 8DO,OOO ,000 J,OUO 22,000 8, 000 
\l ...... 87n,ooo 8D7,000 872,000 I R 4,000 6, 000 0 2 1,000 8 ,000 

10 ...... 1 8(i:),000 880,0(1(} 8-ii ,OIIO 81.),001) 4 ,000 0 20,000 

I 
7,000 

II ..... . 86 1,000 Si l ,OOO 8-lfi,OOO 'I 8!i0,000 2,000 0 ] (1, 000 7,000 
12 ...... 823,000 857,000 83G,OOO I +n,ooo ] ,000 0 18,000 7,000 

I 

Since the modifying influence of the chann 1 may be neg1ected below Red-rivee land­

Maximum dis­
charges com­
pared with those 
in 1858. 

ing, the daily discharge per second at each of the four localities in this 
table, if no breaks in the levee had occurred, may be obtnincd by 
adding to the actual discharges the concsr onding crevasse discharges, 
in the manner already indicated in the annlysi.· of the flood of 1858. 

The daily modification in discharge effected by the crevasses i. exhibited by plate 
XVIII. The actual and the modified max imum discharges are compared with the 
same :quantities in 1858, in the following table:-

Flood of 1851 compared with that of 1 5 . 

I Actunl mnximum dischnrgc. I )fa x imum disc1mrgc; lovccH perf!'Ctcd. 

I -

I 
J.ocnlity. I I 

Fl001l of 1.%1 Flood of 1R5 
f' lood of 18iH. Flood of 1% . DiiTcrenc(\. (lJ(l iOW RNI·rh•or (below 1po DifTcrenro. 

landing). Oirnrdenu). 

Cubic feet. Cubic fret. Cubic fat. 

I 
Cubic f rt l. Cubic fret. Cubic feet. 

R ed-river lnnding ... ....... · ........... 1,20(;,000 ] .:2:18,000 32,000 1,206,000 1,338, 000 ] 3:!,000 

H!ll OII Houge ............................ 1, 101i, OOO 1 ,2:l8,000 42,000 ] ,:!06,000 l ,:J~8,000 132,000 
Donaldson ville .... .... . ...... ... ...... .. 1, 1.).),000 1,1!li,OOO 42,000 

I 
1,1 1i8,000 1,2!17,000 l ll!I,OOO 

Cnr rolll on ....... .. ........... . .. ..... ... 1 ' 153,000 :1 , 1 8,000 !l-),00\J ] , 1.)\1,000 1,2(!7,000 138,000 
I 

-

Since the flood of 1851 was comparatively smaU above Red-river landing, this 
tA.ble establi shes two important fact . First, that if the river had b en 

First and most 
important result con fin d to it chann 1, the ma.·imum di. char()' in the flood of 1 Gl at 
of this analysis all points b low Red-river landing must hav b n some 100",000 cubic 
is that this flood 
was much fe t per econd lc · than in 1 5 under imilar circumstanc , and 
smaller than hence that any measure calculated tor train th latter w·ou1d hav be n 
that of 1858. amply ufficient tor . train th former. Tbi is aH that it is e s ntial 
to determine, in order to , ervc th purpo H f th pr s nt analy is; but th pmcticn.l 
importn.nce of the second fact ju: tifie. a : hort di "T s .. ion for th purpos of discussing it. 

This second f:wt is thttt the crcva ·cs in 1 51 had arc ly any influence upon 
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tbe actual maximum discharge in that year, and hence that they did not 
materially modify the high-water mark. This result is very different 
from that arrived at by Mr. Charles Ellet, Jr., who conducted, under the 
authority of -the United States Government, a system of measurements 
in 1851, simultaneous with those of the present Survey. He re­

361 

Second result 
shows that Mr. 
Ellet's conclu­
sions respecting 
this flood are en­
tirely erroneous. 

ported that " if it be determined hereafter to rely exclusively on levees, and pre­
vent the occurrence of crevasses altoge ther, these levees, to sustain a flood like that 
of 1851, must be made froi?- 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 fee t higher than the present banks. This condition, it is 
apparent, would involve the entire reconstruction of the embankments on both sides of 
the river; and hence, in onler to 'retain merely the creva.sse-wate1· of this year, the levees 
must be entirely recon tructed, and made 2 feet higher; or new outlets must be open:ed 
competent to vent 100,000 cubic feet per second-which is more than the volume now 
drawn from the 1\Iis i sippi at high water by the 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; entirely reconstructed and made 2 feet higher," is founded 
solely upon his belief respecting the amount taken from the river by 
crevasses at the date of actual high water. This quantity be com­
puted to be 100,000 cubic feet per second by the following process. 

Errors in the 
data upon which 
his opinion is 
based. 

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, who e. errors have already been illustrated in Chapters III and 
V, h computed that at hi ()"h water the discharge per second must have been 80,500 
cubic fee t more. Hence he inferred that at the date of high water the discharge 
per econd at Red-river landing was 1,134,500 cubic feet. Plate XVII exhibits the 
r lation of his single ob ervation (there indicated) to the true maximum discharge; and 
hence the radical error~ of any uch method of determination. If he had happened 
to make his mea urement on March 17, the date when the rising river had attained to 
the arne stag a that of April 26, be must, by the same process of reasoning, have 
inferred that the di charge at the date of high water wa 100,000 cubic feet per second 
mor than his actual re ult; hence that the crevasses discharged double what he 
actually computed, and hen e that the levees from ·Red river to New Orleans ought to 
be raised f ow· feet in tead of two, in order to restrain this flood. It is plain that a series 
of daily mea urements alone can be depended upon for settling so important an ele­
ment of the computation. This plan, as already seen, was carried out by this Survey, 
and the r sult (see la t table but one) shows that the actual discharge per second at 
R d-river landing a the date of high water was 1,196,000 cubic feet, or 61,500 cubic 
fe t mor than Mr. Ellet computed . 

.Mr. Ellcl next computed the high-water discharge of the Mississippi below New 
Orlean at the top of the tlood by precisely the same process. He gauged the river at 
a point 11 miles below the ci ty on April 16, when the water had subsided 0.5 of a foot, 

4G 



.362 REPORT ON THE MI SS ISSIPPI RIVER. 

and founa the discharge per second to be 979,240 cubic feet. Adding 15,760 cubic feet, 
the amount indicn,ted by his formula, as the diminution caused by the subsidence, he 
inferred that the discharge per second at high water wn,s 995,000 cubic feet. Professor 
Forshey's actual measurements at Carrollton (see last table but one) show thn,t a.t that 
point this quantity was 1,111,000 cubic feet. Only <me crevasse (No. ), between Car­
rollton and· the point where Mr. Ellet made his gauging, was flowing at the date of high 
water (March 27-30) . On March 29, by n,ctun,l measurement, this break was 130 feet 
wide by 6 feet deep, and its discharge per second was therefore 6000 cubic feet. De­
ducting this amount from the men,sured high-water discharge per second at Carrollton, 
we have for the true high-water discharge p r second at the site of Mr. Ellet's gauging 
1,105,000 cubic feet, or 110,000 cubic feet more than he computed. 

Mr. Ellet 's nex t step was to determine the discharge of bayous Plaquemine and La, 
Fourche. H e docs not mention the dates at which he gauged th se bayous, but states 
their high-water discharge per second to be respectively 2 , ~00 cubic feet and 10,200 
cubic feet, giving 38,700 cubic feet for the di. charge per second of the two. The de­
tailed operations of this Survey (see Appendix D) show that these quantities should be 
35,000 cubic feet, 11,500 cubic feet, and 46,500 cubic fee t, respectively. Mr. Ellet's 
discrepancy here, then, is comparatively sma.ll, being only 7 00 ubic feet. 

These three quantities form the bnsis of Mr. Ellet's determination of the discharge 
of the crevasses at the date of high 1vater, 1 51 ; for he argues that they must have 
discharged the quantity found by subtracting the discharge of the t'vvo bayous from the 
difference between the actual discharge below Red river and that below New Orleans. 
The following is the computation:-

At date of high wllter, 1 ~1. 
Qnnn tit ir~ na men· 
surcd by tllO ])cit" 

Survey. 
Qul\ntities n.~ computed I 

by Mr. J::ll t. 

--------------------------------------1 ------------

Dischnrgo per second below Hcd-ri vcr l•<nding .... .. .................... ... .. .. ........ . 
Discltnrge per second below cw Ol'!enns ................... .. ........... .. .. .......... .. 

Difference .............. ........... .. ...... . ........... ... .... : .......... . ................ . 
Dischnrgc per second of t.h e bnyous ... .. ......................... ............. .... .... .. .. . 

Difference, or crevasse discharge per second ......... .... .... ............ .. ... .. 

Cubic f eet. 
l , 134, 600 

Ufl.i, OOO 
-----------

] ;3 !),500 
38,700 

100,800 

Cubic f eel. 
l ,JUG,OOO 
l 'J 05,000 

!l ! ,000 
46,000 

46,000 

This table shows that, granting Mr. E llct's rea oning to b corr ct, he was l d to 
apprehend more thn,n double the r al difficulty in r training this fl ood, 

They account 
for one half of by the errors he mad in determining the numerical valu s of the quan-
his error. tities which enter his computation. The computed di scharge per s cond 
of the crevasses at the date of high water, which be made 100,000 cubic feet, should 
have been only 45,000 cubic fi et. 

The ne;<ct point to be illustrat d is that the foregoing train of reasoning, upon 

The other half 
was occasioned 
by his illogical 
reasoning. 

which Mr. Ellet ba . his timate of what i nee ary to restrain the 
flood, is es entially erron ou . Hi ~ m thod f c mputation is ba ed 
upon two assumption : ftr t, that wh th r the 1 v e ar brol en or not, 
the date of actual maximum discharg at any locality remains un­

changed, and hence that what this di charge would be with l vees perfected may be 
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computed by adding to the discharge at actual . high water 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 mn,rk 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 ufficient 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, 
as may be seen by inspecting plate XVII. From March 15 to March 19, 
the eli. charge per second remained uniformly about 1,200,000 cubic feet. 
At this time, Red river wa pouring out a fl.ood sufficient to supply the 
entire di charge of bayou Atchafalaya, and to contribute besides nearly 

Correct explana­
tion of the com­
plex phenomena 
presented by 
this flood in 
Louisiana. 

100,000 eubic feet per second to the Mississippi through the channel of Old river. (See 
Appendix D for details of measurements.) Floods from Red river, however, are of short 
duration, and thi wa the case in the present instance. By March 23, the supply had 
diminished somewhat more than 40,000 cubic fee t per second, and the rate of rise at 
Red-river landing began to be retarded, as usual when the river is about to fall. But 
at this date the water from the Lookout crevasse (see Chapter II) began to pour 
in laro·e qnantitie from the Tensas bottom lands into Red river, and, joining 
through Old river the gradually incr asing discharge of the Mississippi from above, 
produced a econd grad ual increase in discharge at Red-river landing, until on 
March 29- 1 it b came ensibly equal to what it had been on March 15-19. The 
stand of the river, though, was 2 feet higher than at that elate. Thi; result, apparently 
o anomalou , is really perfectly in accordance with the principles which govern the 

changes in local lope. The diminution in the supply diminished the local slope, and, 
had it continued, would oon have produced. a fall in the river. This was not actually 
the ca. , be au e a e ond increase in the supply took place, occasioning a new 
in rea in local lop . ut this new increase in slope was added to a primitive 
slope small r than it wcntld have been had no diminution in supply JYreviously occu1-red. 
11ence a higher stand of the river was necessa17J to carry o.fl the ine1·eased discharge. 
This important fact i well illustrated by the diagmm (plate XVII). When the 
discharge began to decrea ·e, the gauge read about 44.5. If the increase of about 
40,000 cubic feet per second, which actually occurred between lVIarch 23 and March 30, 
had occurred at thi time, the curve shows that-ct.S' cwtually wets the case in 1858-the 
river would hav ri 'en about 1 foot higher, or to about 4-.5 on the gauge, and would at 
that tand-which was 1 foot lower than the actual height attained-have discharged 
40,000 ubic feet per second more than its actual maximum di. charge in 1851. Hence 
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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 rni chievous influence 
upon the local slope. 

What the height of the flood of 1851 would have been at points below Red-river 

Probable height 
of this flood 
under certain 
modified con­
ditions. 

landing, considering the crevasses above that point to have occurred as 
they did occur, and those below it to have been prevented by better 
constructed levees, can be easily estimated from the discharge of the 
crevasses given in the table before the la. t. Thus at Baton Rouge, at 
Donaldsonville, and at Carrollton, the e 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 been applied to the floods of 1 59 and 1851. Indeed, for the region 

t
Fhlood of 18~0 m above the mouth of Red river, none can be at tempted. It is certain, how-

e upper nver. . . . 
ever, from a com pan on of the hrgh-water marks of the two years m the 

river itself and in the great swamps, that the flood of 185 wa the greater of the two 
in the upper river. If we bear in mind the principlE's already laid down relative to the 
action of these swamps, the following computations-based upon the surveys made 
below Red-river landing by the field parties in 1851, and upon the facts collected by 
them or derived from published documents of the tate of Louisiana-render this 
equally certain for the lower river. 

· The dimensions of all the crevasses betwc n Red-river landing and New Orleans 

Data for comput­
ing the dis­
charge of the 
crevasses below 
Red-river 
landing. 

were mea ured by the parties of this urvey, and all facts bearing upon 
their discharge determined. The following table exhibits the data col­
lected. The bank in front of creva se No. 1 was c~wing badly, and it 
is ·probable that from this cau the width of the cr vasse as measured 
at low water was greater t han wh nit was di charging. Crevasse No. 2 
occ.urred where the levee cro s a neck of land, and where the supply 

of water was therefore indirect. Both of the e creva ses, a w U as No. 6, where the 
levee was several hundred feet from the edge of the bank, occurred where a dense 
growth of timber prevented the free flow of the water. These facts indic~~te that 
their discharge as computed by the u ual formu lro should be corr ctcd by the co fficient 
deduced for the breaks into the Yazoo swamp in the flood of 1 The exact dat of 
occurrence of several of these creva ses is somewhat uncertain, but no material error 
in this respect can have been made. 
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Cnvasses in the floocl of 1850. 

Date of-

llank of Max. Depth at Remarks. Locality. river. width . Ligh 
llcginning to Ceasi ng to water. 

discharg:o. di~Jc l lnrgc. 

--
1850. Feet. Feet. Th e cr evasse a.t Bonnet Cane 

1 1 mile below Red-river landing ... Hight Feb. 15, 1850 July 5 3700 '2. 7 (No.8} on Dec. 30, Jan. 20, Feb. 
~ :W mile. below Heel-river la nding Right Feb. 10, " July 5 1160 4.5 5, nnd July 1 wns respec tively 
3 25 miles below Red-river landing Right Feb. 15, " July 5 2100 4.7 1200, 2500, 3500, nncl 5300 feet 
4 21\ miles below Red-river landing Hight Jurie \J, " July 5 4GO 6.0 in wicllh. At the la st date, the 
5 ~~ miles below Heel-river lan(ling Right .Feb. 15, " June 20 4100 3.5 brenk in the levee was 6000 fee t 
6 60 mil es bel ow Red-river landing Hight Feb. J 5, " June 20 0300 3.5 long, but 1600 feet were ob-
7 63 mi les below Red-river landing! Hight Feb. 15, " June 20 2600 2. 7 structed by drift so as to prevent 
8 llon_net.-Carrc bend-......... ... ... . ... Left. Dec. 2\J, 1840 July 13 6\JOO 5.5 the flow of' the water. 

The mean monthly discharge of these crevasses was computed by the usual method. 
No especial explanations are required except in reference to the manner 
of determining the depth at the different dates. The Carrollton ga,uge 
kept by Profe or For hey (see App ndix B) furnishes the basis of t.his 
determina,tion . The mean depth of water surface below the high-water 
mark of 1 50, during any given month at Carrollton, multiplied by 

Method of deter· 
mining their dis­
charge; with 
table exhibiting 
results. 

the ratio. between the total ranges of the river at that place and at Bonnet Carre 

G!~) , was deducted from 5.5 feet for the mean depth of the Bonnet-Carre crevasse dur­

ing that month. For crevasses 5, 6, and 7, which were all near together, and about 
20 miles above Baton Rouge, the following process was adopted. Knowing the 
mean gauge-reading during any month at Carrollton, and the corresponding discharg~ of 
the Bonnet-Carre crevasse, it is easy to determine, from plate X IV, how much higher 
the river would have stood in that month, if this crevasse had not occurred; and 
hence, how much the water surfa,ce would have been below the high-water level of 
1851. Multiplying this number by the ratio of the total ranges of the river at a point 

20 miles above Baton Rouge and at Carrollton (~!:~) , the depth below high water of . 

1851 at the three crevasses iR determined. Deducting 0.4 of a foot for the recorded 
height of this flood above that of 1 50 at this locality, we have a set of relatively cor­
rect depth below the higb water of 18-0 at the three crevasses. But the recorded 
date of thi high wat r wa March. Hence, the difference between the depths com­
put d for thi month and for any one of the rest, deducted from the maximum depth 
given in the above tabl , le:wes the true depth of the crevnsse in that month. At Red­
river landing, the fl.ood began to subside on June 11. There were oscillations prior to 
tbi date, but, a no record of them was kept, the river has been assumed, in the com­
putation of the discharge of crevasse Nu. 1, to remain a,t high-water mark. Crevasses 
2 3 and 4 were mid way between Red-river landin00' and crevas es 5, 6 and 7 Hence 
' ' ' . ' for their c1 pth in any month, one-half of the depth of water surface below high water 

of] 8 0 at the latter was ubtractbd from the maximum depth given in the above table . 
The following ta,ble exhibit the result of the computations:-
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~lean discha1·ge p e1· second of erevasses in flood of 1850. 

I Righ t bank of tho rh·cr. Left bn.nk. 
1'olal 

Date. both lmu1HJ. 

No.1. No. 2. No. 3. No. ~- No. 5. Xo. 6. Xo. 7. Tota l. nonnd 
Carr6. 

- --
1850. Cu. f eet. Cu. feet. Cn.feet. C11. f eet. Ctt. f eet. Cu. f eet. C~t. f eet.

1 

Cu. f eet. Cu. f eet . C1t. feel. 
.J~ti'iulll'Y· ...... ........... . 01,001) 6 1, 000 
~'ebruary .................. 11·1,000 114,000 
Mnrch ........... ........... 3,000 3,000 16,000 21.000 15,000 0,000 I 07,000 107,000 I 74,000 
Apl'il.. .. .... .. .. .. ......... 7,000 5, 000 ~8, 1 )()() :3 ii,OOO 27 ,01)0 15,000 11 8, 000 "11 ~ , 000 :23:! ,000 
i\lay ......... .. .... . .. .. .... 10,000 6,000 !l:l, OOO 27 ,000 :!0,000 ,000 11)~ ,()(\() !) ,000 202,000 

I 
Jun e 1- 15 .... ..... .... .. .. 13,000 7,000 30,000 0,000 2(),000 ~~ . 01)0 8,0(}1) I 1 ~ 4 ,1)00 \)!), 000 2:13,000 
June 16-30 ...... ......... 3,000 4,000 2~ , 000 i ,llOO 15, 000 11 ,1)00 2,000 06,000 85,000 151,000 

I 

The exactness of the determination of the maximum discharge over the right bank 
Test of the accu- may be tested in th following manner. The Atchf}falaya river dis-
racy of this charges not only the legitimate drainag of its basin, but a,lso all the 
determination. water which escapes from the Mi si sippi river by bayou Atchafalaya, 
by bayou Plaquemine, and by any creva ses on the right bnnk which may occnr bctwe n 
Red river and bayou La Fourche. This whole volume of water is practically gathered 
at Brashear City into one channel called Berwick' bay."' Hence the difference in the 
maximum discharge through Berwick's bay, for any two flood. , measures the sum of 
the corresponding differences in the rain drainage, the bayou contributions, nnd the cre­
vasse discharges in the two years. No actual measurements of the maximum d.ischarge 
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 formul m, since all the 
quantities upon which it depends were mea. ured. The corresponding di:ili ren e in 
rain drainage may be determined from the obs rvations made by the Medical Depart­
ment of the United tates Army. The corresponding differences in the bayou contri­
butions result from the mea urem nts of this urvey. The discharge of th crcva. ses 
in 185 1 has been already given. These quantiti.es all being known, the exactne s of 
the last table evidently admits of a direct tc. t. Th num rical value of each of the 

· quantities which enter the computation will now be consid r d. 
The high-water dimensions of eros -section, and th elevation of water surface 

Difference in 
maximum dis­
charge of Ber­
wick's bay in 
1850 and 1851. 

above th gulf, at Brashear ity, were determined for the floods of 1850 
and 1851. The distance from Bra h ar i y to th o-ulf level is about 15 
miles. The channel in this dis tance undergo s great changes, so that 
the mean dimensions of cro s-. ecti n which orrespond to the known fall 
of wat r surface cannot be in ferrcd from th known ro s-. ction at 

Brashea.r City. Th ab oZ.nte maximum discharge in neither of the floods, th •n, can be 
computed. Thi is not true for the relativ discharge, howe er, since the variations in 
the cross-section and. , lope at Berwick's bay ar both known. Th diJii r nee in th 
maximum di charge in the two floods, as just een, is all that the pr sent problem 

* One small draining bayou from Urand lake, named Bccuf, cnl rs the .Alchafalaya riv r just below Berwicl('s b ay, 
but as its cross-s ction, ev n in th e fl ood of 18::! , was nly nhont 12,000 sqna r fee t, it may be sn ~ ly n gl cfed, espe­
c ially as th operations in 1 j l at the upper mouth of bayou Atchafalaya indical that nnd r such cir umstances the 
e!Jcct of the tr ibutary up on the slope of the main stream diminishes the discharge by an amount nearly or quile 
equal to its entir contribution. 
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requires. The following are the data for its determination, and the result of the 
computation:-

Difference in dischnrg,c 
Year. Area. Wid th . llcrimetor. Slope. per second comput.cU 

!Jy equntion (~0.) 

----
Square feet. Feet. Feet. Feet. Cttbicfeet. 

I 
1850 ......... ...... ········· ··· ··· ·· ······· ()3,000 1750 

3 

I 
1783 -

79,200 
132,000 } 

\ 

18.)1. .... ... . ··· ···· ······· ···· .... . ....... 90,000 1750 1780 
1 .5 

70,200 

By the army meteorological records kept at New Orleans and Baton Rouge, it 
appears that the downfall of rain in this basin in May, 1850, was 0.3 of 
a foot more than in March, 1851. The area of the Atchafalaya basin 
is 4610 square miles. The excess of drainage of rain-water in 1850 
ove~ that in 1851, at date of highest water at Brashear City, was then 
(52 0) ~ X 4610 X 0.3 . 

31 
x 

24 
x 60 x 60 = say 15,000 cubJC feet per second. 

Difference in 
corresponding 
downfall. 

Bayou Atchafalaya, at its upper mouth, being 1.2 feet higher on June 1-15, 1850, 
than in April, 1851, discharged 10,000 cubic feet per second more. 
Bayou Plaquemine, being about 2 feet lower, discharged 6000 cubic 
feet per second less. The quantity entering the Atchafalaya basin in 
1850 by these bayous was then 10,000 - 6000 = 4000 cubic feet per 
second more than in 1851. 

Difference in 
corre~ponding 
bayou dis­
charges. 

From the table before the last it appears that the discharge of the crevasses in 185D, 
when the water wa highest at Brashear City (June 1- 15), was 
124,000 cubic feet per second. By the table on page 059 it appears 
that in 1 :"1 the corresponding discharge (April) was 30,000. The 
difference, 94,000 cubic fee t per second, was then the differ nee of 
creva e eli. charge in the two years. 

Difference in 
computed 
crevasse dis­
charges. 

Hence the difference in di scharge at Brashear City in the two years, if the compu­

Result of the 
test. 

tations of th creva se discharges in 1850 are right, was 15,000 + 
4000 + 0-1,000 = 113,000 cubic fee t per second. The computation 
of thi differ nee by the general formula gives, as just seen, 132,000 
cubic feet per econd. A discrepancy of only 10,000 cubic fee t confirms the exactness 
of the determination of the quantitie entering both comp utations, especially as it may 
be accounted for by the fact that Red r iver was over its banks at the mouth of Black 
river, and hence that there was probably some overflow into Atchafalaya basin in that 
vicinity. 

What would have been the maximum di charge below Red-river landing in 1850, 
provided none of the levees below that point had broken, may now be 
a certainecl. The · actual discharge p:r second at Carrollton may be !l~~~;:~¥t~~~­
clo. ely determined for any day on whiCh the gauge-reading is known, 
by m an of the curve on plate XIV. Adding to this quantity the corresponding dis­
charge of the creva e given in the table preceding the last, we have the following 

result:-
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D ischa1·ge at Can·olltm~ in flood of 1850. 

Date. 

1850. 
.J11nuary ............. . ...... .... .. ..... ........... .. . ..... . 
F ebrua ry . .. .... ....... .. ..... .. ............ .... ......... . 
1\Jarch ........ ...... .... .......... . .... ............. .. .. .. . 
April ...... .... .... . ...... .... ................. .. ........ .. 
1\l ay ...... .. ........ ...... ......... . ... .. ................. .. 
June 1- 15 ..... ......... ...... . .......................... . 
.June 16- 30 .......... ....... ....... .. .......... .. ...... .. . 

lligho.;t gauge-rend ing. 

Feel. 
1 ~ . 8 
18.8 
J:3. 1 
1:!.9 
1:!.9 
12. !3 
12.3 

Actual di.::cl1 nrgc per 8(\COml. 
( oo plate XIV.) 

C~tbic feet. 
1,050,000 
1,050, 000 

9ill,OOO 
960, 000 
9fi0, 000 
900,000 
900,000 

Discharge per srcond wi tl1 
levees pcrfoctcd. 

C~taic fee t. 
l ,lll ,000 
] '16 ~ , 000 
1,144,000 
1,102,000 
1, 162, 000 
1,12;~, 000 

01,051,000 

It will be· remembered that in t he flood of 185 the maximum di charge at Carroll­
It proves to ton with perfected levees would have been 1,207,000 cubic fi et per 
have been much second. This quantity is greater than the maximum discharge con­
smaller. tained in the above table by more than 100,000 cubic feet per second. 
Any men.sures calculated to re. train a flood like that of 1858 must then be ample to 
restrain a. flood like that of 1850. 

4. The flood of 1828 occurred so many years ago, and under conditions so different 

Analysis of flood 
of 1828 less exact 
than those which 
~ave p~ecededit. 

from those now existing, both in respect to levees n.nd cutroffs, that it 
ought perhaps to be chssed with the traditional flood s, which cannot 
now he satisfactorily analyzed, because we cannot be sure of the essen­
tial facts upon which their discu sion depends. This view wouHl be 

taken, were it not for the extravagant ideas prevalent respecting the flood, which 
render some general discussion of it advisabl , if for no other reason than to fix an 
approximate limit beyond which it would b idle to entertain fears of inundation. 
It is therefore to be borne in mind that thi, analy is i of a different character from 
those which have preceded it, being offered with no pr tence to the same accuracy. 
Gmunded, however, upon all the r corded facts which a diligent search has brought to 
light, and conducted upon the principles which actual observation have ind icat cl. to be 
true, it is considered t be as complete and exact a discu sion of this greatest of all 
recorded overflows as can now be made. 
The northern The t. Franci, , Yazoo, and White river swn.mps were n tirely 
bottom lands unprotected by levees. Ther fore, as alr a.dy x plained on I ages 
may be disre- 353-4, they produced no effect upon the high-water level b low 
garded in dis· 
cussingthisfiood Vick burg, and may be neglected in di~:;cu ·ing the flood for Louis­
for Louisiana. 1ana. 

The Tensas bottom was nooded to uch an · extent that, oppo ite Natchez, the 
wat r lev l in the . wa.mp wa nearly the sam a, in the river. 1 cap­

Synopsis of 
the flood in ing in vast quantities at th . outhern border of thi r gion, the water 
Louisiana. encounter d a gr at nood in eel. river. N natural ha.nnels existed 
for the discharge of uch an imm nse a.c umuhtion. Th re ult was an ov rJlow of 
the entire southern bank of Red riv r from Alexandria. to its ~outlr (excepting the 
A voyelles prairie), and of the bank of the Mi is. ·ippi from th mouth r Red riv 'r to 
t he head of the levee , which then xt nde<1 n a.rly up to . d-river landing. This ~reat 
waste-weir saved t he region bord ring upon the Mi !'lis.- ippi b l w the head of th e 
levees from inundation, only one seri us br ak - that n a.r Morganza- occurring 
below that point. 
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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, 
the bayous and the crevasse, in order to determine what the maximum 
discharge would have been, had the levees been perfected. 

Plan of the 
analysis. 

The object, then, is to ascertain how much water would have been flowing in the 
Missis. ippi just below the mouth of Red river, in the flood of 1828, if all the river-water 
discharged into the Tensas swamp had been returned to the Mississippi at that point 
(or, what is the same thing, if the overflow 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 
P laquemine, plus the volume lost into the Atchafalaya basin by Red river and the · 

Mississippi. 
The first step is to ascertain the actual high-water discharge of the river below 

Plaquemine, from which point to the gulf there was no lateral discharge · 
The actual dis-

excepting through bayou La Fourche. The gauge-records at Natchez charge of the 
for 182 indicate that the river remained at the full-flood stage near Mississippi 

below the last 
the gulf for a con ideraule period. Its elevation at Carrollton during point where 
that period having been noted, the discharge can be closely estimated. any overflow 
(See plate XIV.) It is to be obserYed that, when . the river at Carroll- occurred. · 

ton i within 3 or 4 feet of the flood height, the difference between the rising and fall­
ing di scharge at the same gauge-reading is 90,000 cubic feet per second, and between 
those conditions and a stand of the river at the same height, the difference in discharge 
i.· one-ha1f that quantity. Hence the discharge below P laquemine at the highest stage 
of the river in 1 2 (gauge 15.2) was, according to the diagram, 1,110,000 cubic fee t 

per second. 
The next step is to determine the volume discharged in to the 

Atchafalaya basin at the top of the flood, from Red river and from the 

Mi si sippi. 
In the ana1ysi of the flood of 1850, it was shown that the Atcha­

Volume lost into 
Atchafalaya 
basin next to 
be considered. 

It can be de-
faln.ya ba in drained into the s a through Berwick's bay, and that the duced from the 
differ nee in li charge at this point between two floods can be computed measurements at 

Berwick's bay. 
by the rr ncral t rmula (equation 40), the cross-sections and elevations 
abov the rr u1f b ing known. These quantities were measured'1' for the floods of 

* In assuming that th greatest discharge through B erwick's bay took place at the top of the flood in 1828, the 
most unfavorabl e case is tak n. The assumption is probably correct for that nood, sin ce the discharge from Heel 
river and from the ::l[i issippi was almo t eniir ly over banks and through bayous, and only to a small amount 

th rough crevas es. 
H it be object d that the area of the channel at Berwick's bay has been diminished by the deposit of sedimentary 

matter s in ce l :2 , it may be replied that the souudings of the Sun ,ey in 1858, and those of Mr. Bayley, Chief Engineer 
of the Opelou as railroad, in 1 .);! I ee Appen dix U), were made upon exactly the same line, and that no change 
whatever occurred between those elates. The location of the ounclings made by Professor Forshey, in 1851, could 
not be del rminecl with su ffi cient preci ion in 1 58 to admit of remeasurement, and none was therefore attempted. 
So far as aetna\ ouudings are c ncerned, then, there is no reaso n for supposing any diminution of area s ince 1828 . 
The same conc!t1 ion is uggested by the following general co nsideration : the average number of days in a year 
clur·in" which wat r wa flowing over the banks into the Atchafalaya basi n at the epoch of 1828 was smttll; crevasses 
clrain~w to thai ba in bare generally occurred in ihe great floods since l :2 ; the bayous discharge certainly as mu ch 
now as they did formerly; there i , then, no rea on for supposing that the scouring power has materially diminished 

47 
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1851 and 1828. The following table exhibits the e data and the results of the 
computations:-

I Diffl'rencc in c l i lichnr~e 
Ycnr. Area. Widtl1. Peri1 uetrr. Slope. pur HCCond. COlli pur ell 

I by equntiou (·10). 

----- --

Square f eet. Feet. Feet. Feet. Cubic f eet. 

1828 .... ......... ......... . .............. ... \18,000 l, FO 1,78 
6 

} 7!l"!OO 

~08,000 

1851. .......................... ... ....... .. no.ooo ] , 7.30 1,780 
1.5 

79200 

I f, now, t he excess of the rain drainage of the Atchafalaya bn.sin at the flood of 
1828 over that at the flood of 1851 be subtracted from the difference in discharge 
given in this table, the remainder will be the excess of the discharge from Red river 
and the Mississippi into the Atchafalaya basin at the flood of 1828 over that from 
those rivers at the flood of 1851. If to this latter quantity be n.dded the n.ctual dis­
charge into the Atchaf.'tlaya baRin from Red river and from the Missis ippi at the flood 
in 1851, the result will be the discharge into the Atchafalaya basin from those rivers n. t 
the top of the flood in 1828. 

Meteorological tables for the ba~'>in of the Atchafahya in 182 could not be found . 

Comparative 
amount of rain 
in the Atcha­
falaya basin in 
1828 and 1851. 

I n the discussion of the flood. of 1 60, it ha been shown thnt the excess 
of rain drainage of that basin at the top of the flood over that of 1 51 
was not less than 15,000 cubic feet per econd. The army meteoro­
logical observation show that in some yen.r the rain at N w Orleans 
and Baton Rouge (which may b tn,kcn as the mea. ure of that upon the 

Atchafalaya basin) is 12 inches per month, during the winter and spring months, 
exceeding by 0.8 of a foot per month that which fell in 1 51. It appears to be proba­
ble, from the statements made r spect.ing the amount of rain in oth r part of the 
alluvial region in 1 28, that durino· the winter and pring months of that yen.r such an 
excessive fall of rain took pla e in the Atchafaln.ya basin. In confirmn.t ion of th is 
opinion, it may be added that the discharge of the Teche and the Courtal>leau together 
was not less than 50,000 cubic feet per second at that tim , whil at the Hood of 1851 
it wn.s scar ely apprecin.ble. Th s stream , however, w r conn ted. with Red 
river in 1828, and probn.bly a large part of their water wa re eived from tbn.t river, 
while in 1851 thi conn ction wa cut off by Je ees. Adopting this e timate of 
excess of rain (0.8 of a foot per month), 40,000 cul i feet per f-ie ond is th volume l>y 
which the rain drainage of the Atchafalaya basin durino- the Hood. in 1 '28 xceeded. 
thn.t of 1851. 

f oreovcr, the maintenan · of the depth of th e channel i not in rea lity dependent up on the s tre ngth of 
the current during ri v r fl oods, but upon th e almo: t entire ab ence of cd im ntary matter tmnsported by the water. 
'!'his is evident from the foll owing considerations: the .A.tchafalaya river fl ow from a lake; the bayous that sup1ly 
that lake, deposit at their mouths most of th matter th ey transp rt; hence whatrver depo it the Atclmftdaya river 
makes in it s b d mu st take place chiefl y if not rntir ly at th tim of the annual ·hang from hi g h to low watrr in th 
M:iss i sippi river, and that depo it mu s t be mainly at il. eflln x 1\nd its mou th. 1-\uch a clr posit mus t he removed by 
the usual south astcrly storms <lurin g the low-water period, whi ·h oft •n rni ~ Grand lake · vend feet ttltu ·rtuse 
a rapid current from the g ulf to the luke and the lake to the g ulf. Th up] osition of the silting up of the chan11 el is 
therefore untenabl . (For further id as upon lhis subj ect, see conelucling r marks upon levees in this ch:1pl r. ) 
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The next quantity to be considered is the actual discharge from Red river and the 
Mississippi into the Atchafalaya basin at the flood of 1851. The dis­
charge from Red river below Alexandria through bayous to the Atcha­
falaya basin may be neglected.* The discharge per second of the bayou 
Atchafalaya at its efilux, in the flood of 1851, was 120,000 cubic feet per 
second. Tho discharge per second of the crevasses between Red-river 

Actual discharge 
from Red river 
and the Missis­
sippi in flood of 
1851. 

landing and bayou Plaquemine at that period was 30,000 cubic feet . The discharge 
per second of bayou Plaquemine during the same time was 36,000. Hence the total 
discharge per second into the Atchafalaya basin from Red river and the Mississippi 
was 120,000 + 30,000 + 36,000 = 186,000 cubic feet. 

The numerical values of the several quantities which determine the 
discharge from Red river and the Mississippi into the Atchafalaya 
basin at t he flood of 1828 having been thus ascertained, the following 
computation gives the final result. 

Resulting vol­
ume lost into the 
Atchafalaya 
basin in flood of 
1828. 

Cubic feet per second. 

Computed difference of disc lutrge at l3envick's bay ................................. ........... .... 268,600 
Deuucl excess of rain drainage.................. ....... ....... ...... ... ... ................ .... .. 40,000 

228,000 
Add the discharge into Atchafalitya basin in 1851.. ..................................... ... 186,000 

Discbarg(l into Alchafalaya basin in 1828 = ............. .. ............... ....... .................. 414,000 

This volume, added to the 1,110,000 cubic feet per second, dis­
charged by the river below Plaquemine, gives for the result desired 
(namely, the discharge per second of the Mississippi just below the 
mouth of Red river in 1828, if all the overflow into the Tensas swamp 
and all the discharge of Red river had been retained in the river chan­
nel) 1,524,000 cubic feet per second. 

Resulting dis­
charge just 
below Red river 
in 1828, if levees 
had peen per­
fected. 

Tho Red-river cut-off, completed in 1831, has modified the condition of the Missis­
sippi at this point; and in the discussion of the floods of 1858 and 
other years, Red-river landing, situated below the efflu x of Atchafalaya, 
has been the point, in this section of the river, to which the analysis has 
been applied. For that reason, the discharge just obtained for the flood 
of 1828 at the mouth of Red river will be transferred to Red-river 
landing. A. the object of this discussion is to determine the effect of 

Result trans­
ferred to Red­
river landing 
and compared 
with the flood 
of 1858. 

tho recurrence of such a flood as that of 1828, the discharging capacity of the bayou 
Atchafalaya will be taken to b that of its present cross-section, with the surface at the 
actual elevation of 1 2 . Under those conditions it would be 150,000 cubic feet per 
second, making the di charge per second of the Mississippi at Red-river landing 
1,374,000 cubic feet. But, as already seen, this quantity in 1858 would have been 
1,338,000 cubic feet, giving an excess in 1828 of 36,000 cubic feet. 

* It has been al ready remarked, that the volum e received from Red river by the Oourtableau and Teche through 
bayou Bocuf was exceedingly mall in 185.1. 'rhat portion of its volume sent off through Choctaw bayou which 

mplietl into the Atchafalaya th rough bayou Rouge may be omitted , since it is t o be presumed that those bayous 
wi ll be al ways kept open, an d that !hat portion of R ed-river discharge which is now carried off by them will 
always continue to be discharged in that manner without reaching the Mississippi river. That portion of the Red­
rive r Yolume wh ich passe into the .Atchaful aya lJy the bayou de Glaize is taken in to account in the discharge of the 
bayou .A.tchafnlaya at it · IIlux, fo r reasons elsewhere given. 
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With reference to a flood similar to that of 1 828, it should be furth er remarked that 
the banks of Old river, west of the Atch afalaya, as well as the western bank of Red 
river for many miles above its mouth, are without levee ; and that the discharge into 
the Atchafalaya basin through thi s natuml waste-weir would reduce the volume of the 
river below to such a degree that the disch arge at points between R d-river landing and 
the gulf would not exceed that determined for 1 . 8. 'I'he volume thus poured into the 
Atchafalaya basin would not rai e 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 1 2 . Indeed, the discharge into that ba in, ex­
clusive of that of bayou Plaquemine, 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, 
which appears to be probable, such a fl ood as that of 1 28 would not produce a greater 
maximum discharge below Red-river landin g than that which would have occurred 
in 1858. 

This completes the ann.lyses of all the great floods for which the necessary data 

The preceding 
analyses estab­
lish that the 
flood of 1858 is a 
safe standard by 
which to esti­
mate the neces-
sary measures 
for protection 
against over­
flow. 

exist. The investigation establishes thn.t, supposing the levees below 
Cape Girardeau to have been perfected, the mn.ximum discharge in the 
June and July rise of 1858 would have exceeded the maximum dis­
charge in any of the other fl ood. at a11 points above the mouth of Red 
river; and, excepting in 182 , at all point below th at locality; also 
that if the strip of low land above and near the mouth of Red river 
remain unleveed, the last exception need not be made. This flood, 
then, is a safe standard by which to judge of the merits of the different 
methods of protection, and it ha 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 repeated:-

Locali ty. 

Columbu s ... . . ... • . .. ... .. .. ...... . . . ..... .. .. . . . ..... ... . .. . . 
Memph is .... ... ...... . . .. . ......... . .... .. .. .. . ... .. . ... . ... . 
Helcnll .... . .. ....... ...... ... .... .. ... . . ... .. . ...... . . . ...... . 

a polcon ..... . . .. . . ... .. . .... . ..... .. . . . .. ... .. . .... . ·· ·· ·· ·· 
L1tke Providence .... .... ............. . . . ... . .... .. . . .... . ·· · 
Vicksburg .... .... . ........... . .... . ..... ... . .... . . . .... ..... . 
N11tchez .. .•.... .. .. . •.... ... .. . .. . •.. .. .......... . .. . ... .. . . 
R eo-ri ver landin g .. . ... . . . ..... ... .. . .. .. .. . .. ....• .. ..... . 
ll 11 lon ll.o uge ........... . ... . . .. .. . . . ...... ..... .. ...... ... .. . 
Donfl1dsonvillo .. . .. .... ..... .. .. .... .. .. .. . . . . . ...... .. ..... . 
Carroll lon ..... .. ... ... . .... •. .. .. .. .. ... ......... . . . .. .. •.. .. 

Flood of 1 5 . 

Actun_l mtufmnm dlscl•nrgo per 
HCcond. 

Dnto. .Amoun t. 

June 18. 

Ju ly 5. 
J unc ~2. 

" 23. 
" 24. 
" 2;j_ 

~J ay 30. 
' . ;3 1. 

" 31. 
" 2!1. 

CuUc f eel. 
l ,-JU3,UOO 

1 ,~3 .J ,OOO 
1.22 1 ,llOO 
] ,1 ,000 
] •1.15 000 
1 : ~3ll:ooo 
1 ,:!:18,11110 
1 ,2:1H, IHJ0 
1,1 !17,000 
1, l b ,000 

Mll."(lm um tl lschnrgt\ hnd ~wnmpH 
below npo GiruniC'nu been DifT£1 r(' llCO - ro-

rcclul roed. ductlou of lli s--

Dnt . 

Jun o 1 

J une 2~ (?) 
" 231?) 
" 2·1 "!) 
" "2i ("!) 
" :21i('! ) 

" "2i Ul 
" •) ( ? ~ 
" "2R ("! 
" :2!! (t) 

chnrgo by 
B'WI\ II IJlli b C' IOW 

Amount. Cnpo Oiru rdcn n. 

Cubic .fetl. Crtbic feel. 
1 ,H R,OOO i f>, OOO 
1,400,0()() 
1 ,:~G!I,OOO 3o,ooo 
1,41 H, OOO 1 !Ji,OOO 
1,-l()(j,OI)() 2 lR, 000 
1,-I:W, OOIJ 18:). 000 
] , ·1:2 1,1)011 1K> ,000 
l ,3:3H,Oil0 100,000 
1 , :l:~x .ooo 100,000 
l ,2!l i,OOO 100,000 
1,"2!!i,UUO 100,000 
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ANALYSIS OF PLANS FOR PROTECTION. 

Three distinct systems have been proposed for the protection of the bottom lands 
a(l"ainst overflow. These are: First, to modify the act~wl relutions G 1 1 'fi o . enera c ass1 -
existing between the accelerating and retarding forces in the channel, cation of plans 
in such a· manner as to enable the former to carry off the surplus flood- for protection. 

wa.ter without so great a rise in the ' surface us they now require. To this system 
belong cut-offs. Second, to reduce the maximum discharge of the river. To this sys­
tem belong diversion 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 embunkments. 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 Mississippi, each system must be examined in respec t 
to its fea ibility, its dangers and its cost, as applied to that river. This will be done 
separately for each plan in turn. 

Cut-qffs.-Thc system of diminishing the natural resistances opposed to the flow of 
the water, by cutting off the bends of a river and thus lowering the 
surface, has often been advocated for restraining the floods of the Mis­
sissippi river, and has even been partially applied under the authority 
of the General Government and of State legislation. It should therefore 
be fully discu sed. . 

System of cut­
ting off bends, 
to lower the 
water surface. 

It is an es ential part of the system of cut-offs, as proposed by writers on hydrau­

It is not applica­
ble, as p1·oposed 
by hydraulic 
writers, to large 
rivers like the 
Mississippi. 

lics, that the cuts shall be made continuously from the mouth of the 
river to that portion where it is proposed to reduce the height of the 
floods. This is urged upon the ground that the greater velocity of 
tb water in the part where the slope bas been increased by a cut, 
will bring n, lurg r volume in floods to the portion below the cut, 
where the slope has not been increa ed, and where, consequently, the 
water will rise higher than before. A second cut must therefore be made below the 
first, and so on to the mouth. This reasoning may be sound when applied to the small 
tr n,m had in yiew by the writers, where n, few hours make a material change in the 

flood, but evidently it i not applicable to the Mississippi, where the water often remains 
for we k at flood height. Moreover, such extended operations are manifestly imprac­
ticabl , and, ther fore, need not be considered. 

The practical ffcct of cutting off a single bend of the Mississippi 
can be determin d with much certn.inty from the measurements made 
upon the Red-river and Raccourci cnt-oiis, and this will first receive 
attention. 

It i well known that the Red-river and Raccourci cut-offs are in 
clo e proximity to each other. The first was made in 1831, and short-
n d the riv r 1 mile ; the ccond was made in 1848 and 1849, and 

shortened the river 21 mile.. The flood of 1851 was as high as that of 

Its effects, when 
applied to a sin­
gle bend of that 
river, have been 
accurately mea­
sured. 

Effect above the 
cut by measure­
ment. 

1 2 at point 100 mile above and below the mouth of Reel river, and the accessions 
received from Red river were the arne in each flood. It is concluded, therefore, that 
the river would ha be n a high at Routh's point in 1851 as in 1828 but for the cut-offs. 
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The flood of 1851 w:ts, however, 4.G feet below that of 1 2 . This, then, is the effect of 
the two cut-offs in lowering the flood level just above their site. 

It is conceded that little confidence hould be placed, in , uch n, eli cussion as 

B 
. this, upon results computed by formulm. Still, when careful observa-

Y computation. . l . d' d l . .rr d .1 del' · l · 1 twn l:ts m wate t 1at certam e:uects are pro uceu, a 1 tlonn, wetg 1t 
is given to such conclusions, if it can be shown thn,t they accord with the general laws 
of flowing water as expressed by reliable formulm. The following analytical di scu. sion 
of the subj ect, based upon observed facts, is therefore added. 

Let it be proposed to compute how much the high-water level in 1851 wn,s lowered 
at Routh's point by the two cut-otfs, assuming that they produced only a local effect 
upon the bed of the river. 'fhis problem will be solved in two wn,ys, by discussing, 
first, the effec t produced upon the river above, n,nd second, the effect produced upon the 
river below, Routh's point. 

The preceding comparison of the high-w:ttcr level of the diffi rent floods has indi­
cated that no sensible effect was produced by the cut-offs at a distance of about 100 
miles above Routh's point. The first object then i to compute h'; that is, the fall of 
water surf:tce in this di tance, if the cut-offs had not existed. For mean dimensions in 
this part of the river we have the following :-

a'= mean high-water area - 199,000 sq. ft. 
W'=proportional between mean widths above and below Red river = 3,450 feet, 
p' =width increased by about half mean radi us - 3,480 fee t, 
Q' =discharge by Delta-Survey measurements = 1,150,000cu. ft. 

Sin.2 a'= value measured on La Tourrette's map - 14, 
l' = distance considered . - 528,000 feet. 

Applying equations (3G), (44), and (-±5) to the. e datn,, we find h; = 15.95, n.nd h', = 
3.40, giving h' = 10.44 fe t. If, now, x <lenote the lowering effect of the cut-offs upon 
the water surface at Routh's point, xprcs. ed in fl t, it i · vid nt that the actual fn.ll 
in the distance consider d, at high water in 1 61, d noted by li!', will be qual to h' + x ; 

that the actual mean area (a") will be equal to a'- W~ x' and that th actual perimeter 

(p") will be equal top'- x, all the other qun,ntiti s r maining unchang cl. Computing 
the value of x by the method of succ s ive approximatioi1 , we find that wh n x = 4.4, 
the analytical conditions are very nearly sati ·lied; that i. , we have h;' = 20.06 n.nd 
h," = 3. 77, and hence 71/' = 11;' + h,;' = 23. 3 fe t, which v ry n arly accor<l.· with the 
value given above, viz.: h" = h' + x = 2 . 4 [! ct. The effi ct of the ut-offs is, th n, by 
this computation, to lower the level of the wa er surface at Routh' point at high wat r 
in 1851, 4.4 feet. . 

The problem wi ll next be , olv d by computing the effect f th cut-offs upon the 

By a second 
computation. 

river below Routh's point a snmin O' what the water marks , tablish, 
th at no sensible effect was produc d at D nald. onvill , and that, although 
th re was an actual increase of m an ar n. b tween the lower nd of 

Raccourci cut-off n.nd Donaldsonville~ th chancr in <lir tion of th unents producc<l 
such an incr ase of resistance as to be quival nt to a diminuti n of mean ar a. 

Since the mean dimensions of eros - ection b tw en R d ri r and Donaldsonville, 
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already deduced, correspond to the actual high water of 1851, we have the following 
numerical values for this flood:-

0:' = 200,000 square feet, 
W" = 3,000 feet, 
p" = 3,035 feet, 
Q:' = 1,200,000 cubic feet, 

Sin.2 6/' = 15.39, 
l" = 64 7,330 feet. 

Applying equations (36), (44), and (45) to these data, we find 1~:' =17.0 and h,;' = 4.1, 
giving 71:' = 21.1 fl et. This quantity, as actually measured by the level parties of this 
Survey, was 22. feet, and, consequently, the final result of this computation must be 
increased in the ratio of 22.8 to 21.1. If, now, the cut-offs had not existed in 1851, we 
should have had-

71: = li' + x, 
W" x 

a!= 0:' + --, 
2 

p'=p" + x, 
Sin.2 0: = 23.l<J (from map), 

l' = 85 530 " " ' Q' = Q" = 1 200 000 
' ' ' Yv' = vV" = sooo. 

Computing the value of x by successive approxim a,tions, we find it to be about 3.9 fee t, 
since with this value we have h' = h" + x = 25.00 feet, and h' = h; + h,; = 19.05 + 
5.88 = 24 .93 feet. I ncreasing lt! and h; n.nd h,; in the ratio of 22.8 to 21.1, as already 
explained, we hn.ve fo r the final res ul t of the computation, h' = 20.6 + 6.4 = 27.0 feet, 
and hence x = 27 .0 - 22. = 4.2 feet. 

The r ult of the e two computations may be sta,ted as foll ows. By discussing 
unalyti c::tlly the lowering effect of the cut-off.':l upon the level of the too 

t Conclusion 
of th fl ood of 1 :)1 at Routh's point, we find that the effect was equal relative to the 
to 4.4 feet, if we consider the river above this locality, and that it was effect above the 

4.2 fc t, if >Ye on~ider the river below this locality . By comparing cu~. 
the high-·wn,tcr marie of different years, we h::tve already decided that this effect was 
about 4.6 fe t. It is hardly po ible that these coincidences arc accidental, and it must 
therefore b con cded that th y demonstrate the actual ffects produced by cut-offs 
a,bove their site . 

It remai n to d termine this effect just below their site. At Baton Rouge the floods of 
182 and 1 51 w re pra tically of the same height, and the latter flood at Effect below the 
this point wa th refor unaffected by the cut-offs. The total measured cut, by measure­
fall b tween Routh's point and Baton Rouge in 1851 and 1828 was 16.24 ment. 

and 20. J feet re pectively, t he lope per mile being 0. 222 and 0.1 8 of a foot respec­
t ively. A::;suming the slope uniform be tw en these two pbces, the river at the foot of 
the Baccourci bend in 1 2 was 12.33 feet above the river at Baton Rouge, and in 1851 
1J .7 feet auove the <tme level. But it was a 'certnined by careful meas urement that in 
the .flood of 1 31 \and al ·o in that of 18- 8) the fall per mile through the Raccourci 
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cut-off wn.s 0.56 of a foot, which would reduce the elevation at the foot of the Raccourci 
bend in 1851, as computed by the general slope, to 14.3 fee t. The difference between the 
two elevations (1 28 and 1851) was, then, 2.0 fee t. 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 mea urement in March, 1851, 
Second measure- when the r iver was rising n.nd within 5 fee t of the top of the flood at Red­
ment with same river lanuing, the fall from Routh's point to the foot of the Raccomci 
result . cut-off wail found to be 1.8 feet. The fall n.t the top of the Hood was 
not materinlly different. H ence the river at the foot of the Raccourci cut-off at the 
flood of 1851 was (3.4 fee t below the high-water mark of 1 2 at Routh's point. At 
the top of the flood of 1828, the riv r at the foot of the Rn.ccourci cut-off was, by 
levels, 8.4 fee t below the surfn.ce n.t Routh's point, giving the same number as before 
(2 fee t) for the increase in height ?f the f1ood below t he site of these cut-oifs. 

Vfe mn.y, then, deciue that the high-water mark of 1 51 at Routh 's point was 4.0 
Final conclusions feet lower, and at th e foot of Raccourci cut-oif 2.0 fc t higher, than it 
r especting the would hn,ve been if the cut-oils had not been made. 
effect of cut-offs. The el vation of the river's . u rface at th head of a benl, necess:wy to 
overcome the exce s of re. istance in a bend ov r t hat in a straight part. of tbe river, wi ll 
disappear when the cut-off is made, and the urface at th head will be lowered by th is 
quantity. This effect in the two bends under con ideration is 1.8 feet by equation (45). 
I n 1828 the fall of a straight part of the river in 30 miles (the length of the two bend ::; 
less the length of the two cu ts) was 5.5 fee t, or 0.14: of a foot per mi le. One-half of this 
quantity, increased by 1. feet for the bend- ill ct, gives 4 .56 feet, precisely the amount 
found as the actual depression of the high water of 18.- 1 a t Routh', point, the head of 
the Red-river cut-off. By comparing the flood of 1 6 with that of 1828 at H.outh's 
point, the difference in the conditions of H.ed river in th two floods being taken into 
account, the same result is obtained; and it must, ther'fore, b oncluded that the river 
at the head of a cut-off wi ll be depre ... ·ed by the whol amount of th elevation at the 
head of the b nd due to the bend's resi ' tance, and by one-half of the fall in a st raigh t 
part of the river equal in length to the short ning of the river.=:= Let u::; now determine 
how thi s Cinclusion accords with the fa.ct. obs rv d. at other cut-ofi>. 

* 'fhe high-water marks of 1 28 and 184-i at the head of the R d-river 4ut-of1' and at points 100 mil s !1bove allll 
below have be n addu ced as evidence tha.t the effc ·t of a cut-ofl' was to depr ss the surf'n.ce of the river at the herul 
of the cut-o !I' mo1·e than th e whole fall in the bend o cut off, and to d pres the surf,tce of the ri ver at point below the 
cut-o ff, instead of clevati n(l' it. This concl usion is vidently contradicted by the facts al ove cited. The only new 
force which wou ld dimini sh th e lope I.J elow th cut-off would be the impulse deri ved from th e incr ased velo­
city of the river in falling tl11·ough the cnt.. 'l'his would be exhausted in a short distance. It is stat d th at 100 
mil s above th e Hcd-ri v r cut-oil', the flood of 1 · 1 -~ was equal to that of l '2 ; that it was below thnt mnrk nt 
Natchez, 0.6 of a foot; at th head of the cut-off, :!...l ft'e t; at Mor"'anza, l.'i feet; at Hn.ton Rouae, 0. of a foot; an d 
at ltr l ' IILon, 0.7 of n foot. ' ow it is to I.Je remarked that nil the f;tcts r la ling to t.h Oood of 1 4-1 ar not 
kn own. Am ng the items of informa tion ga thered hy th is Sur\'ey i n statement made at \Vat l'l oo, that there was n. 
crevasse in the vi inity f Morganza in 1844. 'rh is wou ld h;wc deprcs ed th fl ood nt that pi n . But. th gr 11t 
cause of t.he depression f the flood in l -t-~ at p inls b •low th mouth of Red river wa the fact th!1t Red ri v r was 
low durin g the fl ood of that JCitJ·, and that, consrquently, bct11 en f\0. 000 and 100,000 cuhic rect p r seco nd of Missis­
sippi wnter was discharged throngh the At chal'ltl11ya. In] :! and l 51, on the contrary, the Jtc<l -river and i\I Lsi s­
sippi-river fl oods were ncal'ly coi ucident.. ln the great fl ood of 1 .iO, till' )I is issippi •tt points JOO mil es above the 
Red-river cut-ofT wn as hi "'h as in the fl ood or 1H2 , whil e at Huuth's p int it was 1 root below the high wate r of 
1814-, and at least 1. 3 feet above it below the Rnccou rci cnt.ofi' notwith tandi tw the numerous and largo cr vnsses 
of that year between Red ri ver and New Orleans. ' 

0 
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It is stated that the Fausse Riviere cut-off was made in 1722, when there were no 
levees. It shortened the river 20 miles, and must have depressed it at Tested by cut-
flood not les than 2.4 feet at vVaterloo, the head of the cut-off. In 1851 off at Fausse 
a small levee, 18 inches high, was thrown up there for the first time, the Riviere. 

high water being above the bank, an evidence that, from some cause, the surface of the 
river in that vicini ty had been raised. 

The American-bend cut-off, 90 miles below Napoleon, occurred on April 15, 1858. 
On the 9th of ?~In.y, when examined in connection with this Survey, 
the following conditions existed. The cut-off shortened the river 7.0 
miles. Just above the cut-off the river was 2.3 feet below the highest 

By American­
bend cut-off. 

point attained preYious to that date. At Grand lake, just below the cut-off, the river was 
0.25 of a foot below the highes t point previously attained. From a scrutiny of the gauge­
r cords at Napoleon and Vicksburg, the cut-off being mid way between t hem, it appears 
that if no crevasses had ex.i ted at that time between those places, and if no other disturb­
ing 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 Vicksburg at that time were sufficiently large to depress 
the river's surface about 0. of a foot. The bend-effect (equation (45)) was equal to 0.5 
of a foot. The fall of the river in that part of its course, irrespective of bend-effect, is 
0.2G of a foot per mile, :md in 7 mi les is 1.8 feet. The following 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, would 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 depres ion at head of cut-off from bend-effect; 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 corresponds nearly to that observed. At the foot of the cut-off, the river, 
jf undisturbed by cut-off or crevasses, wouTd also have been 0.2 of a foot below the 
h io·ht it reached early in April. The elcvn.tion from Rhortening the river 7 miles 
wa. 0.9 of a foot; the depre sion from crevasses was 0.8 of a foot. These -two effects 
nearly balancing each other, the level of the river should have been on May 11 about 
the am a it wa arly in April. It was found to be 0.26 of a foot below that 
stand ; a uffi iently clo e approximation, when the somewhat uncertain nature of the 
data i consid red. 

The laws indicat d by th Red-river and Raccourci cut-offs apply to tpe Po. Thus 
it was stated in 1 -4: by M. Cattan o, E ngineer in charge of the Hydrau- By those upon 

' lie Work in the di trict of Ro igo, tluit recti fications had been made in the river Po. 
recent year upon th Adige, for the purpose of protecting the banks 
from ero ion; that such a r ctification was made in 1 54 at Boara, about 10 miles from 
Rovigo (pln,t XIX) in which the cut was one-half the length of the bend; that the 
effect upon the surface ·of the river in floods, as noticed since that time, was to depress 
the surface at the head of the cut 0.8 of a foot, and to elevate it at the foot 0.4 of a 

foot. 
'rhe inv stigation of the Chevalier Elia Lombardini, Director-General of Public 

\Vorks in the proYince of Milan, have brought to light the following interesting par-
48 
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ticulars. About midway between Pavia and Piacenza, the course of the Po is straight 
for many miles. This straight part extends from Albcra to .Monticclli. Above and 
below, the course is winding. Along the en.st bank of the straight part, the marks of 
former bends are still visible. On the west bank, all trace of those shown on the old 
maps arc obliterated by the depo its of gravel and other hcn,vy material brought down 
in large quantities by the short streams from the Apennines. The longer streams from 
the Alps, on the east , ide, bring a comparatively small quantity 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 16 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 observR.tions are concerned, then, it mu t be admitted that the foregoing 

A theoretical 
objection to the 
above conclu­
sions, met. 

conclusions, based upon the observations on the Red-river and Raccourci 
cut-offs, are general. If it be objected upon theoretical grounds that 
the elevation of the river surface b low the cut would give an :increased 
slope and an increased cross- ection to the river there, and thu cause 

an increased discharge, while in reality the discharge of the river remains constant, the 
rep y is obvious. If -the river were not leveed, the cut-off would really increase the 
discharge above, through and below the cut-off in flood ; because, its urfac 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 be increased by the cut-off in the manner before described. How, 
then, in this case, can the increa. ed cros '-s~ction and increased slope below the cut-off 
be reconciled with the fact that the di. charge is not increa. ed? The cross- ec tion and 
velocities measured at Routh's point give the clue to the explanation. The greatest 
velocities in that part of the river ure n<Jt in tlt de p ·t w zl r. No cut-off upon any 
river ha been mn,de so as to introduce the curT nt from th cut to th , reach b low 
in the same direction that it had b fore the cut wa mad . As n, con. quence, the 
swiftest current does not run in the d p t part a it did lJ fore; tue r sistan es which 
it encounters are therefore greater than before; and in rd r to carry off the sam dis­
charge the surface mu t ris , and thus incr a e the slope and ar a of ro ·-section; 
unle ·s, indeed, the power of the current i ~ ffi ien t t excavat the bed at once. This, 
as ·will hereafter be se n, i not the case with the fi ' i ·sippi, whose bed is not in 
alluvial soil b~1t in an older geological formation of bard clay, which yields so lowly to 
the current that it may be con ider d almo t permanent. The ondition of the river 
for many miles below is thus changed by tho ut-off. That the b d wi ll gmdually 
wear until the swiftest current fiow · in the d ep t part of the channel, in tho e por­
tions wh re the relation of the two w re di turbed, is probabl ; but the proc ss will be 
so grad ual that th injurious cffi ct of the cut-off in rai .. ing the surface of the river 
below may for all practical purpo es b consid r d I rma.n nt. It hould, bow ver, 
be remarked that this elevation i comparati ly local. In th two ases of the 
Red-river and Raccourci cut-oil's, it did n t r ach b low Bat_on Roug , but its 
precise extent could not be a c rt in d. It i , pparent that th curr nt mu ·t tend 
more and more to resume its ld direction, the greater the di tanc from the cut. The 
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depression above the cut-off extends to a much greater distance, certainly not less than 
100 miles. 

It has been shown by the preceding discussion that a cut-off raises the surface 
of the river at the foot of the cut nearly as much as it depresses it at 
the head. The country above the cut is therefore relieved from the 
floods only at the expense of the country below. Moreover, if a series 
of cut-offs were to be made extending to the mouth of the river, the 
principles educed show that the heights of the floods would be regularly 
decreased from a point near midway of the series to the upper end, 

The system as a 
measure of pro· 
tection for the 
Mississippi val­
ley is then per­
nicious. 

and regularly increased from the same point to the lower end. The system, therefore, 
is entirely inapplicable to the Mississippi river, in whole or in part. 

Diverting t1·ibtdaries.-lt 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 al;eady Pt 1.abnotf d.iverting 

. . . . n u anes. 
enunciated, upon whJCh th1s plan 1s based, 1s unques tionably correct; 
and we have only to determine whether the practical application of it would produce 
results commensurate with the requisite expenditure. 

Beginning in the 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 The Missouri 

0 

of prairie land lying between the "great bend" and Mouse river, a dis-
river. 

tance of 4:0 miles in the narrowest place . . The following facts, taken from the report of 
Governor I. I. Stevens contained in vol. I PacinG Railroad Reports, are sufficient to 
show that the project is so cos tly 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 bluffs some 200 feet 
in height. Ma.ssive sandstone rocks are occasionally seen in these bluffs. Between this 
valley and the l\Iis. ouri, there is a plateau, averaging some 600 feet in height. In gen­
eral, the sub tratum is a clayey loam, but boulders and stones are often mingled with 
the soil. The general level of the Missouri and Mouse-river valleyfl is about the same, 
but the information upon this subject is not sufficiently definite to decide which is the 
hio-her 0 • 

Even if thi project were feasible at a moderate cost, its practical utility for the 
purpo. contemplated would be more than doubtful; for floods in this part of the Mis­
souri are to be little feared below the Ohio. It is the sudden rises in the lower tribu­
taries which 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. La tly, such a work would interfere with the navigation above the point 
of diversion, which extends for several hundred miles, and is every year becoming 
more important to the country. · 

The next tributary for which this plan presents any appearance of feasibility is the 
Arkansa. . It ha. been proposed to turn the floods of this stream into 
the bayou Bartholomew or bayou Mac;on. The pnwticability of this 
undertaking cannot be decided without a careful survey; but, as .the 

The Arkansas 
river. 

plan mu t include the permanent protection of the banks of the bayous from over-
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flow, its execution would nccesRarily be costly . It is tated that the bayou Macon r ises 
within two or three miles of the Arkansa. river, and th a t the intcrv ning soil is light. 
No exact information respecting the cross-section of•thi. bayou near it s head, or re­
specting that of the bayou Bartholomew, ha. been collected, but they are believed to 
be· too small to give much encouragement to the proj ct. As ·uming, however, that it 
is feasible, t he plan has its advantnges and dil'mdvantages. 

The floods of the Arkansas arc particularly di as trons to the lower Mi ssis. ippi. 
The operations of the urvey establi sh the fact that a given quantity of water intro­
duced into the channel at the head of the alluv ial region pr duce a less ri :-;c in the lower 
river than the same quantity added by one of the lower tributarie. . This effect is due 
partly to the reservoir intluencc of the channel above the tributary; partly to the dam­
ming effect of conflicting current. neu.r the mouth of th e tributary ; and, partly, as at 
the month of Red river, in th e fl ood of 1 51, to interference with the normal chang s 
in local slope at points below the tributary. The ob. erved fact accords perfec tl y wi th 
the views of planters residing upon tl1 e Missis.'>ippi b low Arkansa. and Red r ivers, who 
have fr quen tly stated that they dread the r ises of these s treamr- far more tha.n those 
.of the Ohio or of the Mis. ouri . Keeping the Arlmnsas floo 1s out of tb Missi ~sippi 

must, therefore, have a pccu liarly ben ficial effect from N apolcon down to Hcd-ri ver 
landing, where the water would, of cour. , again make i t. appearance th rough the Red­
river chu.nnel. Above Napoleon the effec ts would be out little felt. Below Red riv r 
they would be in some measure injmious, as just indicated . The phtn mu. t, tl1erefore, 
be considered purely local- applicable, however, to the very part of the river where 
the difficulties to be overcome in r straining the fl oods are the greatc t. 

The objections to the scheme, supposing it to be fea ible at a moderate cost, ari . e 
chiefly from the diffi culty of preventing injuriou :fli ct · upon the navigabi lity of 
the Arkansas river; but it may nJ o be obj ected that it would only furnish protection 
against ceTlain cla. ses of flood. ; for it often happ n ~:~ thn.t th rkansas is low, wh en t L 
flood from above i · passing its mouth . Tbi · wa. the a. e in the gr n.t July flood of 
1858, which has been adopted as the ba. is of thi di u . ion. \. already en, pro­
vision for a di ·charge some 200,00 cubic feet p r cond gr ater than that whi h actu­
ally passed at the height of this flood, wa n cessary to prote t the country between 
Napoleon and Red-river landing fro m ov r(low; while the div rsion of the entire water. 
of the Arkansas would only have reli ved the river of 0 000 . Th works nee s~itry 

to guard again. t thi flood of 1 3 would, so fa r as it is po:ssibl to for ec, b ufficicnt 
to restrain any probable combination of ilood · in tb ' two ri rs. The union of the 
greatest floods in both rivers is of course p ossibl , but o hi n·hly improbable as to amount 
to a practical impossibility. 

The next and only remaining tributary, to which thi. sy. tern might b appl ied, 
The Red river. is Red river. It ha. b n sugO" st d, fir. t, to turn th urplus wat rs of 

this stream into th channels drainin O" to b, you Tech ; or, . econd, to 
compel the Atchafalaya to carry off its ntir di ~ hargc by cloBing ld ri r, abov' 
Red-river landinO". 

To the fir t of the. e proje ts, th r mark. jw;t mad r . p cting th Arkan. as r iv r 
apply, xcepting that the ad.vantag s to be deri ed ar , mat ria lly 1 •s , and the praclieal 
difficulties to be encounter d ev n great r. Th L tter filet is ideot fr m the following 



P R 0 'l' E C 'l' I 0 N A G A I N S 'f F L 0 0 D S. 381 

considerations. The shortest air-line distance between Red river and the Teche is fully 
40 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 security of the 
plantations upon their banks. The chief link, bayou Bamf, is only some 60 or 100 
feet wide, and its cross-section does not probably exceed 2500 square feet. From the 
deHcription of the Teche itself,* it is, doubtless, a partially deserted channel, with a 
cross-section capable of di scharging n.bout 10,000 cubic fee t 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 Tecbe, and discharges into the Atchafalaya, 
might carry off the same additional volume. But it will be perceived that, even if it 
were important to draw off so small a quantity as 20,000 cubic feet per second, the 
works to effect it mu t be enormously costly. 

The second project-to close Old river-would, if executed, entail disastrous conse­
quence . ndoubtedly the Red river at times pours its flood into the Mississippi when 
that stream is so hio-h as, in the defective. condition of the levees, to render the effects 
dangerous to the lower country. This occurred in 1828 and 1851, but usually the 
flood of Red river do not raise the surface of the Mississippi to a dangerous height. 
Generally the Atchafalaya serves, directly or indirectly,t as an eff1eient outlet for the 
floods of the 1\Ii sis ippi. uch an outlet should not be sacrificed merely to guard 
against the contingency of a coincidence of floods, the worst effects of which, so far as 
indicated by the pa t (see di. cussion of the flood of 1828), will be provided against in 
the plans for protection based upon the standard flood of 1858. 

But this i not the only evil that would follow the execution of the plrtn. The dis­
charge of Red river at its mouth, in floods caused by its own drainage, is 225,000 
cubic fee t per econd. The discharge of the Atchafalaya at full banks is only 130,000 
cubic feet per , econd. 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 Atcha­
fa1n.ya ba in would all be deeply inundated at the r currence of every Red-river flood. 

Reserwir .-Thi plan is to hold back, in the flood season, by systems of artificial 
lakes upon the tributnxies of the Mississippi, such a volume of water n.s 
may be requi itc to reduce within banks the floods of that river. The 
volum thus held back i" to be retained for improving low-water navi­

The plan of 
reservoirs. 

gation. The cli'charge of ach tributary is thus to be more nearly equalized through­
out th year, and a double advantage secured . 

The plan in th eory, is admirabl , and has long been a subject of discussion among 
Europ an encrineer . rtificial lal es for protection against floods were 
on. tructed a early a 1711 upon the upper Loire, and they have 

Its antiquity. 

since been ad' ocat d, b th for improving navigation and for res training floods, by 

* For more than 100 mile above its mouth, the area of' its cross-section e.xce ds 4500 square feet , and its slope is 

at least 0.16 of a foot per mil e. · 
t When this action is indirec t, it is obscured by the exi tence of dead water in Old river. Thus at the top of the 

fl ood in 1 3 , the bayou, althoug h apparently inopemlivc as au outlet, crtr ri d ofl ' 90,000 cubic feet per second of 
Missi ippi wal r which draim•d to it through the 'J'en a bottom. ( 'ee pages 3•15- 7. ) If' the levees or th e T ensas 
s wamp hat! rcmniued unbroken in tlnn flood, the bayou woultl have drawn off the same am ount throu g h Old river, 

and its beneficial action would thus have been unm1stakal>le. 
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eminent writers, among whom may be cited M. Polenceau, 'L Lombardini, M. Bon­
lange, and M. Vallee.''' 

This equalizing tendency of lakes was pointed out in the first report upon the 
improvement of the navigation of the Ohio river [Report of the Board 

American advo-
cates. of Engineers on the Ohio and Mis is ippi r iver , by . Bernard, 

Brigadier-Geneml, and J oseph G. Totten, Major Engineers, and Brevet 
Lieutenant-Colonel-New York, December 22, 1 22] not as a mea.n to be re orted to 
for that obj ect, but as exhibiting the condition of otller rivers, the Rhine for instance, in 
contrast with that of the Ohio.-f 

Among American engineers who have rtd vocated the applicati n of a sy tern of 

* In July, 1847, JIL Bou langc, E ngi neer in Chief of Bridges and Roads, in a bri f notice of the inuridati ons of th e 
Loir in 18-l-6, desc ribed tho works on that river just referred to, and indica ted where others of a simil11r charac ter 
should be 11laced to prevent tho inunda.tions altogether, or restrain them within harmless bOt! nds. (See Annales des 
Pont et Chanssees, 1848.) 

Previous to this, M. P olenceau h::td pr oposod a somewhat imilar system for tl1 0 rivers of France, with the same 
objec t. 

In 18 ~2, :M . V all ee, Inspector of Bridges and R oarls, Chi ef E ngin eer of the Canal that unites the Rh one and the 
Rhine, proposed to convert the la.ke of Geneva into an artifi ial r servoir. by constructing cer tai n work at the elflu x 
of the lake, with a view to kee p back the fl oods of Lir e Rhone and to impro1·e the navigation of that river in low water, 
by sup plying it in grea.tcr abundance than the natural flow fi'Om the lake at those period . 

For these objects he contemplated holding in reserve ab ut 30.000.000,000 cubi c feet of wa.ter, to be suppli ed to th e 
river at I_,yons (1:35 mil es distant) during tho pm·iods of low w11t e t· (the mean duro.tion of whi ch is sta.tod to be forty­
three days annually), in quantities varying from 6 to 40 millions cubic feet per honr, which, in addi tio n to the na.tur11l 
How there, would give !L depth suit::tble to the navigation. By holding back 35,000 cnbie feet per second from the 
discharge, JIL Vallee expected to reduce the height of the fl ood ncar ! ~· 5 feet a.t Lyons, ttnd 2.5 f ot at .A. vignou. 

The obstacle to the execution of this project has been of a. 1 olitical rather than u physical character. Franco 
possesses no portion of the shore of lake Leman (Geneva), which lie within the tcnitories of two Swiss cantons and 
Sardini a. . 

A mong th o e who wore of opinio n that the aclvantag(' anticip:tted dul'in g the low water of th Rh one would be 
obtai ned by the executio n of snch a project, was M. Elia Lombardini, Di t"ctor.G n ml of Publ ic W orks in the 
province of Jlf ilan, one of the :tblcst an d most learn ed hydmuli c etwin er·s living, if, indeed, he muy not mor properly 
be clrt sed as the first hydraul ic engineer of th UO'e. 

] n a. pape r upon tho natnr·e of l11kes, and of th e works req ui red to regulate th eir effiux, read before the I mperial 
Roy11l r nsti tute of Lombardy. in Atwust, l -1·5, anJ pnblishl'd at ~[ilan in l R Hi, ~L L mbardini dwells upon tho beno­
fi ·i 11l influence of the ll1k os of I taly in rogul 11ti ng tho flow of th e water'" of the Po, in restrain ing its fl oods by diminish­
ing th o volume of its great tributaries to one-h11lf and on .thi r·d of what they wou ld b ' but. fo r tho in terposition or 
these Iukes (which at such t imes dis harge so mu ch les water than th y recei1•0), an d in preventing excessive low 
water in that river by in ·rea ing th o fl ow at that t im e, thus tend in p: to equ11liz the vo lum of water at all seasons. 

'l'his moderati ng infl ue nce of tho l11ke had been prev iou ·ly pointed .out by .:'.L Lombard in i, in d tail , in o. paper 
publ ishecl in 18-liJ. 

A t his suggestion, artificial work . have b en s uc<:es~ fnlly reso rted to at th outl t of one of these Tt 11liau lakes, to 
prevent, in conj uncti on with other works, inundatio ns on th river is uing fro m it, in tho cou ntry below. 

t The Report states: '·A grogmphical circum stance of great importance a regarLls th upply of ri vers is th e 
situation of largo lakes rtt or ne:u tlll'ir sources. 'l'hcse, hy rl'laining the wat ·rs, a r·e so m:wy re crvoirs, regul atin g 
the xpense of water in sea on. of flo <1~, antl . npplying an equiYulent to thi ~ expPnse long after the causes of fl oods 
have ceased." As an inst:w ee in poi rJL it ·itc th H.hi ne, which ri se~ in th e Alps, wher th • molti ng of the snows is 
succos iv , an<l prolong d even to July. " In its upper part it trav r·;;c lakl'S, which c<: nomize tho wat r and s rvo 
as reservoirs fo r seasons of scarcity." P rom the varied as p cts of th dill 'e rent part ot' the ba in, willlls from tl ifl'cr­
cnt dit·ections blow at tho same time in <liflcrent parts of the . am gcn ral \'alley; cons qucntly th mins arc not 
s'irnul taneous over that vn.ll y, and th tributaries bring thei r floods in u ·ce~sio n. 1'h flood s in 1 he Rhino arc not, 
therefore, great. On the contrary. thr win ds blow at the snmc time from the ~am di r ·lion in the wbole hasin of the 
Ohio, anrl tho mi ns :1r ~ i mn l ttl n t•ous thro ughout th whole gl'll ral valley. 'l'h, mountains in tho onth rn half of the 
basin ar low, and the snows :1re m lt•d m pi dl y an d nearly Hi multarwon ly by th warm sottth rly winds an<l rain s. 
'l'ho tri butaries contri but their floo ds nc:trly n.t the same tim , and the flo d f tho hio arc therefore of g reat 
height. 
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artificial lakes to our western rivers are Mr. Charles Ellet and Mr. Elwood Morris. 
The former, in a paper published by the Smithsonian Institution in 1849, and the 
latter, in a serie of articles which appeared in the J ournal of the Franklin Inst itute sub­
sequent to that date, have urged its adoption for the improvement of the navigation of 
the Ohio. Mr. Ellet has a.l o, ~ince 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 improvement of navigation in low water; the other, protection 
against floods . The former is foreign to the purpose of this report, and 
it is not intended to discuss it, especially as the requisite data ha,ve 
never been collected for the Mississippi or for any of its main tribu­
taries. It seems pos ible by e ta.blishing a system of da.ms in the 
mountains upon many tributaries, a.ccumulat.ing the rain which falls 

Its double cha­
racter. Its ap­
plicability to 
restraining 
floods only to 
be considered 
here. 

during many months in the yenr, and pouring it into the channel of the river in its 
lo\vest stage, to effect a marked improvement in the low-water navigation even of 
the Mis. is ippi itself. To what extent this system is practicable, and what would 
be its probable cost, can only be decided by careful ahd extended investigntion and 
survey. A already stated, it is a subject with which this report has no connec­
tion. The second adva.ntage 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 t he subj ect, therefore, will be 
carefu lly examined. 

Little consideration is necessary to make it apparent that this system is not appli­
cable to restraining the floods of n,ll rivers. Certain topographical 
conditions are s ential to its s~ccess . The valley must be of such a 
character that dams of reasonable dimensions can Qe constructed, 
which hall keep back the identical water which otherwise woulcl malce up 
thejlood. It is not ufficient for this purpose, as for improving nn.viga­
tion, that a large volume of water may be collec ted by the accumula­
tion.' of month . The Jloods of great rivers ar torrents, ca.used by 

General con­
siderations are 
sufficient to 
show that it is 
inapplicable to 
restraining the 
floods of the 
Mississippi. 

rapidly meltin cr now and by widely extended and heavy mins. The greater part of 
thi. water does not drain from the r 'mote mountain sides, and issue from the di stant 
mountain gorcre . It fall ~ in the valley itself; and the nearer to the mn.in riv r, the 
more ·udd n and di a tr u · will be its effects; partly from the more rapid accumula­
tion in the main tr am f th contributions of the tributaries, and partly from the 
ab cnce of the natural re ervoir furnished by the various ehannels, which must be filled 
before a fre bet originatin cr n ar the , ources can reach the lower part of a river. To 
con trol uch flood· with certainty and economy by arti ficial reservoirs, it is, therefore, 
essential that c rtain important tributaries which drain relatively large portions of the 
basin shall debouch near their mouths from narrower gorges, where dams can be con­
, tructed at rea onable co t, and where artificial lakes can be formed without injury 

to other in tere ts. 
But the e e cntial conditions are the very rev rsc of those existing upon the lower 

* Report of l\[r. Bllct, 1851. 
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Mississtppi. It is emphatically a river which drains a plain. The area of the narrow 
border of mountains around it is insignifLCant, when compared with the gr n.t ex tent of its 
basin. Moreover, the downfall of rain upon these mountains is but littl e more than 
half of that which falls upon th same area near the gr at artery itself; for, as already 
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 riv rs, which are to valuable, as routes of communi­
cation, to be interfered with by dams, even if the ystem were otherwise practicabl e, 
it is evident tha t reservoirs can be locat d only in the narrow belt of mountain 
upon the borders of the basin, where, as already een, they can h:we but little effect 

upon the floods. 
In order to give a more definite character to the. c conclusions, th y 

will be reduced to figures by aid of the data collected rc. pecting the 
great Juno flood of 1858, by which the merit of all thes.e different plans 
of protection ar to be tested. 

To have protected " the whole delta and the borders of every stream 
~~~~1~i~h~~h in it, primary or tributary," again t this fl ood, not more than 1,050,000 
reservoirs must cubic feet per second could have been all owed to enter the head of the 
have held back, alluvial regiou. 'i' Ev n thi quantity would have submerg d much of 
to be successful, ._, 

This can also be 
established by 
computations 
based upon the 
data collected 
in 1858. 

in the June flood the lower country, had not the tributarie below the Ohio been so very 
of 1858. low that their united contributions, j oined to this amount, would only 
have been sufficient to maintain the river at full bank . The conditions of this flood 
were then the most favorable pos. ible for the reservoir ys tem. 

During the thirty-six days in 183 fro m May 2.~ to June 29, inclusive, the total 
amount of water passing the latitude of Columbus exceeded by G4 ,172, 00,000 cubic 
feet that which would have re~ulted from a discbarg p r econd of 1,050,000 cubic feet. 
Reservoirs situated above the mou.th of the Ohio, and su ffi cient to have kept ba k in a 
single month fully GOO,OOO,OOO,OOO cubic 1i et of water, would, th erefore, have been 
essential to the secnrity of the delta, if thi ystem had b en depended upon for 
re training thi · fl ood. 

Where thes reservoirs must b placed is the fir t que. tion whi h pre ents itself. 

Where the re­
servoirs must 
be placed. 

'rhe character of the ba. ins of the pp r Mis is ippi and lower Mi. Rouri 
is such that the system is impracticable in them. ( ee hapter I.) It 
is, then, in the Ohio basin that their locus rnu t be sought. The 
northern sl pe of this ba in Ire ents few or no advantag ous site . Th 

southern slope, on the contrary, is mountainous n ar the head-water· of the tributari , 
and it is there, if anywhere, that reservoir can be con tructed. 

Downfall of rain 
in this region at 
this epoch. 

The downfall of rain in this r crion i nex t to b con idered. Th 
xtended , yst m of m teorologi al ob · rvations conducted under th 

of the 1 mith onian ln titution bas rend red it I o · ibl to 

l<· If it be objected that, in the De· mb r rise of 1 57, nearly 1,200,000 cubic ~ ct p r s cond enter d th hc~td of 
the ~tllnvi~tl r gion, an<l pasR d down without mising the river above the lev I of the h~tnk s, the reply is obviouK. ' l'h 
riv r Itt the commencement of' fhi rise was low, and the w~tter was cxpentl d during tho bri f rise in fillin g lho 
compara.livcly empty chann 1,-a con dition which, producing o. g reat local sl pe, also rno.tcr iully depresses the 
water su1·face . ( 'ce page 3-19.) In the flo d season or the year, the riv r is always so nearly at the level of its bankH 
t hat no such enorm ous reservoi r exis ts. 
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trace, with great precision, t he rains which occasioned this flood. They occurred in the 
month of May, and were heaviest north of the Ohio river. Thus the downfall in that 
month varied, t hrough 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 precipitation over the 
whole of this area, as well as over much of the basins of the Upper .Mississippi and of 
the lower tributaries 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 down­
fall in the mountainous p a1·t of the valleys ({/ the southern t1·ibttta1·ies of the Ohio is de­
manded by the present investigation. The following table exhibits all the data 
ava.ila.ble for this purpose, grouped in such a manner (plate I) as to represent truly 
the mean downfall throughout the entire region in question. 

Rain in May, 1858. 

Locali ty. Latitude. Longitude. Grouped t 
Obscn ·cd. represent 

truo mean. 

0 / 0 Inches. Inches . 
1\tun:tysv i\\e, l' ennsy lvania ... ... .. . . .. .. .. .. . .. ... ... . . .. ... ... .. ... ..... . 
Cnnn onsbnrg, P enn ·y\vama . .... .... ... . ... . ... .. . . ... .. . ... . . .. . ... .... . . 
Somerset, P ennsylvania .... .. .. .. .. ......... •. ... . ..... ..• . . . .. . . . .. .. . .. . .. 

40 28 
40 15 
40 02 

79 35 
80 10 
79 02 

5.6 } 7. 5 7.1 
8.8 

Kanawhn, Virgi~ i :t._. ·:····· · · ····· · ··· ·· · · ·· · ·· ·· ···· · · ····· ···· · ·· ·· · · ··· ·· · 
P oplar Grove, VIrgi ma . ............... .... ...... ... ....... .... ... .. ...... .. .. 

38 25 
38 20 

81 48 
81 21 

3.3 } 3.0 2.8 

Millersburg, Kentucky . . . ... .. . .... .. ....... .. .. ..... .. .. .... .. .. .. ....... .. 
P1tri s, Kentucky .. .. .. . ... .. ... .. ... .. .. .. .... ... . .......................... .. . 

38 20 
3 10 

84 10 
84 16 

4.5 } 4.9 5.4 

Glenwood Cot tag , Tennessee .. .. ..... .. ...... . ... .. . .. .. .. ... .. .... .... .. 36 28 87 13 4.5 4.5 

J ackson, ~Iiss i ssipp i. ........ ... .. .. .......... .. .. .. ..... .. ........ . .... .. .. 
Green pri ng , .\ labam:t .. .... .. .. .. .. .... .. .... . ... .. ..... .... .... .. .... .. 

32 20 
32 50 

90 11 
87 46 

3.0 } 2.9 2.8 
----

~l ean .... .. ... .. . .... .. . ...... . .. .. .. .. . ...... .. ... . ..... .... .. .... . ..... .. 4.5 

For May, then, the average downfall in this mountain region was Amount which 

4.5 inche . Adopting Mr. E tlet's e tima.te, which i certainly ample, 65 ~;.fi~!t~~~e been 

p r cent. of this mio·h t ha.ve l:lecn colt cted ; that is, 0.24 of a foot. 
Having thu de termined the tota.l quantity of water to be collected, and the mean 

d pth of the a.va.ilable downfall, we ca.n determine what area in the 
mountains it would ha.ve been necessary to drain into reservoirs, in 

I 0 600, 000,000,000 = 90 000 
ord r to pro tect th d lta from overflow. t 1 0_24 x (5280y ' 
square mil s, an ar a much larger than the wlwle mozmtain 1·egion d1·ained 

by the Ohio.* 

Drainage area 
required was far 
greater than the 
topography of 
the country 
would allow. 

* It may b objected to these cond u ions, th n. t the observations upon the fall of rn.in did not extend suffi ciently into 
n.nd over the moun tain region, and hence th n.t the effect of the All eghany range in increasing the amount of rain is 
not bken in to ace unt. Qb,ervn.tion has not yet determined the effect of this mountain system upon the fall of rai n, 
nor has the general ltlw of increase prodttced by mountains 1 en a ccrta ineJ with suffi cient precision to admit of its 
numerical applicn.tion to the Alleghany range. .r e l'erthele s, an approximation to the etl'eet may be made. 'l'he 
moun tains upon the we t coa t of E ngln.nd increase the downfall of 40 inches at their foot-slopes to 57 inches at 
about their mean eletation, thus adding between one-third an d one-half. If it be assumed, then, that the effect of tho 

49 
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The impracticability of the scheme requires no further d mon tration, since this 
flood was of the character which the rc ervoir system is best adapted to controlling; 
that is, it was a flood of the upper tributaries of the Mississippi, all t hose below the 
Ohio being at a low stage. 

It would be a work of supererogation to di cuss questions of cost, now th at the p hys­

Its probable cost, 
supposing the 
basm highly 
favorable . 

icctl impossibility of protecting the all uvial region from overfl ow by this 
system has been made so eviden t; but to give some idea of the enormous 
expense which would attend its application, even if the topography of thf) 
Mississippi basin were favorab le to the scheme, r fcrence will b made 

to the data coll ected by Mr. E llct in 1858, in a urvey fo r a ito of an arti fi cial 
lake upon a branch of the Kanawha r iver. The character of the work is sufficiently 
explained in the note below.* Mr. Ellet's e timate of cost is as follows:-

Total estimat ed dnmnges ...... .. .... .. .......... ...... . .......................... .............................. ......... 1 G-1,200 
Estim ated cost of dl\m ... ........ ..... ............... .. ... .. .. ....... . ............. .. · .. .. ............... .. · .... .. ...... 2 15,600 
Estiml\tcd cost of prcpnring channel of Knnnwh n river for increnecd discl,nrge........ ............... l ~G,OOO 

Total. ... .... . .. .. .... .. ...... .... ........ . ............................ . ......... · .. . .. .. ......... .. ............. . · HJ-1, 700 

This site is doubtless one of the most favorabl e which could h 1-'el ct d in that r g10n 
for constr ucti Hg n,n artifi cial lake; but if, for the Rake of argument, we admit it to be a 
fair standard, we sec that, according to Mr. Ellet's ef'timntc, an outlay of about half a 
million of doll :;~.rs must be made in ord r to collect the drainage of 210 squnre mil s. 
To have protected the alluvial region again t 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 d elt~ , and th e borders of every stream in it, primary or 
tributary," again st inundation by lloods from any of th e great tributaries, the ,Lmoun t 
required would hav been much greater. 

To guard against misconception, it may b well to rer cat that the advan tages of a 

Concluding 
remarks. 

reservoir system upon certain w t rn river , fo r certain obj e ts, arc no t 
questioned. By it, the low-wat r navign.tion of important streams 
flowing into the Ohio-perhap. of that riv r it elf, and po sibly ev n of 

the Mississippi-may be improved. The data for de iding wh ' th r th advantag s 

A lleghany rang is to in crease the rain ncar the foot of its lop . to a mean ~ai n on -half gr a1<'r over th e whole a rea 
of its declivities, an assumpti on highly favornblc to th e r s rvoir project, the above c timate of downf:dl would on ly 
be incr a. cd one-sixth, s ince the e mountain declivities do not ccu py more than a third part of th11t porti on of th e 
basin of the Ohio south of the river. pon this supposition, th e area of drainage r quircd f r tit r servoir wou ld 

be 75,700 sq uurc mil es in s tead of 90,000 quare miles, and the above remarks a to the entire impmcticability f 

the scheme would till apply with eq ual forcr. 
* 'l'h following extracts arc take n from :\f r. Ell t's r p rt :-
"I propose to convert this entire a re[\, into an artificial lake by forming a mound of enrth or a . tone dnm across 

its outlet. This dam will be 68 fee t hi g h from the low-water urface of the river to the bottom of the waste for the 
discharge of the surplus water. 

"The length of the mound will be 1-10 fe et at bottom, wb r the banks of the river draw t1Cat· together, and 875 
feet at the surface of the luke, 6 fee t nbov the ri v r. 

"'l'he le ngth of the lake thus formed will be 21.-J. mile . It will cov r nn area of 10, 00 t1Ct' s, or 16.9 square 

miles. * * * * * * * * * * * * * 
"'I'his g reat basin will hold no less than 13,5 7, 15,000 cubic f C't of wat •r. lt will re ·eive Lh drainage fr m 

209.2 square miles of t rritory, th whole of whi ch, x<:lu ive of the meadows which will f rm the boLlom of the lak , 
is composed of s le p, and, to a con id rable exlcnt, v ry elevated mountain , from the slope of wh ich th rni n a nd 
melted s nows will descend rapidly into the reservoir." 
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accrui ng from such works would be commensurate with the expense of cons tructing 
them have not yet been collected. But the idea that the Mississ£ppi delta may be econo­
micall.IJ sec·w·ed agctinst inundation by such dams has been concl usively proved by the 
operations of this Survey to be in the h ighest degt'ee chimerical. 

Ontlets.-This plan consists in reducing the flood discharge by waste-weirs, and 
conveying the surplus water to the gulf by channels other t han that of 

Plan of outlets. 
the main river. From its nature, it is only applicable below the 
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 surface level of the river. In support of this opinion, t hey have 
urged, first, that actual mea. urements upon the river at certain crevasses 

Arguments 
adduced 
against this 
plan . 

prove that depo its are made when the velocity is thus checked; and, second, that 
theoretical reasoning indicates that such deposits ought to be anticipatr~d . 

Certain operations of thi Survey were conducted with especial reference to deter­
mining the effect of outlets, and they demonstrate, with a degree of certainty rarely 
to be attained in such investigations, t hat the opinions advanced by these writers are 
totally erroneous. Their various arguments will be answered in de tail. 

If actual measurements establish that crevasses-which, so far as 
they affect the river, are outlets under another name-do produce de­
posits in the channel below them, the injurious effects of the system are 
proved. That measurements do establish this fact has been repeatedly 
a serted, a.nd a.ppears to be genera.lly believed. 

The direct evidence n.dduced in support of these assertions, so far as 

Direct measure· 
ments do not 
show that de­
posits occur in 
the river chan­
nel below 
crevasses. 

can be a certained, con ists solely of certain soundings made above and What such 
below two creva ses-the Fortier creva.sse of 1849 and the Bonnet­
Ca.n6 creva ·e of 1 850-c~fler they had ceased to flow. Because, in each 
of thes cases, the cross- ection of the river proved to be smaller below 
than above the crevas e, it wa.s assltmed that the difference was due to de­
po it ca.u:sed by the diminution of velocity which the crevasse occasioned. 
If the e lines had 1 eon sounded before the crevasses occurred, [tnd the 

measurements 
must show, in 
order to prove 
that deposits 
have occurred in 
consequence of 
the crevasse. 

cro -section. bad been found to be equal ; and if the operation had been repeated after 
the cr va. es ha.d cea ed to flow, and the cross- ection had been found to differ as 
stated; then it would bnve been a legitimate inference that the change had been pro­
duced by the r va es. As it is, no such inference can be drawn. It will be seen by 
a gla.nc at App ndix C, thn.t uch differences in cross-section are usually fo und when 
several s ction are made at hort distances apart. Unless the soundings have been 
made pr viou. to the occurrence of a crevas e, 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 doe exist below the crevn.sse when it is closed, and that thi bar is washed out 
by ·ucceeding floodl3. This has not been done in either of the above cases, as will 
b hown fo r each in turn. 

'rhe Fortier creva e occurred in April, 1849, on the right bank of the Mississippi, 
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They do not 
sh<JW this for 
the Fortier 
crevasse. 
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about 13.5 miles above New Orleans. In August, 1850, the engineers 
and surveyors accompanying th enate Committee of Louisiana made 
twelve soundings on a line 400 feet below the site of the CJ.'evasse, and 
:fifteen soundings on a line half a mile above the site, with a view to deter­

mine the area of cross-section on each of these lines. The degree of exactness which is 
claimed for these measurement is shown by the following extract from their report: 
"These [soundings J were taken with lead and line from the d ck of the steam ' r, in 
crossing between the points indicated on shore. The di tances apart of the soundings 
are as nearly equal as the depth would admit. To enable u ·. to treat these soundings 
as equidi tant, the committee have added ten per centum to the arithmeticnl mean 
depth as derived from the soundings. Tllis mean depth wn.s then added to the height 
of the adjacent adopted water mark, abov the pre ent surface, and the whole depth 
thus obtained multiplied into the high-water width, for the high-water ectional area. 
The result is pr sented only as an approximation, the best we could expedi tiou ly 
obtain." 

. The "approximate" areas of high-water eros. -section thus determined are 183,000 
square feet below the creva se, and. 228,500 quare [I et above it--difference, 45,600 square 
feet. In October, 1851, Professor For::;hey, then an as. i ·tant on this urvey, re-sounded 
the lower of these lines with great r exactness, and found the high-water aren, of cross­
section to be 174,700 square feet, thus showing this n,rea to be 8300 quare feet le than 
the approximate area determined by t he Senate Committee. Thi difference only erves 
to confirm the want of exactness in the :first mea ·urement, so freely admitted by the 
engmeers. 

So far, then, ns any conclusions can be derived from these facts, they are that the 
bar was not washed oztt by the succeedin:; floods of 1850 an l 1851, aml h nee that it 
p1·obably existed before the bnaking of the cr ·a. · . The detail. of Pro£ .·sor Forshey's 
measurement having nev r before been publi h d, th survey of this crevass has b en 
frequently adduc d as proving that creva es do occa ion depo. its in the bed. of the 
river below them, wherea it evid -ntly indicate dir ctly th rev rs . 

The great Bonnet-Carr6 creva se of 1 50 occurr d in Dec m ber, 1849, on t he left 
They do not bank of the Miss i . ippi, about miles below Bonn t-Carn~ church. 
show this for the ubsequent to the date when it a ed t flow, oundings, the results 
Bonnet-Carre of which are given in the following tabl , were mrtde above and b low 
crevasse, but 
directly the it. site by scv ra1 ngin ers. Th e of Pr fessor Forshey in 1 50 were 
reverse. made before his onnection with th Delta 'u r ey. At th time of his 
measurements the water stood 10 feet below high water of 1 40 . The exact area betw n 
that stage and high-wat r mark was only approximately d termined, but , ubsequent 
measurements in the vicinity by parti s of tb i urvey hav shown t] at 30,600 
and 31, 00 square :(i et, reRpectively, should be add d to his upper and. lower s c­
tions, as ounded, to redu e them t hicrh water of 1 49. The e numbers d not differ 
materially from those of hi estimat , in which the increa d width at high water wa 
disregarded. Mr. 1 11 t'. sections were mad in Febru ary, 1 51. His publi bed high­
water areas refer to "betw n bank ." In order to m pare th m with th ther , th y 
have been brought to " between levees," by addincr 12G n,ncll567 square fee t, resp c­
tively, to his upper and lower ctions-number found by comparing his high-water 
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widths "between banks" with those measured by this Survey "between levees." Mr. 
Smith's and Mr. Patti on's sections (see Appendix C) are reduced to high water of 1849, 
by applying the correction given in the table in Chapter II. 

At the Bonnet-Oa17e c1·evasse of 1850. 

Above crevasse. Dclow cre,•asso. 

Authority. Date. 
High-water area, Xnmb_or or Hig:h-wntcr nren, Nmnber of 

18-19. souotltngs. 1849. soundings. 

--------·--------1------- -----1---------

I Professot· Forshey .. ....... ... .... ·· ............. ...... ··· ....... . 
Square feet. 

216,300 
200,000 
207,400 
207, 500 

Square f eet. 
July, 1850 
Feb. 11\61 
.June, 1861 
Feb. 1859 

2G 147,500 17 
28* 
20 
34 

Mr. Ell et ............................. .. .... . ...................... . 17'* lii4 ,000 
lllr. G. C. Smilh .. ..... . .... .... ................................. . 23 167,01\0 
lift·. Pattison ... ...................................... . ..... .... . 30 151,200 

Mean-say .............................................. . 208,000 155,000 

These sections were ma.de on nen,rly the sa.me lines-just above and just below the 
site of the crevasse-but being made by different parties without the use of common 
station marks, their exact location must vary somewhat, and absolute accordance in 
resulting area is, therefore, not to be anticipated. This being understood, the evidence 
they furnish, that no sensible change has taken place in the chn,nnel of the river at 
those two localitie since the date of the crevasse, is too strong to be resisted. The suc­
ceeding floods have not washed out this so-called bar. Hence the persistent assumption, 
that it was cau ed by the crevasse, is unfounded. 

But this is not all. The so-called bar undoubtedly existed before that crevasse 

Moreover, the 
small cross-sec­
tion below this 

occurred. Indeed, by one acquainted with the locality, its exis tence 
might have been predicted before the soundings were made. The cre­
vasse occurred ju t below a bend. Th upper section is near enough 
~or· 1'ts area to be increase l in accordance with the usual effect of bends,· cr~vasse was re-
11 qmred by a gen-
wbile the lower e tion, being about 7000 feet fa.rther down the river, is erallaw of the 

h ll T . river. 
in a straight portion, and, con:equently, oug t to be sma er. o Illus-
trate this fa t, reference i made to the l)lap of Carrollton bend on figure 2, plate III. 
Th two Bonn t-Carre section-lines are shown by the transit work of this Survey 
to be ituated, with r ·pect to the benJ, a.lmo t precisely as sections 66 and 90 on 
this map. The ar a of sec tion 66 is 214,000 square feet; that of section 90 is 185,500 
square feet. Th difference i 28,500 sq uare feet, which is less than that existing 
betw n the two Bonnet-Carr6 sections, but still large enough to lead to the inference 
that tho e two ction were not equal in area. 

It i therefore evident that, so far from indicating a deposit in the 
channel, the mea urements made upon the Fortier and Bonnet Carre 
ere as e. -the only mea urements adduced-prove that no change of 
thi kind occurr d . The claim that uctual measw·ements confirm the 

*From plot in Topographical Bureau of the 'Yar Department. 

It is therefore an 
error to suppose 
that measure­
ments prove out-
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opinion that outlets mu t occasion deposits in the channel thus fall s to 
the ground, and the theoretical reasoning alone remains to be con­
sidered. 

The arguments in favor of the hypothesis can hardly be better stated than in the 

Theoretical rea-
soning upon 
which this opin­
ion is based. 

following extract from the writing of Major J. G. Barnard, Corps of 
Engineers, United States Army, one of the ablest of the engineers who 
have treated of the iississippi river:"' "It is pretty well established, 
that certain relations exi:;t between the configuration of the bed of a 

stream and the velocity of its current. This relation is the most clearly discernibl , and 
capable of being subjected to cn1culation, in rivers (like the lower Mississippi) whose 
beds have been formed 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. Tie quotes and confirms the rules 
established by another engineer, Guglielmini, which arc, that 'the gr ater the quantity 
of water a river carries, the less will be its fall,' and 'the greater the force of the str am, 
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 
vena. These rules have their explann.tion in the fact-, that the beds of rivers, of the 
character above mentioned, are capable of resi tina-, unchang d, only a cert. in v locity 
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 uspen ion. From the 
counteracting tendencies of the above two caus s, a mean becomes established, at which 
the current c ases to deposit its sedim nt, and th bottom c ases to be abrad d; in 
other words, the bottom becomes I ermanent. But if, from any cau e, uch a throwing 
off a portion of the water through a wa t -weir, the velo ity of the current is dimin­
ished, it is no longer able to maintain its sediment in uspension, but will ontinue to 
deposit in its bed, until, thr ugh the el vati n of the b d, it velo ity again becomes, 
what it was before it was di. turbed, suffici nt to maintain it. sediment in permanent 
su pension." 

It will be noticed that two important a umptions ar nee s ary to support this 

Two assump· 
tions upon which 
this reasoning is 
based. 

reasoning : First, that the bottom of th Jfi si. ·sippi is compo ed of it own 
alluvion, which can be 1· udily acte l1tpon by tlt w-r ntj and, econd, that 
its water i. always ·harged with , ediment to the maximum capacity allowed 
by its velo ·ity. The fir t of the a . umption seems t hav been 

universally adopted, at lea t for th lower river. Th econd, while it has b n adopt d 
by . orne without due con ideration, has been learly p r ived by oth rs to be e ential 
to the a1·gument. 

Tim · Major Barnard proceed to state: ' Paradoxical a it may appear, th n, it i a 
certain r sult of the foregoing principle , that, the more wat r we throw off by waste­
weirs, after we have p assed tlwt limit at whi h th v locily i Just ~tJi.cient to 1.: ep th bed 
clear, the higher will the m:fac ultimat ly b om . ·what that limit is, I do not pr -
tend to decide. If we assume that th pr nt v 1 city is n ~s ary for that purpose, 

---------
* De Bow's Review of the outhern nnd outhwest rn '1.:\te , August, l 50. 
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and that any diminution will cause a deposit in the bottom, then we cannot throw off 
a single cubic foot of the water now necessary to maintain this velocity, without caus­
ing an ultimate rise both in the bed and surface." Upon this assumption, he computes 
by Dubuat's formula the ultimate rise in the bed at Carrollton which would follow 
certain reductions of the high-water discharge.* 

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 con­
clusion that outlets will raise the mean level of the bed of the .Mississippi. 'l'hey 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, throughout the 0 h b 

~ ne as een 
whole distance from Cairo to Fort St. Philip, the true bed consists of a already proved 
tenacious clay, which is unlike the alluvial soil, wears slowly under the to be erroneous. 

strongest currents, and is proved, by conclusive evidence, to belong to a geological for­
mation antecedent to the present. This disposes of the first assumption. 

Vfe 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
city. If this be so, the amount of sediment at different stages must sumption- that 
vary proportionally with the mean velocity.t To determine this ques- the water is 

f l always charged 
tion, an extended series o e aborate daily measurements was made. to its maximum 
These experiments have been fully detailed in Chapter II. From the capacity with 

sediment. 
table there given, the mean number of grains troy in a cubic foot of 
water has been computed for each week during the continua,nce of the velocity mea­
surements both a.t Carrollton and at Columbus. The corresponding mean velocities are 
taken from ppendix D. The following table exhibits the results which are represented 
on plates XII and XIII:-

*Although )lajor Barnard guarded himself so carefully against t~i sconccption, he has been misunderstood and 
quoted as dedu cing from his computations (supposing the values of the variables iu the fo rmul a to be correctly 
as umed) that the ultimate effect of an outlet, of the dimensions of the Bonnet-Cnrre creyasse of 1850, would be an 
elevation of the bed of the Mi sissippi at Carrollton, amounting to 18.5 feet. Evidently be did not present this as his 
opinion, but a the result which would take place ~upposing the water to be charged to t'ts tttmost capacity with sedi­
ment, a qu e tion which he .. did not pretend to decide." 

t Accordin"' to Dupuit' theory, the power of a river to hold sedimentary matter in suspension is proportional 
to the difference in the v locity of the con ecutive filam ents of the water. This, however, does not milita te in the 
least ngainst th above propo ition, for, as has already been seen, this difference, depending upon the parameters of the 
curves of vertical und horizontal velocity, varies with a fun ction of the mean velocity. 
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Weelcly sediment and velocity of the ~Mississippi 1·we1·. 

Ca rrollton, 1851-2. Columbus, 1858. Carroll ton, l Sul -2. Columbus, 185 . 

-------
Number of week. ~~umber of week . 

Mean Sediment Menu . cdimcn t 'M rnn f:cdim nt Menn Scdinwnt 
veloci ty of per cubic ,·eloc ity of per cubic Yolucity of per cubic voloeity of per cubio 

rivor. foot of water. river. foot of wntor. river . fOO t OfWI\lOl" , ri ver. foot of water. 

--- -

Feet. Grains. Feet. Grains. Feet. Grains. Feet. Grain.Y. 
3d in Fcbruat·y .. .. 3.!14 22-1 4r h in August. .. .. . 3.03 60:1 2 !J j GRii 
4th " 6.31 4n ·'ith ' · ...... 3.!~!\ 378 2. 57 COR 
l sL in Mnrch ..... .. 5.70 432 l st in ptcmbcr .. ~1 . 1 () 3<1:; 2.28 2l (j 
~u " ....... . 6.06 321 6 . 0~ 3 1 ~ 2d " ... 2.H3 301 2.34 2H2 
ad " ...... .. G. l C 23~ i.l 8 '2 7~ 3d " .. . 2.4-J. 2()8 2.31 l !):3 
.J.rh " ..... .. 6.!Jl ] !J7 7.02 2U8 cltb " . .. 1. [).'j ] !)3 1. !)1 107 
] SL in ;\ p ril.. ....... o.no JiG 5.28 2iQ 1 t in October .. ... l.(J.) 1% 1.67 160 
2d " ..... ... . I),G W l 6.85 370 2<1 ,, . ..... 1.70 120 1. 58 125 
3d " .. ....... 6.58 l-1:{ 7. 7 41i8 :3d " .. .... 1.65 \)5 1. 56 Gl 
41h " ...... .. . 5.5:3 201 7.53 2!J3 4 th " .. .... l.i2 ()8 1. 50 138 
l sLin J\Jay ......... 5.32 172 5.78 2 (j .1 s t in ov~mber .. 1.78 [)[ 3.05 3!!6 
2d " .. ... .... 4. oa 164 G.4.7 274 2d " ... I. 71 100 3.77 866 
3d " 4.44 123 G.73 175 3d " ... 1.75 101 ....... .. 
4th " 4.01 103 7.08 284 4i.h " ... 1. 56 108 .. ..... .. 
5Lh " 3.51 \)!'j 7.03 2il 5th " ... 1. (i I 8!) ......... 
l sL in J nn e . .. . . .. .. 4.0J 2r)5 7.!J5 30G l sL in Decembe r· .. 1. 78 141) 
2d " ·········· 4.26 3~ 6 8.27 3:!0 2d " ... Ul2 ] ()(j 

3d " ······· ··· 4.41 6·11 !\.07 2'JO 3d " .. . 1.88 205 
·h h " ..... ..... 4 .. :J ] 302 G.22 3t;3 4th " .. . ::!.00 118 
l sl in July . . ... . ... 4 . .5 1 3:?2 4. :35 5()!) 1st in J anua ry . ... 2. 14 ] ;{4 
2d " .... ...... 4.75 3.H 8.78 G:l4 2d " 2.01) H 4 . ..... 
3d " .......... 4. 76 305 -1.22 G5 1 3d " 2.45 3i.J. . .. .. 
4th " ... .... .. . 4.83 4()8 4. 84 40G 4r h " 2.!\lJ 3il .. ... 
1. L in August. . .. .. 4. il 43G <L!Hl 243 5th " .. ... 2.2.) 140 
2d ' · ...... 4. 70 48 :2 3.08 4G5 1st in Febru 11ry ... . 1. 87 G7 
3d ,, ...... tJ. 05 430 3.50 483 2<.1 '· 2 :!.) 71 . .. . 

I 

A glance at th two diagrams is sufficient to demon trate the fal ity of the assump-
The measure- tion, tha.t Mis is ippi water is always charged with sediment to the 
ments of this maximum capacity allowed by it· velocity. At the date of highest 
Survey prove water, both in 1 51 and in 1 5 , the river held in uspen. ion but little 
this assumption 
to be entirely more sediment''' per cubic foot than at d ad low wa.ter, when the 
erroneous. soundings of the urvey prov d that the river made no d posit in 
its channel. Moreover, it will be se n, by r fcrring to haptcr II, that an analysis of 
the distribution of the cdimentary matter held in ·uspen ion lead. to th same con­
clusion by e tabli . hing thnt th river i. n ver harO'ed to its rnn,ximum capacity of 
suspcn: wn. Hence, if 11 ough water had been taken from the river at the date of 
those floods to reduce its velocity nearly to that of th low st stag , no deposit in 
the channel could have occurr d. Thc:c observation demon tra.tc beyond question 
that no practicable high-wuter ontl t or wast -'I.e ir cun occasion any fill ing of the hannel 
by deposition of sedimentary mrtlter h /d in susp e1 ·ion by the wuler. ~rho second assump­
tion i , then, a untenabl a the fir. t. 

The ob ervations of the urvey, h we r, m establi hing the fact that the curr nt 

* '~'h e p~oporlio n of s dim ent. contain C' d in the ri ve r uL any given tim e dC' p nds upon t he sonree from which the 
'.V&ter IS derrved; whe th er from the g re11 L Sl•diment-hcaring tr ibutaries, th ' 1 cd , th .ArlmnRas , and th i\fisso nri, or 
from th ose compamtrvely clear, l ike th e ppcr ~l i=-Ri sipp i, t he h i , the ' a zoo, t h ·whi te 11nd the Black ; for it wi ll 
b e SC' n tha t the d:Ltes of g reatest. propo rtion of sedi nw nt or res pun tl t t hos of the rises in the former streams . 'l'hc 
caving of the banks, which takes place chietly while Lhe ri ver is fa ll ing, ap pear 11lso to affec t t he amount sens ibly. 
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is rolling along upon the bottom of the river a cert.ain quantity of earthy 
matter, suggests a new su~j ect of inquiry. May not an outlet so dimin­
ish the velocity of the river below it, as to cause an accumulation of 
this material, and thus partially fill up the channel ? To decide this 

393 

They however 
suggest a new 
subject for 
inquiry. 

question, it is necessary first to form a definite idea of the retarding effect that will be 
produced upon the velocity a t the bottom by any outlet likely to be made; and, second, 
to determine whether this reduction of velocity will cause an accumulation of the 
earthy matter. 

The data necessary for the first part of the discussion have been obtained by measure­
ments at the site of the great Bonnet-Cam~ crevasse of 1850, where it has 

Difference exist­
often been proposed to form a permanent outlet. They appear in the ing in the vela-

preceding analysis of the flood of 1850, or in the tables on pages 366, 368, ~~t!o;bt~:e ;::.:_ 

and · 38\J . w ·hen the discharge at the creva.sse was at its maximum, or net-Carre cre-
114,000 cubic feet per second (February-April), the river was 2 feet :vasse. 

below the high water of 1840 ; and its area of cross-section was 202,000 square feet 
above, and 148,000 square feet below, the site of the break. The discharge above the 
crevasse was 1,100,000 cubic feet per second. The mean .velocity of the river was then 
1,100,000 54 - .[' d b d 986, 000 
20 2,000 = . o 1ee t per secon a ove, an 148,000 = 6.66 below, the crevasse ; the corre-

sponding velocity at the bottom being (equation 31) 4.72 and 5.80 feet respectively. 

The prevalent error of supposing that the " bar " below this crevasse was occasioned 
by the accumulation of material, from any source, collected in conse­
quence of a diminution of velocity, is thus exposed. Til e velocity at the 
hottom immediately below the brealc was more than a f oot pe1· second greater 
than that abo&e, and the problem should rather be to ascertain why the bar 
was not washed away in t he flood. Its composition furnishes the solu­

Why the so­
called bar was 
not washed 
away, the real 
problem. 

tion. The soun dings of this urvey show th at the bar is composed of the hm ·d blue clay 
so often mentioned, which the Mississippi currents wear so slowly as seemingly to produce 
no effect, unles the surface is occasionally exposed to the air. To this natural ridge 
might with some pbusibili ty be ascribed the cause of the crevasse, especially as a second 
break occurred at the same place in 1859 . 

ince this crevasse wa. situated above a natural contraction in the 
channel, it cannot be inferred, from the fads connected with it, that an 
outlet may no t occasion a, serious reduction of velocity below its site. 
H ence, to determine the effect of an outlet npon the mean river, the 
great Bell creva Re of 1 - (No. 45) will be considered, and the cross­
section assumed to be equal above and below the break. 

General investi­
gation as to the 
actual retarda­
tion in velocity 
at the bottom 
caused by an 
outlet. 

The amount by which the depression of the water surface, due to the crevasse, 
dimini hed the area of the river section is first to be determined. It is evident, since 
the slope is here at the rate of only about one inch per mile, that the depression of 
wa.ter surface just below the break must be sensibly equal to that just above. But the 
depre, sion above can be exactly estimated by referring to the Carrollton curve on plate 
X IV, which shows that when the crevasse was discharging most (August 1-17), the 
riv r surfa e wn. L) feet lower than when, in 1851, the river at a similar stage was dis­
charging the ame amoun t (090,000 cubic feet per second). This difference of 1.5 feet, 

50 
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then, measures the maximum effect produc d upon th e riv r surface by the Bell crevasse. 
Hence the high-water area (gauge 15.4) being say 1 5,000 square .fi et, and the width 
say 2500 feet , the actual area of cross-section on August 1-17 (mean gauge ] 2.8) was 
185,000 - 2500 (15.4 - 12.8) = 178,500 quare f et; while, if the break had not 
occurred, the area (gauge 14.B) would have been 1 5,000-2500 (15.4-14.3) = 182,300 
square fee t. But the actual mean di scharge per ·econd below the br ak wa 010,000, 
when, but for the break, it would have b en 990,000 cubic feet. Hence the actual 

1 · b l h b l 910
'
000 

,. 1 r d l b t 1.' tl mean ve oc1ty e ow t e rea c was 
17 

. ~ -00 = o. 0 1ee t per secon , w 1en, u 10r 1e 

break, it would have been ~ 9~·~~~ = 5.43 feet per second. This gives for the mean 
I 

bottom velocity (equation 31) 4.40 and 4.70 fee t respectively; difference, 0.3 of a foot, 
or about six per cent. w -e may therefore infer that the actual reduction of velocity, to 
be apprehended from an outlet, i. very slight. 

vVe now come to the econd division of the subj ect. Will such 
reduction of velocity cau ·e a deposition of any part of the material 
moving al ng the bottom? 

So small a reduc­
tion of velocity 
will cause no 
accumulation of 
material rolling 
upon the bottom 
of the river. 

To this question it may be replied that even moderate winds often 
occa. ion much larger reductions of the bottom v locity; while local 
variation in the area of cro :;-section ar everywhere eft' cting similar 

changes, some of which exceed a foot per second, or n •arly twenty per cent. in amount. 
This fact in reality decides the ques tion in the negative upon general consideration·; 
for, if the l'iver were always rolling along upon the bottom the maximum amount of 
earthy matter of which its velocity was capable, depo its would be made in th large 
sections; and the area of cross-seetion would thu · become uniform t hroughout. 'inc 
actual observations prove that gr .at variation in the rotis-se Lion xi t everywh re, it 
is evident that the maximum tmn porlin cr power of the current is not call d into requi­
sition; and hence that no accumu lations ar to be appr h nd u from so small r ductions 
of velocity as will b occasioned by out! ts,-wbi h, aft r all, ar only de ·ignecl to 
reduce the river to its normnl condition b for lev were mad . If measurem nts 
of the quantity of the material transport d along the bottom had been practicable, as 
it wa in the cru e of the sedim 'ntary matter, tbi conclusi u woulu doubt] s have 
been confirmed by direct ob ervation ; for th quantity collect d at any one time wa. 
alwn,ys small. 

The facts above cited est abli:;h that tb r is no vid n e that any A.lling up of the 

Outlets are then 
of great utility, 
so far as the 
river is con­
cerned; but they 
are virtually im­
practicable from 
the difficulty of 
disposing of the 
water. 

bed ever did occur in on equ nee of a h igh-wat r outl •t ; n.ncl, moreover, 
that it is impossible that it ev 'r should o cur, •ith r from the u po. ition 
of sedim utary matter bcl<l in .' ucp nsion, or from the accumulation of 
materin.l driftin n· along th 1 ttom. Th on lusion is then in vitabl ', 
that o fiu· as the riv r it6 1f is cone ru rl, they ar of r;r at ·utility. Few 
practi cal probl 'm admit of o 1 o ·iti a oluti n. Unfortunat ly, how­
ever, the ?' lief of the 1·iv r its 1f i only ltaif of the cZUJi nlty. The water 
tak n from it still r mains t b ui . po •cl of'. .,r va. ses solv th prob­

lem by di scharging this water into th swamps. Th • natural drn.in. tb r , however, 
ar insufficient, and the backwater gradually ri .- 8 until th pln.ntations upon tbe ri ver 
banks are submerged, and ruin i thu ·pr ad far and wid . .11 channel to conduct tlte 
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wnter to the gu~f must then be prepw·ed. Here lies the great practical difficulty which 
renders the sys tem of comparatively little avail for protecting Louisiana against over­
flow. This will be apparent when an attempt is made to select an n.d vantageous loca­
tion for the works. 

As alren.dy intimated, no outlet is po ssible above the Arkansas river. Between that 
stream and the Yazoo river, where the difficulty of restraining the floods 
is greater than in any other part of the alluvial region, it is probable 
that a useful purpo e may be served · by drawing off a part of the sur­
plus water and di charging it into bayou Tensas. This plan, which 
will be fully discus ed in the next division of this chapter, would evi­
dently be of no service to the region .below Red-river landing; since the 

An outlet be­
tween the Arkan­
sas and Red 
rivers possibly 
advantageous 
to a limited 
district. 

water taken from the Mississippi would pass through the Red-river channel to bayou 
Atchafalaya, and exclude a corresponding amount of Mississippi water which otherwise 
would enter through Old river. The plan is, therefore, purely local, and of no possible 
utility to lower Louisiana. 

Below Red-river landino-, on the right bank, three natural outle ts-bayous Atchar 
falaya, Plaquemine, and La Fourche-already exist; and, owing to the 
character of the delta, new outlets cannot be opened on that bank at a 
sufficient distance from the gulf to be of practical utility. The cost of 
so enlarging the channels of the three bayous as to enable them to carry 

No artificial out­
lets practicable 
on the right bank 
below Red river. 

off a volume sufficiently large to depress the floods materially, would be so great that 
the project is virtually impracticable. 

On the left bank, three localities have been suggested as peculiarly 
n.dvantagcous ites for outlets. 

On the left bank 
three localities 
have been sug­
gested. The first is the old channel of bayou Manchac, a former outlet to 

the Amite river, .and thence to lake Pontchartrain. Its dimensions 
· · ·0 D p · · b 11 Old bayou Man-were always ms1gm 1cant. u ratz, wntmg a out a cen tury ago, ca s chac. 

it a "chenal," or natural canal. The following extracts from the report 
of Mr. A. D. Wooldridge, tate Engineer, submitted to the Sena.te of Louisiana in 1852, 
demon trate the di advantages of reopening this bayou:-

" The bayou Manchac is the first of the natural outlets of the Mississippi on its 
eastern side and i situated at the distance of fourteen miles from the terminttS of the 
high land below Ba.ton Rouge. In periods of high water, it formerly connected the 
Mi si sippi with the o-ulf of Mexico by way of the Amite, lake Maurepas, and lake 
Pontchartrain. '.rhe di tance from the head of the bayou, by its meanderings, to the 
Amite, i. about 22 mile , 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 Briti h from reaching the interior by that route, and in 
182G it was clo ed by a substantial dike to prevent its water from overflowing the 
settlements upon its banks and in its vicinity. 

" In descendino- the bayou, its first tributary is the bayou Crocodile, on its southern 
bank, which drain 'panish lake and it inlets into the Manchac. The junction is 9 
miles from its head. bout half a mile below, it receives the bayou Fountaine on its 
northern bank, and a few mile below, Vvanl's creek on the same side. 

"At its head, it is about 90 feet by a depth of 12, and its elevation above the lowest 
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water of the Mississippi, 20 feet, the greatest rise of the river here b ing 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 h ead 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 di tance 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 a,t this point ti ll it reaches the Croco­
dile. Below its junction with the Crocodile and Fountaine, it is 100 feet wide by a 
depth of 15, at the water surface being 70 feet. This may be considered as the very 
highest point of navigation in its present condition. The banks of the bayou arc very 
low nearly all the way on its southern bank from its ource to the Crocodi le, and on 
the north to the bayou Fountaine. From these points to the Amite there is tolerably 
high land on both sides. The overflow for some miles, in case of crevasses, abbvc the 
Crocodile and Fountaine, is from 8 to 15 feet. 

"By taking cross-sections at the end of every mile from the head to the ro odil , 
it is found that the average channel of discharge is 300 feet." 

* * * * * * * * * 
"As a depleting outlet, therefore, of th river, the bayou .Mancbac is utterly insig­

nificant, and as its bed is -co rnposed of a clo c, stiff lay, it i unreasonable to suppose 
its importance would ever be materially augmented." · 

* * * * * * • * * 
"If the bayou wore opened, as an inevitable consequence, a large portion of the 

parishes of Ascension and Baton Rouge would b overflowed. everal hundred thou­
sand acres of land, much of it highly improved, would have to be abandoned. ':rhe 
losses would have to be counted by million of dollar . 'nppo e this could be prevented 
by leveeing the banks of the bayou, till the exp nse would be very great. Levees 
would have to be built of mil s in l ngth; from 12 to 15 :D et in height to snsta.in the 
backwater from the Amite, as well a that coming down from the Mis. i."iPI i. But, 
even with this, the country could not be prot cted." 

* * * * * * 
... 
•I• * 

"In view of the calamiti s that w uld b inni ted upon a worthy p ople, who have 
settled and improved, in good faith, and without cxp ctation of chang in the 'tat 
policy, an important and fcrtil portion of th t< t , if th bay u w r simply opened 
without steps being taken for tb ir security, and of th vast c . t of protecting th m, 
and of its insignificance as an outlet of th river, I would rcsp ctfully recommend that 
the bayou Manchac be permitt d to r main in i ts pr . nt condition. 

"Circumstances of a peculiar character, in th early hi tory of our 'tat , gav an 
m1due importance to the bayou Manchac r th famous river Ib rvill , and this im­
portance has b n awarded to it to th pr ent day probably from the fact of its b ing 
closed up from obs n ·ation. Its anci nt fam and r l utati n abroad soon vanish when 
it is seen." 

The next locality on the left bank ugcr . t d ii r an outl t i at th site of th great 

Proposed outlet 
in Bonnet-Carre 
bend. 

crevn. scs f 1 50 and 1 59 in the b nd b low Bonn t- arre church. 
' The distan betw en th b. nl of the Ii ois ippi < nd lak Pontchartrain 

is her only 6 mil . 'I he fall in wa.ter surfa e b tw -n th river and 
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the mean level of the lake is at high water (1851) 19 .6 feet. There can therefore be no 
doubt that by making two levees from the river to the lake and cutting the Mississippi 
levee between them, a high-water outlet of any dimensions can be made. Such an out­
let would be of utility in reducing the height of floods for many miles above and below, 
but its construction would be followed by consequences disastrous to Louisiana. The 
following discussion of the subject will show that the works must be difficult and costly; 
that the navigation of the lake will be rn.pidly destroyed; and that there is danger that 
eventually the outlet will become a main branch of the river, and the navigation at the 
present mouths be thus seriously impaired. 

W'ith reference to the extent and cost of the works, it is apparent that -a channel 
must be prepared for the outlet entirely through the swamp to the lake, Extent and 
so as to give a free discharge to its waters; for, if they were merely costly character 
conducted to the swamp, the thick growth would so impede their flow of the work. 

that enormous levees would be required for many miles above and below the outlet, 
in order to protect the rear of the plantations from overflow. 

The first que tion that presents itself is the eli charging capacity that should be 
given to the outlet. To reduce the maximum discharge of the flood of 1858 to that of 
1851 would require the abstraction from the river of 150,000 cubic feet per second. 
Applying the new formulm 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 la.ke 2.0 feet,* and in this condition the 
occurrence of storms-the effect of which is shown in Chapter II-would flood the rear 
of plantations, which at the edge of the swamp are now but 1 or 2 feet above the 
lake. Levees must therefore be built along the edge of the swamp. Thus an outlet 
of a capacity only ufficient to reduce the flood of 1858 to that of 1851 must occasion 
large expenditures for levees both to form its channel and to prevent the lake from 
partially overOowing cultivated land. 

But the flood of 1 51 caused several crevasses; and the discharge of the river must 
be reduced ti ll more, if outlets are to be relied upon as a sure means of protection. 
·when we con. ider the cost of opening, to lake Pontchartrain, a stream a mile and a 
half in width, and the great inconveniences whieh would result, we must conclude 
that the outlet . hould be of a capacity sufficient to reduce to almost nothing the 
yearly expen e of maintainin()' the river levees along the extent to be protected by the 
outlet· that is in uch a flood as that of 1858 it should depress the surface of the river 

' ' at all points b low it to the mean level of the banks, or to 3.3 feet below the flood of 
18~ 1. ( ee pa()'e 1G4.) The reduction of discharge necessary to this depression of the 
river surface is 300,000 cubic feet per second, and that must be the capacity of the out-

* The reading of the mean level of the lake clnring February, :March, April, l\Iay, and June, 1850, while it received 
the discharg of the Bonnet- 'arrc crevasse, was 9.7 feet. The river began to fall rapiclly about July 1, and by the 
middle or that month no longer discharged through the crevasse. 'l'he mean reading of the lake gauge during July, 
August, and September (the only month of the remaining part of the year of which there are records) was 8.0 feet. 
Th r ading of the mean le1·e\ of th lake during February, March, April, ~lay, and J nne, 1851, the season of the year 
during which , in 1 50, the Jake wa elevated by the creva se, was 8.0 feet. These facts show conclusively that the mean 
discharge through the Bonnet- arre creva~se (105,000 cubic feet per Second ) elevated the level of the lake 1.7 feet. 
By a comparison with the mea n yearly level of the lak , the same rc nit is obtained. Tho greatest discharge of the 
crevas e into the lake was during February, the mean level then reading 10.2 feet. Thus the greatest elevation of 
the lake hy the Bonnet. arre crera se was 2.2 feet. 
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let. By the ·formulre and data before mentioned, its width would be 18,100 feet and 
its mean velocity 3.0 feet per second. In order to determine accurately how much 
such a discharge would raise the surface of the blce, the elevation of the shores, over 
which it would empty into the gulf, mu t 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 fee t in the outlet mouth. 

Would the out­
let retain its 
primitive 
dimensions 1 

The next question is wh ther this outlet would b closed by its own 
depo~?itions and the rap id growth upon it of willows, cottonwood, etc., 
such a usually springs up upon the alluvial depo itions after the sub­
sidence of a flood; or whether it would excavate its bed; and if the 

latter, to what extent. 
Wherever there was a continued current inside the levees from the Bonnet-Carre 

It would not 
close itself. 

crevasse of 1 60, there wa no deposit and no growth whatever. There 
is, therefore, no rca on to anticipate that there would b any in the b d 
of the outlet. Tb ce sation of the flow of water through it would be 

sudden, and the curr nt would be of nearly equal rapidity as long a. there was any dis­
charge. It would be fortunate if a growth of willows did pring up every year in the 
channel-way; for the ~tnnual cutting of such a growth would co t comparatively little, and 
the stubble and roots would protect the bed from the wearing which is to be apprehend d. 
By referring to Chapter VII, it will be seen that a str am situated like this would not 
be closed by the bar which would form around it mouth. It does not appear probable, 
then, that the outlet would be closed from any natural cause. vVe have next to see 
whether it would not excavate its bed. 

From all the information collected, it appears that on the b·ank of tho river in this 
vicinity the soil, to the depth of the mean 1 vel of th gulf, is composed 

It would exca- d h ] · vate its bed. of alluvial d posit, an t at pure cay IS ru t with forth first tim at 
about that depth. At what depth it will be encount red on the lake 

shore is not positi ely a c rtained. In th low ground, \ est of the riv r, it is found in 
some places at or near the lev l of the gulf, in other ev ral feet b low the gulf. Mr. 
Bayley, form rly 'tate Eno'ineer, who is familiar\ ith all part of th alluvial region of 
Louisiana, tates that in the swamps on the a t side of th riv r th fir t b d of lay 
lies at a much greater depth than on th we t sid . It will, th r for , be a sumcd that 
on the lake hore it will be m t with at th m an l ptb f the lak (1. fe t), , ince the 
bottom of the lake i chiefly clay. Now, althouo-h the allu ial ·urface oil along the 
river has considerable t nacity, y tit i unalle tore i t a urr nt of feet per cond, 
a v locity which the currents that beo-an to w ar th Plaquemine efllu . c uld not hav 
exceeded. The b d of the outlet would th r fore be cut down to the clay stratum, and 
the outlet would become an immen e bay u or brn.n h of th ri er, and, like the Atchnr 
falaya, the Plaquemin , and the La Four h , would ad anc ad ltn r gularly into the 
recer ta lo of its discharge. That di cbarcre w uld be om enormou ; ind ed, th outl t 
would be the main river at hio-h water, v n if th d ep nino- should cea e at the fir t 
b d of clay. The injurious consequ n e that would follow from th di · harg into lal 
Pontchartrain, of an utlet having th original apa ity f that d scrib d ( 00 000 cubic 
feet per second), would of out'se b c o-gravatcd in proportion to th increas of that 
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volume. One of two courses must therefore be adopted; either the bed of the outlet 
must be protected against the wearing of the current, at an immense cost, or the outlet 
must be made originally of such dimensions that, when the current has excavated the 
bed to the clay stratum, the maximum discharging capacity shall be equal to 300,000 
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 
trn.ced 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 per-
then be 56,000 cubic feet per second, and its velocity 3.2 feet per mitting this to 
second. When the clay bed is reached, the mean flood velocity would occur. 
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, the nn.ture of the tratn. forming the channel of the river in that locality, and those 
underlying to a con iderable 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
s)an well at New 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 mn.terial, brought down by the Mississippi river as now existing, began 
to accumulate in this locality. For the next 71 feet these strata consist chiefly of dif­
ferent . kinds of sand, s~parated by thin layers of clay or compacted . hells, the thickest of 
which is 6 feet in thickness. At this depth, llO feet below the gulf level, a yellow-clay 
bed 34 feet thick begin , followed in the next 50 feet by alternate strata of sand and 
cln.y, 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 sn:nd 23 feet 
thick, which is ucceeded by another clay bed 39 feet thick, and so on. The strata n.t the 
sit of the propo eel ou tlet are undoubtedly of the same genern.l char<'Lctcr as these, n.lthough 
probably not pre i ely of the same thickness. The bottom of the Mississippi is always 
.D und in one of tho::; thick beds of clay. When it has worn through one, it at once 
pa es through the layers of sand to the next clay bed. What length of time would 
lap e before th out] t would wear through the first stmtum of clay, which mn.y be 

sui po. ed to be l or 20 feet thick, of course cannot be predicted; but that, with its 
gren.t annual velo ity and volume, it would finally, though doubtless at a remote day, 
wear through that . tratum and greatly deepen its channel, and thus become per­
manently a low-water a well as high-water branch of the Mississippi, seems to be pro­
bable. The con equent reduction of volume in the main river would lessen the depths 
upon the bars at it mouth , besides impairing the navigability. Constant examination 
would therefore be required to ascertain whether such changes were taking place, which, 
if detected, could be arr ted only by closing the outlet. 

These vi ws arc not ·peculative. There fire well-authenticated instn.nces of the Po 
and the Rhine, under circumstances somewhat similar to those attending the existence 



400 REPORT ON 'l'IIE MISSI SS IPPI RIVER. 

of the suppo. ed outlet, having open d new channels to the sea, which are now either 
the main st ream or princ i p ~Ll branches of th e rivers.''' 

* Changes in the P o.- The researches of the Chevalier J<: lia L ombardini , Directo r-Gen ml of Public ·works in 
L ombardy [Hyuraulic system of the P o, etc., etc., Milan, 1 40 and 1 52] es tablish that, previous to they :t r 1150, 
the Po ran in a single stem to li' rram (phte X JX), where it was divided into two branches-the ro di V ola.n o 
and th e Po di Primaro- the mean dis tance to th e sea fr·om this point bei ng 5 -~ mil es . In ll50 a erevn s occurred 
on the left bank of the Po at li'icarolo, near telhta, 16 miles nbovc F errara, the discharge through which was 
carri ed to the lagoo n of Adria by a nntural depress ion. Thu · a new branch of the P o was form ed, called th Ri ver 
of the Ficarolo crevasse, which fi nall y became the sole channel, and is now kn own as the P o di Gra nde. [Tt has 
been supposed that thi s depression was a form er h cl of th e P o, but this opi nio n is in consistent wi th the authorities 
quoted by Lombardi ni.] 'l'he in crease of th e P o eli Grande or \T ' nctian Po was g radu:tl. Before 1600 it had beco me 
th e chief branch , and about th at tim e t.h e Fer·rara branch was closed by dikes . In 11 short lime after the crcvnssc at 
Ficarolo, the P o di Grande till ed up the lagoon of Adria, anu ad vanced beyond the cordon littoral into the sea, ha1•ing 
a length from Stell ata to its mou th of fi l miles . Tn 160 - ~ it had advan ced near ly 7 miles farth er into the sea, and the 
mouths being direclcll toward the entran ces of the lagoon of Y r nic , it was feared that their· navigatio n would be im­
prLired by tlte depositions of the P o. For this rca on, its cour e wa turn d from that directi on by n. cut, whi ch 
shortened the course to the sea. At the pre ent tim e, the dis tance from ' tell o.ta t the two princi pal mouths of the 
Po is G4 miles, which is less than.-it w>tS in 1150, wh en it re. chcd th e ea through th e two branches of Volano and 
Primaro. Othct· instances of the formation of new branches of the P o by cuts and crcvass s are cited, and simibr 
changes in th e A ligc are related. 

Changes t1t the Rhine.-'l' hc Rhine (Le<;ons de Geologic Pratique, par L. Elie de Beaum ont; P aris, 184.5] in the 
tim e of U£Csar had two branches (pla te XIX); the right, called the H.hinc, emptying into the ·ca at or ncar K atwyk, 
with a length of 96 mil es ; the left, the \Vaal, th large r of the two, whi ch, after a co ur ·c of 1Lbout 70 miles, joined its 
estuary at a distan ce of 30 or 40 mil es from the se,t. T he Y sci wa then n. small stream rising in the sand and 
g ravel hills of Ilolland , and runnin g parall el to the H.hine for the pace of 20 or 30 mil es above th point of bifurca­
tion of that river. At the di tan cc of about 6 miles below that point, the Y sci turn d at right a.ngles to the Rhine, 
and, running between tw o ranges of san d and gravel hill s, emptied into Lake F levo, now the Zuydcr Zcc. The 
g r·o nnd where this change of direc tion took place was low; the distance betw een the two streams about or 10 miles . 
The Romans then occupi ed H oll an d (Batavia), and at the beginning or the Christian era, Drusus connected th Rhine 
and Ys el by a cut in the locali ty just de cribcd. The increased volume of water thus introduced g rea tly nlargcd the 
chan nel of the Y sscl, which after a time became a principal branch of the Hl1ine. Hs leng th to the Zuydc r Z e wns 
and is about 10 mil es. 'l'h irty mil es below the point of eparat io n of the Y sci, on th e ri ght bttnk of tb Rhine, ncar 
the foot of the Ia. t line of' sa nd-hills, was a I oman camp. The opposite bnuk was low and dcf'cndcd from the over­
fl ows of the river by n. heavy dike, built by the R omans. The urf'acc of both bank · is at pre cnt composed or 
allu vial clcp sit.. Ju the fi rs t ce ntury, th e Batavi:ws, r tr at in A" before th n ltoman , ut thi ~ dike, the riYer being at 
fl ood. The creva ·sc thus made finally bccam the !ll'lll of th e H.hinc kn own as l fr e Leek. The length to ils estuary 
was probably at that time what it is now, about 4.0 mil es. The es tuary is at lhc present lime n.b ut 23 miles loug. 
'!'he corresponding length of tlr Old Rhine wa and is about 'iO mil es. 

'l'h \ 'VItal branc h carries off two-thirds or the vol ume of the main stem. Th is dis tribution of th e waters is care­
full y prcscrv d. 'J'he b11nks ar rcvcttcd and c11ch year· soundin gs arc made to ascertain whether n. ny chang s have 
taken place. Of the rem11i ning one-third whi ch pa scs down the Rhin e branch, the sse! carries off one-third , and 
the remai nder goes to the se11 by, the Lc ·k, the old lthin havirw be n cntir ly clo cd I y dikes. 

Chrmges in lir e Visl ula.- [.M. Hpittcl, Engin eer in ' hnrge of th Work for the divisio n of lhc Vi tu la. - Pamph lct 
of M. J. \V. PI' fT'er, J nspcctor of Harbor J mprovcmcnt. , upon th e hydro"mphic relati ons of th Vistu la n. nd th 

rogat. Dantzic, 1849.] Th Vistula di vid e into two branche (plate X IX ) at ~Lon tau e r· 'pitzc (Montn.u P oi nt). 
'J'hc right,, c:dl cd the N ogat, after a course of :JO mil es mpt i s into th e Fri chc H atr, an rtrm of th Baltic sen.. Pre­
vious to l -10, the left bmnch, call t• d lhc Yistula, upon wh ich Danlzic i ~ situated, mpticcl into the Baltic at a di R­
tttn cc of -15 miles from 1\f ont au cr 'pitze, scndin " ofr a. ·mall s ub-hran t: h, callctl Elbing-Vistu la. to the Frischc Jl ;tff 
at o. point 1 mil s above tho month in the Baltic . ] n 1 '-1.0. the icc brought do11n by a J anuary fl ood go rged at 11 
point about 9 miles from the mouth of th e \fistula :tnd cut a chann el thron ' h tb and -hill to th sea. Th is is now 
th m nth of the istula, that pRssin g J>anlzic having b en clo-ed by a dike. 

The n.rca between the Vistul11 and the " ogn.t is protected again t fl ood by \eve s from 20 to 25 feet high. 
The Nogat wn.s not originally a branch of the istula, bnt tt small riv r, holding r· lations and position toward th e 

Yistula si111 il ar to those of th old Y sscl to the Rhin . A co mmunicat ion h lwrc n lh tw o cxistc l dur ing t.hc no ds 
of th Vistuht at a. poi nt 11 f' •w miles below the locality now ·ailed ~lon tnu r . ' pitzc. A dense o•tk f reat protec ted 
th e 1 ogat from the fl oat ing icc of' the Vistula, ;urd prc1·entl'd th ('Oill plct union of th lwo streams. 'l'o im prove 
the low-water navigation of the Nogat, the hulf-form cl ·hann el betw n th em wus p rfected in 1 55~ , and the on.k 
forest in the vicinity was cut away. Th is uniting channel, bow ver, so n b gun to nlarge, and the fl oating icc, 
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But another important change, the fi1ling of lake Pontchartrain, would certainly fol­
low upon the opening of a great outlet at this site. Supposin2: the wide ..., Serious injury 
outlet to be used with a protected bed, the mean annual duration of its which must 
discharge would be about equal to the mean number of days the river follow the 

opening of any 
is above the natural bank at Carrollton, that is, one hundred and twenty- great outlet at 
seven days. Its mean discharge during that time would be 154,000 this site. 

cubic fee t 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 H.) The lake has an 
area of 600 square miles, and a mean depth of 13 feet. According to these data, the 
outlet would, in three hundred and seventy-five years, discharge into lakePontchartrain 
earthy matter sufficient to fill it. It is true that this earthy matter would 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 fee t per second, the volume of earthy matter annually carried 
by it from the river would cover a square mile to a depth of 50 feet, and in one hundred 
and fifty-s ix year would be sufficient to fill lake Pontchartrain. The navigation of the 
lake would be obstructed long before the termination of these periods. With such 
indications a these before us, it is unnecessary to attempt to follow the precise progress 
of the mouth or mouth of the outlet through the lake. 

I f the project were tried by the conditions existing at the only other locality where it 
has been proposed to apply it, similar results would be found to attend its 
execution. This locality is where the Mississippi most nearly approaches Proposed outlet 

lake Borgne-about 11 miles below New Orleans. The distance from 
to lake Borgne. 

the stream to the lake is about 5.5 miles. The fall of the ground from the bank of the 
river to t he edge of the swamp (a distance of about 3000 feet) is 8 feet. From that 
point to the lake, the country is nearly Hat, being for 2.5 miles a den ~;e swamp, and for 
the re t of the distance a prairie or marsh, liable to be overflowed by the lake when the 
gulf is unu ually high. The fall between the river surface at high water and the mean 
level of the lake is 13 fe t. The velocity of the current would undoubtedly be suf­
fici nt to op n the channel to the fir t cla.y bed at whatever depth that might be found. 
The area of lake Boro-ne beino· about one-third that of lake Pontchartrain, and the 
mean depth about the arne, it would be .filled in a proportionately shorter time; and 
at the end of that period the entrance to lake Pontchartrain would be nearly closed, as 

whi ch now pa sed into the ~ogat, gorged at the narrow places (tho river being 1•cry irregul ar in width), and caused 
disastrous crevasses. Attem pts were soon made to nrres t the enlargement of the channel, and for three centuries the 
proper division of the discharge of the main stream between tho two branches has ontnil cd g reat labor and ex pense. 
In 1840 the point of separation wa from 2 to 3 mi les above the original site. ' l'he opening of the N ogat branch, 
being de per th an the Vistula branch and more nearly in t he direction of the upper river, carried off two-thirds of t he 
volume in low water, and a constantly in creasing quantity during fl oods, though less at such periods than the Vistula 
brunch. Too large a proportion of fl oating ice also passed down the N ogat. To remedy these evils, and appo rti on 
the flow of wat r in each brunch so that at all times the Vistula branch should carry off two-thi rds of the whole 
riv r, and the N ogat one-third, immcn e works were begun in 1848. 1n 1853 the Nogat was closed at Montauer 
S pitze, and a new bed prepared for it orne 2 or 3 mil es below, at the site of the ·channel excavated in 1552. Some 
idea of the magnitude of the works may be formed from their cost, 2,000,000 Pros ian dollars. The cost of simil ar 
works in this cou ntry would be at least the same number of American dollars. 

51 
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the channel from it to the gulf would be merely ufficient for the di.-charge of its drain­
age. 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. 

Enough hns been said to demonstrate, with all the certainty of 
Outlets are not 
advisable. which the subject is capable, the disastrou consequences that must fol-

low the re. ort to this means of protection. 
Levees.-In Chapter IT, a brief account hns been given of the progress and of the 

This most im- present condition of the artificial embankments or levees now in use 
portant measure for protectin(l' the alluvial region of the Mississ ippi valley from over-
~! r:::~~~i~~d;~ tlow. It is there shown that the sys t m is far from complete; and that 
two headings- it has never yet been ful1y tested, ina much a reva ses have alwn.ys 
its extent and its relieved the river of large volumes of water in the great flood year , 
possible dangers. 

and have thus materially reduced th high-water level. Great practical 
good, however, ha resulted ev n from the imp rfect application of the system; for 
without it the greater part of the all uvial reo·ion below the mouth of the Ohio would 
be an uninhabitable . wamp in the high-water months of the year. There is no doubt 
that the plan wi ll continue to be univer ally practi ed throughout the valley to the 
almost entire exclusion of all other , and it i therefore entitl d to n. m t careful and 
thorough analysis. This includes : First, n. discu ·ion of the extent to which the sys­
tem must be carried in order to afford present protection again t river floods to all the 
alluvial region below Cape Girardeau; and, cond, a di cu ion of the dangers which 
may ultimately arise from confining the flood waters to the channel of the river. These 
divisions of the subj ect will be treat din turn. 

1. To judge of the extent to which the lev sy. t m must be carried in order to 

Plan for deter­
mining the ex­
tent necessary to 
be given to the 
system in order 
to insure pro­
tection. 

afford present protection to the valley~ it is 01lly ncccHsary to det 'rmine 
the amount by which the hiiTh-water ! 'vel of the river would have been 
raised, bad the water been confined to it. chann •I in l ' ; b caus , as 
already prov d, the maximum di charo·e und •r 'uch conditions would 
probably nev r have been (l'reat r than in this llood. The table on 
page 351 xhibit. th amount by whi h th maximum di barge at 

several nearly equidistant point of th ri er would have been incr ased, had no wat r 
escaped into the swamp lands b low ape Girard au. In App ndix , th dimension. 
of cross- ection at th se lo aliti · ar giv n, and n parr 109 will b found the corre­
sponding range of o 'cillation b tween hi o·h-water and l w-wat r mark. T!tes data, 
together with the gaug -records in Appeudix B, and th table of di 'charg s on pag' 
340, rend r it easy, in accordance with th' principle laid down in Ch:tpt r V, to deter­
mine exa tly how much higher the wat r would have ri .- n at ach of the e localiti s, 
had the incr a ed volume , indicated in the table on pag 51, be n onfin d t tlt 
channel of the riv r. 

1 
The first step in tb computation i. t d du e the numeri al valu s of 

2 
P fi r the 

Values deduced 
1 

for 2 pat the 

several locali­
ties. 

. cvernl lo a1iti . Thi ha 11 Ion pr i ly a d 'Hcrib d in th last 
chn.pt 'r, and no xplnn ati n. arc n ' 1 d. x · pt. in tit aH of Memphis. 
At tbi city, as n di .. harcr m a ur m nt · wer mad by the ' ttrvcy, 
and as the method of tran ferring th rn a ·ur d discharg from olumbu · 
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or Vicksburg 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 observa,tions conducted by Lieu­
tenant 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 Chap­
ter 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, therefore, 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 
tha.t the observations were less exact than those conducted by this Survey; as indeed 
must have been the case from the comparatively rough manner of operating. By draw­
ing a smooth line through the serrated parts of the curve, however, it is easy to correct 
approximately for these errors, and thus to derive toler able data for determining the 

numerical value of 2
1
p at Memphis. The following table exhibits such data, together 

with those derived from the obser vations of this Survey for the other ·localities under 

consideration. The degree of exac tness of the several values deduced for 2
1
P is shown 

by the last columns of this table. 

Va lues of 2
1
P at various localities. 

Locality. Date. 

Vo.1uo of x 

Deduced _ l_ I----
2 P Ob· Com­

eorved putcd 

Differ­
once. 

- - ----1·-------------------------

Colu mbus* . ....... .... .. .... . 
Mon,,l plds ......... .... ..... .... April 4 to April l ~, 1 50 

....... .. ... . .... .. .. April 1"1 w April 30, '· 

.. .... ... ...... . .. .... ~ a ,~. :.!ti to D1..-'C. 18, " 

.. .. .. .. .... .. .. .... .. Feb. to FeL. Z~, 18.)1 
Jfolenn .. .. .. ............ .. ... Feb. ~~~ to ) lay 3. 1 5~ 

u April :.?7 to ) fny 3, 
Nal?,ol oo·~ · ::: :: :: : ::::: : ::::: :: April li to ~ l ay~. 

) lay 1:1 to Juno ltl. Lnko Pro,; i ~i~ ~~~~~: : ::::: ::: Frb. ~ to April , 
" ........... . April lito April 30, " 

VickHbn rg* ......... .. . .. . .... 
1 ~ntcbcz. . ......... . . ... . .. . .... )Jarch 25 to l!nrch 31 ·· 

11 
.. .. . . . . ..... . . . . . .... . Aug. G to Aug. li, 

lled-river limdi ng....... .. . 1larch 2"2 to April 2 , " 
·· . .. .. .. ... Aug. 15 to .>\ug. 24 , 

lJMon 1\ougc...... .. .... ..... Feb. 24 to :Uarch H I, 1851 
" · ········ · ······· ~ Apri l 21 to ~l ay 12. '· 

Donnld.sonville..... .. ........ Feb. :!.t to March 15, " 
'· .t_\ }Jril 20 to lray 12, " 

Cnrro11 tou• .......... ........ . 

H et. SIJ..feet. 

3u.2 173,150 
2.i.O 1~S.400 
7.5 8~,500 
8.3 90.0SO 

2:J.7 111 ,000 
41.5 1 ~7,HO 
39.1 192,970 
4H 206.'120 
28.5 1~6. 130 
41.0 191,260 

41.7 1q~,51 0 
40.0 215,6:i0 
3·2.8 202,690 
40.0 2''7 3 10 
2G.s t7o;ooo 
3:!.0 187,0 0 
20.8 180,7' 0 
2j,7 105,070 

Feet. 

3160 
~!.75 
:W9.> 
2700 
3UHO 
-IUSO 
3UO 
3l2U 
3540 
3580 

45~0 
4540 
3616 
3Ul6 
~800 
2800 
3100 
3100 

Feel. Cubic feet . Cubic feet. 

3185 
:I<JOO 
:l715 
27:10 
3095 
-1 1 15 
3:188 
3297 
3620 
3654. 

4570 
45 5 
3G3~ 
3047 
2810 
2822 
311 8 
3127 

950,000 - 350,000 
600 000 + 400,000 
2oo:ooo + ~7u,ooo 
220,000 + 9:30,000 
450,000 + 627,000 

1,04 1,000 + 3ti,OOO 
1,o~n,ooo + 103,000 
1,14!!,000 + 40,000 

ll85.000 + 410.000 
1,037 ,ooo + 63,000 

939,000 + 152,000 
1,1 01,000 -183,000 

909,000 + 204,000 
003,000 - lH,OOO 
OJO,OOO + 256,000 

1,075,000 - 218,000 
914,000 + 233,000 

1,031,000 - 105,000 

0.00000000150 
0.00000000160 

" 

0.00000000020 

" 
0.00000000000 

0.00000000000 

" 
0.00000000120 
0.00000000006 

" 
0.00000000020 

" 
0.00000000190 

" 
0.00000000300 

" 
0.00000001500 

Feet. 

11.2 
10.9 
15.7 
26.9 
19.8 

1.0 
4.6 
1.5 

15.5 
2.5 

4.3 
5.1 
9.0 
3.6 
5.9 
5.0 
4.9 
4.0 

Feet. n et. 

10.7 + 0.5 
10.1 + 0.8 
15.3 + 0.4 
27.4 - 0.5 
20.2 -0.4 
1.0 0.0 
4.0 + O.G 
1.5 0.0 

18.0 -2.5 
2.2 + 0.3 

4.2 + 0.1 
5.2 - 0.1 
8.0 + 0.1 
3.0 0.0 
5.8 + 0.1 
5.0 -0.6 
4.8 + 0.1 
4.2 - 0.2 

to the great The next and final step is the practical application of the formuloo 
problem-how much higher the flood of 1858 would have risen at these 
scv ral localities, had the river been securely leveed. The method of 
computation is, obviou ly, to adopt for the primitive stand of t he river 
a.t each locali ty the conuitions existing there on the day of maximum 

Outline of the 
computation for 
all but excep­
tional localities. 

* See table on page 329. 
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discharge; and to compute, by the process explain d in Chapter V, the value of x cor­
responding to the maximum discharge which would have occurred, bad no water e caped 
from the river. ~rhese values of x denote the x act increase of height to which the 
flood would have attained at the several localities; inasmu h as any observed increas 
of height, subsequent to the day of actual maximum discharge, would doubtless have 
also occurred with a perfected condition of the levees. For Columbu , Napoleon, Vicks­
burg, Natchez, Red-river landing, and Baton Rouge, the application of this process 
requires no especial explanation. For the other localities t he computations are more 
involved, and will therefore be noticed separately. 

At Memphis, as already explained, the daily discharge during the fl ood of 18(8 
could not be deduced from the operations condu ted either at Columbus 

The computation t v· l b Th l · d' h h' 1 1· tl for Memphis. or a JC cs urg. e actua mn.x tmum tsc arge at t IS oca 1ty, 1ere-
fore, could not be determined. It is nccessa.ry, then, in order to solve 

the problem, to select, for the primitive stage, that xisting at some other date, when the 
discharg and dimensions of eros - ection arc known. This s le tion mn.y be made from 

. the observations both of Lieutenn.nt Marr and of thi Survey. Thus Lieutenant Marr's 
measurements fix the values of these quantities on Aprill8, 1850; and the table just 
given establishes t.hat the formulro accord well with th e ri e actunJ1y observed a t this 
period, due to a m a,surcd increase of 400,000 cubic fee t per second in the discharge. 
Applying the formulre then to this case, we find that if the eli charge at the top of the 
rise had been 1,3 0,000 cubic feet per second (the maximum di scharge with perfected 
levees) instead of 1,000,000, the rise would have been 17.0 in tead of 10.1 fee t. But 
on April 18, 1850, the river stoodl2.1 feet below the actual high-wuter level a,tta,ined 
in 1858. lienee a, discha,r·ge of 1,380,000 cubic fi et per se ond would mise the river 
17.0-12.1 = 4.9 .fi et ubove the high water of 1 5 . Adding 0.3 of a foot for tlre u ual 
rise after the disehurge begins to diminish, we hrwe 5.2 fi et for th comput d increa,, e 
in height of the flood of 1 5 , hud tb lev e . y--t m b n p rfec ted. Again, as already 
stated, the computution may be ba ·eel upon th olumbu. meusurements of 1 58 . By 
reference to plate XIII, it will b een that about May 17, 1 5 , the discharg at 
Columbus underwent but very sligb t variations for s v ral days, and thut, in conse­
quence, the stand of th riv r both at olumbu. and [cmphis r mained neurly on­
stunt, and at too low a 1 vel to allow of uny e ap of wa r into the wump . It may, 
then, be as umed that the di. cha,rg at Memphis on May 19, 1 ; , was th same as at 
Columbus, or about 1,010,000 cubic ft t per cond . The dim nsions of cro s- ction 
at this date ure known from the gauge-r ad in o· and Lieutenant Murr',· table . Ar ply­
ing the formul m to this condition of the river we finu that if the di charO'e hn.d b en 
increa ed to 1,3 ,000 cubic feet p r second, th e rive r w uld have ri n 7.9 feet. But 
on Muy 19 th riv r was 2.9 1:1 t below high wut r of 1 6 . F or the ris above the 
luttcr level, then, w ha,vc 7.9 - 2.9 = .-.o il t. Addin o- th 0.3 of a fo t, w have 
5.3 feet for the computed h io-ht which th flo cl would ha uttain d above th a tual 
high-water level of 1 - , had no wut r es a,p d. to th wamp . This result, it will be 
noticed, differ only 0.1 of u foot from thut d du ed from Li ut nant Man's data. ~ 'o 
very close an agre ment i doubtl s uc id ntal ; but it i vid nt thut no r1 us rror 
can xist in the det rmination. 

Thi s result is con fir·m d by an unul si f un ntir ly diffi r nt hara ter. No tri-
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butary worthy of the name enters the Mississippi between Columbus 
and Memphis (Hatchee river having a high-water section of only 8000 
square feet; see Appendix C). When the river is below the level of 
the natural banks, then, the water which passes Memphis is sensibly 
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Result checked 
by another 
totally different 
method. 

the arne as that which passes Columbus. Hence by comparing the actual oscillations 
at these two localiti es, shown by the gauge-records, we may ascertain the law which 
connects them, and thus infer from the Columbus gauge the effect produced by the swamp 
lands upon the Memphis 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 cor­
respond. The only existing data for the comparison are those furnished by the 
gauge-records fo r 1857-59 contained in Appendix B. The following table exhibits 
an analysis of these records :-

CompaTi.son of 1·ises at Colttmbus and llfempliis. 

Columbus. Memphis. 

-

I Bottom of rise. 
Difference 

Top of rise. Top of rise. Bottom of riso. in 

Osci\ln,. Oscill n· 
oscillatiou 

I t ion . lion. 

Date. Gauge. Date. Gange. " Dato. Gnu go. Dnto. Ga uge. 

~I 
1- - ---- --

Feet. 
I 

Feet. Feet. Feet. .Feet. Feet. 
Dec. 21, 1857 ... 3~ 8 Dec. 30, J8;)i ... 20 3 12.0 Dee. 2-!, 1857 .. 31.2 J an. 2, 1858 ... 20.9 10 3 + 1.7 
Jnn . 8, 18.) ... 2!3 .1 I Jan. 1 o, 1838 .. . 20. !3 I 5.5

1 

Jan. 11 , 1858 .. 25.0 .Ja n. 18, " . ... 22.0 3.0 + LB 
J11n. 20, " 22.3 Feb. 1-i, " ... 14. 2 8.1 

1 
Jan. 2:!, " 22.6 F eb. 17, " 14 .3 8. 3 -0.2 .. . .. .. . 

:Feb : 1 \l, " 1 !3.4 Feb. :..6, " ... 1:3.6 2.8 llcb: 23, " 16.1 1\f arch l , " 14.1 2.0 + 0. 8 .. . .. .... 
l\[arch .), " .... 18. I :\l a rch 10, " ... 18. 0 0.8 1\JIIrcli 7, " .. 10. 6 March 13 " ... 18.4 1. 2 -0.4 
July 28, " I ~6 .~ Aug. i , " ... 20. 3 !}_ () I July 30, " .. 26.6 Au g. 8, " . ... 20.7 5.0 0.0 
Au g. 11l, " ::: , ~] 1 Se1 t. 12, " ... I 8.8 12.3 Aug. 12, " .. 21.4 Sept 14, " ... D.O 12.4 -0.1 

11.:? Oct. 20, " .. . 3.1 8.1 Sept. 20, " 12.2 Oct. 25, " 4.0 8.2 -0.1 Sept . 18, " .... .. .... 
Dec. '2 7. " ... 2\!.5 J a n. 17, 1850 ... li .G 11. n J >ln. 1. 185rl ... 30.8 Jnn. 20, 18•59 .. 19.0 ll. 8 + 0.1 
J 1\11 . 30, 18;)() .. .. 21. 6 F eb. fl, " ... ] 7. 2 4.4 .Jnn. ~i, " .... 23.3 F eb. 11, " .. 1i. 7 5.6 -1 .2 

June 26, " 2:t j Aug. 6, " ... 11.7 no .June 20, " .... 24 .\J Aug . 0, " .. 12.8 ] 2. 1 -0.1 ... 
-- I -- - --

I I Sum .... I 83.8 I Sum ... 81.7 6.3 

I 

It i evident that there i no material difference between the oscillations at the two 

localities, that R.t 1\l mphi being :~:~ = 0.97 of that at Columbus. But the oscillation 

at Columbus from high to low water in 1858 was 37.8 feet. Had the levee system been 
perfected, it would have be n 1.8 feet greater, or 39.6 feet. The oscillation at Mem­
phis under the condition ought then to be 39 .6 x 0.97 = 38.4 feet. That which 
actuR.lly occurr d was 31.3 ii~et. The increase in the height of this flood , which a per­
fected levee sy tern would have caused, is then 38.4 - 31.3 = 7.1 feet. Two computa­
tion o entirely different in principle, the one giving 5.3 feet and the other 7.1 feet for 
this quantity can leave no r a onable doubt that the mean-say 6.5 feet above the 
high water of 1 5 -is the height this flood would have attained at Memphis. 

Helena i th next point for con ideration. By reference to plate XVII, it will be 
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The computation seen that the increase of di scharge, as compared with the ri Re in the 
for Helena. · 1 · 1 J · 1 · · f gauge, 1s very m uc 1 greater m t 1e une n. e t utn m e1 ther o the pre-
ceding rises. This is an anomalous effect, due to a.n exceptional increase in the local 
slope. It was caused pa.rtly by the depression of water surface between Helena 
and the mouth of ·white river, occasion d by very large crevasse discharges in that 
vicinity (more than 250,000 cubic fee t per second), and partly by the elevation of 
the water surface ju t above Helena., occasioned by a ll ood of water returning to the 
river from the St. Francis bottom. In a perfected. state of the levees, neither of these 
conditions would exist, a.nd their effec t mu t therefore be eliminated. ThiR can be done 
by selecting for the primitive. tand in the computation that existing at the top of the May 
r iRe (Ma.y 3) . Applying the forrnul m to these data, we find that to discharge 1,334,000 
cubic feet per secoud (the actual maximum di.charge), the river must rise 6.7 feet; 
and to discharge 1,360,000 cubic feet per econJ (the maximum di. charge with per­
fected levees), it must rise 7.4 fe t. But on May 3 the river , tood 3.5 feet below high 
water of 1 58. Hence, without the anomalou. influence acting upon the slope, the 
river would have risen 6.7 - 3.5 = 3.2 feet higher than it actually rose, in order to 
carry off the maximum di charge ; and 7.4 - 3.5 = 3.9 feet higher than it actually 
rose, in order to carry off th e maximum discharge which would have occurred had the 
levees been in a perfec ted condition. 

At Lake Providence, also, the normal condition of the river was affected by the 

Th t t . large crevasses below the town, as hown by IJla.te XVII The Point e compu a 1on . 
for Lake Provi- Lookout crevas e occurred on April 30. The river, which had been 
dence. steadily rising for several days, soon b gan to decline, although the dis­
charge continued to increa c. On June 23, the date of the actua.l maximum discharge, 
it had fallen 1.3 feet. 'ro avoid the anomalous ffcct of these revasse , a date prior to 
their exercising any perceptible influence, for in tance April 30, ought to be selec ted for 
the primitive stag in the computation. Applying th formul ., to this. taO'e, we find that, 
to discharge 1,18 ,000 cubic ii ct p r s cond (the n, tual maximum eli charg ), the river 
must ri se 3.0 feet; and to Ji charge 1,40G,OOO ubic fi et p r se ond (th maximum eli -
cha.rO'e with per.fi ctccl lev es), it mu. t ri 10.0 fi t. But on April 30 th riv r tood 
0.5 of a foot b low the highest point attained. in ] ; ( pril 8) . D ductin O' this 
amount, and adding 0.3 of a foot for es timat d ri s ub. equ nt to dat of maximum :tis­
charge, we have for the elevation abov high wnter of 1 .- ', du to th actual di scharg 
unnffected by the local crevasses, 2.8 fe t; an l for that du to the discharge which 
would have occurr d with a perfected 1 v c yst m, 9. fi ct. · 

Donaldsonvill i the n xt point for con ideration. Plat XVII indicate that th 

Th t t . two crevasses b 'low th town (Nos. 44 and 4:3) in rea d the sl p of e compu a 1on 
for Donaldson- the river, and materially lower d the . urfac . To avoid this anomal us 
ville. influence, it is n sary to s ' l t ft r the primitiv stage a dat pri r to 
its existence, say May 2. At thi s time th riv r wn. 0.0 of a foot b I w high water of 
1858, and the dis ha.rge wa identi al with that at th am , tand in 1 51. Applying 
th formul , we find that to eli hargc 1,107 ubi fe t per nd (a tual ma"·imum 
discharg ), th riv r mu t ri e 1.0 foo ; and. to di charo· l 207,0 0 cubic Jl t p r second 
(maximum discharge with per.fi ct d. levc ), it mu t ri , .fi t. Add.iug 0. of a 
foot for I robable rise ubsequent t th date f maximum di barge, and deducting 0.9 
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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 attn,ined above 
t he actuftl high-water level of 1858, supposing these discharges to have been unaffected 
by the locaJ influence of the two crevasses. The former number fixes the amount by 
which the river was lowered at the date of maximum discharge (May 31) by the 
influence of these two crevasses; since, instead of being 0.4 of a foot above the actual 
high water of 185 , it wa at this date 0.9 of a foot below it. Hence the influence in 
question amounted to 0.4 + 0.9 = 1.3 fee t. 

At Carroll ton the usual law of discharge of the river was affected far more than at 
Donaldsonville, as may be seen by inspecting plate XVII. The town is 
situated between the sites of the two crevasses, and only a few thou- ;'heccomplulttation 

~or arro on. 
sa,nd feet above that of the larger (Bell's) . To the influence of this 
crevasse alone, then, is to be attributed the anomaly of a greater discharge when the 
river was falling than when it was rising. In order to eliminate all errors, a elate 
before the crevasses exercised any perceptible influence, and when the river discharge 
accorded with that at t he ame stand in 1831, is to be selected for the primitive stage. 
April l u fulfils these conditions. The formul m indicate that, to carry off 1,188,000 
cubic feet per second (actual maximu-m discharge), the river must rise 1.2 feet; and to 
ca.rry off 1,29 7,000 cubic feet per 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 April 15 below actual 
high water of 1 3 ) , "\Ye have, for the increase in height above the actual high-water 
level of 1 5 , in the t wo cases, 1.0 and 2.4 feet respectively. The depression occasioned 
by the crevasse at the date of maximum discharge in the river (May 29) is equal to the 
former number increased by the actual stand of the river at that date below high water 
of 185 , i.e. to 1.0 + 0.7 = 1.7 feet. 

Th following table exhibits the data above indjcated for all the 
localities under consideration, and the results of tl1e compl}tations based 

upon tLem :-

Results of the 
several compu­
tations, with 
data. 

E.ffect that would have b n prod~wed ~tpon the flood of 1858 if the levee system had been 
pe1jected. 

-
Primitivo stnnd of river . !i Incrcasctl 

i\fnxirnmn dis-
--- cllnl'go with ~ 

hoi~ht abovo 
nrtunl h . w. 

Locality. Delnw l<' vces per· " of 1858 with 
fccted (Hood "' Date. high e a, w, p, Q, s levees per-

wutcr of 1 85~) . 8 fcct.cd. 
HM!. ------- -
Fu t. Feel. Sq.fut. F eet. Feet. Ou f eet. Cu. f eet. F eet. Feet. 

olu mbu s .. . .... ..... .. 1 June 18, 1 .)8 0.2 4().4 Jon,ooo 2237 2280 J ,403,000 1,478,000 1.8 1.8 

) lcmphis . .. .. . . .. . .... April l , Hl.iO J 2.1 25.0 138,·100 2 75 2fl00 600,000 1, 380,000 17.0 } 6.5 
" . .... . . .. ...... i\l ay 1!1, Hl.:;~ :2.9 3~.2 HHi, 860 3110 3135 1,010,000 ] ,380,000 7.9 

H elena ......... . ........ ~l ay 3, 1 ;)8 3 .. ) I 43.5 lfll ,ii:W 4080 tll li 1,0i7,000 1, 3Ufl,OOO 7.4 3.0 

Napoleon .. ......... . ... June ~:!, 1 1~ 0.3 

I 
44.7 :!11 ,000 8220 3300 1,221,000 1, 41 8,000 6.9 6.9 

T.nkc Providence .. . .. April 30, 1 .) 0.;) 43. 5 200.210 3380 3C;)9 1,100,000 1,406,000 0.0 9.8 

Vick sburg ... . ... . ..... June 24, 18.i8 0.1 48.2 177,000 ~700 27 J O 1 ,2~ 5,000 1,'130, 000 3.8 3.8 

Nntch ez .... .... .. . ... .. Jun e :!.i, 1 .-,~ 0.0 I 51.5 ~:!7,000 4.)40 4.i\J() 1 ,230,000 ] ,424,000 4.u •1.6 

Hcu-rivcr lnnuing ... \l ny 2:!, 1 .;R 0.3 
I 

4:~ .2 :!:Jfl,IJill) !"j ()l(J 3U.i4 1, :!:! 1 ,0110 1 .3:~R,OOO 3 . ~ 3.2 

13nt on H ou~e . . .. ...... )l tl )' li, 1 :,R 0.:! 34.1 

""·"" I 
2t\UI) 2R:!4 1 ,203,000 I ' :~ilR, 000 I 2.7 

JiJ Donnhhonville .. .... . . ~l ny :!, ~ ~~~ 0. ~I 

I 
:2.">.R 1 !lU,~RO 3100 3 1:!7 l, 148,0110 I ,:207,000 2.8 

'nrroll ton . ... .. ....... April 15, H~: o.u U .•j 1 3,000 ~378 2~ [ 1) 1,103,000 1,~\J7,000 2.C 4 
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The last column of thi.· table shows the increase in height to which These results to 
be tested. the flood of 1858 would h:wc gained, if the river below Cape Girardeau 
had been confined to its proper channel. A. already seen, each number in it is the 
result of a careful analy is of the local problem. The inve tigation , however, is too 
important to be brought to a clos without exhaustin(l' ev ry possible check upon the 
accuracy of the determinations. One furth r test can be appli d. 

The second test of the new formul oo (see hapt r V) c. tn.bli hes that their indica­
tions accord perfectly with the actual flood conditions existing in tLe 

Outline of this four grand divi. ions of the low r fi ssi. sippi ; namely, that between the 
test. 

Ohio and the Arkansas; that bet we n t he Arlmn as and the Red; that 
between the Red and bayou La Fourche; and that between bayou La Fourche and Fort 
St. Philip. The increa. e in flood height given in th la t table determines the new mean 
dimensions of cross-section, and the new m an slop in each of these divisions. These 
quantiti es being known, the new maxim um discbaro·e can be computed by the formul ro . 
If this quantity accord. with that derived from the new maximum di. charges n.t the 
several localities, the exactness of the local determinations of the n w flood height 
will r ceive the strange. t po . ible confirmation; . ince the new condition of the river 
will thus be shown to harmonize with the laws which govern it in its present 
condition. 

The application of this test is simple. The increase in the area is found by multi-
Numerical plying the width between banks by the mea,n increase in flood h ight. 
values of the The latter quantity is found by dividing, by tb total di. tance included 
quantities enter- in the divi sion under con ideration, the sum of the products of the 
ing the compu· 
tation, and its mean increase of height betw en con ccu tive station into the di s tance 
results. b tween them. The width, of cour , undergoes no varia tion. 'rhc 
perimeter is a sumed to remain unchanged, in order to allow, approximately, for the 
inconsiderable discharge which takes place betw 'en th dge of t he natural bank and 
,the levee. The sin .2 d is a con tant quantity for each divi i n. Th new fall in 
water surface to b used in computing th ' n ' m a11 1 .·ity i found by deducting the 
effect of bend from th pr . en t fn.ll , incrca. d by the n w ri c at the upper cxtr mity 
of the division under consideration, and dimini~h d by that at the low r . Th r al 
mean dischar(l' to be compared with that computed b thes data is d riv d from th 
new maximum di clutrO'e at ach ·tation, in the mann r j u t d scribed for deducing the 
mea11 i ncrca ·c in flood height in the eveml di i. ion . . 

Th e on ly explanation. required for the local nppli ation of tbi s O'en ral pro . arc 
the following : The di stance from olumbu LO M mphi~ is 22 mil , or abou t doubl 
that bctw en the other stations. .Most of th urplu di charge in flood · escap s into 
the swamps above a point midwrty b tw n the. two lo ali ies. Th in r ase in flo l 
height at thi point, produ d by nfinin (l' th 
then b about the same a · at 1 mpb i:o; i . . G.:- It t. 
and Napoleon, th incrcas d height of the flood I 
of th e plac s, on a c unt of th influ n x r 
A cornpari on of th amount of cr va. H -wat 'r , hi h . ap d int tb e wamps, with 
that which returned by th Whit and rkan. a· riv 'r in 1 r: , indicat that this 
increas is about "" fe t greater than at n, i.e. about feet. rrhe e numb l'tl 
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have been used in computing the mean increased height of the flood level between 
the Ohio and Arkansas rivers. In computing the new mean discharge below Red 
river, bayou Plaquemine has been assumed to discharge 10,000, and bayou La Fourche 
3000, cubic feet per second more than in the flood of 1858, on account of the increased 
rise of the Mississippi at their upper mouths. The following table exhibits these data 
and the results of the computations:-

IIigh water of 1858 with perfected lovcce. 

Dist.aoc.l 
.. Discharge com· Difference 

in.~ a between real 
Di\ylsion of river. Increased Total f~tll pnted by new and computed 

height of Area. Width. Peri· in water Discharge per formula .. discharges. 
the Oood. mctrr. surfilce. second. 

---- ---- ----
.]files. Feet. Sq.feet . Feet. Feet . F eet. Cubic .feet. Cubic f eet . Cubic feet. 

Ohio lo A rknnsns ..... 40 .0 4i. 33 5. i 217,000 4470 4510 156.9 1,409.000 1, 399,000 + 10,000 
Ar k;u1 sns to Hed .... . 37:3 .0 ;6.50 6.1 224,000 4080 4115 115. 7 1,420,000 1,434,000 - 14,000 
Red to Ln. Fourche ... 1:1:!.6 15.39 2.9 20\J,OOO 3000 3035 23.8 1,327.000 1,321,000 + 6,000 
La F. to Ft. St. Philip 136.0 21.60 1.8 204,000 2470 2510 22. 7 1,284,000 1,269,000 + 15,000 

I 

The differences in the last column are so small as to render it certain that the great 
problem of protection against inundation has been solved. The increased 
height to w·hich this tandard flood would have risen, had the levee sys­
tem been perfected, has been fixed by the local analysis at so many 
points as to furni h all t he practical information needed for a.djusting 
the proper local heights of the levees. The new dimensions and slope 
thus determined for the river prove to be almost identically those 

Fulness and 
truth of this 
determination 
of the proper 
heights for the 
levees. 

required to carry off the increased discharge. For this flood, then, the question is 
settled. But it ha also been shown that the maximum discharge with perfected levees 
would have been a great in this flood as in any preceding one qf which we have 
records. The true heights which ought to be given to the levees, in order to insure the 
present protection of th whole alluvial valley of the Mississippi, are thus established. 

2. H avincr thus di po ed of the first division of this analysis of the levee system, 
we are now to con ider the agencies which may hereafter affect its prac­
tical working. Three of a general character have been suggested. 
They ll.re: Fir t, the prolongation of the delta into the gulf, which 
mu t levate the water urface nea.r the mouth of the river; second, 
the in r a ed culli vation of the valley, which may affect the discharge 

Three general 
agencies which 
may hereafter 
affect the levee 
system. 

of the variou t ri butarie , and, hence, that of the Mis is ippi it elf; and, third, the in­
cr a ed velocity of the current, which, by causing an excavation of the channel, may 
reduce th ne' high-water level. These a.gencies will be noticed in turn. 

Th subj t of the prolongation of the delta. belongs properly to the next chapter, 
where it will be fully tr ated. Here it is sufficient to state that its rate 
of procrre i o low a to render its effect upon the level of the water 
surfa.ce of the river inappreciable, unless very long periods of time are 
consid red. ( ee figure 1, plate IX. ) It may, therefore, be neglected in 
estimatin(l' the height now to be given to the levees. 

The prolonga­
tion of the delta 
need not be 
dreaded. 

The ffect of cultivation are in a. measure compensatory. Effects of culti-

1 lX' • d · 1 k d vation are in a On forest cr round t 1e euect 1s to ram a es, pon s, marshes, borrs, ._, measure com-
and meadow , which rved as reservoirs ; to render the surface smoother; pensatory. 

52 
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and thus to increase the rapidity of drainage and the heights of freshets . On the 
contrary, the removal of the matted undergrowth , and the soft ni ng of the earth, cause 
a greater quantity of rain to be absorbed; and the exposure of the surface to the sun 
increase. evaporation. Snow, however, will be melted much more rapidly in the spring. 
The removal of forests on mountnins will tend to increase th amount of ra in by 
crea6ng heated upward curren ts. In a prnirie coun try, cu lti vation , by rendering the 
surface smoother and removing matted grass and roots, will inc rease the rapidity of 
drainage, and absorption, and also of evnporation, becau. ·e th soil will be more exposed 
to the sun , and earth is a bet ter condu tor of heat than vegetable matte r is. 'I'he growth 
of trees which cultivation produces on l r:tiries " ·ill tend to increase the amount of rain 
by increasing the inequnJiti s of the face of the country and of the t mperature in air. 

Thus in forest, mountain, and p1;airie countries ultivation brings into existence 
causes which tend orn e to i ncr a. e and . ome to decrease th floods. It appears to b 
probable t hat the former will be the mar • powerful, and that th effect of cultivation 
will therefore be to render th floods O'r at r a,ml the low wa,t rs lower. 

As the progre · of cu ltivation over the ba. ·ins of the great tributaries of the Mis­
sissippi, however, is not mad at uniform rn,tc., i · relative effects on the JJ ooJs of those 
tributn,ries will b unequn,l,* and may t end itbcr to incrca ·cor to decrease t he floods of 

* The foll owing table g ives approximately the numb r of a res of cultiva ted la nd in the 'l.iss issi ppi basin, together 
with the approximate popul a tion , at intervals of te n years , commencing with l 00. This culti vated land lies cnst of 
the 9 th m ridian west from Grernwich , and the area of that portion of the basin of the Hi issippi whi ·h comprises 
it is 700,000 square mil es. or 448,000 ,000 acres. The annual downfall within th sc limit s varies from 25 to G5 in ·hcs, 
the mean being about 40 inches. '!'he lar"'er portion of th in erease.o f cultivati on ha t:lk n place in the prairie 
regions. The dense forests on th e most fer tile parts of the outh rn portion of th basin rend er the opening of ·ttl ­
tivaiion there more diffi clflt and cxpensi ,·e, and its rate of procrr ss congcqu ently slo\\ r:-

Tctble showing the populati-on and numuer of a ·r !3 of improved or cultivut d land m the 
llfis ·i ·sippi 'G(lll y j}·om 1 00 to l GO. 

----------------~--------~ 

1soo. I---1S_1_o. __ 
1 
___ Jo_:l0_. --· Stnte or 

•rcrritory. 

] o,30, 1 It). 1 ~50. "\Sf>t.l. 

Populi\· Tmprov. Populn.- lmprm·- Jlopuln- l nq•rov- Pupnll\- l mprov- Pupul1\- ln1prov- Populn- Jmpm,·- l'up ul n- lJ• tprm·-
tion. f'tll fl nd . ti0 11 . L·d lnnd. I lou. t·ll lnntl. tion. t:d Jnnt.l. tlou. tt l hmtl. tivn. ec.llnnd. lion. t•tllnnd. 

---- .An·r&. ---- J1N"t'..l . ---- --=-J---~-~ --- .A rrt& . --- A crr~. --- -.~-1 ,-·rr-1 . . 

Pennsytvnnitt. 200,787 7-HI,a{ll 210,0:10 l ,Wi,~O;l 3-jfi,SJO l ,:;u~.r 1 4tfi,074 1,:;..-,.a,oo;, r.i ..a ,: .\ 2, 1:!;1,titJf, 770,5ilil 2,~7tl,~~~~ 9i-l ,~:c~ :l.tah,:tt u 
Virginia... ..... :.C"W,07iJ :!,405,:~o 3ti5,.&~ ::.,G(.:.a,:no 3!tfi,U l ti :.?,ti ll ,a7nj ..t .l..a,:nr, a,:no, nu -11 1 ,u:r~ :~ .... :-....,,t:w.x ;,:~:1, 1 :! 1 :.l.~~5,U6 1 5U7,-IIH o~ ,a;,a, 7t'u 
1\cntucky .. ..... :l:!II,HM) l ,:~:!,:\.10 40H,5ll :!,4(/U,H:!O 5f ,:n7 3.-I~,:Uo h""i,ltl i .J,Ii'H,:.."nu 77 ~1,~-,:!.., -1 ,73;,{)-.!l 9"':!. 105 ~,1~~,:!!1 l ,l fJH,fOH 7,0-ll , ... hO 
'f'e1HH'88t'(.' ··-··· l ttfi,l)lt:! [H;,,u:!"- :!til,i:!7 1l ,:l!)(J,h10 -1-!'.!,kl:l :!, 1 ~:!, :..'\>t) t) l ,~ ...S :l,f.i1U,-1 1tl :.io!J,:!lU -1, :!7U,I,j; 1,00:.!,7 17 ,,, ll u, l I · 1 , 1-I H, I~ () [J 1Uii,\lb5 
Ohio..... ...... .. 3t i,~:! 1}).!);10 1 ~-l ,~~lb u :~~·;.i~~ -l l~. l~ S 2.~!3,!15; :[)~!,a~l :l,!~:!,bUO l,~!l ~,;,j:! 11,U-ti,Ott J,;,..,L:!IH i,~h l , l!i:.. l 1 tkl:!.·.!f1~ H,-IIC\,tljt) 
] nJinwt......... ·l,h_l,? .-,~ · '.·,11! .2 1 ,,,~~ 1 ... 1,.,· ,~~~ )~.:_ ~ !.•," .',·•~ ,11-' i> ~~ ~~~ );,J l, ... ,!,,-l t OJ t:-.~,""'. •,~· :tJ ;,,7:2', B"~··llli ;,,I).U\,5 1:1 l ,:li0,"'0:! li,HU~,"'m; 
Mi~~iss ippi.. ... -I ,.J .. u .. J,Lh .. }(J, l ,G I ll.J ,,, if, .J,,,_ I .. l .~,.l!ot. l h',.Hu .~'-I,,J:."' l \,,1\_,, t,oHH,tat aoa,:!tC! l ,i:!".!, l7H .JI:UliU :! ,!'• l ll,tH.I~ 
lllinois.... .... . 1 :! ,~:! i:!.ltJ:! [1;,,:!11 a:Ul.:!i'2 J:,i, 115 9Jl. tn i~t,l..,;~ :!,,l~,:Ha h5l ,·litJ 5,u:m,rd5 l , t i~7, HH u.Ohi, l :!.'i 

I f~ui8lll l~ ll...... 3H,77b lt :!,~ll: ~ i O,~u:~ :!.:;..&,Olti l lli,~hV f3.'tl iAtio l7tj,~l5 rH J,I1 7 :!ft\l.o..., l 7U::t,O I2 aa;\,'21[1 l ,O:!a.:!SO 
M!880un. ... .. . . :.'O,b·l5 Ml1h0f.1 liti,5~ti ~t;,~jiJ 1-lli,·IM., •JJ[,,llj 3~:;,;o~ l,t lfh{,OO I lih:!,0-11 2,H:Vi,-l :.!b 1,2ul ,:!OU G, l7 5,12b 
Arktuums....... l ·l,:!i3 53,11:! 3o,:!'\ 11:1,14--1 ~7J,7 1 :v~t,2CJ.., 21111,"~'7 7kt,r.:to -1--W,iif• l ,H-11 , 1-Ia 
l owu ... ......... .a.:U 1:!

1 
1\I,HtiH l U:!,:! II h•l.l US•l ~:!,OO:! :!,U:!t\,ObU 

" 'isconsin .... ". I :!:,,; ... ;, )o,"",:!i:. l :!:.
1
J
1

,,
1
1J!JI
77

1 h7,l·:,o~ •. ~~ H-1 0,·10 1 :!,1H2,.JI2 
Minnesota ."_' ., .w 17:.!,7H:t 1-l :l, lt.ll 
}(UII iJAll. ........ 11:\

1
(i 1:.! ll U,O~~ 

Nobrnskn...... I ~'>,hU:l ~U:lo 

------~----,-·- --------
Totnl ....... 903,011 5,:l72,057 t,l~l2,971 H,9'.!;;,5H> :!.r,m.,; ,

1

14,0!>t<,1t.7(' '17,!"' :!OI,+IIJ/.:!f1 ;,,1,111,1:.!1> 3 t ,:!'J7,2:,-. 1~111,,:>4 ;~l, lO,Obl. 12,025/>111 63,tt;i,:!:l8 

'fhe tabl WI\S preparl'u in tho foil win g m;mner: 'J'h (' population nnd number of 1\cres of eu ltiv~Li ed l tw d in t\11 

the tn.tcs n.ncl T erritories lying wholly within th ) I i~si"ii']Ji ba,in w re ohtainl'd from th e c n su ~ \.abi es of I :i iJ. H 
wns estimated thn.t one-thi rd of P ennsylvani., four-fifth of hi , thr 'c- ighths of irg ini 1l, an d on •-half the, ' tn\ cg of 
Mississippi and Louisil\na were included within th bn in. 'l'he proportion of tho populntion and cultivat d land of 
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the l\Iis issippi, according as the contributions are thus made more or less coincident. 
Vet:y 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 ev·en 
been attempted.. The laws d·euuced 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, by keeping correct..records of the oscillations of the river, year after year, and 
computing from them the mean annual and the .flood discharges through long continuous 
periods of time. (See Chapter II.) 

La tly, the effect produced upon the bed by the increased velocity Effect of the i~· 
due to the levees is to be considered. Several points require ex- .

0
cfretahsed _veloCity e nver. 

amination. 
1. Levees can, of course, exert no influence except during the period when the river 

is above the level of its natural banks. With a view to give a general 
idea as to the duration of this period in different parts of the river, 
the following table has been prepared from the gauge-records in Appen­

dix B:-
Dumtion of Mississipp1; high wate1·. 

- -

I 
Xatural 

l.ocnlity. bank; I 
ro.1ding on 1~10. 

1 

l S.;o. 1 ~51. I g>luge. (Flood (Flood (Flood 
---· year.) 1 year.) I yea r. ) 

1bll~ ................. Colun 
;\lemp 
Napol 
L!lko 
Vi cks 
~ew C 
.\'al ch 
Hed-r 
Baton 
Donn! 

hi s . ......... ..... . 

1 
eon .. ............ 
Providence ....... 

burg .. ... ···· ······! 
•tnhuge ......... 

ez ...... .. .......... 
ivcr lllnding ..... 

Houge ........... 
<Isonville ......... 

U1TO \I ton .... ... ....... . 
1 

Feet. 
3/.1) 
:H.:~ 

41.4 
.Jl.(j 

4-1.:3 
40.0 
4 .. ) 
43.0 
311. 0 
:"!/ .ll 
1:!.11 

Days. Day~. I Days. 

34 75 

D7 

) 0-1 
55 
;)0 

57 
I rn 

I :!:"!0 
I 

]-·) ,_ 1:!.) 
I 

Water surface nbovo level of natural bauk. 

1852. l %:l. 1854. 1855. 1856. 1857. 

-- ----------
Days. Days. Days. Days. Days. Da_ys . 

31 
(iS 43 2 0 0 0 

108 JiO 111 0 

The increased 
velocity is of 
short duration. 

1858. 1859. 
(l' lood (l'lood 1800. 
year.) year .) 

------
Days. Days. Days, 

24 27 
87 !)5 

100 

129 103 

12D 
118 

12!) 123 2 
ID\1 11-1 49 

Thi tab! o-iye. an exaO'gcrated idea of the mean duration of the period during 
wl1i ch tllC river is o\·er its bank·, since the records, excepting those of Donaldsonville 
and arrollt n, are mainly tho e of o-reat flood years . 

.:..~. The .ffi t of le ee arc compen atory, for, while they increase the heights of 
floods, they diminish their dur ztion, as may be een by examining plate 
X III. It i then po sible that the system may not increase the 
ab:olut ex avating pow r exerted by the river upon its bed during the 
flood p riod; since the increa ·e of force may be balanced by the diminu­
tion in its 1 riod of op ration. 

The increased 
velocity is par­
tially balanced 
by the shorter 
duration of the 
flood period. 

the c .'t11trs were tabulated with the population and cultivated land of those States and Territories lying wholly 
in the basin In the umc manner the population of the basin was found for every ten years from 1800 to 1860, 
inrl u, in•. The number of acre of improved land in any State at any time was found by multiplying its popu­
!cttion at th,1t t iuw b: the r<llio of it ' popullltion to the number of acres of imp rovcu la.nd in 1850. Although the 
table i nut trictly correct. yet it is the best that can be h ~Ltl without a very chl.bor::~te examina.tion, which the use to 
he mad of th table did not ju tify. It is suffi ciently accurate for the subject it is intended to illustrate. 
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3. The hard and permanent character of the bed of the river, n.lready so often 

The bed is com­
posed of too hard 
a material to be 
rapidly abraded. 

mentioned, demonstrates th at none but very gradun.l changes can occur 
in its level. If, then, the flood velocity is increased by the levees suf­
ficiently to enable the river to enlarge its channel, this enlargement 
must be chiefly at the expense of the comparatively soft alluvial banks. 

The width, not the depth , will be increa.s d.* It may be a ded, that wherever sound­
ings have been made by the Delta urvey, at different times on the same lines, no 
change of area attributable t o a chn.nge of level of the bottom has ever b en detected. 

4. The increase in velocity, which will re ult from th extension of the levees, is 
The absolute in- not alarming, when compared with that which has already occurred. 
crease of velo- This is shown by the following table, which is based upon computations 
city is slight. already made :-

Dh•iaion of river. 

Ohio lo Arkansas . . ... .. ........ . · ··· .... . ···· . .... ... .. ....... . ............... . 
.Arknnsns to Reel . •. .. ......................... .. ...... . ............. . ...... . .. 
Red to J,a Fourcbo ......... .................................................. . 
Ln. Fourche to head of passes . ... ....... .. ................................ . 

Menn velocity J><>r oecond of Mi118lsoipJ, i river In gr cn l cB t floods. 

nlevcetl condition. l')r<'IJCn t condHJon. 

Fut. 
(),07 
5.i3 
5.08 
5.55 

Feet. 
6. 16 
6.03 
6.00 
5. 78 

J,ovocs perfect d. 

Feet. 
G. 4!) 
6.3·1 
6.36 
13.2\'l 

From this table, it appears that the mean velocity when greatest will only be 
about six per cent. greater than at present. The duration of the increase will be 

very brief. 
These· considerations lead to the conclusion that, in constructin(l' the levees of the 

Arguments present day, no allowance hould be made for any influence to be 
favoring the exerted by them upon the bed of the river. Before closing th sub-
theory of a 
change of bed to ject, howev r, it may be well to notice certain arguments which suggest 
be now noticed. a different conclusion. 

The first is bas d upon an error of fact, whi h ha b n v ry g n rally propagated 

General misap­
prehension re­
specting the 
effect of levees 
upon the Po. 

upon the authority of a di. tingui bed name, thn.t of M. de Prony. Thi. 
error is that the levees of the Po hav rai d th b d, and hence th 
surface, of that riv r to an alarm in (J' xt nt. Th stat ments made by 
M. de Prony respe tin()' the Po at F rrara (plat XIX) , upon informa­
tion collected by him in a bri f vi it to Italy, hav b n h wn to b 

entirely erroneous, by the hevali r Lombardini, in his m moi1-1· upon the han(J'es in 
th Hydraulic CoJ?.dition of th Po, publish d at Milan in 1 52. An exact tran. lation 

* 'fo prove that the Missis ip] i has not incrca ·cd it. width inc ' the construction of levees, Mr. ll ~tyl y, in a pul · 
lisb d letter addressed to three members oft he 8 nntc of L ni ian a, ~[arch , 1 5 , adduc s th mean wi dths of lakes 
St. John and Oon ordia, n ttr a tchez, a m n urcd by ;\1 r. -n' ill iam G. Waller (localities of m a urcm nts n t 
stated), and compares them with the mean width of tb llissi ippi below R driver (25 13 feel), as m asured by the 
Senate ommittco in 1 50. The e lak s wer formerly channels of tho river, but had c ascd to b such b fore tho 
discovery of Lonisiantt. 'l'hei r widths arc resp ctiv Iy 2640 C et and 3250 C et. ' l'hc m an is 2!>45 fc t. ' l' h m asur · 
mcnts of this urv y show that the m an width between the R d and .A.rknn as ri vers (tho divisi n which form rly 
included these ln.kcs) is now 4080 fc t. lt is to b r mark d, h w 1·er, thnt no in~ r n es can b drawn from com­
parisons of this kind, until much more elaborn.t m a ur m nts h:1ve b en mndo than nny now existing. 

t Dei angiamenti cni • oggiacque l'Jdranlica ondizion d I Po, ncl 'l'crritorio di F rrara. 
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of the language of this writer will be used wherever it can be conveniently quoted. 
He says, speaking of Cuvier :-

'' In his celebrated discour:e on the revolutions of the surface of the globe,* he 
expresses himself in the following manner: 'Every one can see in Holland and in 
Italy, with what rapidity the Rhine, the Po, and the Arno, now that they are inclosed 
by 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 plains through which they flow 
at the present time.' * * :i: * * * * 

"'My learned associate at the Institute, M. de Prony, Inspector-General of Roads 
and Bridges, has communicated to me information exceedingly valuable as explaining 
the changes that have taken place in the shores of the Adriatic.t Having been com­
missioned by the government to ascertain what remedies should be applied to prevent the 
deva tations cau ed by the floods of the Po, he states th~t this river, since the construction 
of the dikes, has elevated its bed to such a degree that the sU?jace of the 1·iver is now higher 
than tlze .?'Oofs of the houses in Ferrara, while, at the same time, its alluvion has ad­
vanced into the sea with such rapidity that, on comparing the ancient charts with the 
present, it is found that the river has gained more than 6000 toises since 1604; 
which is equal to 150 or 180 feet, nnd in some places 200 feet (French measure), 
per year. Both the AcNge and the Po are at this day higher than all the count?·y which 
lies between them; and it is only by opening new beds for them in the soil which they 
formerly deposited, that the disasters which are now threatened can be averted.' 

"Most of the book which have been published on the other side of the mountains, 
on physical geography, geology, hydrography, fl.nd hydraulics, have repeated the same 
stat ments with regard to the Po; and, when discussing projects for embanking rivers, 
have pointed to the olitary example of this river to warn others from following the 

same plan. 
* * * * :j: * * * * * 

" In orne of my works I have confirmed the observations of de Prony touching the 
advan ment of the alluvion of the Po into the sea, but at the same time have suc­
ce ded in showing the rrors of his statements with regard to the rising of the bed of 
the Po, both in re pect to it progres and its elevfl.tion compared with that of the 
adja nt country. But in his report, the Po and the Adige are represented to be in 
n arly the ame condition, and the vil is asserted to be so far advanced as to leave no 
remedy but that of xcavating new channel . 

"The nO'ine r Baumgarten, who was charg d with the direction of the improve­
ment · of the river Rhine on the French frontier, passing through Milan in 1844, 
requ ted me to communicate to him :orne facts which should demonstrate the errors of 
de Prony, at 1 a t a far as they were tated by Cuvier. I sent them to him in a letter, 
which he publi bed in connection with an extract from my writings on the rivers of 
Lombardy, in vol. XIII (1 4 7) of the Annales des Ponts et Chaussees of France. 
In tbat letter I promi d to submit to him some other facts concerning the territory 

* Pari , 1 30; pn!!e 150. 
t In a note from the Extract from the Researches of M. de Prony on the hydraulic system of Italy. 
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and city of Ferrara, which I have not been allc to do, owing to the cares of my 
official unties. Since then , there having been forwarded to me a letter from M. l\Iinard,'i' . 
Inspector-General and Professor of Construction in the School of the Corps of Ponts et 
Chauss6es of France, one whom I hold in high es te m, wber in I have b >e n asked to 
furnish the information I had promis a· touching a subj ect which they wish to examine 
thoroughly, and upon which they ntertain ome difference · of opini on, I have prepared 
myself, not only by a. collecti on of the fa ct , but by an examination of them, accom­
panied by rea onings which were n ce ·sary in order to demon. t ratb the truth. " 

M. Lombardini t hen demonstrate : by reference to hi .·torical records and ancient 
maps, that the distance to the ea. (plate XIX) from 'tellata-the ancient point of 
bifurcation, 16 miles above Ferrara-by the present course of the river is 6 miles 
shorter t han it was in 1152, as tated in the reference to his work: in that part of this 
chapter in which outlets are tr ated ; n.nd, con. cquently, that the urfac of the river at 
tba.t point could not have been elevated ince that day by the prolongation of the Po. 
Next, he proves, by r fer nces to the foundations of flo d-ga.t , that the extreme low­
water surface of the r iver hn.s not chang d sen ibly in more than two c nturies, and, 
consequently, that the bottom of the river has not been eleva.ted durinrr that time, 
although local changes in the bottom have taken place. Then, by means of careful 
levelli.ngs, he shows that the high-water mark of 1 39 (the greatest Jloocl known) , if 
transferred by th e measured slope, from Ponte Lagoscuro-on the bank of the Po, 3 
miles ea t of Ferrara-· to Stcllata, and thenc to Ferrara by the old cour 'e of the river, 
will be 3 fee t below the surface of the ancient embankment of the Po, and 5 fc t above 
t he ancient natural bank. The palace in Ferrara is about 1000 feet distant from the 
edge of the natural bank, and the gronncl there is lower than on th river shore. Re­
ferred to this locali ty, th flood. of 1 39 i 10 ft t above the pavement, and 2.5 fe t 
lower than the actual high-water line at Pont Lago curo. An hydrometer is er cted 
ncar that locality, with the high-water mark of everal y an; upon it. At Ponte 
Lagoscuro, the levees are nearly 30 feet high. B fore the r vas. e f Ficarolo, t his 
locality formed part of a great swamp or lak and. th 1 w t part of t he ground back 
from the river is but 2 feet above th low-water line of the river. The name Ln.goscuro 
(dark lake) refers to its ancient ondition. Th rang of th Po at thi point is about 
2 fee t; its mean depth at low water i, 3 fi ct. 

M. Lombardini also estn bli ·he.· that th r gular in rea of height ( .3 feet) that 
has taken place in the Hoods during the la ·t ntmy and a half ha b n caused by 
the gradual perfection of the levee sy tern, by which crcva so have be n onstantly 
diminished in number, the country has b en more and m re ffectually prot cted 
against overflow, and t he volume of th riv r in floods has b 'On constantly increased.. 
The prolongation of the Po, as ascertained. by i\I. de Prony, w, from A.D. 1200 to A.D. 

lGOO at tb rate of 81. feet p r year· from A.D . 1GOO t th pr s nt cntury, at th 
rate of 227 fe t p r year. But thi s is lik wi hown by M. ·Lombardini to be rroneous, 

* l~ lsewhero M. Lombanlini ays : " In th letter of .\1. .\linanl, he Rp aks of the first floo r, and n t of th 
1'oojs of th e houses in F errara. lt would eem t lmt th xag-gcrn. lion is du r~ther to 'nvil' r, a nd wn not to he found 
in the text of do Prony, with which 1 1101 unacquainted, nnt! fr m which the forme r pnhli . het! 11 s lillll'Y frag ment. " 

The memoi r of M. do Prony is not to b fou nd in the Library of the British .\f usenm nor in the llib l ioth~quc 
F ranGI1ise, 'Paris; prob11bly it wad n ver publi.shed. 
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and to have arisen from the conclusion of M. de Prony that, in a century after the 
occurrence of the creva se of Ficarolo, the Ferrarese branch of the Po was entirely 
closed, and that the Grande was the sole channel. This really did not occur until 
A.D. 1GOO 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 ides since the forests have been cut down. An additional cause has 
been also sugO'e ted, namely, 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 passes through and adjacent to low grounds, formerly 
swamps, and lakes which n.re now wholly or partially drained. 

Th slope of the Adige iu its lower trunk is t hree times greater than th at of the 
Po. In prolonging itself t hrough the e swamps a11d lakes, its bed was form ed i11 its 
own deposit, just a the passes of the Mississippi are now formed in · the deposit of that 
river. The bottom of these swamps and lakes is now dry ground, and is in 
some plnces lower than the deposit formed upon it, in which t he bed of the Adige 

lies. 
It i hoped that the e researches of M. Lombardi11i will remove the apprehensions 

that may have been excited by M. de Prony respecting the injurious consequences of 

levee . 
pon the Rhine the subject has been less ela,borately examined; but in 1850 the 

Same upon 
the Rhine. 

ob ervations upon the hydrometers at Keulan, Emmerich, Doornenburg 
(near the fir t diYi ' ion of the river) , and Arnheim, extending over a 
period of eiO'hty y ar;:j, from 1772 to 1849, were published under the 
authority of the rroy rnment. The tables and notes, or memoir, accompanying them 
were prepared for publication by M. I. G. vV. Fijnje, hydraulic engineer, in the service of 
the government. The. e ob ervation prove that there has been no change at the 
localiti , of the hydrometer in that period in the level either of the flood, or of the low 
water, or of th mean yearly tand of the river. 

Th e ond argument in upport of the theory that levees affect the bed of the 
river i advan d by Profi · or For. hey in a memoir upon the Physics 
of the l\li .is ippi publi ,hed in 18-0. It i bas d upon a compari on of 
th m an high wat r · at arr llton (tran ferred from Vidalia) during 
1 ri ds oft n ar~ a h from 1 17 to 1 46. The r . ulting mean of the 
s cond dec nnial period being 4 inches lower than the mean of the :first 

Fallacy of the 
argument based 
upon comparing 
high-water 
marks. 

p riod, and that of th third 6 inche less than that of the :first, Professor Forshey attrib­
uted th e r ult t the levee , which b states did not exist to any considerable extent 
a.bove \ idalia pr viou to 1 27, but were in fu ll operation for a long distance above and 
b low that point after 1 37. To show that this resu lt was accidental, the following 
tabl of hi O' h waters at Carrollton (those previous to 184 7 being deduced from the 
observations at \ ' idalia u. ed by Profe SOL' Forshey), for every year from 1811 to 1860, 
arranged in ~ ric · of ten year each, has been prq ared :-
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Cornpa1·ison of different high-wate1· ma1·lcs at Can·ollton. 

r-:. JTigh-wntcr Uigh -wnter H igh-water High-water Tligh-wl\tor 
reading on Year. reading on Year. ,rf\ding on Year. read ing on Your. rending on 

gauge. gnu go. gauge. gaugo. gnu go. 

Peel . Peel. Feel. Feet. Fed. 
1811 14. 87 1821 1-1. 72 1 8~ 1 1.J..;J7 1811 14 .-17 1851 1 !l. -10 
1812 14. 22 1822 14.G2 1 8 :~2 14 .:);) 1842 1+. 57 18.32 14.10 
181 3 15.22 182.3 l !l. 2G I Ha:~ 1 ~ . tlO HI .J ~ 14.7() 18!j3 1!). 00 
18J.l 14.50 18:!4 Hi .12 1 3.J 13.1>4 l .j.j 15.05 1 .).j J -L 70 
181[) 15.!!0 182ij 1-1. 80 1sa:; 1+.12 18.J 5 l-1. 81> 185G D. !jl) 
1816 14.5~ 18:Hi 1-J.fi-1 1 31) 1<). 0.) 18.J G 1-L8G 1 .)() 12. 80 
1817 14. 58 1827 R05 JS:P J.L -17 l .J7 ].).Oii 1R-ii J:U O 
181 l -UG 18:l8 1 !). :?li JR3R 14.00 184 15.10 18;i8 15. 10 
l SJ!J 14 80 I 18:.!() 1a. 2o 1san 12.1 -1 1 4() 10.21 1 B;>~ l ].) ,(;() 

18:W 14 .22 1830 1-I. GG 1840 15.03 1830 13.80 1860 13 . .J O 

Mean .... L:.:,~, out 1805, m •n u]' ~auu u u .. u u ul~:J a uu u uw • J~ 78 
u u ••·• •• uuu : : :: I 

By comparing the means of the period , we see that the greatest was that from 1 40 
to 1850, or ajte?· the lev es w re " in full operation a long di. tance n.bove and b low 
Vidalia," and the least that from 1 50 to 1860. But the decennial periou from 1850 to 
1860 is remarkable for three years of very low water; the high water of 1855 bein()' nearly 
25 per cent. lower than the lowest high water during the fifty years considered. This 
obviously exerts an undue influence on t he mean re ult. Omitting that year, we find 
that the period of lowest high water is from 1 => 3 0 to 184 0, before the levees were " in 
full operation a long distance above n.nd below \ idalic ." 

Again, if the hi ()'h waters are armnged in t of ten years, beo·inning with 1815 
and extending to 1 55, we have fom complet' decade. . By this anancrement, tb e period 
of highest water is from 1845 to 1 --5, or after th lev s wer ' in full operation;" and 
the lowest high water i from 1 25 to 1 35, or b fore they w r "in full operation;" 
results indicatiug an :ffi ct precisely contrary to that attributed to the levee by Pro6 s or 
For h y . 

The fact is, that to d t ·rmine tb q u ti n w h th r 1 ve s ele at or depr ss the 
surface of the river by comparin cr th hi ()'h wat r of sev ral years, it must first be ascer­
tained that the quantit,lj of water pa.s ing in eacl~ y u· 'l.lia the tm . Thi quantity mn.y 
be affected in two way . First, th quantity I a . incr d ' n th whole river may be los . 
Second, local cn.uses may depres. tb urfac in on y ar, wh u the upply at the point 
of ob;-ervn.tion is the , n.me. 'uch lo a l a.u . es n.r cut-off.._, reva .. ·es, and the vary ing 
condition of na.tural outlet ' and n.fll uents b low th point of observation. All varia­
tions due to these sour must. be eliminat u before th' table is in prop r oncliti n for 
u e. 

Many of th higl water in th pr diner 
The data for th ir corr ction exi.·t in om ca. 

rtr larg ly a.ffi' ted by cr vn. s s. 
but not in all. Th orr ction hav 

not, therefore, b en mn.de, nor can any r habl conclu:-;ion b drn.wn from such obser­
vation , until . 1l rror.' ha.v b en liminn.tcd. 

Morcov r, it is a fundam ntn.l principl in b. rvn.tion of a , ri c:-; of fa.cts from 
which law · ar ' to be d.edu d or m an fin al r , ult ol tn.in cl to ontinu tb observa­
tions until the mean is not affi cted by any single b··ervation, ho\ ver larg ly differing 
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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 are eliminated and the high-water marks of 
equal discharges alone used. 

Another argument to prove that in floods the surface of the Mississippi does )lot 
rise any higher now than it did before levees were built, is based upon 
the stn.tement that there are points where the natural banks have never 
been overflowed, within the recollection of any one living. The natural 
bank at Algiers has been referred to as a well-known insta,nce, and.will be 
taken as a type of these cases. It was visited by the p~rties of this Sur­
vey in 1 5 -on one occasion on .M:ay 15th. At that date, earth had been 

Fallacy of the 
argument based 
upon the exist­
ence of high 
natural banks 
in the delta. 

shovelled up at the highest point, oppo ite the Belleville foundery, for the space of 100 
£ et, to prevent overflow. The ground along the river front in th is vicinity had evi­
dently been disturbed at different times. It is used for ship yards. According to the 
levellings of the Delta Survey, the ground, where apparently undisturbed, was 0.3 of a 
foo t below the higll water of 1~58 . This shows the natural bank there to be nearly on 
the level of the highest floods. But it is a sufficient answer to the conclusions that have 
been ba ed upon that fact, to state that there never has been a flood since levees were 
built, without the occurrence of a large number of crevasses below Red rivm~, and, conse­
quently, that the fu ll volume of a fl ood has never yet passed New Orleans. These cre­
vasse may reduce the surface of the river as low as, if not lower than, it would have 
been if the natural banks existed in their original, unleveed condition; for the mean 
level of the na.tural bank, where the levee system has been in operation for many years, 
must from con tant caving be lower than it was originally. It may also be added that 
the enlargement of the !Jayous AtchaJalaya and P laquemine, since the construction of 
levee , i a well-e tablished fact. This enlargement has contributed to depress the 
floods af New Orlean ·. 

These variou considerations show that by none of the agencies 
enumerated will the heights of the floods be affected to. uch a degree as 
to be of pra tical importance in estimating the dimensions to be given 
to th lc ce of the pre ent day. 

RECo:\LllE D.A.TIONS. 

The agencies 
enumerated are 
practically un­
important in 
estimating the 
height of the 
levees. 

Th preceding di cu ion of the different phtns of protection has been so elaborate 
and the conclu ion adopted have been so well established, that little An organized 
remain to b ·aid under th head of recommendations. It has been levee system 
demon trate£l that n ad vantarre can be derived ither from diverting trib- must be £depend· 

. . o . . ed upon or pro-
utan e or con tru ·tlng r ervotrs, and th at the plans of cutroffs, and of tection against 
new or nlarg d outl ts to t he gulf, are too costly and too dangerous to flo_od~ i~ t~e 

f h. h h l MlSSlSSlppl b nttempted. The plan o levees, on the contrary, w tc as a ways valley. 

r comm nded it elf by its implicity and it. direct repayment of invest-
ment., may b relied up n for protecting all the alluvial bottom lands liable to inunda­
tion b l w ap Girardeau. The works, it is true, will be xtensive and costly, and 
will xa t mu h more un ity of action than has thus far been attained. The recent 
lea-i lation of .:\1i j ..: ~ippi in organizing a judicious State system of operations, however, 
Rhows that th nece ity of more concert is beginning to be understood. When each 

53 
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of the other States adopts a similar plan, and all unite in a general ystem so far as 
may be requisite for the perfection of each part, the alluvial valley of the Mi ssissippi 
may be protected against inundation. 

To secure this end in the most economical manner, the operations of this Survey 
Proper heights indicate that levees should be constructed. Near the mouth of the Ohio, 
to be given to they should be made about 3 feet above the actual high-water level of 
the levees. 1858, which has been selected a the plan of referenc , because more 
unvarying than the su rface of the ground. The height above this level should be 
gradually increased to about 7 feet at 0 ceola. 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 Napoleon, it may be gradually reduced to 8 feet. 
Thence to Lake Providence, it must be gradually incrensed to 11 feet. Thence to the 
mouth of the Yazoo, it may be gradually reduc d to about 6 ii t, and should 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 b reduced to any well-determined local 
mark by the table in Chapter II. The above e. timate is exclusive of s ttling, a.nd 
allows about a foot for possible rise above the height necessary for res tmining the 
flood of 1858. 

It should be remarked that the. e heights me ba ed upon the supposition of absolute 
secu·rity, so far as its conditions can be ascertained. In building the levees, it may 
be more economical to incur certain ri ks of inundation than to expend so large an 
amount at once in the construction of levee·. Thu. for the region above the mouth of 
the St. Francis river the flood of 185 far exceeded any oth r of whi h we have r cords, 
except that of 1815. The data presented a.nd the principl .· o full y elaborated in this 
report will render it easy for the engineers in charg of the work of con truction to 
decide what d gree of protection it is conomical to secure. It hould b remark d, 
however, that below the upper limit of the intiu nc of the Arkansas and White rivers, 
it will be unsafe to make any material reduction in th - abo e h ights of the leve s, 
computed with refi rene to restraining th f1 od of 1 5 

It will be noticed that near Lake Providenc th ]eve mu t b constructe l of 

An outlet near 
Lake Provi­
dence may be 
advisable. 

enormou h ight to restrain tb flood . It may, therefor , be well to 
reduc them by constructing, near that town, an outlet len.ding to 
bayou Tensa and Black riv ' r. It apacity should not exceed 100,000 
cubic feet per second, a volume which might b made to I a s off 

through the natural drains of the Tensas swamp without producing se rious inundati n. 
Tho. e drains have always discharg d a ln.rg amount of revas e-water in the great 
:flood years, and may be depended upon for ' n. ibly r li ing th' ri r in that vi inity. 
Abstracting 100,000 cubic feet per sec nd a t tha t point would reduc th riv r Aood 
three feet throughout that part of the reO' i n b tw en Napol on and Vicksburg which 
it is most difficult to protect, and would thu materially red u the cost of the lev es 
and th dang r of crevas cs. Befor und rtaking tb ' proj t, h w v ' r, e. ·t 'm;ive 
borings should be mad to at;c •rtain the barn. ·t r of th substrn.ta. nl ss a solid 
b d of clay should be fi und at a mod rnt ] pth the out! t should not be und •r­
tak n, lest it might become too large for th af< ty f th r gion bord ring upon bayou 
Tensas and Black river. Under any circumstances, it would be an injury, rath r than 
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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 
but little cohe ion and is very permeable. The area of the cross-section 
of these levees is from one-half to one-third greater than the area of 

Cross-section 
and mode of 
construction 
oflevees. 

cro s-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. The 
dikes of Europe, in localities where the soil is loose and sandy, have about the same . 
area of cross- ection as the levees of the State of Mississippi. The additional cost result­
ing from these .excessive dirnen ions becomes important when the height is great; and 
except where the soil is very porous and sandy, they may be reduced, and proportions 
adopted similar to the following, that is-the width at top equal to the heightr-the 
outer slope 3 to l-and the inner slope 2 to 1. These dimensions being used, the cost 
will be dimini bed about one-fourth. 

1'he mode of constructing the levees of the State of Mississippi (see Chapter II) is 
admirable. Many good hints upon this subject may also be found in a treatise upon 
leveest publi hed by 1\Ir. "\V. Hewson in 1860. 

Although no precise estimate of the cost of perfecting the levee system can be 
made until exact urveys are extended throughout the entire alluvial A · t . . . . pprox1ma e es-
region, an approxunatwn wdl be attempted m order to show that the timate ofthe cost 

* 'l'hc French dikes on the Rhine in that part of its course lying between the Black Forest and the Vosges mou"n­
tains, where the height is i feet, h:wc a width of 10 f ct, the slope toward the river being 2 to 1, and toward the 
land 1.5 t o 1. Wh n the height exceeds 7 feet, the width is increaseu by a banquette on each side. The area of 

. cro s.scction of thi ' di ke, 'i feet high, is 15-1 square feet; the area of cross-section of a levee of the State of Mississippi, 

of th at height, is 252 square feet. 
The dike- of th Rhine in H oll and , when ncar the river bank and when used for the road, have a width of 20 feet 

on to p, when 16 feet high. a slope of 3 to 1 on the ri ver side and a slope of 1.5 to 1 on th e laud side. 'rhe outer slope, 
wh n expo cd to ru nning icc, is protected by a revetement of brick or fascines. ·when the dike is not near the river 
bank and is not u cu as a road, the width is only 6.fi fee t. The area of cross-section of the first dike is 900 squa r~ feet ; 
of th e sccollll , 6..1.0 quare feet ; a levee of the State of ~li ss iss ippi , of the same height, would have an area of cross­

sec tion of 1230 q\l are f•et. 
'l'b c dike on the P o (those of th e Adige have similar dimen ions) are 2.5 feet above the highest flood mark; 

uRunlly the width i:; equal to the height, a nu the slop of the sides is 2 to l. When the soi l is permeable, they 
arc reli nforc d at t he h •ight of t he mean fl oods (10 feet below the top of the dike) by a banquette, whose width is 20 
feet when the heig ht is 20 feet or ov r. 'l.'he area of cross-s ction of th is dike is 1400 sq uare feet; a levee of the S tate 
of ~ I i ss i s~ippi, of the same heig ht, would have au area of cross-section of 1800 sq uare feet. Where the soi l is very 
sandy nud has bu t littl c be ion, the dikes of the Po, when 20 feet high and over, have a width at top of 26 feet, two 
banquell s of 20 feet wid th, au out ide slope of 3 to 1 and an in ide slope of 2 to l. The a rea of cross-sectio n of this 
uikc, 20 feet hi oo h, is 1 0 quare feet ; a IC\"ec of the State of Mississippi, of the same height, would have au area of 
eros -section of l 00 sq uare fe t. Th ri ve r roads arc usually upon the levee or the banquette. 

'!'he a1,cruge hciooht of the dikes on the Yistulll. is 20 feeL. The top of the dike is from 2 to 3 feet above the 
highes t fl ood; the thickne s at top is 15 feet, or three-fourths of t he height, and the slopes 3 to 1 and 2 to l. The 
area of cross- eclio n or uch a uikc i· 1300 square feet; a levee of the S tate of Mississippi, of the same heigh t, would 

ha1·e an nr a of cro · - cction of 1 00 square feet. 
' l'h hiooh st dike on the Y i tub i ' 2 fee't in height. It has a width at top of 1 feet, and an area of cross-section 

of Zl60 qua re feet. _\. levee of the ' tate of Mississippi, of the same height, would have n.n area of cross-section of 

2GGU sq uare feet. 
'l'hc dimcu · iun~ and forms of the cross- cctions of the c dikes a rc shown on plate X VIII. 
t Principle an u l' rac t icc of Emba nki ng Laud from Hiver Floods as applied to Levees of the Mississippi. New 

Y ork, 1 60. 
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of a perfected 
levee system. 

expense of securing t his country against inundation is not large, in com­
parison with the interests to be prot cted and the 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 stimate. 
Experience bas shown that 105 miles of this levee-including about 4,000,000 cubic 
yards of new embankment (after allowing one-. ixth for settling) , 500 acres of plough­
ing and clearing, and the salaries of the engineer -can be p·erfected in six months 
at a cost of 20.35 cents per cubic yard. (Report of tate Engine r, June 18, 18GO.) 
This accords with the reported prices in other tates, and the sum of 20 c nts per 
cubic yard will therefore be adopted. The high water of 1 5 will be assumed to be 
4 feet above the level of the natural bank fmm the Ohio to Red river, and 3.5 feet 
above it below the latter point. The heicrht of the present lev es, as. umed to be contin­
uous, will be taken at 4.5 feet, except on the front of Yazoo bottom, where the new State 
levees will be suppo. ed to be compl ted to the proposed height (about 10 feet) . The 
cross-section of the present levees above Bed riv r (except the Yazoo-bottom levees) 
will be assumed to be the arne as that mea ·urea between Red river and Carrollton 
(Chapter II), or 38 square fi et. 

It will first be supposed that no leve exi t, and the co t of construc6ng them with 
th e proper dimensions to secure the country against inundation wi ll be comput d. The 
cubical contents of the present levees un der the conditions abov assumed will then 
be given. What o~tgAt to be their cubical contents with their pre ent heights will next 
be presented. In each of these cases, the levees will b supposed to extend from the 
mouth of the Ohio to the head of Yazoo bottom on the ri rrht bank; thence to the mouth 
of Yazoo river on both banks; th en e to Red-river landing on the r ight bank, and in 
detached portions equivalent to half this di tanc on the left bank; thenc to Baton 
Rouge on the right bank; thence to Fort t. Philip on both bank . To perfect the sys­
tem of protection, l vees must be xtcnd d up the swamp riv r. , but th informati n 
necessary for the d termination of their ext nt and cost ha not been obtained. 

Estimated cost of levee sy tem. 

Locality. 

~·ropoocd levee (supposed to bo en t irely now). \ _________ Pr;-cs_on_t_l _vo_c. ____ __, 

I ~2 ..; C _:! Approxi_mn.to Cl~bi~l con· Prop<·r cnhicnt contr.nta with ·;: ~ ..c 
~ .9 ·a o:;t. tents na cxJ !l tmg. present height. ~ ~ .~ 
1i ~ ~ ~~ -= 
e .}J - J I ~-- =~;; 
~ I ~ ~ ~,:~~~: ~~n~ - Totnl. ~ i~l~t bC:,;~. Total. ~.:f.~t 0:,~~ . I T" tal. i~ l 

I Jr.ln ~lei $ (1. I $ ;,:, yilt. Cu. ycls. C'u. yd. . "''-11111. eu.--:: 1 C'u. yrlx. -
Cairo to Osceola .... ...... ... ... .. . U 9 n.o ~S:I 11 ,0(',~ 1/ri!J.CJO(I 0 1,1>19,00<1 l ,lil7,000 1 I 1,l07,0UOI:!,tlti9,<IIJIJ 0 1 :!,06!1,000 102,000 
Oscooht to head of Yazoo bo t--

tom... ... .. . .............. .. .... .... 87 11.0 -121 1 0,5~3 1,413,0tXI (I 1 ,44 3,1~Xl &li ,t!Oil 0
1 

ti-17 ,1MXI 1 ,21i~,000 0 1,20 ,000 11 2,000 
lion I of Ynzoo bottom to T•-

la nd 7l .... . .... ...... . .... .. ... .. 137 12.0 1i().l\ 10,71 2 2.701,000 2,701,000 5,4 02,tM~J 1,(o1fo,om 12,72tJ.OOII 13,i-I-I ,OOU

1
1,0U2,000 9,377 .000 11 ,270,000 177,000 

Tslnnd il to )\npo i!'On... .. .. .. .. 35 1:1.0 591 :!:1,114 I R09,0UO 800,000 1,1lb .IKMl 21~1,(JO(I 3,:!.Jl ,OOO 3,5 ll,IIIJII -l-'lo,IKKJ
1
2,:l91l,000 2,HS2,CJOil 46,000 

Nnpol -on to Lnko Provldcnco.. 132 13.5 G3;j 2 1,%2
1

3,::!\1.1 ,000 3,z.l4,000

1 

6,5 \000 9 1,000 12,2cll ,OOO 13,:!.12,000

1

1,83.1,000 0,03~,000 1 10,871 ,000 170,000 

Lnk~.;,~.~:~~~:~~~-- t~ . :~~.~.~~-' . . ~:1 ('.0 1 ~.5 5-17 21,3\l l 1,2R-1,0011 1,2'l-l ,OOO 2,M.l!1Ml(J ~ IG,o~KI 6,57 ~,000 6 01 9000 3.1,0011-1,107,000 4,9 10,000 77,000 
Mouth of Yn1.oo to Hell ri v(lr .. un 1 .o :l50 l :l,nso 2, 1 7 ~.ooo 1,23 ,000 3,7 17:000 1,34fl,uon ti7:.?,tJOO ~:o n:O«H> ~r.l :l,UOO I 1 , :.?57 ,000 3,77!~,000 351,000 
Rod ri ver to Tinton Rouge....... 70 7.5 l lli 7,705 u39,0CKI 6:19,1100 ~:.!0,000 5:!ll,U01l U72,000 07 -,CIOil !10,000 

•... : .. ::~·::: ·:":"'" ! ,. ~ "t' I'·"'"' '·'""" ::::1 .. ._ ~··-- ;~·:1'· .... T . h" ,,_ •• : : : :: 
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This table shows that the additional 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 weak, and this opinion is fully sus­
tained both by theory and by experience. Whenever 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 regron against 
inundation, p1·ovided there we1·e 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 thi 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, "';ill be rendered available ~f:::et~;:~e~. 
for cultivation. The area of those lands from Cape Girardeau to Red 
river i 19,450 square miles. It may be assumed that one-half of this area will be 
rendered cultivable, 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 mouth 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 1and 
that will be rendered perpetually cultivable by the expenditure of 17,000,000 of 

dollar . 
There i another aspect under which this part of the subject may be presented. 

The number of acres thus protected is 7,000,000. Each acre of alluvial land will pro­
duce one bale of cotton, worth, on the average, 45 dollars. ·vv e thus have, for the 
value of the annual procluct of the alluvial lands, 315,000,000 dollars. The loss in 
the T nsa bottom, from the flood of 1850, furnishes an instance of the injuries result- · 
ing from inundation. It was estimated that the loss thus occasioned exceeded five 

million of dollar .. 
In concluding thes recommendations, it may be added that the importance of pre­

Practical im­
portance of a 
continued and 
careful system 
of observations. 

s rving ac urate regi ter of all the oscillations of the river, and espe­
cially f securincr areful r cords of all facts respecting the great floods, 
cannot be too tr ngly urged upon engineers charged with the construc­
tion of the e work . By the aid of the tables already given and the 
principles laid down, uch r cords, if suffi iently extensive, may be 
mad to te t the correctnes of the practical conclusions announced in this report 
r p cting the le ee y tern a applied to the. alluvial region of the Mississippi. 



CHAPTER VII. 

DELTA OF THE MISSISSIPPI. 

Boundaries of the delta.-Jts area and character.- Outlet bayous.-Dimcnsions an d discharge of" bayou La Fourche 
-Its leveE's and their increasing height.-'rhis phenomenon never yet cxplained.- Trne ex planation. - Proper 
height. to be given to the levees.-Speculations ns to the original character of the outlet bayons.-Chara<:tcristi cs 
of an origi nal outlet illustrated by bayou 'l'echc.-'f'wo suppositions to explain tho pres nt character of the outlet 
bayous. -Specul ative geology of the delta. - ITills.-Mounds, ancient an d modern.-Shcll mounds and strata.­
Prolongatiou of the mouth of the l\[ississippi. - The original mouth was probably near Plaquemine.-Ancicnt 
depth of tho gulf in this vicinity.- Pr·obable ago of tho dclta.-Future advan co.-Chang s which may have 
occuned in the condition of the Hssis ippi river.- eparation of branches may be cfleclccl by stor·ms, by waves, 
and by dr·ift. - Ancicnt geography of the delta.- Bayou Atchafalaya was never the prolongation of Red river.­
'l'he Mississippi extends its delta along th o deepest part of the great marine vall ey. 

AccoRDING to the usual acceptation of the term, the delta of the l\ii sissippi begins 
Definition and where it first send. oft' a branch to the sea. Thi point ]s the head of 
boundaries of bayou Atchafalaya, which is therefore adopted as th northern limit of 
the delta. the delta, although it is not believed that the mouth of the river 
ever occupied that position. 

BOUNDARLES AND AREA. 

'I,his region is naturn.lly subdivided into four parts. 
1. Th e Atchafalaya basin , whi h, beginning at th mouth of bayou T ch , follows 

the rneanderings of that s tr am to a point outh a t of th town of pelousas; thence 
to the town of Opelousas; thence in a northerly dir ction through Ville Platte and 
Chicotville to the dividing ridge between the source of bayou. B uf and Rapides ; 
th nee north to bayou Rapides; then e d wn that ba ou to ed riv r; th nee down 
Red river to the southeast corner of T. 2 N., R. 2 E.; thence a. t rly to bayou de 
Glaize, oxcludin ()' the Avoyelles prairie; thence with bayou de Glaize to northeast 
corner of T. 1 N., R. 6 E.; thence to upper mouth of th Atchafalaya; thence with 
Old riv r to the lVIis i sippi river ; thence with th rn andering of that river to the 
upp r mouth of bayou La Fourche; thence down bayou La Fourch to the town of 
Thibodeau.· ; thence to a point on bayou Bla k, w st of th town of II uma; tb nee 
down tha.t bayou to bayou B uf; thence down the B 'Uf to the At hafalaya; thence 
up the Atchafalaya to tb mouth of the Tech , th initial point. 

2. The Terre Bonne district, which, beginnin()' at the town of Thibodeaux, follows 
down the bayou La Four he to th gulf of Me. 'ico; then w twardly alon0 th coasts 
of tho gulf, bays, inlet , etc., to the mouth f bay u P tito Ans (a bayou rnptying into 
Vermilion bay); then in a north , terly dir ction to the town of ew Ib ria on tho 
Teche; thence down the Teche to its mouth; th nee down tho Atchafalaya to the 

( 422) 
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mouth of bayou Bceuf ; thence up the Bceuf to bayou Black; thence up that bayou 
to a point east of the town of Houma; thence to the town of Thibodeaux, the initial 
point. 

3. The La Fourche district, which, beginning at the town of Donaldsonville, follows 
the meanderings of the Mississippi river to the gulf of Mexico ; thence westwardly 
with the coast of the gulf to the lower mouth of bayou La Fourche; thence up that 
bayou 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. r iver; t hence down that river to lake 
Maurepas; 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, bays, inlets, etc., to 'the mouth of 
the Mississippi river; thence up that river to the old mouth of bayou Manchac, the 
initial point. 

The area of these subdivisions, measured with care on La Tour- Its area and 
rette's State map of Louisiana, is as follows :- character. 

Square mHos. 
Atchafnlaya ba in........................................ ........ ..... ....... . ................................. .. .. ..... ... 4,610 
La Fourche district.. ... ... ....................... ... ..... .... ........ ... ............ ....... .. .................. ....... .... 2, 420 
Terre Bonne di strict ........ . .... . ..... .. . ..... ... ... .... .. ......... .......... ... . . ........ . ..... .. ........ .... ........... 2,930 
Luke Pon rcbartrain dist ri ct. ............................... .. ................ .. .......... . ..... .................. .. .. ... 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 square miles, or one-half the total a,rea, is composed of sea marsh. 

The cross-sections on plate IV exhibit the characteristic slopes of this region, the 
entire surfnce of which is below the level of the river floods, and composed of alluvial 
or fiuviatile matter. It contains several la,kes, and is traversed by many bayous, three 
of which, the Atchafalaya, the Plaquemine, and the La Fourche, a,re connected with the 
Mis issippi ri er. It i important for several reasons to ascertain the real nature of 
these bayous; and with this obj ect, one, the La Fourche, will be selected for examina­
tion in detail. 

OUTLET BAYOUS. 

Bayou La Four he, the la. t of the outlets of the Mississippi, in many respects 
re emble an artificial canal. Its current does not exceed 3 feet per 
second. Its bends are few in number and gentle in curvature. There 
are no boil , whirl , or eddies, nor are the banks abraded to any per­
ceptible extent. 

General 
character. 

Dimension and discharging capacity.-It ·width between the natural banks averages 
about 230 fee t and undergoes but little variation. Thus, at Dona.ldson­
vm e, it i. 210 feet; at Pain Court, 210 feet; at Thibodeaux, 230 feet; 

Width. 

and a.t Lockport, 240 feet. There are, however, a. few narrow places above Lockport. 
The width at extreme low water is, nt Donaldsonville, 80 feet; at Pain Court, 90 feet; 
a.t Thibodeaux, 110 fee t; and at Lockport, 120 feet. 

At the head of tbe bayou, where the range is about 24 feet, the greatest depth in 
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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 nearly so. 

The greatest depth at extreme low water between Pain Court and Lockport, the gulf 
being at its mean level, is from 8 to 10 feet. Below Lockport the depth is greater. 
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, 

Slope. 
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 nearly 

twice as great as in the lower half, an instructive fact to which attention will be drawn 
hereafter. 

The area of cross-section ·with the water at the level of the naturn.l banks also 
Area of cross- diminishes rapidly below the head of the ba.you. Thus by the measure­
section within rnents of the Survey made in 1851, and repeated with the same result 
natural banks. in 1859, this area is at Donaldsonvi lle 3500 square feet, at Thibodeaux 
2000 square feet, and at Lockport 2000 squ are feet. Ac9ording 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. The. e facts arc also 
important, and their bearing will be discussed in connec tion with the levees. 

The maximum discharge at the head of the bayou is 11,500 cubic feet per econd, 

Discharge. 
the mean velocity being 3.0 feet per second . The mean annual dis­
charge at the same place is about 2000 cubic fee t per second, the mean 

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 d ischarge at velocity stations."* 

So far. as we luwe documentary evidence, these general dimensions of tho bayou 
The earlier have undergone no chang during the present centu ry. Thus in Major 
records show Stoddard's Louisiana, published in 1 12, it i stated: " The bed of this 
}~:!!~1~ ~?aou outlet [at low water] i~ abo1tt 90 f eet in width, and usually dry in 
about its pTesent the summer sea on for a few milo· from it head, when the water makes 
dimensions. its appearance." Darby, in hi. Ge graphical De cription of Louisiana, 
published in 1817, says : "The La Fourche, when leaving the Mi sissippi [at high 
water] is not m01·e than 80 yarcls wid, _and [the bottom] very little below the ordinary 
autumnal level of that stream. In orne extraordinary seasons, tho La Fourche has 
been dried at its efllu x ; it is fordable nearly every year in October and November." 
The mea. urements of thi Surv y show that no change, either in width ur depth, took 
place above Lockport between 1851 and 1 58.t 

* F or bayou Pl aquemine the max imu m discharge is 35,000 cuhi c feet per seco nd, the mean velocity bei ng 6. 0 fee t 
per second. 'l' he mea n a nnua l discha rge is about 5000 cubic feet per second, the co rrespondi ng v locity b ing 1.5 
fee t per s cond. 

F or bayou Atchafalaya these four qua ntit ies arc 130,000 cubic ~ ct, 5.0 fee t, 50,0 0 cubic ~ t, and 5.0 feet 
respectively. 

t The measurements upon bayou Plaq uem ine. at it cffiux from the ~[ is issippi , made by the Delta Survey in 1851 
and 1859 (sec A ppeudi x ' and pltttc IH) show no change in depth or width, b t w en those dn. te.. Those up on the 
A tcha falaya at it s cfTiu x (. c pl ate lll ) denote an in cr a c of cro s-scction h twc n tho ·c years. The reports of the eng i­
nee r of th e 'tat ' of L ouisittnn., detai ling measurements mad • th •rc at difi'c rent periods in the last thirt y-fi ve yen.rs, 
also indi cate tlmt the channel is ·ons tan tly inc reasing. The mean annun l velo ity of the .A tchn. fo.lnyn., it will be 
remembered, is 5.0 feet per seco nd; whil e th;tt of the P laquemi ne is but 1.5 feet per second, and that of the L a Fourche 
1.0 foot per second . 
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Levee system of bayou La Fou?·che.-Levees were commenced at an early day, and 
were extended rapidly down one-half the length of the bayou. It is 
stated in the Abstract of Documents of the State and Treasury Depart­

Levees. 

ments, 1802-05, that "on both banks of this creek there are settlements one plant:ttion 
deep for near 16 leagues." In 1842 the levees terminated at or a short distance below 
Lockport, 56 miles below Donaldsonville, and 54 miles from the gulf. In 1859 they 
nominally extended 27 miles below Lockport, although, 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 from 
Donaldsonville, where they are 3.5 feet high, to Lockport, where they . . . 
were 8 feet high in 1858. They may exceed 8 feet at some localities ~!i~~t~creasmg 
between those points. At the head of the bayou, the levees have not 
been rai ed, their height being determined by the sensibly constant level of the Mis­
sissippi :floods. On the bayou below, however, the high-water level has constantly risen, 
and the levees have been as constantly increased in height. rrhus it is stated tha.t, 
when the levees were first thrown up at Thibodeaux, in 1823, they were only a foot or 
two high. In December, 1 51, they were 5 feet, and in January, 1859,7 feet in height 
at this locality. A comparison of exact high-water marks at Lockport for the years 
1851, 1862, 1853, and 1868, 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 33; making a total rise of 2.0 feet in seven years.* It becomes, 
then, a,n important practical problem to determine what additional height should be given 
to the levee , in order to enable the bayou to discharge, without overflowing them, the 
maximum amount it receives from the Mississippi; and also to decide whether, if rais~d 
to that height, it will hereafter become necessary to raise them still higher. 

The explanation u ually offered to account for the necessity of constantly raising 
the levees in the lower part of the bayou is understood to be as follows: Usual explana­
The levees of the La Fourche were commenced at the head, and were tion of this phe­
rapidly continued down stream to a point about 50 miles above the nomenon. 

mouth, beyond which they were not extended for a period of thirty years, and where 
to all u eful purpose they now end. Where the levees terminated, the waters of the 
bayou o\·erfloweJ th banks and raised them by deposit. r:rhe current in the bayou being 
diminished by tbi .., cape of water, a dcpo. it was also made in its channel. This deposit 
contract d. the water-way and increased the lateral overflow, and thus accelerated the 
elevation of th natural bank, which has been in this way raised materially since the 
levee. were first built. (By some this elevation bas been estimated at 10 or 12 feet.) 
This has bad the effect of backing up the bayou above, and thus of raising the flood level. 
To this explanation ha · been added the opinion that the turbid water of the MisRis-

* Mr. Morse, S tate Engineer of Louisiana, placed a permanen t bench at Lockport, in 1852, with a view of accu­
rately determining the relative heights of former and future flood s. This bench is a cast-iron bar, with a rectangular 
head (wider than the body) measuring about 4 by 8 inches, and having a proj ecting shoulder on one side. It is 
placed on the left bank of the bayou, on the upper (northern ) side of the lock, distant 7l feet from the rear corner of 
th abutment of the front lhayou) gate, and 52 fee t from th e front corner of th e abutment of the back gate. .Arcs 
of ci rcles de crib<' tl from tbe e points with these radii will intersect at the bench, which is buried about a foot below 
th surface of the g round. 'l'he high-water marks of 1852, 1853, and 1858 are 6.605, 6.87, and 8.29 feet, respectively, 

above this bench. 
54 
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sippi, flowin g in the ba.you with le. velocity than in the ri ver, is unable to bold the 
same quan tity of matter in suspcn:>ion, and accordingly mt1st rai e the bed of th bayou 
by deposit, even where the levees have been built/' 

Let us see whether thc::;e explanations are consistent with the facts 
They are erro- ascertained by measurementB in different years, by parties of the Delta 
neous. 

Survey. 
T he natural bank at Lockport is 8 feet above the mean level of the gulf. It is 

The banks below 
the levees have 
not been mate­
rially raised. 

stated on good authority at Lockport, that, in 185 , the crevasse-water 
of the Bell and La Branche crevasses ran over tltc levees into the bayou 
at a point 12 miles below the town, where the levees were 3 feet high. 
The mark of this crevasse-water at Lockport was 7.5 fee t above t he 

mean yearly level of the gulf; 12 miles below Lockpor t, its l vel could not have ex­
ceeded this elevation. Consequently, the levees there being 3 fee t high, and the cre­
vasse-water passin" over them the natural bank could not have exceeded an elevation 

0 . ' 

of 4 feet above the gulf. A few miles flwther down, it is probable that the natural 
banks are but little, if any, above the gulf. 'l'he conclusion that in the lcu;t thirty or 
forty years the natural bank below tbe leveed part of the La Jj'ourcl1e has Lccn mate­
r ially elevated above its original height cannot therefore be adopted. 

Neither can it be admitted that the current of the bayou, at points wher there are 
There has been no levees, is necessarily ::;o mucl1 lcs. than wh rc tlicrc are levees, as to 
no deposit in the ca,use ~deposit, a,nd thus cou tract th channel-way. At Hood, the currcn t 
bed. of t he bayou where leveed is 3 feet per second; w her not leveed, 2 fee t 
per second. What proof have we that, where the fir."t velocity exists, th e oayon is 
either holding in su.'pension or pushing forward a,t th e bottom a qua.ntity. of earthy 
ma,tter which a velocity of 2 fee t 1 er second is insuflicient to transport? On the con­
trary, the results of the inves tigation at Ca.rrollton, fully detailed in Chapter II and 
discussed in Chapter VI, justify the as umption that the velocity in the unleveed por­
tion of the bayou at flood is quite equal to tran. porting all ·uch material. This infer­
ence becomes almost a certainty when th ~Source is considered from wh ich bayou La 
Fourche draws it supply. All the river-water that is to ente r that bayou at flood pas es 
with in 200 feet of the river bank, where its mean velocity does uot xceed, if it equals, 
2 feet per second. This water, nJter entering the bayou, moves with an increased ve lo­
city of about 3 fee t per second as long as the levees continue, and is only reduced to itr:; 
original velocity of 2 fe et per second when they cea e. Neither the lower of su~p n­
sion nor that of transportation is therefore decreased, and no deposit in any part of the 

channel can be made. 
Actual measurements lead to the same conclu ion. Thus, so far as can be ascer-

*It bas al so been sugg stcd, as an additional ca us of th ri si ng of th e high-wat r level, that the bayou below 
Lockport is choked up with rafts and tow-heads. rrh is is a qu stion of fact which cu n be easily inves lign. ted, alth ongh 
not attempted by the Delta Survey. Lieutenant J Tc rn·y L. 'mi th, ' rps of Engi neers, " ho exa nrin ed the obs tru c lionfl 
below Lockport in 185·3, with a vi w to th eir removal, stat s that thry L gin about 5 miles lJ ' low Lockport, and con­
sist of a great number of s nags, wbich proj ec t nLove low water, nnd for the uis tancc of 1 miles al most entirel y pre. 
vent the pn.ssage of s tc :.1mboats during th ·low wat ' r of th' summer r nd nutnmn . . 'uch hstnr ·tions 111u st , of co urse, 
retard the fl ow of th • water, L~nll to some s light ex te nt raise the flo Ll level for n limited dis l>Lnco above them, but 
they are evidently inadeqnLite to aiel materially in producing the · nstt~nt increa ·e of the floou s throu g hout nearly the 
whole bayou. 
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tained by a compa-rison of the soundings at Lockport in 1842 (Military Reconnaissance 
-Approaches to New Orleans, Captain G. \V. Hughes, Topographical Engineers, United 
States Army) and those of the Delta Survey in 1861 and 1858, there is no reason to 
conclude that any deposit has been made in the bed of the bayou in that vicinity. There 
is a diffi culty in making an exact comparison of the more recent measurements with those 
of Captain Hughes, because he did not make a permanent bench-mark, or even record the 
relative level of the ·urface 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 surface of the bayou was nen.rly 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 results. They show that although the area of cross-section of the bayou 
ha been enlarged by the additions made to it in giving increased height to the levees, 
ye t 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 the 
m asurements. (For further details see Appendix C.) . 

A?'ea of c1·oss-section of bayou La Fourche. 

I Uigh.watcr area. Flood level above nntnrnl banks. 

Area with water 
Width of b!Lyou lity. at tho level of the Flood of 1851 natural banks. Flood of 1% (between levees). 

I 
(mcn,-ured in (measured in 1851. 1858. 

succeeding low succeed ing low 
wnter). wnter ). 

Squ(lre f eet. Square feel . Square feet. Feet. Feet. Feet. 

······ ··· . ... ..... .... ... 3.300 39\JO 3080 230 2.5 2.2 
... ... .... .... ........ .. .. 3530 4080 230 
....... .... .... ........... 2il00 3595 39i0 230 4.0 6.0 
.... ..... .... .. ...... .... . 1700 3000 3500 240 5.5 7.5 ~

Donn.\d sonville. 
'n in Court .... .. 
\'h i botiC1lUX ... · · • 
Lockport .. .. .. .. . 

A comi n,ri on of these independent men.surements, by the aid of the last three 
columns of the tn.ble, will mn kc it evident that they are n,ll consistent with each other, 
n.nd thn.t the chn.nge in area is solely due to the change in flood level. 

'rhis tn.ble, while tbu di 'proving the theory usually advanced to 
n,ccount for the in rea eel height of the Hoods, furnishes a clue to the 
tru solution of t he problem. 

Real cause of 
the increasing 
floods. 

Th tabl , and aptain Hughes' measurements already mentioned, show that the 
area. of cro s- ction between Lockport and the gulf, before levees were Natural diminu­
made, did not xceed 2000 quare feet. The corresponding fall of the tion of cross-sec-

b l d l tion and dis-natural bank, and. ence of the water ·urface, as a rea y seen, was on y charge, as the 
feet. Appl ing equation (40) to these numbers, we find that the gulf is ap-

discharge could not have exceeded 4000 cubic feet per second. But the proached. 

quantity which entered the bayou from the Missi~sippi could not have differed mate­
ri ally from what it i. at pr sent (11, -oo cubic fee t per second); . an inference confirmed 
by apply iug th e for mula. to the known cross-section and slope. lienee, between 7000 
and '000 cubic fee t per second, or abo ut t wo-thirds of the total flood volume received 
from the Missis ippi, mu ' t formerly have escaped, above Lockport, over the natural 
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banks. This would only require a lateral overflow 2 inches deep moving with a velo­
city of 1 inch per second, numbers by no mean improbable. 

It is now evident how the banks of the La Fourche can be protected against over­

The levees have 
never yet been 
made high 
enough to cor­
rect for this 
natural defi­
ciency of cross­
section. 

flow. Its channel must be enlarged so that the water which form erly 
escaped over the natural banks may be carried by the bayou to the 
gulf. At Lockport, and points below, a discharge fully three times as 
great as before levees were built must be provided for. At that point 
and for many miles above, the levees have never yet been raised suf­
ficiently high to give a cross-section competent to discharge all the 
water that enters the bayou in a flood. The embankments are very 

narrow, scarcely wide enough for a foot-path at top. When the water rises to withiN a 
few inches of the top, they give way; and so diminutive is the di charge of the bayou 
that a crevasse of small dimensions will lower the surface 2 or 3 feet. In the nex t 
season the levees are raised a . little. The bigb water of the following year ri ses suf­
ficiently 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 dimensions of cross-section throughout the bayou are sufficient to carry off the 
water which enters from the Mississippi. If the levees had been built at first of such 
a height as to ma,ke the capacity of discharge throughout the bayou equal to that at 
the head, these annual crevasses and overflows and annually rising high-water level 
would never have occurred .* 

There is a second general cause which has contributed to increase the heights of the 

The annual ex­
tension of the 
levees has in­
creased the 
difficulty. 

floods of this bayou, namely, the yearly extension of the levees. At 
the point where levees terminate, the natural banks are overflowed, and 
the effect of this lateral discharge, in lowering the surface in the bayou 
above, is evidently similar to that of a great crevasse. It is not neces­
sary to determine the exact distanc on the La Fourche to which this 

effect extends, but it is certainly as great as 20 or 30 miles. Between the cr vas. e and 
that point, the depression is nearly inversely proportional to the di tance from the cre­
vasse. The future extension of levees below Lockport must therefore constantly tend 
to elevate the surface 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 follow­

Proper dimen­
sions to be 
given to the 
levees. 

ing : The discharging capacity of the bayou throughout must be made 
equal to that at its head. This must be accomplished by arti fi cially 
enlarging the cross-section; for the experi nee of from seven to sixteen 
years at Lockport indicates that th 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 cnlarg d either by rai ing the 1 v s or by excavating the 

* 'l'be facts collected respecting th fl ood of 1858 illustrate this action p rfectly. 'l'lm , on.A.prilll, the river at 
Donaldsonvill e was 2 feet below tho high-water mark of l 51. On tho sam day, at Lockport, the L n. Fourche was 2 
fo t above the high-water mark of 1851, an d within 6 inches f the top of the levees. 'I'hc oc urr nee of a crevasse 
a mile above Lockport, which remaiu~d open until the autumn, not only prevented the water from rising higher, but 
depressed it to such an extent that, at the time of high water at Donald onville, which was l.7 feet above its stand on 
April 11 , the bayou at Lockpor t stood 3 feet below the mark of thnt dntc. The crevasse when larges t had a width 
of only about 300 feet, but it abraded the bank so that its bottom was 9 feet below th top of the levee. 
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channel. The first is the readier and more economical mode. If the levees at Lock­
port are raised so as to permit the surface 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 water 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 nar­
row places), the channel must be enlarged to that size. Above Lockport, a proportional 
increase of height must be given to the levees as far as. Thibodeaux (and perhaps some­
what 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 o~der to insure aeross-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 the La 
Fourche, is not peculiar to that bayou. It is a characteristic feature of, the three outlet 
bayous of the Mississippi. Thus on the Atchafalaya, the fall in the first half of its 
length is two-thirds of the whole fall to the gulf. On the Plaquemine, the same propor­
tion of the total fall is consumed in the first 8 miles ; below that point, its bn,nks are not 
cultivated. Difficulties, similar to those that have arisen on the La Fourche, will there­
fore be certain to occur on these two bayous when their levees are sufficiently extended. 

Speculations as to the O'riginal character of the thr·ee outlet bayous.-An important de­
duction from the observed facts on bayous Atch afalaya, Plaquemine, and 
La Fourche is that eithe1· they are not delta str·eams, whose beds ar·e formed 
in their· own dep~its, or the dogma heretofore received by hydraulic en­
gineers, that in delta rivers the slope must be inversely as the quantity 

The outlet 
bayous are not 
original mouths 
of the river. 

discharged, is erroneous; for, as already fully explained, the fall in the upper half of the 
La Fourche i twice as great as in the lower half, while the discharges are as three to one, 
and similar condition. exist on the other two bayous. In Chapter II, where the geologi­
cal age of the bard clay which composes the beds of the Atchafalaya and Plaquemine 
i. 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 pres­
ently hown that this bayou was probably a marsh drain, changed to a Mississippi outlet 
by the erosion of the river banks. It was perhaps the first so connected, the Atchafalaya 
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 

* "But few, very brief, and unsatisfactory allu ions are to be found in the early histories of Louisiana relative to 
bayou Plaquemine. 1..7pon some o f th_e early maps it is ~hown by a mere line; upon others it is not at all represented. 
Tho waters of Grand river. at th1s potnt , approach wtthm 8 or 10 mil s of the Mississippi; and at low water the ebb 
and fl ow of the tides was quite perceptible, before the various channels connecting with Gmnd lake were choked up 
with raft and detritus. It is probable that one of the numerous overflow coules, which existed in every bend before 
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the only parts of the MisRissippi that are true delta stren.ms are the passes. Their beds 
are form ed in the deposit (not homogeneous however) made by th e river-water in the 
gulf ; those of the greates t length discharge the brgest volumes; the slopes are in the 
inverse order of the volumes. 

The bayou Teche, which forms a portion of the southwest border of the delta, pre­
Characteristics sen ts features directly the opposite of the Atchafalaya, P laquemine, and 
of an original L:1 Fourche, and may be taken as a type of another class of bayous, 
outlet. h t ose that have IJeen gradually separa.ted from the main stream. As 
now existing, the Tcche may be described as a small stream that rises in the grn.y soil 
of the pine lands west of W:1shington. Its length from that town to its mouth in 

the constru ction of levees, connected- whether directly or indirectly does not appear- the Mi ss issippi 1·iver with this 
eastern ben d of Grand rivc1·; and such coule, however much obstructcu by growing cypress-trees in its channel , would 
be used, as affording the nertrest approach to tl1 e Miss issippi, by the small keel-boats used in tl1e interior nav igation of 
Loui siana a century ago . S uch usc wou ld associate it with th e route to th early A.tta\mpn.s settlements, and lcn.cl to 
its mention in such connec tion by the early his torians. Du Pr-atz, in his histo ry of L ou isiana rl757], docs so men­
tion it; and a fter de cribin g the Ibervil\ e (or M anchac) and th L a Fourche, expressly says that th e Plaquemin e is 
b nt ' a bayou ,' and unworthy the nam e of 'n"viiJre.' The 'rivet· 1bervillc ' is described by Pittman, in 1770, as being 
but 50 feet wide, and' obstru cted by wood' (raft) for 6 mil es f1·om its hea d. 

"The old bed of the Man clmc, for several miles from the Mississippi, averages less than 50 feet wide now, as s tated 
in the H.eport of the State Bngineer to the legislature in 1852, in answer to a proposi tion to reopen the l\Lmchac in 
t hat year. 

"How insig nifi cant, th en, mus t have bee n the Plaquemine if, us comparerl with a ' river ' but 50 feet wide, it was 
particu larly noticed as being but 'a bayon,' and unworthy the name of ' n"viilre '! 

" If the Pl~qLtemine-however insignifi cant accord ing to Dn Pratz, who did not pla.ce it on his maps-really had , 
even at high .Wttter, any connec tion with the Mis issippi r iver, th en, like the Jber •illc, it mu t hav been filled up with 
'wood,' or raft, and not navigable from the river. A. ' portage' must necessarily have exi ted between the ~li ss i ss ippi 
and th e PI:Lquemine, or more probably the b<tyou Jacob, as is nniformly said to have been the case, by :Lll the aged 
inhabitant. of Iben ·ill c and Attakapas, as testifi ed to very rece nt ly by Jud o-e Baker, of S t. :Mary, formei·ly a member 
of the old Boa rd of Public "\York s, :mel for forty-five years a r id ent of Atlakapas. 

".Judge Baker at the same time assured us that both the Pl aqucmin and J acob were but _!lverftowecl coul es, and 
entirely covcrecl by a fore t of cypress-trees, which trees w rc cut down, and the stumps recut down everal times (as 
the bottom was washed aw:ty from Mound Lh cir stumps), by th e inhabitants and X a vigation Comprtny of Attakapas. 

"Captain .Mayo (as he him self inform ed me) , under th o1·d cr. of the old lloard of Pul>li c \-\forks, with the i:ltatc 
bands, superintended the cuttin g down of said s tumps in mor than one instance. Uyprcss- trecs co uld not g row in t he 
beu of nn orig in al 'pass' of the .Mi ssissippi river. * * * * * * * 

"A.cco 1·ding to mcasu1·cmcnts made by the Senate ommittee on L evees, in the year 1850 (Doc. No. 2), th e width 
of th e P laquemine, 1000 fee t below its hcnd, was 264 feet; whi le the a vetage width in 1857, <Lc cording to 11 seri es of 
mcas u1·cments by th e Commissioner of the Second i:l wam p Lnnd District , was 400 fc t, with an occasional width of 
420 to 430 feet; thn showino- an in crea e in seven year. , with only one very high wn.ter (that of 1851) sin ce, or nea1·ly 
one lmndTed and fifty f eet. A.ccor ling to the United i:ltates Laud-offi ce mnps before re ~ rrcd to, this witl4;h in 1842 
w:Ls about 175 feet, po sibly 200 feet in places, while in 1829, by same maps, it was fr m 50 to 75 feet wide, as nearly 
as the same can be ttscertain ed by the scale upon whi ch said maps arc proj ected. * * * 

"The cutting of a road through the can cbmk s a nd forest, and the digging of a ma ll ditch or canal thcr in 
leading f1·om the Mississippi into either the head of the Plaquem ine or J acob, a a ll co-ed to have b en done in the 
year 1770, * * ·* by J os ph Sorrell , apprars to be well subst.tntiatcd; and indeed it is render d probable 
by what mnst have been the circumstances of the case. J udgc Joshua Baker rece ntly co iToborn.tcd wlmt has b en 
s tated by John C. Marsh with regard th r to." 

In the list of maps g iven in A.ppendix (J of Mr. H.. Th oma sy's Geolo rric Pratique cle Ia L ouisiane, menti n is made 
of a map of the Mississippi from the ' urvey of le, ieur Diron, in 1719, in whi ch the Plaqucmin is call d " river," ttnd 
the La J!'ourche " the littlo river of the Chetimalms." A.l so of one prepared by the Uhe1·alicr de· N oyan (Lieutenant 
French Navy), in 1769, on whi ·h the Plaq u mine as well as the La Fourche is styled " river." The AtchoJalrLy:t is 
called" bayou." The 1\tanchac was alwrtys call ed " ri ve r. " Another mcnti n d in the li t is rL map of Florida and 
Lo11isiana, puulished in 1778, by order of th J.'rcnch Minister o f the Navy ]) partment , i\1. d i:l:trlinr , on which 
the Atchafabya i for ll1e firs t tim e call ed " ri ver"-not "A.tchaf,llnya r iver," bnt '" Yennil io n riv r." 'l'h e principtd 
brrmch of the A.tchnfalaya is now called Grand river, in accordan ce with the supposed meaning of its Indian n<\mc, 
" A.tchafalnya," Great-wate1·-though others have tran slated it L ost-wate1·. 
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Grand lake is 140 miles. A mile and a half below \Vashington, the bayou Courta­
bleau, upon which that town is situated, sends off the bayou Carron, 100 feet wide, to 
the Teche. Six miles below it sends off Little bayou, 15 or 20 feet wide, which like­
wise join s the Teche. The banks of t hese bayous are composed of the red alluvial soil 
charac teristic of Red river, and the banks of the Tee he, from the junction of these 
bayous to its mouth in Grand lake, consist of the same soil. 

The present bayou is evidently flowing through a partially deserted channel, having 
double banks throughout the greater part of its course, the shelf between the two being 
flat, or gently rising. A cross-section of the higher bank presents the cha.racteristic fea­
ture of alluvial for mation, a slope from the stream. Above St. Martinsville the sides of 
the ancient channel-way are often covered with a growth of large trees, such as do not 
flourish in wet soil. Below St. Martinsville the same fact is noticeable at one or two 
poiuts. Twenty miles below vVashington the cross-section of the rema-ins of the old 
channel has a width between banks of 300 feet, and a greatest depth of 25 feet. At 
St. Martinsville, 35 miles fa rther, it has a >vidth not less than 500 feet, and an extreme 
depth of at lea~t 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 dept h bei ng not less than 15 feet. The dimensions of the channel 
occupied by the presen t flood discharge of the Tecbe are much smaller. At the mouth 
the width of water-way is usually about 500 fee t. A t St. Martinsville the high-water 
width scarcely equals 300 feet, and 35 miles above that town, scarcely 200 feet. 

T he 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 discharged 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 increasing area of cross-section, 
from the point of totn,l or parti al se paration 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 ouly in soil not periodically covered with water. These 
condition , directly the reverse of those ex isting 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. 

As uming, tllen, that the three outlet bayous are not original ou'tlets of the Missis­
sippi, aud that on an original outlet the slope of the natural bank, like that of the 
rive r, must be uearly uniform from the head to the gulf, let us endeavor to understand 
how ba.you La Fourche (taken as a type) acquired its present peculiarity with respect 
to slope, etc. arious suppositions are plausible. 

Thus let it be a sumed th at wheu the river bank at Donaldsonville had an eleva­
tion of 1G feet above the gulf (which would make the fall of the upper Firstsupposition 
half of the bayou equal to that of the natural bank as it now exists) , to explain the 

t l1e La Fou rche \ras an outlet of about its present length. Next let it ~~~~=~~%~~~ 
be supposed th;tt, by the lodging of drift an<l accumul ation of mud, the three outlet 
bayo u was cut off from the river, and only reconnected with it at a .bayous. 

comparatively recent period by the erosion of the Mississippi bank. The new alluvial 
bn.nk, whi h would be formed along the La Fourche, would first be made near the head, 
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because the water would chiefly escape there; but it would gradually extend to the 
gulf. Thus the slope of the bank, greater at first near the head than midway, would 
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 

Second 
supposition. 

still more probable. It is, that the La Fourche was originally one of 
many bayous that ran through the sea-marsh, like those west of the 
A tchnJalaya, and between the La Fourche and the Mississippi, connect­

ing the various lakes and bays. These bayous are generally deep, but when within the 
boundary of river deposit are shoaled. In this manner, the upper 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 !Jed. The bayou would become a d lta-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 gu If would result. When 
the banks were occupied and levees were built, that condition was not attained. It is 
not improbable thn.t the Terre Bonne and Black, also, were originally s~tlt-marsh bayous, 
which, partly filled in by Mississippi water from the La Fourche, were 1wxt con­
verted into delta strea.ms by the latter, and finally separated from it Ly the lodging of 
drift and consequent accumulation of deposit. Strips of high ground, which were un­
doubtedly the banks of small outlets from the La Fourche, project into the mar h or 
prairie on either side of that bayou, at intervals in it course. 

It would give probability to this supposition if it could be shown that the delta 
Probable con- bank of the La Fourche does not extend to the gulf. There are 
firmation of this reasonable ground· for this conclusion. The facts mentioned in con­
supposition. nection with the Bell and La Branche crevas e-water in 185 indicate 
that the natural bank of the La Fourche at a point 12 miles below Lockport is 4 fee t 
above the gulf, and thus show that it. rate of fa.ll is the same below as above Lock­
port. This affords reason to conclude that the same rate of fall continues throughout 
the remaining part of the bayou that possesses a delta bank,-which would bring the 
natural bank to the level of the gulf about midway between Lockport and the gulf. 

These suppositions are introduced to show that there is no difficulty in explaining 

R 
r t the present condition of the~:;e three bayou , without re00'ardinb0' them as eason 10r en er-

ing upo~ these original outlets or mouths of th main river, and hence that they uo 
speculations. not necessari ly prove that the mouth of the fiss.issippi was v r 
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 Mis. i sippi into the 
gulf. 

GEOLOGY OF TilE DELTA. 

'rhe facts that the alluvial , oil throughout the gr ater part of this region i only a 

Scope of the 
present dis­
cussion. 

few· feet in thickness, and that it is und rlain by strata belonging to a 
geological epoch antecedent to the pr ent, have been so fully discussed 
in Chapter II that they require no furth r notice here. They com-
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prise the most important pftrts of the pmctical geology of .the 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. . 
Hills, 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 

Hills. 

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 

Ancient mounds Atchafalaya basin, between the Courtableau and the Teche, six or or hills. 

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 tr.ees and vegetation entirely different from those in the 
swamp; and such as never grow on lands subjected to inundation; that there was no 
spot within several miles of the mounds where an Indian village could have existed. 
Mounds of a imilar 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 by alluvion, cannot be tested by Darby's account of 
them, which 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 Chri tian era; though it is considered by other arch::eologists 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 
been sufficiently explained in Chapter I, in treating of the St. Francis Red river . 

and Yazoo swamps. 
Upon the high and gently undulating banks of bayou Grosse Tete, there are ten or 

twelve earthen mounds, evidently artificial works and of comparatively 
Modern mounds modern date. They are mostly in groups of two or three, and, accord- of the delta. 

ing to vague Indian traditions, were built to commemorate treaties of 
peace entered into by different trib s,-each tribe being rep resented by a mound. 
The largest of the e piles of earth is at the mouth of bayou Fordoche. It is described 
a b ing of a con ical hapc, rising to a height of some 25 feet. Traces of the hollow 
from which the earth was taken may still be seen. 

Two of the mound upon the bayou Grosse Tete were visited by a party of this 
Survey. They were situated about 800 feet apart, ncar Mr. Erwin's house, on the north 
bank of the bayou, about 2 miles above Rosedale. 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 upon 1, and the length of each side, on the top, being about 50 feet . 
The we tern mound had a ramp on its eastern side, with a slope of about 3.5 upon 1. 
Both mound were compo ed of the alluvial soil which 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 
55 
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the bayous in the delta of the .Mississippi, ncar the gulf shore. It is 
stated in Nott and Gliddon's Types of .Mankind that along Mobile river 
and bay, the shellfish unio and paludina exist where the water is per-

fec tly fresh; and that the gnathodon flourishes in brackish water alone; that the 
gnatlwdon is now rarely if ever found above Choctaw point, 1 mile ])elow .Mobile, 
although immense beds of its shells exist for 50 miles above that point as well as 
along the gulf coast; that s::nne of these beds contain marks of fire, fish-bones, and frag­
ments of Indian pottery and of human bones ; that other beds are covered 2 feet thick 
with vegetable mould, on which the largest. fores t tr es are growing ; that the gnatlwdon 
was once a living species in the Chesapeake bay, but is now on ly found there in a fossil 
state. Major Ranney and others state that the gnatlwdon exists in large quantities in 
lake Pontchartrain; it is nlso stated that it exists in lake Palourde but not in Grand 
lake. A thin bed of its shells is observable in th banks of the Teche a few miles from 
the mouth, at about the level of the gulf. 

R·olongation of the months of the jJfis issippi.-From the fact that a wide strip of 

The mouth of 
the Mississippi 
was never near 
that of the Ohio. 

alluvial land borders the .Mi ::;i sippi river from the gulf of .Mexico to 
the mouth of the Ohio, som e ·writers have supposed that an arm of the 
gulf once extended to that vicinity, and that the Mii's i. : ippi river, 
entering near the head of this sound, has gradually filled it by the depo-

sition of sedimentary matter. . 
These hypotheses are untenable ; for were they correct, the alluvial deposit near 

Cairo would be not less than 300 feet thick; whereas the investigations of this Survey 
prove it to be but 20 or 25 feet thick on the river bank along the 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 Baton Rouge. 11 he borings of the a.rtesian well n.t New 
Orleans show that it does not there ex tend farth er down tlum 40 fi et below the level of 
the gulf. The tough clay bar that proj ec ts obliquely a.cros th e cffiu x of the Atchn.falaya 
from Old river is 35 feet below the bank, and about 15 fee t above the lev 1 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 gulf. 

Neither could thi . long 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 swmnp to be 
about 100 feet thick, which is contrary to the fact.* 

*Probably th ey were originally swamps, overfl owed to a mu ch greater dep th, but to a lc s width , th an at present, 
which have been gradually raised by the deposits of the ann ual overflow; the all uvial soil , like t ha t of th e N il e above 
its delta, extending each year fa rther from the river. Th is elevation of the hn nks i not ncces arily conn ·clcd with , 
or partly in consequence of, the prolongation of t he mouth of the river iu the g ul f, alth oug h in th lower part of the 
river's course, ns at the mouth of Red river, for instan ce, the elemtion of t he hank m1ty be due in par t to th e prolon­
gation of the river. The area of this trac t of a ll uv ial land from 'ape Gim rdcnu to the head of th nssum cl deltrt, as 
given by previous writers, is too grea t. By care ful measurements upon the most authentic maps it is as foll ows :-

· Squnro 1niles. 

The St. Frnncis bottom. .... .. ...... . . ..... .. .. ... .. ... ... .... ... . .. .... ....... . . .... ......... ... .. . . .... .. . . . .. ... li,UOO 
The Ynzoo bottom.. ...... . .. ... ... .. .... ... ... .. .. .. ... . .... .... .. ... .... ........ . ....... .. .. ..... .. ............ ... . 7, 111) 
TheTen~ns bottom ... .... . ...... . ..... . .. ... .. . .. ... .. . . .... .. ... . .......... .. ..... .... .... ... . .. .... ..... . . ... .. . 4,•JIO 
Small swamps on the east bank from Cairo to Baton Rouge... .... .... .. ...... ..... . ....... ... .. . ... .. ... J,OOO 

Total area.. . ..................... .. ...... ... .... .. . ... . ... ....... .. .. . ... . . ... ... ... ... ... ... .. . ... ... 19,4 60 
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Considering the position and direction of the general con,st line (not of alluvial for­
mation) east and west of the Mississippi river, with relation to those of 
the shores of lakes Pontchartrain and Maurepas and Grand lake; Originally, it was probably 
observing the direction of the line of surface junction of the alluvial situated near 
and older soils ; and remembering that near the effiux of bayou Plaque- Plaquemine. 

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 
water is found in the gulf off the coast of Mississippi and Alabama 
(where there is no fluviatile deposit, or, at least, none of the present 

Ancient level of 
the bottom of 
the gulf in this 
region. 

O'eoloO'ical aO'e) at about 20 miles from the shore, the same distance that separates New b 0 0 . 

Orleans h·om the north shore of lake Pontchartrain. According to the deep-sea sound-
ings of the Coast Survey (see pla.te XIX), the old gulf bottom is 100 feet below the 
gulf level at the head of the pa ses. 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. 

If it be assumed that the 1:ate of progress has been uniform to the present day-and 
there are some considerations, connected with the manner in which the 
river pushes the bar into the gulf each year, which tend to establish 
the correctnes of that opinion- the number of years which have 

Probable age 
of the delta. 

elap. ed since the river began to advance into the gulf can be computed. The present 
rate of progress 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, 18' , and of the U. S. Coast Survey in 1851-the only maps that admit of such 
a comparison . . They give 262 fee t for the mean yearly advance of all the passes.* 

This mean advance of all the pas. es represents correctly the advance of the river, 
becau e in the changes that take place, each pass in succession may become the main 
or chief pas . Adopting thi · rate of progress (262 fee t per annum), four thousand 
four hundred year have elap ed since the river began to ad vance into the gulf. 

The practical importance of this yearly progress into the gulf consists in its prob­
able ffect in raising the surface of the river. This cannot be pre­
dicted with ab olute certainty, but it appears to be hardly probable 
that, in the futur changes, the depth of the river below Fort St. Philip 
will be less than it is now; for the thick .clay stratum in which the bed 

* 'fhe following are the yearly rates for the differen t passes :-

Effect of future 
advance upon 
the surface level 
of the river. 

outh wc l pass, Talcott a nd Coast Survey ..... .. . . ...... ..... .. ... ..... . ................ .. ........... . .... 338 feet. 
South pass, Talcott and Cot1SL Survey .. ..... . .. .. .... . .... . ........ .... . .......... .. ...... .. ....... . ....... 280 " 
Nortbca t and South ea t pas es, Talcott and Coast Survey ... ...... . .................................. 130 " 
Pass a !'Outre, Talcott and Coast Survey ... .......................... ... . ... .. .... ..... ... ................. 302 " 

:IIcan annual advance of the pas~es . .. .. .. . ......... ......... .. ......... ...... .. ....... .. .......... 262 " 

By comparing the maps of tic Serigny, 1720, and de la 1'our, 1722, with the map of Captain Talcott, surveyed in 
183 , ~l r. T hom assy finds that the mean anum\! advance, between those periods, of pass a l'Ontre, the Northeast pass, 

and the outheast pass, was 32 feet (101 metres). 
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lies will be found, at points farther in the gulf, to be at a greater depth than it is at 
Fort St. Phi lip. Applying then the new formulm to the existing dimensions of the 
river below Donaldsonville, we :find that a prolongation of the river 25 miles into the 
gulf will be required, in order to elevate its surface 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 mo1·e rapid than it is now, although from the great depth of the 
gulf 10 miles seaward of t heir present position, it may be less rapid. It is shown in 
Chapter II that when the swamp lands are perfectly pro tected from overflow, the sedi­
mentary depositions in t he 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 speculation, and, however interesting as speculations, 
are without practical value. 

Changes which may have occu?Ted in the condition of tlw ~Mississippi 1·ive1·.-The age 

The Mississippi 
was once a com­
paratively clear 
stream. 

of the delta has been estimated at four thousand four hundred years, 
upon the assumption that the l\1is is ippi river was of equal magnitude 
during the whole period of its delta-forming condition. This assumption 
implies that the Mississippi was suddenly brought into existence with its 

present condition, or was suddenly converted . to that ~ondition . The rapid, simul­
taneous upheaval of the whole basin of the Mississippi would have brough t that river 
suddenly inlo existence with very much the same characteristics that 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 Rouge 
has exceeded 100 feet, some part of its ancient allu vion 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 Mississippi must have been in past times a com­
paratively clear stream, not subj ect to floods. 

Its transformation from a clear into a muddy river may have been the result of 
Howitmayhave changes which have perhaps taken place in its basin. It will be recol-
changed this lected that midway between t. Loui and Cairo, the Mississippi passes 
character. through the northeastern extremity of the Ozark mountains, having, 
apparently, cut its way through the rocks, which ri e perpendicularly from the surface 
on both banks to the height of 300 feet. 'rhis 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 p[trt 
of the river to the Niagara below the falls, and to the Rhine below Bingen, suggests 
that, like those two rivers, the fis i. sippi bas worn a channel through 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 th .Mi ouri and Mis i sippi must 
have been at a much greater elevation than they are now, a· supposition which their 
present character renders highly probable; and an immense lak 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, uniting with lake Michi­
gan and lake Huron, may have covered a great part of the tate of Michigan. Similar 
lakes may have existed on the Mis ouri and Upper Mississippi. The summit of the cliffs 
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mentioned is somewhat more than 600 feet above the sea. The surface of lake Michi­
gan is 576 feet above the sea. The crest of the low divide between the sources of the 
Illinois river and the southern extremity of la.ke Michigan is from 20 to 25 feet above 
the lake. There is a horizontal line, apparently a water-mark, on the cliffs at Mackinac, 
between 150 and 200 feet above the surface of the lake, which perhaps marks the ele­
vation of the surface of the lake when the falls of Niagara were near Queenstown, at 
which time it is estimated that their crest was from 150 to 200 feet hi ()'her than it is 

· b 

now. 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 Michig~tn was, some :fi. ve thousand years 
ago, just even with the lowest part of the crest now dividing it from the Mississippi river. 

The effect of a great lake, such a,s 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 formerly than 
now, probably cau ed by the dams nature had thrown across its course. Thus portions 
of the prairies and plateaux of that region, and of t he valleys of the tributary streams 
(where similar ob truction. mu1::1t 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 those of the supposed great lake upon the Mississippi. Conditions 
of th e same character probably existed upon the other great tributaries of the Mis­
sissippi or their chief feeders. 

Thus it appears that the lower Mississippi may once have been, somewhat like the 
St. Lawrence, 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 cba-qo·e from this condition to that of a muddy, delta-forming river, having great 
flood , and pu bing along its bed a large quantity of earthy matter, was probably 
gradu al. 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 drained. The character of its lower 
cour e wa. consequently altered, and this produced a corresponding change in the Mis­
SISSippi. A the urface of the great lake was lowered by the retrograde movement of 
the fall, the nature of the Mississippi was still further modified, until it finally assumed 
the haracteri tics it now possesse . . 

Thi uppo iti n of the gradual transformation of the Mississippi requires an addi­
tion to be made to the age of the delta, as computed upon the supposition of a uniform 
condition during its d Ita-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 po sible solution of a speculative difficulty that has no practical bearing upon 
the present or future condition of the Mississippi river. 

How branches of the Mississippi may become clisconnectecl.-Some indication of the 
manner in which the branches of the Mississippi may be disconnected 

Separation of 
from the main stem eems to be appropriate to this chapter, although, to branches of the 
be perfe tly under::;tood, a reference to the next chapter may be re- Mississippi. 

quircd. 'fhe following general principles will there be fully established. 
The pas es, rrnd the bayous leading from them and fro m the river, have two bars ; 
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one at the mouth in the gulf, the other at the point of separation from 
the river or pass. There are two great river periods; the flood stage, 
which lasts usually six months, and the low-water period, which lasts 

usually four months, the transitions from one to the other occupying on the average 
about one month . During the flood stage, a large quantity of river-water is discharged 
through all the bayous with a velocity varying from 2 to 3 feet per second, and the 
bars at their mouths in the gulf are formed and pushed forward. In the low-water 
period, on the contrary, when very little river-water ]s discharged through the bayous, 
this bar formation tak:es place at the point where the bayou is separated from the 
river. During the transition from high 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 short bnyous di scharge salt-water into the river, when the gulf level 
is higher than the river at the point of junction. 

A separation of 
branches near 
the mouth may 
be effected by 
storms. 

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 
the gulf; as for instance, at the head of the passes, where the banks are 
but little more than 2 feet above its mea.n level; or at Fort St. Philip, 
where they are less than 5 feet above it. 

Let us suppose, towarrl the close of a great flood, which has been protracted into 
the summer, and when the water is beginning to subside, a grea.t southeast storm 
or hurricane takes place, which elevates the su rfa.ce of the gulf 6 or 7 feet above its 
mean level in the lakes and bays 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 cause a less discharge through those debouching toward 
t he east, and a greater discharge through those debouching toward the west. The 
effect upon the bayous of the cast bank will probably be to drive the fresh water 
entirely out of those whose bank at the point of leaving th river and pa. ses 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 surf~tce of the gulf. An 
eddy mu t be formed at the head uf the last class of bayous; and th consequ nt deposit 
might possibly reach nearly as high as their banks, th ir depths being usLially but 6 or 8 
feet at that point. Upon the subsidence of the storm, the bn.you. would be thus cut off 
from t he par nt tren.m; and, the river being in a falling condition, the newly formed bar 
wou ld be exposed several months to the air, and would becom firm. hould the follow­
ing year, like 1 55 for instance, be one of low water in the river, when there is little or 
no flood state, the bar would be covered in the spring a.nd summer with wi llows, grass, 
and other vegetation; and the permanent disconnection of the bayou would thus be 
s cured. The depo it from subsequent ov rfioiVS of the river would only increase the 
bank eparating the river and bayou, and :fill up somewhat th b d of the latter. 

Another process by which bay us and branche of th Mi ·si sippi may be separated 

Or by waves. 
from the river, when the point of div rgence is but slightly elevated 
above the gnlf, is the following. 1'h wav s of the gulf constantly tend 

to close the mouths of rivers and th entrances of all bay , sounds, inlets, etc., and to 
stretch along them a bank or narrow strip of land, thrown up from the bottom of the 
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gulf. The variations in the level of the gulf, whether caused by winds or tides, tend to 
open and keep open channels through the 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, might be to raise the 
bar so as to diminish materia1ly the capacity of that branch for discharge, while 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 necessarily restore the former condition of the bra,nch and its ba,r. Another 
series of storms might st ill further diminish the capacity of the branch or pass, so that 
its bed would diminish, and the bar at the point of separation 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 off all communication with the river. An 
operation like this is observable in bayou Moreau, once the east branch of the La 
Fourche; whose mouth is entirely closed, and whose bed at the point of divergence 
is nearly filled up by the accumulation of drift-wood. It may be, however, that the 
drift-wood first partially clo ·eel the east branch, and that the closure of the mouth 
followed, instead of preceding, the partial sepa.ration of the branch from the main stem. 

'When the rise and fall a t the head of a bayou is 15 or 26 feet, its At considerable 
separation from the river cannot be accounted for without the introduc- distances from 
tion of other causes than those named. Let us take the bayou La the mouth sepa­

ration can only 
Fourche as an example. be caused by 

The surface of the river, at the point where that bayou separates drift. 

from it, is, in dead low water, only 1.5 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 con iderable extent, since the river sometimes rises 6 or 8 feet at Donaldsonville, 
and tluctun,tes 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 llO 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 bayou must then be so .small as to be removed by 
the high-water eli charge. 

The fact observed at Donaldsonville, thn,t the river in hurricanes like those of 1860 
ri es much more rapidly than the bayou, and eli charges into it, shows that no such ac­
cumulation can be formed in the La Fourche as occurs at the point of separation of 
bayous at th mouth of the passes. 

Under the ordina.ry condition , then, it is not ea y to perceive why the bottom of 
the bayou at the head, or point of eli vergence, should not always remain at least a foot 
below the 1 w-water level of the river, unless closed by drift-wood. Many bayous at 
the mouth. 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 undergoil}g a 
simil ar pr ces . The lodging of drift-wood upon the shoal at the entrance of La 
Fourche, in conjnnction with the earthy matter that must n.ceumulate around it, may 
therefore in a f<>w year effectually dam up the entmnce and entirely disconnect the 
bayou from the riv r. 

In geneml, then we may concl ude that in a delta river like the Mississippi below 
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General 
conclusions. 

the mouth of the La Fourche, the relations existing between the main 
stem and the branches continue permanent unless disturbed by some 

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 there­
fore 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 disturbance. 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 
n ver. 

Ancient geogmplty of the delta.-Some few ideas respecting the original position and 
direction of the gulf shore lines and the river courses will be added, 

Ancient shore since they may prove interesting as indications of the changes that 
lines and river 
courses. 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 ex tended 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 ~unning 

parallel to the Mississippi as far as the northern shore of the sound, and perhaps sepa­
rating the Mississippi and Red rivers. The Atchafalaya 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 Bceuf 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 a t Alexandria is 0.42 of a foot per mile; of the bayous Bamf and 
Teche, 0.3 of a foot per mile; slopes not inconsi tent with the supposition of their 
having once been parts of the sa.me stream. Black river probably ran to the Missis­
sippi along what is now the channel of Red river. The levations caused by alluvial 
depositions west of the Avoyelles prairie w re probably more rapidly formed than those 
east of it; and the banks of Red river being thus el vated, that stream may have 
overflowed the depression in Avoyelles prairie, wher Red river now runs. On the 
east side of this depression, it mu t have found a channel partly prepared by drainage 
into Black river. Thi. by degrees became a branch of Red river, and finally the main 
stream. 

The opinion has been frequently expre . ed that Red river was n.ot originally 

:Bayou Atchafa­
laya was not the 
prolengation of 
Red river. 

united to the Mis. issippi, but flowed to th s a eparately in the chan­
nel now called the Atchafalaya, from which it was di connected by the 
changes in the course of the .Mi i . ippi. Thi opinion is believed to be 
erron ous, because the area of the greate t eros -. eCtion of the Atcha­

fala.ya, at · the efTlux from the .Missi ippi , i. but li ttle more than half that of Red river 
below the junction of Black rive r, and b au ·e the Atchafalaya has not the capacity to 
discharge much more than half the volume di. charged by Red river in flood. If the 
AtchafaJaya had been the channel of Red river, its subsequent connection with the 
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Mississippi could not have diminished its discharge or capacity, since the floods of the 
Mississippi are of much longer durn.tion 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 point 
could not have been decreased by a junction with the Mississippi. 

The fall per mile of Red river n.t Alexandria is 0.42 of a foot, and below the junc­
tion of Black river only 0.14 of a foot, while the fa.ll of the Atchafalaya in the first 
half of its course is 0.64 of a foot per mile. 

It therefore appears more probn.ble that the Atchafn.layn. was n, mere valley dmin, 
discharging clear water, until the Mississippi, by eroding its own bank, converted it into 
a waste-weir, when, becoming a muddy stream of incren.sing discharge, the Atchafalaya 
began to raise its banks. As already seen, Mr. Bayley appears to have established by 
his researches that such changes have tn.ken pln.ce in the Plaquemine. 

The point of ancient land that now terminates near New Iberia on the Teche, 
doubtless extends much farther toward the southeast, though now covered by alluvion. 
If the shore line of the present Mississippi sound be prolonged, it will pn.ss near Ber­
wick's bay, n.nd it is probable that on this line there exist~d a chain of sand islands, or 
cm·don littoral, forming the southern shore of the ancient sound. Nearly parallel to this 
line is the chain fonned now by the sand islands called the Chandeleur, Breton, Tim­
balier, Last Island, etc., etc. 

Off Last Isbnd 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 Mississippi 
crease gradually with the distance from the shore, 50 feet water being extends its delta 
obtained at a distance of 24· miles from land. On the contrary, 11 miles along the deep-

est part of the 
off the mouth of the Southwest pass, the gulf is 900 feet deep. If the great marine 
general cour e of the Mississippi from Baton Rouge to its mouth be pro- valley. 

longed (see pln.te XIX), it will be found to pass along the line of deepest water in the 
gulf, and lead to the entrance of the Florida straits.=i= The greatest depth on this 
line, about midway between the mouths of the Mississippi and the entrance of the 
strait. , exceed GOOO feet. Thus the course of the Mississippi in the gulf conforms to 
the lowest line of the great marine valley, as, in like manner, above the ancient gulf 
coaM, its cour. e follows the lowest line of the valleys, converting them, by the sedi­
mentn.ry depositions of annual overB.ow, into fertile alluvial plains. 

* '!'his fact may appear to be somewhat in con fli ct with the imputed influence of the southeasterly winds upon 
the directions of th passes ( ee next chapter), but in rettlity it is the necessary result of the manner in which the 
bar is form ed. If it were f rmed upon a plane inclined across th e river current, the rate of advance would be least, 
the depth on the ere t and the velocity of current greatest on the side toward "the deepest water, and the prolonga­
tion would be made on a curved line turned toward the deepest water, which the bar would finally reach and advance 
upon until turned away again by the southeasterly winds-again to return. '!'he prolongation must therefore be made 

on curved lines 
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CHAPTER VIII. 

MOUTHS OF 'l' IIE l\IISSI IPPI. 

Description of tlw months.-Olassification of river ~tages with reference to the formation of the hars.-Form and 
dimensions of the month of the Southwest pass.-Observations at thi pass.- Actual conditions existing there 
at the different states of the river and gu lf.-Jflxperim ental theo ry of the formation of the b:1rs.-Tt is confirmed 
by mcasurements.-It explains the differences in depth on the various bars.- MoJifying influence of waves.­
Eifect of cl1anges in tl1e level of the gulf surface.- TiJa l currents.-Winds at the mouths of the Mississippi .- 1'heir 
influence npon the form of th e delta; npon the level of the gnlf; and upon the bars.-Eddy cw·rents have no 
governing agency in the formation of the bars.-Mud lumps.- Actual deepening operalions upon the bars of lhe 
:M:ississippi.-OlassificaLion of plans for impt·o vement.- Recommendations. 

BETWEEN bayou La Fourche (the b st of the outlets) and Fort St. Philip, the Mi sis­
sippi river flows through a tol erably uniform channel, ave raging at high 

The mouth of 
the Mississippi. water 199,000 square feet in cross- ection, 24 70 fee t in width, and 129 

feet in depth in the deepest p[trt. In the low-water stage, these dimen­
sions are 163,000 square feet, 2250 feet, and 114 feet, respectively. Twenty miles 
below Fort St. Philip (plate XIX) a great change takes place. The river bec:omes 7000 
or 8000 feet wide, with a maximum depth of about 40 feet, and an area of cross-section 
of about 250,000 square feet. It then separates into t hree principal branche$, called, 
from the directions they take, the Southwest pass, the South pass, and the Northeast 
pass,-the last sending ofi a branch called pass a !'Outre. The dimensions of these 
passes are shown by the following table. It will be noted that the 1 ngths follow the 
same order as the volume . 

Dimensions of the main pas es of the Missi ·sippi. 

Nnmo. 

Southwest pass .................. . .. ...... 
South pass .... ..... .................... ... 
Northeast pn.ss ... ........ .... . . .... .. .. .. 
Pass it l'Outl·e ........ ........... ... ...... 

Le ngth to outer 
crest of bur. 

Milu. 
17 
1~ 
1G 
JG 

Mon n width. 

Feet . 
1200 
700 

:..iOO 
1:300 

Mcn n depth . 

Ftet. 
58.5 
3~ 
37 
3G 

)fcnn mR.xlnmm 
depth. 

Feel. 
70 

Mcn n urea of 
Cf Vti:HiCC LiOll. 

S']uare feet . 
70,0110 
2~.01)1) 

O:l,OOO 
47,000 

Proportionnl t li t~­
clntr~o ; that of 
tho ~l ist~i ss ippi 

being unity. 

0 34 
0.08 
O.:l2li 
0.23-l 

Remainder (rrminly through South east pass) .... ....... ......... ........ ...... .. .... ... .. ....... .... ....... .... .. ...... 0. 121 

A bar is formed at the mouth of each of thes passes, wh re the river meets tho 
gulf; and as the conditions existin O' there vary with the stageil of th riv r, a cla~. i.fica­
tion of these , tages should be made. 

The low-water period usually continue about four months, vary ing from two to 
(442) 
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seven and a half months. (In the latter case, an extraordinary one, it 
la ted from August 10, 1854, to March 23, 1855.) The mean discharge 
during thi period is 300,000 cubic feet per second. 

The flood period is considered to include the time during which the 
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Classification of 
the river stages 
with reference 
to the formation 
of the bars. 

river is di charging 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 per 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 former 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 TilE MOUTilS OF TilE MISSISSIPPI. 

Before proceeding to detail and discuss the measurements made to ascertain the law 
governing the formation of the bars, a brief description of the mouth of 
the Southwest pass, where the observations were chiefly conducted, will 
be gi~en. It is compiled from the surveys made by Captain Talcott, 
Corps Engineers, United States Army, in 1838.* 

Form and dimen­
sions of the 
mouth of the 
Southwest pass. 

.!Jfouth of Southwest pctBs.-The mean dimensiohs throughout this pass have been 
given in the preceding table. They are preserved with but little variation (see plate 
XIX) to a point 7.3 miles from the outer crest of t he bar. Here the mouth begins, 
the pass gradually widening unti l on the cres t 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 fall per 1000 feet 
on the bar toward the river :-

From outer crest for 1000 feet 
I n the next 3000 feet . 
In the next 17,000 feet 
I n the next 5000 feet 
In the next 9000 feet . 

The bottom i then horizontal. 
The outer slope of the bar is comparatively abrupt. 

feet i-
From outer crest for 1000 feet 
In the next 3700 feet 
In the n xt 38,300 feet 
In the next 14,000 feet 

nearly horizontal, 
0.5 of a foot, 
1.0 foot, 
2.0 feet, 
7.0 feet. 

Thus the mean fall per 1000 

10 feet, 
20 feet, 

5 feet , 
43 feet. 

*Neither the reports nor the maps of these surveys were pullished. The latter (partially represented on plate 
XIX) were con~tructed upon a Yery large scale, and a careful compilation wa made from them in the Burertn of 
Topocrruphical Engineer· . 1\-a r De partment, a ud published by authori ty in l 39. The reports have never been printed. 
They contain much valuable informrttion, and have therefore been added, by permission, to this report, as Appendix .A.. 
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That is, at 1000 feet outside the bar, the gulf is about 22 fee t deep; at 4700 feet, 
100 f-eet deep; at 43,000 fee t, 300 feet deep; and at 57,000 feet, 900 fee t deep. In 
the deep water the bottom is composed of the soft muJ. brought to the gulf . by the 

Discharge 
through the 
Southwest pass. 

nver. 
The following table exhibits the volumes of water entering the 

Southwest pass. 

Discha?'!Je p er second at the head of the Southwest p ass. 

Usn a! i\l inimum 

]l iver stage. 
Discbnrge. Mean velocity. Discharge. ~Jean velocity. 

Cubic f ee l. Feel. 
Flood .. .. ......... ....... .. ... . ... . .... ... ....... .. . .. .. ......... .... ..... :...... . 3 ~ 0,000 ·kO 

Cubic f eel. 
2i~.ooo 

i 5, 00 

Feet. 
3.() 
1.1 Low-w n.ter.. ..... .. .... .... ....... ....... ... .. .. .. .. .. .. ........... . ...... ... ... 102,000 ! - 1.4 

This description being pr mised, we may pas to the results of the observat ions 
which were made to determine the conditions actually existing at the passes in the 
different stages of the river. 

Observations at the mouths.-In order to determine the conditions existing at the 
mouths of the lVIiRsissippi in the high-water and low-water stages of the river, and the 
circumstances under which the bars are formed, it wa proposed at a very early period 
of the Survey to make a series of experiment in each of those stages, and to carry 
each series through all the variations to which the gulf is subj ect from tides and winds. 
From a variety of circumstances, the execution of this plan was postponed from time 
to time, and indeed it was never fully carried out. Enough, however, was ascertained 

Observations 
upon the bars 
in 1851. 

to make apparent the law under which the bars arc formed. 
In execution of the plan of operations, Profe sor Forshey made some 

experiments at the flood and low-water stages of the river in 1851. 

Observations 
in 1859- 60. 

In the winter of 1 6 -69, lVIr. C. A. F uller, civil engineer, having 
charge (under the direc tion of Lieutenant-Colonel '.II. Long, Tor ograph­
ical Engineers) of the d epening of the bar of the outhwest pass, under­

took the completion of the experiments. 'l'he first ma.dc by him were amateur obser­
vations, but subsequently he was furnished with all the appamtu required to conduct 
them with accuracy . These latter xperimcnt were made during two weeks in .May, 
1859 (flood stage of river) , and in the following Augu t, eptember, and. October (low­
water stage), and with less elaboration on various occa ion from that time to June, 
1860. They were made on the ere t of the bar ; at depths of 20, 30, and 40 feet out­
side the bar; and extended to 18 fee t water insid.e the bar. All th se exp riments are 
fully detailed in Appendix G, and some of the mo ·t chara.ct ri stic arc repr sented upon 
plate XX. Figure 2 of this phLte has been prepared to afford th means of locating 
the observations exactly, with the aid of the notes in the Appendix . . 
Results of the After a very eln.borate examination of the ob ervations, tho follow­
observations as ing conclusions have b n reached.. T hey may a. i.ly be verified by 
to the conditions 
actually exist- examining the observation them · lve in Ap1 endix 
ing at the bars. During the period of flood, the water in contact with the bar, as 
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far as the outer crest, is fresh, and moves seaward with a comparatively rapid current. 
Beyond the outer crest and below the stratum of fre~h-water, salt-water is found in con­
tact 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 rive.r-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; 
~oving sometimes outward and sometimes inward-but always with a gentle current­
and remaining sometimes at rest. At the outer crest. of the bar, when the tides are 
greatest and rising, th ere is an inward current of'salt-\vater at the bottom, increasing in 
strength with the rise in the tide. \Vhen the tide turns, the current changes its direc­
tion 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. Phi-lip. During 
extraordinary gales, the gulf-water ha,s been known to fill the channels of the passes 
with an up-stream current. 

DurinlS 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 
accordanee with which the bars are formed are now to be deduced from them. 

Experimental theory of the formation of the ba1·s.-Let us suppose the mouth of the 
Southwest pa s 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 
place, having a mean depth equal to that of the pass (58.5 feet). 
Further, let it be supposed that the river is at the flood stage, and 

Conditions as­
sumed to illus­
trate the action 
of the forces. 

that it meets for the first time the waters of the gulf, which, to simplify the problem, 
we will at first as ume to remain at a constant level, without currents or oth r 
motion. 

The force that would resist the entrance of the river into the gulf at the depth of 
5 .5 fee t is grea.ter than the force at half that depth (20.25 feet) by The fresh-water 
the differ nee between the weight of a column of salt-water and a will rise and 
column of fre h-water 20.2.- feet high, and the resi:;tance decreases in spread over the 

salt·water. 
this proportion to be surface, where it is least. As a consequence, the 
fresh-wat r a it enter the gulf will r ise 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 i less than that of its earthen ba.nks, . this spreading will be further in­
erea ed. The difference in the specific gravities of fresh-wa.ter and salt-water will also 
tend to produce the same result. 

The conditions existing in a vertical direction, where the river-water meets the salt-
water ::md ri es upon it, are sorr:ewhat similar to those exi 'ling in a It will thus pro­
horizontal direction, where the nver makes a sudden turn and forms a duce vertical 

borizont<tl eddy or where a udden deepening in the bed occurs, nnd, as eddies. 

shown by enturi' exp riments, gives rise to a vertical eddy. In other words, there 
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must be a dead angle, where the river-water meets and rises upon the salt-water and 
thus forms vertical eddies. 

Now, as already explained in Chapter II, experiments upon the river at various 
The material points of its course, at high water and at low water, when the river was 
pushed along rising and when it was failing, established the fact that earthy matter 
~ft bt~~e~o~~-m is always rolling almtg upon the bottom. It consists of clay, earth, 
hind, and will sand, etc.; that is, of the material of which the delta is formed. Mr. 
thus form a bar. George G. Meade (now Captain United States Topographical Engineers), 
when making a survey of the Southwest pass und r the direction of Captain Talcott, 
Corps of Engineers, in 1838, also found sirnilar 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 South west pass 'is qui tc equal to pushing this material along the 
bottom, but when the river-water begins to ascend upon the salt-water of the gulf~ the 
rolling material is not carried with it, but is left upon th e bottom in the dead angle of 
salt-water. A deposit is thus formed, whose surface i a1ong or near the line upon which 
the fresh-water rises on the salt-water as it enter the gulf. This action p roduces tlw 
ba1·. What modifying effeqt the vertical eddy has upon this deposit, observation can 
hardly determine, for there are other and more powerful forces at work, which nearly 
or quite obscure its action. 

At the low-water stage of the river, the earthy matter pushed along at the bot­
Modification of tom will also be deposited in the dead angle formed by the fresh-water 
this action in rising upon the salt-water as the river enters the gulf. There will, how­
{~!-~~~=:ding ever, be one imp rtant difference. The velocity with which the river 
stage of the enters the gulf being in extreme low water about one-fourth, and in 
river. mean low water about one-third that at flood, the angles at which the 
fresh-water will rise upon the salt-wnter will be greater and probably in a.bo ut those 
proportions. The spreading force also will ·be le s than at the Hood stage, and salt­
water will be found at th e sides, where at that period there was fresh-water. 

We must then co t~c lude that, as there are two grea.t epochs of discharge in thi 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. 

Now let us trace the effect of subsequent Hoods upon the new-made bar. " Then 
the velocity begins to increa e, the current, at the point where the 

Effects ofsubse- b l · 'd d 1 't d I 'll b d quent floods. c anne bogms to w1 n an essen 1 s ept 1, Wl not e eflectcd 
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 or de unti l a channel-way is 
formed equal to that of the normal cha.nnel of the pa ·s. This erosion will take place 
chiefly at the angle where the current is deilectcd upward; the wearing upon other 
portions of the depo. it being compa.rativcly light. The new earthy matter pushed 
along at the bottom will thus be rolled over the bar and dropp d in advance of the 
high-water deposit of the prcviou year. Thi. wi ll cau , an annual ad vance of the bar 
into the gulf. 

In proportion as the cross-section of discharge on the outer crest of tho deposit widens, 
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its progress into the gulf will become slower, and the depth of water upon 
it will constantly decrease, since the smface of the deposit will always 
coincide with the inclined plane along which the fresh-water rises upon 
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Law governing 
the advance of 
the bar. 

the salt-water. Finally, when the yearly advance of this outer crest becomes equftl to 
that of the excavation on the inner side of the deposit, an equilibrium will be established, 
and the depth and width of the crest of the bar will remain essentially permanent, so 
far as ·affected by the great controlling causes of its formation. The duration and dis­
charge of the flood, low-water, and transition stages all varying, and the quantity of 
earthy matter pushed along at the bottom also varying, there will be, of course, some 
y.early 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 progress· of the bar, 
so far as its gi·eat dimensions are considered, must soon l;lecome permanent. Let us 
now ee how these views respecting the general permanency of the bar are borne out 
by observation. , 

In 1838 a thorough survey was made of the mouths of the Mississippi; of the 
adjacent gulf; of the passes; and of the river, as far as Forts J ackson This law con­
and St. Philip. The surveys previous to that date were not of a suffi- firmed by 

ciently minute character to admit of a nice comparison. ''' Since that measurements. 

time, survey. h rwe been limited to t he bars and extended but a short distance inside of 
th e i:~mer crest . There is no means, therefore, of ascertaining how :f.<tr the normal 
cross-section of the Southwest pass has advanced since 1838. vVe may, however, 
d termine with much nicety the relative and absolute advance of the inner and outer 
crests since that du.te . 

By Tn.lcott's survey, the di tancc across the bar, from 18 feet wu.ter inside to 18 

* This opinion was formed after a carefu l examinatio n of all the maps of the mouths of the Mississipp i in the 
archives of th e Bureau of T opogr••p hi C<\l Bngineers, ·w ar Dep:wtment. A mong them is a copy of the map of 
D'A nYille, prepared in 1 i 32, published in 1752. lt bas marked upon it " P asse l\. la L outre," " P assel Sauvol " 
(ca ll ed now P n s U. Chel' rtl), " P a se de l' Est," " Ln. Balise, Entree pom les V aisse11ux," " P asse du Snd," " Passe du 
Sud Ouc ·t." The Southeast pass is omi ltcd. 'I'he river is calleu ". 'aint L ouis." 

On an old map with no elate. sig-ned by 0 good Cn.rleton, it i : sta ted that there is 18 feet water in to t he Balise, 12 
~ et over th e bar, 45 feet withi n, and 50, GO, ancl100 fa th oms afterward. Y et on the brge-sc rtle plot of the entrances, 
the Soutlteast chan nel ha a depth of only 12 feet, and the N orthea t chan nel only llt feet. F or t Bttlise antl the 
upper part of Balise bayou arc marked on th e map, anu at the inner end of the bayou it is noted " Ilere large ships 
lan d their cargoes to li "'hten in ord er to go over the bar." 'I'his remark conforms to a mn.n uscrip t t racing, likewise in 
the Bureau of Topogra1 bical Engineers, with the titl e " arte des E mbouchures du Mississippi sur les l\[auuscri ts 
du Depot des arte et Pl an de Ia Marin e, 1744," on which a bar is marked at the junction ot' the Balise bayou and 
the river, and is call ed ··La Barre;" th e bayou is called "Cb na l pour les Vaisseaux ,' ' a nd the mou th "Embouchures 
par on 1 s V aisseau x cntrcnt." T he only passe marker! and named on the map are "Passe s .au v_olle" and " P nsse 
d l'E ·t ." It appears to be hardly probable that t here was a depth of 18 feet at the entrance of tlus bayou from the 
sea, and 12 feet over the bar at its ju nction with the ri ver, yet it is so im plied. 

French, in his hi torical records of Louisiana, gives Coxe' 11ccount of the expeditions sent by him to L ouisi11na in 

169_, A cco rding to th se expeditions. there were then seven m uths to the Miss iss ipp i. T he greates t depth of 
water found wns 1-4 feet T hree mouths were deep enou gh for ships to enter. 

Mr. R T huma sy. in an appendix to his Geologic P mtiqtie de Ia L oui iane, g ives a brief acc ount of the mnps o!' 
L ouisia na and the ) [issi::';ippi ri,·cr , that have been prepared from th e time of its discovery to the prese nt, dfty. This 
aceounl he proposes to enlar!!e in the_\ merican ed ition or his work. ' l'h maps of )[essrs. de Serig ny, de Lisle, de Ia 
T our, de Panger. and others, and of Captain 'l'alcolt, and the Uoa t _:::l urvey, which accomp:\ny the work, ill ustrate the 

subject of t he cha nges th11t haYe taken place at the mou ths of the n ver. 
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feet water outside, waR 7500 feet. By the urvey of Lieutenant-Colonel Long, in 1857, 
the distance between these two curves is 7900 feet, showing a nearly equal advance into 
the gulf (338 feet annually) of erosion and deposit. The Coast-Survey chart of 1851 
of pass a l'Outre shows in the south channel an equal advance of the inside and outside 
curves of equal depth. In the other channels the ad vance of the inner curves is not 
quite so rapid as that of the outer. These surveys also prove that the mean depth on 
the bar of the Southwest pass has remained unchanged . 

These fac ts confirm the correctne s of the explanation given of the manner in 
which the bars advance into tl1e gulf, and the mode by which their form and the depth 
of -\vater upon them are maintained practically the same. 

Taken in connection with ihe fact developed by the surveys, that the outer crest 
These measure- of the bar of the outhwest pass advanc s into the gulf 338 feet over a 
ments establish width of 11,500 feet annually, they al o show that the erosive power of 
the numerical the current is only about one-tenth of its depositing action; since tb e 
relations exist-
ing between the river opens a channel 1200 feet wide and 338 feet long to the men,n 
power of erosion depth of the pass, while it forms a deposit about 11,500 feet wide and 
and the deposit- 1 
ing action. 338 feet long to at least the same dept 1. 

The preced ing theory of the formation of the bars also explains the 
relation that exists between the depth on the bn,r and the amount of 
discharge over it. The qnantities of matter transported along the 
bottom in the different pa ses are in proportion to their discharges ; the 
plane. of ascent upon the alt-water are inversely as their ve locities. 
These conditions tend to produce equal dep ths upon all t he bars. But 

This theory of 
bar formation 
explains the dif­
ference in depth 
on the different 
bars. 

the ·width n,nd cross-section of the Southwcl:lt prtss arc relatively smaller than those of 
the other passe::;, and its relative velocity is consequently greater than those of the 
other passes. The erosive power of each of the other pnsses, as compared with its 
depositing action, is tb crefore r lat.ively less than that of the Sonthwc t pass. 1'he 
advance of the deposit of any one of thes pas cs into the gulf, before the equilibrium 
between the erosive power and d positing action was e8tabli8hed, mu t have b en rela­
tively greater than th at of the 'outbwest pa . But the yen.rly progress into tile gulf, 
after the equi librium was establi. h d, must have b en less than that of the outhwest 
pass. The grerttcst depth of wn,ter hould therefore be found upon the bar of the 
Southwest prtss, a conclusion in accordance with the fact. 

The rate at which the bn.r of the Southwe. t pass advances, furnish s the means of 

Volume of 
earthy matter 
annually pushed 
into the gulf. 

computing the yearly amount pu heu into the gulf along the bottom of 
the river. The ucpth of the gulf where the bar is now formed being 
100 feet, and tbe bar advancing 33 feet each year, its profile and other 
dimcn ions give for the diflorence between the cubical cont nts of yearly 

dcpo it and erosion, 255,000,000 cubic feet, or a mass 1 mile square and 9 :C > t thick, 
which is the volume of earthy matter push d into the gulf each year by the 'outhwes t 
pass. The quantities of earthy matt r pushed along by the pas e b ing in proportion 
to tb ir volumes of di~chn.rge, the whole amount thu carri d y arly to the gulf is 
750,000,000 cubi icet, or a ma ·:-; 1 mile squar and 27 feet thick. A· the cubical c n­
tent. of the whole mass of t l1 ba.r of th 'outhwel:lt pa ·s is equal to a solid .l milo 
flquare and 490 feet thick, it would rcqui1· fifty-five yen,r to form the bar ns it now 
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exists, or, in other words, to establish the equilibrium between the advancing rates of 
erosion and deposit. 

Injltwnce of gulf oscillutions and CU1'1'ents upon the bars.-The gulf has hitherto been 
supposed to remain invariably at the same level and to be at rest. The modifying 
effec ts of it motions will now be considered. 

Besides waves, we may expect to :find tidal currents, and currents occasioned by 
changes 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 the river 
into the same O'entle slope at which it disposes similar material at cor- Modifyfing infl.u-

0 ence o waves. 
responding depths along the shores. These motions of wave oscillation 
and t ran h tion al o tend to destroy a portion of the velocity of the current of the river­
water, and thus induce a deposit of sediment.* 

A ri e in the level of the gulf will diminish t he discharge of the river, and increase 
the slope of its ri. e upon t he salt-water unti l the river has accumulated Effect of changes 

sufficient power to restore the former condition. The opposite effect in the level of 

will resul t from a fall in the surface. These effects will be greater for the the gulf surface. 

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 during low water . 

As already explained in Chapter II, the tides of the gulf at the mouths of the 
Mississippi are of the diurnal or single-day type, being, when the moon's 
declination is lea t, scarcely perceptible, and, when greatest, about 1.5 Tidal currents. 

feet. 
The investigations of the Coast Survey have also shown that the tidal wave 

approaches the mouth of the Mississippi from a southeasterly direction. With this 
tidal wave there i , near the coast, a tidal current in the same general direction. The 
tidal wave lift up the river current in the gulf, and the tidal current passes under it, 
though checking it to orne extent in so doing. The direction of this tidal current is 
modified by its contact with the river current, and to a greater degree by its contact 
with the outer slope of the bar depo. it. In the case of the Southwest pass, a flood-tide 
brings a current from the outheast, which is changed to a southwesterly direction, more 
we rly than that f the river current, by the bar deposit along the eastern side of 
the mouth of th pas . The ebb-tide is accompanied by a current from the opposite 
dir ction, which i similarly diverted by the deposit on .the western side of the mouth 
of the pa s, the direction being more southerly t han the current of the river. Winds 
may change the direction and force of these currents, which, in mid-river current, at a 
depth of 40 feet, are shown by the ob ervations to vary from 0.3 of a foot to 2.5 feet 
per second, the m an being about 0.5 of a foot. As a velocity of 0.5 of a foot per 
second i ufficient to transpor t t he material of which the bar is formed, the action of 

* Jn flood the rh·er.water is distinguishable in the gulf at the distance of 20 or 25 miles from the bar ; in low 
water, at the distance of 5 or 10 miles. 

57 
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gulf currents in carrying into deeper water the material pushed by the river into the 
gulf is evirlen t . 

In the flood 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 t he pass. In the low stage, when the volume 
and force of the river current is greatly reduced, the gulf virtually occupies the mouth 
of the pass, and the tidal currents move over the bar. 
Winds at the The winds are a great disturbing agency, since, by changing the 
mouths of the level of the gulf and creating currents, they produce anomalous effects 
Mississippi. 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 \Vest, from 1850 to 1854, and also for t he year from June, 
1851, to June, 1852, at the same place. Similar diagrams have been made from the 
wind observations of the Mississippi Delta Survey, n.t Fort St. Philip and at Carrollton. 

The great resemblance between the winds at Key vVe. t and those near th e mouths 
of the Mississippi is apparent when these diagrams are compared.. Both have in part 
the characteristics of the northeast trade-wind8. 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 ea rly 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 in tended, however, to 
decide upon the character of these winds, and to class them definitely !tmong 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 Henry, in his papers upon 
Meteorology, and perhaps produce along this portion of the gulf a resemblance t the 
trade-winds. 

The influence of these winds upon th e form of the delta is apparent. Thus, for 
Their effect upon several months in the year, the wind off the mouths of the Mississippi 
the form of the blows from the southeast, and it will be observed that the chief dis­
delta. charge of the Missis ippi 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. ~rhe general direction of the . bore line for 40 miles on either 
side of the Mississippi is also perpendicular to the direction of these prevalent winds­
all pointing to a powerful modifying effect on the delta formation. 

But the action of the win~s is not confined to so general re ults. Thus, in the 
Their effect report of the Superintendent of the Coast Survey for 1853, it is shown 
upon the level in a paper upon the tides at Key vVest, F lorida, ba eu upon obser va-
of the gulf. tions made there from June 1, 1 ~l, to May 31, 1852, that the mean 
level of the water in that harbor increases in height regularly from January, when it 
is lowest, until September, when it is highest, at which t ime it begins to descend and 
falls until January. The difference of elevation is 0.8 of a foot. rrhis 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 ix months to d press it. 
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A similn.r case exists at Aransas bay, Texas, where, as stated by .Mr. A.M. Lea, it has 
been noticed that an island, which is never covered by 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 gulf, detailed 
in Chapter II and Appendix B, fully accord with these facts. They show that during 
the winter of 1851, when the winds were northerly, the gulf was nearly a foot lower 
than during the succeeding summer and autumn, when the winds were chiefly southerly 
and easterly. It should, however, be added that the level of the gulf at the mouths of 
the Mis issippi is doubtles affected by 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 wi th su:fficien t regularity to justify the statement that the least 
depth of water will be found upon the bars at the mouths of the Mississippi at the 
time when the grcn. test number of vessels is obliged to pass over them, the active 
business season of ~ ew Orleans being from the middle of November to the middle of 
April.* 

The effect of the gulf currents created by these wind oscilla.tions, in abrading the 
bars at the mouths of the Mississippi, is, of course, similar to that in- Their effect 
duced by the tidal currents. Indeed it is the more powerful, as already upon the bars. 

indicated in describing the latter. 
It is now easily perceived how, with these various and powerful forces at work, the 

eddy current at the meeting of the fresh-water and salt-water is partly, The eddy cur-
sometimes entirely, effaced. During the river flood, its existence can rents have no 

only be detected when there is no tide, and when the air and sea are ~~;~~;if! the 
calm. Durin o- the low-water stage of the river, the principal move- formation of 
ments over the surf,tce of the bar are those of the gulf currents, which the bars. 

thus obscure the eddy current. Even in the short transition period·, when the river dis­
charge is large, but not sufficient to remove the salt-water from the surface of the bar, the 
tidal or wind currents pa ·sing over the bar, into and out of the river, increase or diminish 
the eddy urr nt o thn.t it may appear to be much greater than it really is, or may be 
entirely effaced. I n this condition of the river th eddy current is probably stronger 
than at any other time, because, the velocity of the river curren t being considerable and 
the depth of salt-water on the bar being small, the ver tical extent of the eddy is very 
limited and it velocity proportionally great. 

* To the e o cillations, it i thought, should be attributed the extrao rdinary shoali ng of the bt1rs at the mouths of 
the l [ississi ppi llmt i' said to h1we taken place in the early part of the winter of 1858-9. Upo n enminiug t he gauge 
observations l\l arrolllon-the nearest point to th e month at which observations were made-it will be found that 
the wind there blew almost in cessantly from the northward during the ll\tter part of December, 1858, t1nd during J anu­
ary and the fir t p r t of Feb ruary, 1 59; and it appears to be probt1blc that from th is Ct\tlse the depths upon the 
burs of the 1[issi ippi were mal rit11ly less than they were durin g t he preceding summer and early fall. During the 
month of D ceml cr, 1 3i, and January and February, 1 5 . there was mu ch calm weather and the proportion of 
northerl y winds to the whole number was not nearly so great as Juring the winter of 1858-9. .A.s a consequence, the 
depth of water upon the bar wa g r ater. 
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These observed fn;cts expose the fall acy of the theory recently advanced (in 1851) by 
an American engineer, that eddy currents are the governing agency in the formn.tion of 
the bars at the mouths of the Mississippi .* 

Mud lumps.-All the chrmges and modifications that the bars undergo hn.ve now 
. been enumerated except one, which, so far ns it affects navigation, is 

Facts respectmg f t · t 'Th' I · h dd · · th mud lumps. o grea 1mpor: ance. 1::> c 1ange 1s t c su en n smg, upon or near e 
crests of the bars, of masses of tough clay, varying in size from " mere 

protuberances looking like logs sticking out of t he water," to islands several acres in 
extent. They attain heights varying from 3 to 10 (in one instance 18) feet above 
the surface of the gulf. Salt springs arc found upon them, which emit in (-lammable 
gas.t After the lapse of a considerable time, many of these springs cease emitting gas 
and water, and the lump is worn away by th e currents of the river and gulf. The 
origin of these mud lumps has been the subj ect of much speculation. By some their 
source is supposed to lie at a great distance inland ; by others, in the river i tself; the 
communication between the lumps and their source being maintained by permeable 
strata. Others have concluded that their origin was due to th e generation of carburetted 
hydrogen gas in the vege table matter which forms a part of the sedimentary material 
brought down by the river a,nd deposited in the gulf. This gas constantly increa.ses in 
quantity, and being covered by the tenacious, clayey mud of the bar (whi ch the investi­
gations of Lieutenant-Colonel Long, Topographical Engineers, show to be rendered pecu­
liarly tough by contact with salt-wnter) forms constantly expanding reservoirs. These 
extend until the increase of size and escape of gas adjust themselves to the supply of the 
latter. After a time the material for the generation of gas begins to fail , and th e activ­
ity of the mud lump to diminish. In the operations of the contractors for the rcmova,l 
of obstructions to navigation in 1858, some of these lumps upon th e bar of the Southwest 
pass, which had not yet reached the surface of the gulf, were 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 existi11 g in the bar. 

-~:- The report of M . A. Surrell , upon the Improvement of the :M ou tbs of the R hone, published in 184 7, 
con tains the same theory, although not en dorsed by that engi neer. JJe attributes it to M. A ime. The t heory is 
briefl y enuncia.tcd in the foll owi ng litem! t ra nslation of' the la ng-unge u cd in the repo r t : " 'L'hc river current , in 
glid ing upon the sea, prodncecl a counter cur rent beneath it, in the fo rm of an cclcly, which, rubbing against tho 
bottom, can icd back into the r iver t he ear thy matter that had fai!C'n from its waters to the bottom of the sea." It 
may be added that the co nstructi on of paralle l j e tties at the prin cipal mou th of the Hhonc, as r commended by 
M. S urrell , tlcopened the cl111 nnel over the bur, and thus prn.cticall y ucmonstratcd the fa ll acy of the eddy theory. 

t Maj o•· A. II. B owm an, U nited States Corps of EngineC' I'S, wh o maLic a survey of the Sou thwest pass in 1828, 
states tha t he btu·ncd the gas co li c ·ted from th ese muu lump . t.J r. W. II. Siclcll , one of t.hc p r incip:ll assis ta nts in 
the Survey of Uap tain T a leolt, states spcc ifi cttlly that the gas escaping fro m them was in fl amm able. , ' ir () hurl s 
L yell notes, on t he au th or ity of M:r. B ringier, that dnring the excavation of the new cana l, inflamm ab le gas escaped 
from the disturbed earth. 



MOUTHS OF 'l'llE MISS I SSIPPI. 

PLANS FOR INCREASING TIIE DEPTII ON THE BARS. 

Before making any recommendations upon this subject, a brief resume 
of wha.t has already been done to improve the navigation at the mouths 
of the Mississippi wi ll be given. 

Operations upon tlze bats of the Mississ1ippi.-The bars at the mouths 
of the Mississippi river are always forming, and a perpetual annual 

453 

Outline of the 
history of opera­
tions upon the 
bars of the 
Mississippi. 

expenditure must be incurred to increase permanently the depth of water upon them. 
In this all engineers who have written upon the su~ject · agree. The appropriations 
made by Congress for that object, however, have been given irregularly and at inter­
vals of several years; so that the deepening of the channels effected by one appropria­
tion has been fil1 ed 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 followed. 

When tho £rst appropriation for improving the navigation at the mouths of the 
Mississippi was passed, in 1837, an ex tended a.nd elaborate survey of 
the passes, mouths, and approaches was made by Captain A. Talcott, 
United tates Corps of Engineers, under the direction of t he Boa.rd of 

First appro­
priation. 

Engineers, and the plan of deepening by dredging with buckets was recommended. 
This plan was approved by the Boa.rd of Engineers, sanctioned by the vV ar Depart­
ment, and carried into effect as far as the appropriation admitted. The plan was based 
upon the supposition that a. work thus begun would be continued by further appropria­
t ions, but no other was made until 1852, when the sum of $75,000 was appropriated, 
embarrassed, however, with the requirement that the work should be done by con-

tract. 
A Board of officers was then appoin ted, by direction of the ·war Department, to 

report a plan of operations. The Board recommended:-
1st. That the process of stirring up the bottom by suitable machinery Second 

should be tried. . appropriation. 

2d. If thi failed, that dredging by buckets should be tried. 
3d. If both these modes failed, that pamllel j tties should be constructed, 5 miles 

in length at the mouth of the Southwest p~L s, to be extended into the gulf a.nnually, 
as xperience shoulcl how to be necessary. 

4th. hould it be then needed, that the lateral ou tlets should be closed. 
Finally, . hould all the e fail, a ship canal might be resorted to. 
The r commendation of the Board to dredge by stirring up the bottom was approved 

by the War Del artment, and a contra.ct was accordingly entered into for deepening the 
Southwest pa s t 18 fee t. The contract was successfully executed, and a depth of 18 
fe t obhLined in 1 .- 3. No further appropria.tion was made until 1856, and, as antici-
pated, no trace of the deepenin g wa.s left in 1855 .. . 

In 1 56 330,000 were appropnated for opemng and keepmg open, Third and last 
by contract, shi p chann ls through the bars at the mouths of the South- appropriation. 

west pa and pas. a l'Outre. 
Upon th e pas age of this appropriation act, that Bureau of the War Department 

having charo-e of the work invited proposals for its execution by contract, in accordance 
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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 South wes t pass, by stirring up the bottom, should be 
accepted, there being no question of the practicability and effic iency of the mode pro­
posed to execute the work; and that the bid of Messr . Craig and Rightor for opening 
and keeping open the pass a l'Outre for five years should be accepted, for the pu,?pose, 
as stated, of enablin,r; the bidders, by actual expm·iment, to prove the practicability and ejfir 
ciency of the modes by which ' they proposed to do thi. worl.;. Their plan was that of closing 
minor passes and of constructing parall el or convero-ing j etties on the bars. The Board 
stated it had great doubts of the practicability of the constmctions proposed; and of the 
efficiency of the plan, should the work be constructed; but that an important point 
would be ascertained by its failure or success. Upon the report of this Board, the Sec­
retary of vVar made the following deci. ion:-

" If the mode proposed by the Messr . Craig and Rio-htor to ~pen and keep open 
the passes of the Mississippi is sufficiently feasible t justify a contract with them for 
the pass a l'Outre, as recommended by the Board, it is not perceived upon what ground 
their bid for the Southwest pass should be rej ected, since they propose likewise to open 
arid 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 fee t in both channels. If their plan hould 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, a. the period, December 1, 1857, at 
which the preferred bidder for the Southwest pa:s propo ed to complete the channel of 
18 fe t depth, is so remote, and occurs so late in the season of trade at New Orleans, 
that the character of ve. sels destined for that port would scarcely be changed b fore 
the succeeding season. Neither is it believed, hould it be n ces n.ry to make new con­
tracts, that any loss would be sustained by invitin O' n w bid.·, as those now pres nted 
for the execution of the work by tried means are not sufficient, by any combination 
which can be made of them, to open the pa . e and k ep them op n for one year. 

"The bid of Messrs. Craig and Rightor will , ther fore, be accepted for both passes, 
due care being talc n, by the t rms of the contract, to in sure the prompt commencement 
and steady progress of the work, and suffi cient guarant es will be required that the 
chann ls will be kep t open for tl1e whole period of five years." 

Contracts with M 'ssrs. Craig and Riu·htor were accordingly ntered into by the 
Bureau, for opening both channels 20 feet deep, and maintaining that depth in them 
four and a haJf years. 

The duty of the offic r of th e vr ar Department onnect d with this pemtion Wfi 

limited to marking out th e channel to be deepened and ascertaining, upon notice from 
the contrnctors, whether the contract had been fulfill d; that is, whether the required 
depth had been obtain d and subseqn ntly ma.intnined . 

The contractor.; b gnn (s •e figure 2, plate XX) by building on th en. t side of the 
Southwest pass a j etty n.l)Out a mile long, compo:ed of a si ngle row of pi! plankH, 
strengthened at interval:; by pile.. Portion of thi j etty were carried away by storms; 

• 
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and the contractors abandoned the plan, convinced that they could not, with their means, 
effect the de ired result in that way.''' ·with the sanction of the Department, they then 
resorted to stirring up the bottom with harrows and scrapers, dredging 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 
stirring 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 with their 
contracts to maintain the depth of 18 feet in the channels for a period of four and a 
half years; and, in consequence of their failure, the winter of 1858~9 passed without 
any work being done upon the bars. A new contract was entered into with other par­
ties for deepening the Southwest pass, but they, likewise, failed to execute it. 

The Department, in compliance with the appropriation law, having thus opened the 
work to competition in respect to plans and methods to be used, as well as cost, and 
having thu. failed to secure 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 office.rs, who, for the first time since 1839, with a remnant ($70,000) of the appropria­
tion of 1856, 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. 

R ecommendations for improving the navigation at the months.-The development of 
the laws which govern the formation of the bars has removed all un- Classifieatio~ 
certainty as to the principles which should guide an attempt to deepen of plans of 
the channels over them. The erosive or excavating power of the cur- improvement. 

rent must be increa. eel relatively to the depo iting action. This may be done either by 
increa ing the absolute velocity of the current over the bar, or by artificially aiding 
it action. To the first class of works belong jetties and the closure of lateral outlets ; 
to the latter, ti1-ring up the bo.ttom by suitable machinery, blasting, dragging the 
material , ea. ward, and dredging by buckets. These plans are all correct in theory, and 
the selection from them should be governed by economical considerations. 

If the exca ating power and d positing action of the Southwest pass had been equal, 
when the yearly advance of the bar was 700 feet instead of 338 feet, Plan of 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 i found, and extended to that depth outside the crest of the 

*Attention should here be directed to the fact that the plan of j e tties has not really been tried at the mouth of 
the Mi sissippi, as the contractors merely built one insecure j etty, of n single row of pile planks, about a mil e long, 
whereas the Board of 1 '-52 rccom m ml d jetties 5 miles long on each side of the channel, each 14} feet wide, compo ' d 
of piles 2 feet apart. The plan has been tri d, however, at the principal mouth of the Rhone, a delta river like the 
:JI,li si ippi , and has effec ted the desired increase of depth . 'l'he plan was adopted by the French Government, after 
n full discussion of the wh le subject by the engineer in charge of the work. 
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bar, which would give them a length of about 2.5 mil s. 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 fee t thus obtained must be main­
tained by the annual extension of the jetties 700 fee t into the gulf, and the reduction 
of the mud lumps by suitable machinery whenever they begin to appear. This 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 stirring up the bottom by dragging harrows or scrapers over the bar is, 

Plan recom­
mended. 

. no doubt, the most economical and the least objectionable. As already 
shown, during the low-water . tage and part of each transition stage, there 
is often dead water or a refluent current on the bar. The operation 

should therefore be limited to the flood stage, during which ther is an outward 
current on the bar. This stage, it will be remembered, usually continues about six 
months in the year, but its exact duration in any season may be readi ly determined by 
observing the oscillation of the river at Carrollton, where 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 progress of the work can be formed without 
careful daily gauge observations at the pass itself. 

In conclusion, it should be stated that no plan whatever will prove of any material 
benefit to navigation, unl ss a permanent fund be provided, untram­

~~~~~ae~cte f~~~. melled by res triction as to the mode of expenditure, from which a suf­
ficient sum annually can be r lied 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 forming, and must therefore b constantly removed. 
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APPENDIX A. 

SUHVEY OF THE MOUTHS OF THE MISSISSIPPI BY CAPTAIN TALCOTT, 
IN 1838. 

No. 1.-EXTRAG'l'S FRO:i'ti TilE REPORT OF CAPTAIN A. TAI,COT'f TO COLONEL J. G. TOTTEN, 
CTIIEF J~N GINEER. 

NEW BRIGIITON, 30th January, 1839. 
SIR:-

* * * * * * * * * * * * 
17. To the reports of my assistants and tho maps, as referred to in the 1st, 2d, 3d, and 4th 

paragraphs, I mu t ask your attention for information in detail, as required by paragmphs 2, 3, 5, 6, 
and 7 of your mcmoramlum. 

18. My research for records of astronomical observations, made near the debouchC of the passes, 
bas been unsuccessful, except in a single instance. In the spring of 1801, Don Jose J. Ferrer made 
observation for the latitude of the bar of tho Southwest pass. He places it in 28° 56', and states 
that the ob crvation were made on shore with a repeating circle and artificial horizon. (Sec 6th vol. 
T1·ans. Am. Phil. Soc.) 

I had expected to find 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° 561 2211

, 

and what would be con ·idered "tho bar," is something farther north. 
19. uch 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'. Th e old 
magazine, which is still tanding ( ee ketch), is found to be in 20° 051 5811 .50, a very ncar coin­
cidence. Tho arne old chart pre ents a very different appearance of the Northeast and Southeast 
passes and Balize bayou to those furni shed at the present date. 

20. 'rhe only chart of the passes that appears to have been projected from actual survey is that 
by Gould, from his urvcy , carried on from 1764 to 1771 , in the gulf of Mexico. Could proj ec­
tions of this survey be obtained, on a scale sufficiently large for comparison, I have no doubt it would 
afford 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 fot· that object. ( ee title of the chart annexed ; also, Sai ling Directions for Entering 
the Mississippi, tran lated from a Spanish work.) 

21. At the uggestion of Major Chase, the lin e of a ship canal, as projected by him in r eport of 
tho Dth February, 1 ' 37, was embraced in the survey. It resul ted in showing a fine ship channel 
leading up to where he propo eel it hould debouch, and the perforation of the ground to a depth of 
40 fe t indicated a firm bottom of snnd mixed with mud, ten acious of water, and altogether such as 
would be considered favorable for excavating, anrl on which there would be no difficulty in securing 
a foundation for lock ' or structures of any kinu . The difference of level between th e high water of 
tho river anu low water in the bay is ordinarily 3.8 feet, but when the level of the bay is very much 

(iii) 
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depressed by a northwest wind, it may be as great, and I arn informed has been 4.8 feet at the canal, 
a few miles below. The canal just referred to is about !) miles below Fort Jackson, and aJI'ords a 
communication between the river and West bay for small vessels . It is furni shed with a lock, for 
locking down from the river to the bay. The proprietor informed me that, during the low stage of 
the river, it was no uncommon occurrence for the water to run from the bay into the river, when the 
wind was favo rable for elevating the water in the bay. 

During hurricanes, the waters of the bays are elevated to a great height above the river level, 
and sometimes above its banks, over which it ru hes wi th destructive violence to buildings and 
improvements on this part of the delta. 

I was informed by the orJnance sergeant stationed at Fort Jackson, that during a severe hur­
ricane, in 1830, the water rose to the spring of the a rches of the embrasures. Ca.ptain Davis, of the 
steam tow-boat Porpoise, who was ascending the river at th e tim e, and some distance above Fort 
Jackson, inform ed me that, when the bay water brok e over the river banks, it was full 4 feet above 
that of the river. 

22. 'fhe surveys above the point of divergence were not commenced until about the end of July, 
when a sub-brigade of four assistants, organized for that purpose, commenced the fi eld labors, whi ch 
were continued until the middle of August. 'fhe r es ult of these is exhibited on l\Iap No. 2, on a 

scale of 30 &u . 
23 . The irruptions of mud, which are constantly occuning at the mouths of most of the passes, 

is an interes ting feature, and one which must lutl'e an influence in projec tin g any plan for improvi ng 
the natural entrance. A s to the immediate cause of these irruptions, I mu t confess ignorance; nor 
is it importan t to the success of the improvements that it shoulJ be known , as there is little hope tl1at 
it could be removed or counteracted. 

The effect of these irruptions is to obstruct, and fr equently to change, the channel. Their 
tenacity is such that it requires a long time for the current of the river to remove them, al though 
its velocity is generally very great. 

All of which is respectfully submitted by 

Your obedient servant, A . TALCO'l'T. 

SAILING DI RECTIONS FOR ENTERJKG THF: ~[rssr ssrPrr, 'l' RAN r. ATED FROM A S PAN JSn \ VoRK. 

'l'he true delta of the Mississippi is called the Passes, where the river is divided in to four parts 
or branches, formed by low, swampy land . 'l'heir mouths form nearly a circle. 'l'he first pass runs 
to the southwest, the second to the south, the third to the cast, the fourth to the northeast. All 
these passes take their names from th directi ons in which they run, and the last nam d, or North­
east, is al so call ed, a l 'Outre. 

Of all these passes, tha,t most fr equenteJ, 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 pil ots can be obtained to take vessels into th e ri ver. 

The entrance to this pass, as to a ll the rest, i· o barren of landmarks, that it could not be 

known but for the flag taif, where a large flag i hoisted when a ve scl is een in tho oiling. This 
fl agstaff' can be seen 3 leagues at sea, at which Ji tanc there is 40 fath oms water; mud, a 
ticky cla.y, in some places mixed with fin e sand. The flagstaff is ituated ea t and west with the 

entrance. Get the flagstaff to bear west, and run for it until you g t 8 or 10 fathom s, which wi ll be 
1 mile from the bar, when it is best to anchor . Th e fiagstaft' bearing west, it will be better to have 
it b ar to the south of we t, than to the north, in orde1· that you may be to windward of th e entrance 
of the bar . At high tide there is generally from 12 to 1 feet water, an<l in extraordinary cases 
from 15 to 16. Its length is 11 ague, counting fr m the entrance to L a Fourche or the forks (as is 
likewise call ed the pla ce wh ere it joins the principal t runk of the river), where there i from 4 to f) 

fathoms. The depth increases as you proceed up tho ri ver, which is navigable to th o very banks, 
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until you arrive at New Orleans, which is situated on the eas t bank, when you moor to the bank 
with a plank to the land. 

The entrance of the river is found by those who are acquainted, and does not require a pilot; 
but it is advisable that strangers should procure one. The soundings of all the passes is muddy 
bottom, and at 6 leagues out you find 50 or 60 fathoms. (Derrote1·o de las Islas Antillas, de las 
Costas de Tien·a firme. Madrid, 1810. Page 431.) 

No. 2.-REPOR'l' OF ASSIS'l'AN'r W. II. SIDELL TO C.A.PTATN 'l'.t\_LCOTT. 

SIR:-
The following is submitted as a report of the operations of the first brigade of engineers acting 

under my orders, and employed in the examinations and surveys deemed necessary in forming a pro­
j ect of improvement of the entrance of the Miss issippi river. 

The nature of the duties required are thus explained in a memorandum, of which a copy was 

furni shed me. I give the substance. 
The work beli eved to be necessary, previous to forming any plan for the improvement of the 

navigation of the mouth of the Mississippi river, is-
1 t. Exact . urveys of the branches from tho point of divergence to the mouth, with the shoals 

at the mouth, and of the gulf out to -- fa, thoms at least. The latitude of one of the mouths to 
be fixed, and, by a great triangulation, the actual lat itude and relative longitude of the other mouths 

to be ascertained. 
2d. The actual slopes of the surface of the river from the paint 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 f<Lr out into the g ulf, to be determined. 
4th. The quantity of earthy matter held in suspension by the water at different seasons of the 

year and at differen t places, to be ascertained. 
5th. The specific gravity of the fluid, within and without the bar, to be determined. 
6th. 0 bscrvations to be taken to ascertain the existence of a littoral current, if it exists, and its 

effects. 
7th. Ob crvations to be made to determine the changes that have occurred during the time 

employed in the survey, and to learn if these dcp nd 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 lapse of years . 
The operations of the first brigade bearing on each of these points will be stated in the same 

order a · they arc above set forth. 
'l'hc country in whi ch these operations were performed may be thus described:-
l'hc illi si ippi river, at its dcbouchc, di vi<lcs into several channels, called "passes." At the 

higbe t or main point of divergence there are three of these passes, to wit, the Northeast, South, 
antl outhwcst pa scs. They arc from 18 to 23 miles in length. l'hc N orthcast pass more 
nearly resemble a continuation of the river than the others, from its capacity and the fact that 
other pa. ses di,·crg 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 3} miles, another pass diverges to the left, called pass a l'Outre, from which again, 
ncar its head, still another pa s branches off to the left, called pass Cheval. This is known on 

aptain Dela fi eld 's map by the na.me of Flaherty's bayou. Pass it !'Outre and pass Chcntl throw 
oCf to the ri rrht and left many bayous before they reach the gulf. Following again the course of the 
r0 rthea t pa s, below pa il l'Outre, we come, at about 5 miles distance, to a pass or large bayou 

on the right, called bayou Balize, on th e banks of which, near its head, is the pilots' settlement, 
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called "the Balize." This was once the main ch:wncl. Two mil es below th is the Northeast pass 
divides into two bran ches, that on the left retaini ng the name of Northeast pass, while that on the 
right is called the Southeast pass. Besides the ma.in divergence of these th ree branches, there arc 
other channels between the Northeast and Southeast pas , the banks of the latter being by no means 
well defin ed. 

The banks of the lower part of the river, the passes, and bny ous appear to have been formed 
by the a.lluvion; for they arc no more than long trips of ln.nd, half overflowed and covered with 
r eeds. The firmest or drycst parts arc near the wa.ter 's edge. B etween the peninsulas thus formed 
by the passes, th ere will of co urse be large bays, and the same r emark appli es with respect to those 
form ed by th e bayous. 

The names given to these bays are as follows : th at between the outh pass a.ncl Northeast pass 
and ba.you Balize is known as Garden- island bay; betw een bnyou Balizc and the 'outhcast pass there 
is no well-defined bay, because so many bayous empty there that it is nearly all form ed into land; nor 
between the Southeast and lower point of the rorthca t passes, because they arc so near to each 
other, and there are so many communications between them. B etween the Northeas t pass and pa ss 
H. l 'Outre lies Blind bay. 'l'here is also a pond ncar the point of divergence which is cparated from 
Blind bay only by a g roup of grassy island s. I t appears to have once formed a. pnrt of Blind bay, 
and these islands, which arc still growing, appear to h:we accumulated g rar1unlly ti ll the separation. 
B etween pass a l'Outre and pass Cheval, the bay ha s no nam e. Outsid e of pu ss Ch eva l is the gulf of 
Mexico ; but the appearance of th e numerous islnnd s gives r eason to th e beli ef that there was at one 
time another pass or large bayou to the north of pa Chc,'al , whi ch, ceasin g to flow by becoming 
choked, or other cause, was finally washed away by the waves of th e g ulf, leavin g these islands as 
the only eviden ce of its form er existence. Tradi t ion uppor ts thi beli ef. This sweep of coast is 
called bay Ronde, said to have been so call ed from its shape wh en cnclo cd. Now that part of the 
del ta lying to the north and cas t of a line pa sing through the middle of Ganl cn-i ·land bay, which 
includes the land above described, was ass igned to thi s brigade, and to it the statements of this 
r eport are applied. It is call ed, for di stin ct ion, the fir t di vision. 

F or the survey the m th od of triangulati on wa s adopted. A ba se of about 2 miles was 
measured on a sand reef ncar th e mouth of th e outh pa ss. (Sec Sub-R eport B.) Th e greatest 
care was observed to obtain it with precision. From this a great triangulati n was ·prcad over the 
part of the delta above described. A smaller tri angulati on wa connec ted with it, :tnd from the two 
a st ill small er triangulation traced tho pa sses and prin cipal ba yous. 'rho fillin g up of the shores, etc. 
of the bays was effected by means of the plane-tabl e, whi ch work wa also made to depend on the 
well-established points of primary and secondary triangulation. 'l'hc form of the bottom of the 
points covered with water was obtained by . oun ling, and the mean used to obtain the pl ace to which 
each sounding belonged may be thus described: I n the bays where there was no current, wh ere tho 
bottom was uniform, and where moreover it was a matter of comparat ively small importance to 
obtn,in ve ry accurate knowledge, soundings were taken between e tabli ' hcd points, th e boa t rowing 
uniformly, and the clis tan ce divid ed into intervals nearly equal, being modifi ctl by the circumstances 
of the wind, etc. In one of th e bny::s , however-Bl ind bay-th e mctho!l wa s more accurate. 

In the pa sses, not ncar their mouth , th o pl ace of th e sounding. were obtainell by rowin g the boat 
from one known point on the bank to another on the opposite bank, an ob crvcr with an instrument 
being placed at a third point, who took observations to the boat at every von minute, at whi ch time 
also the soundings were taken. 'l'he inters ction of th e line of th e c ob rva t ions with the lin e of 
the course of the boat would g ive the places of the corre pending soumli ngs . 

Por the soundings of the bars, the outside soundin O', gcn rall y , and the part of the pa cs ncar the 
bars, a plan was pursu d whi ch deserves parti ular notice, because it is n w, and, for accuracy, con­
venience, and quicknc s of execution, surpn. sc any prcvi ou:>ly known method. 

It is due to Mr. H. A. N orris, an a s i:> tant cng in er of thi s br igade. It i thns : At two points 
on shore, fixed by the triangulation, observers arc placed wi th theodol it s. One of th em is suppli er] 
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with a chronometer, or other accurate time-keeper, and several signal-flags; he has also an attendant, 
to manage th em. The other observer bas also an attendant, whose duty it is to watch the signal-flags 
of the first observer and communicate them to his principal. rrhe object of this arrangement is to get 
simultaneous observations on the boat ttt given intervals of time, which is effected thus: A few seconds 
before the given time a signal-flag is hoisted, at which each observer directs the telescope of his 
in strument a t the boat, :md continues to follow its motion by mea.ns of the tangent-screw. At the 
given instant the signal-flag is j erked down, and the instruments left to be read in their last position. 
The engineer in the boat has also a chronometer, and his soundings are taken and entered in his 
book at the corresponding times. 

On r eturn 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 on the plat a.re 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. Norris himself 

presents an account of it in Memoir B. 
One of the advantages of this method is the great r ap idity and ease of its execution; but those 

which render it peculiarly ad1rantageous on tltis w01·k are-1st, the absolute correctness of its results; 
2d, the facility with which it traced the sinuosity of the shores anu bayous, and noted the accidents 
of the bottom ; and 3d, the ease with which the same localities may be resumed and sounded after a 
l ap e of tim e, merely by preserving the places of the observers on the shore. Every other method 
has a degree of looseness which would be inapplicable to a survey with the objects of the present; 
and this consideration may be sufficient to justify me in giving so much space to its exposition. 

H aving thus explained the manner of conducting the survey, I refer to the maps for the results. 
There are two principal maps, which embrace the whole of the work of this brigade, viz.: a map 
marked A, containing 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 :1 l'Outre, pass a l 'O utre itself, pass Cheval, parts of 
Garden-island bay and Blind bay, with bayous, etc.; and a map marked B, containing the remainder. 
B oth these arc on a cale of one ten-thousandth. Map 0, giving the Northeast bar, and so much of 
the pa s as is nece sary to show the whol e 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 a 
l'Outrc. ~laps "0," "D," and " E " arc on a scale of double the size of "A" and "B," or one 

fi vc-thousand th. 
'l'he la.titudc and longitude of a point having been accurately fixed, the triangulation of this 

brigade conn ected this point with other points of the survey, and proper marks were left at these 

points, which ma,y be referred to hereafter. 
R especting the second r equirement, "the actual slopes of the surface of the river from its 

divergence," etc., thi lope 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 l:tnd from the Northeast pas3 to bay Ronde. The 
time allotted to the urvey did not all ow of its being taken many times. 

The actual velocity of the current in the river passes, and bayous of the first division was taken 
n.t surface, mid-depth, and near bottom, with the following results for the passes:-

MF.AN VET.OC ITY OF 0UR11ENT. 

In stem of river . ...................... .. ...................................................... 3.i feet per second. 
In Xortheast pass above pass:\ \'Outre .... ............................... ............ .. 3.9 

·' between pass il. !'Outre and Balize bayou ..................... 3.0 
below Southeast pass ........................................ .. ..... 3.D 

In out beast pa s ........... ............. ...... ............. .. .. .......... ................. . .. 2.i " 
" pass il. !'Outre below pass heval.. ...... ........................... .. .. ............ 3.Q 
.. pa s Cheval. ......................................................................... ... ... 2. 15 

Bnlize bayou ...... ... .. .... · .. .. .... · .................................. · ...... ...... .. · ....... 3.07 
" 

" 
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Over the bar of th e Northeast pass, the velocity at the surface and at eight feet in depth was 
determined by observations from two instruments, continued for several hours, with these results:-

SU UI'A l! B FLOAT. l" OliT l'l~E T DBB I'. 

n~~ n~~ 

First observed ........ .. ...... ............ 3.0G. ~ mile oul. F irst observed ..................... .... . ~ .4 3 , in cha.nn el. 
i\.liudle observa ti on ................... . .. 2.\J-1, 1 " ~ li dtl l c observM ion ............ ......... l .Gl , f. mil e out. ·* 
Last observed .... .. .... ........ ........... ~ . 83, 2~ " " \ Last observed .. ........ .. ........ . ....... ~. 1 3, t " 

The above is the r esult of many observations, and the velocities stated arc the mean of the sur­
face, mid-depth, anu bottom velocities. 1'he mid-depth velocity, or mean, docs not conform to that 
obtained by the ordinary formula showing the relation between the surface and mean velocities. 

It will be obser ved that these velocities are good for the day only on which they were observed; 
to be extensively useful , they should be taken at short intervals throughou t the year, so as to take 
into account the fluctuations to which th e river is subject. 

To ascertain the quantity of ettrthy mu.tter, a number of exper im ents were performed, wbicb 
r esulted in showing 0.58 of a grain in 1000 grains of the river-water, or a little more than :Hinn · Of 
this, much was sand. 1'hi latter fact was shown by causing tho current of the river to pass 
through an apparatus for diminishing velocity. The heavier par t icles of the water fell to the bottorn 
of the apparatus, and were collec ted in abundance. 

Another experiment, in which 6000 grains of water were left to se ttle in a vessel an inch and a. 
half in diameter for an hour, showed that onc·eighth of all the torr ne matter in the 6000 grains of 
water fell in that time, and of this nearly the whol e was sand. I n fact, there is abundttnce of sand, 
of th e same character with that found above, in all parts of the pas cs and on the bars. 

These experiments should be carried on through the year, but of this our time did not admit. 
Having uetermined the velocities of the several streams, and the qua{ltity of earthy matter held in 
suspension, it added but li ttle to the labo r to a certa in the quantity of water, and, of consequence, 
of terrene matter discharged by the passes, as well as over the main bars. F or this, cross-sections 
of the streams were made at the places where velocities were determin ed. Both at the places of 
stn,rting and arrival of the floats, the mean of th ese was taken as the mean section of the stream to 
whi ch the corresponding velocity was du . 'l 'hc results fo r the large stream are as follows:-

M11in trunk of the river discharges..... ............. ........... .. .. ...... ............. .. .... .... . 00,51;5 cubic feet per seco nd . 

{

Above pass li. l'Outrc .. .... ..... .. ......... ..... .. ...... ...................... •IG7 ,571 

N 
,
1 

, n tween pass ,\ !'Outre and llalize b•tyou .... .. .. .. ........ ............ ~i5,:.GO or , leas, pass. 
J3clow South east pass .... .. ............... .... .......... .. .......... ........ . 18:2, 142 
Loss by bayous below thi s point..... ........ .......... ... ................ G,l17 

Pass a !'Outre. { Below pu ss hcval di scharges ........... ...... .............. ...... ....... . 1 9,~ 14 
Loss by bay ous, etc ............. .... .......................................... 18,687 

Southeast pass tlisch11rgcs . .. ...... .... .... .. .. ... .. .... .. ....... .... . . .. ... . . ... .. . ...... .. .... .. 78, Ql4 " 
llo.lize bayou ..... .. .. ...... ...... .............. . ...... ... .. ... . ...... ........ .... ... .. .... ...... .... .. .. 14, Gl 2 

Pass Chevnl ( um of bran ches) ......... .. .. .. ... ......... .. .. ......... ..... ...... .. .... .. .... ... .. G,ii -11 " 

The present and form er channels of th e Northeast bar are includ ed between two mud island. , a 
li ttle less than a mile apart; and through thi space about nine-tenths of the water finds its way to 
the gulf. Nine-tenths of the gauge below the outhca t pas , bayous deducted, is 15 ,423 cubic feet; 
this is the quantity of water that pas cs through the pace in a econd. 

'.rb e specific gravity of the ri ver-water was found, a we shall show hereafter, to be 1.00033. 
Now, th ere are 350,0 1.6 grains of this fluid in a cubic foot, and as in ea.cb thou and grain there 
is 0.58 of a grain of sedimen t, the whole quantity of artby matter pas ing m a day is equal to 
221,014 tons. 

* At. two-thirds of a mile out, th e littoral current (pro t mporc) tak s nnd changes its directi on nenrly at ri ght ang l e~. 
Th e second vel oc it y is lllken at the turn ing-poin t. 
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We have seen that 180,214 cubic feet per second is the quantity of water which is thrown into 
pass a l'Outre: 18,6 7 cubic fee t per second is lost before passing the bar; leaving 170,527 cubic 
feet per econd for the quantity disr.hargcd over the bar. But this passes through two channels, and 
also over a shoal. The approximate quantity discharged from each is here shown :-

Northern channel, Oi,SOO cubic fe et of wnLer per second g ives 13G,38() tons of eartl•y matter per diem. 
Southern channel, 52,812 " 73,G31 " " 
Over shoal, 10,015 " 27,775 " " " 

Total, li0,527 21l7, 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 a l'Outre correspond, as was before remarked, or will correspond, 

with the Southeast and lower part of the Northeast passes. 
These results apply to the time of tho 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 

experiments. 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 different at times, 
according to the then u,nd previous state of the weather. For instnnce, when the river is high and 
th e weather calm for several d:tys in succession, the river-water, spt·eading itself on the surfnce of 
the gulf-water, ex tend 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 beyond the point of divergence of the 

passes. 
The observations taken for a littoral current were such as to induce the belief that none exists, 

at least within the range of our experiments. An inspection of the courses of the passes may lead 
to the same conclusion, for their degree of divergence appears to be equal in all directions, which 
would not be the case 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 t ime in one 
direction, it banks up the water of tho gulf, bays, and streams that lie in that direction; this pro­
duces a return current when tho wind lulls. The southerly winds, I believe, prevail, though at the 
time we were there they were mostly from the north and east. 

The observation taken to a certain changes of the shore , etc., during the progress of the work, 
could not be very extensive, but, by inquiry and observation, much information was elicited respecting 
changes that had occw-red in times past and those now in progress. .r evertheless, changes of import­
ance, though not of great ex tent, occurred during the time of the work. The one most worthy of 
notice was this : The boat passed 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 
proj ected 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. 

'rhi phenomenon i no t uncommon, but, on the contrary, occurs frequently. A channel of 
entrance may be destroyed by this means, and, until another channel is formed, the bar will be 
impas ab le. The pilot and captains of tow-boats give innumerable instances of it. Ballast stones 
and anchor ', which have been thrown overboard or lost, have been brought to the surface. The 
lumps appear to be forced tlt1·o ngh the ordinary bottom by some power acting from below, but what 
may be the cause which produces efftlcts so wonderful, future researches must determine. 

B 
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As a knowledge of this subject has an important bearing on some of the projects of improve­
ment, a surmi se will be offered, after a fuller statement of facts. 'l'hesc lumps have a peculiar 
appcar:111cc. In entering the mouth of tl1c ri\' er they mny be taken for rock., from thei r height, the 
::;tccpncss of their sides, their compa.ctness, and the appcarn.ncc of s tratification produced by the 
cracks. In some cases they ri se 8 or 10 fe et nearly perpendicularly, and at one place there is a 
mound in the form of a truncated cone, ascertained to be at least 18 feet high. It is nen.rly ina,c­
ce sible, through the marsh or flat that surround it. By looking at the map of the North east bm· 
it will be found on the nor th bank near the cape. The ma.tcrial of the lumps is :1 clay, so fine­
g rained as to take the impress ion of a seal and receive a polish from the hand. When tricu by a 
blow-pipe it firs t decrepitates, throwing ofT scales with con iJcrabl e violence. By continuing the 
heat it bakes lik e other clay, and finally vitr ifies, probably by the agency of the salt, of which it 
contains a sufficient quantity to give it a s trong saline taste. On many of these lumps arc found 
springs of salt-water. The water issues through a well-defined cr ater, as firm on the sides as a 
chimney, generally about 6 inches in diameter, nnd, 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. 'l'his mud 
appears to be the same material as that of which the lumps are composed. The surface of the lumps 
is o hard as to be penetrated with difficulty with a padc, and the mud brought up by the springs 
l•akes in the sun to tl10 S<tmc consi. toney. Th ere is an ebull ition of the water of the prings fl,t 
considerable in tervals, and inflammable ga · escapes, probably light carburetted hydrogen. An 
attempt was made to sound these springs, but there was so much soft mud tha.t the lead coulrl not 
be made to go fnr without difficulty in withdrawing it. The greatest depth to which the lead was 
sunk was a bout 4 fathom s. Universal testimony goEs to show that no means have been employed 
suffic ient to reach a definite bottom. It is bclieYecl 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 Mghe1· than the sur­
rounding water of the river, though that is fresh, and the water of the prings has a greater density 
than the gulf-water. This latter fact, however, may be attributed to the circumstnncc, that the 
spr ing-water on which the experiments were tried had been standing in pools for omc time, and 
subject to concentrat ion by evaporation. 1'hcrc wa found among t the mud of one of the . prings a 
few grains of sand, white, and much hrgcr than the sand of the river. These lumps vary in size, 
from mere protuberances, looking like logs ticking out of the water, to islands of several acres in 
extent. Pass island, at the mouth of the Balizc bayou, i one of a clu tor of th ree large islanu., 
which, from their gencml appearance and the existence of sa lt , prin gs in them, arc known to have 
been upraised. This island bas be n for many years inhaLited, and cultivated with ucces ; in fact, 
when vegetation commences on the lumps, it assume at once a more luxuriant character than the 
growth of the ordinary lund of the delta, which is no more than marsh, prouucing rccJ and coarse 
grass, with a few trees far up the pa so . 

Another curious circum tance r ela tive to the c lumps and salt prings is, that they arc only 
formed in the imm ediate vicinity of the bars or next to the gulf. The only instance noted in which 
a spring came up through the marsh, wa s at fl pla c ncar the bayou rum ing past the northca t light­
house; and at the month of this same bayou i a lump about 10 or 12 feet high, around which the 
mar::;h is formin g. With thi exception, and that of thos lying ncar the mouth of the Balizc bayon 
(which, by-the-by, was once the main pass), the lumps and alt spri ngs arc all found ncn.r the mouths 
of the p rincipal passes. It is also cur iou that none of these formations cxi t at th mouth of the 
South pa s; nor doc::; that pa s appear to be making out to any ex tent, at least so it is stated; but 
the South pass is within the limits of the second division. . 

1'hc lumps arc sometimes swept away by the attrition of the water, and sometimes become tho 
nucl us of shords, which may in time define the bn.nks of the pass in whi ch they arc formc!L 
Rain · have also their ffcct in r clueing them to their g n ral level. IIunicn.n s have been known 
to sweep away pn.tticul :tr lumps at once, and the bb :1nd flow of the tid f salt-water , when 
the river is low, wears them away more rapid ly than the ordinary flow of the river. To this latter 
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ci rcumstance 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 th e place of the clear salt-water is 
supplied by water holding much matter in suspension and ready to be deposited on com ing in contact 
with the water of the gulf. 

It is perhaps proper to mention in this phtce some experiments that were made to determine if 
the deposit of sedim ent were owing solely to the check of velocity of the current on meeting the 
outside waters. The conclusion was that the effect was not owing solely to this cause. Proper 
ve sels had been provided for the experiments, and in these as many fit substances as were at hand 
were dis olved 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 solut ions 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 cau e to attribute the effect, unl ess it be action of these substances on the vegetable 
matter contained in the water, which n,ids in the suspension of th e 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 kn ow if soluble compounds were formed by the sea-water and sedi­
ment, 65} 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 wu.s 
attributed to the want of delicacy in the performance of the cxp eriment; and the opinion is that no 
soluble compounds, material in qu::tntity, a,r c formed. 

H owever, from these exper iments we may conclude that the earthy matter is deposited more 
suddenly than would be the case if it depended on the check of velocity alone; that the bars will be 
formed just at the debo uches, or where the salt-water is first met; and that tl1e greater the quantity 
of water brought down, the sooner; on account of the sudden precipitation, will the bars be form ed 
at the debouches. 

R ecurring to the mud lumps and their mode of formation, we have seen thn.t they form at the 
bars only, or where the procc s of formation of land by deposit is still in prog ress ; that they ri se 
with considerable rapidity, and acquiring their maximum elevation in a short time, so remain until 
destroyed by foreign causes, resembling the effect that would be produced by a strong force acting for 
a limi ted time. That this force ca.nnot be the pressure of the surrounding wn.ter of the river, or even 
the waters of the gulf brought through chasms from a distance, is ev ident; for they rise far above 
the surface of the urrountling water, and being themselves more dense, bring with them, besides, brine 
of greater pecific gra\·ity than the waters of either the river or gulf, or at least as great as the 
latter. We , cc, moreover, that they must come from above the original bottom of the gulf, for that 
we know the nature of. antl the nature of these is not the same ; that they come from great depths, 
for the salt prings on them arc of great depth, and the shell s found in them give oth r ev idence of 
it; th<tt gases arc formed below them, for we see it escaping in quant ity ; that this gas is such as is 
form ed from the decomposition of vegetable matter in imilar situations, viz ., light carburetted 
hydrogen ; am] lastly that the composition of the lumps is of the firmest material. 

From these data we proceed . In tho outward flow of the river, the fin est material is carri ed 
farthc t, a.nd i tho first stratum on the bottom of the gulf; coarser strata are deposited over these 
in the inver e order of their specific gravity . The. e finer particles probably consisted of vegetable 
matter, or were much mingled with it; this tho experiments went to show. 'l'he decomposition of 
this vegetable matter generates a gas, exerting a great clastic pressure on the plastic and compressed 
matter next n.bovc, cau ing it to rise, as we perceive in the lumps, bringing with it brine from the 
d pths where the sea-water may be supposed to exist. 'l'hc operation is aided by the pressure of the 
hcaYier material depo itctl above. 

It i not our bject, in this sugge tion, to say that the lumps would sink again into the abyss, 
for the pace at fir · t occupied by the gas i:; not left an ab olu te vacuity, but the cha m is refilled by 
water and oft mud, in which case the force requireJ to retain them in their pos ition is only tho 
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difference of specific gravit ies ; and the material of the lumps may tak e a po ition of equilibrium even 
with the chasm, for it approx imates to the form of the arch. 'l'here is no proof that some of them 
do not subside. They disappear, and it may be in some cases that this di nppearance is caused by 
a subsidence. It is probable that for centuries back these lumps have been generated at the then 
existing mouth of the ri ver, and yet we now see none of them except at the present bl1rs. I s 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 the ordinary 
causes? 

If this theory be correct, it offers another objection to the method of improvements by increasing 
the velocity by means of levees, for the lumps would form with great rapidity just opposite the end 
of the works. 

From all this it would appear (i f no other objections ex ist) that, to prevent the passage of part of 
the river-water over the bar and admit the gulf-water to supply its place, would be lik ely to be more 
effectual than the works intended to produce the contrary effect. A work to produce effect might be 
constructed in the form of a " redan," with its gorge toward the sea, and open at its sali ent angle, 
which will be located at the commencement of deep water within the bar. The effect may be aided 
by leading off some of the water by artifi cial bayous. 

H ere it may be stated, that the bayous, even the smalles t, when they lead off from the pn.sscs 
and empty in places where they meet the action of tho al t-watcr, are miniature passes, and present 
all the phenomena of the larger streams, excepting the mud lumps and salt springs. 'I'hese last do 
not appear, for obvious reasons. The bayous must, therefore, be made the subject of experiments, 
and the r esults, if the bayous be 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 admi t this course of experiments. 

I will now leave the subject, and proceed to state the other chnngcs that came under my notice. 
They are very few, and connect the information derived from other with personal information. 

Where the north oa t lighthouse now stands is said to be a quarter of a mile farther fr om the 
bar than it was four or five years since. Tho marsh surrounding the building is less frequently sub­
merged than formerly. Boats could, at times, come close up to the little elevation on which the 
lighthouse stand . A wharf or landing for bon.ts still extends from that olcv11tion to the marsh ; of 
course it is useless. 

Ther e is a pond between the Northeast pass and pa a !'Outre. This has the a.ppoarance of 
having been part of Blind bay, but is now eparatcd from it by many grassy islands, which ar e 
increasing in firmness, and perha.ps in number, so as to render it probable th<Lt the pond, in course 
of t ime, will be en tirely filled. 

The Balize bayou was formerly the passage for hips, and its bar was at the place where it 
diverged from the Northeast pass. At this point the place wa defined. Now the bar is at the 
mouth of the bayou. I t has but 3 feet water on it, and 15 may be carried over the place of uivor­
gcnce from the Northeast pass. It was mentioned before that there arc three largo mud i lan<ls at 
tho mouth, besides cveral sm<tll or. I am not aware of the ti111c of the ri c of th so islands, but, if 
subsequently to the time when the bayou wa.s practicable, it would go to how that the bar, at the 
place of divergence from the N orthcast pas , was reduced on account of a smttllcr volume of water 
being drawn over it than formerly; but, wha-tever may be the tim of their r ise, one concltJsion n 11y 
be drawn from the fact of their existence and the hoalncs of the bar in their vicin ity, which is, that 
it is not a na.rrow and straight channel only, which is a p<macca for all tho disord rs of the ri ver, for 
the Balize bayou is narrow and straight, and formerly di ·charg d 11 large quantity of water; never­
theless (or more probably in consequence of it) we ·ec thr c high mud islands, besides sov raJ 
smaller, and a bar immediately at its mouth, so hoal as to be practicable for boat only. 

On the north shore of Garden-island bay, not far from the south bank of the Balizo ba.you, is 

\ 
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to be seen the ruins of a building, probably an old magttz ine. It is called by the pilots the old 
Spanish l agazine (no doubt correctly). It was about 20 feet square, with an arched roof, and 
bri ck walls about 4 feet thick, supported by buttresses. The r oof has been intentionally broken 
through. In other r espects the building is in good order. It is now· almost inaccessible, it being 
difficult to get even a flat-bottomed skiff ne:1r it, and there is no bayou within a reasonable di stance. 
I t 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 be obtained. Its situation was accurately determin ed by connecting it 
with the triangulation, and its latitude found to correspond with that given in Bowditch 's Navigator 
as the latitude of the Balize. 

Bay R onde, as is called the sweep of coast exterior to the delta on the north and east, appears 
as if once enclosed like the ba.Ys between the passes. It is said by the old r esidents 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 north­
ern shore of bay R onde. When, from becoming choked or other causes, the stream dwindled awa.y, 
the urge from the gulf, in t ime of sto rms, swept away the evidences of its ex istence, except the few 
islands that remain. This, however, is only conj ecture; proper information might be obtained by 

consul ting the old maps. 
By inspecting the map of pass a l'Outre, it will be per ceived that ther e is a wide shoal or middle 

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 t\YO 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 bas occurred within tho memory of man is the complete formation of 

an island in the Northca t pass, just below pass a l'Outro. It is about three-quftrters of a mile 
lon()' and is still increasing. It has t rees along its shore, bu t its interior is marshy. This alluvial 

"'' i land differ in every respect fr om the islands of irrup tion on the bar. It should have been men-
tioned that the e latter i lands had their relative heights determin ed by levelling, and stak es left on 

them for purpo cs of future reference. 
This complete the account of tho duties performed by the first brigade, and the conclusion to 

which these duties led. There was delay in obtaining proper facilities, so that active operations were 
carri d on only about four month , and the brigade was not fully efficient for a longer t ime than two 

months and a half. 'l'hc distance from a market, and the diffi culties of communication from point to 
point, togeth r with the ubmerged condition of the lanu, rendered it altogether one of the most diffi­
cult countrie in which to operate that could be imagined; nevertheless, a survey extending over 
more than _00 square mile was made wi th accuracy and minutencs ; between 20,000 and 30,000 
soundings were taken, roo t of which were £xed with trigonom ct ri cal precision, which it is believed is 
not th case in any oth r work. This could be effected only by great assiduity on the part of the 
gent] men attached to the brigade, and this credit is due to them . 

'I' he names of the. o gentlemen, and the duti es assigned to them, are as foll ows:­

II. A. ORRI , II. ELDE~, and R. N . I sAACS constituted the sounding party. 
J. \Y. ELA s executed plano-table work, gauged bayous, and attended to other duties. 
A. IIoTCllKI s, part of the primar,Y and secondary triangulation, survey of pass i1 l'Outre, and other 

dutie . • 
J. R ROP. BY and F. CHROEDER, survr.y soundings of the r orth cast pass :tnd part of the stem of 

tho river; a 1 o of pa Chontl, and gauging the passes . 
. KING, JR ., who was attach c1 to the astronomical br igade shortly after tho beginning of opera-

tions . 
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The office duti es which have occupied th e brigade, lmve been:-
1st. Calculations of prim::try, secondary, anll terti<try tr iangulation. 
2cl. Protraction of the shores by the resul ts, ::tnd extending the oundings of passes and bays . 
3d. Protraction of soundings of three bat·s on a double scale. 
4th. Calculations and plotting relating to the regimen of the r iver, and digesting the chemical 

and other observations. 
5th. Ca lculations of terrestrial grn.duation; their obj ec t was to project the work on a cone 

Llrawn secant to the ear th and concentric with the tangent cone at the middl e of the country 
surveyed; the secant cone so drawn that the part of the clement between tbe extreme nor thern and 
southern limits of th e work should be equal 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 lOth August, and completed on the 31st 
December, 1838, excepting the labors of draughtsmen, who were then employed to finish the maps . 

The bt·igade wa. dischat·ged at th e latter date . 
'l'he pil ots at the Balize were always ready to render all the assistance and information in their 

power . 
Mucl:l' is due to Captain Taylor, United States R evenue Officer at the Balize, whose liberal 

assistance on many occasions, and info1·mation der ived from knowledge of the locality and general 
intelligence, contributed in a considcr:.tble degree to the advancement of the work. 

I am, S ir, with great r espect, your obedient servant, 

WM. II. SIDELL, 
Principal Asst. Engineer First Brig. Engrs., Miss. Survey. 

Office Impt. Miss. river, BROO KLYN , 25th Jttnuary, 1 39. 

No. 3.-REPORT OF AS. IS'fAN'r G. G. MEADE TO APTAT TALCOT'f'. 
Sm:-

I have the honor to submit for your consideration, and thnt of ihe . pccial board of engineers, 
the enclosed maps, projected from the surveys made at the sug('l'estion of that board, an l by order 
of the Engineer Departm ent, dated Nov. 25th, 1 37, with 1t view to a c rtain the pmcticability of 
improving the navigat ion of the entrance of tho l\Iis i ippi river, and the following report of the 
morle of operations and th ir resul ts, as pursued in the execution of the survey of that part of the 
Miss issippi deltn proj ected upon these map , and the charge of which was assigned to me by you r 
letter, dated Dec. th, 1837. 

Sheet No . B 1 represents the proj ec tion of the . urvey of the Southwest pass, South pa . , 
Grand bnyou, intermediate bay, and adjacent coast , upon th scale of Tn/10 n, and is the map of 
assemblage of the wh ole work executed by th econd brigade of engineers. 

Sheets No. B 2 and B 3 are the proj ection. of the outhwest and outh bars r pectiv ly, on 
the scale of r; o1on · 

Sheet o. B 4, the cro s-sections made to determine the qunntity of discharge of the different 
outlets ; and sheets B 5, B 6, and B 7, the projection of th~ curve of the currents at th e hends of 
the passes and over the bars. 

Jlfocle of opemtions .-In the mode of operations, r efer nee was had , n.s far as time and circum­
stances would permit, to the sugge iions cont<t in d in th memoir of olonel J. G. T ot ten, pres ident 
of the special board, encl osed to me in your letter of Dec. 8th, 1 37. 
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Th e work was commenced by the measurement of a base line on "Steer's r eef" (see sheet 
N o. 1), 10,650.6 feet in length-this being the most practicable ground fot· measurement on the 
delta . Nine points were then established, extending over the whole ground, and determined from the 
base, constituting the primary triangulation. These points are noted on the maps by a double 
triangl e, the lines connecting them being in rell ink. Their latitude anll difference in longitude 
from the astronomical station, Northeast Balize, have been deduced from the obser vations of the astro­
nomical brigade, and a table containing them placed on sheet B 1, marked "Table No. 1." Intermediate 
points, constituting the secondary triangulation, were established on all the prin ci pa.l points of the 
pa ses :tnd bars, and determined from 'the primary triangulation. The passes were then filled up 
by a minor triangulation, having the points on their shores, and the coasts of the bays were traced 
out by the pl ane-table. The lines of the minor triangulation in the passes and of the stations in the 
bays were then sounded out. The bars were sound ed out with great accuracy, having the position 
of the boat determined :tt each sounding. Finally, observations were made on the tides, quantity of 
discharge, specific gravity of water, relative height of the passes and bays, and the level of the salt­

spring formati ons. 
Southwest pass.-This pass is 15.2 miles long, being 2800 feet broad at its head, from where 

it dimini she to 1200 feet1 the width at station "Willow" (sheet B), thence gradually inereasing to 
943G feet-the wirl th of the extreme points of land on the bar. 

I t has :t bar at its head, over wl1 ieh 48 feet can be carried. 'fhe average depth of the pass is 
70 feet, the greatest being 102 feet. The bottom is soft mud, with spots of sand. 

Th e velocity of the pass about a mile below its head (the point at which the observation s were 
mad e) is 4. 76 feet per second; the quantity of water discharged at this point, 342,692.5 cubic 
feet per second. There are 15 bayous, exclusive of the 9-fcet channel, through which the di scharge 
is 12,510 cubic fee t per second-the 9-feet channel di scharging 26,734.5 cubic feet per second. 

South z1ass is 11. 28 miles in len gth, and 4.94 miles to the head of Grand bayou. It is 2400 
feet in breadth at its he,td, but soon narrows to 700 feet, which is the mean width until it r eaches the 
bar, where it increases to 3200 feet. Nineteen feet water can be car ri ed over its head. The greatest 
depth in the pas is 53 feet; which, with 24 feet, are the limits of the water in the channel between 
the bars. The bottom is generally sand, interspersed with spots of soft mud. Sixteen feet can be 
carried into Grand bayou, and. 7 feet over the shoal at its mouth. It is about 6 miles in length, and 

is neither o broad nor so deep as the South pass . 
At the head of the South pass tho velocity is 3.319 feet per second, and the discharge 

80,761.30 cubic feet per econd . 
There arc three bayous, exclusive of Grand bayou, flowing from the South pass, of which the 

whole llischargc is 77-!:5 cubic fe et per seconu-Grand ba,you having a velocity of 3.3-:1:2 feet per 

second, and. discharging 1.3,31-:1:.07 cubic feet per scconu. 
In the outh pas there arc fewer bayous, the banks are firmer and higher, and the trees of 

older growth than in the outhwcst pass-indicating its prior formation . 
B ayous, bays, etc .-The bayous flowing from the outhwest ancl South passes have generally 

from G to 8 feet water in them with bars at their beads and mouths. Most of them arc choked up , 
at thei r heads with rafts of drift-logs, and arc sensibly filling up. 

'l 'herc arc traces in both the passes of forme r bayous, which have been completely filled up at 
their heads, and in the mouth of which the wa.ter of the bay ri ses and falls with the tide. By an 
cxa.min<.Ltion of the sheet .r o. B 4, it wi ll be seen, f rom the cross-sections of the passes and bayous, 
that the banks arc precipitous-in some in tances almo t perpendicular. Immediately on the river 
they :uc firm, ancl a few inches above the ordinary high-water mark, but have a fall of 2 feet to the 
bay, and become soft and miry in proportion as you recede from the river. The growth on them is 

·n lt-mar h in the bay~, with high reeds and canes on tho shores of the passes. 
The bay to the west of the Southwest pass is very shoal, the 1-fathom curve being 4 miles 

fron the horc at tho mouth of Steer's bayou (sheet No. B 1). In East bay this curve runs up 
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about 7 miles. The other curves, for want of time, were not run out the whole distance from South­
west bar to South bar, but they keep very nearly a parall el di1·ection to the 1-fathom. 

The bottom of the bays is soft mud at th eir heads, having a greater proportion of sand mixed 
with it in the deeper water. 

Southwest bm·.-For the examination of the details of this bar, the map upon the scale of 
oll~ is submitted. The soundings arc r educed to the plane of mean low water, marked "plane of 
reference " on the tide settle. 

The dimensions of the bar are 7500 feet from 18 feet within to 18 feet without, along the 
channel; 3500 feet from 15 feet within to 15 fee t without; 5000 feet greatest distance between 
points of 2-fathom curves; 9436 feet, distance between extreme points of Janel. 

The channel, having an average width of 1200 feet, is straight in a southwest and northeast 
line, 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 composc(l of mud and sand, the matter held in suspension by the river-water, and 
deposited on the diminution of its velocity cau ed by the re i tance of th e sea. Within and without 
the sho:1l the bottom is soft mu ], of a bluish and yellow tint, having a large proportion of alumine. 
Immediately on the shoa.l the bottom is harder, and has a greater proportion of s:1nd. 1'hc form ation 
of this shoal is r egular, having on it 9, 10, and 11 feet. The g reatest irregularities arc three lumps, 
delineated upon the map, which are uncovered about 2 feet at low water, h11ving diameters of 4 feet. 
These lump are the result of a cause, the facts r elating to which are more fully detailed her eafter. 

The water is constantly undergoing chrtnges, both in the level of the , mface and in the bottom; 
the former from the winds affecting 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 dischttrges itself. The channel al o changes its position, dependent 
on the winds g iving direction to the main current washing it out. 

The water, previous to reaching the bar, di scharge it elf over two shon.ls, one on each side of 
the 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 i from 1 to 2 fee t water. Eleven feet can 
be carried into the 9-fect 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. 

Salt sp1·ings.-Thc islands on the shoals and the lumps on the bar are formed by upheaving of 
the mutl of the bottom, and arc of various heights above the surface of the water-from 10 to 3 
feet. On the surface of most of them arc found prinas of alt-water , holding in suspcn ion a 
large quantity of mud. 'rhesc springs arc a few inchc in diameter, having their sicles bar l, and are 
of various depths, one being 1 feet, situated on the lump "Final" (sheet No. B 2). 1'hc whole of 
the surface of th e lumps is broken into fi ssures. 1'hcsc, together with the strata formed by the 
deposit of the mud from the springs, have every inclin ation to th e horizon, and pre nt the appcn.r­
::tnce of the exertion of a strong force in a vertical direction from below. Around som of the 
springs the ground was di scolored from the pre once of some ch mica] compound, being of a lead, a 
pink, and a reddislt-b1·own hue. Inflammable gas was constantly evolved from the mo ·t active. 1'hc 
soil of which the lumps arc composed is prin cipally clay, though some have tho ch ief proportion of 
and. Specimens of the nature of the soil of the principttl ones arc submitted for the consideration 

of the special board. When first taken from the ground they were quite alt to the taste, as arc the 
weeds whi ch grow on the islamls. 'l'hc surfac of many i covered with white pure salt, vapomted 
from the deposit of the springs. The water from the pring , when filter d, wa clear, very salt, and 
weighed 10:25.5 grain s, the arne phial filled with rain-w::ttcr weighing 88G.5. 

Of the cau e of the formation of these islands I am unable to give any opinion. It would 
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appear to be chemical r~ther 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. 'fheir 
broken and distorted appearance, 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 hn.ve ceased. 'fhe springs 
are dried up and the surface become comparatively smooth. Such is the case with the one 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 n.ppear to be more active than the farther r emoved. 

Care has been taken to determine the exact position of these islands. 'l'bey were made points 
of secondary triangulation, chained and compassed, and their height above the plane of mean low 
water obtained. The profiles of the principal ones ar e contained in sheet B 2. 

South bar.-'fhe dim ensions of this bar, shown on B 3, are-
6500 feet from 18 feet within to 18 fee t without, along the channel. 

5000 " 15 " 15 " " 
3000 " 12 " 12 " " 
2000 " 9 ,, 9 " " 

There are two channels, the middle ground between having on it at the t ime of th e survey 2 and 
3 feet water . Eight feet water can be carried over th e west and principal channel-6 feet in the cn.st. 
'l 'he we t channel, ly ing n.bout north and south, has an avem gc width of 1500 feet. The bottom ·of 
the bar is principally fine gray sand, mix ed 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 sn.nd (as it is of the 
passe and. of the adjacent shoals), there being two r eefs of sand ex tending from each extremity of 
the South pas , in a north and west direction. Th ese spits of sand, together with the bar, are con­
stantly washing away and reforming from the effects 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 mi le since Captain D elafield' s survey 

in 1820. 
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 repre en ted by the soundings, had by the middle of June so much increased that it was 
visible at high, and had a large por tion of it uncovered at low water; it wn.s composed of sand, very 

/ 

firm and hard, as if cemented by the ·mall portion of clay that was in it . The precipitous nature 
of the bar r rnd.er the sea very heavy and the navigation dangerous. There is also a shoal bearing 
southcnst from outh ligbthou e, which was not determined for want of time. 

1'ides.-Ob crvations were made upon the ri se and fall of the wate r during the day at th e head 
of Grand bayou in outh pass, from 1. t to 31st of March; a1. o during the peri od of sounding out 
the outh bar. b nations were then made upon th e tides, and from the 1st to the 31st May, 
the highe t and lowe t water, as "·ell as the ri se and fall for every half hour during the day, was 

noted at the outhwe t bar. 
Th projection 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 shee t B -1:. F rom an ex<tmination of these it will be perceived 
that the influence of the tide is very slight in affecting the water on the bar, the mean difference 
between the hi gh and low water on the outhwest bar (see table N o.1) being only 1.22 feet. 'fhere 
is u urd ly one tide a day, or during the twenty-four hours, governed by the wind as to its heigh t, 
and depend nt on the position of the moon as to the t ime of high and low water; the water being 
lower during a north, and higher during a south wind, than under ordinary circumstances. During 
the summer months, when the quantity of river-water disch:Lrged is very much diminished, the 
influence of the tide is greater, and there is then an under-current of salt-water up the pass, which 
has been known to flow up a high as Fort J aekson; but, during the period of our obser vations there, 

was no influx of the sea, but merely a diminution of the v locity and a backing of the waters of the 

n ve r. 
(' 
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The effect on the tides by fr eshets is shown by the curves of high and low water (lu ring the days 
of the 17th and 18th and 19th May (sheet B 2), when much drift-wood, indicat ive of a rise, was 
observed to fl oat down the stream. The curves app roach each other, the high water preserving its 
level, but t he low water is much higher than usual, resulting from the in creased body of water 
diminishing the effect of the sea and swelling the rive r. 

Th e rise and fall is nearly the same in the pa s as at the bar. The difference can be seen by a 
comparison of the scale on sheet B 4, with tho e on sheet B 1. 

Specific g1·avity of the wate1·.-The ditl'crence between the specific gravity of the water of the 
river and of r ain-water was so slight as to be almo t imperceptible with a delicate pair of F r ench 
scales, although the experiments were made in all parts of the delta, as will be seen by the annexed 
tabl e (table No. 2). 

The weight of a phial fill ed with rain-water being 1210.25, the mean of the experim ents on 
th e waters of the surface was 1219.7 5 grai ns; of those below the stn·face, 12:20.26; g iving, in the 
one case, 0.5 of a grain , and in t he other , 1. 01 in 9DG.5 gra.ins-the phial weighing 222.7 5 g rains. 

The weight of the water on the bar constantly changes-dependent on th e discharge of the 
river and the force and direction of the winds. During a calm day and large discharge, river-water 
can be obtained for many miles outside th e bar on the surface, and to a depth below equal to the 
mean depth of tl10 ba1·; but if the di scharge was not great, the tide high, or the wind strong from 
one direction, blowing tho current toward the other, salt-wa.tcr, or wa.ter mixed with salt, and 
weighing the same, could be obtain ed on the outsicl.e portions of the bar. During the months of 
April and May, fresh water, and only fresh, was taken from within the ba.r, a.nd on the line j oining 
the ex trem e points of land . 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.-IIaving weighed the water in the phial, it was filt ered th rough a piece of 
filtering-paper, t iJC weight of which was determined before anJ afttr the filtration, the difference of 
measurement g iving the amount of deposit. 

In the water of the sur face, there is O.G32 of a grain, and below the su rface, 0.955 of a grain in 
!J96.25 grains (table 2). 

rrh e all uvion brought down by the river is composecl of fine sand mixed with cloy; it is greater 
in volume than in weight. 

Experiments were made on th o nature and quantity of the sand, by sinking a closed box, 
pi erced on opposite sid es with holes of un eq ual diam eter, the larger orifices being placed up trcam. 
The water, in passing through, had its velocity diminished, and deposited the coarser particles held in 
suspcn ion . In t his manner the sand of the bottom and surface cuncnts was ob tained in different 
parts of the del ta, sp cimens of which are submittetl for the con idcration of the special board . The 
sand of the bottom is a little coarser than that from th stu·face. 

In allowing the water to settle, it was found that in twenty-four hours it became quite clear. 
This t im e was very much dim in ished when a mixture of alt and fr esh water was subj ected to the 
influence of re ·t. 

Force and direction of currents.-In the passes, the current generally coincided with the ax is 
of th e pass. 

In the outhwcst pass, at it. head, the velocity is 4 . feet per second, and at the bar about 3 
l cet per second (see sheets B 5 an<l B 6). Th o bottom v locity is nearly tho sam as the snrfa.co ; 
and if there is any wind opposed to the curr nt, the difference will be inapprcciabl . At the South­
west bar many observations were made to d 'termin the exi tence of a. littoral cu rrent. A pice of 
drift-wood on the stu·face and a box with a p cifi c grav ity sufficient to ink it to the requi red tl c1 th 
were allowed to float over the bar, and a. boat wa l ft along.' ide of th m, t whi ch angles were taken 
at r egul ar intervals. During or succeeding a ca lm, th current of tho axis of the pn ss continues in 
its direction ti ll its force is ex pended by th r sista.nce of the ca . Tho cun e11 t of the cas t or wc~; t 
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side has an inclination to the cast or wes t, r esulting 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 impul se given to it by its direction. If from the east, the set of 
the current 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 perceptible with 
regard to the set of the current to the east. The bottom velocity is slightly less than that of the 
surfa,ce, a,nd is affected in the same way, though not in so great a degree, and is much sooner neutral­
ized by the res istance of the sea. 

The prevailing winds being from the eas t, and the axis of the pass southwest, the general set 
of the current is to the west ; hence m<ty have arisen the idea of a ''westerly litto1·al current." 
Care was taken to make the observations under all circumstances of wind and tide, and no traces of 
the existence of such a current is shown within 7 miles of the land-the extreme point to which the 
observations were carried. 

There are no regular currents in the bays, but such as depend on the wind and tides. 
S lopes of tlte surface.-It was impossible, from the great breadth of the river, and nature of 

the growth on its banks, to level the surface of the water from the head to the mouth of the pass ; 
but, in order to arrive at some idea of the slope of th e surface, the Southwest pass was levelled with 
East and West bays, at i ts head and mouth; and, presuming the water in the bay to maintain its 
level, the inc1ination may be deduced. 

Table No. 4 contains these observations: the mean height of the pass above E:1st bay, 2.2325 
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. 'rhe inclination is, however, v:1ried by the winds, tides, and 
freshets-the Southwest pass, during a freshet in June, having overflowed its banks at its head by a 

f oot at high water. 
I also enclose you the journal of the observations of the survey, kept in obedience to the direc­

tions contained in your letter of Dec. 8th, 1837, and remain, sir, 
With much respect, your ob't servant, 

GEO. G. MEADE, 
Civil Engineer, in charge Second Brigade. 

NEw Y oRK, Jan. 22,1 39. 
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T.A.BLE No. I. 

Containing the amottnt of 1·ise and .fall qf the wate1· at Southwest ba1· dm·ing tlte month qf 
May, 1838, as shown by tlze tide scale on sheet B 2. 

1838. 
l\Jay 11 .......... . ... ......... . 

" 12 .............. ......... . 
" J 3 ...... .. .. .... ......... . 
" 14 .. ...... ......... . . .... . 
" 15 ...................... .. 
" 16 .. ...... ........ ...... . 
" 17 .................. ... . . 
" 18 ............ .. ........ .. 
" 19 .... ... .... . ..... .. ..... ! 
,, 20 .. ......... . ......... . . 
" 21 .... ................... . 
" 22 ......... .. ............ . 
" 23 ...................... .. 
" 24 .. .. ........... ........ . 
, , 25 ..... .... .. ............ . 
" 26 .............. ........ .. 
" 27 ....................... . 
" :28 ...................... .. 
" 29 .......... .... .. ...... .. 
" 30 ...................... .. 

Amount tho litlC 
rOtiC. 

Feet and tenths. 
1. 57 
Ui9 
1.52 
1.44 
] .·17 
1. 31 
0.08 
O .i)~ 

0.23 

0. 58 
1.5 l 
0.\15 
1.4 fl 
1.62 
1.5:2 
1.53 
] .45 
1.08 
1.07 
0. 84 

Am ou nt the tido I 
fell. 

1----·---

Feet and tenths. 
1.57 
]. :):~ 

1. 52 
1.48 
1.41 

1.07 
0.70 
0.:!7 
0.36 
1. 30 
0.95 
) .3:.! 
) . 72 
1. 51 
1. "5 
1.50 
) .:27 
1.00 
O.U4 
O.i 

Timf'of high 
WUlCI'. 

h. . 111 . 

'J 00 A.~!. 
8 00 " 
8 00 " 

10 00 " 
M. 
)(. 

1 00 1'.~1. 
] 00 ' · 
8 00 A.M. 

6 12 ,\..)!. 

7 00 " 
7 00 " 
8 00 " 
8 00 " 
'J 00 " 
\) 00 " 

11 00 " 
11 00 " 
11 00 " 
)[. 

·-----·-------

Time of low 
water. 

h. rn. 
(\ 05 p ) 1. 

7 50 " 
() 20 " 

10 03 " 
11 40 " 

0 :35 ,\.M. 

0 20 " 
] 00 " 
6 Ul'.M. 
() 00 " 
5 00 " 

00 " 
(j 45 " 
8 (}() " 
8 00 " 
8 30 " 
0 30 " 

10 20 " 
11 ()[) " 
ll ·10 " 

1

1 

Hemnrks. I 

---- - 1 

Th o low tide oc· 
ClllT CU next day 
(sec scnlc). 

Second low water 
(see sca le). 

i'oien====~~-- l.::!~-- ~ --1-.-::!3--- t-------- ------
1 

--------~-----------~-----~----~ 
i\lenn difference bet ween hi gh and low wn.tcr, 1. 2:25 C et. 

TABLE o. 2. 

Containing obsetvations made to detetmine SJ ijic gravity of, and amount of deposit 
in, th wat r. 

Phin1 filled wi th m in-w ater wcighed ........ ................ l 2 l !l.25 gmins.} Giving weight of rain-water 096.5 gra ins, 
l>hi al empty wei ghed .......... ...... ....... ........ ............ . 22:?. 75 grains. assumed as the unit. 

Unto. Location of tho obscn~ntion. 

----- ---[-
1838. 

April 3 .. ................. Trend of tho Sonllnvest pa s .. . 
May :? .................. So uthwest pn ss , Stn. Willow .. . 

" 1. ............ .. .... Do. !fend !) feel channel.. .... .. 
" Hi.......... .. ....... Do. off 0 fe t channel. .......... . 

lG . .................. , Do. uo. .. ........ .. 
17 .... . .............. Do. St u. " 'illow .................. . 
l 8 .. ................ Do. off !l feet chnnnel. .......... . 

" 1!1 ................... Do. do. 
" 18 ................ .. . Do. do. .. .. .... .. .. 
" ~0 ................... Do. off };Jtst hnyou .............. . 
" 24 .... .. .. .. ......... Do. !) feet chnnnol ............. .. 
" 21 ................... Do. Stn . Willow .................. . 
" 21 ..... ... .......... Hcnd f;ou thwest pnss .......... .. 
" 21l ................... Southwest pnss, oil 9 ft.. chnn .. 

1 

" 20.... .. .. .. .. . .. .... Do. t1o. 
Jun e ·k .................. Trend of Southwest. pnss ...... .. 
A pri1 ................... S. Pn ss, olf hend Gmnd bnyou . 
Mny 2...... .... .. ....... outhwest. pn s, 0 fl. channel.. 

Depth from 
'\'hich wnlcr 
wns takeu. 

urfnce 
do. 
Jo. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 

W eigh t of tho 
pbtnl. 

121 . i 5 
12:20.00 
1 :!21.51) 
1~:.!0. 51) 

1:21 0.iiU 
1:2 ] 0.23 
12:20.00 
1 :!:!1. :!5 
1 2 1 0.~5 
1 ~:! 1.:25 
1:21 .~ .) 
122 . . 23 
12 18.2{-
1 ~:!tl 0() 
1:!:..0.00 
1210.26 
] :21 .:2.) 
1:!21 .00 

Diffl·r<' II Cf' in 
W(·igllt of pnpcr 
Uefure nnd nfter 

fi1LnHiuu . 

0. 75 
0.76 
1.00 
O.i}() 

0.50 
U. iiO 
1.00 
O.i5 
0. 50 
1.00 
0.75 
0.2[i 
0.50 
0.25 
0. 75 
0.75 
1.00 
] .00 

1 ~:20. 16 
------ --·-----1-------

i\J an .................. ... ; ................ .. 0.6:16 in 006.5 gmin s. 
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TABLE No. 2.-0ontinued. 

Dato. Location of the obscr"ntion. 

1838. I 
April 20..... . W. pass, off Stu. Willow .. . 

:!0.... . Do. do .... ........ . 
4 ..... 

1 

S. pass, off head G. bayou .. . 
1\fay HI..... S. W. pass, off 0 ft . channel. .. 

' ' 20..... Do. do ........... .. , 
:!4...... Do. do ...... . . . .. . . 1 

20 ..... 1 Do. do .. .. ........ . 
.June 4..... Head S. W. pass, E. s ide .... . . 

6. .. . . Head outh pas , centre ..... . 

IH~ I.OW Tim SUlU'AC I·: . 

Depth from which water 
wns tnkon. 

12 feet. 
H feet. 
lloLto m ; 18 feet. 

Do. 10 feeL. 
Do. 10 feet. 
Do. 12 feet. 
Do . 12 feet. 
Do. ii fnthoms . 
D . 3 do. 

SOUT H UAU . 

Ditr. in wt.of 
" 'eight of paper betbro 
tho phial. nntl after 

nitrati on. 

121\1.00 
1219.00 
1219.25 
1221.25 
1221 .00 
1220.00 
1220.00 
122 1.25 
122!.75 

0.7 5 
0. 60 
1.00 
1.25 
1.25 
1.00 
0.75 
1.00 
1.00 

llla l·ch 3 1. . ... South bar .......... . .. .. ........ . Surface. 1219.2;) 0.50 
31.. ... Do. .. ...................... 6 feeL; at bottom. 12H1.25 0.75 
31.... . Do. .. .. . ..... .. . ........... Sm face . 121 9 75 0.80 
:} J..... Do. .... . ...... .... ......... Do. 1:219.50 0.50 

,------·----

Remnrks . 

April 1.... . Do. . . . . .. ... .. . ... .. .. . . .. . 1 2 feet. 122::!. OD \ 1. 00 

----:\~==~· ==·==== 1210.% --0~ 

~fay 

May 

" 

SURFAC E OF SOUT HWES T BAR. 

16 ... .. Southwest bar . ...... ............ Surface. 1219.25 0.50 
17 ..... Do. ······ ···· ········· Do. 1210.00 1.00 
17 ... .. Do. ········ ··· ···· ···· Do. 4 fath . curve. 1:2 18.50 1.25 
20 ... .. Do. ........ ... ........ Do. outside do. 1:2 10.25 0.25 
20 .... . Do. ... ... ............. Do. inside do. 1:!20.25 0 50 
21... .. Do. ................ .. . llo. 6 fttt b. do . 12 19.25 0.50 
27 .. ... Do. ···· ··· ········· ·· · Do. 15 <lo. do. I 1221. 25 0. 75 
27 ..... Do. .... ....... .. ...... Do. inside do. 1220.25 0.75 
27 ..... Do. .. ........ .. ....... Do. 8 fath. do . 1218.75 0.50 
27 .. . .. Do. ...... ... ......... . Do. 10 do. do. 1218. 75 0.75 

)Jean ... . ..... . ........ ..... . ..... . .. . ........... . .. .. . . 1219.359 0.629 

BCLOW THE SURFACE ON SOUTlnn;ST BAR. 

16 .... . \ • outh we t bnr ..... ..... .. ...... . 12ft. on 4 fath. cune. 
lt i.. ... Do. . ...... ... ......... Rot tom on (i do. do. 

lli .. .. . 
1/ .. .. . 
1 i .... . 
20 .... . 
:!0 .... . 
21.. .. . 
27 .... . 
27 .... . 
'27 .. .. . 
:!(1 .. .. . 

Do. . ... . ....... ...... . 
Do. . ...... . .. ..... ... . 

Off do . nt sea .... .. ... ........ ... . 
outhwe l bnr . ..... . .... .. . .... . 

Do. on s hoa l. ...... . 
. ou1hwe t bnr .. ... .... .. .. ..... . 
Oft' do. at sea ........... . 

outhwe t bar . ........ ...... ... . 
Do. . ..... .... . .... . .. . 
Do. on shoal.. ..... . 

Do. on n do. do. 
Do. on 8 do. do. 

11 fath., bolt om 12 fath . 
ll t to m 3 fa t h. curve. 

Do. 10 feet. 
Do. 6 fnt h. curve. 

2 faLh., bott om 15 fnth. 
llott om 5 fnth. curve. 

Do. 2 fttfh. do. 
Do. 10 feet. 

1238.00 
1241.20 

123() .30 
12H.OO 
1 :!.J 1. 25 
124<1.00 
1210.50 
12·1.3 .30 
12<!6.00 
123G .OO 
1210.75 
1220.00 

0.75 
0.00 

0.00 
0.45 
0.00 
1. 00 
0.50 
0.75 
1.00 
0.00 
1. 25 
0.75 

---- --------------
)lea n.. ...... . .. . . .. .. . ... ......... .. .......... .. . .. .. .. 1240.355 

Filtered water from salt spring on Final i land (Rhoet 13 2) .... . 1243.2·5 

Recapitulation. 

;,rean of w!ller from surface of river . .... . .. .... ......... .. . 
~l ean of water from b low surface of river . .......... ... . 

ou tb bnr. unmi xed with sa lt water . . .. . ....... .... . ... . .. .. 
. . \\'. bnr. surface unmix ed with salt. .. .. .. ........ . .. .. ... . . 

Do. below surface un mixed wi th sa lt wuler .. . ... .. 
Do. do. mix d wi th salt water ......... . . 

Fi ltered w 1er from salt sp rin g ... . . ............... .. ..... ... . 

1220. 15 
1 2~0 . 26 
121 9.95 
12Hl. 35 
12 19.75 
12·10.35 
1 2~ 3.23 

0.438 

0.6S5 
0.955 
0.710 
0.629 
0.833 
0.438 

Water salt. 
Wat er salt, quite clear , a 

few grains of sand. 
Water salt a.nd clear. 
Water sa lt and discolored . 
Salt and clea1·. 
Salt. and turbid . 
Fresh river-watCI'. 
Snlt and t.urbid. 
Sttli and lurbi tl. 
Salt, slightly di sco1orctl. 
R iver-water . 
River-water. 

[Excepting f1·esh water .] 
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'l'ABLE No. 4. 

Containing obse1·vations made to determine the ?'elati'&e height of Southwest p ass with East 
and West bays, at i ts head and mouth. 

Dnto. 

1838. 

Height nbovo 

Enst uny. 

Height nbovo 

West bay. 
at ion of the olJscrvntions. J~cmnrks . 

April 15 . .... .. . .... .... .. .. . ...... .. 2. 985 feel. 2.202 feet. I:J cad of South west pass. Wi nd east. 

June 4 ...... .. .... .. .. .. .. ........ . 2.265 " 2. 135 " Do. do. Wind east. 

6 .... .. ..... .. . .. .... . ...... . . 2.085 " 1.908 ,, Do. do . 

7 ......... .. ............ ... . .. 1. 530 " 1.820 •. Do. do. 

Mean . .. .... . . . . .. ... .. 2.2325 feet. 2.0575 feet. 

May 2!J .. .. . .. .. ........ .. . .... .. .. . 0.400 feet . 0.335 feet. .M ou th of outh wcs l pass. 

30 .. ...... .. . ..... .... .. .... ... 0.370 " 0.275 " Do. do. 

31. ............... .. ..... .. .... 0.310 .. 0.400 '· Do. do . 

June ] ........ .... ................ . 0.320 " 0.000 " Do. do. 

Mean ...... ... ......... 
1 

0.350 feet. 0.336 feet. 

Inclination of the sur face, from observations on East bay, is .................. .. .... .. .......... 1.8825 

In clination of sur face, from obser vations takcu on West bay ....................................... 1. 7215 

Mean .... ... . ........................................................... . ........ .. ........... 1.8020 

Dist a nee between point s of observation 12 mi les. 



APPENDIX B. 

D A I L Y G A U G E R E G I S T E R S. 

No. 1.-RECORDS OF THE DAILY STAND OF THE MISSISSIPPI R[VJiJ R. 

TH E following is the list of bench-marks for fu ture reference :-
At Cairo, the zero of th e gauge is at the Cairo City company's "mean low-water mark," wl1ich 

is 43.54 feet below their bench on S tevens & Williams ' s tore on the levee. 
At Columbus, the gauge was situated a t the foot of Dabney street. B ench-mark No. 1, left 

bank (near velocity base), on oak-tree, reads 46.85 fee t on gauge. No. 2, left bank, on poplar-tree 
nca r northwest corner of Dabney and Front streets, reads 47.718 fee t on gauge. No.3, left bank, 
top of northwest corner of brick foundation-pillar <tt southwes t corner of Methodist church, reads 
45.395 feet on gauge. No. 4, right bank, on oak-tree at station 29, transit line, reads 46.621 feet on 
gauge. No . 5, right bank, on sycamore-tree at sta,tion 32, transit line, reads 42.403 feet on gauge. 

At ll.femphis, the gauge wa s situated in Wolf river, near the northern boundary of navy yard. 
Bench-mark, top of the southeas t corner of th e wa tor-table of rope-walk, navy yard, reads 46.26 

feet on gauge. 
At Napoleon , the gauge was situated in th e mouth of Arkansas river, north side. Bench-mark 

No. 1, on southeast corner of water- tabl e of Marine hospital, reads on gauge 49.43 feet. No. 2, at 
Prentiss, on sill of the middle door on the north side of the j ail, r eads on Napoleon gauge 47.74 

feet. 
A t L ake P rovidence, the gauge was situated near wharf-boat landing. Bench-mark No. 1, top 

of pedestal of east column of Method ist church, reads on gauge 44.10 feet. 
A t Vicksburg, the gauge was situated at foot of Crawford street. B ench-mark No. 1, on curb­

stone at north we t corner of Prentiss H ouse, r eads on gauge 48.40 feet. No. 5, on northwest corner 
of window- ill, depot outhern rail road, reads on gauge 150. 56 feet. No. 6, on top of third step of 
C;tth olic church, reads on gauge 17 .70 feet . No.7, on proj ec tion near door of Catholic church, 
r eads on gauge 1 3.44: feet . N o. 8, on angle proj ec ting a few inches from wa ll, east of main door 

of Cath olic chu rch, rea rl on gauge 184. 94 fee t. 
A t New Carthage, the gauge was situa.ted in front of the town, and the only bench-mark wa.s 

ma.de on a t ree, which, in 1 59, had caved into the river. 
A t ]'. atchez, the ga uge was si tuated 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 r eads on gauge 4 7.00 fee t. 
At R ed-1·iv er landing, the gauge was situated at the wharf-boat landing, below Mr. Torras' 

house. B ench-mark No .1, on nor th side of locust-tree in Mr. Torras' lane, r eads on gauge -:1:5.36 

feet. 
i t B aton R ouge, the ga.uge was situated in front of Mr. Brown's mill, above tbe arsenal. 

( xxiii) 
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Bench-mark No. 1, upon a post suppor ting the log-way in ide of the mill , is marked 36. It reall .-
36.3 feet on gauge. 

At Donaldsonville, the gauge was nailed to piling of wharf. B ench-mark No.1, top of pedes tal 
of column of L and -o ffi ce, no r thwest corner, reads on gauge 28 .1 8 fee t. No. 2, on water-ta bl e of 
court-house, northeast com er, reads on gauge 28. 2 feet. 

At Carro llton, the gauge was situated lL short di tance above the depot. Bench-mark No. 1 
(a large railroad spik e), on the northwest corner of the machine-shop of the New Orleans and Car­
rollton railroad, r ead s 7.92 feet on the g:wge. 

At Fort St: Philip, the gauge was situated in front of Fort St. Phi lip. Bench of the fort 
(a block of granite on prolongation of face No. 1) r ead 6.0 feet on the gauge. 

NoTE.-Throu ghout these Appendi ces, all "old s tyle figures" indic.:alc interpolation. 

R ecm·ds fo1· 1 .3. 

St. Louis Arsenal.-Observer, CAPTA IN 'r. J. CruJr , 'l'opogra phicnl En g iliCCl'S. 

Date. .Jan~.:~:::. , March. I April. ~a.y. .June. .July. I August. 1 September. Octobot' .-:::=·~·~eccm~or. ,. 
- I I I I I I 
l H-1 3. G'ge H'ind.

1

G'gr IVi11d. G'oo· Jilind. G'go Wind. C'ge Wind. C'ge Win d. G'.9e Wind. G',qe
1 
ntind.iG'!i• Wind. (:' ge 

1 I I 24.3 19.3 u •. ~ I n o u.1 -1.:1 

~ I I :;g ; ~-~~ l ~ - ~ ;; -~· ~-:: ~- : ~ 
-t 2-t:ul ,o:b 1 <~ n ::~ ~ !):7 5:;· 
o :J.u to.; 1 , ,-! to.; a.n ;,_o 
u t~ .li. 20.0 1 l ~A I 111.11 1 ij.-l I 4,; 
7 :.?'2A

1 
:?U.U l ~A JO.!l 6.1 5.:! 

8 21.-t I li.i 10.:.! ·UI fl.6 
1 9 20.~ H.:l n.n -1.7 u.7 

I ·1o 20.-l 17.1 ' n.~ -1 .r, n 
11 20.1 20.1 Hi.OI 11.9 -1 .:1 ~A 
1~ 10,; 20.1 l U.G P. 4.:! ;.n 
11 :~ 11 ;_·',·.'1' 1 ~-~1) •. 06' lll.li 9.~ 1 .j •) ;,:l ~ 10.7 1 9. -l .l 7.0 
15 1 19.1 21.~ ' 111.1 U.R ~ . 1 li.fl 
10 19.q l ?_,~J' ·.l. I 1:>.!1 , 9.!. , -1 .1 UA 
17 :!tl.B ,. l f>.li , 9.1'• -1.1 11.1 
1s 21.~ 2:2.1

1 

t r.A nx 4.o ll.lJ 
19 21.fl l 2'2.1 Hd 9.i -!.3 6.0 
20 :21.8 2-l.6 I H .IJ, O.Oi 5.8 5.0 
21 :.n.n 2"~ .3 l -L2 n.o nA td> 
2"1 21.1 2"2.3 H .r) O.h u.a tUi 
23 2"2.1 j 2'!.1 H.~ 0.3 5.6 5.0 

~t ~~: ~ I ~~~ ~ ;-~ 1 ~-;, ~:~ ~ :~ 
2t1 :!11 .2 1K 7 1 :):7 j f,::~ 4.3 5.H 

~ I ~ ¥t ~ ~:~ l:::f1 ~::~ ~ g ~:~ 
30 1 10.:2 18. 1 l:l. ll 6.1i 3.8 li .O 
~'{) ] C,,l l i.9 1:2.111 6.0 4.0 .-•. :J 

~ ~ 111.1

1 

J 1:2.3 u.:J ~ -· 

Wind. G'.?' 
.j ·J 

:uJ 
3.~ 
3.5 
:u 
:1 .2 
:u 
2,!) 

2.0 
~.6 
:2.5 
:.!.5 
~- 5 
2.:i 
2. 1 
2. 1 
:.!.1 
2.1 
1.9 
l.8 
1 .7 
1.7 
1.7 
1 .7 
1.7 
1.8 
2.0 
:l.l 
2.2 
~.~ 

IV"i,d. G'a• lVin<l. 
I H 

2.·1 
:l:.! 

I ~ .a 
:! .~ 

I 
t~ 
l.H 
l.G 
l. :J 

I 1.0 I 
0.0 
0.0 
o.o I 

1 o.o 
0.0 
0.0 
o.o 
0.0 
0.0 
0.0 
0.0 
0.2 
0.5 
0.0 
u.s 
0.8 
O.K 
0.8 
o.s I o.H 
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R ecords fm· 1844. 

St. Louis ArsenaL-Observer, CAI' TAIN T. J. CRAM, Topograph ical Engineers. 

Date. Jnnunry. }'ebrunry. , l\Jarch. April. May. Ju ne. July. August. September. October. November. December. 
-- ----
J R+I. G'ue Wind. G'ge "'""f"l""'"' C".?• Wind. G'ge Wind. O'gel ll'iud. fi'(l< l lVind. G'ge Wind. G'gp Wind. G'ge lVi1ld. G!Je .,···r· Wind. 1 OJJ :!.li 7.U 15.:! :!-!.5 2l>.o 3G.7 :?:.i.:J 1:!.1 8.5 (i.U 5.7 ~ 1.1 :?J3 b.H 15.:l 2+.~ ~~. 6 35.!) ~.1 12.0 8.:1 6.0 5.ti 3 1.3 :?.ti 11 6 l o. l :l-l .i 28.5 3 1.9 ~. I .l t .O 8.3 5.3 5.5 ·I 1.5 :?.h 1•) - 1M ~+. 1 2".~ 3-1.2 23.·1 

~~J 8.1 6.0 5.4 -·· 5 1.5 4.1\ 1:1.\1 !+.+ :!:i.ti 28.3 33.+ '22.5 8.1 6.1 5.4 
G 1:2 -1.3 !Hi 1+.1 :!:!.9 2>i.3 32.8 21.5 1 ~ .0 8.0 6.1 5 .3 
i 2.0 +.:, ) ;,,~ 13.0 2:.!.:3 2~.'2 32.3 20.5 U .l 8.0 6.1 5.3 
8 ~.n j 4.i l ltUi 1:J.O 22.'2 27.9 3:!.2 19.:3 11.8 7.9 6.1 5.3 
9 -1.0 -l.:s )l i.l I:J.Il :!l.6 '27 .5 32'1 18.5 ' 11.7 7.9 6.1 5.3 

10 4.0 +.l Lf;.:? I :SA 21.7 :!U.i 3:!.:] 17.9 11.6 7.8 6.0 5.2 
1l J.O -1.1 l.i.l J:J.:J /:!l.U :?ti .. l 3L l 17.1 11.5 7.8 5.3 5.2 
1:? n ;(tl I l-1.7 1:).:! l :!:!.l :!H.~ 3:!.0 1u.u 11.3 7.8 6.5 5.3 
1:1 -1 .0 ~:~ I 1-1.7 11;1.[ l ~!:i 

:?i .:J 31.2 10.3 11.3 7.7 6.4 5.3 
H -1 .0 l-1.-1 ) ;J.I '2i .!J :l1.1 l li.O 11.2 7.G IH 5.3 
15 -1 .0 :l.li l .-dl l :l.~ - ·J ,I) :!H.i 31\..l F>.~ 11.1. 7 .i 6.3 5.3 
l li 3.\) 

t~, 
J ) :),; J:l:! :!lj,.l :?t->.U :!\). -\. lj)'> 11.11 7.i 6 •) 5.3 

17 3.:> 1w.1 I:J. I ~ ~~ : ~ 311.6 :!"':.! \ ;) .:! 
110.7 

7 .6 U:l 5.3 
18 3.[) u I I H.!~ I:S.Ii :J\.:J :!j .:\ 1-U\ 10.6 7 .G u.~ 5.2 
l H 3.5 :..:\ ) ti.9 14.11 :!~.7 :1~.3 •21'1 .1 H.:l "\\lA 7.5 () :2 5.2 
21J 3.fl lU li :! 1U ~.l.:! :~).1) :,!:\:! l:l.\1 Hl.l 7 .: ~ ti.O b. l 
:!1 3A [l.IJ 1~.~ 1-t.ti ~I.H :1-1 .~ :?:l .O l:l .:i 

1111.0 
j_l feU 5.0 

:.!:? 3 .4 

:::~ I tUi:,'. IU.I :~JA :~·l.7 :!.),:~ 1:1. 1 !.LH 7.0 G.U 5.0 
~J 3.~ , ... . 4 :~u:! :n. l :!.-).:\ ] :1. \ tl. ;'} O.!J (jJJ +.D 

I :H. ~.a (Li 1-"i.H l fi.:? :W.S :lS. I :!-U.I I:UI !J .:t (j _j li.U ·1.8 :?:; :t~ 

I 
(1,:) J.;,:; lu.r :!:J.:? ;{S.5 :!-1.:1 l :l.U O. t G.u G.U 4.8 

:?0 3.1 G.:J 1;i. l Ji .i :!~A a.u :?lj, l l :.!.fj !J.(J 6.5 o.o 4.8 
:!7 3.0 r).fj ru 1!.1.-l :?~.u :Jii.S :?:J. i 1:!.5 8 .!1 6ii 5.9 4.8 
28 2.0 ti.H I l -1.9 ~1.' 27.9 3S. 7 1"2.5 ] •)•) S.li 6.3 5.0 4.8 
20 2.7 7.1 

I 
H.'> 2:1.1 ._...,_(j 38.3 :!-LU Jt. 1 8.6 G.3 5.9 4.7 

30 :?.Li 

I 
14.9 ~3.0 :?, .0 37.6 :!4.1 l ~.l 8.5 6'' 5.8 4.8 

31 2.6 r··s I 12&2 24.0 1 ~.3 6.1 a 

R ecm·ds for 1845. 

St. Louis ArsenaL- Observer, C APtAD! T. J. C1u ~1, Topogrnphical Engineers. 

Dnlo. Jan uary. 

t;"g,l Wind. r;u, l Wind. 
I 

l ~ 5. r:-·[1, Wind. c·!f' 
1 5.1 '>. ! !!.+ 111,1) 
2 [\}) '.ll ll.li Ill.~ 
3 [J.5 I ~ .u II.'- Ill.~ 
.J 5.n 7.0 1

1·LU I l l iJ. :! 5 a.u i.fi 12.1 I I).:! 
ti U.:! 7.:! 1 1~.1 Ill. ] 
7 0.·1 i.U 1:?.:? l )ll.2 8 H.5 

I 
u.u 12.'1 ~~-~ 9 tiA ti.7 I l~.o "'~ 10 6.:1 6.u 1:?.7 L:!.t 

1l fl.:? I 0.6 l~U 1:!.'-1 
1:! u·• 6.9 l:!.!J ta.o 
1'1 (i,l i. l 1:?.4 13.1 
1·1 li.l I 7.2 12.3 I :J.l 
15 ti.O 7 •> I'' '' 13.0 

April. Mny. August. I September . 

G'(JC Wind. G'!]< WiKd. 

October. Xovcmber. December., 

G'u• Wincl . G'g• Wi 11d. G'u• Wi11d. 

I t •cbrunry. 
1 

~larch. I 
---- ---.---1--:--- -....,.--- ---;--

Wind. C'.7e~ Wind. G'gel Wi<td. G"ge l Wi>td. 

J une. July. 

JU ti.O ;,:3 t·) •) 1:!.9 
17 ti.l 7.:1 J•l• ) 12.8 
18 6.1 iA 1 1~:6 1:!.0 
19 6.2 

7.6 1 
1:!.0 1:1.1 

;!\) 0.5 i .6 1:!.0 JU 
t 1 1)3 7.9 11.9 13.:1 
22 i. ~ ~.3 II.'> 1:1.o 
2'1 S.-1 '·~ )\.I) :±1 2-1 h.~ '>.+ 11.5 
25 0.11 9.~ 11.~ 1+.:3 
:?U I 9.1 111.1 11.2 1-1.5 
~ S.U JU.5 \\.2 !~.; 

2K .7 11.1 1l.l 1;i.:l 
29 .II 

I 
11.1 lli.O 

30 ,;) 10.~ IU.i 
31 8.3 10.7 

I 
D 
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R ecords for 1848. 

M emphis.-From records of N .. IX Y Y AUD . 

Date. J a nuary. _F_c_b_ru_•_r_y_. -~-!..,.n-rc_b··· - I --A..,.p_r_il_. -I May._ June. I J uly . I .Aug u• t . 1 Septem ber . 

18-18. G'ge Wind. G'ge Wind. G'ge Wind. G'ge 1Jl'i11(l. G'ge ll 'i"nd. G'gt Trind. G'gt I Wind. i c·g, Wind. (."g) w ;, c/. 

l I LU.:J I :'-O W. 
~ 111 .5 " 
4 ill .5 1 w. 
5 1 2.~ ~- ~ -
6 l :l.l " li.S ' · 
7 13.3 I I K 
8 13..1 
n 1a3 

10 ] :J.Ii 
11 1:1.; 
12 1 3.~ 
13 1 3~ 
).j, 1".!.3 
15 1U 
JB 1 0~ 
l7 10.0 
IS D~ 

:'i \ \". 

" 
~w. 
J-a~ . 

" RW . 
1\ 11' . 

w ~ w ~ . ~ 
21 7.9 ~-
22 7..1 
~ ~ 
~ 7 ~ ~R 
2r; 7.G ~w . 
26 8.7 ~E . 
~ ~ ~f . 
D tl 

29 I 00 u w. 
31 

R ecords j o1· 1848-Continncd. 

!1.!1 
!U f' W. 
S.f> II 

7.U Is. 7.7 " 
d ) " ., · 

0.8 ,, 

fl.21 " 5.:! P,E. 
fi.5 ,, 
5.2 R. 
[).2 \\". 
!'l.O I )~. 

:I 
4.6 :\W. 
4.6 f\. 
4.5

1 

::< W. 
4.4 ~-

Carrollton.- ObHcn-cr, Pnon:. son . G. Fons uEY. 

I Dutc. ,January. Fobrunry. March. .A pril. ~~~ . Tune. J uly . I August. I Scptom ber. 

----
____ , 

Winc/ .IC"gt 
I 

18 18. G'ge Wind . C'ge Wi11d. G'gt ll'irtd. O'gt Wind. G,ut. Wind. G':Jt Wind . G'gt Wincl. G':Jt IVind. 
1 
2 
3 
·I· 
6 
6 
7 
8 
n 

10 
11. I 12 
13 I 11. 
16 
](j I 
17 

I 

18 I 10 
20 
21 
22 
:23 
2 1 
25 
2il 
~7 
:!.'i 
29 
:~o 
31 

October. 

(,"gr Jl 'iml. 
.( ·• K E. 
·1."2 " 
-l.l sw. 
4.1 K 
-1.0 ,' K 

:\.7 ~; . 
:u; :-; .,;. 

:1.2 
~.1 R 
~.0 N'E. 
~.0 " 
3.0 
:u IV. 
3.2 
3.·1 

-1 .0 
3.7 
:\.f) RW. 
:t:! 
:\.2 
3.0 w. 
2.0 N 1~ . 
2.9 f\E. 

2.51 N W. 

Oc tober . 

----
C'gt• ll ~i11ll . 

OJi 
0.·1 
0.4 
0.4 
O.J 
0.1 
O.J 
0.1 
0.~ 
0.1 
0.1 
0.1 
0.2 
0. 1 
0. 1 
0.1 
0. 1 
o.> 
0.1 
0, 1. 

0.1 
o. t 
O. J 

~:~ 
o.6 
0.7 
o.S 
0 .9 
J.l 
1.> 

!'\oYcmbcr. December. 

---- ----
c·u, Wind. G'.Qe I ll"incl. 
:l. ti :-nr. (i .7 'j\, 

2.5 E. fi.i " 
2.fl Sl; . lU i SJ-:. 
:!.ti " 7.2 '· 

S.l 
9.:? N. 

~..I 
3.7 
4."2 
·1.6 1\"K 
4.7 
·1.0 
r~.o ~· w. fl .() :v. '!'i.2 sw. 
fi. l :?H.7 
7.3 :!li.2 
7.7 ~R :?.j ,!) NW. 
i .7 N. 
7.D ;"\ \\' . 2-k7 w. 
8.0 lm. no R 
7.9 W , ~:~.:! ·w. 
7.7 " :!"2.7 N. 
7.7 2'2.0 " 
7.3 S l~. 21.";' N \\r, 
7.0 s. ~1 . fi E. 
7 :2 ·' :Cl:! N. 
G.7 NW. 2'l .ft I IV. 

23.7 I " 

·--------
November. DccomlJcr. 

---- ----
c·oe IVintl. c·r, , ll ~ind . 

1.2 5·9 
T.j 6. 1 

1.4 t\.3 
J. S 6.4 
t.6 6.6 
r.6 6.6 
1.7 6.7 
1.8 6.9 
1.') 7- 1 
1.1 7.4 
2. ! 1·1 
1.~ 7·9 
~.ti 8. 1 
' ·7 8. ] 
'·9 H.; 
J.O .II 
J.l 8.7 
J.> ~:? 1·4 
3.ti 9·4 
1·9 0.7 
4·1 9·9 
4·1 10. 1 

4. 1 10. ) 

4·6 10.5 
4·8 10.7 
4.9 10.9 
p I 1.0 

t6 I 1.1 
11.1> 
11.6 
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R ecords for 184 9. 

M emphis .- From records of NAVY YARD. 

Dntc. ,January. I 
February. MarciL April . ill<ty. June. J uly. August . September . October. November. December. 

--
1819. G'ge I Wind. \ G'ge HTind. ~!1• \ l r:i~ul. yooe \ n:i•,>d. c·oe lT7nd. G'ge\ Wind. G'{lt l iYnd. G'ge lVind. G'ge Wind. G'ge l l'i11d. G'oe Wind. G'oe rvind. 

1 ~~- '' }:. ~ 1.0 .\' \ \'. U . .l :'i K 31.8 1\B. 18.6 :~nv . 2l.i s. 20.1 "7· 16.8 N.B. 1~.2 sw. O.:J .·w. 10.6 "'· 12.6 N f;. 
2 :t&.:! .\'K 31.3 .. 15.1 SW. 31.8 K 18.4 " 21.0 " 19.5 " 10.8 " 13.1 E. 6.6 R 10.2 ssw . 15.0 N'\'. 
;j 25.9 " 3 1.~ I " 16.5 ·' !l l.i s. 1 8 .~ " 20.6 NB. l S.fl R 16.8 sw . 12.9 NW . G.fl N\\'. 9.5 sw. 15.5 SW. 
~ ~6.6 NW . 31.6 " 1 ~.2 , " ~1 .S sw. 18.4 fiR 20.1 N \ V. 1\).f) S l·:. Hl.8 " 12.7 R 6.~ K 9.0 SK 15.6 " 
5 :!7 .'2 " 3l.i " 1 ~ .~ " ~1.8 E. 18.6 sw. 19.6 NK 18.8 sw. 16.8 " 12.4 " 6.5 " 8.7 " 15.5 w. 
6 '27 .I " 31. sw. 19. " :J I.i s. 18.7 " 19.2 S E. 18.9 S E. 16.5 SE. 12.0 :\'W. 0.7 :\'. 8.2 " 15.1 EN.E . 

. 11.7 " 19.1 " 19.2 " 19.0 " 16.0 " ll.l " 0.9 r~n\' . 7.9 SW. 15.0 " 7 2~A 3 1.9 X. :!l.i x. 
8 :!S.5 .\'. 32.0 E. !22.5 I ~E. 31.6 " 19.2 SE. 10.2 " 19.2 " 15.7 s. 11.0 " 7.1 " 7.9 N"'· 15.2 s. 

31A sw. 19.7 10.2 19.7 " IliA sw. 10.5 w . 7.2 NK 7.9 S K 15.4 " 9 :!<:;,j ,, 318 '· 
10 :!".5 XR 3l.i .\'R 
ll ~~.0 jJ..j w. 
1:? :!7.5 E. 31.6 :\W. 
1:! 2.J.6 RW. 3 1. ~ ~E. 

14 ~:\.5 .. 31.~ :'i\1' . 
15 ~~:~ I ~~-. 31.'> " 
1U :3·! ,1) I " 
1i '.!.U.fi ~ . 3 1.9 " 
18 ·!U " 3 1.~ " 
19 ~ 1 .2 1 ·' au j SE. 
•.!() :W.:! ·' 30.4 •• 
:! l 27.3 \\'. :!9.!J H 

2'2 :!U :\' 11'. T,3! " ~~ c~l.O .. :!5.0 E. 
2~ :?!Ui ~E. :l.J 
:.!5 :m. :.! .. 19.; 
:?IJ :\ll.i\ :1' . l ] -0 

27 jl),i .\'E. 15.0 SE. 
2S ;w., ~E. 

:"'I 
.. 

:!!) :n.o .. 
30 :n.u ,, 
31 31.0 X\\' . 

I 
--

Oat•· l J an uary. f'<•brunry. 

I 
18-19. G'{!t ll'in<i. 

I 1\A 
,, 11.6 

:1 II. ~ 
_. I 1.~) 

6 
7 
s 
9 

10 
11 
1'2 
13 
H 
15 
] !; 

1i 
JS 
10 
2\) 

21 

12. 1 
l l..j 
u .s 
12.8 
fJ. T 
l !l.3 
I )·5 
1).6 
1].6 
1).7 
I J-9 
q..l 
11.2 
14·1 
q.4 
q.; 
14·4 

~-)' 14·-t j 
- 14 ·5 
:H U .H 
:!fl lq .f6, I 
:!0 ' 4-· 
27 14·6 
2~ 14·6 
c'!l 14 .6 1 :10 . 14.7 

_:j1~--

C'_qt 
1 ... 7 
'4·7 
'4·7 
'4·7 

iHI 
'4·7 

:nl 14·7 
'4·7 
1U 
14·7 
14·7 
q .6 

1

14.6 
14·7 
1-1-7 
ll.i 
14·7 
14-7 
14-7 
14·7 
q .. j 
14·7 1 

,, I 

ll'in<l. 

:?:3.8 Sir. " NE. 
25.3 .. 3U X \1'. .,T 19.0 w. 20A " 15.1 9.8 ~~ \V . H \ V. H " 
:!U.U " !lO.i w. 20.~ E. 19.1 ];. 20.~ I sw. IU SE. 9.2 w. 7.5 ssw. 7.0 K 
:!iA w. :!'J .~ S ~i. 21).6 s. 19.:l fi E. 20.8 ~ E. 1U fl. 8.5 NR 7.6 NE. 6.6 NE. 
2't.fi ~:. ~:~{ I .\'E. :!n.9 ~\V . W:i l N K 21.1 K 1~.3 " 7.9 N . 7.6 SE. 6.7 " 
~l.:l \\'. " ~1:2 " :!l .l H 1:l.~ " 7.:1 ~ ~~ - 7 .A " 6.8 "T' 
·l9 .~ ~- '!7.9 S E. ".! 1.7 ! " ·L~ .7 ~ !·;. '!1.9 1 XIY. 1:\.:l :-m. 6.7 ,, 7.5 " fl.9 K 
ao:.!. .. '!i.fl .. :!'l. l " ~:l.ti sw. :!lA ' · 1'2,, ~ I I' . 6.-1 xw. iA ~n '' · 7.2 SK 
:~Ul w. :!i' .:l s. ~-L:! ~m. ~:3 .6 1 

.. Z!A '• 12.7 ·' 6.1 "'· 7.0 w. 7.·1 R 
j(J.~ ·' :!i.5 " ;?;) ,3 " :!M " ~ l .:i I S K 1:!.6 " 5.6 " 6.7 . 'IE. 7.2 w . 
311.9 Y. :?7:!. " 1:!G.2 " 2-1.0 K :lU i · " 12.6 " 5 .. ; ~. 0.3 " 7.0 K 
31.1 s. c~l.2 .'1. 27.0 " 1 ~.0 SE. :!1.7 I " 12.0 " 5.5 NB. f>.O N. 7.0 sw. 
!J l.:! S \1' . :?7.0 8 \Y. :!7.!l l s. 2-1. 2 R 21. ~ .'I IV. 12.0 X E. 5.0 w. 0.0 NW. 7.4 s. 
31.4 .. :?l.i . .J " 28.o 1 " 2-UI SW. 20.() NE . 12.0 ssw. 4.7 ·w. fi..i sw. 8.!1 S l~ . 

I;J IA ·' :?.),!'> s. 
1
28.5 I SE. 2-1.7 ssw. 19.4 " 11 .8 sw. 4.6 N K 7.2 w. 9.1 K 

,3 l. ll S E. 2-1.8 .\'K 28.5 I :\'Jl . 2-l.i sw. 18.8 Sl-1. 11.7 S E. ~ .7 N. 7.9 N. 9.:\ 8 1~. 
31.6 II 23.8 " 1

28.5 NW . 2-1.5 " 17 .i sw. ll.6 w. 5.1 NK 8.~ " 9.~ sw. 
3l. fl XK "l:U> " 27 ,() " ~-kO " 11l.B " 11 .5 SE . 5.5 NW. 8.9 SE. 8.7 " 
~n 

}:. 21.3 w. 127.6 I " 2.3.!) .\'E. ~ ~:~ " ll .O \\'. 5.7 NE. 9.7 " 8.7 
'!0.'2 .. )2fl.8 " 2'2.7 sw. w. 12.9 " 5.9 w. 10.3 sw. 8.6 w. 

31.~ X E. 19.l XE. 25.6 sw. 2\.0 s. 15.8 1'\\\'. 13.6 NT,.V, 6.1 sw. 10.8 " 8.~ sw. 
31.~ ~. 1U.O s. 24.:! \\-r . 19.5 " 1n.1 SJ, , 13.i\ SE. 6:2 s. 1 1.0 " 9.8 " 
31.> ·' 122.9 I s. l 3.5 " 10.9 ssw. 

R ecords f or 1849-Continued. 

C arrollton.-Observer, Professor C. G. F ons nEY. 

)larch. I April. I May. 

I I 
ft'gf u ·(1Ul. r:f}t lJ'itUJ. (;'ge 1 Jrin£l. 

: 1:~ :~~ I :ti 
14-7 q .s l IH 

' ''"'· I___'""':__ A"' "'' I ~, •. w """"'' · ''"'"'" 

r.·•,qe l ll'intl. (,"ge ll 'ind.

1

f."ge ) Wind. ' C',qt \ w ;,d. (;'ge Wintl. G'ge l Wind. 
1).8 12.8 12. ) 10.9 1·4 4·0 

I
I J.S 12.7 12.4 10.5 a.o 4.2 
I J.S 12.1l 12.; 10-1 2.7 4·4 

1-<·7 1..... '4·4 I J.S 11.6 12.6 10.5 2.J 4.6 
111.7 12.5 12.8 10.4 2 .2 4·7 
13.7 12.4 12.9 10.4 2. 1 -1.8 
q .6 12.4 13.0 10.5 2.1 4.8 

1 ... 7 14.8 I 14·4 
14·7 q.S '4·4 

I J.S 12 .J T J.O 10 .5 '2.2 4.8 
1 J.-J. 12. .2 , 3.a to.s 2.3 4.8 

14.7 14.8 14·4 
' l ... s, 14-7 14·4 

11.1 1~ .2 I J. I 10.5 2 .4 4.6 
10.4 2.6 4.2 

14-? 14.6 14.5 
I' 5-0 q .6 '4·4 

I : ~:~ :~ :~ :!:! 
IS-2 q .6 14-4 
1;).:! q .6 '4-4 
IS-2 q .6 q .J 
1).0 q .6 J.l.i 
t ).0 q .6 q. .2 
15.0 u.u 14·1 
1-<·9 14-5 14.2 
~ ~ -7 1 ... 5 14.2 

tj .2 
lJ .'Z. 
1 ~ .2 
IJ .l. 

IJ .1. 
13 .~ 
IJ .l. 
lj .2 
IJ .2 
1:!.~ 

ll.U 14-4 q .2 q .2 
q .6 14·5 14-2 1] .1 

12.2 
12. .2 
1t.2 
12 .2 
11..2 
12.1 
12.0 
12.0 
li.IJ 
1 J.8 
11 .8 
11.7 

14·6 1 ... 5 H .:! I J. l I L7 
q .6 14·5 14.2 I J. I 11 .7 
q .6 , 11.ii q .2 IJ .I 11 .8 
q .6 14.5 14.1 q.o 11.8 
14.6 '4·5 114.0 1:1.0 I 11.9 

q .o 
q .l 
I J.O 
1a.o 
q .o 
IJ -0 
IJ .O 
12.-9 
11..7 
12.6 
12.2 
12.0 
11 .8 
1!.7 
11 .7 
11 .6 

10-4 2.6 J.S 
10- J '2-7 3.5 
10.~ 2.8 J .2 
ro. t z.S J.o 
10.0 2.9 2.7 

?.·.3~ 2-9 2.6 
" 2.9 2. 5 
8.9 2.H 2.5 
8.2 2.R 2.5 
7·2 2.8 2.5 
6.] 2-9 2.5 
5·9 3.1 2.5 
5·6 J.l 2.·1 
5.3 J.2 2-5 
4·9 l ·l 2.6 
4.6 H 2.8 

15.5 ~\V . 
15.9 l-:~E-
16.2 NE. 
16.~ s. 
16.5 E NE. 
16.5 S K 
16.7 N. 
16.8 1'' 
17.0 NE. 
17.:! s. 
17 .8 K 
18.1 w. 
19.0 " 
20.2 s. 
21.8 " 
'23.'2 " 
2-ti SK 
25.5 :E:-<'E. 
27.1 S l~. 
26.8 " 
26.2 " 
27 .6 Jo~:-<"E . 

December. 

G'.Q • TVind. 
J.8 
J .8 
4.1 
4·5 
4·6 
4·8 
5·9 
6.4 
7·2 
7.9 
8.0 
8.4 
8.6 
9·2 
9·4 
!J.5 
9·6 
9·7 
u.s 

10.0 
10.5 
10-7 
10.6 
10. ) 
10.5 
10.6 
10.7 

4-4 ].6 j.O 

4·1 j.6 j .2 
3.8 3.7 H 

J .8 

ll.>i '4·5 1 : !:~ : I:~ : ~:gl II.] I 
: 1:~ 1:!:! [ t~ .o 12-9 12.1 11.6 
14-7 IIJ 9 ~ ~-~ 11.3 

--_______ ___!_:_.:___l___:_ _ _c__:__..__...:___~-----'-·__.:..__..:..._~__.; 

11.7 
11.7 11.0 

11.4 
11 .5 
11 .6 
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R ecords for 1850. 

M emphls.- From records of NAVY YARD. 

Da te. ,January. f ebruary. ~reb. ~~~ ~~~~~~~~~ Au~;::__ I Soptembcr . , Octo~ Novcmt,cr . December. 

1850. _G_'qe 11/""· .C'!Z•! ll."i~> d . . ~·~, I I! '"!"· _r.,"oe ~~ ·,-,,</. _G"oe\ 11 '•'""· .C::~ · ll trin.<l. c·!l· 
1 

Wi•!d. c;o• 1~ ·i,!d. r:•q.l ":'".d. c_•a.e 11! \"d. C:o• '[~:,d. (:'qe m :11d. 
1 21.V N. .JO.I I .i'i .b .. - -' ·" " " . 3~ A ~ E. .!~.1 I ~E. 2d .\ \1 . H., S \1. ,__, , • II. 11..! -~ I I. / .0 SL. 3.S . B. 7 .. ! RK 
2 2H .O " :30.7 1 " :1\l. l w. 3~A ,, :!-).2 1 J-:. ~.;. (; u.o R. 1H \\'~ \\' . IJA :-: ~-:. u I J\E. 3.7 s. 7.7 " 
3 27.0 E. :l0.7 " 2' .~ R\1' . 3~.-1 3-J. :l " 2~. 1 RW. 1·1.9 1 R\1'. 12.2 .. 11.!: ~ ·:·:. 7.8 " :l.U SJ~. H. l l\W. 
4 :li.B \\' . :\0.7 " 27.9 N. 3-IA :H A N \1' . :!2.\1 ~- 1HJ " 

1
12.:1 RW. )11.8 S\1'. li .6 " 3.6 " H.fi N il. 

5 27.9 J<:NE. o0.7 E. :li.9 ;:~ . :1 1'\W. :\U '' ~1.7 ~\\'. 1-l.i R. 12.7 1·:. l :l.l :\ W. f>A NW . 3.7 S W. 9.:! 
¥ :~;; .o ~'lr. :10.1 RW. 28.0 S\1'. :J.J.J w. :14.r. 2o.7 14.s 1 ~w. 12.6 :sr-:. 1~.:J fi.:J l\ K u (J.li ~-~v. 

8 
2~.9 ;J0.7 o•,• . :ISA o•.·. :J:!.S ·_;F

1
i
1
:. ;l-1.6 .~J·'·· 19.1: RE. L\.:1 ~- 1:\.o S\1'. )12.5 !i.l I " :1.8 ,,"'. ·,,.. 11.8 

:l~ .l :30.7 O L 28.8 0 ~ j:JA ·' =~.0 1S.6 :> 11'. 11ii.7 RK 1 3.~ 12.!i S \1'. 0.0 " ~ .0 " 9.8 
9 2:1.2 s ~;. 30.8 20.0 :J :~ .9 .\ ' . ~.o X I·:. n.s la.s ·'II'. 1:to u.5 o.7 1 SK ~.1 s w. o.r1 S\1'. 

10 22.6 .E. :30.8 :!0.31 Nil. :12.0 I XE. ~.o ~w. 17.0 10. ~ s 1r. 1~ .11 J:l.o ~E. 5.6 " .J.3 1 I .R 
Jl 22.2 NE. :lO.O 30.9 " :llJ.5 '· 3~.0 X. 17.4 lfi.J ~ 1-:. n; U.~ li.fl SW. 4.7 1:!.R 
, .. :11.1 :lo.a };.' :n.4 " ~s.s NW. :l4.o 11.2 .\'ll. lfl. l ;;w. 1~.9 1 ~.~ 1 w. ·'-'' I N E. li.• 1a.s ~R 
13 'll.6 " ;jO.l :.ttl ~- 'li.·~ ~\\', 

1

:\.\.fi :E. Hi.O !-'£. ltl .l) H. 1-l.i J1.9 8 \ V. f1.8 •' 6.1 N-K 17.:2 N \ V. 
H '!1 .5 " :10.1 32.5 !;K 2lj.2 :\}]. :H.i N. 1H.6 16.0 ~R 1U 11 .11 0.1 N. 6.0 '· 1K.7 ~ 1·:. 
lf> ~1 .~ Sll. :10.0 3·2.9 " 2rl.'2 :'.-\ .7 NW. 1!\.3 S. 1fl.l\ :'\1::. H .4 J'U N\1'. 6.1 " 1\.8 N IY. '!l\.0 ~II'. 
111 :11.1 :;:q 3:\:l I s w . :l~ .s " :!4.7 ;..w. 10.0 l li.s 1-1. H .t; K 11.0 11.1 f\ 11'. l\.8 :1 1.1 " 
17 ~~.9 :J:\.5 RW. 3a .5 :1:.!.9 ~.7 \\'. 1r, .s I"W. la.5 S\1' . H.l\ !-\ \\' , l <l.i 6.1 1>1-:. 0.8 S \1'. :l l.:l N. 
18 ~A. NW. :t:J.:t 3:J.6 :'< \\' . 23.~ .\' W . ~.7 15.5 S. l ii :l :\K \14.6 10.7 ·w. fi.l ) l\' W. G.fl 21A SE. 
10 ~0.2 " :!3.~ \r. 33.7 N.K 2:!.8 S \L :1~ .7 8 \\". 15.1 15. 1 :-J. 1-tA 10.7 0.0 ~nr. {jJ', ~ K i lA ~ \V. 
20 :!5.6 s. :12.5 33.R 23.2 ~- :!~.; J~ .u i'E. -~~ .o I 1-:. 1~ .:! w.; :>:E. n.n n.:J ,\' \\ ' . ~:l.O N. 
21 :!5.9 IS W. :J•I·> J~.1 :!-1.7 ~-· K J.i:~ 1'. 1~.0 8 11'. J:l.S i'. !1.1 ~K o.O "-' 11', G. ~ XK :!11.1\ .\' 11' . 
22 ~7.0 ·' :.11.7 3·L3 N )\'. '.!i .2 :l l.O l-Ui I\' "~ - 1-J.:.? " J.'l.5 11.2 .1 .9 li.l t-. W. :.UJ.:I 
23 27.6 31.7 R 3~.4 :lll. 1 N. 34.5 RW. 1-1.2 ~m. l:l.9 " 13.2 11.1 I ~- f>.!l S l\'. 0.0 8 \1' . HJ.~ N, 
:l~ 28.1 • . 31.7 3-1.5 31.0 s. :l-1.3 w. 13.9 1:l.S liE. 13.0 \1' . 11 .1 I s w . fi .2 8 \\'. f>.fl 1!1.:1 " 
25 28.3 NW. 31.7 3~.0 NE . 32.6 ~ - :J4J ). K 13.7 l :l.S 12.7 :\ ~;. 1fl.fi " f>. ll it.S SK l fJ .. i SW. 
2(1 ~9 .7 30.\i NW. :'.-\ .5 3:1.2 S. :1:1.8 f\ \1'. 1:1.f> >'W. H.tl 12.:1 10.1 I " .J.S r •. 7 " lu.O 
27 !lO.~ SK 30.:\ S. :J4.4 ". " \· . :la.u ~. II' . 3:1.3 ~- 1:\.5 >'R 1-l.o 11.9 I 9.-1- " -1.·1 NK 1;.2 S\l' . ~-~~-~-. lO NK 
28 ao.5 N \1' . • 9.9 a~.4 " , :!3.8 32.11 s w. 1:1.n h \\' . 13.9 11.r. K I s .r, NE. 4.2 >'K l;.r, 
29 :30.5 :-<E. ~-" .\'ll. au w. 31.f> ;-,E. 1:1.1 •· 13.11 s w . 11.4 so " 4.0 6.8 2:1.~ 
30 :Jo.e " ~-5 ~.1 I s w. 30.3 ~ w. ,1H s. 1 :1.~ 1u 7:s l " 3.9 7.1 SK 2:J.7 NNE. 
31 :10.7 SE . ~.G I K 28.9 :\E. H.U i 11U 3.9 s w. 24.1 

R ecords f ar 1 50-Continued. 

Carrollton.-Obscn-cr, Piton:. son . G. Fonsm;Y. 

Dntc. Jununr~ l'cbrunry. ~~~ ~~ ~~~~:__ ~~~~::_ ~ ptembcr. 0 tobcr_:_ ~oYemb~ ~cccmbcr. 
1850. G'~ Wind . G'oe Wind. O'o ll'ind. r.•ue Wind. O'gr ll'ind. (Foe Wind. I G',qr I Wind. G'yr ll'ind. (!'ot Wind. G'o• 11'i>id. G'(Jt Wind. G'[Jc Wind. 

1 1l.o 1J .7 12.9 12.8 12.9 l l.l 111.1 5.S V 2.7 0.~ 1.:1 
2 1:!.0 13.8 12.9 12 .8 12.0 12.2 10 .9 5.5 2.3 :\.:\ 0.2 o.s 
3 1:1.2 1:!.5 12 .9 12.9 12.9 12.2 10 .7 5.1 l . J 2.8 0. 1 0 .7 
·l 12.3 13.4 12.u 12.9 12.0 12.:J 1o.o 1._9. · 2.:1 2.:1 o. 1 o.7 
5 12.2 l :S.!J 1:3.1 12.9 " ·9 1 ~.3 10 .4 • k 2.1 l.tl 0. 1 0.7 
6 12.4 1!lA 13.1 12.7 12.8 1'-J 10.:! :\.0 1.8 1.9 o.o 7 
7 12.4 .1!1.·1 13.1 12.7 11.7 12. 1 10.3 3.:\ l.!i l.:\ o.o ~:~; 
s 12.:1 J:J.-1 13.1 1 :! . ~ 12.6 12 .1 ' 10 . 1 3.:1 l.fi 1.a ~-' o.:! 

1 ~ g:~ ~t~ ~ =::~ : ~:~ ; ~j ~;:~ K~ ~:~ 1 :~ L~ ~ : ~ ~:~ 
11 1:1.0 13;) 1:!.0 12.8 u.s 12.1 9.~ 2.3 1.\l ll.fi 0.11 0.0 

g g:~ ~ ~:~ { ~:8 : ~:~ ~ ~:g ; ~-.'. ~:~ ~:t. : :~ ~:~ ~:~ : :~ 
14 12.9 IU 12.9 12.9 l:lA 12.:1 ~-~ 2.i> 2.0 0.7 0.0 1.1 
15 12.U 13.3 12.8 12.9 12.:\ l l.J 8.5 2.11 2.0 o.S o.o 1.:1 
16 13.2 13.0 12.8 1:! .~ 12.0 l l.J H.:l 2.~ 1.:! II.!J 0.0 l.R 
17 l J.J 1:!.2 12.8 12.8 1 2.~ l~.:J b.:J 28 1.9 0.0 -{1.4 2.:! 
18 1:J.4 13.2 1:1.!1 12.8 12.0 12.1 K:! 2.9 ~.:J O.U -11.5 2.11 
1o {U 13.o ~a 12.7 12.1 12.1 1.~ 3. 1 :~.o o.3 -11.:1 2.o 

~ 13.8 : ~:~ 12·7 : ~:~ 12.1 .0 3.1 1.7 O.ll -g:~ ~:~ 
~~ ~ ~ :~ ; ~:~ m ;u ~ ~:~ i~i ?i H :1 ~:~ g:~ g:] 
~~ iH m ~ ~:! lU : ~:~ : ~~ z·; I ~:~ ::: J~:1 J,:g ~:l 
21 13.o m 1:1.s m {{ :: ;~ :~ ~:~ t; ;·; :::~ ~ :~ H 
~ g:~ 12.0 ; ~ :~ ; ~:~ : ~:~ ::~ ~j ~:l ~::: ~:g ~:~ fi.U 

~~ g:~ : ~ :~ 12.8 ; ~:; 11 .4 ~:f ~:~ l.S 2:2 0 .9 ~:g 
'--'-........C--'----'---_.C--- - - -- -



APPEND I X B.-DAILY GA UGE REGI S TERS. XXlX 

R ecords for 1851. 

Memphis.-From rcconls of N AV Y Y ARil. 

Date. , January. }'cb:·uary.l · 11arch. _ I .April. May. June. July. August. September. October. NO\'cmbcr. December. 

1851. 1 C'ge l Wind. C'ge n~ind. C'gtl Wind. C'gt Trind. C'ge ll 'ind. G'ue Wind. G"ge n·ind. G'!Je Win<l. C'ge Wind. G'ue JYind. C'fle 1Vind. C'ge lJTind. 
1 2-1.:! t:. 7.5 SK 33.6 ~W. 7.4 SJ•:. 7.~ Sll' . 8 ., ~E. 
2 2~.0 I ~w. i.i 1\E. 3.3.· xw. u sw. 7.3 II'. 8.7 Sll'. 
3 ·)· p , r 8.0 34.0 H " 7.2 ~ w. 8.8 1\ W , _.l.a 1\ \1. 
.t 2:!.0 " 7.8 X \I'. 3U SE . 7A, NW. 7 •> Sll'. 8.8 " 5 22.5 F:. j .5 ~ II'. 7.5 } ). u .i'rw. 8. 7 R 
G 21.0 ~ \\' . o- \\'. ~.1• 7.5 SJo:. 7.2 N.E. 8.5 SK ·' 7 19.7 :0:£. 0.8 SSE. 7.7 " 7.1 SE. 8.6 " 8 18.2 6 .. ; ~. ~.20 8.1 6.9 sw. 8.8 
9 J 6.1i 11'. u.O j l< B. 8.1 }; XE. 6.8 SK 8.8 NR 

10 H . I 7.:, x w . 15.2 8.:1 SJo: . 6.7 NE. 8.7 s w. 
11 J:t7 ~.i ~.3• 8.-l xw. 6.6 8.7 NE. 
)~ e~.7 10.3! SE. I 8.5 6.5 SK 8.7 
1 :1 11 .7 13.6 " 3-1.24 15.4 8.1i S l•:. 6.5 N K 8.7 
H ro.R . F.. l G.i " 15.5 8.7 N.E . 6 .. 3 N '\\T. 8.7 
1 !) 10 :1 !;II'. 19.6 xw. l G.::? 9.0 0.2 . ' 1~ . 8.7 1\W . 
1U 9.9 .. 2'2A '· l fL5 9.1 ' lr. 6.1 :-;g, 8.7 
17 ~).(i X. 2~A I SE. 

l ft .i 9.1 SE. D.O sw. 8.8 
., ~ 0.3 I\ E. :2.~ •. i u 33.3• 16.5 0.1 w. 5.9 8.0 
10 0.0 SE. ~ti, ';" u I 10.0 83.1* 9.1 5 . ~ Nll. 8.0 sw. 
:W 8.~ '· Zh .:? ~,f. 15.8 0.1 S\\'. 5.!1 sw. 8.2 xw. 
:?1 S.i }j ·:>n·' SE 15.6 33.5* 9.2 5.9 w. 7 .5 ~ ~·~. 

_ .. _, . 
:.?:! b.D " ~0. 1 .. 9.& XE. U.l 1'\E. 6.8 N l\' . 
2:! 8.[> N.J-~. 3 1.0 XI\'. 33.6• 9.3 6.4 NW. 6.4 XI>. 
24 8.2 SK 3~.4 ~E . 33.7 * 9.2 s. 6.6 6 .0 sw. 
2:> 'i -~ 3~.1 9.0 SK o .7 w. 5.0 
:.?0 i .i :t!.U XII'. 8.8 ~ II' . 6.7 ~: . 5.1 ~'" · 27 7 .1) I " 3:!.\l s:; Xf:. lt7 4.6 RE. 
28 i .:) " 33.4 , " M.O* 8 .5 fn:. 11 .8 N\V, 4.6 S\1". 
::m 7A N\1' . 20.0• 8 .3 sw. 7 .~ NE. 4.6 Sl•: . 
30 ';.:! " 8.0 " 7.8 sw. 4 .6 NW. 
a1 7.3 XE. 7.7 SE. 4.6 

*Memphis Appeal. 

R ecO'rds for 1851-Continued. 

Lake Providence.-Obscrycr, Mn. W. J. CuRRY. 

Datc. j J an uary. I February. I :\la rch. I Apri l. I :\lay. Juno. July. August. Sept ember. Octobm·. NoYombor. December. 

-~---, I 
r."gel ll'incl. G'oe l ll'ind. 

-----
'I S~ I. C'ge ll'ind. (; ge Jl'i>td. (,"gt Jrirul. rrge Jl'ind. C'OP ll 'ind . (!'f!P l ll'in<l. r:',qe Wi nd. C."ge l1'1:ml. G'ge ll'hld. G'ge lVincl. 

1 4-1.1 XII'. 4~.~ ~E. r:W.2 ~II'. 36.0 ~E. EO ~1\' . 40.3 ~w. '27i XK ) [I.~ NB. l ti.U SK 
2 44.3 .. 418 XII'. :!~ . 1) Xt:. ~ 2.0 XK 3U.U ~ I·:. :?i.2 " 15.1 " Hi.6 NK 
:l ~4 .. ) '· W. fi '· 31i.4 ~ II'. 3ft.!) " 42.1 .. :JR.7 ~w. 20.8 .. l 5.i RK 10.~ .. 
~ +-1.7 ~E. 41.5 ~:-: ~ . r·) .. J 

~~ II". :\li.8 S\1'. ~2 . 1 " 38.2 " ~0.4 " 16.3 
,, l !i.8 " a 44.U .. 44.:! :>. :~1..) )o. \1 ' . :ij .0 " 42. 1. " 31i.9 " 26.1 " 15.4 Nil. 15.4 " . 

6 4:>.1 .\II'. 41.1) .. :~!.5 ~ \\'. :.H .:! .. -!:2 .:! ~ II'. :111.3 f'K ~.).8 " 15.4 " 15.1 " 7 4 .).~ , II' . :J. f'E. 3·• .. ~ I·:. 4'' ·) " :1~.3 S\1' . 25.-l " 15.5 " H .O SK 
8 .a ;,,,J :-t E. 4:>.:; II' . l:si:6 ~II'. :17.3 " 4"2 .:! " :!4 .0 " 25.0 " 15.6 SE. H.S N K 
0 r··5 ~. 

~;u I ~ \\', l:n.2 f'.E. :J7.0 SK 42.2 " :S2.8 " :l-t .!> };. 15.7 " 14.6 RE. 
10 ~~·~ I S E. 4:!.9 )o. .E. 3<1.-l " 38.~ " 4:1.2 " 31.5 Rll . 2:1.0 " l !l.S " 14.5 " 
ll 17.~ E. &.l,i.) •• ·12.i ,, :!9.7 " :J.'.5 " •1 :!.~ NW. :\11.5 .'W. 22.6 .. 15.9 " H.3 " 
1:! 1 ~.!'1 S E. 4.1.f> _K 42.::. w. - :.~ .1 !>II'. 3S.~ 

·~· 
..... , l(f;. t •l.n " 22.1 " 16.-l NE. 14.3 NR 

1:1 10.5 .. ~ .l.f> :\' , 4:! . .) I " 2~.0 " 39.2 :;w . .J 'l•) :.'fl.:! " :.! l.fi " 16.5 " H.2 ~w. 
14 211.9 ' \\' . 4: •. 5 ·' l:!.5 '\'. 2~.4 N \\", 39.5 " .t·> •) " :!9.0 " 20.7 NK l G.Il " JU N"7· 
l t• 2:\ .a I w. 4'i.5 .. 4:!.G " :!H.2 Sll'. an.u " -1 ,) ') Sll'. 20.-t " 20.0 " 10.8 " J.I.O RW. 
l H :?H.a X. 4:>4 E . -12.7 " :!8.1 " 40.:? " 4'.!.3 " :!!Ui " 10.3 " 17.0 " J:l.!) " 
17 :!!1.~ XE. .. ~) . [) .. ;4a.o X E. 2,U " ..... ,., " 2n.1 " 1k.6 " li.1 " l :\.7 NW. 
J ~ a:.?.•1 '· 1;,.4 N. .. ·> .3 ' 4:!.2 " :1!1.0 " 1 .1 " l7 .4 " 13.5 " 
1!1 :!4.0 ~ E . .tr •. a ~II'. 4:).1 " ~ 1 .1 E. 4~. 1 w. 311. 1 ~~1\'. 17 .1i " l i .fl " I H Nl·:. 
2<1 :Jti.i .. 

j~:~ I ~ K 14:!.2 " 28.7 f'~K 41.2 " E1 NS E. :ln.:! ~II'. 117.5 SE. 17.fJ RK ]:) .2 s w. 
~1 3,-,}) ~E. .. .; :3,:.? '· 2~ .7 ~ - 4U " 42.1 " ~O.Ii " 17.:1 " 17.7 Nlo;. 13.1 NW. 
:?:! ;~l.i SE. 4.i.3 w. 4'l.l XE. :!~ ..... ~ II'. ~I.:> :;w. Hl '· :JO.g :\':>W. 11!.9 :B. 17.6 " 1:1 .:1 ~E. 
:,!:\ -Ill, I) .. 4.'>.:l X\\'. -4:tl ~ . :!"\.:! " 4 1.ti " 42.1 S\\. :~IUl XE. 116.G NK 17.7 '· 1:\.8 N IV. 
:11 41.i w. 4.i .:l .. -4:!.H l\ \1' . 2, .1 I ~\' ~; . .tl.7 l\ E. ·12.1) .. :n.1 " l liA ~E. 17.8 1 " 14.1 " 
:!{1 1 ~.:) :' 1:. I.'J .:l ~E. l:!.i 2~l.5 H\\". 41.7 N, V, 41.U f:: K :\1.2 RSW. 1tU NJo:. 17.9 RW . 1H " 
:,!1) 4:1.11 .. ~ .-, ,:) .. 12.1 S \1' . :H.:l " 41.S ~w . :\1.1 " 1111.0 R 17 .!.1 N K 1-1.5 RW. 
:!7' 4:1.1 :-:. .rl:! ·' 12.1 II'. :1~.:; I ~K 41.0 " 41. ~ !ill'. ~~~0.0 " 11o8 XK 17.0 Rt; . H.7 ""· :!~ 4:l.U ~II". 4"1,:! .. 41.,"> ~II'. :\.1.1) .. 41.7 " 1:;~ 

NE. \l.") ,j " 17.8 .. 14.9 l\' 11'. 
~) I 4:>.1 .. lU.tl ~11'. :\,1.7 :-<11'. 42.0 :::g. ·i l.r, '· '· 

r"·" 
" 1j.r. l '· 1 L!J N 1·~ . 

an 1),0 " 40.:2 .. a:,.:l .. 4:!.1) .. 41.4. " •)•}·> " l ;j .J " 17 .-l ~ 11'. 1 1.9 " 
3 l I 4;.u .. :![).7 K H.IJ 2g.:) " 11.1 I XE. 

I I I - - - ----- - - - - - ----- -· ----



XXX REPO RT 0~ THE MI S I S IPPI RIVER. 

B ec01·d j01· 1851-Continued. 

N ew Carthage.-Obscrver, i\f1t. A. R. AoK t NH. 

Dutc. J anuary . Febr uary. Mnrch. April. :Uny. June. Jnl y. August. ~eptcmbcr. October. November. Dcccmb ·r. 

1851. G'ge l Wind. 
1 
2 
~ 
4 
5 
6 
7 
8 
D 

G'ge I Wind. G'ge 
~0. 1 
~0 . .( 
~.0.7 
·11.1 
~1.4 
-Jl.7 
~ 2 .0 

SK 
N\\'. 
N. 

W ind. C'g< Wind. C'gr 1Vind. C'ge l 1~'i11d. C'!r l[i,nd. , (,"g.' ll:ind. _r;·ge Wind. G'ge! !rind. C',qe! ll'iwl. G'fl' 
N\\'. J~.u 8 11'. 3!1..1 .\'. 34.~ C'alm. 41.1 ;o;L 41.1 aim, ~.S i'n :. 10.:1 lllm. 11 .:1 Cnlm . 0.!\ 
" +l.ll NE. 3S.7 1 N K ~-1. 0 " 41.2 Ca l m.~n.~ ·• 2-1.1 NK 10.2 " 11.0 S \1'. O.li 
N l•:. 43.0 " :11 .0 fH:. :l-1.8 RW. -11 .2 fl f:. 40.3 ."II'. 2:l.5 fl . 10.1 " Hl.R N io:. O.R 
HW. -l:l.R SW. :311.0 S W . 3f>.2 " ~U ~- :l!l.G j Cnlm . 2:1.0 Cn lm. 10.0 .\' 1·:. 10.-1 Cnlrn . 10.2 
l '' -13.7 Nil' . 30.0 .\'11'. 3!1 .-J " 41 .3 nlm . 3<,.5 ' · 22.5 HI·:. 0.0 " 10.1 N IV. 10.7 
S . J:l.O Xt:. :l-1.9 SK 3.1.0 " -IJ.:l SW . • 3i.ll ~K 22.0 " 9.9 ~ E. 9.8 NE. H .1 
" ·~1.5 I c.alm. :11.~ " .'J.1.9 " -11...1 SE. 36.:') ' · 2l.fi :: n.a t\K 9.6 Cn lm . 11 .4 

~~:· :t:t1 ~i-:. m I :: ~~:~ ~~l lll. -:~ :~ ~aim. tN I S~lm . ~:~ " ~:g ~it g:~ ;,E. ~~ :~ 
" ~~.1 Jo:. 3!.2 8 11'. :311.9 NB. -11.5 " 32.9 " "'Q.1 R 10.0 " ~.\l C~lm . 11.6 
S W. 42.9 Cnlm. 30.8 Calm . :Ji .3 Cnlm. -11Jl '· 31.5 SW . 19Jl Cn\m. 10 1 " 8.9 ,' t; , 11 .7 

l tri·nd. 
Calm. 
N. 
C1llm . 
N K 
Calm. 
. B. 

Calm . 
R\1' . 
Calm. 
N . 
Calm. 
N. 
s. 

10 
Jl 
12 
1 ~ 
H 
15 
) fJ 

l7 
18 
1!) 
20 
21 
2::! 
2:1 
2-l 
"15 
26 
27 
2S 
21J 
30 
31 

12.2 
1-1.3 
1-1 .0 
15.:\ 
1!').8 
17 .0 
'IH.O 
2 1.0 
2:3.0 
21i.8 

.\'W. 
~K 
SK 
,.;. 
S K 
N\V. 

~ 2.3 
-1 2.5 
42.6 
42.8 
4.2.\l 
4:1.0 
4:1.0 
~:l.( l 

4:U 
4 ~.1 
43.2 
4:1.2 
43.3 
43.a 
~').4. 
J~.fo 
-1:\.f) 
J :\.(; 
4-:1.7 
-1:1.s 
~:J .O 
~:l.O 

~E. -1~.7 HE. 30.31 " ~;.:; " 41 .0 , W. 30 .~ Cnlm . 19.1 RK l OA N \1' . 0.0 " 11.7 

;; 1~::~ ~ ''r· ~~:~ ;; ;U:6 ~~~~- j~ :~ ~. ~~ - ~:ci :: ~ ~:~ ~- :-g:~ ~~~~~-n. ~:~ ~'\\~~~ - ~~ :~ 
Cnlm . -1:!.:\ " Z!l.2 ·' :lS.3 Calm. -11.7 n lm . ·:? .0 " 17.7 PK 10.7 N K R.O RK 11.0 N. 
R\\' . -1 :2.2 u 2s.o . \\~. ~~.u 

1 

X\\' . -11 .7 ' · 1:?7.6 " 17.0 " 10.9 " R.D Calm . ll.G 

Z9.5 
:11.0 
33.0 
35.0 
~ :2 
37.1 
a~ .o 
a~.-1 
3~.8 

30.8 

" 
N l~. 
sw. 
SE. 
fl. 
8 1·: . 
R. 
.\'E:. 

-13.0 
4-1.0 

.\' 11'. 42~ " :!8Ji , K 39.0 Cn lm . -ll.i S \1'. 27.-J , E. 16.:1 .\'f:. 11.0 C'a lm . S.5 " ll .i> 
N. .p •l SE. :?.QA- " ,'30.3 I S \\' . .J1.8 C'nlm . 27. -t- S. 15.n Cnlm.11.2 " S.6 " 11 .5 
~Jo:. 42.2 S W. 2RA ~W. 3!1.0 Nil. ·ll.R j N· :?73 Cn\m. l~.~ bl·:. 11 .~ :>E. R.+ Fm. J\ .f> 

• 
~1',Y. · 4

1
i .. ll ~.: ,",: . 2RA S' ll' . 3!!.8 I nlm. ·11. " :?7 .~ l-\E. 11 .1l "lm. 11,;, CR.

11
Inl . R.2 :-!W. 11 .6 

" _ ·' 28.-1 40.0 l'\E. 141.8 nlm . 27-1 f\W . 1:1.11 se. 11.r, 7.9 Cnlm. 11.1\ 
W . -12.0 1'\ E. 2~.2 " 40.2 S W . ·11 .8 \ " •:!7.1\ ,_1-:. 1:l.l\ " 11.11 .\' 1·: . ~:1 Nil' . 11.7 
.\'W. 41.9 Jo:. 2S.O " -10.4 S K -11 .7 F\ K j27.r. :-.w. 1 ~.7 Calm. 11 .7 i'\1•:. R·> F\11' . 11 .9 
.\'. 41.0 S E. 27 .(\ :\' f:. 40.5 Calm. 41.7 :\'e. 27 .7 ;; II' . 12.2 " \I .R n I m. 8.3 .\' 1•1. 12.0 
N.t;. ·11 .7 " :!7 8 Cnlm ., -1(\.1\ 1 " 1-JIS SJ::. '27.7 C~lm . 1\.S .\'. 12.1\ 8.6 f~W. 11 .1 
" " · 4-1.0 C'lllm. 2R.r. .. -Jtl. S E. 4\.i " Zi.i \\' . 11.5 :\' \\' . 1·1.0 N. 8.9 S ". 10.2 
C'.~',~·l.m. 4-1.:1 ~-1::. :l<l.~ l-\11'. -10.~ ~-. -IU ~- :!'< .. > C11lm. 11.2 :\'. 1 ~.11 ~~: . 0 .0 C11 lm . 8 .7 
.,u -11.0 I ~J.,. Calm.

1

-J\I .O S \1 . -11.11 :?7.1 fi t: . HI.!! >' I·:. 1 ~.0 n.3 .\'W. 7_7 
x E. 40.i sw. 3:!.:. •· 41!.8 .. 41.a ·• 21i.i ~ -· w.~ ~ I I'. 1 u1 s w . 9.~ st:. 
~E. -10.2 .\' \\·. :J:l.-1 1 " .1 1.0 

1 

EE. :4\A ~II'. 20.1 •· 11u.r. 

1 

SE. l l.i " n.-1 1\\1'. 
·' :33.U I SW . t l ;J I Calm.

1

25.5 :-;.,;, 11.5 aim. 

R eco1'ds fo1' 1 51-Continued. 

N atchez.-Observcr, ;\fn. J. . Buows. 

Cnlm. 
Fi ll" . 
C11 lm. 
" 

sw. 
Cnlm. 
" 

SW. 

------- --....,---------~--

On. le. J nn uary. F "bl'nnry. Marc!>. Apr il. Jnnc. 

- - - --- --- - 1 

1So1. C'IJe Wind. G'11e ll'io><l. C:q• IVin.tl. p-or i iV!'ncl. f!.IJ' - Wi nd. G'_qJWind. 

~ - ~ ~:~ ~-~\ · ~ ~ :~ ~~ · ~:~ ~\\r . ~i!:~ I ~-

~ly. I Au:;ust. S<•plomber. Octnl~ Nov01~ Decombe•·· 

(tgt. Wi>1d. f:'gtt ll 'ind. (,"!/'- "Wind. lir1e ll ~i,ul . (:'gt Wind. (tgef ll ~ind. 
lfl.ti S W. Jf> .U ~ 1-:. p.J U . l 1\' \\". 1:1 .S H. 

:t ~~ :~ ~.. ~ ~ :~ ~."·· ~ b: ~ ~,,. , ·~t~ :: 
0 
7 
8 
0 

10 
11 
12 
1~ 
H 
Ia 
16 
17 
18 
'19 
20 
21 
22 
2:1 
~ I 
25 
2fi 
27 
28 
29 
30 
31 

47.1i ·' fJ I.R "~ - ·l.'di :\'\V. 10.7 " 
J~ .l X\V. ;)1.7 X \\' . .J-.j,S · ' .Jl.U " 
4 ~.6 11 [) 1. 7 :-:. -11.0 II "I .2 IC 

.s-x.s ~- [11.7 X\V. -1:to R -11..1 " 
-t s.u ~' \\". r,t. r. w. -1:!.:2 " ..Jl.t i " 
.J. !J.:J H\\r. [IJ A N. 41.-J 11 4:2,() ' 1 

40.4 N. r,1.2 1\' lr. -111.11 •' -1:!.2 .. 
49.6 .~ .\V. b 1.0 ,"I.. j39.U u 4:!.U " 
49.~ 511.9 :!!).0 .. 42.!l I .. 
49.!l HE. f>ll.i .\'. ' ;l~.:l ' ' J:U ~\1'. 
5 .0 S. 50.6 '· 37.7 " -l :t:l :-:: 1-~. 
1>0.2 NW. iJil . .l XII'. 37.1 ~ II' . -13 .. ) ·• 

:12.0 N\V. ~~:~ :: ~~:·: ~~\r . ~ ~:{:i ~ fl:i ~-
a5.5 SS.II". f)0Ji " 50.:\ " 35.0 " 4 l.3 " ' · 
38.1 50.7 S. fi0.2 N. ~5.7 SW -1-1,:, " 
-10.~ :: 50.9 " i\0.1 :>E . a.;,R ~,' . -J-1.7 .\'F.. 
H .7 50.9 s w . 50.2 N. 35.3 ·II 0 I w 
-t:J.o s. 51.o ~. b0.1 " :\5.2 " -tr,:o .. · 
j ;::~ N \V. f. 1.1 ~~·· 5tU) ~,".,.· :w:~ :: -l.lJ S \V, 

~l\ V. ~l .:l JO.R :00:. :U.H ll 4[).:! ~ . 
4f, .7 ·• 1.-1 K 49.S W . 3 1.8 4;,,:1 ,, 
4rl.O W S\\r. 51.-l H. 49.U N\\', !i,j.O ' · 45. , • \V. 
46.5 N. ~1.5 HW. ·1!!. 1. ~- :lfi.7 " 4.;.u RE. 

51.7 ~; .J tU II :li .7 A\V. 45.5 H 

51.7 48.7 N. :Jll.O R. 45.5 " 
51.8 SW. 30.2 , W. 

1'1.i :q;, 4:,.>. :-.II'. Jo.6 11.!! Hll' . 1:1. 1 W. 
-1;\,j 8. -t .J.5 ~E. JO.O 1\.7 " 1:\.2 :'\ \\" , 
1.1.i " .J f1. l H\C 29.5 11 .7 " l:! .!J ~K 
-t:,.s RK 'LH " 1H.s 11.1 " t:Ul !-I.K 
.J:'),t) ~. .J-:t9 II :._.g,j 1\ _.l II \ :!,l) ~\\'. 

4>.!1 ~f:. -l:l.l " >7-7 11.-J Fi Jo:. 11 .7 RW. 
4.i.Q ~- -I~.:J " 17.1 1 1.:! HW. 

1

11 . 1 .\'W . 
411.0 '' ~ -1 1.4 " ~<I.IJ NK 11 .~ H 1·:. ·11.:1 W. 
4ti.ll RW . ·ltl.J ·• :ltl.ll f:. IJ.:I H. 1 2.~ R . 
-ll).) " "· :J!),;l " 2;),[) \\r. 11.7 .\'W. 1:!.5 11 

lid •· :1'1.:1 " ~:,.o H. ll .S II' . 1 ~.8 1•: . 
-lH.:! ~\r. :17.:{ \\r. :!l.f, '· 11.8 · ~\r. ·l:t3 NK 

14tU \\', :lll.:l R\1'. :l:l.!l ~F:. 1 ~.0 I \\', 1 ~.7 w. 
HJ.:! ~·nr. :t5. l w. :!:ta " '· 12.1 ~: J:l.r> S \\' . 
w.:! !"l. :u.n ~'\'. :l'.!.n t:. 1 :!.2 R \\'. 1 :!.2 " 

4<1.3 W. :11.:1 .. :!!.!! " 1 ~.-l ~- 11 .0 R. 
4t i.:3 ' 1 :u .o II 21),!} II 12.[J ,, 11.0 RW. 
411.1 " 3:! . ~ ·• 'ltl.'l HW. 1 ~.7 W. II A " 
lilA .\'W. :~1. H. 10.0 H. 1;\.0 " 11.1 N W. 

~::::: ;;._ lU I ~II' . : :~:~ ~,\I'. ~~:1 ~ 1·:. il.:~ ~i-: . 
4tl.:S .. ~tU I ~ \\' . J:,. l " l:S.:! N. 10.7 N \V. 
-lti.3 :\W. :l:l ~ I" 14.~ R. 1:\.:l w. 1tl.R 
4t\.:l :'\..:. 3a:, " 1 to ~W'. 1a.a " 11.1 " '· 

~·,~,-.:_: I ·.~ ~~- · 3.1.S f:. 1:1.0 ~- ~ ~-~ ~~_v. ~ : :~ ~ it" 
• r. J:l.i R. 1:\.~ ;,{, • · 
-I Ii.:! I R. a:u 

1 

" ~ ~-~ " 1u " g:\J N. 

~~:i ~.w. ~~}~ ~."' · : t~ ~·- ~ :: :~ ~·- w ~-
140.0 " 1 .. s I 1-1.o " 

--~-----~--~~~~--~-~--~~~--~~~--~~--~-~~~---



.A P P E :N D I X B.-D .A I L Y G .AU G E R E G I S T E R S. XXXl 

R ecords jo1· 1851-Continued. 

R ed-river landing .-Obscrver, i\In. 1\I rnuEr. Tomus. 

Dnte. j . Jan uary. I }'cbruary . I )larch. , _ April. May. .Tnno. .Jul y. August. Scptcm. ber. October . November. December. 

-- ----
c·,qe l Wind . . G',qe 

---- ----
~,q) Wincl. 

---- ---- ---- ----
JS:; t. l G',qe Wind. G'oe Tri11tl. Wind. r.•oe Wind. G',qe lrinrl. G',r;e ll'iml. (."'ge l l"hld. G'ge lVind. G'ge ll"ind. c·o• H"iud. 

1 39.:! ::'{, -HiA g_ 4:l.-l N. :\~ . !) sw. :lS.U SK as .~ N . ~u H. 3.4 s. fl.~ N. 3.1 N. 
2 40.2 '· 4tiA X. 43.0 s. 3U RK 38.1 s. 38.8 R. 23.8 N . 3.:l " 5.1 sw. 3.1 " 
3 40.5 " 46.4 " -12.7 " :14..1 s. 38.2 Rl·:. 38.8 \\". 23.fi s. 3.2 N. 5.0 N. 3.0 " 
.J 40.7 s. 4U.3 S. -12.5 N. 34.6 " :18.2 w. 3S.G s. 12.9 .· w. 3.2 NJ~. 4.0 NK 3.0 " 
5 41.1 " -10.2 N. -11.9 '· 34.8 sw. a~ .3 sw. 3S.:J " :!:2.<t N 3.0 s. 4 .. n N" T· 3.~ ~-
6 41 5 X . -Hi.:? " 41.5 s. 35.0 w. 38.5 " 38.0 " 20.8 S f:. 2.9 N. 4.8 N. 3.6 
7 41 .7 '· 46.1 s. 41.0 " 3 .5 " 37 .6 N. 2'2.1 Cnlm. 3 .0 s. 5..! s. 3.0 " 
8 42.0 " 46.1 X. ·10.4 " ~5.2 NW. 38.5 )L 37.0 " 21.5 s. 3.1 Calm. 4.0 N. 4.a " 
9 42.2 " 46.1 " 39.9 " 35.4 N. :l8.4 ~' !!:. 3o.n " "L0.7 " 3 ·J SK 3.5 8. +.5 " 

10 

I 
42.6 XF:. 4!i.9 ~- 30.2 " 35.0 ~ "'· 38.5 sw. 3tl.O 8. 20.4 sw. 3.:1 ~- 3.0 " 4.6 N. 

n 4~.9 H. l i~:~ " 3J.S 1·:. :18.5 N . 34 .9 ~- 20.1 s. 3.5 SK 3.0 " 
12 143.0 " " ~-0 " :m.o " 38.5 " 33.3 Ca lm ·. 10.6 NB. :l.O 'V. :!.2 " 4.8 '· 
]:l 4:!.3 .\". -1.5.5 ~r. 37.3 SK 30.2 SW. 3~.6 " 3~.3 l'i \1". 19.1 SK 3.7 N. •1.~ N. 4.9 " 
H +.l.S .. I"'H " 30.4 XR 38.1\ " 31.3 ~- 1 ~ .5 .\". 3.9 " u " 4.9 " 
1a 

I 4:3.7 .\". 45.3 " :l6.5 N. 38.6 Cnlm. 2<J.8 " 17.0 RE. 3.9 " 4 .0 " 5.7 " 
111 I 144.0 XI::. 4!i.2 i\W. 3!i.O sw. 36.5 !-). !\, _j 1-\. 2\LR R\Y. 15.1 w. 3.9 ·' 3.5 C~<lm. 4.\i " 
17 44.1 .\". 4-U s. :\,1.7 " :\0.6 N. 38 .7 ~. 2•.8 RE. l:l.7 s. 4.1) " 3 .0 s. 4.5 NE. 
18 :?0.3 ~- +!.2 " 44.9 " 3U ~- 3!\.9 SE. :lR.i Calm. "li.9 .\"W. 11.0 .\"K 4:l " 2.8 N. -1.4 N. 
10 :!~.t.i ~II". 44.5 .\"K 41.8 " !\3.6 ~~j . 37.0 X. :lR.S " Zi .5 .\". 1\1.2 s . 4.:l s. 2.6 8 1·:. -1.-1 '· 
20 30.i S. 44.5 .\". 4-I.S " 33.1 ai.l N\\" . 38.8 N. 'l7 .3 ~- 0.-l N. 4.4 " 2A s . 4.7 N. 
21 3~.7 N. -1-1.8 R. -11.6 ~- :l:l.6 '· ::\j :1. " a~.s R. :Lj,() Sl·:. !..5 " 4.G " 2A " 4.9 s. 
2:? -IJ.O " -14.6 ·' a·Ll R\\". :J7.:l :>IF.. :!~ .8 " ~(i.S K 7.5 s. 4 .7 N. 2.5 N. 5.5 " 
23 1-I.U .\"\1". (1.5 " 31.9 s. 37.5 Calm .~~ . . 8 Calm. :W.7 N 1Y. G.7 xw. 4.7 " 2.3 " 11.2 i'>t. 
u :\j .0 " -!;),:! .. 41.:1 '· 31.5 '" :3R.8 ~. :?0.0 K 6.1. ~'~"· 4.8 " 2.~ " 6.2 " 
2.) a;.a 45.:3 .\". 44.2 " 3 1.2 " 3R.9 )" :UUl S\1". 5.5 N 4.0 s. 2.2 8. 5.D S. 
2t) 3 .0 '· 45.5 44.1 

,, 
31.3 ·' 38.0 ~E . 2G.G ~- -1.9 w. 5.0 1'. 2.3 N. 6.0 N. 

2i 13'-:.5 " r;,.(i '" j41.0 32.1 " 3~. 0 " 215.{) N. .J. [> N . f>.2 s . 2.5 s. 6.1 " 
2~ r,1 N. ... j, j '· 14:3 .9 " .32.6 " ;] ~ .9 s. 20.3 " 4.1 " 5.:1 " :1 .6 N. 5.0 ~ -
~ ~fi.O X E. 4:3.7 " ~2.0 F .18.9 Sll'. 26.5 s. :3.7 " 5.4 " '2.7 " 5.-1 " 
30 ~6 .2 r:. 

( .5 
" 3-3.3 K 3~.9 Ca lm. 26.4 S ll. 3.0 Cnl m. 5.-l sw. 3 .0 " [l,-l- " 

31 I 140.3 I ·' 13a.6 };. 38.8 s. 25.2 Calm. 5.3 s. 5.4 " 

R eCO'rcls fm· 1851-Cont inued. 

Baton Rouge.-Observcr, i\ht. J. W. BROWS. 

Da I e. I Janunry. hbruary. )la rch. ~~-~ . Tune. July. 

I 
August. cptcm bcr • Octobr r . November. December. 

----- ----- --·--
I 

r.·o,i Wind. 
I G'ge l ll ~iurl. I G'ge i iT'ind. l ,;1. G'ge Wine/ ft{lt. H~inri. ((gt ll"incl. rrur n·iml. r; ge Wind. c·oe Wind . r::r!• l ll'ind. G"ge l ll'ind. ,"gel Wi nd . 

1 11),.") ~E. :!-..... X. :~H Calm. :n.n l :\ . '.!:l.S ~- 21i8 1 s. .,- r I XII' lh.t Calm. 3.ti ~;. 4.8 s. ~-4 ~ II' . ,../, ) . . 
2 10.0 :!'-1,.") :~J .:l x. l :ln.~ K 2-LO .. :!li.9 .• :!';'.() " 11i.1 R. a.r. II. 4.9 N W . 3.·1 NW. 

3 Jo.:, .\". :!'·" :~!.1 X\1". ;j l).fj K. :.!- ~ .2 .. "2ii.O .. 
~:~ I ~'~\·. 

l ;j.S u :l.:") ~' .J..J. " :u " 
4 lfl.4 :!'\.9 ~\\". :J;l.l ~ E. :Jil.4 .\"\\'. :! 1. :~ :!H.IJ 1;).:.! Cnlm . 3.!\ ll . -1.1 Cn hn . 3.0 

5 111.2 1 Calm. :?'J;l E:alrn. :J:U .\"\\". :lii.O , ~1.5 :.!i.O :!i.t R. 14.7 :H NE. 3.9 ,,·w. 3.2 B. 
0 10.2 .. :n .. ·, K. 3:1.1 Xf:. :..'!).(_i 1-' :! 1.:) :!7 .1 21i."i 1-1.2 :3.:1 K 3.7 3.·1 
7 111.1 ·' :!!l.i XII~. :!;J.O R. ~I . :! :!-l.fi "-r· 27 .t :W.5 Cnlm . 1'1.8 .\"W. 3.,; 3.6 Nil . 3.8 8E. 
8 10.1 fl . ~l.tl Calm. :J;J.O X. ~"-~ ~Li s. :!i.l :!6.:? II' E . 1:1.2 8. :1.0 3.5 1-:. 4. 1 E. 
9 ln .. ~ SE. F~'-~ '· , ~ ~.1) I " 1·:. c"<.-1 R. ~I.S Zi .l ~-~ 12.8 Cnltn. :.s.o K a A s. 4.2 .\E. 

10 11.1 \1". ,31!.5 I 1 ;1~.~ •. -rr .n ·· "· :!"~!) :!7.2 w. ~5 . :2 sw. 1 ~.3 K 3.7 3.4 4.3 S l·:. 

11 11.n s. l!li).7 ;t~S t:. :!T,,j ~- :2.1.1 '!.7:.!. C'nlm. 2~.7 H. u.o a.s E. 3.6 R 4.5 N K 
)2 1:!.1 E . 13·>· SF ~.0 ~" - :!.j.~ :!i.2 ~ 1.0 Cn lm . 11 .6 4.9 N. 4.3 ~lr. 4.5 NW. 31.0 

- ·' 0.:: ... . 

13 1:! .!') ~E. 31.~ :t!.6 X. 20J) fl . 2:),-l R 27.3 II' II". :!.:l.:! .\\\". II.~ ·1.0 4.8 .\" . 4.5 X. 

1-1 J·• 131.4 ~n:. a:u; •· 2.::;.9 "15 .6 H. 27 .-l 22A 10.7 4.0 ~.0 N \\'. 4.5 RK 
][, l:l.~ SW. :ll.ll ~~~~ I ~~~. iii A Calm . :![,,fi ~R 27.4 ~r.. 21.5 Cal m. 10.3 3.8 NW. 3.7 Calm. 4.5 !I'W. 

11i 1-t.j X. :n. XII". :!LO R. :!.),!) :!7.-l 1'\. 20.8 s. 10.0 :t.7 3.2 ~- ~ .3 :"\r. 

17 I S.7 SF;. :n. s. :J2;J .\"W. ~I. I I'K 2:) A Cnlrn. Z1A Cn lm. "L0.2 H.li -1.0 3.5 Calm. 4.-l :-IE. 

1 ~ Hi.ll M:. :3~.1 32.1 I s. 21.0 2J.rt 11"1-:. 2i.5 19.5 0.1 4.:1 3.~ NE. 4.:l xw. 
19 1'1.!l a:!.:! :12.0 " :!:1.6 s. :,?;),8 K 2i.5 .\". 19.1 8.5 4.:! Calm. :1.2 Rl·:. 4.2 ~"' · 
20 21.11 .\"\\'. 3:!.4 E. 3~.0 I NE. :!:1.:! :w.o ~- Zi.5 1 .9 7.~ J ;l s. 3.2 XII'. 4.2 

21 ~.!.9 :t! . .; to: E. 3~.0 I .. 2:l.Q :lli.O 2i.5 w. 1 ·' Calm 7.3 4.:.1 2.7 M ~-

2'.! 21.:1 . 11'. :3:!.i :0: \\', l a~ .o 1 " :?"2. :!fi.l :!7.6 
"' 

1 .G ti.i 4.2 NR 2.5 S K 5.3 XII'. 

23 2.;.3 l'. 3:!.!l .\W. 31.q s. :!'l.G 26.2 Culm . Zi.(l ~- l R.f> :\E. 6.1. -1.2 .\"W. 2.7 NW. 5.1 xr-:. 
24 ~ :1-) .n .\11". :t!.') X . :115 :!'L:l .'!>. :!H.!l ~ ll. l:!i.r, }:. 1 8 . ;~) II". f; .5 ('"'"'· +.2 H 5.3 Cn lm . 

:!:, :!li,:) ~E. :\.1 ,1) :0:.\\". ~ l.i :!:! .1) 

I 
.. ~() .... E. :!'i.i I ~.:1 -1.8 !" \\" . u ~"' · 2.6 5.4 ~w. 

21) :!• I.~ :;:u SE. :lJ.tl " 2\.S " :!ll.G R. :!i .i ~- 1 ~ .2 ~- 4.0 II". <I.B N. 2.6 ~K n.:! Ca lm . 
:J;1;l :-:. :l l.i> I ~II". 21.~ R. l:!!i.!l 1':. :!7.() 1 ~ . 1 II". 4.2 N. H i 1·:. 3.1 5.2 K. 

:!7 ·!i .:l .\" . 
:!.~ :!i.9 :~t:~ ('aim. :11.4 to:. :!:!J) lu" " '" 1R.Il .\". -1.1) Xt;. 4.8 fl]<;. 3.~ 1'11". 5.9 

20 a:u :n;l :!'.!.!) RK 26.7 '· 1:!7 .5 17.~ aim. :3.8 [).0 

~"'- I 
3.3 :'\'. 5.0 ~K 

:~u ~. 131 "' .\". :!'l.U I ~- ~6.8 I SK ~'7.5 fi ll' . li .li I s. 3.7 };. :"'1 .0 H xw. 5.7 .\"E. 
:Ill I ·-
31 3aA .'E. I I:!:H I 

~II". "!; .5 w. 17 .:! "- ~- Calm . 5.7 ~. 

----------



XXXll 

Dntc. .Jn nunry. I .F' cbrunry. 

------- - ----
JSDJ. C'oe 

1 
~ 
3 
4 
5 
(j 

7 
8 
9 

10 
]1 
) :! 
13 
1.\. 
1.) 
1U 
17 
JH 
JO 
20 
21 
:!2 
2:1 
2-~ 
~5 
2tl 
:!7 
28 

ge 1Vind. (!' 
II . 
11 . 
11. 
11. 
ll.. 
11. 
ll. 
11. 
11. 
1'' 
12. 
1·> 
1:1. 
13 . 
14 . 
14. 
l.l. 
l(i, 

18. 
:.!0. 
2 1. 
:!:!. 
23. 
u. 
2+. 
'![1 , 
:.!fi. 
:.!(}. 

5 
tl 
5 
·I 
:I 
~ 
2 
2 
4 
I) 

2 
8 
2 
·I 
l 
s 
ij 

7 
:! 
0 
r. 
D 
8 
1 
\\ 
1 
5 
0 

29 
:;u 
31. 

11.7 N. 
11.61 E. 

Wind. 
E. 
~. 
N. 
N \ \'. 
N. 
R. 
~E . 
s. 
" 
NW'. 
.\'. 
E. 
u 

R. 
:<E. 
N. 
N l•:. 
~K .. 
N W. 
" sw. 
R. 
N \V. 
K 
f\ . 
f\ W. 
N W. 

REPORT O N 'l'IIE MISSISSIPPI RIVER. 

R ecord& (o1· 1861-Continued. 

Donaldsonville.-Obscrnr, )fu. A. C rxa uY. 

Mnrch. A pril. I Mny. Juno. J u ly. August. I ~oplcmbcr . 0 tobcr. 

-----
r:'ge Tr 'ind. C'oe ll"ind. C'ge l r hlcl . G"ue II Y11cf. C'ge l ll"i11d. C'oe I Jriml. l r.•ue Wiml. G'rr lf",:ncl. 

:.W.:! N. :Ju.:! s. ~8 . :1 NK 2:!.:.! :-i. :2-L:-l ~ -E. :!5.4 ~' '' · lf:).U NW. 11.5 Jo:. 
:W.5 NW. :]0.1 1'. ~8. 1 ~ Jl. '2:!.5 " ~4.9 Jo:. '2.1.5 N. !ljA \ V. li.7 " :.W.S ,, 

31).0 ,, 
:!7.9 " '.!:!.7 w. ;!.j,f) ~E. :![).0 Fir. lli.O N W. (i.H N. 

27 .0 NE. :10.0 ~ - :!.7 , j NW. :l:!.H H. ;l.),t) " :![) .... " 1.1J) Jo:. 6,1} " 
~7.:1 :0: 1•:. "2H.9 ~w. 21 A N. ~~.k " :!5.0 " :!5.1 " 1o. t " li.H " :!7.ti RW. :!!.J.S Jo:. '27.1 ~B. '2"1.8 " 2!;.1 " :1.1.0 ~E. 14.8 ~ll. 6.5 F.. 
:!.7.0 N'\' . :!!1.8 H. 2H.8 " ~.0 f\W. :?5.1 " :!.4,G .F:. 14 .4 '· lUi X I, . 
27.7 " :!!1.8 .\'W. :W.-1- " :!;!.1 " :!5.0 " :!-lA ~E . 14.0 " 6.7 F 
:!7.0 " :.'!).7 K :!fl. l " :13.1 K ~5. 1 " ~.0 E. 1:1.0 " H.S l"l l~ . 
28.:! E. :..~). 7 " :.?:>.H u :!:J.:j NK :1[, .1 \\r. :!:U) N. loA F. . (i.7 " ~u '· :_.I'!J.U f'E . :!.JA " :!:JA ~Jo:. :?!}, l ~ " ' · i3.:? " I :U ~ "· 0.8 " 28.6 u :/!).li i'. :?5.0 " 2:3.5 ~ - :!5.~ I ~"'· lt+t w. 12.8 " U,!J N. 
28.3 " :!U.b NW. :l-1.6 w. :1a.1 .. 25.:l J :o-:. N lr. 1:?,-J K 0.7 " 
·z~ .~ RW. 2\) .~ u 24.1. :O.R ~.9 " 2ii.3 ~K 21.3 u 

r2.1 
.· t:. 6.7 u 

29.0 u 2\l.~ " '1:1.7 !'E. ~ .0 N. :!!).:3 l\W. 20.ti " n .s " g:~ R 
•,!<J.:l w. ~),'l ,V, z:u 1-\ . ~.H N£. 2:) .4 }~. '.!0.1. " 1l.li " N W. 
~>(J.:l NW. :/!).l .. •.!·1.8 I' ll. ·!~.6 

1\ " · · <·2:; .4 ! t<W. 19.b 1-\W. 11.4 " U.\l .1•:. 
~~.4 " :L'J. l RW. :!'2.5 '· 2:l.6 ~ ~~ - '.!5 ..... " IQ.O N. 10.\J K 7.1 "'· :!!1.5 Jo: • ~~1 .0 u :!2.3 u 2:UJ '1':. :!:, A \C 18 .7 u l O.:J ~ ~~ - 7.1 RW . 
:!!1.6 .. :!!1.0 u :! l.fJ ~.1 .. :!5.5 N. ] ...... li K !l.!l u 7.1 " :l!J.!) ~- :W.O NE. :!1.7 H :!-1 .:1 ~ E. ~j , (j \I'. 1 ~.5 NK H.Ci NK 7.11 " :?!l.!) ~ II'. :!S.!J r;, :!1.:) ~w. :!4 .:1 N ~: . :?:1.0 NE. l ~..l .. !J.:! ~ Jo:. (i,!} N. an.o NW . 2R.!J N . ~ 1 . ;) " :!Lb ~Jl . '2:J.7 :-; ,.;, 18..1 N. 8.0 " ll.N i'JK 
:!'J.9 N. 28.8 " 21.1 R 24.;; };. '2.).7 Jo:. 18.~ ~ IV. 8.0 " O.H " 30.1 R 28.8 " :!0.9 u ~.u H. :!o.7 i' l·:. 1 ~.:? '· 7.1i NK fi.H H\1'. 30:l l' K 28.8 " 2ll .7 f.: g. :l-Ul .. 

1:!5.7 s w . 18.0 ~w . u u i .O X. :10.3 " 2R.U N,Y, 20.i " :!L7 " :!;),[) " 17.9 w. u.o N. IJ.!l N.K :l0.3 R. 2s.o " 20.9 R. :! l .j " :!5.ti 1\ W . 17 .8 sg. u.7 " 7. 1 .K :10.3 J·:. 28.4 ~ E. 21 .3 .. :.!.4.7 R\1'. r;.; ti \1'. l; .7 NE. 0.5 NE . 7.6 S \1'. :JO.:l R. 2SA R :!1.7 ~E. 24.7 w. :!5.4 '· 1i .5 }~. U.5 E. 7.-t u 
30.3 SE. '!'l. l s. ""-~ I " lj .2 , " 7 ·> F' ·-, .. 

Records fm· 1 51-Continued. 

Carrollton.-Obscrvcr, Puon:sson C. Fousm:Y. 

November. December . 

---- ----
C'_qp H7nd. C'fJ" ll'iml. 
j . :~ Jo:. (), I Jo:. 
7,1 sw. G.O N \\' . 
7.1 " r,,H " 
G.7 H. fi.7 N K 
u.u w. [).7 " 
6.:1 N. 5.8 E. 
H.2 E. 6.1. " 
6. 1 " (\. :\ " 
6.1 " G.fi u 

(l.:! " f i.(j s. 
OA " 6.7 .\ ' \\' . 
7.·1 N . 6.7 " 
7A NW. (i,;j N. 
7.8 N. ti.H " 
i..l N \Y. f>.7 N\1'. 
7 .0 .1, . t\.li N E. 
0.1\ " 6.1; " 
(\.:\ " li .:) N. 
IU " ti.2 :\ W. 
6.'L NW . U:l R\1' . 
5.0 " ti. l :-\ , 
:l ..l " 7 . I I :-. w. 
(),( " i.l N. 
5..1 'N. 7.1 " 
!>.5 !II \\'. 7. 1 u 

[}.(-) 1-:. 7.2 R. 
u.l 7.1 .. 
6.2 N 7.H " 
U.:! } ;. 7.0 S K 
6.1 .\'W. 7.8 ~w. 

I 7.9 I " 

'"'"·/ '"""::'::._1-""=':_ ~ ""'::._ 'ori>. ~ I '""'· I '"''· I '"''"'· I "''"mO o /--Oc......,.lo_l_w_r_. -1--N_o_vo:-r-n_u_cr_. _J>_•_cc_n_' "_" '_·. 

IS;,l. JC ',?' Wind. C'ut Wi>nl. r:'g, Wi11d. r.•ge l Wi11<l. G'a• Wiud. ' G"ur / Wind. G"uel ll .irul. G'a- Wiud. (:'_q, l ll'ind. c ·u, Wind. C'!!e Wiud. C'U' Wind. 
l 7.0 a.s K 1 ~.4 N. Jr,.:; w. 1-1.:1 :..1·: . Jlo.u i' \1' . ~ ~-~I r-:. 1~A w. 7.:1 Cal m. 1.1 II'. 1.7 s. u.x !II . 
2 7.0 4.0 :-il':. 1:} .. ~ 11 ltl.:~ S l·: . 11-L:l E. 11.0 Cnlm. l :?.:l " 1:!.5 " 7.0 " l. f• 1·: . l.H X K O.S '' 
3 7·5 4.11 :0.11'. 1:J.ti " IJ.2 K 

1

14.2 . ~;. 11.1 ~ \\' . 12.:! NE. 12.0 :-<. li.7 N. ].[, NE. 1.5 N. o.n N l~. 
4- 8.0 ·1.11 ' · 1:1.7 I·:R F:. 1fo.2 R. 1-1.1 K\1' . 11. 1 .. 1·•·> ~K 12.;l S. li.J ~ ~: . 1.6 W . l. :l RE. O.!i " 
5 8 .. 1 :1.8 N l•:. 1:1.11 ~ E. 11:>.:1 " 1:l.S ;.. ~:. 11.1 ~ 1·:. 12.2 C'nlrn. 1 ~.4 Calm. li.:J ,\ K 1.H I·' 1 ·> W . 0.:1 K 
o 8.5 a.i " 11.:! ~. r r,.~ :of. ta..t RE. 11.0 !-i W . T:.?.a ~\\'. p:!.:! " 11. 1 " 1.7 ~ E . l.u N. 0.4 HK 
7 H.O a.; ~. 1-1.1 X. lrl,:! R l:t.J '1 11.1 ,\\\', 1:.!.:\ I .. l :!.l j :\\\r. {1,7 " 1.8 !': · (1).·~ :o\E. 1),1) :; 

S 9.2 3.7 S \1'. 14. 1 ~ 1·: . l f>.2 :-<. 

1

1:12 " 11.2 .. l~.:J I f'n lm . 12.11 ~ I·:. ii.7 S \1'. l.N e nlm . o.il 
U 9·-t ·L:! H. 1-L:! Cu lm . J:,,o E. t:;,o " 11.:! XE. 1:.!.1 :-\ \ \', ll. >o, 1·:. fi .-1 E. 1.7 ~ E . O.U HW. O.H 

10 !J.f> 4 .:1 \\', S. 14.:1 i'K l f> . l ~ 1 ·:. I ~.H " 111 .:: ('ai m . 12.:1 1 II' . 11.11 Cnl m . f> .:l .. 1.7 ~. U.!J ~. 11.7 H. 
l I !l.:l 4 .1 :>1. 14 .:) ~ \\'. if>.O I•' 1~.1 1 ·' 11.:1 1'. 1~ .:, .\'. 11.:1 .. .">. I " 1.7 " 1.1 HI,. U.S N. 
1::! o.o .J J, X 1-:. 1-'.:~ r; ~-:. Jr,. J K 1'2 ..,

1

., 11.!1 I ~·n lm . l:!A ·· to.u .. ..J.n " 1.7 ,,.. l. ~t s. O.!l ( 'lll ul. 
.'1 ~ ~-.I ~--~ Ht-:. 11 ,;• ;: H •. o 1 \\~ . ,. ,., ·' llti :: J ·~.o ~·qr. l n.;, ~- .t.7 '' J.a ~· ~-. ·1u " o.H N l·:. 
~ O u u ~ \\'. 1·1.7 14.!) ~. 11.~ " ll .i 12.f> :0. . I! J,J. :O. W . 4 . 1 KK 1 ' 1 - N \1' . J.l) 1-( 1-:, 

15 7.9 5.4 .~. I.J .i ·' tt.s " 11.n s \r. 11.v x. 1:.?.:, .. u.~ •· .J.:! ,.;, ,., " 1.1 N. u.s N. 
; ~ 7·4 fi.fi ~ I·:. J.I.O R\1' . 14 .S :'1 11'. , 11 :J i'. II .' :O.K 1~.:, i'l-:. !1.:, :'1. ~.:l ·' 1.:1 :-1.·:

1
,,. {·.~ NE. ll .!l N " . 

18 ~:~ tj.:\ lUl i\ \\". 11.~ 1 x. 11.:! ~K ll.f'l " 1:!.:) Calm. !1.1 Cnlm . ·1.:!" l.fi K o.s ~ -
10 7.0 ~:. !!),() N 1-1 .7 ~ \\' , lO.H ~ Ill .. } E. !:!,;") •• .., ,7 ~\\, 30 ,, 1.7 ~ \\' , 1..1 HE. (1,:') " 

6.o 8.2 R. I.'U) ~. 1-1.7 Y\\' , HI.~ .. 11.7 ·• t ·~ .f, ~\\· . ~.5 ~K a.o u 1.7 ~' B . 1 ·• '' 0.·1 :-\ \V , 
:.?0 6.8 O.n RJt: . H .O Sf:. l -Ui S t-: . 10.7 u 11.\ SE. 1:!,;, ~ ~: '-\, ,j ~E. a ..t " 1.7 :-;, 1.:3 N \V. 0 ·> ·w. 
:!1 5A 1U.'l N t·:. 1fl.l '· 1-L7 ~E. 11),!) R\ \'. 11.U Ca llu. l:!.fi ('a im. SA E. :1.5 11 1.7 N. 0.0 N. OJ, :-\ \\r. 
:.!"l P 11 .0 ~· 15.2 " 14.7 i<K 10A ·' 11:!.0 .. 12.1J E. '" I .. :1.2 " 1A :-11•: . U.4 S f:. 0.7 N W . 

~ t~ ~ -1 :7~1l NF.. ~ [), :l N. 1·1.7 ~ . HI.:! ~· 1:!.:? X. 1:!.i ~E. ~:n "S. :!."1 f\ lrn . lA ,_':. \I'.O 0 .. :1~ N~~~. g:~ ('N~ Im . 
6.1 II l -U i ~ 1-J. 10.U .... t~. , ~ 2.0 :-: E. l:!,j 1-!. !\,7 ~ \\· . :!. I ,, 1.4 ·' - 1:0 

~g t l ~ ~:~ ~.~~ . ~ ~:~ ~t · 1 ·L~ N. 0.0 ,, 1:?.1 l :?.H ~;E . .•
1 

u ~.5 ~· 1 ·) ~:· g:f ~~J . ~:g ~~~:lm . 
4. NK 0.!1 12.1 ('n l m.

1
1~.R fo•> W . I.K 1.:1 

'1.7 4·1 1:!.7 ,, 1!1 .4 II l ..J .O ' " · tUJ 8 . 1:!.0 ~ \\ . l :!,j ,, ~.t) ~ \\", ].5 NE. 1 .• K O.R ~ I';. ~ .~ ~· 
~ tf N. 

13
'
1 

Nw. : ~ :l ;;_ i~ :~ ~~~'."· 1 :::~~ ~t · ~ +~. ~''' · in~ ~~~.1 "'· ;:o I ~~-:. U ~-. ~ :~ ~ ~·: . ~:~ E. u " 
30 3.0 NNE. 15.4 ~ ~:. 14 .:1 E. 10 .4 ·' 1·•·> nlm . , 1 ~.1 :..w. 7.7 " 1 .1 :< 1·: . l .U N. 0.8 N. ~.0 " 
31 3.7 N K 15 .3 " 10.; Cnlm. l:?.-1 ;. 7.5 u 1.0 8.1~. 1.8 N. 



A P P E KDI X B.-DAIL Y GA U GE RE G I S TE RS. XXXlll 

R ecords for 1851-Continued. 

Fort St. Philip. 

Angust. September. October . ~o,•cmbcr . December. 1Dnte. 1 .January. I February. , ~Iar~~~~ ~ay . Juno. July. 

I I Sj l. C'ge ,;.ind. , c·ge ll'illd. C',qt . Wind. C',qe l Wind. C'ge Wind . C'ge ' !'ind. t:l?e l~ind. _G'_g_e.,...-11-.i-n-cl. -G-'g-e-1~'-,:.-u-l . -G-'g_e_l_l' i-nd- . G',qe W ind. C'ge lVin<l. 
1 ~ .3 E. i.l .'IE. 8.0 .'IW. 7.7 N. 7.~ S. 1.0 .'IK 7.3 SW. 5.5 8 1-:. 3A NK 3.7 ~-
z ~.0 I S l~- . ~-~ , :-.:~~- . 7.91 ~ll. 7.9 ]<' 7.2 S l~ . 7.6 S ll. 7.3 ' · 5.5 .'Ill. 3.8 K 3.8 NK 
;J ~.0 RE. 1.1 .'1 L 8.1 b. 8.0 S~;. 7.~ S. 7.4 " 7.2 W. 5.-t " :J.S " 3.5 N. 
4 4.0 :'i'\1'. 7.2 " 8.1 ~"· 8.0 S W. 7.2 S l•: . 7.~ " 7.2 SW. 5.6 " 3.8 N. 3.5 E. 
5 3.8 :'i'E . 7.4 E. 8.2 ~- 7.7 .'1. 7.1 SW. 7.3 " 7.1 " 5.(\ E. 4.0 1-J. ~.7 N. 
G 3.< W. iS ~- 8.1 .'1£. 7.7 .'IE. 6.9 IV . 7.2 SW . 7.2 SE. 5.5 S l~ . ,1 .3 S E. 3.5 " 
7 3.8 , K ' 7.6 wxw· 8.3 s. 7.7 "· 6.8 " 1.2 " 7.3 " 5.4 xg. 4.8 E. &.7 .'I E . 

~ 1 ·~ ~K ~ :~ I ::E. 8:8 I ~: ~:~ :: ~:~ ~w. n ~. "· ~:~ ~·. ~:~ ~-!':. g ~g, ~} ~~K 
10 4.:3 II' 1r. 7.6 " 7. ~ .'IK 7A S E. 7.0 .'If:. 7.3 :\'IV. 7.3 " fi .i S. 4 .7 S. 3.6 " 

n ~:~ ~i::. I ~:~ ~: - ~:~ ~f:. ~:~ ~i,i_· ~:t ~- ~ : 5 ~- ~:-~3- ~~,-.: ·. g ~~- ~:1 :: 
13 4..S Sll. 7.7 SE. 7.8 :'i'W. 7.~ ~- 7.4 NW . 6.9 Nl~. v ~ . 3.7 N. 4.3 l'l. 
H 4.·1 R. 7.9 ! " 7.8 " 7.0 R 1.:1 .'Ill. 7.5 S t·:. 6.8 :\'. 5.3 K :J. ti " 4.3 N. 
15 4.5 ~'r. i.~ . i .s ~. i.l 

8
'.' ,:-:. 7.+ ¥:K 7.6 :: o.s" a.3" 3.5 :: 3.4 " 

16 4.3 :'i' . 7.~ SW. 7.~ :'i'W. 7.1 '· 7.-1 7.4 6.6 I•' 6.0 " 3.4 3.5 " 
n U :q;, I i.i X\1'. 7_.~ .'1 . 7 :! " 7.~ e. H " G.;; N E. 5.8 " ~ -~ :SF.. 3.:\ NE. 
18 -l.~ .. j ,l 8.0 S \r. 7:.l " 7.:\ " 7.3 G.2 . " · · 5.5 II ~.8 N\V. 3.8 " 
19 5.5 :'F.. 7.7 XK i.9 " 7.2 S. i .-1 .'1". 7.3 :-.111'. 6.2 X~: . 5.2 " 3.8 NK 3.9 K 
20 5. S. 7.9 f:. 7.n S f:. 7.0 K 7.3 " 7.2 :'<' . 6.3 RE. 5.7 " :~ .7 S. 4.0 S IV. 
·! I 6.2 ~- .1 1 ~F:. i .Q ~K <l.8 f;.'I F.. 7.3 , F: . 7.2 S f:. G.~ " 5.:l " :t9 N. 3.4 N. 
2'2 6.5 S f;, I ~ .1 I Sll'. 0 I .. 6.8 .'IK 7.3 " 7.2 " 6·1. ~K 5.8 :J.8 N l~ . 3.-1 s. 
23 6.G . ~E. .0 SE. 8.0 u 6. i ~. i.:l " 7.3 " G.9 N. 5.0 S" ' · a.S " :tn N. 
24 6.5 Ca lm. 7.9 X. 7.1) " 6.0 .V \\' . 7.:1 " 7.6 " (i.O 8 \\'. 4 .8 N.l!: . 3.7 N\\'. 2.7 NK 
25 0.7 SI-J. 7.0 }:, 8.0 " U.5 " 7:1 H 7.6 " 6.5 " -1.7 " 3.6 \ \', :Vi N\V. 

:?IJ 6.9 SK I 7.9 SE. ~ :~ S. U.5 ~~r . 7.2 ~; 7.5 :: g:1 .~: ,r. ~:~ ~~~· g:1 ~.. 2.5 P 

~ I ¥:~ l;s,r. , H ~- ~:¥ 1 ~~''· H ~iv. H ;; H ~;,_ g:~ ~i::. ~:~ ~- t~ ~K gJ ~;f.. 
:JJ b.O '· i .8

1 

SE. 6.9 S. 7.5 " i .4 " 6.2 " 3.3 ~E. 3.4 N. 3.1 NE. 
31 8.0 :;E. 6.9 S E. i.3 :\'W. 5.8 " 3.6 SE. 

I 

R eco1·ds for 1852. 

Memphis. - From 1·ecords of NAvY YARD . 

2.8 N. 
2.6 NF;. 
2.6 " 
2.7 s w . 
2.8 " 
3.0 s. 
3.3 S\V. 
3.6 s. 
3.9 :I 

3.6 N. 

Dllte. January. :February. _, arc . prt . • . . 0 •r h I A ' I ~f~y Juno .Julv. August. Se1Jtomber. October . November . December . 

r,"g) Wind. r.·g, ~~'~!•<l. i .r:~·!le l Wi•.•<l. C,'ge \ IJ"i!.'<l. G'ge Wi11cl. G'gei Wi11<l. G'ge l Wind. C'ge ll JVi·ncl . G'ge W i 11cl. C'!Je Wi?tcl. G'ge Win<l. 
7.~ ~w. 2:1.~ ~ t. __ , I Nt~. 3:lu S ll . 

I 52. 
I 

3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
15 
l ti 
17 
18 
19 
20 
21 
2'2 
:?:i 
24 
2:) 
2!1 
~7 
2S 
2!) 
30 
31 

( r' 'ue lf"iml. 

~ :~ I ~ w. 
fl.O :X l-~. 
7 .u :-\E. 

11 .2 XE. 
1-1.3 XII'. 
16.6 :-It:. 
17.8 sw. 
1S.~ X II'. 
18.0 
19.0 
1S.8 
I ·> 
IU SW. 
l UA " 
1o. l 
11.7 ~-
12.6 XII'. 
11.0 ,, 

O.G I ~K 

7.2 :\\r. :!.),4) SW. 21.1 '• :_i:!.Q H 

7.:! SE. :!,;'",.-, Xl-!. :!1.6 . l-!. a:!.$) 
' · ~"-· :!tti s~-:. :!1. -l .~w . a2. ~E. 

.:! :!7.7 ·w. ·:? 1:! a:!.~ E. 
10.2 :?"\.9 X\\~. :.!1.4 ~\\r . 3'1 .Q 
1:!.2 S\\·. :..'So,:~ :!'2.7 E. 3:!.0 S. 
13.7 X E. :!UA 24.7 :\' W . 
15.2 30.1 S \V. "rt :J. N E. 
16.2 :'\' \ \', 1 30.q X E. :..~.2 u 

1 .2 " 32.:? 8 E. 31.0 \ V. 
19.1 w. au 31.7 

~:~ XII'. ~ ~: :~ ;W, ~ti ' ~f~. 
~0.~ "w. 31.6 ~ - 33.0 

31.11 :J:l.~ • E. 
31. xw. 33.4 1 , w. 
3'1.0 N E. 33.6 N IV. 33.3• 

3~.4 3-1.0 xw. :33.3• 
S.i \V, :!:!. 

3'' ., '· 1:\3.8 ~ t:. 
3~.5 w. 3-1. 1 " 

U SE. 
j .7 "<t~. 
G.1 
5.4 
5. 1 w. 
4.0 ~t:. 4.2 , sw. 
[l.:l ,, 

0:2 " 
0.8 

I 

:!'-2.5 
.'1\Y. 
!'II' . 
XII'. 

XE. 
II' . 
SE. 

3U :!E. 3U 
3·' ·> W. :~ .1 I ~E . 
:31 3~.0 
:u:o ::\E. 3.1.9 W. 
~1.3 \V. 3:3.9 '· 
~J.:l :o-w. :~:1.o :-~w. 
.,.., 'J S E. 3-:l. ... . \V 
27:~ :-:. 33.fj ., 
:!0.2 33.4 I " 
·!)~:? I 

• M mph is Appeal . 

R 
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R ec01·ds jo1' 1852- Continued. 

New Carthage.-Obscrver, MR. A. R. A DK I NS . 

October. Novcmbr r. December. Da te. I .Jan nno·y. -I }'obouary. ~J nrcl1. April. I Mny. June. ,July. August. September. 

JS52. [ c·ge Wind. G'ge w .-nd. G'ge ll'iml. c·y, l ll'ind. C'ge ll'ind. c·r!< w .-nd. ~'ge 1 
ll'ind. G'ge ll'i»d. G'ge Wiml. G''ge w.-,d. G'gr l ll'ind. ~;'gt l ll'i1ld . 

1 :!2.!1 ~ 11'. ~11.7 Cnlm . 41.4 SK 4~.7 :\E. 4.4 NE. 18.tJ Ca lm . 
2 :1:\.2 Calm. ~ll.u " 41 .5 ' · 4Li ~ t;. 4.·1 Calm. 1 .l S l·:. 
3 :~l.l\ ~ K 4H.4 ~1.5 SW. 4~.8 C'n lm . ·1.-1 " 18A NW. 
4 3:3.8 S. 40 .~ SW. 41 .G 42.8 " 
5 10.0 SW . :14.3 40.1 41.6 SE. 42.7 Rll'. 
6 10.4 3·1.8 SW. 41.6 K 42.6 aim. 
7 10.8 };. 35 .3 41.6 S K 42.6 " 
8 I 1. ~ Cn lm . 35.8 S. 41.7 Calm. ~2.6 
0 11.0 II' K 36.:1 Cn lm. 41.7 SW. ,12.5 

10 1:1.2 ~iW . :16.0 41.7 ~ 2.5 , F:. 
J1 H .7 :-1. :17.3 1'\E. ~1 .7 42.5 Calm. 
12 16.4 Calm . :\7 .f> 41.7 -12.4 
13 18.1 NW. 37.\l :-1. -11 .7 ! RE. -12.3 
1 ·~ 19.8 Calm . 38.2 Calm. 41.7 Cl\hn. 4"1 .0 
15 ·21 .~ W . :18.5 S E. 41.8 
16 ·2·2.9 Calm. 38.7 " 41.6 
17 2-1.0 ~9.3 N. 41.1 
18 2·1.0 NK 30.4 
JO 25.6 Cn lrn . 39.8 Calm. 
20 26,3 U -10.0 H 

21 27.2 s. ~ 0.2 
22 ~8 . 2 Cairn. ·10.:1 
23 20.0 I " 

1
~0. 5 

2-1 29.8 w. ·10.7 
25 30.8 s w. 40.6 
26 31.6 Calm. -10.5 
27 32.2 u -10.5 
28 32.5 " 40.6 
29 32.7 -! OJ 
30 ·10.7 
31 40.8 

N 
sw. 
S E. 
SW. 
Calm. 
SW. 
St:. 
s. 
NE. 

SE. 
'n \m . 
B .~: . 
Calm. 

Recm·ds for 1 52-Continued. 

Red-river landing.- Obscrver, Mn. MIG UEL 'l'oRnAs. 

4.6 
·1.8 

6.9 sw. 5. 1 
0.5 5.5 
6.3 s. 0.0 
6.2 NK 7.0 
6.1 Cnlm . 8.6 
6.~ 11 .1 
6.9 NW . 1 ~ .8 

~ :~ ~· ~t~ 
7.4 1 ~n l m. 15.1 
7.1 S K 16.8 
6.8 lli.O 
O.i Cn lm. 17.3 
6.5 18.0 
6.3 RK 1 8.~ 
6.1 Calm. 19.0 
5.9 S E. ~0.9 
5.7 21.3 
5.5 Calm . 21.2 

SK 18.0 
s. 19.2 
Cnlm. 19.6 
NW. 20.1 
Cn lm. 20..J 
N il. 20.5 

20 .4 
1!\R ~1 .0 
N l•! . :21.2 
" :li.B 
N. :!'2.!i 
N K 2.1.4 

~ .:J 

5.3 20.9 :-1. 

:!5.:! 
2il.7 
25.8 
25.8 
'2b.i 
':lfl.5 
2r1.1 
2-1.7 
'24.1 
"24.8 5:2 20.4 " 

5.0 f\K 19.6 NW . ·2f>.5 
4.8 Cnlm. 1 .7 N 1-: . ~t\.2 
4.7

1 

N. 18.0 Calm . ~7.3 
4.5 Crllm. 18.0 " 28 .3 
4.5 N. 30.1 

Cu lm. 
sw. 

NW. 
Cnlm . 

N. 
Cnlm. 
RK 
Calm. 

sw. 
N. 
.K 
I'll'. 
" 
N. 
NR 
H. 
t>W. 
fi E. 
Cnlm. 
:-m. 
" 
NW. 
SW. 

lJn.t o. January. ] 'cbnull'y . Mnrch. April. ~lny . .June. Jul y. August. September. Octobe r~ No\'cmbol' . D ccmbcr. 

---:--- ---- ---- ----:-- --;----1·-..,---1----l--;--- -...,..-- ----,-- --,---1--~-

1~52. G',qt 1Vi1ld. G'r1• Wiml. c ·u, H'i11cl. G'ge lnnd. G'ut ll'ind. G'o• Wi nd. G'ge ,,.,.,Jd. G'[Jl Wi11d. G'gt Wir1d. G'ge ll'im!. G'o• Wi11<l. G'gt ll'·ind. 
1 5.7 N. 8.7 ·1:\ .~ 

RE. r'·~ ~. 
2 6.1 8.5 ..J:t.~ R. 4:1.8 :o:. 
;j 5.0 8.:1 o~:\.2 HE. 4~.~ " 
4 f>.5 s. 8.1 o~:u Cnlm. ·s.~ 
5 5.5 N. 8.1 41.8 Cnlm. ~3.2 SE. 143.8 u 

6 5.5 8.2 ~1.7 w. 43.3 -1:1.~ 
7 5.9 8.3 ~ 1.5 :-I ll'. 43.:1 ~ :l.9 

5.9 w. 8.4 ·11.2 4:1.3 14:l.n nlm . 
9 7.3 :-/IV. S.5 41.0 R\1'. 4:l.2 R f~. 43.9 

10 8.2 " 8.5 ·10.9 ~E. 4:\.2 4:l.O R\1'. 
]l 9.2 N. 8.6 41.1 4:1.2 R. .J..1.0 
12 10.2 41.2 43.1 Cnlm. 43.9 
13 11.7 41.:1 4:l.l .. 4:3.9 :'\ W. 
u 1 3.~ .J1.5 4:1.0 R\1'. 1-1;1.9 
15 14.2 ·11 .8 43.0 " I ~;J.S 1'\11'. 
16 15.0 41.9 811'. m n s 
17 15.4 -12.1 :'\11'. 11'. -l:l.H 
] 8 15.4 42.1 ~ :1.0 ·1!1.7 w. 
19 15.2 -1 2.2 N:\' E. ~3. 1 ~- 43.5 
20 15.0 4~.:3 NW. -1 3.:l 
21 14.1 -~ ~.!\ -l :l.~ S\1'. 
22 13.3 4Z.i Sll. 4:1.2 
23 12.1 Calm. 42.7 ·13.2 
24. liA 42.7 4:l.:l 
25 10.7 42.8 w. ~3A 
26 10.2 43.0 4:1.4 
27 9.7 ·13. 1 N'\r. 4:1A 
28 9.5 43.1 SK 43.5 
29 9.3 43.1 4:3.0 
30 9.1 43.2 43.7 NE. 
31 8.9 -1 3.8 N. 
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Records fm· 1852-Continued. 

Baton Rouge.-Observer, l\In. J. W. BRowN. 

Date. J anuary. 
1 

February. :Uarch . ! April. l __ :u.,.."_Y_· __ J...,'_'n_e_. - I--J-:-u-1y_._
1
_ A_ •..,.•g_'_"_t. __ se_p_t;-cm_ b_er_. _o_c_t-:-o-bc_r_. __ N_o...,vc_n_'b_e_r._

1

_n_c_ce;-m-b_c_r_. 

1 5.., C:gP a rind. (;1!} 1nnd. G"gt ln nd. r?ge nrinll. G'gej ll'hul. G'ge Wind. G'gt \ TVincl. G'ae 1ri11d. G'gr 1V1:nd. G'rp~ IVind. G'ge l Vind. G'ge ll'ind. 
1 !\ .~ :-1\1'. 5.5 I NW. ZU ~\\'. ~H Sl\'. ~g _g S f; . 30.6 ~m. 2~ . ~ 1~.9 :\'\\' . ~- ~ S K J.~ SB. 3.0 SW. H.O S f~. 

3 4.u s. 4.6 1 :t1:6 " ~s:o .- w. 29.9 " 30.6 27 .8 11 .s s w. ~- ~ NW. 4.5 " a.1 " 14.2 w. 
2 5.3 I . ~.9 .. ·>·1 ~ I'' ·•,6 SK c'9.9 " 30.5 27.9 12.6 S ll . ·1.1 " 4.7 " 3.1 " H .O sw. 
4 4.9 S\V. 4.6 E. :2:3.7 , SE. 2-~. i " :29.9 " 30.6 27.5 11.2 N,V, 4.~ 8 \V. 4.6 " 3.3 " 1-1-.2 N \ V. 
5 5.0 XW. 4.9 S. :l.Ul S. 2~ .7 :\'W. 29.9 " 30.0 27.4 10.5 " 4.:\ NW. 4.4 " 3.4 " 14.3 SE. 
6 U 1' 5.1 . SW. ~.:J 8 \1'. :!.~ . 6 " 29.9 • W. 30.7 27.0 9.8 SW. 4.3 N K 4A SW. 3.4 NW. 14.5 " 
7 ' 8 " • • t;:. L' ·) I 1-! I . ·)<..:;. s -~ 9 SSII' 30 7 •)Q 7 8.9 •' 4.3 ~\V. 4.5 " 3.3 " 15.0 NW. 
8 ;:1 sw. U ':: '" z:i :~ , ·F;. 1 :.!~:5 ~\L J 29:n ~iv . · 30:7 2u:2 SA " 4A NK 4A " 3.6 " 15.1 SK 
9 f>.O .. 6.0 " ~-\.2 ' II". 12 .2 1 S i-:. 30.0 ~ E. 30 .8 23.8 7.9 " 4.2 NW. ~ .4 NW. 3.6 " 15.7 NW. 

10 7.:1 ~w. 6.< I Nil'. :!.5.5 I .. ·>~ 1 .. 29.9 sw. :~o.~ 25.3 iA " -1 .2 " 4.3 " 4.1 S R 15.0 NE. 
11 u.o N. 7.0 .. ._:;?,_.

1
· ~-E. :a;:!S;· _-:_; .\ .1

1
1·
1
;_ 30 .0 S. 30.~ :l-1.6 1 7.3 NW. -1.3 " -1.:! SW. 5.0 " 16.1 SE. 

g ~% ~~;:. u ~W. ~;;. 1 . 1¥. 2i.2 I S K ~:~ ~. E. jlg:g ~:~ ~:~ ~; . g :: &:~ ~K ~:g ~W. ~~-t :: 
J./ 1:!.1 E. O . .S XII'. 21l.1 :: ~-~ 1

' 29.9 ,. ~ II' . 30.0 22.0 6 ., ' W. 4.3 SE. 4.0 NW. 8.2 " 16:8 " 
1
1
o
6 

11 ·~ --~. NW. 1
1 
__ 1_. __ 1

3 
~.·.w . ~_:6,.-.".1 II :_~~ -.~9 s",'v~'. · ~--~·.9 s~·,sw. l1 3030._v8 22. :1 o.l NR 4.3 " 4.4 .:. s .o " 17 .9 " 

• • " ,, •, '" 21.6 5.9 S\1". 4.8 K 4.4 NW. 9.7 NK 18.8 SW. 
Ji 1iU s

8
.
1
,- . 13.6 " ~-~;.~, ~-: ~E~'. · ~.l .. l

3 
~W. 2.).9 j NW. 30.7 20.8 o.O " 5.1 ESE. 4.3 S

1
,'\V. 10A NW. ~--~ NW. 

~ ~ 1f>A , H.~ . . " 299
1 

" 30 7 211.0 o.o \ S1·:. 5.5 SE. ~ .:J 10.0 " s ~: . 
19 1f>.2 ~W. 15.8 F.~E. 2\\.9 :\ \\' . 29.:3 X E. 29:9 " 30:6 19.2 6.0 SW. 5.5 " :1.0 ~~] . 11.2 " 20.6 Sll'. 
'lO 1U S\1' . 1 1 6.~ SE. 121 .0 :;~C. ~'!1.5 :;w. 2'.1.0 I N E. 30.·1 1 ~ . :! 5.9 S J; . 5.6 " -1 .1 f:S E. U.6 K ~.8 SE. 
21 1~A :\'W. li .9 1 

1
' '!i.1 RK 29.3 " :!9.9 ' · 30A li.o :,.8 HW. 5.3 NW. 3.8 S l•: . 12.9 NW. 21.1 1

' 

22~1' 1
1

:;_.
0
8 NN' ~.E··~I·\'. \ 11~ -.06 ".' II', ~-"',~,-.35' 1 ~- ~· ·1.1 ._ :_~ .. 

6
3 S"ll'. a

30
o_.o

1 
,
11

K 3(30)..·
0
z 16.8 5.4 SE. 5.0 SE. 3.fl NW. 1:1.~ " 21.1 " 

~ u ~ - .., ~" -" ~" - 16.5 5.:2 NK 4 .9 " :(:~ " 13.0 S E. 21.3 " 
U U.:J ~.3 Sll'. 2~.0 S\1'. 29 .. ) RK 30.1 " 29.9 15.9 5 ·> NW. 4.5 SW. 3.1 SIV. 14 .5 " 21.2 SW. 
25 11.4 20.9 .. 27 .8 ' 1 20 .7 8 11'. 30.1 " 29.7 15.5 5A " 4.1 " 3.0 " 15.:1 NW. 21.1 SE. 
:zG 1o.G " :?1..1 " 2~. 1 :. :.>n.s X\\'. 30.2 ~nr. 29.5 l :'i.3 ·U J " 3.8 N \V. a. 1. . rt 15.f• " 21.1 " 
27 9.7 :?:!.1 .. :!",{) I . 29.7 " 30.2 " 20.3 15.0 ·U :i " 3 .5 " 3 .! II ] .i.2 S\ V. 21.1 H 

ZR S S S Z~ .. ; 11'. z, .2 .. 29.7 S\1'. 30.3 s g. 28.9 14 .8 4,.; " 3.1; " 4.0 " H .O 1• 21.1 NE. 
29 ~ - ·s ,.' ·~> 9 '11' z,A ' 1 2 .~ " 130.5 :\'11'. 2~.7 14.5 4 .:3 S K 3.U '· 4.2 W. H.3 NW. 21.5 SK 
30 ~:o I SE. ~ --· I ~ · z,A SK 29. I '· .30.7 " 2S.J 14.2 4 ., .I a.s Sll. :u NW. u.o " 2z.u s w . 
31 6.3 ~- 2,.; X II'. 30.6 ·• 13.7 ~ .2 xE. 2.s I· 23.3 s£. 

I I 

B ecords fo-;· 1852-Continued. 

Donaldsonville.- Obscrvcr, i\In. A. G l NGltY. 

~-D-at-e-. ~J_"_n;-u-ry_._ - f-'c_b_r_un_r_y_. _ :u_nrc_h_. __ ""' I ""· '""'· I '"'' 
1852. ':f!' l ll,'in_d. ffg< !lind. G'g< Wind. fJ'oel ll'ind. li'ge

1 

Wind. C'ge Wind. G'ge Wind. G'u< l Wind. G'.?e Wind. 
1 1 . 1 N\1 . ; .;, :>E. 2'2 .11 ~ \\'. 2n.;, NE. 27 .ti S. 2~.0 :-.'ll. 2-i .S ~ 139 N 7 1 SF 
) - 3 - 1 , . II' » 1 . '. . I' "' > I ~; 1.' ... 3 •. ,_· .,·_·21 " .. :... 1.. •· 1 . • .. . :..,_ , ::00 . :..u.a 

1 

·.. :..J .ti • :!7.0 K :!5.7 ) r . 

3 7.1 X. 6.~ ~K :_)-.!.3 ·· :!1Ui ~- ,"ZT.7 S\r. :?fLO " :!:)A ~nr. 12.7 fo-1 \L 7.0 " 
4 7.0 H\\'. 6.>-i ~ \f . :!'.!A SE. :!1).7 '' :!7.6 S. 27.0 \\'. :!5.:! ·• 12.1 W. 7.:! N. 

g :. : ~ ~"" · ~ :~ ~t., ~·"' · ~:t: ; ~~- ~ ~:~ ' !·:- ~:~ -~.'r. i!:~ :: ~1 :8 ~~r ~:~ ~·:· 
7 6.~ XE . 7.:> XE. :!:l.-2 ~ K 2t).0 SE. :!j,j " 28 .1 " :!-U } I K 10.5 S \\~ . 7:2 jl 

8 i.O \\~ . i .7 ~- :ttf) j :4. :lfi.:J ~W . ~_;, _.55 / 8~:. ZS.l \V. ~ . 1 S" '· 10.0 N\f. 7.-t N\V. 
9 7.7 R11·. 7. X f~. :!:1.7 ~\\' . zo. ~ F:. zs.2 K 2;\.H I N. o.o sw. 1.2 N. 

10 8.0 ~''" · .a :-:.w. :!L1 H .. ~ . :.m.n ~ 1-:. ._17.5 sw. 28.2 NE. 23.5 o.o ~~ 7.n NK 
11 !>.7 8 .5 ~W . 2-l .:l .. ~H:' s. 27.5 s. 28.2 " :!:l.!J " 8.7 II 7.5 N \\'. 

~ ~ 1 ~:1 ~~; . ~:; 1 ~·,~~~ ~:~ '· ~~: l ~r · ~:~ 1 :: ~:~ :: ~~:3 ~. ::~ N K ~:~ ~ ·r~. 
1~ 1:1.:! ~ - 10.7 ~' F~. :! 1. ~ s. :!li .-1 ~. :!7.6 \ V. 28.3 II 21.0 ·' 8.0 H 7.1 K 

August. September . 

l ~ lH :; lH ~\\' . ~i: I ~~;;_ i ~:~ ~~i. I a:~ I ~~~'' · ~H ::· ~:~ i_E. s:l ~iv. ~:i :: 
18 15.11 XII' . 14.6 :!.i.l N. 27.0 ·• 27.5 t Nil'. 2~.1 10.5 NW. 8.1 t~. 8.0 " 
) \} 1-t 7 X . 1.1.5 £ . :!.'1.4 "' :!7.1 8_\\~ . :!7 .5 '1 '!7.0 !:) \\'. 19.0 E. 8.2 " 8.2 S. 
:.,~) l-t7 ~~-~. 10.'2 '· J:!.1A f: . :?1. 1 N\V. '17.5 ~H~. 27.'3 N\r. l .3 N. 8.2 II 8.2 E. 
21 1~. :3 XII' . 17.6 ~ - :!.5 .:\ ~ ~ -0 I .. 127.5 E. 27.7 II'. 17.6 E. .0 II 8.0 N\1' . 
2:.! 113.9 NE. 1~ .1) }~. :!.1.tl :!7. 1 S \L :!7.6 S. 27.6 S \\~ . li .O '· 7.9 " j 7.9 u 

:!;! 13.4 119.0 ~- :!.1. \\' . 21 .2 • . ~.5 R 27A " 1r,.:, :\'. i.~ " 

1

7.8 SK 
2t 12.~ E. tH.b :!.; .n :?i.:l \ ~~ :!7.5 .. 27 .!l " 16.1 xE. 7 .~ 1 '' 7.-t .. 
25 l t :!.-2 ~ - :..)t).O :!fl.O .• :!i.tl H j:!i,,j " ?1.2 " l :>.R X \\'. 8.2 K\V. (),9 ~ -
20 l t1.5 •· Zit:> ~K :!tl.t :-nr . 

1
:n. t H\V. 1 :..~.f_j " :w.n ~~~ . tr, .n N~: 1,_ ~~--~ :: ~,·. ~,· :-~N; '_" · rn w.~ '"· :.n.n :-: . :!tJ.:! ~. :?'i .. "> :-: . 27.7 s. 2u.s tn.3 . _ I I 

~ 10.1 I ~ - 21..i ~·1. ~ .. 21 .. ; I f;. 27 .~ s w . 26.5 ' 1 11\.2 E. 7.5 ]~ . 6.i 1~. 
·>) I o·> 1' ~1.7 NE. 2i). l 21. 1 ~ K 27 .o E. 26.3 s . H.O NE. 7.2 ~E. f> .l\ II ao s·o ·• 2ol..) .. 27 .61 S. ~ ~-;~ .. 01 N. 26.2 SW. 1~:~ 1\' . 7.0 r:. 6.7 " 
3 l .2 :>W. 126.4 I s. I ' " 14.4 N. 7.0 I " 

October. November. December. 

0 '.?< Wind. C',qt 
7.0 ~ K 0.3 
7.!) " 6A 
7.3 K 6.6 
7.2 " 6.-1 
7. 1 Nil' . 6.8 
(, ;l H (j,!) 

7.4 K 6.4 
7.5 II 6.8 
7.0 w. 6.5 
7.5 };. 6.7 
7.·1 w. 7.3 
6.9 K 7.8 
0.8 w. 8.9 
l>.S N. 9.0 
7.0 " · 10.3 
7.2 Calm. 11 .1 
7.3 s. 11.7 
7.0 ~;. 11.8 
7 .I " 12.0 
1:1. u 1:!.:3 
7.0 " 12.7 
7.0 u 13.fi 
6.i " 1-LO 
6.!1 " 14.5 
0.4 " 15.4 
f>A. ~ 1·:. 15.0 
U.ti " 15.0 
7.2 I•: . H .7 
6.9 W. 1~A 
t\.4 NW. 14.2 
6.·1 N. 

Wtnd. G'.?t 1/'ind. 
sw. 14.1 1·~. 
w. l-1.2 ' 
K UA W. 
s. l~. :l " 
" 14A R\\'. 
NW. 1-1.6 S K 
N. 15.0 X\\r. 
K 15.2 K 
N. 15.-t " 
SK 15.6 N. 
K 1o.8 '"· 
NW. 15.9 S. 
N. 16.1 N. 
" 16.5 s. 
.. ~. l i .3 " 
" 18.-l- " 
N. 18.8 1•:. 
" 19.3 SE. 
E. 10.7 S. 
XK 19.9 SW. 
K 20. 1 S. 
Nil'. ~O.l B. 
E. ~.3 S. 
s. 20.2 u 

N'\r. 20.1 " 
N. 20.3 ll. 
sw. 20.1 s. 
E . 20.2 N. 
'' :lOA }~ . 
" 20.9 " 

21.9 w. 



XXXVI REPORT ON THE MI S SIS S IPPI RIVER 

R eco1·ds for 1852-Continued. 

Carrollton.-Observer, P ROFESSOR C. G. FoRS HEY. 

NoYcmbcr. DccomUcr . Date .• Jnnunry . ! }'ciJrunry. Mut ch . I A]llil. ) Jny. I June. July. I August. September. October. 

18,,ry_. G'gP ll ' •'·'''l. l G".'•e II ',·,.,,,, ~. ·g e I I I I I j ... " ., r• l! ~ilul. ~/1.' ll:ind G_'r;e l! ~incl. r::.~" u;i~cl. c_;gt lr!·nd G_'qt ll'incZ. G'ge Wind. j O'ne 1l ~i11cl . G'{Jt 
1 l.ti :-1. ].:; ,\' f;. 10.0 S. L .S 1·.. 13 A S. I.!., I Nl,, l- 51 \1 . I a.J E. ~.t i ~.7 S. 2.1 
2 1A Calm. 0.9 :-1. lfl .O " 12 .. ~ " 11:!.4 1 " 13.S " 1·> 4 .. 5.1 II'. ~.8 Ca lm . 2.8 ~ E. ~.U 
3 1.1 " 0.7 Cu lm . 10.0 C,alm . ,:r ~/1 S. r :• - ~ ". 1:t5 ~T ; 1~ ~ C~ lm -1 i ... :!.7 .K 2.5 ' ' 2.4 S. 
4- 1.0 ~;,,.. o.n ,, to.:! 1·. . 1.3.1 ,"

1
.. 1 ~u) ''. l .J.a " . , _,1 \\ 1 -11 ,: ,,, , :Ui :: ~-.1 \ I' . 2.u :: 

lVinrl. O'oe 
\ L 6.V 

0.1 
o.:1 
6.2 

ll'inc!. 
N. 
Jo:. 
IV. 

5 1 ·J n O.i lOA Calm . l:i.:! l :t7 ~E. J:u, i\ . ll.tl Culm 3 t) n 'l .fJ ~.0 

¥ g:~ ~}: . ~ :~ ~n lm. ~~:~ :: ~ ~~:g ~~hn . ~ ~~{:1 :: ~~:~ Culm. n:~ ~· · ~~~ ~:~ :: i}l ; E. ~:~ ;, 
8 0.8 f'- 11' . 1.:1 N\1' . 1U :;; ~:. 12.~ N. 11:\.:\ 1 r'nlm.

1

1:\.8 I !A I )>E . :u a .11 XW. :u " 2.\1 E. 

1g i :~ ~ \\r. ~:1 ~~\1·~' · n:; s. ~ tl, ~~: :~ : :1 1 ,"'\.. ~~~:~ :Li ~ - ~:~ ~:~ ~ ~·~. ~:~ ~~~~- ~:~! ~· 
11 2A NK :!.(1 N. 11.7 12,.-} l\ltn .11:1A S. l:i,!, HUJ S. :!.J \\r, ~ . ti 1 ~. J '2,7 
1 '2 3.:l H 2.1 ,, ll,f; u I :!.:1 \r. I :1,:~ .. 1:1.!J lct.5 .. :!.1) ,, :JA u 2.!1 N. :!.7 
1 ~ :1.0 N. 2.·1 SW. ll.H " 1</.r, R. 1:!.5 1 " J;l.!l K 111.3 F:. ~.h ·' J.4 ~;. 2./i NE. ~ '' 
14 .1,:1 sn·. 2.S NK 11.8 N . 1:!.!) "' I O:.Ui " 1-1 .1 " Jo·)! " :!.9 Jo!. :l.S :?.a " 3.fJ 

JJ ~ ·LS ('",,
1
,,, , :J.D N. ll .H K J:!S 1 N. 1:1.·1 r~thu . l-1 .1 :: Io.u ' · :_~ .. ~ ~~I' . ~.7 t;~ ~ ]~. ;:~ 

u 5.0 4.0 Calm. 11,!1 Cu lm 12.0 W. I ~A l<. 14.•1 !1.5 " u ' .b 
l.i 5.1 SW. 4.~ " J~.<l s. 1:1.1 I " 1:1.4 N. 1 :J.~ 1 nlm . u.~ :-- w. ~A E . '1.71 " 2:1 g, • :l W. 

i~ ~:~ ~ l~. ~~ K ~ ~:~ ~ 1-~. ~ ~:~ ~: ~ ~:~ ~~~\m . ~ ~~:~ I :: ~-~ I ;~. t~ " ~:~ ~~~ · ~:t ~.B . ~ :~ N . 
'liJ {) .0 · \<j, 6.3 S l~. 12:1 11' 13 0 N \\' . l:\,.t Cnl m. \:~.7 VI. ~.0 ·' ·t.:!. " :2,7 S. :l.7 RE. 5.'l '' 

~~ :: :~ ~-E. g ~w. n:~ Cn\m . ~ ~:3 ~:. : ~:g e. :11 ~.1\\m . g ~~:. ~:~ ~~r. ~:~ I ~\r. ~:~ ~K ~:~ ~il' . 
23 4.6 K 8.2 W. 12.5 W. 1:1.2 1 " 1:1.5 Calm. 1:!.1 \ S. fi.O E. 2.1 N. a.:l S. ~.~ .f:. 0.0 N. 

~; g ~~;:irn . ~:i ; II'. g:~ ~r· ~ u ~; ::;:g r· g:~ ;;., ~:~ I ~~·· ~:~ .~:: ~:~ ;;,, i:~ ~,W . ~:~ ~; 
26 3.7 N. 8.9 :\'W. 1:!.5 S. l :!.:J Cn lm. 1:1.u \1' . 13 .1 Calm. 0.3 " 3..1 XI f. ~ 5 .'\. :!.7 . S. t;.o N. 
27 :1.3 Calm . 9.3 S. 1:!.6 " J:U I N. 1:J.r; . S ir. I:J.O .. 6.1 " 3.7 " / .J w. ~. !1 " (Ui 
28 2.~ .. 9.8 w. 1z.u " n:1 Jo:. 13.7 / 1r. 1:!.8 , w . 5.9 N'. :J.J / F ·>3 NE :u " u.:J E . 
29 :!A SW. 9.8 NJ~ . 1 ~.8 Rll . 1:!.:! SE. 1:1.8 S f:. 12,8 ~. V ·> " 3.U S". 2:2 1 " . :!.0 W. 5.9 
~u 2.1 Sll. 12.!l ' · 1:3..1 

1 

S. 14.1 

1 

Calm. 1U Q•lm., O. l " 3.0 " 2.~ E. ~.:1 NW. 5.9 
31 J.S Ca lm. 12.5 :\'. 13.9 N\\'. 5.9 " 2.5 I K 2.2 :\'E. 

l 

Records fm· 1853. 

New Carthage.-Obscrv cr, Mn. A. R. AoK1xs. 

--- ------ - ----------

0.2 s. 
6..1 
6.8 N\V. 
u.s 
ti.!J N. 
V.7 
6 ,!) 

7.0 s. 
7.1 
7.5 
s.u 
8 .\) 
U.:\ 
~.[\ 

~w . 
N. 

\\,7 s. 
9.\\ 

10.1 
Hl.O N. 
tll.u S. 
lU.O " 
10.0 
10.1 
10.1 
10.0 N. 
10.:1 
10.7 
1.1. 2 w. 

Date. .J nnunry . February. March. April. --).,-ln_y_. ___ J_"_""_·_ \-~•ly+-n•t. Srpt<'mh<'r. October. November. Doccmhcr. 

---- 1--.,.--/--.,.--

1853 . C'g< rnnd. r."gt 
:J9.fl 

l l'i11d, 
Calm. 

G'g• ll'i11cl. G'u• Jnncl. C'(Jr ll"~i11d. G'!J"" H ~i11d. G"or ! H7~1d. G'(Jt. Jl 'i1ul. G'oe lr'incl. r.'gr IVincl. G'ge 'IJ'incl. G'ge Wind. 
1 :n.·l NE. 40.:\ nlm . 
2 32.7 Cnlm . :\S.R ·lOA 
3 :\3.9 N\1' . :\7..1 40.4 
·I 34.7 Calm. 36.0 .JO..I 
5 :15.:1 :15.0 N. 40..1 N \\' . 
6 a.i.S :1.1.9 . w.:; Cu lm . 
7 3H.3 ~2.8 411 .2 I " 
8 :lf>..l :\1.3 ~ 11.2 R". 
0 30.5 :~1 .0 C'nlm. 40.~ !\. 

10 37.0 20.1 ·10.:1 Calm . 
ll 2S.S 40.4 
12 ~ .7 ·10./\ 
13 :l8.4 40.5 ~. 
H 2SA NK 40.7 " 15 :29.6 ('nlm. ·10 .7 nlm. 
10 a2.o N\r . ·10.7 

,, 
l7 3.1.7 ('nlm. 40.8 
J8 34.R " 40.0 N \V . 
J O 3tl.7 NW . ·10.9 Crll m. 
20 30.fi Cn ltn. 411 .0 .. 
21 :17.1 N. 41.2 
2'l 40.8 ~w. 3i .8 :-<E. 41 .5 N. 
23 41.0 N. 38.6 N. 41,5 ('n \m.

1 

24 41.0 " 30.0 Cnlm. 41.4 " 25 ·11.1 Cn lm. 39.:1 " 41.2 " 20 ·11.1 N.E. 39.5 40,0 sw. 
27 41.0 " 39.f> 40.4 Calm. 
2 40.0 Calm. 40.1 NW. 4.0.0 
29 40.6 " 30.0 
30 40,1 ~0.0 
31 40.2 3R.·I 



APPENDIX B.-DA ILY GAUGE REGISTERS. XXXVII 

R ecords for 1853-Contiuued. 

Baton Rouge .-Observet·, MR. J . W. BROWN. 

Dutc. J anua ry. ~ F'cbruary. l :lla rch. April. ~lay. June. .July. I August. Srptcm br r. Oct·obcr . N ovcm bcr. Decem bcr . 

1803. fige 
] :!-l.5 

3 
4 
5 
ti 

~5 - 5 
:!0.0 
'.!ti.l 
2().:{ 
~6.~ 

ll'iml. G'ge Wind. G'ge 
x w. ~'.4 1 ~E. I 
sw. ~:! ·' 
:\W. ~i.O ' · 

:!11.5 ._ _E. 
:l·i.i 1 ; , 

1
27.7 1 S\1' . 
"?i.(j X\\' . 

Zi .!J I .. 
:?H.5 1

' 

:!:).9 ·' 
:!i .O :!:l.l I 
"li .:! 24. 1 

~:1.~ ~ \\' . 

0 
10 
1 1 
H 
1:1 
11 
1:> 
](\ 

17 
l R 
10 
20 
21 

:!'j.:) 

"!i .5 
:!i.f'l 
•!j .'j 

'!7-'i 
:!~ 0 

X \1' . :l:I .Q 

XI·:. 

•!8 .1 
z .1 
:!.~ . :? z •) 
~;J XK 
~S.:J XW. 
~'-3 
z~ .~ 

2.; ~ . I 1 SE._ 
2fi ~ ~-~ ~"-:n 'l8 .i 1 " 
2R ZU XE. 
:!9 ZS.o 
31) 
31 

2~ . 5 
28.5 

:\\\'. 
E. 
:'II'. 

::!:!.G 
~:!.:j 

:!:!.:) 
z:u 
z~.o 
:!UJ 
:!J.h 
:.!1).0 
:?fH 

.\ \\', I 

~ ''· E. 
X\1'. 

FE. 
:!i .0 )\ \Y . 

~-~, I :~ 
:!7 A Fo\\ . 
'2i -~ ~~-~­
~- .. , Sll' . 
·2..:.5 

I 

Wi nd. G'ge Win<l. G'ge H"i>1 d. G'ge Wind. G'gel Wind. G'ge Wi11d. G'ge Wi?ld. G'ge Wi>icl. G'ge Wind. G'ge Wind. 

R ecords jo1· 1853-Continued . 

Donaldsonville .-Observer, i\IR. A. GI:\GRY. 

_na_t_• f ' '"" '' I_F_'c_J,_ru_ary. _ -'_l•_r_r_" _· _ , AiJri l. I :llny . ,},

1

,... I ''"•· I A""'"· ~";'""''· "'"""· ""';•""'· :::: 
l 51. r. o• Wind. r;g, lrin•l . figt Wind. r.·ge lf'ir.u1.

1 

yo• Wind. (:'gr Wind. r.'gt Wiml. r.'gr ll'ind. G'g• Win d. G',rye Wind. G'ae Wincl. G',ryr Wind. 
l ~1.' 1:. :?· .1 ~\\'. Zti..! :nr. ' :.'7.4 S\1 . c6. l R. :.'7.\l H. ~2.4 ~. l:t.ll S. 8.7 K 8.R E. li.1 }~ . 6..1 1•:. 
2 :tUi R. ~~i .n " ·· :!1iA \r . :!7.4 s.·.· ~2· ~.; ·. \ s,·, K ~2?Z1 •• !'1' 

1
·.:.. 1 ~_', 11 .. 0.

1 
" 1 1-~ .r: a 8.5 ·' ~ .4 N. 5.4 ,, 7.0 ,v, 

:J :?4.1 X. :!.'l.i F-. :!tiA ·· ·l7.3 11 -t . ' ' l.J..5 u 8.2 ~g. 8.-t " 6.4 N,V, 7.1 };, 
4 :?4.4 ·· :!J.i ·· :!t.i.-1 1 X. :!i.l ~\L ~li .-l ·' 27.0 ·• 20.8 "r· l -1.-1 • \r , R.ll " 8.0 ' ' 5.-t " 7.~ '' 
[) :!-L) ~ \\' . 2;,, , \" \\". ._ltL) \\' . l:?tUt ~- :!GA '· 27.9 " :l0.-1 f: . H-.:? \r, 7.R }~. S.2 H 5.5 }~. 7.5 " 
6 :l-4.[) E. '•).a 7 I X :?l i.5 ~\\' , :?6.~ \\' . '16.5 ,, Z'i.~ Calm . 1n.n s. H .O ' · 8.0 " s .o E . o.n N. 7.:"l H 

7 :!~.i 8. ~ ~ , :4 :. . ::u .. ; E. :!ti.H ·· :lti.5 " :?7.8 S. 10.7 " 1-LO ·g. R.l '' 7.7 u 5.7 E. 7.4. SB. 
8 :l-J. .9 f~. 24.U I E. ;!t).t) •• :?13.5 ~- :!ti.i X\V. '27.7 ~ - Hl.7 }~. 13.0 '- s.o " 7.7 H 6.0 +o 6.R N. 
9 :!5•) .. '"'i -1 ~~ •lj) j XY\ ·)H3 ,, :W.O E. 17.6 X£ . 19.2 " 13.i H 8.2 Nl.o.:. 7.6 H 5.7 N. 6.7 N,V, 

10 1 25 :~ ~ . :!-.!:!1 ,,:_ ~l.:i ~~- . J2d:2 ~ . 2rt.i H 27 .4 s. 10.0 s. 13.4 s. 8.5 }~ . 7. !> H 6.7 ]~. 6.4 K 
11 ~:),3 ~!lm . :!'l..J ~E . :!~.~ X\L :!6.0 f~. :?H.7 •' 2iA J~. 18.0 ,V, 1:1.1 N. 8.1 " 7. l " 5.8 " 6.3 :\' \V. 
1:! :!>A ~ \\' . :!1.91.'. :!0.!.1 8. :!J.~ •· :.?0.7 ·' 27.2 SE. 19.2 R 12.7 ~ ,\" . 7.9 1'~. 7.2 " 0.0 ' ' 6.2 \\~ . 

1, ~ ;-!'·.~-.~, ~.- .~~- ~ ~-~ 11..3• ; ~.·.·.E. :_~.·~. _::. ,~.· .'., f.:. 2nou " :..ry.o .K l P.s " ' · 12.:l -~.;. 7.4 s. -;J " 6.6 NEo o.:t J!. 
-. " r .1: ov!'l' ·" :.!..J" CRlm . :.'7.0 S E. :U\.9 '' 10.7 S\\' . ll ,f) ' ' 7.1 u 7.2 '' 5.6 u 0.5 \\'. 

15 :!:,08 :\.E. :.'1.4 ~- 1 21 i}~ lo 2.'i ..l ~- 27.0 ' · ~11.7 " 19 .0 II 11.5 l\ .. W. 6.8 " 0.0 H 6.0 So 6.0 " 
16 :!11.0 X. :?1.'\ I \\'. 26~~ K 2ft.:! [.; \\' , :.'7 .2 " 20.6 H 19.5 "' 111 'vo O.R H 0.7 " 6.8 }~. 6 5 :F: 
17 2..1 .n .. :!'!.a x . r. .o . . ,~ 1 l' . :rr.2 " 2ft~ ~'F.. 10.5 ' · · 1o:o '· oos ·' '"· GA " 6.0 s .B. ~:~ NW. 
1 ~ ~0.1 1:. :!:U ~~. Zti.S :0. II' . 25:3 F:. :.'7.4 ' · 26.4 X\\' . 19.3 ~. 10.7 ' · 0.9 " 6.3 ~. 0.1 F:. 6.2 " ·· 
19 2u.1 :\fl. :!:!.; X1Y. ~·W E. 2.;.3 8. 27 .4 !\'W. ~fl.3 S. 1\l .O :-.'\\'. IO.n :'IW. 7.0 , 6,2 " 6.fi " 6.~ NW. 
20 ~1>.1 :\. 21.:? t:. 27.1) " 

1

:?5. 1 ' · 2'i.h ~. 26.0 B. 1!).0 W. 10.3 ·' 7.1 ~K 6.3 W. 0.5 8 1':. 6.0 " ·· 
21 2H.2 ~ 1 : . ~H •· :?;.3 " 25.6 ' · 27.6 " 25.R S\1'. 11 .9 .\'W. 9.11 " 7.·1 " 0.1 .. 0.3 NIV. 6.0 K 
22 1:!11.1 .\'\\'. :1;.0 \\' . :?;.7 W. 25.~ " :.'7.6 R. 2f>.6 R. 1~.8 . . 9.5 ~. 7.5 ~ . 6.0 NW. 6.1 W. 0.0 W. 
Zl ~til .. :?:d ~ \\·, ·!;.ti " :!.l.fl ,. 27.6 1~. 25.~ " 18.6 " 9A E. 7.6 N Jo:o 6.0 X. 5.8 .K 6.2 N. 
:! I :?•i.l ·o :,"!.l.:! 1-:. :?i .O ' · 2.1 .0 '' '2i.7 o . 25.0 ~ . 18.5 " "· 8 .~ " 7.0 " 5.5 " 5.8 N. 6.1 " 
n 'fi ) s :?.\.!l \\'. .,_ i F 2r' .0 X o 27 .I) ~E. 2-Ln ' ' J ~.'2 ' · < .i " 8.2 '' 5.0 E. 5.9 ·' 6.0 ~E. 

:...} 1 ~t~:~ I ~· \r . :!.l.U E. ~:6 1 ~\r. :!5.o " n fJ F I) ' ~ F' 17 s ' ~ R ~~ l ~n.a ;\ I'~. 2.·,,, . . :?;.i ·· l·J,;.o ·' ~7:; ~~· 23:!1 ~.. l1:n 1~. · ~:~ ~E . :~ ~ · g:~ :: ~-~ ~~·: . t~ ~-"' · 
z~ 2,;,5 E. ~6.1 .. Z<.i F.. ~fl.O E. :.'7.9 " 2'1.0 E. 17.1 :\ . 8.7 I, , R.O RE . 6.0 .\' . 6.6 R. 5.6 NW. 
~n :!6.-l rnlm. :!'i.i .. '.?li.O 8. '!i.Q 2:t2 H 16.fi " .i ' · .'J .K 6.i " 6.7 ~ \f. 5.2 R. 
30 2(i.!\ I II' . I :?; ,6 ' · 1211,1 };. :.'7.9 .. 22.8 " Jfi.O r-:. 8.6 " 8.9 " 5.5 " 0.5 K 6.0 w. 
31 26.3 l C lm. :.'7.5 ~. :.'7.9 E. 15.4. " 8.0 " 5.3 " 5.3 N\\' . 



X X XVlll R E P 0 R T 0 N T HE M I S S I S S I P P I R IV E R. 

R eco'rds for 1853-Continued. 

Ca.rrollton.-Obscn ·er, PnoFEsso ll C. G. Fousu EY. Records only nppt·ox im otcly cxttcl. 

D:tle . • January . F b ruary. Morel>. April. i\J ny. I .June. July . I Aug ust. j September . 

1853. G'o< Wind. G'ge lfind. G'f/fl w ,:,d. G"r1.• Wind. G'oe l ~'(nd. c·o.•i'! 'ind. r.•o_e l! l!'intl. r._·~- ~· l:i11d. c:•o, ll"ill<l. 
1 II .U N. 1-1.0 1-1.0 H .h S ll". 1;\.h Sl· •. ,H ., .~. l l.IJ ~ I '- ~- 3.-l E. 
:t 11.5 1:3.!) l~ .u 1-t.a s. 1a.n " 1.1 .0 •l 11 4 H i .L " 3.4 ~~E. 
3 l :t.S " 1a.o J:U} 1-Ul '· I -to " 1.).0 Calm 11 0 ·' 6.0 ~"· · I 3.:l " 
4 J:\.0 " 13.5 13.V 1~..1 :-1. !~.0 .. 14.9 I Jo:. !U.i w . G.8 1 II" . 3.0 " 
5 11 ~.·.3\ :: l ~l.5 l :J.!) 1-1-A K J.J .O :; 1-I.!J ,, l OA ! .1-: . U. i fo< \\' . 1.0 -~: -
6 " J ~.n :-:. 13.9 H .3 w. 1 ~.1 n v Cnlm. 10.1 SK 6.~ I w. , 3.0 
7 1:t:2 " l'l .i ,, 1 ~.~ 1-t o " l.J .l " 1-UJ ~- 10.0 I ~- I tu; r:. 3.1 ·· 
s 1:u " 12.-1 " 1-1.0 H.o s . H .2 " 1-l .~ j "" ·. 1 0.~ 'i· 1u; ~E. 3.o ·' 
0 1:\.5 12.2 :: H .l 13.9 "··: ,\". 1-U :<. H .1 ~ \'• · n., • B.-I I ~· · 3.1 :<E. 

] ~ g:~ ~] :~ Calm. ]1:5 J ~:~ Jo:. iJg ~; - ~ ] ~ :~ ~b. ~:; I ~- . g:~ I ~:. 1 g:~ ~i· 
~~ m :: ;~ :f ~- Jj:~ ~n s. ij :~ :: :~ :1 ~t:. t~:i ' ~~·:. ~:~ ~ ~~: · ~ :~ ~E . 
l-1 1:1.9 " 11 .0 Cu lm . 1 ~.3 13.5 Ca lm . 1-lA ~ " - 114.3 " 10.0 S ll". 5.4 1·:, ~.5 " 
15 13.9 H ll.l l.J .:l 13.-1 S J~. l.JA 1' 1-1. :! II 0.!) lo 5. 1 X \\'. 2.3 ;C 

1U 14 .~ '' 11. :2 ~' . 1-1.2 13A \\" . l..J.-1 '' J-1.:! " 9.9 ~)r . -LA \L :!.:! R .. ~. 
17 1-1.0 " 11 .3 14.~ 13.2 :<. 1~ . 5 " 1~ . 1 :>K 9.0 \\' . 4.i X W. z·> S \\ ' . 
18 J.\ ,0 " ·11:_~, ··.~3 1-1 .3 13.2 }:. H .6 " H .l NW. 0.7 :<". 4.6 B. ~.3 ·· 
19 13.9 " H.J 13.2 ?. H .tl :<W. 1-1.0 S. 9.6 NW. -1 .5 """· 2A N. 
20 1~ .0 " Jt:l 14 .3 13.4 " H.i :<. 13.8 1-:. 9.6 W . -1 .3 •· 2.·1 ' · 
21 I·LO " 12.6 HA /13.5 1\lm . H.7 '· 13.7 SW . ll.ll NW. 4 .0 " 2.6 K K 
22 1~ .0 1 ~ .1 14.0 13 i R. t-1 .7 S. 13.6 S f:. 0 .5 S. 3.9 :<. 2.7 :<. 
23 1.1.9 " 13.4 H .S ! 1 ~:~ " 1U i'i E. 1 ~ .4 S. OA " 3.8 t:. 2 .8 S E. 
2-1 13.8 NW. 1.3.3 J.l .~ 1 3.~ S E. H.S H. 1 ~.2 N. 0.3 \\" . 3.i\ :-; E. 2.9 " 

~~ ~ ~:g s alm . ~ g:~ ~j :~ \ }3:~ :-:· :g ~-E. : ~:~ ;,. fl:t ~-''" · ~:~ ~;. ~:~ ~:· 
2i 13.9 X. 1:\.7 I U J:J.S E. l~ .S r:. l ~.o ~- .i XE. 3.:\ l' f:. 3 . .J " 
28 J.I.O K l :J.9 1U I1:J.R " J.l .9 " 12.3 Rf:. ~ .5 :\ . 3A E. 3 .4 g 1•:. 
20 1 ~.0 Calm . l~.fj 13.8 S. J.l. fl S. 1 ~. 1 r:. 8.2 '· 3.4 '· 3.5 •· 
31) 1-1.0 S\r. 14.5 13.9 };. 15.0 ·' 11.9 ,, I i.8 E . 3.3 " 3.5 1·:. 
31 H .O }'j _ l~A I 116.0 K 7.5 ,, 3.3 .. 

R ecm·ds for 1 54. 

Dona ldsonv ille .-Ob cn cr, ~ln. A. GtN onv. 

])ate. .lnnunry. }'ebrunry. l\Inrch . April. ~~~ Ju ne. I July. I_Augnst. _ Sept ember. 

--- ----- ----
1 85~. G'o• JViud. G'gr l f'incl. G'o• •r,-,,a. G'gr ll'ind. G'ge U'ind. G'{Jt u ~incl. o·o, u ~tnd. (i'or ! lnncl. G'or II' in d. 

1 [l.[i N, V. 1-I.U s. 1GA ~~. :!tl.O ~. 23.8 t~. :l.l .!l K :!.J.t) E. ll .U i!. 0.5 1·:. .. 5.1 H. liU " l OA s. :!6 .1 " :tt7 " 2.).7 .. :l l.i " IU.5 N K 0.9 .. 
:l :u K 17 .'1 ~ - 10.7 E. :U>.'2 E. :l:\.9 " 2:>.1 xw. :!-t.H " 111.0 .. 0.5 w. 
-l 5 .5 " ~ ~-~ "' li .O N \1" . 26.:) " ~.0 SK 26.1) 1·: . / 2~. 1 " !1.6 \\1' . o.u K. 
5 ll.S " IR.S " 17.2 E. 26A " :!..J .:l " 26.1 .. :J.I.l " 9.0 N \\' . 0.4 t: 
u i•.i ~- 1U.5 " 17.7 " 2ti.5 " 2~.6 1r. 20.2 :<W. :tl-t .. . 5 \\" . 6.5 "E. 
7 ;).f) " ~0.0 s. 1S.2 s. :.!0.7 " 124.5 " "ltJ.:! .. 

~!.H I 
.. b.O I :\\\'. 5.8 N. 

5.0 " ~0.5 .. 18.5 .. :,!(},8 " 2H N l·: . ~O.:l Rll' . :!'~A N .. ~. i . .) w. 5.8 w. 
9 5 ·• E. 21J.S B. 1 ~.0 " :!li.!J " ~..~ ;;, ~d.~ st:. :!l.i w. i.3 " 5.5 " 

10 5.-t " 2 1.1 .. 1!1,1 ;\ \\" . :!ll, , :-1\\". ~1.:\ 1·:. ~ ~I;A I I". ~La :\. i.:l " .i.5 " 
11 0.0 sw. ~ l .fi s. 10. 1. E. /"lti.R 1·:. 1 ~ - 5 " "l~jA " :!l.U ~- i. l ~ fc. ii .O f!. 
12 5.~ " 21.H " IH.5 " :!fi.H .. ~4.5 S l·:. ~11.3 :<E. :lfl.f> " i.l t;. f>.O sw. 
13 5.1 " ·N·) " ~0. 1 " ':!6 . ~ " ~ 1.5 :4. :!1).6 :-:. K :!O.I) ,;t;. j .1 :<. 5.5 I ~-1·1 a E. ~~:5 " ~O.H X. 1 ~7 . fi " 1 ~1.-1 NW. :!li.ti ~- l OA S. i :.! Nl·:. 5A ~. 
] ;j -Ul s. ~1.0 N. :!1.0 s. ~7.3 \\" . :J.IA :-:. :.!li.6 .. 1 ~.7 K 

I 
j' ~ f:. 5.!') .'1. 

16 5.0 " z-.to " :!'2.:\ '· :.w.o .'Ill'. 24.3 .. :!ti.7 .. 17. .. 7.5 " o.u K 
li 5.-l ~II'. :!:.1 .0 NJ<: . :l:!.n .. ~0.7 w. :! 1.:3 """· :.!0.7 " 1'·'' I " i .a RW. O.R " JS 1>.3 IV. :!:1.0 " 2:l.5 " :!6.0 K :.!-1.2 ~a:. :!ti.7 :OL 1t1.5 Ca irn . i .'2 w. 7J) " 10 5. :1 H. 22.H E. 2:\.9 K 26.-1 s. ~ 1.1 E. :!6.7 w. 15.i K 7 .:l .. li.1 .. 
~'() 5.H Sll' . :!:! .5 sw. 23.\l " 21l.:J E. :!~ .0 .. :lt\.7 :\W. l f> A .. 

I 
7 :!. :1'. 6.11 8. 

2l 5 . .J N. :.! 1.0 N W. 2~.2 R.E. :w.u RE. :l:l.O 
. ~:·. 20.7 w. 15.0 H. 7.3 s. tl.3 t;. 

i:l. 5.0 .. 21,'2 8 . :!-U l NW . 2:1,8 s. :11.x 2•1.6 " 1~ .~ E. 7:1 XE. 6.7 .. 
23 5.0 " :.W.5 N. 2~.6 ·' ~ll.i , R l~. 2:3.8 I'\ E. 26.~ F.. 14 .0 w. j .:! .. 7.-l " 2~ !l.:! K l O.!l 1-:. :!-I.R sw. :!:\.5 .. :,!;i ,9 .. :l•l.a .. l :i. ti . . I 7.1 E. ; .[) \\" . 
2[) !),0 " 19.2 .. ~i; .o ) ~- :.!:1.:.! " :!LI .. :.!t\.1 " l:l.O E. j .f) ~ r. . ; .5 Jo' :.w 5.8 :-i. IH.tl :\' \\' . (''·;) Nt:. ' :.!:),0 s. .! l..t " , ~~-~ " 1 ~.7 .. i.tl E. i.:l .. 
'l.i f •I X. 17.2 f:. :!0Jl K 24.0 1·:. 2 1.11 ,, 

·' 1:1.4 1 " li.7 .. j , l St:. ··- ... l .. 
:.!8 7.4 N ~; . I G. !I " 2:i.5 " 2U .'1 . :.!~ .'\ :-;. :.!:).5 " l :l.O .. 0.{) '1 . 7.1 t:. 
2\l 0.2 :Ill" . 2.'>.0 H. :! 1:2 " :!;,,o .. 

, ~-~ Xt:. 12.0 .. G.: I R. li.7 . . 
ao 11.5 1·:. l:!i\.8 K 23.9 :<E. :.!1\ .2 " - ·- K 1:!.:.! " i .o 1·: . j .0 " 31 13.31 N. 20.0 Is. 25.4 " 11.6 1 s. 6.i " 

I 

OctoiJer . 

O'r;• 
3A 
3.2 
3.2 
3.0 
3.1 

Jr,·nd. 
K 
:<. 

3.0 K 
2.!J u 
2.8 ,, 
2.8 s. 
'l.i K 
2.5 " 
2.5 ' · 
'2.-\ H 

2 .4 " 
~A H 

Z.Z H 

:.?.1. u 

2.0 " 
1.0 X. 
2.0 w. 
] .8 ,, 
1.8 w. 
u l'i. 
1 .5 " 
1 .2 E. 
1.:! ,, 
2. \. HI·: . 
J.S :\. 
2.3 .. 
1.5 " 
1.3 . . 

October. 

-----
G'oe ll 'ind. 
7.1 K 
7.1 N . 
7A " 
0.9 " 
0.0 :1' 1,:. 
0.5 K 
U.-1 " 
0.[) " u.n " 
0.6 " O.R " 
li.~ " 
li. i " 
tl.B " 
H.5 N. 
6.:) " 
u.2 1·: . 
1\.R " r.. -t .. 
1\.0 " 
~ .0 " 
5.0 .. 
~ .0 "'· fl. I .. 
n.o t:. 
0.7 " 
11.0 N K 
(1.4 t:. 
fl. :\ II" . 
5.6 " 
~.0 E. 

Sove mUcr. Dccc}nb r. 

G'ge ll'"bul. G'ge 
1A J•' 2 ·> 
1.0 " 2.0 
1.6 X. 2.4 
HI N II' . 2A 
l .ti E. 2 .6 
l .i N. :l.H 
1.7 J.:. 2.7 
1.7 " 2A 
1.8 N. 2.0 
1.7 E. ~.0 
"1.8 " 2.1 
1 .~ :: 1.9 
1.7 1 .0 
1.6 N E. 1.0 
1 .f> R. 2 1 
l.8 HJ.:. 2.0 
1.7 J·:. 2.2 
1.8 " :2A 
2.0 ·' 2.:.! 
2.0 N. 1.0 
2.1 N W. ]..~ 
2.0 r:. 1. .~ 
l.i N. J.S 
1.7 ,, 1.8 
l.i " 1.0 
1.8 l'i " . l .i 
1.8 ]<' 1.7 
2.~ H. 1.5 
2.~ NW. 1.f> 
2.2 Jl. 1.8 

1 .5 

JVind. 
NK 
\\" . 
K 
R l~ . 
1·:. 
·' 
" N. 

R 
N\V. 

"'. 8 1·:. 

"'. sw. 
K 
N. 
w. 
xw. 
X. 
K 
sw. 
X. 
" 
N "J~. 
:<. 
HW . 
N"'· 
R. 
\ V. 
N\V. 

: Novembe r·. D ·cml.tcr. 

----- -----
c·oe ll'i11d . G'oe IF incl. 

-1.~ NK 4.:J K 
.J .5 E. u RW. 
4 .:\ " fLO 'N. 
5.0 " u " fi.O :\ t:. 4.1i " &..I N. ~ .() " 
{),5 s. 5.0 NW . 
5.5 K ·1.5 NE. 
5.8 .. 5.1 J.:. 
H.:! ;;w . 5.0 " 
5.H w. 6.0 N. 
11.0 .. .J.f> " .J.:l N W . -1.0 K 
6.0 H. -1.0 .. 
6.2 . \\'. 4 .0 H. 
·1.0 ~ - -1.0 \V . 
~ .H sw. ~.0 H. 
·1.11 NW. 0.6 N. 
4.0 .. 4.0 w. 
4.0 f:. 3. ~ N. 
5.0 s. 4.f) Cttlm . 
5.6 t:. ~.5 E. 
0.0 s. 5.0 " 
6.5 :i ll" . b.O " 
{).[) XII' . 5.0 ,, 
r •. o \1'. 4 .8 11'. 
4.5 N IV . 4.R K 

t~ 4 .:1 .. sw . 
4.0 :-; II". N. 
~ .0 H. ·1.2 s. 

I 4.0 

I '· 



Dntc . .Jan unry. 

1 54. G'oe 
1 1.5 
2 1.3 
3 1.3 
~ 1.6 
5 l.7 
6 l.i 
7 1.5 
8 1.3 
9 1A 

10 1.6 
n u 
12 u 
13 J. :l 
H 1.0 
15 1.0 
16 1.3 
Ji JA 
18 u 
19 u 
20 1.5 
21 u 
2'2 1.3 
23 1 a 
2J 1A 
25 1.5 
26 1.6 
:?7 1.9 
~s :Ll 
20 3.7 
30 5.1 
31 6.:? 

l ll'i>ld. 
N. 
" 
1·: . .. 
sw. .. 
" 
E. 
II'. 
" 
Sll'. 
\\r. 
~. 
811'. 
s. 
" 
" 
::\E. 
~ . ,, 

I :\. 
XI·~ . 
Nil'. 

If:. ;.l, 

~. ,, 
.\'. 
t;, 

'· I .:I'. 

.A. P P E N D I X B.-D .A. I L Y G .A. U G E R E G I S 'l' E R S. 

R;ecords f or 1854-Continued. 

Carrollton.-Observer, PROFE SSO R C. G. Fonsn EY. Reco rd only approxim:tlely ex:tcl. 

I Febn~ ~ ~! arch. ~~~~~~_._._ • July. August. I September. October. 

----
C'ge Wincl. G'ge ll'ind. 

lg" 
H'in<l. G'ge 1rind. G'ge l rrind. G'ge 1rincl. G'ge l Wind. C'ge Jf"ind. G'ue 1nnd. 

; .1 I ::;. 8.1 s. N. 1:!.5 K 13.5 R 13.~ E. 4.8 K 2.1 t;, 2..1 K 
7.0 " .I ,, 13.9 ,, l:l .5 " l :l.6 

,, 12.9 " J .5 NE. 2.3 " 2.5 " 8.5 )t. 
,, 

1::. 13.9 K 12.6 " 13.6 N"'· 12.8 " :1.0 R 2.1 w. :VI " 9.1 t: . SA " 14.0 '· 12.6 SK 13.8 K 12.7 " 3.3 w. 2.3 s . 2.3 " 9.5 " 8.5 ~E. 14.0 " l :!.i " 13.9 ~,V. 1~ . 6 " 3.6 NW. 2.1 }], 2.1 " 9.9 ,, 
.i xw. H.1 " 12.9 w. ]:1.9 " 12.3 " 3.3 w. H N E. 2.1 " 10.2 ~ . 9.1 .. H .2 NW . 12.9 " 13.9 

,, 
ll.S " 3.0 NW. l.i N . 2.0 N. 

1\U 
,, 

9.3 1 S\1'. 14.~ K 12 .~ XE. 1+.0 SW. 11 .7 Nil. 2.7 \\', 1.7 ,, 2.1 " 
10.5 1 t:. 9.5 s. 14.~ " 12.8 Jo:. H .O ~F:. 11.3 , V, 2.0 " 1.5 w. 2.:3 K 
1o.R " 9.6 SE. 14 .3 sw. 12.7 " 1-U w. 11 .0 Y. 2.5 " 1.5 " :l.:J " 
11.1 .. 9.7 1::. 14.3 K 12.9 " lU " 10.8 ~ . 2A sw. 1.3 .1!:. 2.a " 11.2 .. 9.8 " IJ.3 " 1:?.9 S f:. 14.0 :>IE. 10.5 11'. 2..1 1::. 1.3 sw. 2.:3 " 11.5 ·' 10.2 s. 14.:? " 12.9 14.1 ~E. 10.2 ~ E. 2.4 ~- 1.0 N. 2.2 " ... 
12.1 .. 10.6 E. 14.7 " 12.8 :-1\V. 14.2 s. 9.9 s. 2.5 NJ-;, 1 .5 s. 2.1 " 12.3 :\'. 11.1 s. 14.1l w. 1:?.i ::;, l·l .2 " 9.5 R 2.0 r:. ) ,;, ~ . 2.1 IV . 
12.5 " 111.6 :'1'. 1U NW. 12.i :>I ll' . H .:J " 8.\J " 2.7 " 1.8 };. 1.9 N. 
1::!.5 };, 11.0 " H .1 N. 1 ~.7 " 14.3 " .4 " 2.7 ~w. 2.2 ,, 1.\) " 13.2 :\E. U.3 E. 14.0 E. 1~.0 N l,, 1·1.3 ~ . B.l Calm. 2,;) \Y, 'l..i " 1.i g, 
J:U r:. u .o .. 13.0 " 1 ~.6 R 1+.3 w. i ,() E. 2.6 " 1 .9 " 1.5 :II ~;. 
ll.i :o' \\~. 1'!.5 '· 113.8 " 11:?.6 s. 14.3 ~"r · i.5 " 2.5 ~. 2.1 1.3 F:. 
1l.4 '\\\'. \'2.7 " 13.li f\ 1~. 12.5 " H .3 w. 7.3 s. 2.U s. 2.0 K 1.0 \\' . 
11 .0 ~- U .9 " 1'3.6 s. pz.~ K 14.2 " 6.9 B. '!.5 :IlK 2.3 ·' 1.3 " 

110.5 ~. J12.9 : " 13.5 SK 12.3 S K 14 .1 K 6.6 \V. :!.5 " 2.G " 1.3 K 
9.9 f:. 13.0 " 13A " IU.o " H .O " 6.3 " :!A f~. 2.7 \\'. 1.6 ,, 
9.; \\' . 13.2 xw. 13.3 " 12.9 " 14.0 " 6.0 K ZA SE. 2.7 E. 1.8 " 9.:3 .\'\\'. 13A II'. 13.2 .. 12.9 " 13.8 " 6.5 " 2A E. 2.5 " 1.8 " S.5 E. 13.5 s. 12.9 f:. 13.0 " 1:3.7 " 0.3 " :?.2 " 2.4 SE. 1.8 \\' . 

. 1 ,, 13.5 ,ow. 12.8 .\'. 13.1 s . 13.5 " 6.0 " 2.1 N. 2A E. 1.8 N"'· I 
I 

1:3.5 K lZ.i .. 13.2 " 13.4 NE. 5.7 " 2.0 s. 2.:? " 2.0 E . 
113.6 .:1'. \wi .\'E. fl3.3 " 13.3 N. 5.5 " 2.4 .E. 2.4 " 2.0 ,, 
13.8 113.4 " I 

5.1 Is. 2.2 " 1.6 1 NW. 

I 

Reco1'ds jo1· 1.855. 

Donaldsonville.-Observer, )fn. A. G I ~G RY . 

XXXIX 

Nov('mbcr. December . 

- ---
G'ge Wind. G'ge l Vind. 
1.0 ~I E_ 0.9 ]<' 

1.0 K 0.8 ~w. 
0.8 " 1.3 N. 
1.3 " J.o ];;, 
l .:l NE. l.l " 1.5 ~. 0.7 " 1.6 s. 1.3 xw. 
1.6 .K 1.0 NK 
17 " 1.3 Ji' 
1.9 ~w. 1.3 " 
1.7 w. 1.3 N. 
l.S N. 1.0 " 
0.8 NW. O.i }]. 

1 .3 s. O.i " 
]..( sw. 0.7 s. 
0.7 N. 0 .7 w. 
O.Y Cn,\m. O.i s. 
o.u N"'· 0.3 N. 
0.7 " 0.7 "'· O.i Jo:. 0.3 N. 
].:) s. 1.0 Calm. 
1.6 

'"' 
1.0 K 

1.8 s. 1.3 " 
1.6 sw. 1.6 " 
1.6 i\' '\'. 1.3 " 
1.3 11'. l.l w. 
1.0 .'1' 11'. 1.1 K 
0.9 ·' 1.0 sw. 
0.7 sw. 1.1 N. 
0.7 s. 0.0 s. 

0.8 " 

Date. _J_•_""_•r_y_. _}'-ci-Jru_•_r>_·. l_ :u_ar-ch_. - ~-A-:J-ri 1_. _ __!l_r"_Y ·_ I_ J_u_""_· _ \ __ J_u_ly_. ___ A _"g-us_t·_ \_"_P_tcm_ b_c_r. l - 0- c-to-be_r._ _N_o'_'"'_"l-'e_r. December. 

1~J5. G'gr ll'ind. G'gr ll'ind. G'g; ll'iml. C'ge Wind. (;'g, Wind. (;'ge Wind. G'ge Wind. G'ge l ll'ind. (."ge ll'in<l. G'ge i ll'incl. G'ge ll 'i!ICl. G'ge\ ll'i11<l. 
1 ~. ~ E. \.~ :-.. ~ .. , \E. lti.J I ~. 1~.1 S. U.i W. 11.0 E. i .U I ~. l l.i E. IU.~ I w. 9.5 s. 13.6 w. 
2 :..o .. ·• .. .1.11 ~. w.:, " 11.0 w. I 11.1 " " ' · tu.o x. s .1 I xK n.n " l n.o N. n.2 " 13.8 " "'· 
~ ·5.u .. ~A :-.II'. li.o .. Jti .\ 1 ti.J ~w. (>.o :-.- " · 

1

w .o " s.:t •· tl.i :<~. !J.5 ·• !l.O " 1.1.0 E. 
~ ~ .~ " '>.a ~ . ti .~ t:. t;.o t:. 1 lA 1r. I KS ~. t o.o J•' 8..1 E. lll .5 K !U R 8.7 " H.~ N. 
5 5.0 " .1 ::-\\\'. 6.-t " li.-1 ~ - 11.:! ~ - h.i ·' 1U.5 S W. 8A \ ' \r. 10.3 " O.tl i\' \\' . 8.5 '· 1-LO " 
0 1>.5 RE. 7.~ .. GA , . 1>.5 :\. IO.U ~. S.i ·' 10.5 .. 8.5 1r. l U.U 0.5 X. 9.8 NW. 14 ..1 .E. 
7 5 .~ X. ' · ' !'. 6.0 " 1~ .~ I \\'. ltJ .O w. .s S\1'. 1\l.ti X. .I ~. !l.i K 9.0 " 10.5 N. 14 .1 " 
s r,.o .. 7.5 s \L 6A ,, 1 .6 s. 10.5 '· o. t }~. no.ti };, ; .7 ·' o.n " s.s t~. 9.5 " l ·Ll " 
0 5. ~ :<IE. 6.0 X. 6,1) E. 18.0 " 10.5 :'1'1'. 0.3 •· 111 .2 :«. i.U SW. 0.!1 " 8.7 S. 0.2 " 14.0 NW. 

10 ·1.~ ~· 6.7 1 E. 5.S .. li.S ·' 10.3 •· 9.8 N. 11 .5 1 :'<' W. i..l S. 10.0 " 8.7 K 9.0 E. 13.7 " 
1
1
.1_, ~ •• ·. "?. ~ . o

6
._o._, , •. · I 6

6
_.o
1 

s •. · 11 ~ .. ~ •.".·· 10.0 :-~ . 10.5 E. n .s N. 7.5 .. 9.0 " 8.8 NK ~·2 NE . 13.0 E . 
. , ..,.., ~ 1 ... v 10.2 ~K 10.8 '' 12.0 W. i.5 " 9.8 " 8.9 ' ' ~·:' ~. 12.9 " 

1:3 ~.5 " OA W. 6.1 HW. HA lOA t;. 11.0 " 12.0 S. 7.0 E. 9.5 " 0.5 " 8.5 B. H.6 " 
1-t a ':1 '~ s ~ ·~ 6 o Q 13 o HF' 10.0 " 1o.a ·' 11 .1 ·' s.2 ' · n. ~ ~ . o.s " 8.5 " 1:l.:J s. 
15 o:o i-:: 5:s :.. iv. o:o ·~; 12:4 Is.·· 1u.g " 11 .1 " 11.~ 

1 

B. .5 w. 9.4 NE. 0.5 K 9.? ·' 1 2.~ Calm. 
16 6.5 " 6.0 X. 0.0 ' · 11. ' · lO.o " 11.5 •· 10. S. 8.7 :-1. 1.0.3 W. 9.9 " 9.o " 11.6 K 
17 7 '' aim 55 }' 6'J X 1ll4 ' " 1U.3 Nlr. 11.5 S. 10.3 E. 0.0 E. 10.0 S. 9.9 " 10.0 N. 11.0 :'<. 
1 s:o •· . o:o ;:· 5:q ·,.· n :z 8 \r. 10.~ S\1'. 11.8 K 10.0 '· 9.3 S. 9.a W . 110.:1 " 10.2 " 10.6 I·' 
1 :.8 , . 6.7 X . 5.5 E. 11.:? H. 10.0 W. 1''0 X U. I " 9.5 :«. 9.0 E. 10.5 " 10.8 " 10.0 :'1'. 
20 9.5 .. 6.0 E. 5.5 .. 10. w. 10.0 ~~·., I ' . 9.0 s. 10.0 K fJ .5 :-1. 10.5 " 11.0 " 0.5 f:. 
21 19.9 :\W. 5.0 " 6.0 " 10.8 E. 10.0 ' ' 1 2:~ NW. 9.3 E . 10.4 ·' 9.1 Cnlm . 10.7 NW. 11.8 " 9.7 " 
:!'l o.~ .:-.-. ".~ .. o

0 
~·,~. e

6 
.. ~ ~~.. 

1
1o

1 
.. ~_~, :s

1
.: .. · 1o.o :-<W.

1

12.5

1 

s. 9.:? I '· l OA w. 9.5 E. Jl o.s :-<. l12.o K 10.o s w. 
"l 9 ~ H .. u , , • 10.3 E. 1·> 5 " !l.O ' · 10.2 S. U.5 '· 10.6 " 12.1 " 10.0 W. t1 o::? ~\r . ~ - :\ . .0 .. 11.2 ' · 10.2 ~W. 12:3 W . 8.8 . . 10.3 K 10.0 " 110.3 N E. 12.2 " 11.5 N. 
:?5 19 ·> .. 5.0 ·' 0.~ E. 11.5 " 10.1 " 12.1 SW. 8.5 1 E . 10.9 S. 10.3 " 10.1 " 12.6 " 12.1 ·' 
:?tl 9·:; .:-.". 4 3 •· 12.11 ~ . 1l.i X. 111.2 W. 11.9 t:. .9 •' ltJ.i •· 10.3 S. 10 .~ E. 12.9 .:-IE. 12.9 .:I'K 
~ o:u ~. 5:0 E. Ja.2 -.~ .. L', 11.9 K 10.() " 11.7 S. S.. " 1 U K 1U.7 :-1. 10.0 " 13.0 N. 13.5 " 
~-~ 9.0 w. ~.5 X . H .:? ·.~ ~ 12.0 ~·. 9.8 s. 1 J.:i E. H. s . 11.6 s. 10.3 " 10. 1 I N. 13.0 :s w. 15.6 " 
'" .II :; , Iii.! 12.1 9.0 ,, lU I " 8.3 1 " 11..5 E. 10.5 s. 9.0 E. 13.0 s. 16.6 XIV . 
30 SA ·• 1t;.o K 12.1 SE. 9.3 " 11.0 " 8.~ W. 11 .5 :-1 \\' . 10.5 :N . 9.8 '· 13.2 E. 10.0 N. 
31 ~ . ;; •. I I ]t).7 :;, 9.5 1 :'1' . ' i. I " 11.7 K 9.8 I " 17.2 " 



xl REPORT ON THE M I SS I S SIPPI R IVER. 

R ecO'rds .f01· 1 55- Continued. 

Carrollton.-Obscl'vcr, rnonssoR C. G. FoRSII EV. Records only appl'oximatcly correct. 

Dato. , .J un u~ Feb i' U!l l'y . 

1855. 
1 

G'ge 11 /'nd. 
0. ~ ll. 
D 

G'ue ll'ind. 
;j·) :-1. 

l\tnrch. 

G'gt u ·hul . 
1.11 :\'E. 
1.3 s. 
u 

':'" I ~., ' ':'"" 1--J-"_')_'·_ A1~gust. I September . October. Novcmb ·r. 1)eccmbr l'. 

~·~ ~ ~~·,-,,d.

1
0.,'u_e ~ -i1lCI. 1 G'ue w!·"'z G'o• j ll'ind. G'ge ll'uul. G'ge l Wind . G'ue H'incl. G'ue Wind. G'oe Wine!. 

2 
3 
-! 
5 
6 
7 
8 
v 

JO 
11 
H 
13 
H 
15 
l ti 
l7 
18 
I ll 
20 
21 
22 
~3 
2 1 
25 
2tl 
27 
28 
2V 
3U 
31 

1.:3 
:1.1 
1.:3 
1.6 SK 
lA :\', 
1.3 
l.7 N l•:. 
].] .1-:. 
1.1 
1.7 s. 
1.5 
1.fl N . 
1.8 K 
'l.l " 
'l. [l : 9~\lm . 
3.0 " 
:.;.!l H. 
a.9 I C~ lm. 
-l.O :\'\\'. 
:u ;>. 
3.8 " · 
~.7 'w. 
3.7 D tlm. 
3.7 ~-
3.(i s. 
3.6 w. 
3.:l N. 
3:2 " 
3.3 

3 •) ,, 
3.3 :\\r. 
3.2 s. 
a.o 1-\ 11'. 
2.9 
2.R S. 
:!,;) ?\' " "· 
2.:1 N. 
:2.:? ,.;. 
L S H. 
1.9 
2.0 w. 
2.3 xw. 
1.8 ~-
1 .6 K 
1 .8 ,, 
2.2 N. 
1.8 ll. 
1.3 ,, 
.1.3 
.1.3 S ll'. 
l.l ."\. 
1.3 
0.8 
1.3 R 
1.0 :--1. 
1.0 

1.9 R 
2.1 
2.1 s. 
2.1 
2.1 
1.8 Jo:. 
1.7 
1.S S. 
1.9 
2.1 sw. 
1.~ :;. 
1.8 " 
H 
1.9 N. 
u 
1.5 B. 
1.5 " 
1.8 

1.8 " ' · 2.0 
3.0 
·1.1 E. 
.'i.·l s. 
6.1 ::-1. 
u.S X ll . 
7.3 
7.8 };, 
8.3 :\'. 

s:1 ·,: Z:~ \i·. ;::: I ~ ir. 
S.3 .. b.1 sw. :l.G :\'E. I 
SA };, 5.1! \1'. 3A I .. 
8.7 I ~ - 4.9 X. 3.4 •. 
\},3 ::-1. .\.7 s. 3.4 '· 
9.5 I W. J.i W. :J.4 f\ W. · 
9.:l S. H 3.!1 E. 
n.o I " -L!) ~ -E. a.7 
8.0 J, , -I.:J ~.0 I X. 
8.1 ~-~ 1 :\'. •1..1 11·:. 
H.O 4.:3 i'K 4.6 .. 
U.8 H. 4.4

1 

R ~ .S " 
6.0 ~K 4.2 ·' ·L5 " 
f>.i -1.2 " -l .H " 
0.:\ ,, -U> " f> .l I u 

5.0 ~.3 1 NW. fl.l 8. 
·1 .. 9 P.W. 4:l S W. 5:2 K 
~.U K ·U W. 5.4 ::-1'. 
4 .7 \\". 4.:! s. 6.:l ~-
·1.7 K -L:! " :3.5 xw·. 
-Ui -:-..' . 4 ·> x·w. fl .7 ~-
·1.0 K J .:J .1-:. 5. 7 
4.9 4.:l ~w. 5.u ' r. 
5.1 4.2 b.5 S\1'. 
5.3 :>. 4.3 'I'. 5.3 K 
5.3 E. -l .~ 5.:! ~. 

~:i s. ~:g I ~.. Z: ~ £ . 
5.5 SE. 3.!1 c: -1.8 I 3.9 x. 

R ecord8 .fo1' 1 56. 

Donaldsonvill e .-Obscrver, i\r11. A. C t.s 1tv. 

Date. .Tnnuo.ry. 'E'cbrunry. March. April. Mny. June. July. August . September. Octol>cr. Novcrnbcr. December. 

--1·--:---l----:--l--c--l---,--- ----1----1---- ---- -------------­
Wind. G'u Wind. r.•u• lrind. G'o• ll'ind. G'o• j Wind. G'oe Wiml . C'gel Wind. G'ge Wind. ~e' ll ll~i~1d. C,'ue Willd. 1 56. G"w 

1 
1
1i .~ 

2 18.2 
:-1. 5.0 SW . to. I S. 21.0 1·:. 21.3 S. th.U :\ W. l3.:l SE. bO RE. •' ·" X b. :J.5 N E. 
~:. 4.8 N. IU.U :\ \1' . 20.7 H. 21.5 K 26.U E. l3 .6 E. 5:~ ~\I' . r1.0 K 4.0 

~ 1 :~:~ 
~ l ] g :~ 
7 19.0 

~- t~ ~~v. {~:~ N: T~:g t·~; . ~:~ ~~~ - , ~~:~ :: ~ ~:~ ~~· · ~ :~ ~\· . ~:~ ~:·. ~ :~ !·;. 
" -t 7 E. li.7 ~nl m. 1!!·~ ~E. l:tti.O S. :!.j, ., ~- I'''' " 5.1 K 6A I HK ~ .5 " 
·' !l.O " 1 ~.a ·' ~ ~-~ s. t n." x . :!.j.h ·' l ~.u ~- 5.0 ·' tJ.o " -t 5 " 
E . 6.0 ~r . 19:.! E. Hti .\ \\' . :!1.1 E. :!.J.5 S. 11.0 \\' , D.U \\' . 6 ·) " 5.0 " 
" 5.5 '· :.?0.:! :\E. 1!.1.0 ~. :.n.~ "\ \\' :!b.3 \\' . 1U.b ' f> • .l E. U'' .K 5.5 " 8 l '.5 

9 l $.0 
10 li.3 
ll 1(!.5 
12 15.8 
13 15.0 
1-1 1-L6 " 
15 1:1.5 NW. 
16 ] :,!,8 II 

l7 12.0 N. 
18 ll .5 NE. 
10 11 .1 N. 

~~ ~g:~ I :: 
22 8.0 NK 
23 8.0 " 
Z.l i.5 " 
25 
26 
'!7 
2S 
2V 
30 
31 

1.0 1 1-:. 
7.2 , \~r . 
GJ, \\' , 
0.0 11 \\' , 
5.fl -~-

5.0 Jo:. 
5.0 I .. 

ti.O '· :.?UI ~ \\'. :?t) .~ ~ E. j:?t.i j.:. , l:?l.H ~- UJl " ti.O •· ti.U u 6.0 
G.O '· :!~Ui \'E. :t1.:! \r. 1:!:!.0 I II ~.i ,, ~ -H •. i.O '1 li.:! II /j,f> 
6.0 X,V, ;t;i,:! " ~ l.S ' ~- :!:! .5 " :!.-1.:) \\' . ~A ~\\'. .0 ~ 5.5 " 5.0 

~:g ;; f::~ " ~t~ I ~
1

K f!:~ :: i::f> ~\Y. ~:~ I ;; t~ :: ~:~ I ;; 1 :~ 
4.8 K 2~ .4 s. 2~.5 , R. ~-1.1 w. ~~-~ I ·' I i.:; R I i.O " 4. " 3.2 
4.8 ' R. 2-1.-1 " ·>·> o '' 1:!-1.3 E. I:!:U E. 7.0 \'\\". · 5.5 I " -1 .5 " :~.u 
4.8 SW. ~1.7 K ~2.b " 2 1.ti .. 21.4 " U,g \\'. b.~ •· -I.S " :1.0 
M N. 2.).0 " ~1 8 " 1 ~-i.S :-1. 120.5 1 :\'\\' , I u.u E. I :;,o \\' , ·I.R " :1.2 

~­
xw. 
" 

6.5 ~}~. :!5.:! N\V. :!1.2 E. :!-LH •· :?o.u ~E. "·' " ·· I 5.o ~ \\' . u.o " 3.0 
5.8 K ~5.:1 " 2U.8 \I' . 2J.I •. l U:; \\' I u 5 .. 4,0, •. [J,\) " ~.0 K 
6.3 sw. :.!5.:, s. :?o.~ N. :!;).2 j " hs::! }~.' u'.a. I '· -1 .:) S \ \'. -1 .5 " -1 .8 " 

~:~ ~-"'· ~:g t '· ~~:~ ~- ~u i~:· E:u.: ~- I;:~ I ~: I t~ s·. ~ :~ ~- H ;: 
8.2 N. ~.R S" ,· 1U.O Sl~. :1"l.7 " 10.() \r. f:g u 5 ,, •• ~ :~ ~- ·1.5 :: 
s.s " ~1.5 s. 18.7 " 2;,.o ~- 15.5 •· i.2 w. 

1

5 ., N. 4.0 I " ·1.8 
0.2 K 2-1.3 \ \' . HL5 ~- ~li.:! ~- l .J.O ·' 7.2 8. 6.fl K 3.~ :\K ·L4 

12.0 S. 23.:\ :0. E. 1S.2 ll . 26.0 1·:. 14 .; ;-; , 7.0 t: . 5.5 X. 3.8 " ~ .0 
11.1 '' Za.:c! " 1N.8 S. :.W.O ~\V. 1 Ul R i .:J ~ . 6.~ J:. :1.5 :\" ' · :l.2 N \\r. 
1 u 22.~ I'. HJ.O '· 2r..2 " 11111 J.' i.2 K 5.5 .• 4.0 " :1.2 N l~. 

~;,; ~\\'. 10.2 E . l ~g:~ I :: 13: I ~: I ~:~ ~~i·. I ~:3 1 ~~~:. :J.5 1 " g ;, 

Rf!. 

Cfgr "ll'ind. O'rfl' Whul. 
3.5 N K 5.5 ~ f:. 
4.0 S K (;.2 H. 
4,() II 5.0 ~ . 

li.O :-1. 5.0 i\' 1; . 
a.!') SK 5.0 ~-
3.H 81-:. 5.0 " 
4.5 u 5.0 " 
4.5 "N . n.2 " 
3 · l " 7.0 E. 
3.5 NK 8.0 S. 
3.6 K 0.5 S E. 
:tH II 10.:.! 8. 
3.6 u 1 ~.u " 
3..1 ·' 1 ~.2 NW. 
4.0 NW. 1:1.6 " 
-1.0 II 1•1.0 II 

4.r> N. I I .U ·~-;, 
•1.0 '• 11_6 II 

·LO ~}~. 15.0 II 

4.0 E. 15.0 N. 
5.0 N. "15.2 " 
-1.5 ·' 1G.3 " 
-1. ~ s. 10.0 " 
-I .H " 17.0 " 
4.8 " 1R.O S. 
4.8 " 18.5 Cn lm . 
4.8 ,, 1(),0 " 
[).0 II 10.:.! N. 
!'1.6 N . 1U.2 H. 
5.:! ~1:!. 1R ·} N 

17::; 8.' 
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R eccrrds fcrr 18 57. 

Columbus.- Observcr, MR. J·. l\I. MooRE. 

March. April . Ml\y. Juno. J uly. August . September. October . November . December . Date. J anuary. I February. 

1857. G'ge Wind. G'ge Wind. 
1 

----1----,--- - --- ---- ---,--- ----1--- ---- ---:---1---
G'ge I Wind. G'ge I Wind. G'ge Wind . G'ge Wind. C'ge Wind. C'ge Wind. G'ge Wind. G'ge Wind. G'ge Wind . 

2 
3 
4 
0 
0 
7 
8 
0 

10 
11 
J:! 
13 
H 
15 
JG 
17 
1 
10 
:10 
2t 
:t~ 
23 
24 
~5 
:w 
'27 
~s 
:!') 
30 
31 

I Date. 

1 57. 
1 
2 
3 
4 
6 
6 
7 
8 
9 

10 
ll 
1 ~ 
13 
14 
15 
16 
17 
1 
19 
:!\) 

:!1 
::.! 
23 
:.!4 
2.) 
~0 
~'7 
:.!8 
2\J 
30 
3t 

I 

Records f or 1857-Continued. 

Donaldsonville.-Observer, l\[n . A. GINGRY. 

J nu&ry. l February. , :Uarcb . 
I 

April. May. • J uno. July . August. September . 

G'ge Wind. i G'ge Wind. G'ge Wind. G'ge ! Wind. G'ge Wind. r.'ge Wind. G'u• Wind. G'ge Wind . G'ge Wind. 
16A ... ;.s X. 2L ! X. 10.0 ~.5 s. :l:J.O xw. li .U "r· 9.0 s. 5.5 K 
Itt2 .. i .b .. 2-1.3 " 18.5 1 .• 20.6 N. 23.0 " 18.0 .. 8.3 " 5 •} " 
15.5 X. i.5 s. 24A .. 17 .5 E . ~.5 " 2"2.8 Calm. 18.8 .w. .2 " 5.0 " 
15A " 7.5 .. :!-U i ~. li .O :!0.0 :-<IV. '!:!.. i R. 10.0 X. 8.0 w. 5.6 " 
~ ~:~ s. i.S '· 2:1.0 E. 16.5 " 19.5 s. ~!. . .) w. 10. 1 E. 8.0 " 6.5 " 

! .E. .0 00 

, ~:~ I ~: 1::11: 
19.3 sw. ::!:!.0 w. 10.5 " 7.8 sw. 6.5 " 

13.5 X. 9.0 " 19.0 s. 21.8 s. 10.8 " 7.5 B. 6.2 " 
12.2 :-. E. 9.2 N. :1),6 l o 17. " 19.0 E . 2 1.6 " 19.5 " 7..1 " 6.5 " 
12.0 .. . 5 " :U,,j :of • 1 .1! N. 19.0 21.3 " l .5 " 7.0 " 6.8 " 
11.7 ':\' . 10.0 " i:lb.i E. 1S.5 S. 18.8 " 21.0 " 17.2 " 7.0 " 0.8 

... 
1l.O .. 

10.51 }~. 25.:1 X. 1 .5 " 18. " ~o:s sw. 17.0 " 7.5 " ~:~ " 
1 0 . ~ " 11 .3 " :!ti.:J .. 

~ i:~ ~- 18.8 " ~0.7 s. 16.5 " 7.5 " s. 
10.0 '"· 1::?.0 " :!d. l xw. 18.5 1 " ~0 .-1 " 16.0 s. 7.5 " 5.0 " 
10.1 K 11:!.7 " , ~dA ·w. 1 ,:! II 18.7 " 20.0 K 15.5 " 7.0 " 4.8 " 
10.0 " 13.7 • . ~UA XIV. 20.0 }~. 19.0 "· 20.0 " 15.0 w. 0.8 " 4.5 w. 
u.s " 1-t "' ~'tl.O \I Ill . :.!0.:.! w. 19.0 " 19.8 " 14.5 ' 0 0.3 " 4.3 " 
V.5 sw. 1[,,5 " 2ti.5 1 ~ IV . :!0.3 w. 20.5 N. 19.3 w. 1~ .0 }}. 0.0 4.0 s. 
9 .0 NW. li.O .. :!r;,e N W. · ~'0 .0 " 2 1.5 1 " 19.0 NW. 13.5 " 6.5 s. 4.0 K 
S.5 XE. IS.5 " :!ti . .) Calm. ~'0.0 N. 21.5 NW . 11.8 .. 13.0 s. 7.0 " 4.0 " 

.::? ·' :!11.5 .. :!U,.l \\1'. ~.0 " :H .9 " 1 .~.5 H.5 " 7.0 " 4.0 N. s.u ~l . 2U NW. ~.9 s. 20.0 " 2:!.2 :' 1 .2 " 1~.0 " 7.0 w. 3.8 " 
8.0 " :?".tu atm. :!.'l.i " ~~) .0 " 2'2.5 w. 18.0 " ll.5 w. 7.2 E . J .O l'i W. 
s.u E. :?".!.5 E. :!.:; :! E. :!0.2 " :!"J,5 sw. 16.5 K ll.O 7.5 " 4.0 N. 
7.0 ~E. :?'.!.9 ~- ·>J 6 " ~ ~~ I ; 

:!:!.7 " 16.0 " ll.O " 7.2 " -i.5 w. 
i .U E. 23.:! ·' i ~ l ::! to. :?-1.7 15.8 s. JO.S }~. 7.2 " 4..0 E. 
7.0 ·' 23.G .. :!:H .. :M.u s. ~3 .0 " 15.8 " 10.5 " 7 ·> w. 3.8 " 
i.O sw. :!3.7 Calm.:!·!.; " ~\l. l NW. 2:3.0 N. lU.5 " 10.2 8. 7.2 s. ~:~ " 
7,0 Ca lm. 24.0 ~- :.! l,tl l'i. :!H.l u ~:l .O I s. Hi.5 w. 10.0 };. 7.0 " " 
11.5 

I 
:..>tl,U .. 1 ~0. 1 I s. :.!:1.0 u 

17.0 I " 10.0 Is. 6.5 " 3.o NB. 
7 .u xw. :JI)! ) E. (u\ E. :!:i.O " l 7.U " 11).0 " 6.3 ~. 3.4 " 
7·l I .. I 

19.5 8. 230 w 10.0 " 6.0 E . 

I 
. I . 

F 

October. November . 

-
G'ge Wind. G'ge Wind. 
3A NB. 3.5 ~~. 
3.5 K 3.5 s. 
3A " 3A Jo:. 
3.4 " 3.2 " 
3A " 3.5 " 
3A " 3.8 " 
4.0 " 4.5 " 
3.8 " 5.5 N . 
4.0 " 5.5 NW. 
4.0 " 5.0 NJJ. 
4.0 " 5.0 K 
3.0 " 4.0 " 
3.6 " 3.5 " 
3.5 N. 3.5 N . 
3.5 " 3.4 E. 
H " 4.0 N. 
3A K 4.4 NW. 
3.4 '· 4.5 " 
4.0 NK 4.5 w. 
4.5 N" r· u NW. 
5.0 K 4.5 s. 
-!.2 .. 5.0 " 4.2 w. 0.0 N. 
5.2 N. 6.5 XK 
5.2 " 7.6 " 
5A .E . .7 E. 
5.2 " 9.6 " 
4.8 N. 9.4 " 
3.5 E . 9.4 SF. • 
3.R N. 9.0 NW. 
3.5 N \V. 

G'ge Wind. 
8.0 
7.5 
7.0 
7.5 
8.0 
9.0 

10.0 
12.0 
H .O 
16.0 s w . 
20.1 C11lm. 
23.2 " 
25.8 
2i .6 
:!'J.O 
30.0 
3D.8 
31.5 s. 
3t .o ::.w. 
a·u N W. 
3"l .3 Sl•;. 
3·l .O NW. 
31.2 SF.. 
29.9 " 
28.1 sw. 
26.0 N. 
24.0 s w . 
2"2.4 Calm . 
21.0 ;, 
20.3 
20.3 sw. 

December. 

G'ue Wind . 
8.5 };. 

8.0 N. 
7.0 E. 
7.0 " 
7.0 S K 
7.0 s. 
7.0 " 
8.0 SE. 
8.5 NW. 
9.0 N . 
9.5 SM. 
9.6 R 
9·5 " 

10.2 " 
10.5 " 11.3 NW. 
13.5 " 
15.5 w . 
18.0 K 
19.0 " 
20.0 w. 
21.0 N . 
21.5 E . 
~2.0 NW. 
2:t.5 " 
23.0 " 
23.0 };, 
23.3 s: 
23.9 w. 
24 .0 NW. 
2-1.4 w. 



xlii 

Uf\t C. 

1857. 
1 
2 
3 
4 

i 
8 
0 

JO 
Jl 
] 2 
1:1 
1~ 
] [, 
)ll 

17 
1S 
l \1 
20 
21 
2:t 
2:i 
2~ 

:!5 
20 
27 
28 
2<J 
30 
31 

REPORT ON THE MIS S I SSIP PI R I VER. 

Recm·ds for 1857-Continued. 

Car rollton.- Obscrvcr, 1\IR. W. II. Wt LUAM S. 

. January. Fcbrnary. Mnr ch . .1\pril. Mny. June. July. Angu•t . I ~optcmbcr . October. 

G'ge Wind. G'ge ll"ind. (,"gel Wind. G'ge ll"ind. (;"ye lVi•><l. G'gt lrind. G'o• H"ind. G'ge Wind. I G'ge Wind. G'o• Win<!. 

R ecm·ds for 1858. 

Cairo.- Observer, J\In. ARNOLD SvnERO. 

November . 

G'oe Wind. 

0.2 SE. 
0.5 sw. 
0.9 '· 
J .f> s. 
1.1\ N. 
1.1 NW. 
1.1 N~. 

1.0 B. 
0.7 s. 
0.-1 ,r.nv. 
OA ~l K 

0.-1 Cn lm. 
0.9 10~' . 
0.7 N. 
o.r) w. 
0.1\ i'I W. 
o.:l N. 
0.4 .'W . 
O.i " 
l.li " 
1 .1 I:. 
u ~ 1:: . 
2.7 Jo:. 
H.1 ' 1:: . 
3.6 " 
3.8 ~m. 
3.4 " 

December. 

G'oe 1\"i?ld. 
3.0 ~ I·:. 
:!.G N 
2.5 1-:. 
2.3 ~ Jo:. 
2.2 ~-
2.6 "'· 2.7 sw. 
~. 1 s. 
3.~ N. 
3.7 
3 .8 NK 
u " .3.7 
3.8 N. 
3.9 ~:. 
J.4 
r>.1 w. 
0.1 ~ J~ . 
u.n 1-:. 
i .9 '· 
S.R NW . 
n.o :< 1·:. 
~.(\ 1·:. 

1 0.~ N. 
10.2 "'· l f1J1 " 
10.0 S l~. 
11 .0 s. 
1U N. 
11.5 " u.s sw. 

Date. Jnnunry. Pcbn>nry. l 1\Jnrch . Apri l. bl ay. ,Ju ne. .J u ly . I August . I eptcmber. October. November. December. 

!l8. G'gt JVind. G'[Jt Wind. ((_rye lVincl . G'ge JVind. G'o• !rind. G'o• Wind. G'o• Jilin d. G'gt lVind. G'o• JVind. G'o• lVind. G'o• TV in d. G'o• w.:nd. 
1 1 ~.s L ~ .u l OA 31.0 a~.l 33.b 29.3 19.1 
2 JH.Il 13.5 1U.7 2H.:.! 30A 3:1.9 26.6 1'- .1 
3 l \1.2 Ia.;; 11.0 Zi:2 :!8.:l 3-1.2 2-1 .2 li .1 
J IH.U 13.0 1~.·1 ~.i 2tl.3 34.5 :?-2.6 16.4 

5 :!tJ.5 I :!.U 1:).i :!~J3 2:, .o 3~.!! 21.3 15.9 

li 1 ~ 1.1 l:l.i 1 5.~ 2tU :l:J.5 35.3 20.0 HJ.G 

7 
, ~~-~ 

1:!.5 15.li lb.1 2a.o an.u t~.s 

8 l :l.:! 1:!.3 Hi.li :l:J.1 30. ~ 11;.1 

9 :l~.u 1 ~.0 15.1 J 5A ~A 31\.ll 1i.:! 

10 :?:!.H 1~.0 15.1! 1li.fl 24.7 :!i.O ltU 

1l :!:.!.0 11.2 15.0 lfl.O 21i.3 37.4 1G.1 

12 2 1.0 10.6 15.0 If) .:! 2,.0 3i.b lf>.[) 

13 20.0 10.1 15.3 18.2 :!l(j 38.2 1[> .0 

14 10.2 UA l U. l 1U.IJ ~'!!.5 a~.!> Ia.4 
15 18.0 U.2 10.4 :t.!.:! 30.2 311.1 1[>.3 
1U 17.0 9.7 l U.H ~A :!0.4 31! .• 11.U 
17 17.4 10.7 ll\.4 :!;).3 :!0.1 ::u.~ u.n 
18 17 .s 11.a li.1 27.0 :10.:3 ~J.l H.9 
10 18.5 11.5 11i.2 2~.0 30.:] 40.2 J;,.o 
20 19.(1 11 .5 H).i 28.8 30.1 41!.:1 l&.U 
21 18.0 ll .:J ·.H.7 30.0 au. 1 40A lf.i 
:!:.! J ~ .u 11.0 20.7 32.:l :10.1 41J.J. JS.O 
:!:l 17.ii J U.O 28.\l 33.7 30.1 ~11.1 1 U.~ 
:l-1 17.2 u.a au.O :~1.8 30.:! 3!!.7 :!IJ.Il 5.1 
:2[1 11\.!l !J.:l 31.2 3f>.5 3\ .i ;jlJ,:! :!1..) 
:!U 10.8 s.u :n .7 au.s a:J.O :\);,1 21.)i 
:!7 10.:J 9.:! az.3 311.8 :~l.:l 3i .-l :.? 1. ~ 
28 1!\.l t-J.U 32.5 :11>.-1 ;!;l,j ;l:,,i 21.~ 
:I'J 15.8 az.-1. 3 1.~ ;l;J,, 33.1! :!1.6 
30 15A 32.2 33.8 3:1.~ 31.7 :!1.0 
3 1 H .l 3 1.7 33.8 20.3 



APPEN DI X B.-DAILY GAUGE REGISTERS. xliii 

R econ ls jo1· 1858-Continued. 

Columbus.-Obscrvers, 1\[n. n. c. FILI,EBROW~ , 1\In. J . 1\I. 1\Ioon E. 

)farch. Apr il. May. • Juno. .July . Aug ust. September. October. November. December. Date. J anuary. I }'ebruary. 

1838. G'ur 1 Wind. l ~. Wind.G' --U-.-~ -~-,.,-. ,.-d-. 1 
G'g_e_I _W_i,-l.d-. G'o_e_i_P:_i>-td- . G'g_e_l _li'l-i•-,d- . G'g_e_1_m_i_n_cl. G'g_e_l _lr-·i,-,d-. G'g_e_l _w_,:,-,d-. G"g_e_ll_r,:,-,d-. G'g_e_ ll_'i-.. -d. G'g_e_W_i-nd-. 

I ~l.U I il l\". li.S ~. 13.3 XIV. 33.3 NIV. ~4 . !) l> K 36.4 :>I K j;l,:l l s. 23..1 1>. 13. 1 :>I ll. 6.:: N. 6.U N K 7.0 l:i. 
2 ~1.~ ~. li.5 Sir. W.1 II" . 31.0 N K 3.1 .-1 :>I K 3G.-I K 3U.8 " 22..1 " 11.7 S t·:. 6.1 S l·:. 7.0 " 7 2 ' · 
:; ~1.7 ·· 117.:1 :o:. W.O :>I W. 30.1 S K 3 l.5 ll. 31i.6 s .,;. 28.~ S K 2 1.8 ~E. IL:l " i\ .9 " 8.0 " 8.2 S E. 
4 2:1.3 SK 17.~ XIV. 17.6 1 }; . 28.1 :-. W. 29.5 ~. 3U.9 " c'7 .2 :-1. 21.2 " ll .9 SW. 5.7 SW. !J.:l SW. 9.8 1•: . 
5 2 LO ~. li.tJ Sir. 1.~ .8 ~ E . ~U.O 8,1~. ~8.0 NW. 37.;J " 2U.O NK 20.7 S. J l.:l " 5.o N il. 11.8 NIV. l U S. 
6 2LU Calm. IU.U ·· 1~.6 S IV. ..:J.S :-1 b . 21>.8 " 37 .1; " 1L8 E. 20.5 ~ E. 10.9 S ll. 5.:) S ll. H.7 SIV. U .6 " 
7 :!~.t.i ~ E. 1U.5 ·· 1".1 X.K :! l.9 K :W. :~ 8 \\', 37 .9 H 2;j, i S K :lt).3 N . 10.-l u 5."1 N\\r. l5.9 N K 14.0 
8 1tU Calm. IliA " 1~.t; X II". 20.8 · ' 21i.-l S t<:. 38.1 SW. 21.9 .\1 1':. 20 .. i S f:. !1.9 " ·LS S W. 16.0 N W. 15.4 
9 1U.O S. j1U.3 :-/ tJ . 1~.3 1\' ~W. 19.:J S E. 26.9 :-I K 3~ ..1 SJ; . 21.2 S E. 10.!1 :-1 . 9.5 " 4.7 N. l i\.9 S IV. 1.i\.9 

?.r. 
sw. 
s. 10 ·>.;;; '· l11l 1 \1 I I ~.O I S i-: . , 18.7 N K 27.f> " 38.u " ~ 1.6 " 11.1 .K ~.~ W . 4~ \' F 15.U SF 177 

11 ~.i:tJ Ell'. l o:~ i:: 1~. 0 N. 1B.7 s ~-:. 29.4 . w. 38.9 :-~~-:. 20.9 s w. ~0.9 s w . u.o N t·:. J·., ir .'' 15.4 Nii. 1s: ~ 
u 2Ltl £ . 

1
13.=3 .. ~ ~u ;;. ~~:~ ::w. ~~ :~ s ~-: . 3\).l x w . 2J.ti NW. 21).7 XK 8 .~ \'. 4.0 .. .~, . 15.0 R£. 1U.7 

1 

.. 
13 

:!:U) ~ . 1 
Ul ~,'' · 19:.! s. ~:1.·~ H :tl.·J ~~i;:. ~~:~ ~E. ~t! ~,E . :~ : ~ ~i~ . 1 ~:1 ~~ - ~ :~ ~- i~ :g ~~~~' - ~~ :~ :: 

~ ; ~\:f ~t~;11.11:~ ~E. 19.5 '· :?.).,) ! ': ;J:!.H ~ \V. -1').1 ~ K ~0.:! " l \).4 )[ _ 11.-! HI-:. :3 .6 ~ K l : . .t5 .N,,r K :H .!l N. 

1ti '!.Ul ~\r . 1-L5 •· 10.1 ~- f_; . :_% .. 
1
1 1 ~ E. !:t!.D '· ~ ~,!-·.·!, .~·'. 11 ~-. ~ :: 11 .~.-~ 1 ~\Y. 1

11
1 .. ~ '.}

1
.
1
,. 3.5 " L:UJ :w.n s. 

17 :!1.'-i Calm. 1;) .3 X. 197 :) 1 :tJ.O S\V '"1:'- ;~ OJ !. I ''v u _, 3.-l " l:t .. ) " :?li.7 " 
1 ~ :!1.:! xt::. ' Hi.O E. :?'J:3 1-:. :?9.3 '· I:JJ.o ~~ N. • -10.1 ~~ IU.!i " v~.a s'r. l l. i S K :J.:\ " 12. 1. N,V. :27. :! " 
1U I:!I.U ~ IliA X \C :!1.:1 .. 30.-l ! S K ;~~-!.1 :;, 40.7 S K Ji),!) ~- 17.!) I :'\'. ·1 11.0 " 3.:J ~ - 11.7 " '1.7.7 ' · 
Z! 2~.:! £. w.:J E. \ c_:::·. ~. l .~.B . 3.)·_; ·.2 :: :.~c_:·.~, ~ · Vl.S '· 211.7 SW. li .o SW. 10.7 S. 3.1 S ll . ll A W. 2R. I " 
~ I 2J.3 •· lii.:J :\. v ~ ' , -W.S " 2J.:J SK l ti.9 " l ll.:3 :-1 . 3.1 \'. ll.l 28.7 \'. 

~; . ~: :lj! ~-E. ~ ·;:u 1 ~ ~i~ · ~:~ j ~ ~~- ~~~ :~ I ~ - ! ~t~ j ~-. !~:~ ;: ~l~ ~~W. ~ ~~~ 1 ~j~ . ~:~ ~- ~ ·~ . ti ~ \\r . ii;:~ " ~~ :~ ~-
:1-1 2oi.l K 114 .3 s. a·l.~ " :lti.7 \W. :\:1.1 I '· -\.'1.7 " '! \.H I \I E. 15.3 1 " 8.8 i-; 1·1 . 3:2 :-1 1•1. 9 .7 s w . '!~ . !\ N. 
~;; tu.:l ll . 1:1.9 X E. 1 :.~·.1'21 I t;,:.. . :~~ •. :7 ~ . ·.:~.~.!·.·-: ~ E. -\. t\.2 " ·l:>A :'E . U .7 '· 8 .:1 N. ~U i'\ 1·:. 9 .~ N. ·lS .!I S. 
2u 1)').7 s w 1 1a.r, ~ 1-~ . _)"' r u ' . • .. :\\1 .~ " '2;).n s w. \:ttl SE. 1 .s '· 3.:i ' · 8.7 E. ·.m:l " 
"Z1 \ .0 ·· l :l.U \ \". a~.-l •· :-\'i.a S. a.1 .U " :\9.1 " '.!G.:! 1 :~ .i ·· 7.:3 S K :tu XK S.l S. :U.fi N\V. 
1~ 1 1.:~ ·' 1~.u x 1r. :J.I.i N K :n:! l·' 3tU " a~.o N. ·ltU I ~; E . ' . '~.~ 'I X I': . i .u s. :l.i s ~-:. 8.o " ~. 1. 5 ~ . 
i~~ ~Lj ~ \L I ~!:~ I ;; 1 3~ :~ :: ~{~:~! :: ~~:~ .~. ~~ - ~t~ ~·. : ±~ :: ~:~ ¥. I~ . ti :: ~: ·t ~- ~~: ~ :: 
at 17.8 ·' 31.1 , .. ~u.3 '· 2-I.:J ·' 1a.a " 4.!1 " 27 .8 " 

R ecords f or 1858*-Continued. 
Memphis.- Obscrver, M tt . liitc HA E r, C oN WAY. 

I 
I May. .Ju no. ~~~ Aug~ Dnto. J nnuary. February. ~l tuch. AIJr il. September. Oc lober. I Novomber. DecomiJm·. 

-- ----- ---- -----~ ---- --- - ---- ----- ----- ----- - ---I 
1 ~5~. n·o• lrrin.tl. G'ge I Find. r;g, Wi>l.d. c·u· JJ7ind. rr.qe IYind. G'(J P Wi>l.d. G'or Wind. G'ye lVincl. r;'ge Jrrind. G'ge ll'ind. G'ge !rind . G'ge Wind. 

1 '21.ti ~ II' . Li.11 ~r K 11 .1 .\' 1·:. ):l:JA :-I l l'. :!~ .!\ N \\'T. :; J.l ~E. :J!i.O S \1' . :!li:3 S \1' . 1:1.3 S W. 7.:J S IV . 

I 
.j .[, N K 7 .~ ,; ~;. 

~ :.!J.U .\' t; . 17.9 XII' . 1-1.13 X IV. j;J,;, ~ IV. :_1.1 .7 S IV . 3 1.3 " :l l.!J ·' 12H.O NIV. t :l. ~ ~ lj~. 7.1 " .J .\) sw. 7. 1 i:> IV. 
;l I:!J.U I .. li.i .\'t: . 1~ . , HI\'. ~~: ~ 

.. :H.O ·' ~u S IV. :J.I.7 NE. 2.).H " 1:J.O N \\' . U.9 " 5.() " 7.0 ·' 
~ :!i. l .\' II'. liJi X II". L.).!J .. ·' :l4. 1 " :J IA HK :!I.) " :,!;).:J s ~' · 13.0 S W. 6.8 " 5.!i Nil'. ti.!J " 
5 ~~. 1 ~ ,,._ 17.4 .. li.li xw. :n.~ N F:. :J I.l XIV. :ll.U \'IV. a-~ . n " 121.4 S IV. l :!.'i S t•:. ll.G NK I 6A ~Hi . H.7 NK 
ij j:!.!.V .· t:. 117.1

1 
HI\' . 11-t,.) .. j3 U '· :n.;. " :JI.7 S IV. :l:l.~ " :?:?.H SE. l:!.J :l iV. G.:! sw. 0.~ '· o.:, N il'. 

I 7 :!:l.5 sw. lli.\~ .\ \\' . l!J.ti " . ) ·) S IV. :t:! . ~ ·' l'll .7 " a:!.o :-\R. 2 1.U HI\' . 1 ~.0 HI•: . o.:l " 7.0 N,V, 6.:! S W. 
s ~ 1. :1 .. ltii ~II'. I!U \I E. :!I). I) .. :1 1.7 SK :ll.7 ~ "' :J<l.6 \I IV. :! ).i NIV. I I !.f) NIV. (i.1 " I U. 1 .'1 1<:. 7.7 '· 
!) :.!U.I .. Hl.~ X t;. IH .. 11.0 ~ "· 'lJ.7 sw. :I I.~ fi ll'. 

l ~i:~ 
X t; . :.!11,9 SIV. I : ~:1 1 

Hll' . f.l.H " l tJ.:; .\' II' . >'.5 .\'K 
1U :!.),.·, '· IIi.:! f\11'. ltf.t' ~II'. :!.!. \{ .. :;o.l ~ \\' . :ll.9 " 8 1•1. 2l.tl ~ K .\' IV. ;;.s S l•: . 11.1\ ~ \V , s.o N W. 
11 (:!.-•.U .. ) 1),11 \t: . l"'i ,j ·' :!l..) .. 2J.8 ~ II'. :t).1 :'\W. ·>r '! 1\ll. :.! 1.:! sw. \1.9 S l•: . o.ti sw. l 1. ~ N ~: . u.s " -),, 

I :! :.!.-, .... '· J.) . ~J .. b . .) .' E. :! I, I{ " 2J.O " 1:\.i.l .. :l.),l) " 2U " u.:! .\T ~ ~~. 5.4 " U .ti " l!J..l .'J J~; . 
13 :,!;),!) X II'. t: •.. -, .\' II'. h.4 ~ \V. ~1.0 Sll'. :Ju.:3 '· :sr).:! .. :!:i.!l SE. :! 1.:! \I E. o.r, SIV. 5 .:! IlK J o.ti sw. l U ::m. 
14 iti I :.: w. I.U .. l"t .t) .. ~I.~ ;o;J·:. oo.'l .. ;j.l.:! '· 2:!.1 '· :! 1.0 .\'II'. 9.4) .\/IV. 5.1 XIV. 1:JA '· 12.0 S \\' . 
l j .. [:>.1 XI:: . h .9 .. :,?;l,:! \I I·: . :su XIV. =~t.:! HW, :.!:! •. j " :!O.S ;,t:. 9.:! '· 5.0 HW. t :!.U NK t:!.:J " l ti :!:l.l .. 11.7 ~1:: . l.l.:l SF:. :! L I 

.. :ll.i .'IV. 3.i.l ~ ~:. :!:.!. t Sll'. :!0.5 N l·: . !).9 " 4.0 S K U.6 sw. 14.7 N K 
li 22.:\ \I I> . 1-l .:l XK I .li S \1' . :!1),.-, HI\' . 32.0 \I IV a;,.o '· :l l .fi .\'1::. ~0 .4 ~ II ' . IO.:l N t·:. -~...~ sw. 11 .8 " 15.0 N W. 
1 ~ :!2.1) \Ill' . lU> S \1' . l tUl .. :!i.i HI-:. a:!:.! .\'!-:.. :l.i .U " :.! l. t '· ~~. :j S K 1 1.0 s. 4.7 " 11.5 N E. 15.9 :-l ll' . 
H.l :!~.IJ .. II.U X II'. :.!l.:l '· ~.8 .. 32. 1 .\/ IV. :S.i.l " :! l),q " 2t).f) \1\V. 1 1.5 " 4.1i XK 11.1 " 1U.7 :; K 
:.! ) :.!..?.:.! ·' l.j, 4_ \I t:. :!1.9 ~ E . :D.7 w. :3:!.1) '· a.J.:.! \'W. :! ).5 xw. 19.5 .\IK 12 2 " -1.4 S ll' . 10.0 N ,V. 17.5 ~ ~~ . 
:!l :.! .U HW. 1.).7 .. :!..?.n .. :lt).5 I 

.. 3:.!,1) " 35.:.! " 'l l .O .. IO.•J ~ ll. ll. ~ :-I W . -1 .3 N \\' . 10.7 sw. IU.O .'J W. 
:2.! :.!:!,!} .. l 5. NW. :! 1.\l X F:. au NW. 31.0 S l·:. ;j.j,:! " :! 1.0 S IV. IS.o HW. 10.9 N K ·L2 S K 10.5 " 1!1.0 SIV. 
~=~ :!.! .. ~) NE. lU.I .. :!•JA ~ \\~. :t?.:! '· :J1.6 l:l ll'. :Ji\.:J SE. '1:!." N\V. 1'.0 .' K 10.5 S K -1.1 ~ \V , l!U .' K 21J.S " 
:.H :!.!.1 ' · lo.'> . \\' , 

~u ~ 
.. 31.~ SIV. J:!.i N 1-~ • 35.:! SIV . 2:1.~ sw. 17.:) ~~ \V. 9.9 sw. ~.I I S \1'. 9.\1 NE. U .tl S ll . 

:.!.) :.!1.7 .. 1.).:! :!J.i ·' :~3 . 1 .\'IV. :32.8 ;; ~-; , 35.:! " :! 1.9 " IG.O " 0.6 ~K -1.0 Sto:. 9.7 N \\' . :!:!.R X I~. 
:.!ti l •J.:j I S ll'. H .'> • .. ' • :11. " 3.1.5 XK 3~.9 .. 3J.i E. :l .j . ~ ·' 1.5.U N il. 0.2 " J.O N K 0.5 '· 24.() ':\TW 
'27 HI. :-.B. H.~ l·xE. :l l.l; " ;l;l.~ NW. 33.3 \I IV. :15.~ " 1.).6 S f: . 15.0 S IV. 8.8 NIV. 4.0 N IV. 8.7 S l~ . :!5. ~ " 
:J~ I!!. I I :-,11'. 1-1.2 \Ill'. a:!.:! ·' 3 1.1 ~ I·: . a:J .• ) 'l t1. a,j. :! " 26.~ 8 \V . 11.:1 N il. 8.4 ' I•:. 4.1 sw. 8.3 ; .\' II' . :.W.O SK 
:.?J 1'>.7 .\'1':. ;t~ . 'i '· 34.:\ ~ IV. :l3.i K :n. t ~nv . :!ti. l \l B. 1-1 .0 S IV. 7.9 " 4.~ ~ w. u SIV . :a .1 .' W. 
aJ h. I ,; E. :3:!. \I E. 3 1.5 .. j;J,9 S IV. ~5.0 N J~ . :!O.ti sw. 1:l.!l X IV. 7.6 " -1.+ S K 7A ~ ~~. :!,,1) N W. 
3 1 l7.7 .'\'E. I j;J.2 " 3U " :.!0.5 ~ E. 13.5 SJ::. ·l.o 1\ 11". ~9 . 1 sw. • I 

- ------ ----
I I I I --

·~~;;7 I 30.7 
'},:\ I ~ 1.1 
~ I au ~ K 
;!:, I I :11. 1 S ll' . 
:!ti I a1 1.1i ~ I ·: . 
:!7 :!9.1 ); IV. 
:!{ :!"it; ~ \V. 
z~ I ~0.0 .. 
:l• '2.-) .r) \I K 
31 I I I .!:LV :;w. 
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Recm·ds j o1· 1858-Continued. 

Helena.. 

Date. January. February. March. April. May. June. July. August. September . October. November. December. 

--,---·1---:---1·--- --------·--1----1·- --1----1------:---

1858. O'gt w ,:nd. O'gt Wind. O'gt ll'1:1!d. O'(!t 
40.9 
41.0 
-11.0 
40.9 
40.5 
40.0 
:J9A 
;IS.(i 
3i .R 
37.0 
3[>.5 
;).I .f) 
33.0 
31.7 
:n.o 
~1 .0 
31.5 
32.3 
3:).5 
34.5 
30.0 
37.0 
38.0 
3~.0 
39.5 
40.0 
40.5 
40 .8 
41.0 
4U 

Wind. O'(!t 
JU 
41.4 
41 .5 
41 .5 
41.5 
41 .3 
41.0 
40.G 
40.4 
40.2 
39.8 
~9 .7 
39.6 
39.5 
39 .11 
89 .5 
.19.5 
39.5 
30.5 
30.6 
30.6 
39.7 
39.7 
3\) .8 
39.8 
39 .9 
40.0 
40.0 
4 .1 
40.2 
40.3 

ll"ind. (;'o• 
40.3 
40.4 
40.4 
40.5 
JO.G 
40.8 
40.9 
41.0 
-11.1 
41.2 
41.3 
41.+ 
41 .5 1 
41.6 
41.8 
-~~.0 
42.1 
-4•)•) 

ll'ind. G'[lt 
4-LU 
45.0 
4ii.O 
.J U.O 
-1 5.0 
45.0 
4-1 .9 
4-1 .8 
44.5 
4-1.2 
43.7 
-1 3.0 

ll'ind. O'o• 1rind. O'o• Jllind. O'o• Wind. G'u• Wi11d. G'ge ll"ind. 
] 38.8 
2 
3 
4 
6 
a 
7 
8 
\) 

10 
1l 
12 
]:\ 
14 
l fl 
Hi 
17 
18 
19 
20 
21. 
22 
"l3 
~J 
25 
26 
27 
28 
2\l 
30 
31 

~.& 
:J\.0 

.no 
34.0 
:35.5 

21.7 37 .0 
38.0 
38.6 
39.5 
40.0 
40.5 

42.4 
.J:!.fj 
4:!.8 
42.9 
43.1 
J :J.3 
43.5 
43.7 
4-1 .0 

4-1.7 

l
:t::i 

-1 2.2 
41 .3 
40 .5 
39.6 
39.0 
3~.3 
37.6 
37.0 

R ec01·ds j01· 1858*-Continued. 
Napoleon.-Obscrver, Mn. A. A. Em:-.- .To~. 

I Do« ' '""">· ' "''"""· '""'· ~:":_ I "'>· ''"" 1--J-nl_Y_·_ .
1 
__ A_u_!;l_'_"t_._

1
·-F-ep_t_er_n_b_er_.

1 
_ o_c_to_be_r ._ _N_o_v,..cm_ be_ r_.

1 
December . 

1858. O'Ot Wind. G'ge ll'i11d. C'gt ll'iml. (."gt Wind. \ G'gt ll'ind. CToe Wind. C'{Jt TT'incl. C'ge H'ind . . C'[l< ll'ind. (;'g t Wi11<l. G'oe 'Wind. O'ot H'i11tl. 
1 35.0 Cnl m . 33.U NW. 25.0 2'\W . 44 .o ~. 43.4 Culm. 44.4 1Im . 44.7 l> K 3i .S R. 111!.0 R. 12.:; S. 5.2 N. 5.5 N W. 
2 :l-1.9 N. 33 ·> N. 24 .6 " 45.0 Cairn . 4:! .7 .. 4-1.4 H. 14-1 .6 ~. 37.3 " 18.4 ·• 12.1 ·• 5.1 " U.1 W. 
3 33.0 NW. 33.1 NW. 24.4 N. 45.1 " 43.7 RIV. 4-1.4 " 4-1 .7 8 \1' . 3o.9 f' E. 1S.l N. 11.7 " i\.0 " 7.0 " 
·I 32.9 N f:. :tl:~ " 24.0 XE. ·15.2 " 43.9 " 4-1.5 " 4-!.i :: :::·.5;, i:\. 117.9 H. 11.3 " 4.6 " 8 .·1 SW. 
5 32.2 NS'.\1' . a

3
·.-
2
' .. 5

0 
'sN.. 24

2
,1 .. 8

5 
E,,·· 45.:J " 43.9 I ~~ · 4-1 .6 E. 144 .7 ..... . o K 17.8 " 11.0 Cnlm. 5.1 " 9 .0 S. 

6 31.!J " 45.4 " 4-1 .1 I vulm. 4-1 .7 HW. 4-1 .8 1\'W. 34 .1 SW. 17 .7 " 10.5 " 6.1 " 12.1 " 
7 31.0 :~.rw . :11.0 N. :lOA " -1 ~ .4 " +a .t " 4"". ~- -t..J .S ~ t:. 33.6 ~~ 11.2 " 10.1 " 7.6 " 1-1 .0 " 

g ~~:~ {~ . ~:~ sw. ~U ~v. ~U ~ . :t::1 :: ~~:~ I s~ 1m .

1
~~ :; ~~~~.n . g~:~ H~;' . i ~:l :: 1 ~ :~ ~· 1 ~ :~ ~w. i ~:~ ~~· 

10 :.t2.3 S. 30.0 N. 29.3 S, 44A " -l~l.l " 45.2 " -14.6 SK :n.3 l' 16.fi " 0.4 " 11.1 " ' · 18.1 " 
11 32.2 S W. 30.0 Sl::. 30.0 " 4-1·.0 " 4-1 .1 W. 45.2 1 " 44 .5 HIV. 30.8 " 15.1 " 9.1 " 12.1 H. 10.7 NK 
12 32.7 W . 29.6 N. 30.1 " 43.2 S. 43.9 R. 45.2 NW. 4-1 .0 N. 29.6 14 .0 " 8.9 " 1 ~.4 " 20.1 " 
13 33.5 SW. 29.4 K 30.3 " 42.2 W. 43.8 " 4f>.2 • 43.8 Culm . 2':J.1 " 1-1.1 " .7 NW. 14.1 K 22.4 
14 3-L~ " '.'!J. l H.I'J. 30.6 ,, -II .~ H ·l-3.8 " ·15.3 atm. -1 3.0 " ~.8 :\ ,V. 13.6 N" -, · s.n " 1-Lr) " :2-l .t 
15 34 .8 Calm. 2K8 S. 30.7 " 40.2 S. 43.9 " ·15.3 · ' 4:l.3 " 28 .1 N. ~ 1 ~.3. " 8.:\ " 1-1 .7 NE. 
11i 3o.3 " 2~A " :!O.S " 31l.9 " 

1

43.0 " 45.:l ~ . 42.8 " ·>7 6 F 1 3.~ " 8.1 R. 1-I.H " 
17 au.o " ~8.0 .: ao.o " ;~o.u " -1 3.H " 45.a ~ \V. 42.1 II 27:1 I s;].;, 13. 1 ~' fi. 7.0 " 14 .0 K 
JS 3-1.8 " :!7.5 " :1 1.0 " au.5 " .J a.o N. -15.3 ·' 41.4 " :.?ti.~ ~- 1a.a Calm. 7.7 " J!'d ~F:. 
10 ;;.JA " 27. 1 :-1. :!1 .3 St;. 40.0 " 14-1 ·> W. 45.3 R. 141.0 " 26.6 X. 14.1 " 7.5 HW. 1-I .R N 
20 ;.ia.o " Zi.U " a:.? A " .J0.2 " 44 .2 N. ·Hl.:2 Cll tm, .Jo.G " 2ti. l Calm . 1-1 .6 " 7.a ·' 14 .:l " 
:l l ;i:J.i " 21.0 " :..;;ts s. -w.a ·' 4..t.2 " .45.2 ~~ au.-1 ·' :?5.H u l 5. L " 7.1 .' K 13.r, '· 

~~ fs:~ ::w. ~ :~ ~. ti:~ :: in :: :::: ·~ ~~:. i~:~ ~~:. :tt:~ ~· f:. ~N ~."'· ~ ~ ~:~ :: ~:~ ~: in ;: .. 
24 33.4 " 27.:3 " :ri .2 " 41.:\ W. 44.1 HE. 45.0 R. ; ' .:? .. 24 .4 ~ . IU.i " 6.7 NW. 9.7 SW . 
25 33.2 Cnlm. 27.:.1 IC?_nlnL :~8 .4 " -11.7 ulm. 4-4.2 " 45.0 ~ K 3"i.2 X. :!:l.O '' lti.li u 6.a \f. 8.:~ ~ -
~~ fU " 26.8 " :JU.8 ·' 42.1 N 4-1 .3 HW. 45.0 :-. ~~.1 Cairn . 23.4 w. 16. 1 R. 6.3 ~w. 7.5 •~ . 

31 
3a.i ~- 43..& " 43.3 '' -l...t .3 '1 +-L7 I valm. 3 .l ~- :.>o.A " 13.1 '' 5.5 N' \ V. G.l '' 

2f).9 
~7 .S 
:Jil.O 
:ll .7 
:\;l.fi 
ao.:~ 
:\ti. l 
~0.5 
:16.7 
31l.5 
~ fl.] 

35.8 
35..1 
35.1 
:\.1.6 
34.1 
33.4 

28 33.\1 ~~. ~:~ ~ · in :: i~:; ~.K 1ij:? . fi;. i1:~ :: ~:: ~·. 1:t+4 ~· , i ~:~ ~ ~;;. ~:~ ~ iv . ~:~ ~~~· il t::~ NW. 41.5 " 43.2 8. 

1

4-1 .2 S. +i:s I ~." 3S.1 f\ W. ~ 1.6 " 14 .3 5.7 W. 5.1 " 

NW. 44.1 " 4-1 .3 W. 3 .1 aln~ ~ 19.7 S. 5.3 N. 

l ===i==i===i=~~=i====~C.:: =';:=~=~,...... -=---- - .=-'C-.~-·----

~7 .7 
:!H.O 
~8.2 
:!S.O 
37 .7 

w. 
HW. 
s. 
" 
" 
" 
" 

"'· sw. 
s. 
" 

*185i 
26 
27 
28 
2\l 
30 
31 36.0 s w . 
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R ecords fm· 1858-Continued. 

Lake Providence. 

Date. .JanuaQ·. February. , March. Apri l. May. June. .July. August. September. October . . November . December. 

1858. G"ge , Wind. G"ge j Wind./ G'ge Witul. C'ge Wind. (;'ge lfit~d . G"ue Wind. C'ge Win d. C',qt i iVind. C'ge Wind. G'ge w ,:nd. G'ge Wind. C'gc Wind. 
1 I 

1 

~5.6 47.1 -15.9 ~i\ .8 . , ~. 5 
2 46.2 -11.1 ~5 .9 45.8 n1 
3 46.7 ~7.1 ~5 .9 -15.8 -~~.1 
~ 47.1 ~7.0 45.9 45.8 ~2.3 
5 47.3 47 .0 -15.9 ~5.8 H .S 
6 -li A 46.9 45.9 ~5 . 8 JIA 
7 47 .5 ~6. 8 45.9 45.8 40.8 
8 47.6 ~f\.7 45.9 45.8 40.3 
9 47 .5 46.6 45.9 45.8 39 .8 

10 -17 .3 46.6 45.9 4!i.8 39.4 
1l 46.9 46.5 ~ i\ .9 ~5 . 8 3~ .8 
J 2 46.5 46.5 45.9 -lfi,S ~.1 
1a ~ 6. 1 -IliA Jo.n 4r •. s 37 .5 
14 45.6 46.3 45.9 45.8 36.9 
15 45.2 46.2 45.9 45.~ 36.0 
w ~ ~ ~ ~ ~ 
17 44.6 46.2 45.9 45.8 3.1 .1 
18 44.7 40.2 45.9 ~5 .R 3-1.5 
19 44.8 46.1 ·1'>.9 ·15.8 3-1.0 
20 37 6 ~ .9 46.1 45.8 4>> .8 3-1.5 
21 138:4 1 45.1 46.1 45.8 45.8 33.0 
22 43.7 39.1 ~5 .3 -l6.1 ~ !\.R 45.8 
23 40.3 45.6 ~ 6.1 J i\.8 J i\.8 
2-l 32.1 ~0 .9 45.9 ~ (\.0 4.i.8 ~ !\.8 
25 -111 ! ~o. 1 46.0 

1

-tr •. s ~ i\ .6 
26 1-12:1 46.3 ~ (j .o 4o.s -l oA 
27 43.1 ~6.5 46.0 4ii .8 45.1 
28 43.9 46.8 45.9 1 ~ .~.8 44.8 
29 44.6 , , ~7 .0 ~5.9 ~ 5.8 -~~ . 0 

31 "" 45.9 ~3. 8 
30 ~ ~~ .. 

3
1 47.1 45.9 4J.8 44 .2 

Date. .January . 

1858.1 C'go Wind. 

1 

2 
3 
~ 

5 

6 
7 
8 
9 

10 

ll 

12 
13 
H 
15 
l G 

17 I 
IS 
HI 
:lO 
21 
:!"1 
23 
2-l l 

R ecords jo1· 1858-Continued. 

Vicksburg.-Observer, LIE UTEN AN T H. S. P UTNAM, i\IR. H. A. P ATTI SON, l\Itt. J . J . CONWAY. 

'''"""·! "~'· I A,.;o. • ••· I '""'· I '""· Aoo• ' ~'~""'· "'""''· No"""'· Dooom'"· 

C'ge ll'ind. C'ge Wind. G'ge Wind. C'ge Wind. C'ge 1Yind. 1 C'ge ll"ind. G'ge ll'ind. C'ge w;,,d. C'ge Wind. G'ge IVind. C'ge l lVin cl. 

I 
131.3

1 
:q;, 144A N.E . ~6 .9 E. -17 .6 SW. -1 .1 SW. 40.2 SW. 20.7 SW. 16.2 SW. 8.7 ~.~~V. 17.0 NE. 

30 ....... 0,) ~- "·· If.,·. ~ II 47.0 4 1.0 :: .tSJ :: .J.6.0 :: ~~ -.88 N·:.L,, l !l.H :: 8.7 " ' · ] 6.5 11;, 
~ ' " ' RK 47 .2 47 .7 ~8.1 45.9 ~ ·~ 15.1 8.7 i\'&W. 15.9 S ~~ . 
~.a -1 5.7 ·' -11.2 " -11 .s " ..~ ~ .1 '· 45.7 '' 2-t .o ~'L 1-1 .5 '' n.o ~·nv. 15.-t- :\'.1':. 

:?9.2 ~nr. -la.s " 1"'7 .3 " .Ji .s " -1 .1 '' -1 5.4 }:. 23.5 ~\,~~ 1-L2 " 0.7 " 1 5J .f:. 
29.1 ·• ~6.0 " 4i .3 " 47.8 " 4 .0 " 45.0 NW . :.:.3.1 SW. l :l .9 SR. 10.7 " H .O " 
2'J.:? 1 ~. -ltl. l " 47 .3 ~E. ·l7 .9 '' -1-8.1 NR +l.G " ~l . S '' l :l 4 " 12.5 " l -L8 
:?'J.i ~ \L .J.6.3 " -1 7.3 " ·17 .9 " .J R.l " +1 .3 " 2:!.-l " 1 :'\.0 II 10.1 " 15.3 N,V, 
30 ·• /, )\', -16A " ~7.4 S F. . ~ ~ 7.9 SE . ~.1 SW. ~3.7 " 21.9 " 12.6 SW. 16.9 " 15.9 N. 

30.9 1 " ~6.5 " ~ ~i.5 " ~7 .0 " ~ .1 " ~3 .0 SW. 21.4 ~'~·. 12.3 J9.7 SE. 17.0 E. 

131.b " 46.6 NW. 47 .5 ' ~8 .0 S W. 4 .1 " ~ 2.~ ~ \~;.'~ 20.8 NK 12.1. 21.8 N W. 18.6 

3'!.0 I :'\F.. 46.6 " 41.5 Cnlm. ·18.1 " ~ .1 NW. ·12.0 8 \\' . c'O.l " 11 .8 W. 23..1 " 20.(; S F:. 
32 .. 5 Sl. 46.6 S" '· 47 A RE. ·l8.1 11 48.1. N E. -11 .:1 X \ V. 19.5 '' 11.5 Cnlm . :l-L7 " 22.0 8\\'. 
33.2 ~nr. -1 6.4 " -liA " 4S.l Cn lm. 4 .1. }~. 40.8 N . 18.9 " 11 .2 N . 25.2 ~.K 2-1 .8 " 
!1-1.6 S E. , ~6.2 , E. ~7.4 •· ·1 ~. 1 " -1<-.1 " ·10.0 NW. 18.3 i\'W. 10.0 N K 25.5 NW. 21l.:J NW. 
33. ~. 45.91, E. ~7 .3 " -18.1 NE. -18.1 " 39.7 :ol. 17.8 " 10.6 SK 25.3 NE . 27.4 i\'B. 

34.5 Calm. 34.0 1 Calm. 45.7 " ~7 .3 " -1.~ .1 E. ·18.1 SW. 39.~ ~\: 17.3 " 10.3 25.1 " 28.9 Culm. 

134 .1 I 34.2 !-<W. , ~5.6 RE. 47..1 NW. 4S.l " -1 8.1 N\1'. 38.8 NW. 17.0 NR 10.1 24 .5 N. 30.2 " 
3:1.7 34 .3 S. 45A " 47.4 " ·~ ,: .. 1

1 
St;. 4 .0 " :l .3 :: 17 .0 ~W. 9.8 2-1.0 NF.. 31.7 R. 

:~3.4 34.b ~ E . ~ 5. 1 ,\\'. 47.5 f' E. •o S W. 4R.O R :17.5 11 .:1 O.G 23.5 W . 33.1 Cnl m. 
3:1.\ R. 35.3 8 \\' . ~ 5.7 S E. ~i .5 " ~1>.1 ' · ~7.8 SW . 30.6 " 17.8 " 0.4 22.8 i\'W. 34.1; w. 
3·> 9 ~\L 36.0 :\"E. 4.~. ·· 4";' .5 ~\Y. -1 8.2 :: 47.7 :: ati.l " lR . -~ :: 9.2 2-2.:l \ V. 35.7 8\\'. 
3~:~ .. 37.0 N\1'. t ~5.9 :'I'E. 47 .5 Jl!.2 ~7 . 6 35.6 18.5 9.1 SW . 21.6 ·• 30.7 N. 
32.G " :n .9 u -10.0 " 4i .5 ~~K -I H.2 ;; -17 .5 ~"' · ;l.l.~ " 18.6 :: 8.9 " 20.0 N E. 37 .a K E. 
32.5 Calm. .9 • . 46.1 S F. . 47 .5 48.2 47 .:3 :14.4 " 18.5 8.8 " 20 .~ " 38.0 •· 
a·'·> :"\\\'. 39.9 " ~6.3 :> \\'. 47.5 :"\\'. Jl!.3 ·• ~7 I 11'1':. 33.4 " 1S.4 " 8.11 ll . 19.7 Ca lm. 38.7 N. 
32.0 ,;. .jiJ, '· 46.4 SK ~7.6 S W. Jl!.:J " ~7.0 E. :13.0 SW. 18.1 " 8.9 " 19.1 S.E. 39.~ " 

3i.i •· 4u I " J46.5 " ~7 .6 " 48.2 " J n.s s w . 3 t.8 Nw. 11.1 ~ t;: & s.s s w. 1s.a " 39.7 "· 

~~.3 , t;. 46.7 " H .0 " 48.2 " 46.7 " 30.2 " 1i .~ ~,';::. '~ 8.7 " 18.1 :'I'K 40.0 " 

I I !42.9 •· 46.9 " 4i .6 " ~.2 " ~6. 6 " 29.0 " 16.8 SW. 8.6 Cnlm. 17.6 NW. J O.fo " 
.i :"\E. I ~7 .6 " ~6.4 " 2.07 " 8.6 sw. ~O.i :'l. 
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R ecords fm · 1858-Continued. 

N atch ez.-Observers, r.mu·r i~SANT JI . s. P UT SA ) f, ~lit. lt . F. L F: ARS t; J) . 

Dato~ Ji\nuary. February. , Mnrc~ ~~ ~~~ J une. I July. ;\ugu~ ~eptem~ 
1858. r:'ge Win d. c ·ge l Winrl . c·g-. Wi11 d. r:' ,qc/ ll'ind. G',qt ll'i11d. G'pel ll"iud. G',qe

1 

Wind. G'gr Wind. (."g e) ll'ind. 

~ H:! r::~ ~~r ~u ii~\ = . 1~:~ ~~;~~ - J.U ~·::: . ~u: ~"' · :~t1 : ::· ~:f ::"'· :~: ~ ::w. 
4 -1-U -1-l.O ·' :JGA Ca ln1 . -18.7 R. 51.~ S. ;d.O ~- ,,):!.:\ S \r. ,j!L-1 1 " :!~L -l ·· 
5 -1 :3 .8 s. -1-4.5 s " r· :3,).!1 ~- -W.l sw. fJ I.H " J:!.o " I:J:.!:.! .. ,)u.:! ~ E. '2~ . :3 " 
I) -1:\. ~ Cal m. + U J~ . ;J,j,!) " -HJ.:j H. ;", I.!) " ,):!.f) H .):!.:! · ' 5ii.IJ :-1. :!7 A S. 

~ 1~ : ~! ~~~ 1 m .1tl ~,~; -_ gg:~ ~ -E - :: ~ :~ ;: ~~ :~ ~~- - ~}: ~ ~\v ~~~:~ ~~-- !;:~ I ~:~~- ~~:~ ~\~~-
fJ -t ·2 :2 :-\K -t to "' a;,_~ ~ w. -m.o " :,1.n H I·~- ;,:!. :! •• 5:!.:! ~- -t ~ 1.0 :-:. :.!:,.x :-:. 

10 4:!.1 .: -t .!.H ~ ~~ - :H). t " f)tl .1 u [,;.! .0 ~W. ;):!.:! " :r.!.:! ·· 1'-l.tj :-5 \\" . :!.) .:! SW. 
J l -1 :!. 1 N" ' · -1 2.:~ " :36.0 R. flO. :\ RW. ~1:!.0 " fr.!.~ ;: 1&'2:2 ., 47.$ " :! 1. ~ ~W . 
12 -l:!. :! S E. 4:!. 1 u :57.1 :-.J . GO .:~ \\". &:!.0 \\' . ;,:!.-L "p· ~'1'2:.! ~'\" . -li.:l ~\\·. :H.O II 

Ja .J:!.O N ,.;, .J :!.:l S \\r. 37.ti S. GO.·I X\ V. :1~.0 S \V. G·.Ll ~\\p. 1fl:!.:! .. ·hi.ti \\'. '.!:\.:! " 
H .J.:J.:! C~t l/11 . .J :J.a " as.:t S l~. :>0.3 '· :YI.n ·' .J~A ·· 5~.:1 " o~ u. -1 N \ \' . :!:!..1 " 
10 +1. -~ RK .J ~.O " ;J8.7 S. 50.:1 S. [; 1.0 S. 5:!...1 " b:! .2 " 45.!.1 " ~LG \ V. 
Hl +-L8 N W. -11.6 S \r. :3!).1 '' 50.:1 ' · 51.8 ' · 5:!.:) " 5·' ,, '' -I J.:! .. :..'O.!J S \V. 
17 4:1.1.) ·' 4-1 A Calm. :.m.a " .?0.2 S \V. 51.8 " ;i"2.5 S. 5:!.:! " +.J .:J I " :..>o.~ " 
l H ·lfl.:l :"-. .\~. ·11.0 S F;. :,!),5 " ,I)(J J SK 51.7 II 5:.'? .4- ,, 5:!.1 ~· . -I.J.6 " 10.7 " 
H.l ·H1:2 ,, -l-11. 1 N W . :\9 .<\ " 50.1 " 5 1.7 ,V, {:d. l 1\ \\' , .)'2.1 ~"' · -ll.O S \V. 19.3 II 

20 4 ~. 1 N :"HV. ·hL:\ S l~ . :)9.7 " 50A , V. fl l.R " f>:! . l ~\\' . f:d.1 43.4 \ Y. 19.1 ~. 
:!1 -1.).0 \\". ·10.0 , . :~v .n ~ . f,O A " f1\.8 " [)2 .4 \\•. 

1

:)'.!.1 ·• -1::1.7 8 \V. 1!).:3 :'\ \Y. 
:!i + I.S I·:N K :!0.7 ~. .t_QA S. r,o.:~ S. 5\.8 R\\r . fr.!A R. f>'l.U S \V. 4:!:2 \\' . Hltl ·' 

~~ ~ :~ ~~~::. ~~ : ·~ ~"'· i~:~ ~ \\Y. ~g:~ ~\·V. ~ ~ :~ ~- ~~:1 ; ,.~. ~ ~i :~ I ~~-. ~:~ I ~ · ig:~ ~\Y . 
25 ·11 .0 N1\' . 3!).0 ,, 4'2.7 " !lOA '· 0 1.8 H :):!.fl " I,~ l.i I :\ w. 4-i) .i) u :!HA H 

2G ~-1.5 NK 3~.8 W. .J:l.5 S \1'. 5U.G N. 5l.fl HI\'. 5~ .• 1 \\' . .\J.ti X. :!0.1 f\. ~'OA :-11\'. 
27 .J.J.5 N W. 3~.6 S. ·I-I.Z ~. 50.8 .\'W. 51.0 " 5~. ,; K :\ lA f:. ~:l~ . :; \\'. ~0.3 1 " 
~~ :~:~ ~~ "· · as.3 " :: ~:~ :: gg:~ ¥,"'·· ~ :: ~ ~ '" · ~t~ ~~ ~~ . ~ }:~ 1 ~: ~~:} ~ w. ~~:~ ~~· . 
~~ 1:::~ ~t'· i~:~ ~w. au " ~ i :~ ~ i v. 52.5 s. lgi:6j ~'r. ~ ~:~ ;; 1~:! j"· 

R ecords f or 1858-Continued. 

R ed-river landing .- Ob crvcr, i\In. r-f1 Gu "r, T omtA S. 

Date. • Tanunry. "February . ~lluch . Apri l. ~by. Juuc. 

I 
July . Ang11st. [ Sept.c m bur . 

-- ----
1 58. G"ge ll'ind. G'ge ll 'lnd. G'ge l l'in.d. 

~~~· 
ll ~l·nd. G'g' l f~ind. G!J• l:.ind. j f,:~• IIL1ul. G"gf 1r·ind. r:'gc ll'ind . 

1 :~tJ . I) NW. :14.8 N. NW. 41.4 ~- 4.) .:.! :;. 41.1, Cu lm. :.10.0 N. 
2 3~.0 " :11.6 ;; 10. 1 CnlraL 41.5 " ~0.:! .. -t-5.1 '· +1.7 .. :!~.~ H. 
:l :1!1.0 :-IE. ;j.j •) '· 40.5 H. -1-1.0 " l.j,:! " 1-IU.I " 4-l.O s. ~'7.5 " 
~ :lu.o N. a:I.S Cal m. 10.8 S K ·lf) .o " -1 5.:! " ·15..1 " -1-1.5 ·' ~n.~ Rl·: . 
5 3U.O " a;!.5 8. H .1 Calm. ~ : •• 1 " ..J;),:! ~w. ·15.4 " -1-1.4 Cntm. •,! j,l s. 
6 :1'>.8 K :~l.Z " .JJ..i " -W:! " -'5.:~ :'\T. ., ,),;, " ·1-l.:t .\'. :!:1.~ '· 
7 3H.7 .\' . :J:J.U ~. ·11.7 R. .t .).:! " 4il.3 H . 14i>.H '· HI w. ~:! .M '· 
8 :ls.o Calm. a:!.!) " 41.9 " ·l ii.;J " 45.:1 ,, .t.;l.H " 43.9 1·:. :!1.9 " 
!) :N.3 .. :J~.~ ~ . ~:.!.:! " 4.\.:1 ·' 4 -, .:1 1 " -15.1) " 4:1.i Cnlm. Zl.l " 

Ju :!H. I :\' . az.o '· 1:!.·1 " 15.5 HW. 4;>.:1 " .,J;l,ti " !;\.;, ~>o . :l " 1l :!i.S " 3:3. 1 " ·12.7 N. ('·;' X. -&:>.a " .,:),!) " 4J.:l '· 1 u.:~ .\'. 
]~ :Ji .ii .. 3:1 . ~ 

,, 
4~ . 8 II'. .,;,, ,) ·' .J:,A ~- 4:>.11 X. .t:!.n .. l\.7 " I :I 37.7 Calm. :;:l .U '· l :!.H " q;,,,:. ~- 14:1.1 .. +.>.i ,. 

1 4~.1i :-<. 17 .~ " 1.), ;jj .tl .\ r, 3:UJ " no N. .t,t:l " 14,i.l ·' !·l ,'),li .. P·> .. lli.9 ·' 
l(i 3i .5 CtLi m. :~1.:! " I:J.O -l.t;J " 4;;.1 1 ·' 4.\.li "· -l:! .:! ~. lli.1 " 10 :!7 .:3 " :\.1.5 " 4:1.1 " 4.\.l " 4;,.4 ,, 

.t:J.ti .. 4~. 1 113.:\ ·' 1; 37. 1 " :1-I.U ~- ~ :1.2 " -HlA " ~ ~:~ I R. \ ,'), t) ·' u.o " l i) ,li " 11l :30.0 .. :J.I.S Ctt ln1. 4:1.2 " 4i>.l sw. .. i -l:).d ·' -l l.H ,, 14.!1 ·' 10 30.7 N . 3-1.~ ~. -1 ~.~ " 45A N. l ,jA I " 14:J.G 
.. 4JA " 1:1.:1 .. 

20 :l0.5 s. ~.J. R " .J:l.5 N. "r1 ..t " 4[1 .4 " 4:i .l) ., 4U.U R. 1:\.0 " 2 1. ~n.:1 " 3-1.8 " 4:3.6 " .J r1A R. ~ )) .4 '· .t:J.,j " 411. 1 .. 1:!.9 " 22 36.1 35.0 " -la .o " .ta.a .. 
45.4 1 

.. .r:.,:. " 3U.>. " 1:1.2 s. 
2:1 35.8 ·' 35.3 N. -13.7 -l i>. :! " 45A " -l5 .. ) " ;l~ ! .:! X. I:J.;, " 21 :~5.7 " 35.0 " ·IU " .tr •. :! " 4 :, .-~ " 4tlA " ~ ~.li H. 1:ta ,, 
2fl 30.3 35.6 " :lll.1 Calm. ·l:l.R nhn. -l ;), :l " ·lr>. l " -li•.;J .. a;.u ,, I :I.S " :!ti :1!1.3 :lfiA " 30.11 ~. 1:1.9 N. 45.:! ., 45.4 " .t:,.a " a;.o ~aim . I :l . ~J " 
'!.7 au.:l a5.:l s. :n .1 Cnlm . ·1:!.9 " ·lrJ.:l " -16...& " ~ .-i.:l " a.l. l J:l.S N. 
28 ;J~J .:l 35.0 " a..;.o 1~ . 1) 

,, 1:'").3 " 1 ;, ,-~ .. 45.:? :u.:) K t :tj ,, 
:!9 3~. :! 38.5 " 44 .1 s. lr,.a " .S f; ...J ·' 45.1 :\;!.[> .'\. 1:1.1) A. :ltl :!!1.1 ~u .u . F:. +1.2 " 1[;,:3 " 4J .4 " ~5.0 a:?.:l .. I :U .. 
31 30.0 3U.3 :-I W . ·15.2 " •~.u ~1 .3 " 

October. No,·embf'l'. Dece mber. 

G'ge 
18.7 
1 ~.~ 
li.7 
17 :.! 
lti.tj 
I ii. I 
l fi .U 
15.1 
1~. 7 
1~. ·1 
1 ;J. ~) 
ta.u 
l :U) 
l :l .~ 
1:l.o 
1:!.7 
l:!A 
1.) ., 

II.V 
11.0 
11.4 
IU 
11.1) 
11.0 
l ll.H 
111.7 
I I).\) 

11 .0 
10.8 
10.6 
10.5 

Jl ~i11tl. G'ge JVIncl. G'ge JJ 'inll. 
S W. lll .f> S ll' . ~0.·1 ~-
" lOA " l U.V " 
" l OA- ~ \Y. IH.2 " 
'' l OA \\' . IH.7 " 
" tn.7 ~ w . t8:2 ~w . 
" 11 .:3 .. 17 ,() " 
~ \\' . 1:2.6 " 17.:-t s. 
.. 1 l.ll " 17.1 J\' \V. 
\\'. II i,!) " l i .lj '' 

~·w. ~r,:~ ~w. : ~ : : ~·,l . 
'· 2:tu ' v. :!H.t> " 
" 2f).:1 " :!l.H " 
" i ti.-t ~ E . "2f1.0 S . 
" :27.a NW. :!7.0 :\ \V. 
" ' · :!i .n :. ~l.u ,, 
f-' K :!.i.i " ao.i " 
K :2i.:) " :3:2.0 ,V, 
.\'K :2i:.! a :J;j ,a :-; ~<:, 
N. :w.s , V, :~ :l .U II 

~ W. ~V.2 I" :lil.7 NK 
'' :2.j.i " ·· :li.H H. 
s w·. :!:1.:2 .\ w. :;s.!J \\r. 
\C :!.J J> " :m.u N. 
" :.!a.i " "· -IO.Ii 1-:. 
~. :2a.2 S \\' . -11.7 N. 
•· :!:!.H " .p ·) I\ ,V, 
S\V. :2 l .H S. ·U .Ii " 
u :l l .f, ':\ \Y. -l3.l ~. 

" 21.0 " J aA S\V. 
" -~3 . 5 !i ll'. 

I 

ctobc r. :\'"ovombor . n oco mbcr. 

r.•ge ll '"lud. (;'0' l l'lncl. C'(!'l Wind. 
l ~.t.l s. ll .a N W. 15.fl .'\. 
12A '· H.:! :-1. I[).( I ~-
11.\J " 001 " 11.f) " ll.fi " ll. l " 11.1 " 11.1) " 6.2 :-IW. 1:1.7 ·' 
111.0 " 0.5 ~. I:J.:I " 10.2 N. " 12.S ·' 
O.H '· " I :!.U w. 
!1.:.! .. ·' I :!.H N . 
0.:! " 11.:1 sw. 1a.o .. 
fl.l '· 11.11 .'\ . 1:1.7 s. 
h.S 1-:. 1:,,:! ~ w. 1 1.11 ., 
8,1) .. 11).!1 s. I ~.R .. 
... :1 .'\ . Hd !'\ 1-:. 17.1 ,, , .. ) '• 1 11.~ :-1. ~I. II N. 
7.8 " :20.:! " :!:!.7 " 
7.7 ~ - :J0.5 " :tt:! RW. 
7.6 .. :!O.ii " :? 1.:! '· 
7.:\ " :.!0.·1 RW. :!.),[, 8. 
7.0 N. 21).1 :w.o '· 
n.s " 1 U.~ " ~.(1 NW . 
fl.t) 

,, 
I ff.~ " :!9.7 ~. 

n.n H. 1!).1 " :IO.S s. 
o.n ,, 1R.5 HI\'. :11 .5 ·' 
BA " 17.0 s. :1~.11 1·:. 
n.-1 " 17 . 1 " :l1.·1 N. 
II.~ :-~. 10.7 " :1-1.0 n. lm . 
6.S " l B.:! " :ll .7 N. 
0.11 "'· 111.0 R\1". :\ 1.0 nlm 
0.·1 Cu lm. HJ.O NW. :15:2 
0.:3 l:l. 3i>.6 N. 
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Da te. . January. I }'cbruary . l 

R ecords j o1· 1858- Cont inued. 

Donaldsonville.- Observer, i\In. A. GrNGRY • 

August. September . October. November . December. 

-...,---!--;-- ---- ----
H''"z'nd. G'ge 
II'. ~0.3 
sw. 20.0 
" 19.5 
w. 1.0.0 
NE. 18.5 
" 18.0 
w. 17.5 

H'ind. G'ge 
s. 8.7 
" , :') 

" 8.0 
w. 
Jo:. 

7 .r~ 
7.3 
7.3 
7 .:J 

R 17.0 R 7.0 
w. 16.5 
NE. 16.0 
W. U.5 
" 1-4..0 

13.5 
12.0 
11.1 

N. 

~ I·: . 
Jo' 
NE. 

9.R ~. 
o.o r:. 
9,0 
8.5 

7.0 
7.0 
7.0 
7.0 
7.4 
7.~ 

7.4. 
7.2 
7..1 
7.6 
7.2 

JVincl. C'ge Wind. 
s. E. ti.O 

" .J..5 w. 
NW . 

SE. 

NE. 
N. 
K 
" 

4.2 
+.0 
4 .0 
4.0 
4 .2 
4.5 
5.0 
5.2 
5.5 
6.2 

NE. 
s. 
NW. 
w. 
SJo:. 
N W. 
s. 

7.0 N. 
8.0 K 
8.5 
8.8 
0.0 K 
0.0 

8.2 6.8 ~. 
0.0 
9.0 
8.2 
8.0 
8.0 
7.0 

NW. 
R 
NW. 

i.O 
7.~ 
7.8 
8.0 
8.7 
9.0 
9.~ 

w. 

9.~ K 
9.3 

NE. 9.0 
NW. 

R ecords jo1· 1858-Continued. 

Carrollton.- Observer, Mn. W. II. WrLLIA~I s . 

fi.!.l 
H.O 
5.5 
5.S 
li.3 
6.8 
7.2 
7.0 
6.5 
6.0 
5.5 

R 

s. 
Cnlm. 
1-:. 

"· N,V. 

s. 
~E. 

7.5 J•: . 
7.-! ·' 
7.0 " 
7.0 " 
7.~ " 
7.2 N. 

G'ge 
7.0 
6.8 
G.S 
7.2 
7 .2 
7 .2 
7.0 

Wind. 
.to:. 
" 

NW . 
s. 

7.0 N. 
7.0 
7.0 NE. 
7.2 " 
8.0 E. 
9.0 s. 
9.6 " 

10.2 N. 
10.8 " 
l i.O 
11.5 
1.3.0 s. 
1-1.5 N. 
]5.2 
17.0 
18.5 
19.0 
2U.O 
21.0 
21.5 
21.6 
22.5 
23.0 

};. 

" 

NE. 
E. 
s. 

23.8 N. 

Da te. j January. February. llarcl>. I April. I :Uay. Ju ne. I .July. _ A_u_g_u_s_t._

1 

September. I October. 

C'ge Wind. a·ue1
11'iud. C'ue ll 'm<i. 

KoYembcr. December . 

g 
10 
ll 
li 
1:3 
H 
15 
1() 

1i 
1~ 
1U 
:.!0 
:!I 

c·u· 
1:;.3 
1a.1 

~E. l :J .:! 
E o :o.w. r :J.~ 
1 ~. o H fc. 13.2 
1~.4 Ca lm . 13.0 
1~.3 1~.9 

1:!.~ I Sll' . 1~.u 
1:!. :! ~..:. 1·.u.t 
1~.1 S\1'. 1'' 
1:!.1 Cairn. J:!.q 
12.1 1 ~\\'. u.~ 
1'2.:.\ Cnlm. l:!.U 
l~A S\1'. 1~.S 
]:!.5 'r. l:! .i 
1:!.7 N. 1:!.7 
l:!.S 1:!.1) 
l :l.U K 12.7 
l ;t:.! Ni':. 1:2.li 
1;!.:! 12A 
13. 1 12.1 
13A SE. 12.2 

2a 1:).1 1 ].tl 

~l J:J. r> 11.~ 
~.; l :!.ll 11.7 
20 113.1 Calm. 11.; 
:!7 13.:! 1

' 11.1) 
~~ na ~w. 11. 
:!'J I:U 
au 13.1 ~K 
31 13.~ 

Wind. C'yt 
:0. II'. 11.; 
Calm. lt.:> 
:0.1::. 1U 
~. 11.3 
.. 11.:! 
E. 11.1 

ulm. 11.3 
!\E. lll.IJ 
SE. 10.;, 
N. IO.f> 
='E. 111.0 
S ll' . 10.'> 

lm. 10.9 
:> t;. 11.3 
~E. 11.;; 
:-.· . 11.9 

a im . 12.0 
S \1' . 1~. 1 
:o.w. 1~.u 
Cairn . 11.9 
S. ll.U 
:0.\1'. 11.!1 
•. 11.\oo 
x. t·.?.u 
Calm. 1:!:.! 
.. ILl 
~ - l:!.lj 
::)11'. 1~.9 

i 

1;1.1 
1:),.; 
13.3 

Wi11d. r;·u• Wi11d . C'uo l Wind. c.·•ur1 
ll'ind. c·i;.' Wi11d. 

~. 1:1.5 :\. 14.71 SJ::. 11+.3 Calm. 1:l .\1 S \1' . 
:o.w. J:l.U :-; 11·. 14 .~ •· I~A " 

1

1a.u "· 
Calm. l :l.ii Calm. 15.U " 1~.3 1 ' · l:l.h 1:\. 
.. 1:1.; ·• J.I.S ~ II'. 11.:1 Rfc. 1:1.~ Sll". 
l<f; . 1:l.h " 1U \\' . ll.:l ;\ \\' . 1i8, \\'. 
S. 1:3.9 •· 1~.S Calm. llA C'nlm. J:l.8 • \\' . 

~\v. tt~ 1 ~.' :t~ :: :~:; .~IV. li:~ ~~1' . 
S\1'. 

1

14.:3 " 114 .9 Sll. 14 .3 R. 14.0 II'. 
. u .:1 SE. 15.1 ·w. 11 .4 ·• 13.8 " 

'" l-1.\ N \L l ~l.IJ Ca lm. L-1.-t " l :S . '-: ' ' 
C..lm. 1~.3 !< II'. 1;,.1 ·• 14.3 Nil' . 1a8 " 
:0. fc. 114.:! W. 15.0 " J.l.2 :o.'K 1:!.7 N. 

1:! . j l ·L5 8 \\', 1-l.i S. 1.J .:3 Cui!H. t:J.7 '" 
•· 1 J.l .5 J.I.S S E. 11.2 " 13.0 N E. 
" t.u ; ·' 14.7 1-1.:! l"i W. 1a.u ' · 
R 1-IA 11 14.7 " ] Ll NE. 13.Li 11 

. ~t.m. l ·L J :: 1-l .S Culm. H:.! 9.
11 

1;.': .7 8\\~ . 

8. :1:1 \\'. li:i; &;lm. ::::i "nlm. i ~:~ I ~\·;: , 
~ \L U.:! Calm. 14.6 i\ K 14.1 " 13.7 " 
C.. lm. 14.4 ' II' . ll.u SE. 1+.1 ~.E . 13.G I " 
~. 114 N. 14.ti J •· 1~.1 I Calm. 13.li •· 
='"'· 14.4 Calm. 14.tJ aim. 14.1. NJ::. 13.5 II' . 
S\r. 1-1 •• ) S. 1-UJ S. 1.4.:! S. I:J.5 K\r. 
~J::. 14,:; :0.\1'. ll.ti 1.'11'. 14.2 IN. I ~A I K 
Calm. 14.ti 1 ~K 1+.:; Calm . 1~.1 ~ . 13.:> " 
.. li.G :!. Ill, ;; s. 11.1 I'' \:!,;, s. 
S K 11.ti " 14.1 ·• 11 .1 Calm. 1:u I " 
~. 11.;, SJ, . 14.4 '• H.O " l3.:J W. 
w. , 11.~ Calm. 13.:J S\1' . 

1:U If. 8 . ~ SW. ~ . ~ W. 
I'P S 8.4 S. 2.1 " 
13::; 1 ... s.1 •· 2.o s. 
I:J.2 w. 7.7 w. ~.u " 
13.2 N. U S. 1.9 I•' 
13.1 .. 6.9 Jo:. ).() s. 
13.1 .E. 6.4 " L:l N. 
1:t o s. o.o N. J.o " 
13.U NK 5.0 NW. '1.0 Jo:. 
l ::!.U 8 . -l.S } j, 1.1 S. 
12.7 w. ·1.0 II' . ]. ~ Jo:. 
l~.i ~W. +.2 N. 1.1 N. 
1:!.5 N£. 3.8 u 1.2 " 
12..5 3.-l \\' . 1.2 u 

12.4 :l.5 H 1.3 NE. 
12.3 3.0 N. 1.~ K 
12.2 2.5 , V, 1.9 "' 
11.. 1 ;!,:! XE. 1.8 " 
12 .0 2.:? " lA ~E. 
1 t.S :!.1 " 1.1 " 
tt.6 :!.2 ~- 1.1 .. 

~i:~ ~w. i:~ I ;; ~:~ ~. 
ll . ~ :\'W. 1.7 SW. 0.8 S. 
ll U 1-:. 1.~ ='· O. f> W. 
10:8 S. 2.0 :\IV. O.(i SL. 
10.5 N. 1.7 ~. 2.0 S. 
10.~ NE. 1 .\l I' 1.0 Jo:. 
!l.S N. 2.0 S. 1.4 W. 
9.3 =' IY. 2.0 ~ . 1.5 1•:. 
9.1 " 1.0 XK 

C'gt 
l.S 
J.l 
0.7 
0.5 
OA 
0.5 
0..1 
0.+ 
0.4 
0.8 
]..1 
2.2 
2.7 
a .5 

lVind. 

"'· Nil'. 
~-

"'· 1~. 
N. 

E. 
N. 
SK 
N. 
s. 

3.H N. 
a 
4.2 E. 
3.9 " 
3.7 N. 
3.7 NW. 
3.6 " 
3A N. 
3.0 " 
2.7 ,, 
2.6 NE. 
2.G 8. 
2.7 " 
2.7 sw. 
2.7 K 
2.7 NK 

G'ge Tl'ind. 
2.f) XJ-:. 
2.2 K 
2.6 
'2:1. 
u 
1.9 
2.0 
1.8 N. 
J.O 
1.6 
2.0 
2.4 
2.H 
3.3 
3.i 
4.2 
4.7 
5.2 
5.9 
6. ~ 
7.0 
7.6 
S.l 
8.8 
0.6 

10.0 
10.2 
JO .. ~ 
] 0.5 
10.8 
10.8 

~]~. 
N. 
s. 

~­
:-I W. 
:-:. 
NL. 
s. 
NW. 
NE. 
~. 

NE. 
!'< . 

" NW. 



xlviii REPORT O N THE M I SSISSIPP I RIVER. 

Reco'rds jO'r 1859. 

Columbus.-Observer, l\IJt. J . M. MooRE. 

Date. Jnnuary. February. March. April. May. Ju ne. Jul y. August. I September . October. November. DcccmUcr. 

- -- ----
I 

1859. C'ge Wind. C'ge JIThld. G'ge Wind. G'.qe Wmd. G'ge Wincl. C' ge l Vind. C 'oe IYind. O'ge Wind. G'ge IV i ncl. G'oe Wind . C'ge IVim !. G'oe \Vind. 

1 ~U.9 N. ~I). I l:l. :17. ~ s. :!7.-l s. :w.a s. 26.0 s. :.!2.0 s. 13.0 s. 
2 :l.).f> s. ~0.0 w. 37.5 " :17.3 " 37.0 " :Z5.7 ~- 2'2.~ .. 12.8 " 
3 :.!+.1 " 19.1 " 37.7 " :!7.1 " 3U " 25.4 " 21.8 NE. 12.3 
4 :.! 1.3 " 19.0 NW. 37.~ " :m.7 N. :17.9 " 24 .8 " 2 1.1 N. 12.0 " 
5 ~3 . 8 " 18.0 s. :!7 .8 " :!6.6 " 38.2 " :!:1.0 )IE. 20.5 '· 11.8 ~-
6 2:) .4 " IS.Q N. 37.9 " 30.4 sw. 3R.4 " 23.1 s. 20 .~ s. 11.7 ~·~· 7 2J . ~ N. li.l " 38.0 " :lu.1 " 38.6 " 2-.l.:~ " 20.4 " 12.0 ~-
8 ~:1 ..1 SE. 17.:! s. 37.0 N. :!J .O ~. 38.8 IV. 2 1.6 ~E. 20:2 X. 12.7 " 
9 2:1.-1 s. 17.0 N. 37.7 s. :!5.7 SIV. :18.0 r:. 21.0 " 19.5 " 13.0 Sf:. 

lQ 2:1.:! " 17.0 " :17.5 " :1!).4 ~ . 3S.2 N. 2tl..l " 19 .1 " 12.9 N. 
11 23.0 " 17.0 s. :!7.-l " :15.3 " 37.5 s. ~:~ " 18.5 E. 1:!.5 s. 
12 2:!.3 SW. 18.0 N. :37.0 " 3 1.9 " J6.5 " s. 17.8 X. 11.0 sw. 
13 :.!1.'! N. 18.1 s. 36.4 1 " :14.5 " - 3[•.1 ~- 19.1) .. 17.1 " 11.3 N. 

H 2il.9 s. 18.1 " :\5.8 " 3 1.2 " 3:1.1 " 19.3 " Hl.O " 10.9 ~K 

15 18.6 SIV. 18.0 " 35.1 N. :~1.1 N. 30.0 s. 18.9 " 1G.1 " 10.6 ~-
16 li .8 s. lll.O " au s. :\U " 30.3 " 18.0 " 15.S 10.5 " 
l7 li.U \\' . 20 .0 " ;H.:! " ;11.1 " 311.1 " 18.6 N. l~ A X . l OA " 
18 1S.1 " ·!1 .1 " :J4.1 N. :li.O s. ~J.O " 18.5 K 15 .1 sw. 10 .1 " 
19 LS.O s. 24.1 " ;J;l.9 s. :~J .U " 30.0 N. 18.5 SIV. 1-i.9 w. 9.9 ~IV . 

20 19.1 " :!7. 1 " :~!.7 " 33.7 " 30.0 sw. ~~: ~ w. R 7 s. 9.8 X. 

21 1!1.3 NW. ~0.0 " 33.7 " 33.0 " :JO •) s. N. 1~ . 4 IV. 9.4 s. 
:l:! 19. ~ •' ;JJ.l " 34.0 " 33.5 N ~:~ N. 20.0 " 1M s. 0.0 SIV. 
2j 1 ~ . :J s. :l;l.O " :J-1.8 " 33.6 " S IV. ~1 :ii sw. (1.8 " s.s ~. 

24 10.5 " :13.1 " 35.5 " 33.5 " 30.9 s. 2.3.1. ~. J:l. l) " R. 4 " 
25 20.2 " :J~.l " :JB.O N. 3:U s. 30.U " Z:l.O s. l :l.li X. b.l s. 
26 20.8 E. :J5.0 " 36.5 s. :~ 1.7 " 30.6 " f:{:~ I " 13.3 " 7.9 " 
27 '.! l.\ s. 30.0 " 36.9 " 3U N. 29.8 :-1. " 1:1.1 " 1.i " 
28 21.5 N. 31;.1 N. :17.1 " 3-1.7 .. :!;;.H s. 23. i " 13.2 " 8.1 ~. 
29 21.6 " 3i .i! N. 35.4 " 27 .9 ·' r3.13 .. 

] :3.4 " "·> " 
30 :!1.7 " 3U " 35.9 ·' :!i .l " 23.3 1 ~. 1:1.3 s. 8.1 " 
31 21.4 s. 37.3 NW. 26.5 N. 13 ·> ~ 7.9 " ·- I .. 

Recm·ds for 1859-Continued. 

M emphis. -Obscrver, MR. i\Irc nAI:L Co NWAY. 

Date. . January. February. March. April. ~l ay . June. 

I 
July. I August. I September. October . Novcmbor. December . 

- -
1859. G'oe 

1

1Vintl. G'ae JJTind. G'ue JITind. G'{Jt 1Vi nd. G'(J' JJ .. ind. G'!Je -I rind. C'ge lr"ind. O'gf !Find. O'ge nr,:·nd . G'oe Wi1ul. C'ye ur,:nd. G'oe lVind. 

1 :10.8 sw. 22.3 sw. 3-1.1 N W. :1 1.8 sw. a~ .1 ~ \\' , c'9.H sw. U'" sw. 
I I:J .8 

1'\ W. 
2 30.6 ' · :!"l. l N B. 34.4 ~' K 3 1.9 ·' 3-l '' ~ E . :!!1.1 )II::. u:~ RE. 1 ~ .1 " 
~ au.2 1 NK ~1.7 :>I IV. 3-L5 HIV. 3 1.9 N \\i . 3·U w. :!~ .7 .. 24.0 Nt-:. 14 .1 " 
4 :.m.i " :! \.:1 sw. :H.7 " 3-1.0 N ~: . :II.:! .. ~8 .0 sw. 23.~ RW. 14.0 " 
5 2u.a :-111'. ~0.8 N l, . :Jn :·nv. :J.I.9 N\\'. :J.IA N\V. c'7 .3 " 23.4 ~' E . 

114.0 " 
6 ., .u SK 2ll.5 " 34.8 N t-: . 35.0 " ~.5 sw. 2tl.5 " :?".!.3 sw. 13.7 RE. 

7 2~ .0 :-!IV. 19.0 SW. 3-I .U 
,, a;, .o " :J.l.O RK 25.8 NK :l-2.1 a 13.3 ~' B . 

8 :!7 .0 " 19.;; " :J.l.S sw. :14.0 RK :J.I .7 i:i \1'. :!5.4 St: . :!1.7 :\'E . 13.0 " 
9 :!7. 1 sw. 18.8 N E. :14.R ·' 34.S :;w. :1-I.S " ~ 1.7 .. :! I.~ 1\' W . I I ·? . ~ ,· w. 

10 26.i !'\ 1-:. 18.:1 .. :J.I.S " :J·IS .. :J4.U S ll. U .IJ sw. :!11.7 HE. 1:3 .2 .. 
11 :.W.:! N K 17.7 SW. :J.I.!J N K 34.~ N W. 3J. I NK 23.3 N\\'. :.\).5 sw. l :l.5 " 
H :!.) . ~ sw. 17.!1 " :J.I .S KK 34.7 sw. 35.~ sw. :!:!.5 St-:. c'0.1 ~\\". 13.7 NR 
13 :!.) .1 " 1 S.ll " :l-1.8 N \\r. :J.I.i :-: ~;. :tj,:! ·' 2 1.-1 H\1' . Ht.~ S E. 14.0 " 
J.l 24.4 ·' 18.7 ~.~-:. :11.9 .. ;I I.U N K :15.1 '· :!0.7 .. II .6 

S\1". l:UJ ·' 
15 :!a.a N F~ . 19.:. w. 3 1.9 ~ E . ;!o.u :-1 \V. :~UJ " 20.2 " t.~.o :-a:. 1'} - " u . l 

JU ~:.U ;;w. C~ l.7 " :1{.9 a: .. l NJ-l. ;J4 .~ " I V.~ E. 17.11 .. p3A " 
17 2 1.:1 s~:. 2 1.:! " :J.l.9 ' IV. 3-1.9 " :J.l .ll " lfl .3 i ~w. 1i . I " 12.1 .. 
18 20 .0 sw. :!:l.H 1'\K 1 :~-t.R N E. :H.R SK :J I.-1 NK 1 .9 II". 111.11 " 11.S " 5.1 
19 19. 1 " 23.8 N\V. :J.I .S .. ;~1.7 Sll' . :11.0 N il' . 

1

1S.7 111.0 sw. 11.5 f\ W. 
20 1!1.0 N g. ~.5 . w. 34,7 IV. :14.i ,, ;l;l .5 ;;w. 1 ' . ~ " 15.!1 " ~~:~ " 
21 '.!ll.7 NW. 26.0 " :14.0 " :.J. Li " 33.1 N E. 19.4 NF.. 16.7 '· a 

:.?~ 2 1.9 N~: . :.!SA " 34.5 N F.. :14 .6 NK 32.i ' \ V. 20.2 w. 15.-J :\E. 10.:1 " 
~3 ~ l. i sw. 311.8 NW. :J.I .5 sw. a ~. !l sw. 3~.8 ~ w . :..'O.n " 15.-1 8E. 9 . ~ ~ E . 
21 22.8 " :1:.!.1 sw. :J.I .5 " 3 1.-1 " 32.0 " 21.S " ~~ -~ S\1' . OA " 
25 :!:!. B SE. :13.2 N E. ;J 1.7 N E. :llA RE. :t2.0 '· :!'.!.t\ " 14.6 '· 9.1 NW. 
:!6 :l:! .C. :>I IV. 33.4 N W. :1 1.8 .. :14 .3 , ' \\' . 3:!,1i N F:. :!:1.0 " 14.4 " .s HW. 
27 :!:J.a " :13.7 sw. :~I.R ,' \V . :\4 .3 RK :tUi NW. 23.i :o.' R 14 .5 XE. 8.3 .. 0.8 
2 ~t:! sw. 33.9 " :11 .8 Nil'. :!-1.2 >l W. :\'2.:1 sw. :! L:! sw. 14 .1) " 7 .H :\E. 
29 22.H :-1 \Y. :l4.R 1:: . :14.1 NK a2.0 .. 2 UJ " 1-1 .:1 :\W . 7.4 " 
30 ~:,!,j :o.' K :IU " 33.9 N W. 3 1.;1 " 21:8 8£. 

r 4 .0 
8 11'. i .O " 

~l 22.4 sw. 34.6 " 30.7 " 13.\1 .. 6.0 " 



AP PE ~ D IX B.-D A ILY GA UGE REGIS 1' ERS. x lix 

R ecm·ds for 1859-Continued. 

Napoleon.-Observer, Ma. A. A. EorNOTON. 

~~ January. ! February. I March. I April. May. June. July. I August. September. October. Novomber. December. 

G'ge i iVind. 1859. (ige Wind. 1!ige Wmd. lige Wind. G'ge W'i ncl. G'ge Wind. G'ge !Vin<l. G'ge Wind. G'ge Wind. G'ge Wind. G'ge IVind. G'ge IYin<l. 
l :l~., :-: . I 
2 3:!.3 :'I'W. 
3 31.6 w. 
4 311.9 " I 5 ~111. 1 s. 
G :!1l.3 " I j 2~.1) " I 8 :!i .il K I 
0 :.?1i.S .. I I 10 ~ti. l SE. 
ll 
1:! I 
13 
H I 
Jf> I 16 
li 
18 
19 
:!\) ' 
~ l 
:?:! 
~ I 

I 
:n 
:!J I 
:?t) 

I 

27 I ~s I 
~) I 
~/) I 31 

I I 

R ecm·ds f or 1859-Continued. 

Vicksburg.-Observcr, i\Ia. A. Y. NotLEY. 

Date~ January. February. ~larch. I ~_1~_1 June. July. _ August. _ September~ October. November. December . 

1 :i9. G'ge ll'ind. (."g• Wind. r;g ll'i11<.l. fige Wind. lige i Wi•ul. li{le Wind . r;'{le Wind. G'o,l Wind. G'f!e Wind. G'ge Wind. G'ge Wind. G'ge Wind. 
1 41.1 C,liJU. :l~.i >'. ll.:l ~lm. 1~.~ I ,;K 4?·? C,.llm. • 4 ~.~ ~. 41.2 S. 2U I S W. IU :-1. 

3 ;u ~: , f::~~ 1 ~:· l1:~ ~ir. l~:~ /m· 1 1~:~ ~· 1~:~ ~ . ~~:g ~: ~ : :~ ~:j· 1 ~:~ ~. 
4 41.5 1 '' 

1
.~3.3 ' · ~~· · ' Calm. 4'>.1i C.1 lrn. 19.5 " 4 ~ . 6 " H.1 N. 20.0 ' K 13.7 E. 

6 l t.li " 3-t:! I. . r l.:l :-i. 4--'l.i "S. -Hl .. j " 40::.;) ~r g_ ~ ~ ().9 " :!0.8 •· 1:-\.7 N. 
G 11.6 " -~l. l s. -H ."' .. t..,_., I 1' -lOA II 4'l.4 S\V. 41U) ,.:, :l0.7 " l :t7 :: 
7 ~~·~ I X ~'· a~; K ~I.() Sll'. ,,,g salm. 49.4 " ·1 ~.3 S l;. 10.1 ~· . ~0. 6 Calm. 1:l.S NE . 

. II.
·." I} · 3~:-~·. ·1i ''.: .,·. ~ ~~~ ·.-,1 XII". i'.U 4\JA Calm. 4 ~ . ~ :-1. ;l9.H 20.4 .F:. U .O 

0 ,, ·' • 1~.0 ~. ·19A· S E. .1 ~ .1 N W. ;m.o N K :10.1 SW. 14.:! " 
10 4 1 1 " :.n . .s ~- 4.) .0 '1 -&H .O :-i E. 4').4 N . 4i.9 " 3R.~ " 10.6 N. 1-L7 ~ ~~-
11 ~11.r. Calm. 'Jo.D " 11>.:1 X II" . 4'J.O I ~A Culm. ·17.7 N. :li .4 " lfJ.2 N W. 14.8 RW. 
U 40A " :~OA X. l.i.tl K ~V.O " 4\l .:l .. 47.5 Jo:. 30.5 S. '19.1 W. 14.7 N . 
Ja I .I ~;. l::o.o K , l.;.o ~. 4~ . 2 •· IU.:J " 17 .2 Cu lm. :1;;.0 Cn hn. 19.1 SW. 
1-l :m .~ ~ \\r . 

1

:!9.:! ~~~- l6.:! " -t!J.i 4 1.a " -lti.O s. au; " 19.2 " 
lli :lOA N. -'!U ~ 11 .. > X. IO.:l Calm. I!J.:l " 46.7 " 35.5 S. lO.n Culm. 
HI ::o.o s. c'!U :'\!;. 41;.-. , r:. I(J.I XK 10.2 , w. ·WA " :12.5 " 19.8 :r:. 
{7 :~~ ::: ~· ~::; ~: I :~:~ ~;.'.'"'· j'::! I ~~!;, . ~ri:i ~; !~:~ ;;. 1\:; ~! · g:~ N. 
~~ 1:::,:~ ~: ,,.J~:~: ~. :~:i ~lm . l~ :?, I ~.. I :~ : i ~:'lm . ~~:~ ~. t;. ~:g N. 1 ~:g I ~~- . 
zt :t;l .-t :-.:. :n.!l 9,.'.alm. 41.~ c,,trn. 4'J.f1 " -HU ~- la.l ~- 2i .O :; ,'-,·.~, CNa.ltll. 
Z:! :u.:t .. :t!.~ - -r:..t :-:. -t ().tl x. ~· ... o -1 :!.5 ~(j}l ,1 

:!:1 '"l'l C1lm ·· 11 ~W. 17.:\ .. l'l.lll '· , 4 ~ 1.\l S~J. H.O W. 2:1.6 " 1i 3 '\ 
2 1 ;;~:\ ' · '! :0 ~~. II Calm. l ' l.tl S. ~~ .9 S. ~1.4 Calm. ~ L9 " 1i :n I ·,,' 
~.1 :~:!. ;, ;: ~~j~:n ·' l7.i .· . 1-''J . . II s ~;. 4~.\1 (;aim. 41.0 f:. ~l. l " !Iii :'I' W 
:M :t!.3 K :~'·" r:. li .7 H. -t~ .n ~. ..J"-l.n s. -'0.8 ·' :l:u) " t6:5 I };. · 
:!7 :\ .!.:2 c.Llm. :~).i ~. -li .~ ·· l u.f> C.1lm. ""'·n ~. -to .~ " :? · ~.~ ~ . tfJ. l s. 
2s :\:.!:2 :-~. to.i x. h.l H tJ .'; ~ ~~. J·' ~.n R\V. ' ') . .., R. ~2.n '' l ;'l .i 

1 
" 

I 

2~ :1~ . :: N. I 1 4'.:1 '\. l' i.li ~W. 4~8 f!. 41.0 I Calm. ~~.'> " li\ .4 w. 
:10 a~.3 •· h3 Cil lm I~ . U I Calm.

1
1~.~ ;;, 4l.l S. ~2. 1 1\ 11'. 15.0 :'1'. 

3 \ 3~.4 E. I I .u X. 4U s ~:. 21. ' Calm. H.G I " 
1--~--~~--~--------------~----~----~--~~------~~--~~--~-----~-----

G 



l REPORT ON T HE MISSISSIPP I RIVER. 

R econls fo'r 1850-Continued. 

N atchez.-Observer, :\Tn. It. F. I,}1AB N}10 . 

0 11 to. .fan nary. '-l-'u-·b.,."_""_"_Y_· ' __ M_"_"c-·1-J.-I - -A-,.I_" _·il_. -I--M-· _"Y_·-1 June. July . August. SC'pt ember. ,_ o_c-,to_bc_ r_. + N-' o_,-;·c_m_b_c_r ._
1

_n_c_c_c•_n_bc_•_·. 
,- ,- - -- ---1---,-- ,-

1859. G'ge Wind. G'ge ll"intl. G'ue\ Wind. G'ge ll"incl. C'ge Wind. C'U' Wind. ; G"'gr ll"in<l. (tge Wind. (;'ge ll"i1l{l. G'gt Wind. G"gt 11'1'11d. G'ge Win d. 
1 J:l.u NW. 
2 +LO '' 
3 +1.2 
4 + 1.:\ 
5 ..W .5 
6 44 .6 
7 ·1-1.7 
8 44.0 
9 44 .5 

10 +1.4 
l1 +1.~ 
12 44.0 
13 4:1.n 
H 4:1.s 
15 ol :~A: 
l li 4:u 
17 42.7 
18 41.9 
JV 41.0 
:!0 ·10.5 
21 40.0 
22 :m.u 
:.!:~ :~~.s 
2-t :\j .8 
25 :\'j :2 
26 :~n .7 
27 36.[> 
28 :m.n 
29 31i.8 
30 30.8 
31 ~6.7 

RW. 
~. 

" 
:\'W. 
w. 
s'r. 
w. 
" 

w. 
N \ V. 
" 
sw. 
" w. 
sw. 
s. 
w. 
NW. 
" 

R ecO'rds jo1· 1859-Continued. 

Red-river landing.-Obsencr, Un. l\Jwun TonR.\ S. 

Dnto. Jnnunry. lo'eLrnnry. March. April . _ May. J ~uc. I J !lly. I An

1

gnR t. September. October. No•crnbor. Drccmbcr. 

18fD· £~• ~-in d. G'ge Wind. G'ge Wind. G'ge Wind. G'ge Wind. G'gt w.nd. G'gt Wind. G'gr Wind. G'gr Wind. G'ue ll 'l' nd. G'ue m:nd. r."gc ll'i111l. 

~ ~U. I 
3 ao.a 
4 JU.6 " 
5 3 ·.u s. 
0 :W.7 '' 
7 3u.S N. 
8 30.~ NW. 
11 au.~ 

10 :\U.H W. 
H ;JU.7 S r;. 
l~ 30.7 
13 ;JU.G " 
H 3U.U 
15 :J(I.·l N . 
16 :\U. l S. 
17 :JU.U , . 
1s au.7 " 
10 35.3 Cul m. 
20 34.0 1'1. 
21 a-t. J ,, 
2'~ 3·LO N. 
:.!:3 :l:J. I 
24 :l~.i 
~:) 3~.+ s. 
~6 :!2.0 S K 
27 :J lA .. 
28 :3 1.6 
2\l :\1.-t Calm. 
30 31.-1 .. 
:n aL3 
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R ecords for 1859- Continued. 

Donaldsonville.-Observer, 1\In. A. GrxottY. 

Daie. ,January. I }'eLruar y . I )[arch. I Apul. May. June. .Jul y. Augu;;t. SOIJle mber . October . November. December. 

--
. 1s,,of:-u, 1nnd. G'y, / tr ind rrue ll~i~•l . , (• .. £!'- l l'hl.d. (;'g Wi,.d. (."ge JJY/?uf. (i'g w·ind. G'at Wind . C'ge Wind. G'ge Wind. G'ge Wind. G'ge Wind. I J :J:l.!l :,!. tJj f:. 2t~ 2'i b. ->.3 f:. :l•J.I) r:. i".:.! s. :.!!) .: ~ K 11.-1 K ~- 5 \\r. ~..~ N. -Ul N. 5.5 SK 

:.! :.!LO :!IJ,l II'. .!.it) ~- ..!.., . .) ~ 1-:. :l!).l " ~u w. .!5.2 SE . ll.l s. 4.0 " ~ -~ " -1.8 K [).() s. 
3 :! 1.1 ~OA 

_, /:!:,.o ~'r. .!~.q S K :lo. l " ~S. 1 :\'W. :?.j .O sw. 11.0 " 4.0 s. 5.0 " J .S " fi.~ N. 
J ~ ~u :..'1) • ."1 :oi\1'. :!.l .:! ~ \V. ~ ~..,-~ N. :lil.1 " ~B. O 1·:. ~ 1 .3 " l O.R " 3.0 " 5.0 .1':. 5.0 " u.3 " 

5 ~ L:J :.!O.'j 
_, 

:!j .. ) 

I 
~E . !.2-i.'> I '· :~1 ).2 " ·!~ .0 " ~ 1 .0 E. lO.i sw. 3.5 w. 5.0 " 5.2 " 7.2 1':. 

I G 2U :!1.-t X. :!I),IJ t:: . I :!"'.~l f: . :~l).f) " :l'i.O s. :!:l.S " 10.5 " 3 .!\ NW. 5.-1 " 5.2 N N. i.5 
7 :.!~_;, xw. 

.iUI 
St:: • j:!•)J) ~ II' . :!"'!,'; X E. :)0.2 s. :!j .9 SE. :!:U' " 10.5 w. 3.5 K 5.7 S E. 5.0 .N. S.ti N. 

8 ~1.0 .. ~l)JI w. , .. , ~ 1,. :Jo . ~ 1·: . :!Lfl .. :t3.7 w . 10.~ sw. 3.5 ·' 5.8 w. 5.0 " BA " 
n :2-1..:2 w. 1 ~1.11 X \V. :!li .:! 

I 
f:. :!i.q s. :!0.7 ~w. :!i .!l s. :!a.r 1-:. l U.O X \V. :3.5 " 6.0 X \\r. 5.0 " n.o " 

HI "lL:) s. . :!1.-t :'f:. :!tiA ·' :.?8.8 
,_ 

2~). 7 .\' \\'. ~7 . 8 " :!a.7 " 0.~ ~ "- 3.5 " U.2 K ·kb NW. 0.8 " 
ll '.!L5 1·: . 21<1 1 .. :!d,li .' \V. l:.?,_:l " ~~-6 " :!7 .7 S"- :.?:: . .') " 1 t) ,;J " 3.!\ " n.o " -1.5 s. [0.0 NW. 
1:! :!-Lit\ .. :.!0.5 s. I,. - .\'E. ~i.3 .. :!1A sw. :!i.li " :.?:l:? !' ll . ~-0 " 3.5 w. 6.2 " ,1.5 " 10.5 " :...o. 1 

1 =~ :!-l.7 " :!tJ.:! "- :!t.i.~ -~ ~;. :!'i. :! " :.~A SB. :.!i ,,) " :!:!.5 ~w. R.i " 3.1\ K 6.5 " 4.0 N . 11.5 " 
14 :!Lti w. :.~U} .. 

~ ~o.v S\V. :.!S.}) ~- 2J.5 .. ~7A E. 1~.0 St::. R.'1 s. 4.!\ " 7.0 " 4.0 " l '.U) s. 
15 :! 1. :2 .\' \!'. l!i.'<, ,..;:, :!lt7 ,, :!">.~ XK ~I.:> " :.!j .1 " :2 \.5 " H.O !-\W . 5.0 ~H~. G.S " 4.0 N K ] :1,:\ .. 
1fj :.!-1.0 s. 1n.:, K ~-u j XK ) ~J.O .\' W. :!l.~ ~w. '.!7 ..\ w. 2U " i .f) " 5:2 :-..! W. li .S " 4 .l\ s ~:. l -Ui "r· 
17 :!I.() w. 1\1.4 .. -I .1 ~ - ·!\J.U -:< . '..! 'J . -~ "· '.!1 .'2 s. :!•).() s. 7 .ll S K -Ul w. 7 .n " 4.:t 1-:. l5.8 NW. 
1 ~ :.!:1.0 f)_ 1!1.1 :-!. :,!j ,:i xw. rzJ.l t:: . '.!tl. l " :.!i ,I) :iW. '.!11.0 

,, 7 ,\) 1·: . -1.11 8 1,. ti, '{ .\' . 4.:3 w. 1.7.0 I•' 
19 23.0 " HlA .. '!i .-l 1-\W. '!'J. l '· 1'"~-~ fH:. !ti.~) s. 10.7 w. j .1 .\'1·: . 4. :i ~ w. fi .S N\r. ~.0 S \1' . 17.5 ~t. 
21) :!:to .. HUi ~ w . ·_!j .:~ ~~:. '!'J:! f'. ~ .\'1 s. "lli.7 :'i ll'. Ht.O ~- i.\l .\'. 4 .• w. (i ,-1 :\' 1; . 3.5 H. l ~_:; N IV. 

__ , 
2l •.!•.!.~ ~w. l ti :.! :O. f; . 

~-'l l 
~. '.!'J.:J 

I 
,, 

:!"i.~ " :!n .. ) :oi l•: . IR.o l ~w. rl.K XII'. 4.0 S'. fi,O " ~-0 nr. lfi.O N l·1. 
'.!~ '.!'.!.~ ~ - 1 ~1.0 K '.!l.i .. ~.J.:l xw. :.!"i.T 'N. :!0.:! X I\'. I ll .. ) s . (i.7 ~ I·:. :l .R N l•:. fi.ll K -1.0 ~ "- l !l.V N. 
:!:\ :.!:! .;) .. Hl.~ ~ - :!i."' " :I'J.:l .. :!~ .. j :V I•:. :.!{j , l .\'E. lti.O .. ),,; \I'. :n J;, ;) ,f\ " -~- ~ " l !l.S " 
'.! .&. :!-!_(\ f: . :!0.0 '- 0)-" -' ~O . :l s. ~(.i S l·:. ~.i . V " LLl " fiA '· :Ui ·' fl .6 " 3.5 " :!!1./J " _,. 
".!.) :!1.1 '· :!~ ).:! .. "!;.t) :\'. :!'J.:j I ~ "- :!'1.-1 .. :!.j , j f: . Li.O .. (i,l) sw. :{,!l " :iA " -1 .0 " :!0.:! s. 
:!ti :! l .lj .. \:.!1.:• f:. :.!) }J ,:f:, ~>v.u ! " :.!'l. :l " ~-i.:i .. 1-J. .j sw. 0.0 K :l.5 " "- ~ ~r g, ~ - ~ 20.3 " 
'.!i :!l.ti :-:. :!:!.II ·' :!"1.:1 f:. :!!I.S K :!).1 .\'\1". :!.). 5 " ];J.!) .. ;j,.) s. 3.7 " 5.~ ~- 3.S " :?ll.i'i " 
:!'3 :!1.7 .. !·)''.) X. :_!-,,:] 1 ~ ~J.> .. :!'i. l K :!,),.J .\' K l :JA '· b. :! s. :u " 5 •) " -1.2 w. 20.5 " 
".!V ·!U X. ~ --- ~~:;;I 

.. :!:1.0 

I 
w. :2'i.:! SJ-:. :!.), :) s. I ~A , sr. 5.0 sw. u " 5.0 " .... i BK ~11. 1. " 

:\\1 '.!1.11 X f:. 

I I 
s w. :Jo.o " :.!'i.:! " :!JA K 1 · ) •) sw. .-1.0 N \)r. 4.3 " -U'> K 5.0 " 19. i N. 

:n ~u.$ E. :.?).3 K :.?S.:! w. ll.S s. 5.0 NJ-:. 3.8 -:<. 1\).6 NE. 

R ecords for 1859- Continued. 

Carrollton.-Obscrvcr, r. l tt . W. II. W r LLtHIS. 

Oalo. J Jnnnnry. I >'ebnm ry . ~Jnrch . Apri l. I )fay. .Jn oo. I July. August. September. 

----·--------------~--------

1859. (l'f!.' l Wind. ~--~r ) ll:i11d. r:-u,• l Wind. rJ:'gr ll:iwl. l t:;'fl< l!"i,llrl. r;·!I' I JJr,·wt . r;·gr ltind. (;'ge Wind. 0,'!!,< u;ind. 
l I ll.! :'i. -'-~ ~ f:. 11.: ~- 1 :3.~~ t, ., ~ ~-.! - J. ~.1· .. 13.6 :'i\V. 11.~ ·; ~-1 S W. 1.: N W. 

Ill. I ll .h 2-iW. 11.-> ~- I L ~ \\ . lJ.U b . 1-U W. l l. b :'IW. ~ -9 W. l.t 
3 10.\l S \1'. 0.5 •· 11.~ II'. 1t4.:l H. l ii.5 1:1.-1 SW. 11 .3 8. :u ;;_ l.H W . 
4 ll.l " 9.7 ~ II'. 1~.11 :-if:. 1 1.~ :\. l i\. li l:J.4 N K 11.2 3.5 :\' W. l. i 
5 11.~ Xi':. 9.7 S. 1~.1 ~ B. 11.2 1 '' 1;,_;; na .'1 . l l.l XE. 3.5 H. l.S :\'. 
0 11.' .- ~:. U.'- :\'. 1~A .. 14.:1 1-:. t:,,,; 1:1.1 :-<W. l. l.2 :\'. ~A 1·:. 1. ~ :\'W. 
7 11.7 XW. U.~ ~:. j i~A :\W.

1

14.3 :'IF.. 15.3 1:!.~ :\'. ll.O 1•:. 3.5 W. 2.0 :\'. 
11.1 N. 9.!1 ~ - 12.4 .. •. 11 ~ K 

1
1;,.~ 1:1 .~ - ' ~; . l.IJ.9 N W. :u; S W. 2.2 S K 

9 11.5 S W. 9.~ :0.11'. l~A W. 1-IA S. t r>.O S W. I:U :\'. 11.0 1•:. 3.6 2.~ 

i~ l ~L~ ~\;. g:~ 7\t-;. i~} ~ ·..:. ~i:~ II :t~ ~ \V. ~ ~1:~ ~\v. ~ g:~ ~\';· ~:: ~:~ ~~~· 
12 11.S 9.2 :\'. 1~.7 N. l ~ -~ l-1.6 K 13. 1 f; . 10.5 :\'H. 3.7 ll. 2.1 I ~ W. 
1:1 I ll. ~ St::. 9.1 S f;. l2.U ~- , 1~ . " 1~ .5 1~:! " 10.3 :\'W. 3.6 S f:. ~-0 I ·:'];. 
1~ ll.i II' . ..._.0 ~- 1:J.U XW. li.S .\'. "·5 1:3.1 W. 10.2 S W. 3.6 SW. ~-1 .F:. 
1:1 11.3 ~.-:_w. 8. ~ ~ ~-~ 1 X. ~~-~ 11.5 ~ W. 1 ~.2 St:. 0.9 3.~ W. 2.-1 NE. 
J1i l l.:l 'i.l 12.9 XK 14.9 14 .!\ 1:1.0 W. ~.i 3.1 N. i.S N. 
Ji 11.1 .\'11'. .7 1:1.3 1 ~\\'. U .O XW. J.L:l . . 12.9 S. 9.:l :\'. 3.1 :\'£. 1.7 K 
1 ~ 11.0 .\'. S.7 l:l.~ XW. 15.0 K H.3 ~ W. 1 ~.i ~J;. 0.0 E. 3 . ~ 1.-1 S W. 
1!J 11 1 ~-• l:l.l w. 15.11 11.1 x w. u.n s w. R.6 s . 3.:1 :-~. 1.5 :-n:. 
:!IJ 11 :~ E. 'o.7 :oi. 1:3:! ~- 11.9 IU ~ 1-:. U.i\ XW. 8.2 3.~ W. ].!; NW. 
21 111.1 :oi\1'. , _,; f:. )13.3 ~F:. 1-1.9 14.0 X\\' . 1~.5 W. i.R W. 3.0 :\'W. l .i N. 
:!'! 1o.S :-,-. -,_1; .. 1:1.5 \\' . l-1.9 .'I W. 14.0 :\'. 1~A N. i.3 :1.0 ~W. 1.5 
:J:I 10 1 "·" ~- l :l .~ I S. 1-1.9 :\' . 14.11 .\'W. 12.2 G.!l 3.0 S. 1 .~ NW. 
~ I ~~~-~ l,,!l l;J_ ,; l1.9 R. J:l.\l K. H~ F.. 6.5 3. 1 NW. 1.G X. 
~;, IIJ.II :-if:. \1./; n;, X. 1.;.11 1:!.9 ~:. H.l 8 1·: . R.ll :l.:l l.fl 
~·; 1 u:!l I .. !•.!1 f:. n~ ~- 1-!-_t t :l.~ l ~.o a . ~ 3.0 ~w. 1.:1 HW. 

~~ ~-;: · w. 

1

:::} I w . ; :::~ ~:ir. ::~:~ ~: :1:~ ~w. 1 :; :~ 1-:. t! ll. 1:~ ~\,. . l:~ ~8 . 
~.. o:~ '1. 1 ,! -~ ,._ ~ ~-~ "· 1:!.1\ ~w.

1
11. ~ ~K ~-~ 

1 

~ w. 2.:1 :-~w . u.u I " 
::1) !J,t; 1-:. 11:,_, :oi. 

1
t J .. J .\'. )1-U ~- ll.U 4 .-l S. 2A 0.8 " 

31 l=l.ol E. 13.5 ~W. ,1,3 XE. 2.1 ;; u.u I xr:. - . 

Oc t<Jber. Xovombcr. Dcccml1or. 

- --- - ---
G'gt. Wind. G'ge Wind. G'ge llind. 
1 .0 ~. 0.8 N. 
l.i " 0.7 2.0 
1.7 0.8 2.1 
l.i 1 '' :!.:J 
1.8 :\' W. u ~E. ~A 
"1.5 N K 1.4. N. :!.5 
:!.0 .\ '. 1.3 K 2.8 
1.6 NW. 1.3 N. 2.9 
t .S N. 1.0 s. 3.2 
1.8 0.7 N \V. 3A 
1.8 0.7 R. :1 .9 
1.9 O.i sw. 4.6 
2.0 - OA NW. ~.9 
1.8 s. 0.1 :\'. 
1.6 N. 0.1 NW . 5.0 
1.-1 I~ ~-:. 0.-1 :"{, U.3 
2.2 1.il K ll.O 
:2.2 NE. 0.9 :\' \ 1' . 7 .~ 
2.1 0.~ 8.0 
2.0 O.G F.. s.:l 
2.0 l.O w. 8.8 
2.1 N E. 0.8 N. 9.1 
1.~ 1·:. 0.:1 !1.-l 
1.7 N. 0.1 lj! . OA 
1.!"1 0.:1 sw. 0.8 
1.~ 0.5 !l.!l 
] ·> o.n ~ . \ ) 

1.1 0.7 w. H.!l 

U.i O.!l ;\ 1·:. \1.8 
O.i 1 •1 sw. !).8 
OA 9.7 



lii R E P 0 R 'l' 0 N T H E M: I S S I S S I P P I RIVE R . 

R ecords f or 18 6 0. 

Donaldsonville.-Observer, Mu. A. G JNORY. 

Dntc. .lnnunry. }'obrunry. 1\!nrch . I April. May. Juno. Jul y. August. September. October. November . December. 

1800. G'gt W ind .. G'gt Wind. G'ge l Wind. G'ge Wind. C'gr Win¢. C'ge ll'ill d. C'ge Wind. C'ge Wi!ld. C'gt Wind. C'ge 1Vi11d. G"ge !Vintl. G'' fiP w,:, d. 
1 10:l N. :W.G N. :!-L:! 1~ . 
2 1 ~ .5 N \V. :WA S\V. :l\ .2 " 
3 l S.O 2ti.5 :!-L:! " 
4 '17.8 Jo' ~li.5 S K 2-I .H " 
5 17.7 2U.O S. 2~.8 " 
6 l7.G :!7 .0 N . 25.0 " 
7 17.5 N\\7 • '2i.l ~, 25.0 S. 
8 17 .u sw. 26.0 sw. 25.7 
9 li .5 SK 2H.O " 25.7 N. 

1.0 17.9 25.5 ~ 1 ·~. 25 .6 u 

ll 1 8 .~ 25.0 NW. 25.fi K 
12 1~ .8 NW . 24.5 8 1•:. 2i\.6 W. 
l:J 1!1.2 } :. :!~.2 " '15.6 N l~. 
H 10.5 NW. ~~ .5 8. :.!5.6 !!: . 
15 10.5 :l3.0 s w . 25.0 " 
10 1!.1.5 , \V, :l~.3 HJ!1. ~5.7 " 
17 l!J.O NW. 22.0 S. 
IS 19.0 W. 21.5 NW. 
l H 20.1 H 21.5 " 
20 20.5 :E. 21.5 8 1~ . 
'21 10.8 u 2\.5 s. 
22 21.1 • F.. 2l.(l " 
23 22.0 ~;. 21.8 NW. 
:!-t :l:S.n " ·2t .s " 
:l5 U .3 22.0 W. 
26 U .S S W. :Cl.5 K 
Zi :!:"i .O N. :l:l.O " 
28 25A N ~~ . :l3.5 
"29 25.6 J~ . :2J.S ,V. 
30 2li.O S. 
31 ~U.4 1 " 

R ecords (m· 1860-Continued. 

Carrollton.-Obscrver, l\f n. W. IT. Wrr.LTAMS. 

Onto. .rnnunr·y. }"'cbruary . Mllt'Ch. April . l\.l!ly. . Ju ne. July . August. September. October. November. December . 

1 no. (;'g• Wind. G'o• Wind. G'()t !rind. O'gt Wind. G'ot Win d. G'g< Wind. G'g< 1Fi1ld. G'g< Wind. G o• Wind. G'gt !Vinci. G'ur Wind. G'q, Win,/. 
1 9.:J l 2.U 12.2 11.5 9.-l 3.4 ).>, 0.9 ]_ o ) 0.1 2.-1· 
2 8.8 l :L~ 11.5 10.1 ·1.0 1.0 0.6 4.0 O•le. 0.0 2 ,, 

3 8.0 12.7 1:.!.5 10.9 10.li 4.1 1.5 0.0 l .(l 0.0 ~.a 
4 8.~ 1~.s 1:!.5 1(1.7 Ht.7 4.0 u 0.5 0.9 -0.2 ~.0 
r. 7 .~) l:U 1 ~.7 10.3 10.7 -1.1 l.4 0.6 0.7 1.9 
6 7.9 l :U 12.9 9.8 10.0 1.:! 0.7 0.5 0.0 1.7 
7 8.0 1 3.~ 1:\.0 9.0 1u.o ·1.0 1.0 1.0 U.5 n.a 1.7 
8 8.0 1:U 9.~ l OA 4.0 3.0 o.s 0.9 O.:J UA l .C. 
0 8.0 12.8 1:U 8.:1 10.3 n :2.7 J.l 1.2 u.o 0. 1 J.6 

1() ~.a l :.!.fl U .O 7.5 l0 .5 4.2 3.0 ~.2 1 .• o.x 0.1 l.O 
11 S.li l ~ . :i 12.8 0.3 9.7 ~A :!.5 0.0 Gale. L l 0.5 -0.2 HI 
H 8.7 1~.0 1 2.~ 9.3 ~A :.! .~ 1.5 1.9 0 ·• -0.2 1.8 
13 8.0 ll.S 12.8 8.8 -1.5 :!.:3 (t.S 1.7 0 .• 0.0 2.1 
H .9 11 .6 1 ~ .7 6.1 s.:l ~ -· ~ .. l l.i 1.11 ...JJ.·I 0.7 2.6 
15 9.1 11.!) 12.8 5.7 7.3 .J .a 2.3 l,ii 3.1] Gale. O.l 0.1 2.7 
10 0.:! 11.2 1 ~.!1 6.0 7.1 4.4 2.6 l.i 1.2 u.u 0.·1 2.0 
17 9.:1 11.3 1:!.1 5.0 7.1 4A :!A 1.3 0.2 -0.3 l.U 2.8 
18 0.4. IU I:J.2 o.s 6.0 -1,2 ~.5 1.4 u.s -0.7 I.U a.o 
19 ll .f> 11.:3 la. l U.5 fi.iJ ~ .0 :!.:2 0.0 0.9 - 0.5 u 3.1 
20 0.7 11.3 13.0 6.5 6.1 4.1 2.0 0.5 0.9 u.o 1.0 :!.7 
21. 10.2 11.4 1:1.0 6.4 4.0 :J.S 1.8 0.5 0.3 -0.3 1.7 2.6 
22 10.7 ll.U 13.0 5.3 4.2 3:s 1.4 0.7 1.3 u.o 2.U 2.0 
23 11.7 11.6 1~ .9 5.3 3.9 :UJ l.fi 0.7 :1.0 0.1 2.0 1.0 
u 1U 11 .4 H.O :w 4.1 1 .5 0.9 1.-L u.o l .M '1.0 
25 11 .0 11.3 12.0 0.0 3.& 1.5 0.~ 1.2 0.~ '1.7 1.3 
26 1 ~.:1 11.2 12.R 6.5 3 .2 1.3 0.9 1.0 -0 .~ 

. 
2 .0 J..l 

27 1 ~.~ 11 .~ 1~.7 fl.O 3.1 u l.u 1.0 0.0 0.0 2.8 ] ,[l 

28 1 ~.u 11.7 12.4 7.5 :1.2 4.4 1A l.O 1).1) 0.0 

]3 1 
2.~ 

20 12.4 12.3 1 ~.3 8.5 :u 4.4 1.5 1.0 l.l -0.3 2.1 
30 12.ll 12.0 8.8 a.r) 4 .-l L~ 0.9 1.2 -<!.·~ 2.ll ~.6 

31 12.9 1 11.7 3.6 u.u ..(). l 2.6 



-\ P P E X n f X B.-D A I L Y G AU G E R E G I S T E R S. liii 

Records f m· 18 61. 

Carrollton.-Obsorver, In. W. JI . WILLTAMS . 

Date. ,January. February. lfnrch. April. May. Juno. J uly. August. September. October. NoYcmbct·. December. 

1861. C'g• Wind. C'ge i Wind. c·o-' rn,d . G'a• 
1 ~."! !l.5 ll.l 9.7 1Vi11d. G'ge Wind. C'ge Wind. C'ge IYind. G'ge Wind. G'ge Wind. G'ge Wi11d. G'ge Wind. G'oe Wind. 
2 :!.9 9.t~ 1!.2 o.u 
:l 2.0 i.l.ll 1U 9A 
4 :?.9 9.;; 11.11 9.3 
5 2.7 9. tj 1!.0 9 .~ 
6 '2.7 9.7 1l.l B.7 
7 2.7 9.9 11.0 9.7 
8 2.5 10.0 l l.l 9.7 
9 2.5 10.0 11.:! 0.7 

10 :! .5 10.6 11.2 0.8 
11 '2A. l U. l ll.1 10.2 
u 2.3 10.0 11.0 1o .. ; 
13 :!A 10.0 1l.l 10.u 
H 2.5 9.7 11.1 !1).9 
15 3.1 9.5 ig:; 11.2 
16 2.7 9. ~ ll.O 
17 3.1 9.6 10.6 1U 
18 3.o 9 .3 10.5 l1.3 
19 3.5 9.5 10.3 11.4. 
20 3.6 9 .7 10.2 11.7 
'21 3.9 13:~ 10.3 11.0 
:.!'2 ~.0 10.2 12.1 
23 ~.3 10.2 0.2 12.3 
2-1 ~ . 2 10.7 l OA 12.4 
2.5 -1 .7 lOA 10.6 12.5 
2G 5A 1 ~.~ 10.6 12.6 
27 G. I 10.0 JO.G 1 2.~ 
28 6.9 11.0 10.5 m 2!) 7.5 lOA 
30 8 •) 10.3 12.8 
31 8.6 10.1 



liv REPORT ON TilE l\II S SI SS IPPI RIVER. 

No. 2.-RECORDS OF DAILY STAND OF TRIBUTARIES .AND BAYOUS. 

Obse1·vations upon the Ohio n ver. 

Observati ons on th e "Picr-1nn.rk" at Pittsburg, during th e years 1858-5!). Compiled from THE Lou1svrr.LE Cou nT En. 

---
Dnto. J nn. F eb. Mnr. .i\ pr. May. .June. ,/uly. Au: [Sc J~ 0 l. Nov. n ee. O•tc .

1
~ 

• I I I I I 
Aug S"pt. O<'l. Nov. Dec t ob . )!.lr. Apr. (J.ty . .Jnnr . . }nly. 

-- -- -- -- -- -- --~---1-- --
1858. G''fl' · c·,qe. G'ge. C'ge . C[;e. C'ge. C"ge. G"gc. G'ge. G'ge. G"ge. C"gr. Js;;n G'ge. G'ge. G'ge. C'gr. (!"!7C. C'gr. G".qe. tJ'gr. C'ge. G'ge. (,"ge. G'ge. 

1 ] :\.:l [).7 :ui ti.O 0.5 1,">.0 u :2.:2 ~. tl J.u :!,,) 8.S 1 9·0 •,t 11.'2. , ,I 11.1) 

I 
3A G. l l.li 1.7 • . 2 :!U 4.8 

2 11.1 5.:1 3.0 6.0 16.5 4.0 ·I.U ~.0 2.5 :! .. r., ti.:! •> 9·0 8.<) 10. 1 f 7.7 fi.~ a.:\ 0.11 1.•1 ~.8 4·! 2.0 5.0 
3 !J.O 5.0 7.tl 5.5 7.0 1:!.9 4.0 4.0 2.0 J.5 :.U.i 5.-l 3 !J.IJ 0.9 9·5 7-2 S.5 3.5 fl.') 1.!\ 1.6 4.5 2.:\ 8 ., 

4 R.5 5.0 !\.0 6.!) 7.0 10.8 4.0 4.0 2.0 J.3 :!.U 7·J J 8.1 o.q b.~ O.f> 7.7 3.S 6.6 1.7 l.tj 4.2 ~.3 
1f:g 5 8.0 5.0 5.5 5.1 7.0 1 l.O 4.0 4.0 2.0 4.1 :.! .8 9·) ' 5 j .1 6. i 8.7 6.1 7.0 I 3.7 7.4 3.0 J.6 ~ •) ~.3 

6 i .5 4.u 5.5 4.7 U.fi 12.5 4.0 :\.\) ] JI 3.7 4.2 11.4 G u.s n.:, 8.7 0.1 O.!i :T.u 0.8 ·1.8 1.3 4.0 2. 1 11 .0 
7 7.0 4-! fi .O ·1.5 9.:! 1:!,5 :J.~ 1·7 Hi ;1.0 4.0 1:2.0 1 j 6.s G.1 !>.7 Cl.S b.~ ;!. I 0.0 6·4 1.2 . ~.5 2.0 H 5 
8 6.6 4.0 4.0 5. 1 l U.5 1 ~.:; :3 .7 l·S l.ti n ;.o Hl.S. 8 G.l fl."2 10.0 5..! ;.; a. ~ r,. l. 5.\) 1.1 2.0 2.0 11;.6 
9 (j·) ~ .0 4.0 ;.o 9·5 10.5 :t{) J.! 1.6 J.S [l .ti 1 ~.0 I 0 6.! 5-J 11 .5 9.1) b."l 3•) J,j 4.0 1.0 2.3 2.0 14.0 

10 !i:~ 5.1 4.0 4.9 ~.b 10.9 :u J.O u l-7 5·7 11.1 10 u.u S·l t-.!:2 9·7 -1.9 ·H 4 ·1 "l.~ 1.0 2.7 2.0 11 .0 
11 6.0 4.\) 4.0 6.2 R.O 1 l.J 3.u ~.6 1.5 4.0 ().8 8.1 1l 5."1 5 .~ I 1 0.~ 10.2 ~.8 4.5 4.0 2.-l 1.0 1:2 2.0 9·5 
1'2 G.O 3.7 fl.& s.o .ll.O 1L 5 J..l 2.6 ).5 4.:! {),3 7·6 1:! 5.5 5-l 10.0 Hl.7 4·6 4· ' :!.G '1.:1. l.O 2:1 ! ·5 R.O 
13 li.O u 10.0 1;1.0 12.3 12.0 u ,,6 1.5 4.0 4·9 ti.!) 1"' 0.0 ;.2 10.7 ] :!,() 4.5 J.{i 3.7 2.1 1.0 2. 1 ; .2 7-5 
H 7 .:! 3.G l fl .O H.O )1.0 12.) i .0 :2.6 ) .5 3.7 4·5 10.2 14 li,fj 6.0 1(1.8 11.2 4.-l :J.8 :3.5 4-0 o.o :.?:.! (),;) 7 .II 
lii 8.2 ~.G 18.5 13.3 10.1 l:!.K 7.0 2.4 1 .fl J.l> ·l.ll 1:!.0 15 0.4 5·9 1 J O.O 

12.0 4·2 4.3 3.4 U.IJ J.2 2.2 7.0 G.2 
16 8.8 3.6 12.0 1.'.!.3 1.11 .1 10.5 G.:! 'l.:~ 1.5 l·S 4.0 :..~.2 11) li.S (j ,$ 9,[1 11 ,0 ~.0 5.8 :u 5.0 H 1.0 7.0 5.~ 
17 0.4 :J.6 'l ·l 10.8 10.2 2:3 s.6 'l:l La J.4 4.0 l li.f> 1i ' .1 H .2 9.5 111.0 .IJ R ·) 3.6 u 7·7 :!.0 li.il s.s 
18 0.:? 3.0 q .6 ~~ 11 .4 6.0 2.0 1.5 a. I 4·0 U.R 18 'i .l\ H .5 9.0 9.3 :J.S i / 1 ·k2 !J.Ij 2.0 ·I.N s.s 
10 0.2 3.6 l li .O .5 11.5 7-J 4-5 :!.0 J.!i u 4.0 10.7 10 i .1 t S· l 11.0 ·.:1 :l.ti j .:l 3.9 4.1) 9.0 2.1 fi.O ; .8 
~ 8.; 3.0 14..1 11.3 10.0 6.) 4.0 :!.0 1.5 .1.0 1·9 S.H :20 6.7 J6.o l l.J 7.8 :1.5 j :! :1.0 ;.r. 7.0 2. ~ f>. l 5.9 
21 i.3 3.0 1 l·5 10.3 0.5 5.H 4.0 1.0 1.1 2.7 !·7 8.~ :!l (l•J !0.7 13.'i . 7 .R ·I.U j :2 .u ).2 U . ~ 2.8 7.2 lUi 
~~ 0.4. 3,1\ 12-5 1:!.5 8.7 5.3 3.5 ;:s 1.1 2.6 :w ] II .II :l:! 7-2 H.5 n.5 1 1.5 3.ti :,.s 4·0 :z.o -1.5 2.7 7.5 G.O 
:l3 6.1. :l.G )1 .5 1~ .5 8.0 ;.o :u 1.1 :2.5 :}.[) 10.8 :.!.1 li.r 12. ~ 11.\1 q .o .J.I) 5.fl 4.0 :!.!"> 5.:3 2.7 8.0 b.B 
2~ 6.o 3.0 10.0 1:.!.5 7.2 4·7 3.1 1.0 1.4 J.J :l.5 11.5 :!-t li,IJ 111.:1 10.-i ] ~ I .. ) :1.8 i"l.:\ a.r1 '2:.! s.o 2.ll 7·4 4.6 
25 5.9 3.6 9·5 1o.; 7.0 4. :1 J.O 1.5 u J.:.? J.6 10.0 :!.) 7.1) !1 .5 11.0 li L;') 4.0 ti.U a.ll :!.U 4·7 2.6 U.N 4·8 
2G 5.7 3.G 8.8 8.0 2~.0 5.0 'l. i 1.0 H 4.0 :J .7 8.7 :!fi u.~ tO.! n.:J 17.5 :J,Il 6.0 3.;1 1.7 .1_+ 2.0 6.) ;.2 
27 5.5 3.6 s.r, 7.8 I 2:1.2 H 2.7 1.5 1.5 J.O 3 .. ~ 7.1) :!7 fi.i 11.2 1~.0 1 "!)) :l.5 6.0 ).0 2.0 ·L:.! 2.8 ;.8 5·5 
28 5 .~ 3.6 7·8 0.0 ' 9· ! 5.5 2.fi 1.5 1.0 3.2 J.Q 7.5 28 ().fj 12.0 \1.8 :!:!.5 :u 5.8 :!.i 1.9 4:2 2.8 5.5 a.S 
29 7.0 7·2 (i.-1 1 15.i"l ) .0 2.) 1.7 1.0 1·2 J.ll s.:l ~ S.o 

I 
9.0 ]ll,l) :\.:J 5.6 :.!.:\ 2.0 -U> !> .3 5.8 

30 (i.8 6.5 6.0 14·1 ~.5 '2 .2 l .i 1.6 2.8 11.0 8.0 30 0 ., 
s.q 1 15.6 3.~ 6.0 2.0 2.1 r1 .0 ).0 5.5 

31 6.! 6.3 13.0 2.2 1.8 2.6 .8 31 9.1 S.G 3.-! t.S 2.1 I ;..I 

Observations ~pon the Ohio 1·iver-Continued. 

Ob ervn,t.ion s on th e " Cnn nl-mnrk" nt Louisville, in 1858-:j!), ompiled from TuE Lou rsvJLLF. CounrF. n. 

Ddo ~ ~o> " ":: Ao• '"' ::: ·' "'' A•• " ' '' ~~ No• "'' !' """ ; '•:::: '"' I "':: ~:: I " "':: ·'""' '"'' A ,,:I"" Oo~ I Noo.l ""::_ 
1 o8. G',qe. O'ge. 17o•. G'ge. c·ue. C',qe. r.•ue. C'ge. C'ue. 17gc. G'.r;e. G'gr.

1

1 ;,n. C',qc. G',qe. IG"ar. (;'ge. r.•oe. c·ge. G'f!.•· 17ge. C'r;e. Go•. O'ue. G oe. 
l U.O 6.5 7.2 fLO 9.·~., 11.0 !).2 .~ .6 ~.0 2.0 3.0 5.1 1 8.9 i.a 18.0 !I.U :!iJ) .j ., .J .1 3.0 :\.5 5. 1 :.U U. l 
2 9.2 6.5 i .U 7.0 i> 1 ~.0 5.0 •>.5 2.·1 1.8 j .2 5.0 1 2 s .o ; .:J rS.o 0.0 ~~1.0 -1. 1 4.6 :1.0 :\ .3 5.0 ~ .1 7.0 
3 to.S 7.0 7.fi 6.7 R.O 1J.ij ;,.Q ·lA 2.6 1.7 a.5 5.5 3 U.1 7.G t 8.o 8.0 27 $ 4. 1 Hi 3.0 J.t 4.8 3.0 7.:! 
·I tt .J 7.0 7.ti G.f> 8.; 11.0 !i.O 4·1 2.5 1.7 :1.2 5.6 4 o.r. 7.s 1».0 i>.il 2i> .:J J.<J 4-S 2.8 :1.l 4.0 2.0 ti.H 
5 1:?.0 7.2 8.0 7.5 !1.0 1 r.o r, .o 4 ·) :l.5 2.0 3.1 5.7 b !l.;) H.O t) .'l h.~ :'?:!.a :t-7 ·Lb 2.H :u -LU 1.9 6.fl 
6 1:!.0 6.7 7.0 7.3 fi .O 11.0 5.0 4.1 ~. 5 2.1 J.o 7.0 lj 9.:! H.O 12.0 U.O 1:\.U :\.11 4.:\ t.Q :\.cl J.cl •> k R.O 
7 1-1.0 6.6 7.0 (1,7 !1.0 12.5 4·8 .l·'l ~.5 2.1 :1.0 i.O 7 I !U ~ .0 !).II !1.7 ll .O :l.li 4.:1 3. 1 2.0 4.4 2.8 10.5 
8 q .s o.5 7.0 o.s 9.2 1:1.0 n .u 2.5 2. 1 a.z 7.0 s 8.9 ' 78 ~-? Q.o 1r.• r 3.1l 4. 1 2.9 2.2 ;.; 2.1 1 ~.0 
9 tr .S li.5 u.5 6.0 U.5 1 ~ .il 4.7 4.0 ~A 2.1 :u; 7 .i 0 S.li 7.7 H .. > g·l '·O 3.7 4.1 ·> S 2.7 -l.ti 2.7 13.5 

10 11J.O O.:J 6.1 6.7 11.11 lll.;, 4.1i • . 0 2.4 2.1 3.7 &.7 10 ~.() 7.7 !> .5 7.7 7.:) 3.7 4.1 2.7 2.11 4.fl 2.6 ! J.O 
11 7.8 0.1. 0.1) 7.5 " ·7 11.0 4.ti 4.0 1.J ~.! 3.7 92 Ill 7.1 I 7.7 !>.5 7. :! 7.0 3.1J -1,4 2.H Vi ·1.·1 2.0 12.) 
12 8.0 !i.6 u.o 0.0 12.5 q .o .u; 4.1 :!.~ 2.1 :1.7 I 0.7 12 ; .0 1 S.o h.:) i .o 6.5 :t il ·1.5 :!.S :?.ti 4..:! 1.1 J :!.u 
1 ~ 8.0 ;.8 7.0 0.7 ll.ll li.O -1.7 ·1.2 ~.0 2.•> 3.7 9.5 13 6.0 H •• ', 1 f-.li U.ll li.l U 4,6 J. r 2.0 ·1.1 ~.7 r r. s it 8.0 ;.7 S. l ,,5 111.7 17.0 4.7 4. 1 2.0 2.0 4.0 n.o II 1-1 H.:; K - K7 11 .0 li.O :1.7 ·lA :l..l 2 .~ o.ll 4J> "Jl.U 

)!\ u H 1:~ ~ ~:~ ; ~:~ i ~:~ ~:~~ t~ ~:~ ;:~ 1:g 1 : ~.:: • l ~ 
1 

t:~ 1
1

9

1
1:_:

1
• :.~.-.· .:~: :~:~ !,:~ j:': 1~ g ~:_:,t .

3
!:_!,. 1:~ ~:~ 

17 o v . ; to.; JY> 17.5 ;.2 3.5 1.9 3.0 4.0 I 1h.O li 7.0 10.7 5 ·• -1. 1 4.0 3.6 _ , ~ .0 8.2 
18 i.G 5.3 6.0 ll.O J:l.tl 17.0 o.:> :1.~ r. ') :J.IJ .J. I) , 7.7 1 ~ il." 1i.ll 11.7 10.0 5.0 4.s :1.6 :1.1> 2.:\ 3.~ .J. fi H.O 
10 7.6 5.3 8.0 r t.o 1 ~ -" t.p 5-7 3.~ t.S 3.0 4.1J 17 .o 

1

1 u I u.G 21 .o 9.s '>.0 i> .O 5.cJ :l.5 :J.;, ~.:1 :!A ; .; H. J 
20 7.8 H 9·5 tt .o 12.0 ll.o il.ll 3.0 1.8 3.0 ;.8 , 7.1 :!o 0.5 :!'.1.0 11.0 10.11 b.O 5.:\ :!.3 3.H 2.3 3.o 11.6 8.7 
21 8.0 S-4 11.0 11 .0 tt .2 0.0 6.2 J .O 1. :U :1.7 17.> ~1 7 .<) :!~ .0 1;!:') 10.0 5.0 5.11 :!,2 3.8 ~.:1 3 ·> 6.0 ' ll 
22 R.O f>.5 10.7 11.0 to.J 9.0 6.0 :1.0 1 .i 3.2 3.7 17 .o "!"1 7.5 ;~;.5 15.0 n.o 5.0 u.:l ·3.u 4.1 o.o :1.1 6.5 s:2 
23 8.0 5.5 10.5 11 .0 0.5 S.o fi .S :3.0 1.7 3.2 3.6 14 .1 ~ .1 ;~\. ; 14.0 12.0 5.0 ii.i J.o 4.11 li.3 :1.1 liJ> 7.7 
2-1 7.-1 5.q 10.5 10.5 9.0 7.0 5·4 2.0 1.7 :l . ~ 3.tl 1 J.i 2-1 o.:l :J.J.U 14 .,"> l :l.<J G.O 0.5 a. I 4.11 6.4 :U 6.6 1.4 

~~ ~:~ ~s ~~:~ i ~ :g n:~ ~:~ ~:~ ~-~ g u u ; ~:~ ~~ :::~ ~::~ : : :~ : \:~ :: :~ ~:~ ~: } ~:1 ~:f; tg ~:~ ~: : 
~~ ~ :g ~J ~:I i b:~ it3 ~:~ n ~:~ U ~:~ :U l :: :~ j1 ~-T, i~:~ ~i::: ~',1:~ : :~ U :::g t~ :::~ t~ !,:~ ~:?, 
20 7.0 s.s Joi.O r4.o 5.5 -1.11 H> t.S :1.0 3.5 !l.f• ~~~ 7.9 1 ~ .11 :!:lJI 4.7 5.~ a.o 4.0 G.u a.o o.o i .n 
~~ 6.5 R.o 9.5 14.0 5.4 3.8 2.5 1.9 3.0 ·1.0 !>.o 

1 

:~1 7.1! 10. 1 ~.i.O 4.0 5.0 ;1.0 a.n 5.3 3.1 0..1 7.1 
6.; 7.o J.J.o J-7 ~.5 3.0 &.o 31 7.5 u.s 4.5 3.1 3.7 3 ·• 7.0 



APPENDIX B.-DAILY GAUGE REGI S TERS. lv 

Observations upon bayo'l.l Tens as at m·ossLng of TTiclalia and Harrisonburg ?'oacl. 

fl ood of 18-14. I F lood of 1849. l'lood of 1850. l' lootl of 1858. 

Date. I Ga'gc. ~I Date. I Ga'ge. 

n cm.nrkFl . 

Hcmarl<s . Date. Ga.'gc. Date. Ga'gc. Jt cmarl~ s. Dato. Ga'ge. n rmn.rl\8, 

--- ----- --
1'4-1. F'e-t. I 18-19. Feel. 1850. Feet . 1850. Feet. 1858. Feet. 

.J uno 7 45.~ Apr. 25 -14.4 .Jnn. :22 40.0 M ch. 1:\ 48.7 l)revious to .t\ pri l 9 38.7 'l:hcse rccorcls 
8 4i> .5 I 2< i -14 .5 23 40.3 14 48.8 tho 18th of Ma.y 27 43.5 were present-

13 -t5.G 27 4-l.a 24 ·10.7 ] !j 48.9 Janunry th o 31 'J:J.5 cd to tile Sur-
21 46.1 2' -14.7 25 41.0 10 48.9 bayou hnd Jnno tl ·1·3.0 v e y l) y MR. 

July 

gl 
4!iA 2:1 -14.8 26 ·ll.:J 17 49.0 been r i.si og 12 43.7 lf. J). i\.f.<NDE· 
.Jii.7 31J .u.u 27 ·11 .4 18 49.1 about one 15 43.6 IVIJ.L E, by whom 

.J Jlj_ 9 May 1 45.0 28 11.6 ] 9 48.9 foot per day. ] tl 43.6 th ey were kept . 
5 .JT.O 2 ·15.:! 29 ·11.8 20 48.8 J7 '13.6 'fhey lun·o been 

~ , -l7 .:! 3 1 4;).4 3\l 4LO 21 48.6 18 43.7 ret lu ced to the 
47.4 4 1 ·15.6 31 41.1 2 2 48.6 ] 9 43.9 

1
samc :\bsolu te 

8 -li .5 ~ I 45.8 Feb. ] ~ ·L:l 23 48.3 21) 43.0 z e ro as the 
9 -li.6 46.0 3 4L4 24 ~8 .3 21 43.9 gaug;e kept nt 

111 I Jj .7 ' ~G :l 4 -t ~.tj ~-l ·18.0 2::! 44.0 Nate h e~, hy 
11 4/S 

]31 
~6.4 5 4::!.7 2fi .fj' .7 :?;{ 40.9 III Cfl ll S o f tile 

]~ I H.S -hl .G 0 - 1:?.~ 2i ~7.4 2~ ~:J.9 le vel sunCy in 
]:\ 47 .0 -!lj.T 7 -1:!.0 2S 47.0 23 ·10.9 clwrgo of i\J R. 
II 4 ~.0 ]I 46.(j 8 .j;J.l 30 ·lti.5 2H 40.9 I'AT1'JSON, madc 
J j 4'.0 1:! -Hi .. j 9 J :J.I 3 1 .:u.o '27 ·13.9 in J850. 
Jt; I 4S.l ] :l JU.J l ll ·13.3 1\ pril 2 46. 2 ~s 44.0 
] .~ -~-~ . 1 H -IH.:J 

II 

11 .J:JA 5 4u.o 29 .J..J..l 
19 -~-~. 1 ) j .Jl\.1 ) 2 4:J.H G .Jo.o 30 .J..I.l 
:W J" .l :.n 45.7 From tho r } :\ 4U 7 +6.0 ,July 1 -H.2 
21 .~.1 21st of M :ly ~ H .J..I.:\ 9 ·IG.O 2 M.2 
::!~ J, .1 foil rapidly 1 ] il H .5 17 ~8.2 3 -l-4 .~ 
2:l J',,O to low wa- 1u -1-l.li 18 4" .3 4 ·1-t.:\ 
:!~~ ·~ !) tcr . \Ya f.l 17 -14.8 19 -!8 .3 5 <14.~ 
2;) 47 .9 very high 18 45.0 21 48.4 ti -14.5 
26 47.8 I iu Decem- 1 

1~ 4U :!~ 48 .-! 7 -14.6 
27 -ii .i ber, 18~9 . 20 .t;) ,'l 

27 1 
~8.5 8 ·14.7 

2>\ -~i .7 21 45.5 ?S 48.5 g 4-1.9 
29 -li ,5 :!2 45.8 29 48.5 10 45.1. 
30 .ti. ;) 2:~ -!5.9 30 48.6 n 45.1 
31 47.3 2·1 ·lti. l May 9 -lfl.i 1:] 4il.2 

Aug. ~ 47.-1 26 46.4 1:1 49.7 13 4 5.~ 
.J j .'.! 27 46.7 H 4~.7 H 45.5 

i\.lch. ~ -l G.!J .Jnnu lG -ln.l J.i\ 45.7 
5 47:2 18 4S .7 16 45.8 
G 47 .:! 19 48.1 17 45.9 
7 47.5 2•2 47 .6 Aug. 5 ~0.7 Fell from 
8 47.6 23 47.1 th is Jf\te to 
9 47 .7 24 47.0 low·w at o r 

10 48.1 27 40.8 ma.rk. 
]I 48.3 July 1 44.1 
1".:! 48.5 



lvi R E P 0 R T 0 N 'l' HE M I S S I :::3 S I P P I R IV E R . 

No. 3.- TJDAL OBSERVATIONS WITH SIMPLE GAUGE-RODS. 

These observation s are so numerous that a synopsis of the most important results is prefixed. 
It is presented in the foll owing table, which exhibits the gauge-readings corresponding to the several 
headings :-

Dato. 

----~L_a_k_c_r_o_n~tc_h_a_rt_r_ai_n~· -----l~'----~-u_·_•k-·o_l~lo_r_g_n_o ._~---ll----~n-"_Y_o_u_s~·t_. r_·l-'i-li_P_· ~----
1 I Mean 

?!lcnn Mean 
high tiuo. low tide. 

lUcan 
tidal OB­

ci Ji ruion . 

1\fenn 
level of 

htko. 
. M ea~ Me~n ri tla l OB· 

htgh llde. lo w u<.Ie. c illation. 

1tfcan 
l ovcl uf 

lake. 

- -------- - ------ --- ----- ---- -------- -------- --- ---- --- ----

l'cbruary, 1851.. .... .. .. .... . 
M n.rch H 

I 
April,' 
?I lay, 
,Tune, 
.Jul y, 
Aug ust, 
September, " 
Octobt r, " 
November, " 
DO'cemhcr, " .... ......... . 
J nU\HHJ: 185'2 ... ............ . 

Feet. 
8.3 
8.0 
8.2 
8A 
8.2 
8.1. 
8. 2 
8.0 
SA 

F eet . Fe't. 
7.7 0.5 
7.6 0.-l 
7.n 0.3 
8.1 0.~ 

7.8 OA 
i .R 0.3 
7.8 OA 
R.O 0.3 
8.1 0.3 

Feet. 
8.0 
7.8 
8.0 
8.2 
8.0 
7.0 
8.0 
8.7 
8.2 

I 

Put. 

-1.2 
~ .l 
4.1 
4.3 
4.9 
4.3 
~.0 

l '<et. 

~-0 
3.0 
2.0 
3.1 
3.7 
3.'.! 
2 .~ 

Feet. 

J. Z 
l.l 
) ·> 
1.2 
1.~ 
1 .1 
1 .1 

Jieet. 

3.0 
3.5 
~. 5 
3.7 
4.3 
3.7 
3.4 

J'ee.t. 
:1.:1 
3.3 
3.5 
3.7 
3.7 
3.7 
3.7 
4.2 
3.9 
3.7 
3.-l 
3.8 

Fu t. 
2.~ 
2.7 
2.7 
2.-1-
2.2 
2.2 
2.6 
3.3 
2.7 
2.~ 
1.8 
1.5 

Fl'et. 
l.l 
0.6 
0.8 
].3 
1.!'1 
1.5 
1 .1. 
0.~ 
] •> 

l .:l 
1.6 
1 .3 

Feet. 
~.8 
3.0 
3.1 
a.o 
2.9 
2.\'\ 
3.1 
3.7 
a.3 
:l.o 
':!.6 
2.1 

Mean ........................ ~~~~~~~-:;-~~-~~-~~ 

The detailed observations from which the above mean results are der·ived will be found m the 
following pages . 

Ln.ko Pon tchartrain. Lak o Dorgno. II llnyou St. Philip . 

Wind . Gnu go. Wind. II On.ugo. Wind . 
Gnu go 

Tid n1 'I 
Bench offL>rt rends 6.0. 'ricin. I 

Date. Ti me. ( 1-CI'Q Itt Time. o:<c il-
'rim o. 0:-!C il-

botlom 
lntion. I ) Jean Ju.tiou. 

of ennui). Dirac- Force. High J~ow Dircc- Force. ll igh Tjow read- ])lrcc- Force. 
tion . ti<lu. tide. tivn. 'I 

tido. tide. ing . tiOII. 

- ------ --- --- -- -------- - - --- -- ---- -- ---- -- --- --
1851. h. 1)1, , Feet. h. m .. Fut. Feet. F'ctt . h. fllo. 1•\:et. Feet. Put. Feet. 

.Tan. 30 6 25 a.m. 7.6, 

" 5 35 p.m . 7.2 
31 M. 7.5 

" 5 40 p.m. 7.3 
~·cu. J 7 00 ll..lll. 7.7 NK 3 

1
10 00 p .m. J.04 E. ~. 

~ I \) 00 p .l ll . 8.5 a 
IJ no a. ul. v.o S ll. 1 I 0 1.5 p.m. 2.-15 3.2 l.iiV 

:;I 
!) 00 JU!l . 8.1! 1 
GOO ll. ll l. 8.5 NJ.:. 1 1 00 11. .111. 3.00 rnlm. 0 

" !} 00 Jl . lll. 8.1 :-<W. l 10 30 n.m. 2.20 2.9 1.21 S J.: . I 

" 10 OR p.111. 3.33 .~N \\r . 

-1 9 00 a.m. 8.2 1 o a11 11 .111. 2.37 2.8 0.90 N. 2 

" U 00 p.m. 7.8 2 11 ~ll p.m. 3.~ " I 
5 (i :J0 !l.Hl. 7 .li N. 1 11 ~~) u.l> l. 2.29 2.8 1 .00 NNK. 2 

" !l ()1.) ,} , Ill. 7 •) N W. .I 10 -\1) p .111. 3.23 w. 2 
0 ti 20 a.m . 7.1 w. 1 I it {)() ll. lt\. 1.79 2.5 1.-1 0 I 

" 0 00 p.m . G.9 sw. l ~ 3<) Jl .lll. :1.2.) Cnlm . 0 
11 10 p.m . 1.75 2.0 0.50 0 

7 0 00 !l..m. 7.0 HE. 5 Oi tUII. 2.33 0 
:: 12 00 p.m. 7 •0 " ~ :10 a.m . 2.20 2.2 0.13 1•' 1 

81 6 30 n.rn . 
6 00 p.m. :!.58 l 

7.1 1 4 ou ll . lll. 2.00 2.3 0.58 Calm. 0 
" 12 ()()p.m. 7 .~ 2 I i lO Jl .lll . 2.79 S l·l. 1 
9 !) 00 a. IH. 7.2 3 "'· 2.08 2.4 0.71 5 

" 0 00 p .m. 7.7 s. 3 7 00 p.m. 3.16 HW. 1 

10 0 30 a.m. 8.0 \\r, h {)() (\ , IJ). 1.83 2.5 1.33 .. 4 

J,L 7.8 ~ - •> 7 UO p .111 . :J.OO NW. 4 

" 1~ 00 p.m . 7 .·1 -~ ~: . ;) 6 10 fl.Til. 2.25 2.0 0.75 N. 4 

11 :J 00 p.m. 7.1 X II'. 2 OOi p.m . 3.75 2 

] ;l l ti 20 n .. ut. 7.6 ?\' E. 2 R 10 lUll . 2.71 3'' 1.0-l N E. 4 

" 0 00 p.m . 7.5 2 0 40 p .lll. ~ -00 K 0 

13 ti 3U a.m. 8 .~ K 3 r) ao n.m. 2.54 3.2 1.40 4 

" I 6 00 p .!ll, 8.0 S E. 2 11 20 p.m. 4.16 Cnlm. 0 
H I 0 30 ll.lll. u.-L H. 1 9 30 a .m. 2.20 3.2 1.87 f\ . 1 
"ll2 00 p.m. 8.7 " 1 111 ~u p.m . 3.83 sw. ~ 



A P P E ~ D I X B.-D A I L Y G A U G E R E G I S T E R S. lvii 

Lake Pontchnrtrnin . 

Gauge I Wind. 

Date. Time. ( 7.Cr Cl at ------1 
bottom 

------ - ofcanal).

1 

~:~~1~· f'orce. 

l o 5l. h. 7>t . 

}'ob. 15 9 OU a.m. 
•· 9 00 p.m. 

16 9 00 a.m. 
•· 9 00 p.m . 

17 9 00 a.m. 
II M. 

18 10 00 a.m. 
1

' 6 00 p.m. 
19 6 30 a.m. 

" 9 00 p.m. 

20 2 00 p.m . 
'· 6 00 p.m. 

21 6 00 p.m. 
" 9 00 p.m. 

22 11 30 n.m. 
" 12 00 p.m. 

23 6 30 a.m. 
>! . 

2.1 9 00 a.m. 
" 9 00 p.m. 

25 }1. 

" 12: 00 p.m. 
26 6 00 a.m. 
" 6 00 p.m. 

27 6 30 a.m. 
'· 6 00 p.m. 

28 9 00 a.m. 
H 12 00 ll .ffi. 

March 1

1 

6 30 a.m. 
'· 6 00 p.m. 
2 6 30 a.m. 
" 6 00 p.m. 
3 6 30 n.m. 
" 6 00 p.m. 

6 30 a.m. 
" 6 00 p.m. 

6 30 a.m. 
:: 12 00 p.m. 

6 6 30 a.m . 
•· 6 00 p.m. 

7 ! 6 40 a.m. 
;; 9 00 p.m. 

" ' 
~ 7 00 a.m. 
:: 10 40 a.m. 

9 ... 
11 12 00 p.m. 

10 "'· 
•· 12 00 p.m. 

11 >l. 
u 12 00 p.m. 

12 6 30 a.m. 
" 6 15 p.m. 

13 .. . 
" 12 00 p.m. 

H ><. 
" 12 00 p.m. 

15 00 a.m. 
11 6 00 p.m. 

16 6 00 a.m . 
•· 6 00 p.m. 

17 6 00 a.m. 
" 12 00 p.m. 

18 9 00 a.m. 
"I 6 00 p .m. 

19 6 00 a.m. 
11 3 00 p.m. 

20 6 00 a .m. 
u 1~ 00 p.m. 

21. 6 15 a.m. ... 
22 ... 

•· 12 00 p.m. 
23 \ 6 00 11.m. 

Fu t. 
9.1 

A 
.5 

8.0 
8.2 
i .S 
. 0 

7.7 
7.6 
8.2 

8.3 
. 1 

.0 
7.9 

7.6 
8.1 
7.7 

.0 

. 2 
j .7 
7 0 

7.6 
8.1 
7. 

.z 
r.s 
8.7 

.l 
7.S 
7.6 
7. 
i .5 
i.6 
i.2 

7.2 
7:2 

7.5 
7.9 

.0 

.5 

. 0 
7.5 

7.2 
7.1 

7.2 
7.6 
7.2 
7.6 
7.3 
7.5 
7.5 
7.2 
7.4 
7. 

.1 

.5 

.7 

.3 

.5 

. l 

.:1 
7.6 
7.6 
7.2 
7.2 
7.1 
7.1 
7.5 
7.4 
7.9 
i.6 
7.9 
7. 

:iW. 
" 

N.K 
E. 
"SE . 
B. 
" 

I ~.E. 
N . 

xw. 

SK 
" s. 
:iW. 
~ .. ~ . 

. ~i 

s. 

:iW. 

X. 

sw. 

E. 

s. 
NW. 

w . 
xw. 

s. 
SE. 

X . 

. t;. 

e. 
SK .. 

xw . 

xxw. 
X. 
r;g, 
w. 
sw·. 
~f:. 

sw. 
:iW. ,, 

3 
2 
2 
2 
3 
1 
2 
1 
2 
2 

1 
I 

1 
1 
2 
1 
3 
1 
2 
l 
1 
2 
1 
1 
6 
3 
2 
2 
z 
2 
2 
1 

1 
1 

1 
2 

1 
3 

3 
2 

2 
l 
2 
1 
1 
1 
1 
1 
2 
3 
2 
1 
2 
2 
l 
1 
3 
3 
2 
2 
3 
1 
1 
1 
1 
2 
1 
1 
2 

Tidal Observations-Continued. 

Lak e Dorg ne. -J _________ n_n_y_o•_• _s_t ._I_' l_•i_h_'p_._:------

Wind. Gauge. Wind. I Gauge. 
Time . Tidnl Time. llcoch offortreads6.0. 'l'icln.l 

----- oscil- I oscil- 1------

---- ~~l.t r~:. -ln_t•-on_. ~~~~".:'.- Force., ____ _ r_i~-~_.' -~-i~_:_: -~i_~r-~_·.~ -lu-ti_o'_' · --D~-~~-~-~·- -F-or_c_c. 

h. ln. Feet . Fed. Feel. 

H 

h. 111.. Feet. 
10 00 a.m. 

0 50 a.m. 3.83 
10 ~0 a.m . 
1 35 a.m. 3.01 
0 45 p.m. 
2 10 a. m. 3.33 
1 10 p.m. 
4 00 a.m. 3.08 
0 20 a.m. 
7 10 p.m. 3.33 
2 OS a.m. 
5 00 a.m. 3.08 

10 07 a.m. 
5 00 Jl. lll . 2.87 
9 10 p.m. 
3 1-! a.m. 3.25 
7 :?0 a.m. 
6 10 p.m. 3.33 
4 20 ll.fll. 
5 10 p.m. 3.45 
5 JO a. m. 
6 30 p.m. 3.21 
6 15 a.m. 
5 30 p.m. 3.20 
5 45 a..m. 
5 ~5 p.m. 3.50 
4 20 a.m. 
7 10 p.m. 3.37 
8 30 1\.m. 
0 15 p.m. 3.37 
9 25 a.m. 

1.0 22 p.m. 3.58 
10 35 a.m. 
10 45 p.m. 3.33 
n 15 n.m. 
tl 20 p.m. 3.37 
tt 05 a.m. 
3 30 p.m . 2.J5 
7 35 p.m . 
0 10 a.m. 2.45 
8 20 a.m. 

10 10 p.m. 2.75 
1 15 11.m. 
4 17 n.m. 2.83 
7 20 a.m. 
7 15 p.m. 3.25 

10 45 p.m. 
4. 18 a .m. 3.50 
0 10 p.m. 
4 10 p.m. 2.95 
8 17 p.m. 
2 15 n.m. 3.12 

11 35 1\.m. 
5 10 p.m. 2.58 

10 ~5 p.m. 
10 15 n.m. 2.95 

M. 
5 30 p.m. 2.95 
3 20 a.m. 
3 30 p.m. 3.08 
4 15 1\.lll , 
3 35 p.m . 3.29 
5 45 a.m. 
5 45 p.m. 3.20 
6 10 n.m . 
5 30 p.m. 3.16 
5 15 n.m. 
5 45 p.m. 3.87 
6 50 a.m. 
8 30 p.m. ~ .1 2 
0 30 n.m. 

2 15 a.m. 4.25 
2 ~0 p.m. 
3 12 a.m. 3.95 
0 00 p.m. 
9 45 a.m. 3.33 

10 15 p.m. 
10 30 n.m. 3.0~ 
11 05 (l .lll. 

2 35 p.m. 3.12 

3 10 a.m. 
2 30 p.m. 3.37 
3 40 a.m. 
3 37 p .m. 3.29 
3 45 a.m. 

. Feet. 
1.06 

2.54: 

2.41 

2.75 

2.41 

2.83 

2.58 

2.63 

3.04 

2.29 

2.25 

2.00 

1 .91 

1.91l 

1.96 

1.95 

2.06 

2.41 

2 .37 

2.29 

1.96 

2.50 

2.5-l 

3.00 

2.75 

2.75 

2.25 

1.91 

2.85 

2.00 

1.91 

1.75 

1.70 

2.16 

2.87 

3.50 

3.66 

2.83 

2.75 

2.16 

1.95 

2.66 

2.70 

.& et . 
2.7 

3.1 

3.1 

3.0 

2.7 

3.0 

2.8 

2.7 

3.1 

2.8 

2.0 

2.6 

2.6 

2.7 

2.6 

2.6 

3.1 

2.8 

2.8 

2.3 

2.2 

2.6 

2.6 

3.1 

3.1 

2.8 

2.6 

2.2 

2.9 

2.·1 

2.4 

2.5 

2.·1 

2.6 

3.3 

3.8 

3.9 

3.3 

3.0 

2.6 

2.5 

3.0 

3.0 

Feet. 
2.17 

1.29 

1.50 

0.58 

0.67 

0.50 

0.50 

0.24 

0.21 

1.0·1 

1.20 

1.21 

1.38 

1.5-l 

1.41 

1.42 

0.92 

0.92 

1.00 

0.16 

0.47 

0.25 

0.29 

0.25 

0.75 

0.20 

0.87 

0.67 

0.10 

0.05 

1.17 

1.54 

1 .50 

1.00 

1.00 

0.60 

0.59 

1.12 

0.48 

0.88 

1.17 

0.71 

0.50 

w. 

N. 

NE. 
" 
Culm. 
SE. 
s. 
Sl>. 
" 

N.E. 

N. 

Cnlm. 
s". 
B. 
S K 
Cnl m . 
NE. 
" 

}jX }}. 
S ~j. 

SS E. 
s. 
SW. 
N~W. 
N. 
WNW. 
NNW. 
N. 
NE. 
" 
Calm. 
" 

N}J. 
S.E . 
Cnlm. 
S K 
s. 
SW. 
W N W. 
" 
NW . 
N. 
NN-E. 
NK 
Calm. 
N.E. 

Calm. 
JlN E. 
Calm. 
S E. 
" 
ESE. 
N)l B. 
E by S. 
J~SE. 
s. 
sw. 
ssw. 
N. 
Cul m. 
NNW . 

NE. 
s. 
B. 

s. 
Calm. 
WSW. 
sw. 

4 

4 
4 
2 
4 
3 
1 
0 
5 
2 
3 
2 
2 
1 
1 
1 
2 
1 
0 
1 
1 
1 
0 
l 
1 
2 
1 
2 
2 
2 
2 
6 
3 
2 
2 
3 
2 
1 
0 
0 
0 
0 
0 
0 
1 
2 
0 
2 
3 
2 
3 
3 
3 
2 
2 
2 
3 
0 
1 
1 
0 
2 
0 
2 
1 
1 
1 
3 
2 
2 
3 

2 
3 
3 
0 
3 
1 
1 
1 
2 

1 
3 
0 
2 
1 
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1.4a ko Pon tchartra in. 

Date. 'l'imo. 

1851. II . m. 
M' rch :l:l ~ Oll p.m. 

2-t ti 00 a.m. 
M. 

25 6 00 n..m. 
'· IZ 00 p.m. 

26 3 00 p. m . 
" 12 00 p.m. 

27 3 00 p .m. 
" 13 00 p.m. 

28 6 45 a.n1. 
" 3 00 p.m. 

29 " · 
" 12 00 p.m. 

30 6 00 ll.lll. 

H 6 00 p.m. 

31 " · 
" !J 00 p.m. 

April 6 00 n. 111 . 
>f. 

6 00 a.m. 
" 5 00 p .m. 
3 9 00 a.m. 
" 9 00 p .m. 
4 9 00 t\ .11\ . 

" 9 00 p.m. 
6 ~0 a.m . 

H 10 00 a..m. 
6 1 30 p .m. 
" 12 00 p.m. 
7 9 00 n.m. 
" 9 00 p.rH. 
8 6 00 a.m. 
" 6 00 p.m. 
0 >I . 
" 12 00 p.m. 

10 6 00 a.m. 
" 12 00 p.m. 

11 llr. 
" 12 00 p.m. 

12 " · " 12 00 p.m . 
13 6 00 n.m. 
" tl 00 p.m. 

H 6 00 u.m . 
:: 12 00 (J .JH. 

15 6 00 n.m. 
:: 12 00 p.m. 

16 6 00 a.m. 
" 3 00 p.m. 

17 9 00 n.m. 
" 9 00 p.m .. 

18 9 00 n.m. 
" 9 00 p.m. 

10 6 00 n.m . 
" 3 00 p.m. 

20 9 00 n.m. 

"· 21 P 00 n.m. 
" 1:2 00 p.m. 

22 0 00 lUll. 

" 9 00 p.m. 
23 ~ 00 p.m . 
" l :l 00 p.m . 

2-l 6 00 n.m. 
'· 6 20 p.m . 

25 6 00 n..m . 
" 5 30 p. m. 

26 6 00 11.1n . 
" 6 20 p.m. 

27 6 00 ou n. 
" 9 00 p.m. 

28 6 00 n.m. 
" 3 00 p.m . 

29 " · 
" 12 00 p.m. 

30 3 00 p.m . 
" 6 20 p.m . 

Mny 9 00 a .m . 
9 00 p .m . 

Gn.ngc 
(r.cr() ut 
buttOJn 
o fc:~ n n l) . 

FPet .. 
7 .-i 
7 .7 
7.8 
7.7 
u 
7.3 
7.5 
7.9 
8.2 
8.5 
8.2 
8.-l 
8.9 
8.9 
8.6 
8.8 
0.0 
8.8 
8.3 
8.2 
8.1 
8.0 
8.2 
s.o 
8.3 
8.1 
7.8 
8.1 
8.7 
8.2 
8.6 
8.7 
8.2 
8.3 
8.7 
8.2 
8.5 
8.1 
8.6 
8.6 
8.8 
8.6 
89 
8.0 
7.7 

7.7 
7.4 

7.3 
7.5 

7.2 
7.5 

7.2 
7.7 
7.5 
7.2 

7.2 
8.0 
8.1 
8.5 
8.-1 
8.9 
8.7 
9.1. 
8.8 
8.5 
8.9 
8.4 
8.! 
8.0 
7 .8 
7.5 

7.4 
7.3 

7.4 
7.6 
7.9 
8.0 

8.1 
8.4 

'Vind. 

NW . ,, 
N l~ . 

" 
SE. 

w. 
SE. 
" 
B. 
8 1•:. 
NK 
S l·!. 
E . 
s. 
" 
NK 
" 

E. 

SK 
s. 
NE. 
" 

K 
s. 
sw. 
N W. 
N. 
J-!NE. 
R 
Nt:;. 
S K 
NE. 
]<' 

SE. 
w. 
S\1'. 
NW. 

s. 

NB. 
sw. 
s. 
sw. 
, V, 
NW. 

.K 
NE. 

E. 
NJ-:. 
N. 
NK 

sw. 
NK 
NW. 
" sw. 
" 

N. 

SE. 
" w. 

N. 
NE. 

2 
3 
3 
z 
1 
2 

2 
2 
1 
1 
2 
1 
0 
2 
2 
1 
2 
2 
1 
l 
2 
1 
1 
2 
1 
2 
2 
2 
3 
3 
3 
3 
2 
1 
2 
1 
3 
2 
1 
1 
2 
1 
3 
3 

3 
3 

2 
1 

1 
1 

1 
l 
2 
1 

2 
2 
2 
3 
2 
4 
3 
2 
~ 
l 
:1 
2 
1 
1 
1 
1 

1 
1 
1 
1 

2 
3 

Tidal Obse?''/Jations-Con tin ued. 

Time. 

h. 'l)t. 

6 00 tt.m . 
6 00 p.m. 

6 00 p.m. 
6 00 n.m. 

"· 0 00 a.m. 
6 00 p.m. 
6 00 n.m. 
6 00 p.m. 
13 00 lUll. 
6 00 p.m. 
6 ()0 li,JI), 

6 00 P·"'· 
6 00 n.no. 

>f. 
6 00 n.m. 
6 00 p.m. 
6 00 ![.Ill. 

6 00 p.m. 

6 00 n.m. 

6 00 p.m. 
0 00 n.m. 
6 00 p.m. 

0 00 n.m . 
6 00 p.m. 

6 00 n.m. 
6 00 p.m. 
6 00 n. 1n . 
6 00 p.m. 

fJ 00 n.m. 
6 00 p.m. 
(i 00 ft.lll. 

6 00 p.l!l. 

6 00 "·"" 
6 00 p.ll ! . 
o 00 a.m. 
6 00 p.m. 
6 00 R.lll. 
tl 00 p.m. 
6 00 n.111. 

1

6 00 p.m. 
6 00 ll.lll. 
6 00 p .m. 
6 00 i\.nl. 
0 00 p.m. 

6 00 n.m. 
0 00 p.m. 

6 00 n.m. 
6 00 p.m. 
fi 00 a.m. 
6 00 p.m. 

6 00 n.m. 
4. 00 p.m . 

Lnke Borg no. llnyou St. Philip. 

Wind Gauge. 
Ti 1lal 

----- os.r il-
Tfigll Low lation. 
tiJ e. tide. 

Dircc- Force. ! 
tlon. · 

'rime. 

Gaugt'. I 
Dcnch of iVrt rcadsti.O. 'f itla l 

o:;ci i­
H igh I.ow i\fea u ln.tio u. 
t ide. tid r. rend-

ing. 

Feet. 

4.3 

4.3 

3.-1 

4.2 

3.8 

4.0 
3.5 

3.5 

3.7 

3.4 

3.1 

3.3 

3.8 

3.4 

4.5 

4 .3 

5.0 

5.0 

-1.8 

4.3 

3.4 

2.0 

2.9 

3.1 

3.8 

4.0 

Fret. 

2.9 

3.0 

3.0 

3.0 

3.0 

3.3 

3.2 

3.2 

3.0 

2.7 

2.4 

2.4 

1.9 

2.1 

3.2 

3.G 

3.5 

3.8 

3.5 

3.3 

2.5 

2.5 

2. 

3.4 

3.1 

Feet. 

0.3 w. ,, 
0.5 ::-.' \\". 

N. 

0.4 sw. 
" 

OA W. 

N. 
w. 

0.0 }]. 
sw. 

1.9 

1.3 w. 

1.3 

0.7 

~. 

1.5 K 

1.3 :.. K 
:\W. 

1.0 

" 
1.1 sw. 

~r . 

0.4 w. 

O.l 
R. 
SE. 

0.7 f!F:. 
INK 

1 

0 
1 
1 

1 
1 
2 
1 

0 
2 

2 
2 
5 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

h. '))1.. Ft•Pt . 
4 411 p.m. 3.W 
5 50 !1. 111. 

5 au p.111 . 3..t5 
0 fiO 11.111. 

b ];-} p.m.l 3.20 
G 1U lLil1. 
5 3~) p.m. 3.79 
'j .t ;) 1\ .111. 

7 a.; 11.m. 3.uu 
7 311 n.m. 

I S ~5 p .m. 3.83 
I 8 15 a.m. 

0 30 p.m . ~.12 
9 ] i) ILJJ'I. 

1U 1U p.m. 4.00 
10 3u 11.1H. 

S li p .m. 4.08 
111 1!'l tun . 

'..! :.W Jl .m. 3.5-t 

I :~ -L) ru n. 
~ OJ ll. m. 3.60 
I :Jt.l lU ll . 

2 HI p.m. 3.62 
:! Oi 11.111. 
2 35 p.m. 3.02 
;l :ld lUl l . 
0 20 p.m. 3.66 
] J2 :Lm. 

I :l ~8 p.m. 4.33 
I 3 47 n.m. 
~ 35 p.m. 4.87 

I 5 05 a.m. 
I 5 00 p.m. 4.1 2 
, .t 18 a.m. 
~ :15 p.m . 4.20 

l fl :lj n.n1. 
~ 40 p.m . 3.87 
G 50 n.1n. 
7 :JU p.m . .J.25 
8 Jb a.m. 
8 37 JJ.m . ·L25 

I 
8 4 0 lUl l. 
9 ~:'> p .m . 3.12 

1

7 a.> a.m. 
I c'O p .m . 3.0·1 
i 17 p.m. 

10 ~0 fl.lll . 3.04 
4 00 n. rn . 
0 :10 p.m. 3.33 
7 HI p.m. 
0 :ill a.m. 3.1).1 
0 00 n.m. 

ll 25 tun. ~OS 
o or) 1un. 
0 20 p .m . 3.25 

10 40 p.m. 
11 30 n.m. 3.29 
10 40 p.m. 
9 60 n.m. 2.95 

11 30 n.m. 

g \l3 ~ : :~: 1 2.95 
11 2.1 n.m. 3.79 

0 35 n.m. 
3 :lO p.m. 4.16 
:l 111 !1.111. ) 

6 21) p m. 4.70 
8 Oil oun. 
7 4 ii p.m. 4.50 
7 au l\.l rl. 
1; OM p.m. 4.16 
7 1\J t\.111. 

5 :1:> p.m. l 3.05 

0 00 " ·"' · ) 
0 10 p.m. 3.41 
6 50 i\.111. 
0 17 p.n1. :l.M 
7 07 p.m . 
1 25 a.m. :2.58 
7 30 p.m. 
0 20 p.m. 2.70 
0 25 n.m. 
0 3[1 1).111. 2.01 
0 15 ll.IH. 
0 20 p.m. 3.-11 
9 10 p.m. 
1 15 p.m. 4.04 

11 50 p.m. 

3.00 

:2.70 

2.37 

2.Dl 

3.-11 

3.50 

:).70 

3.91 

3.37 

2.05 

2.70 

2.05 

2.83 

2.75 

3.0.~ 

3.16 

3.50 

2.93 

2.7 5 

3.16 

2.75 

2.5·1 

2.70 

2.06 

2.50 

2.75 

1.06 

1.62 

1.54 

2.87 

1.58 

2.04 

3.25 

4.08 

3.02 

3.58 

3.04. 

2.16 

2.25 

2.10 

2.00 

1 .00 

3.00 

2.75 

Feet. 

3.3 

3.0 

2.7 

3.3 

3.5 

3.6 

3.9 

4.0 

3.7 

3.2 

3.2 

3.2 

3.2 

3.2 

3.6 

3.5 

3.8 

3.5 

3.3 

3.7 

3.fl 

2.R 

2.8 

2.0 

2.0 

2.8 

2.3 

2A 

2.4 

2.9 

2:1 

2.9 

3.7 

·1.3 

4.0 

3.8 

3.4 

2.7 

2.4 

2.3 

2.3 

2.·1 

3.2 

3.3 

.H•et. 

0.00 

0.75 

0.83 

0.88 

0.26 

0.33 

0.~2 

0.09 

0.71 

0.5fl 

0.96 

0.07 

0.70 

0.91 

1.20 

0.71 

O.i2 

1.1 2 

1.00 

1.50 

0.58 

0.34 

0.38 

0.83 

0.29 

1.42 

1. 3 

1.76 

0.08 

1.37 

1.75 

0.91 

0.02 

0.88 

0.58 

0.91. 

1.25 

0.4 0 

0. <~2 

0.70 

0.!!5 

0.41 

1.20 

" ' ind. 

Dirrc­
tiou . 

K 
N \V. 
Calm. 
" 

J-:SK 

N \ V. 
I ·:~ I·:. 
Cn lm. 
E. 
" 
1l h y s. 
!<:~'"-

SF.. 
~' \\' . 
SIV. 
1·:. 
1\'K 

K 

SSE. 
s. 
" sw. 
N J~ . 
s. 
NN , V. 
N. 
N .l~~. 
N. 
E:-<Jl. 
" 
1•:. 

E RE . 

NW. 
~ II'. 
NN W 
WNW. 
N. 

NW. 
Calm. 

NW. 
!'\W. 
N. 
l-\ \1'. 

w . 
~w. 

BII'R 
1\'K 
NNE. 

Cnlm . 
1\'N ~: . 
NW. 
II' B. 
s. 
sw. 
" 

n.lm. 
s 
ESE. 
" 
SK 
II'. 
1\'F:. 

l!'orco. 

1 
a 
0 
0 
0 
0 
5 
2 
~ 

1. 
0 
2 
1 
2 
3 
:l 
1 
1 
3 
2 
2 
1 
1 
l 
1 
2 
l 
3 
2 
3 
5 
3 
2 
5 
2 
1 
~ 
1 
3 
3 

2 
2 
5 
:1 
5 
2 
3 
3 
0 
0 
0 
1 
3 
2 
1. 
1 
1 
3 

2 
2 
3 
2 
~ 
3 
2 

2 
3 
1 
l 
1 
1 
1 
1 
1 
l 
0 
1 
l 
2 
1 
3 
1 
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Tidal Observations-Continued. 

l.a.kc Poutchnrtrain. Ill l.akc llorgnc. Bn.you St. l'bili p. 
_______________ , ___________________ __ 

Wind . 

nate. I G I Wind . I Ga nge. \\'incl. Ga nge. nugc ,
1
,.

1 1 
n nch offor t resuls6.0. ,1,, . •. ,,1 

Timo. (zc10 a t 1'intc. _I{ 11 I Time. u 
Oortom 1 oscil- 1· osci l-

ofcaua l). Dit cc- Hig h r_.ow la l"i o n. n· fl' h J_.o w ~lean lu.tion . Di rcc-
j tioo. Force. ! lidtl . tide. t:~~~- lfo rcc.l ti~ge. t ide. r~~~t:.- tion. Forco. 

~-;::::-- -;:: - ----~~~--;;:: H et. Fl!et. ----- ~~ Feet. Feet. Feet. Feet. -----
May 2 5 3u am. b .~ Xf:. 4 a 00 a .m. 3.7 0.3 E. 2 11 20 a n1. ~ .10 E. 3 

" u 30 p m. b.ti S K 2 J ~ 00 p.m. 4.2 1 11 30 p "'· 2.50 3.3 1.66 " 1 
3 5 30 n m .2 ~ 1 OIJ ant. 3 1 1.1 1 11 00 ll.lll 3.70 SB. 5 

Juuo 

4 l 00 a.m. l 9.1 \\'. 2 6 00 a.m. 3.0 1.8 SW. 3 9 30 "·"'· 3.50 SSW. 3 
" 4 00 p.m. U.2 :"1\V. 1 11 3 00 p.m. 4.8 S. 2 10 10 '.' .m. 1.83 2.8 1.06 s. 2 

ll. .5 2 5 00 p.m. 4.2 NW. 3 1 10 p.m. 3.16 3.3 0.34 W. 3 
3 30 p.m. 3.58 5 

5 Y. 
'" , t ! no p.m. 
G U 00 a.m. "I U 00 p.m. j Y. 
.. 1 ~ ()() p.m. 

"· ~ ~ 12,00 p.m. 

.. 1:! Ol) p . IJl . \. 

JO 9 tM) tl.lll. 

"112 00 p.m., 11 5 30 a .m. 
" 3 ()) p .m . 

1'2 5 3-l a .m. 
" 3 Od p.m. 

13 5 ao 1\.ll l. 
H li 3V p.Ol. 

14 5 31J a.m . 
.. ~ 00 p.m. 
lj 9 00 ll. lll . 

·· 9 00 p.ul. 

Hi 0 00 a.m. 
" 9 00 p.m . 

17 9 00 a.m. 
'" 0 00 p.m. 

IS 9 W lt . m. 
11 l:J 00 p.m. 

19 0 00 a .m. 
" 0 00 p.m. 

20 "'· I .. 

1 

9 ill p.m. 
21 M. ( 

· · ~ 1~ 00 p.m. ' 
2~ {J 30. n .m. 

" (j ;~ ~ ) p.m. 
2a ;, 3-1 a.m. 
•• , :.1 uo p.lll. 

21 5 :liJ a.m. 
.. 3 00 p.m. 

25 ll. 
.. I:! 00 p.m. 

2tj n 31) a.m. 
u I:! W p.m . 

27 5 30 f\.ll l. 

•· t) 30 p.m. 
2") 5 30 a .m. 
•· G au p.m. 

29 9 t)() u.m. 
' · 9 00 p.m. 

30 5 3\l n.. rn. 
.. G 30 p.m. 

31 \l 00 a .m . 
.. U 30 p.m . 

9 00 a.m. 
a 0 00 p.m. 
2 9 00 a.m. 
1' 9 ()() p.m. 
3

1 

9 00 n.m. 
•· 9 00 p.m. 
~ M. 

'· 1~ 00 p.m. 
b "' · ' · 12 UO p.m . 
•·, 
u 5 30 a.m. 
" 3 t..H ) p.m. 
7 1 311 p.m. 
'· 1:! fM) Jl.tn. 

H t ~ l a.m. 
'· uno p.m. 
0 .J -& ·I u.m. 
.. H lPI I p .lll. 

10 ;, 3tJ a.m. 

111 
ti :;o p.m. 
9 OIJ a.m. 
9 00 p.m. 

12 r; 30 a.m. 

. 0 
u 

. l 
0.4 
!..1 

.6 
' ,,) 

.7 
8.:, 
~). 1) 

b.'i 
. 9 

'·' 8.6 
.5 
.:I 

8.2 
.6 
.3 

8.1 
7. , 

. 1 

i .'i 
~.1 
7. q 
8.~ 
7.9 
h.5 
~. :! 

'·" '>.3 
b,j 

.J 
8'' 
'>.L 
. 0 

7.9 
.1) 

7.\ 
j .i 
7.9 

.:l 
7.9 

.1 
i .7 
j .0 
7.0 
; ,q 
7.7 
8.0 
j .i 
'·l 
7.9 

.l 

.0 
j .7 
<;,() 

7.4 
7.1 
i .a 
7.1 
5A 
i . l . .. 
7.-l 
i .i 
7A 

X . 
xt;. 
F; , 
S E. 

I t;SE. 

I
~· 
XE. 
E. 
~E . 
j:l , 
' E. 

.. 

IK 
S F; . 

I ~!~· 
.'\IV. 

! ~-

t xB. 
:O:E . 
~ . 
~~-~ . 
~. 
S F:. 

s. 

' 

.. ,. 
XE. 
~ . 
~ E . 
.'IE. 

Is. 
~ F;. 

:E. 

f'alm. 
s. 
~ f: . 
X E. 

\\', 
s w. 
\\' . 
:;w. 
'V. 
s. 
·w. 

s. 
I :-or.. 

SB. 
w. 
SF:. 

~. 
8 \V. 
.'\\\'. 

:\E. 

I
::>W. 
'· ,, 

1 
3 
2 
1 
3 

1 
1 
1 
1 
•2 

2 
1 
1 
1 

1 
1 
l 
1 
~ 

1 
1 
1 
I) 

1 
l 
1 
1 
l 
1 
1 
l 
l 
1 
1 
1 
1 
l 

2 
4 
3 
3 

a 
1 
:l 
1 
l 

7 00 a .m. 
u 00 p.m. 
5 00 a.m. 
6 00 p.m. 
7 00 ll.Ul. 

(j 00 fl .lll . 
6 00 n..rn. 
5 00 p.m. 
7 00 n.n1. 1 

I ~ ~ i:::::: 

I
ll ~ Oil p.m . 

6 OU a .. m. 

II ' 00 ,.I 
II f, 00 a.m. 

2 00 p.m. 

I . oo 1 ~ a.m. 

1

2 00 p .lll. 

G OU a.m. 
Z 00 p.m. 
5 OJ run. 
:l 00 p.m. 
5 f)() i\ .111 . 1 

;j I)(} f ).I IJ. I 

7 l) ) fl.lll . 

3 l),J p.JH. 

4.3 

4.2 

4.2 

4.1 

4.3 

b 1)-) a .m .! 
~ 01) p.m .l 4.2 
n oo tl.I JI. I 
:: 00 p.lll .. ·LO 
6 00 U.Jl l. 

3 0/) p.m . 
6 00 a .m. 
3 ()<) l). lll. 

5 00 fi . lll . 

~ r~J p.m. 

5 00 a.m. 
2 00 p.m. 
U llO a.m. 
:! 01) Jl.lll . 
5 00 a.m. 
l OJ p.m. 
,j 00 fL.Til. 

~ 00 ]) .111 . 

I
t) 00 a .m. 
:! Oil p .m. 
5 OV a.m. 

I 
·I 00 p.m. 

1 5 00 run . 
:! 00 p.m . 

00 a.m. 
I 2 00 p.llt. 

5 00 a.m. 

1

3 Oil p.m . 
6 UO a .m. 
2 00 p.m. 

I 5 Ot) a.m. 
o 00 p.m . 

3.0 

3.8 

4.1 

4.3 

n 

~ .2 

4.0 

~ .1 

4.2 

4.1 

u 

4.0 

3.5 
.j 00 a.m. 
G 00 p.m. 
5 O<l a.m.

1 
~ r~) p.m. 3.9 
.) I) i\ .111. 

2 Otl p.m. 3.:; 
;, {)!) a .m . 
1 0') p .nt . 3.9 
,j l)l) a.m. 'i l ~~ ~:~~ : ,' 3.0 

1 ~ O•J p.111. 3.9 
I t> 00 tl.tn. 

3.5 

3.0 

2.6 

3.1 

3:2 

3.5 

3.5 

3.0 

2.9 

2.8 

~.8 

2.3 

3.1 

2.7 

2.9 

2.7 

2.6 

2.9 

2.9 

2.6 

2.9 

3.1 

3.0 

2.8 

2.6 

2.6 

2.5 

2.5 

~.9 

2.3 

2.5 

2.0 

2.8 

2.9 

2.5 

0.7 

1.3 

1.8 

1.3 

1.2 

0.7 

0.8 

1.3 

1.3 

1.5 

1.0 

1.2 

1.6 

1.3 

1.3 

l.3 

o.o 

1.3 

1.6 

1.2 

1.2 

1.1 

1.·1 

1.'1 

1.5 

1.7 

1.6 

1.2 

1.7 

l.l 

u 

0.6 

1.1 

1.0 

1.4 

. K 

C:tlm . 
~ \V. 

Calm. 
~'1. 
Cal m. 
X. 
Calm. 

K 

::-1 \V. 
1':. 
:-.'W. 
Calm. 
SK 
Calm. 
sw. 
ta.lrn . 
~fo:. 
Calm. 
SK 

sw. 

~-
E. 
HW. 
Calm. 
HF;. 
:\', ,, 
sw. 
SE. 
N. 

3 
3 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

0 
1 

0 
1 
0 
1 
0 
1 
1 
•> 

2 
0 
1 
0 
1 
0 
1 
0 
1 
1 
1 

1 
1 
1 
1 
0 
1 
1 
1. 
1 
1 
1 
1 
0 
1 
0 
2 
0 
~ 
0 
1 
1 
1 

1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 

9 25 p. tu . 2.16 2.8 1.-1 2 NN, V. 5 
11 .W a.m. 4.08 ::-1 . 3 

0 20 n.m. 
1 15 p.m. 
2 00 fi.tn • 
3 40 p.m. 
3 10 a.m . 
3 30 p.m. 

11
4. 05 a..m. 
5 '10 p.m 

I 
~ i2 ~:~~~: 

1 5 20 a.m. 

I 

1 15 ll..lll. 

lf. 
10 00 p.m. 
1 15 p.m. 
9 00 p.m. 

10 00 a .m. 

1
'10 25 p.r n. 

1 00 fl.lll , 
1 1) -1:& p.m. 

1
'10 30 fl.lll. 

9 30 p .m. 
],[, 

ll 00 p.m. 

3.91 

4.0·~ 

3.91 

3. 3 

3.i1 

3.66 

3.58 

3.87 

3.95 

3.83 

3.75 

1 00 p.m. 3.70 

1 00 a.m. 
1 00 p.lll. 
1 4-:l a.m . 
1 00 p.n1. 
1 40 a.m 
:! 00 l).llL 
1 30 ll.lll 

M. 
ll 30 p.m. 
8 30 ll.lll . 

7 ()<) fJ.m, 
6 30 a .m. 
7 ~0 p.m 
ll 00 n.m. 

II 9 00 p.m 

1

10 30 l.l .lll. 
30 p.m . 

l O 00 (\.Ill. 

II 9 oo p.m. 

I 
9 30 n.rn. 

I 8 30 p.m. 
11 00 !\.Ill . 

110 00 p.m. 
ll 30 /\ .Ill. 

, 11 00 p.m. 

II "· 1l 40 p.m. 
M. 

1 00 a.m . 

l 00 p.m. 
1 30 n.m. 
1 00 p.m. 
2 00 [\.Ill 

3 00 p.m. 
1 30 p.m. 

10 00 p.m. 
ti 00 p.m . 

9 00 a.m . 
7 00 p.m. 
8 00 l\.lll. 

7 30 p.m. 
7 30 [\.Ill. 

3.33 

3.37 

3.16 

3.58 

3.50 

'3.58 

3.91 

3.87 

3.83 

3.83 

3.01 

3.91 

3.87 

3.01 

3.20 

3.66 

3.25 

3.7 5 

3.50 

3.33 

3.45 

2.00 

2.16 

2.20 

2.58 

2.21 

2.87 

1.96 

1.79 

2.00 

2 .00 

2.16 

2.33 

2.25 

2.50 

2.37 

2A5 

2.33 

3.00 

3.00 

2.01 

2.66 

2.41 

2.83 

2.83 

1.75 

2.00 

1.91 

2.00 

2.08 

2.16 

2.00 

2.00 

2.00 

1.75 

3.0 

3.1 

3.1 

3.2 

3.0 

3.2 

2.7 

2.8 

2.0 

3.0 

3.0 

3.0 

3.1 

2.8 

2.9 

2.7 

3.2 

3.2 

3.1 

3.3 

3.3 

2.8 

2.9 

2.8 

2.0 

2.6 

2.9 

2.6 

2.8 

2.7 

2.5 

2.08 

1 .75 

1.8~ 

1.33 

1.62 

0.84 

1.87 

1.58 

1.87 

1 .79 

1.50 

1.50 

1.20 

0.96 

0.92 

0.83 

0.58 

0.50 

0.67 

1.25 

1.46 

1.00 

1.00 

2.1 6 

1.91 

1.6 

1.01 

1.21 

1.50 

1.25 

1.75 

1.50 

1.58 

Calm. 
NK 
Calm. 
E. 

Cl\lm . 
ESK 

Calm. 
Slol. 

s. 
E. 
" 

Calm. 
N. 
" 
Calm. 
NNW 
:\' W, . 

w. 

Calm. 
s. 
sw. 
s. 
Sf:. 

s. 
" 
SE. 

s. 
" 
SE. 

sw. 
w. 

NW. 

~K 
SE. 
s. 
" 
Calm. 

0 
2 
0 
5 
l 
2 
1 
~ 
2 
2 
1 

2 
3 
0 
1 
3 
0 
1 
3 
3 
2 
l 
2 
3 
0 

1 
0 
2 
3 
0 
3 
2 
2 
3 
3 
1 
2 
0 
l 
1 

2 
1 
1 
3 
l 
3 
3 
3 
~ 
3 
3 
3 

3 

3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
2 
2 
0 
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Tidal Observations-Continued. 

J.ake Pontc1ul r tnt in . 
II Lake llorgnc. Dnl'Ou St. l?llili p. 

Date. 

1851. 
Juno 1 

1 
2 
3 
" 
4 
" 
5 

" 
6 
'· 
7 

8 

Time. 

--- -
h. m. 
G 30 p.m . 
5 30 ll.ln. 

9 00 p .lil. 

9 00 a.m. 
9 00 p.lll. 
3 00 p.m. 
0 00 p.m . 
9 00 a.m. 
9 00 p.m. 
5 30 a .m. 
3 20 p .m. 
530 n.m . 

" 12 00 p .m. 
9 5 30 a .m. 
" 12 00 p.m. 

20 5 30 a.m. 
' ' 12 00 p.m. 

' 
2 

21 

2 

2 3 

f) 00 ll. J/1, 

9 00 p .m. 
5 30 fUll . 

6 30 p .m. 
M. 

' V2 00 p .m. 

" 
5 
" 
6 

" 
I 

" 
2 8 

" 
" 
0 

29 

3 

9 00 ~l.l1\. 
9 00 p.m. 
5 30 a.m . 
6 30 p.m. 
5 30 a.m. 
6 30 p.m . 
5 30 u.m. 
J 30 p.m. 
6 00 a.m. 
6 30 p.m. 
5 30 a.m. 
0 30 p.m. 
9 00 a.m. 

" 12 00 p.m . 
July 1 9 00 a.m. 

" 0 00 p.m . 
M. 2 

3 
" 12 00 p.m. 

9 00 il. lll. 

' ' 9 00 p.m. 
5 :10 n.m. 

' 3 00 Jl . l ll. 

5 5 30 n.m. 
' 5 00 Jl.lll . 

6 900 n.m. 
' 0 00 Jl .lll . 
' 

5 30 n.m. 
" 6 30 p.m. 
8 5 30 Jl.Jll . 

" 6 30 p.m. 
9 "· " 12 00 p.m. 
0 !) 00 iLill . 

'· 1~ 00 ] 1.111. 

~, I 
~ 

' 
] , 'l 

] 4 

' ' 
) 5 

' 
16 
' ' 

' 
17 

18 
' ' 

] ! ) 

' ' 
20 
' ' 

21 
' ' 
' 

22 
' ' 

23 
" 

;, /J) fi.lll. 

!J 00 p.m. 
5 .tO H.nl. 

0 :JO p.tn . 
5 :lO a.m . 
t) 30 p . lll. 

53U 11.111. 

6 :lO p.nJ. 
900 11.111. 

9 00 ll.l>l . 
0 00 11,1)}, 

9 00 p.m. 
9 00 1\, lll. 

9 00 p.m . 
5 :10 run. 
6 30 p.m. 
6 30 n.m. 
6 30 p.m. 
9 00 a.m. 
9 00 p.ru. 
5 30 li.IH. 

6 30 p.m. 

5 30 ll.Jll . 
5 00 p.m. 
5 30 ll .l ll , 

6 30 p.m. 
11 30 n.m. 

M. 
25 5 30 a.m. 

Gange 
(zero nt 
b 0 tt 0 111 

ofc'inn l). 

- --
Feet. 
7.7 
u 
7 .tl 
7.6 
7.9 
7.3 
8.2 
7.7 
7.0 
7.5 
8.3 
7.9 
8.7 
8.7 
9.1 
8.8 
8.0 
8.7 
8.8 
8.6 
8.5 
8.5 
8:2 
8.1 
8.2 
8.0 
8.2 
7.9 
8.2 
7.7 
8.1 
7.7 
8.0 
7.7 
8.2 
7.9 
8.7 
8.0 
8.:1 
8.1 
• .5 
8.4 
8.4 
8.2 
8.0 
8.0 
7.8 
7.7 
7.8 

7.7 
7.8 
7.U 
j .7 
7.7 
7.a 
7..1 
7.5 
7.:3 
7 .~ 
7.5 
7 .!) 
7.8 
8.:1 
~.0 
8.3 
7.8 
8.0 
7.8 
R.O 
7.~ 
8.0 
7.8 
7.7 
7.7 
7.4 
7.5 
7.7 
7.7 
7.0 

7.8 
8.1. 
8.0 
8.3 
8.2 
8.9 
8.0 

\\' iud. 
I 1.'imc. 

}~o rcc.l Dirac-
t.i on . 

I 
--- -- ----

I"· "'· NK 1 1 1 00 p.m. 
~· w. 1 -! ()(J a .m . 
R. 1 2 00 p.lll. 

N J·~ . 1 .t 00 n.n1. 
r-:. 1 1 00 Jl. lll . 
,\ ' IV. 1 5 00 n. 11 1. 
SK 2 2 00 p.m. 
NW. 1 5 00 a.nL 
s. 1 1\1. 
w. 1 fl 00 n.m. 
NJ-:. 2 3 00 p.m . 
K 2 5 00 a..m. 
" 3 :! 00 p.m. 
NE. 3 500 a.m . 

·~· 
1 1 00 p.m. 

NK 3 5 ()() U.IH. 

K 1 Z 00 p.m. 
1\' E. 1 5 00 Jl.lil. 

SB. 1 3 00 p.m. 
" 1 5 00 a.m. 

1 1 00 p.m . 
N. 1 5 00 1\,ll\, 

s. 1 2 00 p.m . 
8 \\r. 2 M. 
s. 1 6 00 p.m. 
s'". 1 1 00 p.m. 
K 1 7 00 p.m . 
s. 1 "· sw. 1 7 00 p.llJ. 
" 2 6 00 n.m. 
SE. 1 2 00 p.m. 
s. 1 5 00 a.m. 
SE. 1 2 00 p.m. 
s. 1 5 00 a. rn. 
.B. 1 1 00 p.m. 
N. 1 5 00 a.m. 
]l. 3 2 00 p.m. 
N J ·~ . 2 6 00 ll.lll. 
SR 1 2 00 p.m. 
K 2 5 00 n.1n. 
S l~. 1 2 00 p.m. 
N E. 2 6 00 a .m . 
SE. 1 3 00 p.m. 
sw. 1 5 00 a..m. 
N. 1 2 00 ] ). Ill . 
SW. 1 5 00 n.m . 
N W. 1 2 00 p.m. 
sw. 1 5 00 fUlL 
s. 1 2 00 p.m. 

w. 1 6 00 n.m . 
" 1. 3 00 p.m . 
" 1 >1 . 
f<. 1 7 00 p.m. 
" l ll!. 
RW. 1 7 00 p.Tll. 
II' . ~ ·11 00 n.n1. 
NK 3 lj (j 00 Pll> . HW. 1 "· " 1 7 00 p.m. 
" l 1 ()() Jl.lll. 
S ll. l 1 7 (J() p. t>l. 
K 1 "· S l·: . 1 7 00 p.ll l. 

NW. 1. 5 00 11.111. 

H. 1 I a oo p.m. w. 1 5 00 lt . lll. 
N. l :1 00 p.m. 
~r-:. 1 5 ou 11.111. 

H. 1 2 IJO p.m . 
RW. 1 5 00 lUll . 
H. 1 ~ 00 Jl.lll. 
" I 5 00 lt.l ll . .w. 1 3 00 p.m. 

1 5 00 Jl.tn. 
" 1 3 00 p.m. 
NW . 1 5 00 i\ . IJl. sw. 1 a oo p.m. 
H. 1. 6 00 n.m. 
~:. 1 3 00 p.m. 

Cn lm. 0 2 00 p.m . 
SK 1 7 00 p.m . 
" 1 2 00 p.m . 
" 1 7 00 p.m. 
NE. 3 2 00 p.m . 
R 2 7 00 p.m . 
" 2 2 00 ~ .JJ J. 

Gnuge. Wind . Ouuge. 
IJcnch of lbrt rcnds6.0. Tidn l Time. 'l 'idlll 

oscil- oscil-
lntion. i' l cn n lation. Hig h T..-ow Dircc-- }'orce. H igh Low r end-t ide. t ide. tion. t ide . t ide. i n g. 

---- - - --- - - ---- -- - - -- --
F eet. Ji'r.et. Ji'r.et. h. m .. Feet. Fu t. Pu t. Fu l . 
3.9 Sf:. 1 8 00 p.m. J.7b 2.0 1 .70 

2.8 1.1 HW. l 9 4-0 1\,Jll. 3.95 
4.2 N . 1 30 p.m . 2.08 3.0 1.87 

2.6 1 .6 . ~-nhn. 0 11 0 -10 a.m. 3.83 
4.2 ~~ - 3 ll O 45 p.n1. 1.70 2.8 2.04 

2.5 1.7 Calm . 0 10 -10 a.m. 3.83 
3.9 ;..r. 1 11 -10 p.m. 1.91 2.8 1.92 

2.5 1.4 Cairn. 0 I M. 
3.7ii 

4.0 :'\'K 1 
3.3 0.7 I Q111m. 0 0 30 a .m. 2.00 2.8 l.i 5 

4.4 I ~~~~ . 1 0 30 p.m. 3.91 
3.5 0.9 1 11 00 (\.ll l. 2.25 3.0 ) .66 

5.0 " 3 1 00 p .m. 4.33 
1 s.E. 3 3.83 ~ .0 0.50 3.9 ) .1 

1

3 00 a .m. 
4.5 ., 3 3 30 p.m. -1.76 

3.0 0.6 " 1 12 00 (). Ill . 3.33 ~.0 U2 
4.5 " 1 

3.9 0.6 " 1 .n 30 a.m. 3.01 
4.5 NK 1 ]) ..J5 p.lll. 3.00 3.J 0.91 

3.4 1.1 Calm. 0 1lO 20 n. m. 3.66 
4.0 s ~:. l. I 20 p.m. 

3.00 3.3 0.66 
3.2 0.8 i:lW. 1 9 30 n.m. 3. 7 

4.2 St: . 1 7 '!0 p.m. 2.83 ~.3 1.0·l 
4.1 " 1 8 00 n.m. 3.58 

3.0 1.1 " 1 
1 

7 ~0 p.m. 2.58 3.0 1.00 
3.0 " 1 8 40 a.m. 3.58 

3.1 0.8 Calm . 0 7 30 p.lll. 2.25 2.0 1 .33 
4.0 Sf:. 1 7 50 n.m. 3.62 

3.0 ].0 Calm. 0 5 45 p.m. 2.00 2.8 1.62 
3.0 sw. 1 7 20 a.m. 3.66 

4.2 ·' l 8 00 p.m. 1.83 2.7 1.83 
3.0 1.2 .'E. 1 

1 7 20 a.m. 3.66 
4.1 " 1 8 15 p.m. 1.66 2.6 2.00 

3.0 J.l " 1 8 45 n.m. 3.75 
4.2 . w. 3 0 20 Jl.IH. 1.75 2.7 2.00 

3.0 1.2 !Qu lm. 0 ll 30 a.m. 3.95 
4.3 f; ~; . l Ill 20 p.m. 1.01 2.9 2.0-1 

3.0 1.3 lq,ll lm. 0 1 ~ 5 p.m. 4.12 
4.5 NK 3 

2.9 1.6 E. 1 1 20 n.m . 2.1G 3.1 l.OG 
4.5 Nt:. 3 2 00 Jl.lll. ~ .00 

2.0 1.6 Cnlm . 0 I ~ 30 l l.lll. 
2..1 1 3.2 1.59 

4.2 'E. 1 1 -10 p.m. 3.58 
2.9 1.3 " 1 2 30 u.m. 2.26 2.9 ) .3:.! 

4.1 " 1 1 40 p.m. 3.58 
2.8 1 .3 " 1 3 15 n.m. 2.33 2.0 1.25 

3.5 " 1 jl l 30 p.m . 3.20 
2.6 0.9 " 1 1 45 n.m. 2.33 2.8 0.96 

3.9 " 1 11 50 n. m. 3.25 
" 1 9 40 p.m. 2.25 2.7 1 .00 

3.0 0.0 ~nl m. 0 8 20 fl.lll , 3..11 
4.1 S E. 1 7 00 p.m . 2.16 2.7 1 .25 
3.0 " 1 6 -10 a.m . 3.50 

2. 1.3 " 1 5 341 p.m. 2.00 2.7 1.50 
3.6 " I 6 .J.O n.m. 3.62 

2.5 1.1 " 1 0 !'«)p.m. 1.08 2.6 2.0.1 
3.6 " l 7 00 lUll. 3.45 

:.?.5 1.1 " 1 7 00 !). Il l. 1.5 2.5 1.87 
3.7 " 1 R 20 11.111. 3.83 

2.4 1.3 " l 7 00 p.m. 1 .83 2.8 2.00 
4.& :\K 1 8 10 n.m. 3.83 

3.5 ·' I 8 ] 5 p.t> J. 2.16 2.0 1 .07 
4.9 '· 2 8 -15 u.m. 3.83 

~ .0 nlm. 0 9 -1 5 p .m . 2.00 2.0 1.83 
2.9 " 0 ll 30 II.! fl . 3.01 

3.8 ~. l 0 :!5 p.m. 2.08 2.0 1.83 
~.9 ·' 1 0 25 ll.lll . 3.83 

·1.2 '· l 
2.0 Cnlm . 0 1 00 n.m. 2.08 2.9 1.75 

·L::! }:. 1 1 20 p.lll . 3.75 
2.9 nlm . 0 1 50 t\.11 1. 2.26 :l.O 1.50 

4.9 :-<. 1 2 30 Jl .lll. 3.5 
2.0 . E. l :? 10 n.n1. 2.33 2.9 1.25 

4.2 :-<. 1 1 30 J1. 11J . 3.33 
2.7 I ~alm . 0 1 45 R.IH. 2.41 2.8 0.92 

3.0 1 2 00 p.m. 3.25 .. 
3.0 Cnlm . 0 3 00 ll..lll . . 2.41 2.8 0. •I 

8.6 :". 1 1 30 p.m . 3.33 
3.1 XK 1 I l 46 ll.lll. 2.33 2.8 1 .00 

3. l 0 W a. na . 3.33 . . I 8 ~0 p.m. 2.'1 1 2.8 0.92 
3.8 1-1. 1 7 00 a .m. 3.45 

2,7 aim. 0 5 16 p.m . 2.60 2.0 0.06 
4.0 X I•: . 3 7 ~ 11.111. 3.83 

3.4 " 1 5 35 p.m. 2.60 3.2 1.17 
4.8 " 1 0 00 n.m. 4.16 

3.5 " l 25 p .ll l. 3 .75 3.0 0.41 
6.2 " 2 10 35 a.m . ~.50 

'\rind. 

Dirac-- 'Force. 
t i0 11 . 

- - - --

Calm. 0 
i:l !O. 3 
'· 3 
N:E. ;~ 

" 3 
SE. 2 
" 2 
" 0 

" 3 
K a 
" ~ 

" 5 
" 5 
NE. 5 
" 5 

! 9,nlm. 0 
" 0 
SK :J 
" 3 
" ;) 

" 3 s. 2 
" 2 
sw. 3 
" 3 
s. 3 
" 3 
" 3 
" 3 
" 3 
" 3 
" 3 
" 3 
" 2 
" 2 
N.E. 3 

" 3 
SE. 3 
" 3 
" 3 
" 3 
" 2 
" 2 
" 2 
" 2 
sw. 3 
<. 3 

3 
" 3 
HK 3 
" 3 
" 2 
" 2 
1\', W. ,, 
" 2 
Hll. 2 
" 2 
N. 2 
•' 2 
:\W. ~ 

" 2 
S ll. 3 
" 3 
'· 3 

" 3 

" 3 
" 3 
" 3 
" 3 
" 2 
" 2 
NW. 3 
'· 3 

ISK 2 

" 2 

" 2 
" 3 
~; 2 

2 
S E. 3 
" 3 
" 3 
" 3 
" 3 
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Tidal Obse1·vations-Con tin ued. 

Lake Pontcbnrtrain. I J..4nke norgne. llayou St . l?hil ip. 

Gauge Wind. Gauge. Wind. Gauge. Wind. llonch effort rcnds G.O. Date. Time. (•ero at Time. Tidal 
Tim e. Tidnl 

bottom oscil - oscil-
ofcanal). Dircc- Uigh Low lation. Di rcc- Hi gh JJOw Mean lation. Dircc-tion. Force.! tide. tide. tion. Force. 

tide. tide. read- tion. Force. 
in g. 

~~--::::-
--- ---- , ------ - - ----- - - ---- -------- - ----

Feet. h. 1n. Feet. Feet. Feet. ll . '1)1, , Feet. Feet. F eet. Jil>.et. J uly 25 7 00 p.m. 9.6 RK 2 7 00 p.m . 3.5 Nl<~ . 1 12 00 p.m. 3.33 3.9 1.17 SE . 3 :.!'61 9 00 n.m. . 8 R 1 2 00 p.m . 4.8 " 1 11 30 a.m. 4.12 " 3 .. 9 00 p.m.) 9.1 8E. 1 i 00 p.m. 3.6 sw. 1 10 35 p.m . 2.33 3.2 1.79 " 3 
21 I 9 00 1\, IJl.. 8.5 s. 1 2 00 p.m. 4.7 S E. 1 11 00 l\.111 . 4.08 " 3 " ~ ~ ~:~~:: 1 8.9 :-i. 2 7 00 p.m. 3.2 Calm. 0 10 30 p.m . 2.00 3.0 2.08 " 3 2S .3 II' E. 1 5 00 a.m. 3.1 SK 1 11 35 1\ .lll . 4.00 " 2 u/ 6 30 p.m. , . 5 ~- 1 jl ~ 00 p.m . 4.5 NR 1 (I 55 p.m. 1.75 2.8 2.25 " 2 29 b 30 n.m. 8.2 w. 1 a 00 a.m. 3.0 " 1 10 40 a .m . 3.83 w. 2 
" 3 00 p.m. . 0 s. 1 2 00 p.m . 4.1 N W. 1 10 30 p.m. 1.50 2.6 2.33 " 2 30 5 30 ll.lll., i.i ~w. 1 I 5 00 a.Tn . 2.5 " 3 :M. 3.50 " 3 
" 6 30 p.m. i .6 ~w. 1 I 3 00 p.m. 3.8 ~w. 1 11 00 p.m. 1.50 2.5 2.00 " 3 31 5 30 l\.lll. 7.4 w. 1 5 00 a.m. 2.0 E. 1 1 30 p .m . 3.00 W NW 3 .. G 30 p.m . G. .. 3 

1 3 00 p .m. 3.1 N}~. 3 ll <l5 p.m. 1.83 2.4 1.17 " 3 Aug. 1 9 00 n.m. 7.2 1::. 3 7 00 a.m. 2.9 sw. 2 10 15 a.m. 3.33 sw. 3 
" 0 ()() \Ul\. 7.-1 S_K 1 
2 5 30 n.m. 7.3 E. 2 3 00 p.m. 3.5 w. 1 1 00 n.m. 2.33 2.8 1.00 " 3 ,. 3 30 p.m . 7.8 i'F~. 1 j 5 00 a.m . 3.1 XE. 3 10 ~5 a.m. 3.00 " 3 3 I 00 p.m. 7.8 XE. 2 2 00 (l.llJ. 3.5 sw. 3 0 45 a.m. 2.58 2.7 0.42 " 3 
:: 1:? 00 p.m. iA , ' ];. 1 I i 00 p.m. 2.6 s. 1 0 35 p.m. 3.00 " 3 

9 .IQ p.m. 2.33 2.6 O.ll7 " 3 .j b 30 :1. 111. 7.3 sw. 1 1 2 oo Jl.lll. 3.5 SB . 1 7 20 ll.m. 3.33 " 2 " 3 00 p.m. i.1 X. 1 I ' 00 ,m 2.-1 " 1 7 15 p. m. 2.25 2.7 1 .08 " 2 5 9 00 u.m. u ~w. 1 1 00 p.m. 4.0 sw. 1 7 30 fl. lll . 3.50 " 2 
~ I M. i.7 ~w. 1 1 7 00 p.m. 2.9 Calm. 0 6 00 p.m. 2.33 2.9 1.17 " 2 5 30 n.m. 7 .s sw. l M . 4.2 NR l 7 30 n.m . 3.1l6 SE . 2 " 6 30 p .m. .1 c. l 7 00 p.m. 2.9 SE. 1 5 50 p.m. 2.08 2.8 1.58 " 2 7 5 30 t\.111 . 7.9 sw. l 

1

11 00 a.m . 4.1 NK 1 7 40 a .m . 3.87 " 2 ,, 7 00 p.m. . '1 R. 1 7 00 p.m. 2.9 c~lm . 0 6 40 p .m. 2.50 3.1 1.37 " 2 
~ · 5 00 a.m. . 0 I ' W . 1 M. 4.4 SE. 1 7 20 n..nl . 3.91 " 3 3 00 }1 .11\. A .. 1 7 00 p.m. 2.9 Calm. 0 6 30 p.m. 2.41 3.1 1.50 " 3 
~ · 5 30 n.m .. . 1 X . 1 111 00 a.m . 4 .4 NE. 1 8 00 a.m. 3.87 s. 2 6 30 p.m., .5 R'll'. 1 17 00 p.m. 2.9 Calm. 0 9 15 p .m. 1.91 2.8 1.86 " 2 10 9 00 a.m. . 1 \\" . z )!. 4.2 S\1". 1 10 00 a.m. 3.75 SE . 2 " 9 00 p.m .

1 
.3 t:. 2 7 00 p.m. 3.1 Cl\lm. 0 9 50 p.m. 1.91 2.8 1.84 " 2 11 5 3<1 a.m. 7.9 w. 1 5 00 a.m. 2.9 SK 1 1l 00 n..m. 3.75 " 3 7 00 p.m. 8.2 I 

.. 1 2 00 p.m . 4.2 NK 1 )10 30 p.m. 1.91 2.8 1.84 " 3 12 "· 7.7 ·' 1 5 00 a.m. 2.6 w. 1 ~ ll 15 a.m . 3.33 NE. 3 " 12 00 p.m .. i.7 • E. 1 2 00 p.m. 3.9 NW. 1 11 55 p.m. 1.83 2.5 1.50 " 3 
13 "' · 7.4 E. 1 500 run. 2.5 " 1 10 30 a.m . 3.33 " 3 " 9 tlO p.m. 7.5 ;.E:. 1 2 00 p.m. 3.9 " 1 I 
l ·l 7 00 1\.lll. 7.5 .. 1 5 00 a.m . 2.6 sw. 1 

1 1 10 a.m . 2.00 2.6 1.33 " 3 " 3 00 p.m. 7.2 ,, 1 
1 3 00 p.m. 3.6 NW. 1 1 50 p.m. 3.41 N. 3 15 1 5 30 a.m. 7.5 xw. 3 5 00 n.m. 3.1 . w. 2 0 30 a .m. 2.<U 2.9 1.00 " 3 .. fi 40 p.m. j .9 . . 1 4 00 p.m. 4.2 NE . 2 0 3!i p.m. 3.41 " 2 " 

5 30 n.m. l lu" ''"· 2.66 3.0 0.75 " 2 16 i .7 X. 1 i 00 n.m. 3.1 w. 1 9 15 u .. m. 3.33 E . 2 '· i 00 J).lll. i. ~- 1 3 00 p.m. 3.9 NW . 1 9 50 p.m. 2.58 2.9 0.7 5 " 2 l7 9 OU n.m. i .~ sw. 1 I 2 00 >Lm. 3.8 w. 2 9 41) 1u n .

1 

3.25 NE. 3 .. 9 00 Jl.lll. 7.7 ~. 1 
1 

i 00 p.m . 2.0 .:w. 1 

I ~~ ~:: : 1 
2.58 2.9 0.67 " 3 l !. 2 00 J).lll. h.3 " 1 2 ()()p.m. 3.9 N W. 1 3.33 l<~SR 2 ,, 

6 30 p.m. i.i ~w. l 6 00 p.m . 2.8 SE. 1 8 00 p.m. 2.58 2.9 0.75 " 2 10 11 00 i\.111. .i .. 1 10 00 a.m . 3.9 N. 1 7 10 n.m. 3.66 NW. 2 " 1:.! Od p.m. 7.7 .. 1 0 IJ() p.m. 2.8 Cairn . 0 fi ·10 p.m. 2.G6 3.1 1.00 " 2 201 5 :lO t\.111. .n xw. 1 ROO /\,Ill, 4.9 SK 1 I 6 nO a.m. 3.83 SE. 3 
' · 6 30 p.m. .2 ~w. 1 6 ()() p.lll. 3.0 ~w. l II ~ 2? p.m. I 2.75 3.2 1.08 " 3 21 5 311 n.m . .:! ~ - 1 00 n.m. 4.i :\E. 2 1 1a n.m. l 4.16 " 2 .. H :~J p.m. ~.r, E. 1 n oo p.m. ~ .2 .. ,. l 1 610 p.m. 3.25 3.7 0.91 " 2 I 2:? \') h() fUll. ~ .. ) aim . 0 9 00 1\.lll. 5.0 NE. 1 1 9 00 n.ln. f 4.50 NE. 4 .. u 1'0 p.m. .II ~E . 1 0 no p.m . 4.0 " 1 R 4;; p.m . . 4.16 4.3 0.34 4 23 5 ~) u.m. U.l .. 1 7 ()I'} a.TH . 6.2 " 1 

/l 1 00 p.m. 6.08 N. 5 " :? .:5 )l .Ul. !l.7 " 1 I! G l'H• p.n1. 5.0 " l 
2-1 b 1)1) i\. 01 . 9.4 . K 3 I R 00 ll.\l\ , 5.3 " 1 1 .1 t 5 R..IH . 5.1 6 5.6 0.92 " 5 .. d 30 Jl.lll. 9. 1 .. 3 6 00 p.m. 3.8 " 1 
25 1 9 00 n.m. u f:. 2 5 00 n.m. 3.6 SW. 1 1 1 45 n.m. 3.75 " 5 '" 0 00 p.m. .8 E:. 2 3 00 p.m. 4.7 w. 1 0 15 p.m . 4.00 sw. 4 ,, 

10 45 p.m. 2.33 3.1 1.67 " 3 26 9 00 n.m. 8.2 E. 1 5 00 n.m. 3.5 sw. ] 11 30 1\ .lll . 3.95 " 3 ;;I 3 00 p.m. .5 , f:. 1 2 00 p.m. 4.5 1 11 50 p .Tl'l. 2.25 3.1 1.70 " 3 6 ()()lUll, . 0 s. 1 1 5 00 n.m. 3.5 Calm . 0 I 0 30 p.m . 3.75 NE. 3 '' 1 6 00 p.m. i.9 N. 2 2 00 p.m. 4.2 N\\'. 1 11 30 p.m. 2.41 3.0 1.3-1 " 3 n 6 00 (\.Ill . .1 S\1' . 1 6 00 n.m. 3.9 " 1 11 1 00 p.m. 3.58 " 3 ' · 1:2 00 p.m. .7 .. 1 2 00 p.m. 4.4 
29 6 00 n.m. .4 w. 

I 
1 5 00 n.m. 3.9 NR 1 I 0 50 n.m. 2.50 3.0 1.08 w. 3 

a:; I G ~0 p.m. .9 xw. 1 3 00 p.m. 4.7 " 1 2 15 p.m. 3.91 I B. 3 6 00 n.m . 9.0 . w. 1 5 00 n.m . .3.1 " 1 3 30 a .m . 3.41 3.6 0.50 " 3 ·· 12 00 p.m. .i :-iW. ] 2 00 p.m. 4.3 
31 9 00 a .m. .i . \\'. 1 5 00 a.tn . 2.9 SE. 1 0 30 a.m. \ 3.75 " 3 .. 9 00 p.m. . 3 ~ "I-~ . 3 2 00 p.m. 4.1. " 1 u . 3.00 3.3 0.75 " 3 ~op t . 1 9 00 a.m. ~ .5 x~:. 2 i 00 n.m . 4.2 :\'W. 1 ) 1 40 n.m. 3. 3 " 3 •· ~ ~ IJI) p.m . .II ~w. 1 () 00 p.m. 2.9 I ~~~_. 1 2 00 p.m. \ 2.58 3.2 1.25 " 3 2 0 00 n.m. .:.! :-~w. 1 I) 00 run. -1.3 1 3 20 a.m . 3.75 " 3 '· 1::! 00 p.rn. i 8 ~w . 1 6 I;) ]).111. 1 2.8 sw. ] 2 45 p.m. 2.33 3.0 1.4.2 NE. 3 3 >1. . 0 ,w. 1 0 ou ll.lll. 4.0 :-IE . 1 I 3 3<) a.m. 3.58 " 3 1

' 12 {)I) p.lll . j .7 :-:\r. 1 t) 1)1) fl.\11 . 2.9 sw. 1 ~ 40 p.m. 2.33 2.9 1.25 " 2 4 ! 6 00 n.m. i .~ :-.E:. I 1 00 u.m. 4.1 xw. 1 7 00 a.m. 3.83 " 3 
~ , 9 00 p.m. . 0 .. 1 ll ()() p.m . I 3.0 s w. 1 5 20 p.m . 2.66 3.2 1.17 }]. 3 6 00 n.m., . 0 .. 1 00 a.nt. 4.2 XE . l 7 25 l\.11"1, 3.91 " 2 " 6 30 p.Ul,. .3 I X£. I 1 6 00 Jl.lll . 3.5 0.7 SE . 1 0 29 p.m. 2.66 3.2 1.25 " 3 
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Tidal Observations-Continued. 

L:lko Pontcl•artrain . Lake H01·gnc. _!_ __ llayo tt St. Philip . 

--

Gauge 'Vind. Oa.ugc. 

DiltO. 'l 'imc. (zero ttl 'rime. 
bott.om 

of canal ). Dircc- Jfigh Low Fo rce. tion. tide. tide. 

--- ---- --- - -- - - ---- - - --
1851. h. 1'it . Hrt. h. nt. F.•rt. Feet. 

Sept . 6 ti 00 a.m. ~. 1 w. 1. 1u 01) :u11. ~A 

" G 30 p .llt. 8.~ I•' 1 non p.m . 3.3 
7 6 00 a.m . 8.1 SIV. 1 9 (10 ll,lll. 4.0 
u 1:? 00 p.lll. 8.2 s. 0 G 00 p.111. 3.5 
8 G 00 tl.llL 7.8 S W. 1 :i on ~t.lll . 2.9 
" 0 ;)1) p.lll , 8.0 SK 1 :~ 00 p.m . 4A 
9 11 30 ll.JJL 8.0 K 1 5 00 ll.JJI. 3.5 
" 12 00 p.m . 8. 1 " 1 I -l, ()0 jJ ./ 11 . .J..5 

10 GOO a.m. 8.5 SB. 1 5 00 a.m. 3.9 
" 0 00 p.ll\. o.n 1·: . ~ :l 00 p.t/1. 5.2 

11 6 00 a.m. 8.8 ~f!. '2 5 ()\) l\ ,11\. 4.2 
" !) 00 [1.111. 9.1 1•:. 1 I' 2 (\()p.m. 5.2 

12 3 0() p.m. 8.8 ·' 2 6 (~) :<.m. u 
"12 00 p.lll . 9.1 ··r.. 1 2 00 p.m. 5 . ~ 

13 6 1)0 it./11 . fU :V K 2 lr 5 00 :l..tn. 4.8 

" 6 30 p.m. 8.8 K 1 z 00 p . lfl. 3.7 
H 6 00 il.ll l. ~.7 N. 2 l! 5 ()0 11. 111. 4.6 

" 9 00 p.m. 8.9 ~ll ·:. l 3.9 2 00 p . lll. 
l f) 900 f\.111. 9.0 :-lB. 3 5 no tu11. ·1.9 

" 9 00 p.m. \).1 1;, 1 3 00 p.!ll. 3.8 
1U 6 00 :\ ,ln. 9 .5 " 3 6 00 1\ .111. 6.2 

" 6 :}(1 p .m . 9 .8 " 2 <l 00 p .m. 4.5 
l7 6 00 il.m. 9,8 N K 3 7 00 1\., \1\. <1.5 

" 9 00 p.m . 0.9 S K 1 

1

5 00 p.m. 4.6 
18 6 00 a.m. 0.0 ~1<:. 1 6 00 i\.111. 5.5 
" 6 30 p.m . 10.0 " 2 -1 00 p.m. 4.3 

19 "· 0.7 K 2 II g gg ;:: :~;: 
6.6 

;: 12 00 p.m . 9..1 " 1 4..1 

20 3 00 p.m. 9.7 " 2 5.2 I 6 1)1) n.u1. 
" 12 00 p.m. 9.3 s. 1 3 00 Jl.lll. ~.2 

21 6 00 n.m. 9.2 NE. 2 I 10 00 il.m. 5.8 
" 6 :~o p.m. 9.5 K 1 I 4 00 p .m. 4.1 

22 9 00 a.m. 9.3 NK 3 1' 9 00 a .m. 
6.7 

" 9 00 p.m. 9.7 " 3 6 00 p.m . 4.9 
23 9 00 H.tn . 9.5 ~r:. 1 ll 00 n.m. 5.4 

" 12 00 p.m. 9.2 s. 1 6 00 p.rn. 4.3 
24 6 00 a.m. 9.0 " I 6 00 il./11. 3.0 
'· 12 00 p.m. 8.6 f'W. 1 I ~ 00 p.m. 6.5 

2Tl G 00 :un. 8.6 Ng, 2 ()on a.m. 3.8 ,, 
6 30 p.lll. 8,5 1 3 00 p.m . ~A 

26 6 i)(} fUll , A. NK ~ G 00 :>.m. 4.1 
" 12 00 p.m. 8.7 SE. 1 4 00 p.m . H 

2'£ ft 00 a.m. 8.!1 ~- 3 G 00 a. m. 3.9 
6 30 p.m. 8.3 " 3 3 00 p.m. 4.3 

28 0 00 ll.lll. 8A NK 2 fl 1)0 ll.IH. H . 
" !I 00 p.m . 8.1 " ~ n no p.m. 3.1 

29 !) 00 il..ll). s.:l " 2 7 00 a.m. u 
" 9 00 p .m . 8.0 !'. 1 6 00 p .m. 2.0 

30 "'· 8.2 Nl':. 2 G 00 :I.IH . 4.2 
u 12 00 p.m . 7.8 s. 1 6 no 1 •. m. 2.8 

Oct. 1 M. 8.0 N l~. l G 0:) n.m. ~.2 
" 1·2 00 p.m . 7.8 N. 1 o on p.m . 2.9 
~ () 00 a.m. 8.0 " t 0 00 1\.tn, 4.0 

3 00 p .m. 8.2 
,, 1 u no p.m. 2.0 

3 0 00 n.nt. 8.0 " 1 600 l\.lll, 3.8 ,, 
fi 00 p.lll. 8.1 N \ V. 1 fi (')()p.m. 2.7 

4 fi 00 n..m . 7.8 " 2 0 no n.m. 3.7 
'" fi 00 p.lll. 7.9 s. 1 6 t\0 p. m. 2.0 
5 li 00 a.m. 7.8 .. 1 I 00 n.m. ·1.2 
" 6 00 p.lll. 8.2 ~1-:. I 6 00 p.m. 3.4 
0 6 00 a.m. 8.0 E. I 6 00 a.m . -1.2 ,, 

9 Oil p.m. 8.6 NK 1 4 (\!) p .lll. 6.2 
7 !l I)() lUll . S.H " 3 0 00 fl.lll. 4.3 

" !I 00 p.nl. !1 .1 SK I 5 00 p.lll. 5.0 

~ 6 00 1\.111. 9.0 E. 1 
I 

I}()() fUll. 4.3 
0 00 p.m . !1.2 " 1 !) (){) J).lll. 4.0 

9 0 00 1\.111. 9.1. " 2 I 
0 Ill) :1.!11. u 

" 12 00 p.m. 0.3 " 2 4 00 p.ll l. 5.0 
1.0 )f. 9.2 " 1 (j ()() l\.111. u 
" 12 UO p.m . 0.3 " 1 5 00 p.m. 5.1 

11 6 00 fl . lll. 9:2 " 1 10 00 a.lll . 3.!1 
" 0 00 p.m. . 0 8 . 1 6 00 p.m. ·1.9 

12 9 00 n.tn. 0.3 Nil'. ~ 10 ()() :1 . 111. 3 . 
" 9 00 p.m. 1!,0 " ~ 0 00 p .m . 4.7 

13 6 00 ll.lll , 8.9 :>rJ. 2 10 (~) n.m. 3.6 
" 9 00 p.m . 8.-1 N. 1 6 00 p.m. 4.6 

H 9 flO lUll. S.fi NK 3 I fi Of) 1\.ll), ~.6 
'· {I 00 p.m . R.2 sw. l II o 011 p.m. 3.2 

15 fi 00 il.ltl. R.n B. ~ (\ 00 11 . 111. 4.6 
" 12 !~1 p.m. 8.1 , V, 1 non p.m. 3.1 

] ij 9 00 :un. 8.4 '1. 2 11 O'l ti.!n, 4.4 
" L2 00 p.m. S.tJ w. 1 (\ ()!) p .lll. 2.0 

17 M. 8.1 N. 1 11 00 tt.lll. 4 J• 
" 12 0 p.lH. 8:2 w. 1 0 00 p.m. ~-~ 

18 >f . s.n H. 1 OQ ILII1 . 4.G 
" 12 00 p.m. . 2 N. 2 11 6 00 p.m. 2.9 

19 " · 8.2 N l~. 1 6 00 n.m. 3.0 

\ Vinfl. 

I 
T iu:<t Tim <.'. 
o:~ci l · 

lat.iun . lliro- ·Farce. 
t ion. I -- - -- --, ---

Peel. h. m .. 
~T ~~. 2 s !)() fl.lll 

1 .1 ~w . l i 15 p.lll 
I' E. 1 8 ~ 5 a.lfl 

0.5 il l\". 1 8 00 p.m 
~ I·:. I 9 15 1\.lll 

:\'E. 1 20 p.m 
0.9 .. 1 10 ~0 1\.lll 

" I 9 00 p.m 
0.6 ·' 3 )f. 

" 3 11 30 p.tll 
1.0 " 3 o ao p.m 

" 3 
1.1 " 3 1 30 n..m 

" :1 :1 40 ll .m 
" 3 10 00 ll,tl l 

1.6 " 3 (j 00 p.rll 
" 3 >r. 

0.5 " 3 R 00 p.m 

" 3 1 30 p.m 
1 .1 " 3 

" 3 

1

10 30 n.m 
1 .7 " 3 8 00 p .m 

" 3 9 .\0 a.m 
1,9 " 3 20 p.m 

" ~ 
I 1.2 " ~ 

" 3 2 2\) 1\.rn 
1.2 " 3 11 .\:) a.rn 

" 3 
t:! on p.n1 
ll 1.1 a.rn 

1.0 .. 3 10 30 p.m 
" 3 11 20 n.m 

1.7 ' 3 9 10 1'-'H ,, 3 l 00 p.m 
0.8 " 3 

" 3 4 30 tun 
l.l " 3 HI 40 p.m 

XIV. 1 1 (k) Jl .lll 
('atm. I) 9 25 p.m 

1.7 N W. 1 1 00 l l .nl 

0.3 " l 3 00 n.m 
(' lm. 0 I 

~ H• p.m 
0.0 ~"' · 

I 7 4;• run 
'· 2 ~ .n p.111 

X I~. 1 

I 
I 00 Jl.lll. 

1.2 
'· 1 l 30 n.m 

1.5 C'nlm. 0 0 31) p.lll 
:'I'K 1 I 2 20 1\,1)1, 

1.4 C'' lrn. 0 2 00 ]) .Ill . 

NK 1 I :l .II) 11.111. 

1.3 '· 1 :2:\0 p.m. 
" 1 ·I :l5 a.m. 

1.1 aim. I ~ (J(l p.m. 
NP.. 1 5 :lO a.m. 

J.t Cn1m. 0 
II ~ ii:l :::::~: ~~~ . 1 

1.1 C'fllm. 0 I f\ 00 p.m. 
,K 1 I 1 1:) fl.lll. 

0. .. 1 6 ,J ;, p.m. 
:'I'K 1 .&0 11.111. 

" ;] 10 Oil p.m. 
0.9 " a 0 Oil p.lll . ,, 3 
0.0 

,, 3 ·I 30 n.m. 
I '· :1 ~Oil p.lll. 

O.!i 

I 
.. 3 7 15 n.rn . ,, 3 (WI p.m. 

0.0 " 3 [)()a. m . 

Rf:. 1 0 ~l p.m. 
1.2 X I;. :1 10 (~ ) 1\.111. 

:l 0 -Ill p.n 1. 
l.t I ~;. _ 1 10 30 1\,111. 

~- 3 I 
l.l " 3 1 00 n.m . 

:\"W. 1 11 M n.m. 

I x.•;:~ . 1 :! 00 n.m. 
u 0 1 30 p.m. 

:'\". 1 :~ .,;, lt.lll. 

u " 1 :! 4() p.m . 

" 1 • 4 00 n.m. 
1.5 K 1 2 on p.111 . 

I ~~·:. 
1 a ;v, Jl.tll. 

1.7 1-.. 1 -l :!f) J) . IIL 

NE:. l I 4 30 11.111. 
1.7 

,, 1 I 5 00 p.m . 
" 1 0 00 n.m. 

O:t il f(O. 
ncncl1 at forL rcnd~U.O. 'f idH 1 

osc il ~ 

Tfi ~h T~ow ~~~~:;~ ht.iou. 
till o. ti de. i llg . 

M~,.t. M•el. P eel. P eel . 
3.87 

2.50 3.1 1.37 
3.75 

2.25 3.0 1 .50 
3.58 

2.33 2.9 1.25 
3.83 

2.75 3.2 1.0 
-1.10 

3.83 3.9 0.33 
4.16 

3.76 3.9 0..11 
~.33 

3.01 4.1 0.-12 
-1.16 

3.75 3.9 O . .J1 
J.03 

3.01 3.9 0.12 

5.33 
5.00 5.1 0.33 

5.66 
5.00 5.3 0.00 

4.10 
4.58 

<LOO 4.2 0.58 
4.75 

4.16 -lA 0.59 
4.66 

-1.16 4.·1 0.50 
5.16 

4.41 4.i 0.75 
3.58 

4.00 
2.01 3.4 1.09 

4.00 

3.16 3.5 o.8~ 

3.91 
2..11 3.1 1.50 

3.83 
2.50 3.1 1 .33 

3.91 
2.50 3.2 1.·11 

3.00 
2..11 3.0 1.25 

3.75 
2.33 3.0 1.62 

3.01 
2.58 3.2 1.:13 

3.76 
2.33 3.0 1..12 

3.00 
2.50 3.0 1 .1H 

3.75 
2.75 3.2 1.00 

3.91. 
-1.10 
4.16 

3.75 3.0 o . .n 
~ .08 

3.66 3.q 0..12 
-1 .10 

3.41 3.7 0.7 5 
-1 .0 

3.-5 3.6 0.83 
3.05 

2. 1 3.-1 1 .0 I 

4.16 
8.33 3.7 0. 3 

4.16 
2.75 3.-1 1.·11 

-1.08 
2.75 3. 1 1.33 

3.Ql 
1.50 2.11 3.1 

4.0 
3.00 3.5 1 .08 

~.0 
2.58 3.3 1.50 

3.01 

'Vi ntl. 

Direc­
t ion. 

" Sil. 

~K 

R. 

RK 

R. 
" 
SB. 

1•:. 
Rf:. 
" 

Jo' 
·' 

NK 

" 

N W. 

,' ·~-N W. 

E. 

~T J.!. 

ENK 

K 

" 
N. 
" 
K 

ESK 
" 
.' !>. 

" 

' ' " 

I~SB. 
N. 

Porco. 

2 
:1 
2 
2 

2 
2 
3 
a 
:l 

3 
:l 
3 
:1 
;j 

~ 

3 

3 
a 
3 
3 

3 
3 
3 
3 
a 
3 
3 
3 

3 
3 
2 
2 
3 

2 
2 

i 
3 

3 
;J 
3 
a 
3 
;] 

3 
3 
z 
2 
2 
2 

., 
z 
3 
3 

3 
:J 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
;] 

2 
3 
2 
2 
~ 
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Tidal Observations- Continued. 

La ke I'ontcbnrtrnin. Lnke Borgnc. Bayou St . Philip. 

Onuge ' Yind. Gaugo. " ' ind. 
Ga nge. W i nd. Bench a t for t rcads6.0. 

Date. Time. (z(' ro at T ime. 
'l 'idnl 'fim c. 'fhl nl 

bottom oscil- oscil-

of ca na l). Dircc- JJigh Low la tion . Di r cc- Jligh T.JOW 
Mcn n lat ion. Direc. 

·Force . J!'orcc. read- l'orco. 
tion . _ I_ t ide. t id o. tion. tide . t ide. t ion. i n g. 

--- - --- -- --- - - ---- - - - - - - -- --- --
1851. h. m. Feet. I h. "'· 

l "ee!t. .Feet. Feet. h. m. Feet. PN!t. F.-et. FPe t. 

Oct. 19 1'2 00 p.m . b.U sw. 1 ~ 00 p.l~l, ~.t:S La Nl~i. 1 5 50 p.m . :l.~5 3.0 1.Gti s. 2 

2\l G 00 run. i.9 s. 1 6 00 ft. l!l , 3.8 Ca.lm. 0 7 uu a.111 . 3.58 " 2 

'· 300 p.lf\. 8.1 XE:. 1 6 00 p .m . 2.7 1.1 sw. 1 ti 10 j ! .lil. 2.33 2.9 1.25 " ~ 

21 "· 8.1 ~- 1 I" 6 00 lLI/1, 3 .7 Calm. 0 8 ou H ./ll, 3..11 " 2 
,, 12 O(l p.m. 7.9 .\'K 1 I u uo p.m. 2.6 1.l SK 1 7 15 p.IH. 2.33 2.9 1.08 " 2 

12 600 a. m. b.1 
,, 1 Ill 00 a. n1. 4.0 N}J. 1 M . 3.91 N. 3 

600 p.m. , 8.0 .\'. ~ 6 00 p.m. 3.2 0.8 " 1 U 00 p.m. 3.00 3.4 0.91 " 3 

I 
:!:l 9 00 a.m. u .\'R 2 10 00 a.m. 3.9 " 1 9 20 a.m. 3.83 NE . a 

" ~ gg ~::~~: ' 
.:l " 3 6 00 p.m. 2.8 1.1 " 1 7 ~0 p.m. 3.33 3.5 0.50 " 3 

2-1 8 .~ E. 2 I a uo a.m. 4.0 " 1 8 40 1\,.ll\ , 2.83 1.00 E:\'K 2 

I ·' 600 p.nL .0 f\ . 1 G 0<1 p.m. 2.0 1.1 " 1 GOU p.lll . 3.3a " ~ 

2:, 600 n.m . 8.2 " 1 6 00 a.m. 3.6 " 1 ;lU 00 u. lll . 2.16 2.7 1.17 II 'SW. 2 

'- n 00 p.m. 'i.!J Rn". 1 I 3 00 p.m. 2.6 1.0 " 1 Ill 10 p.m. 3.83 " 2 

26 000 a.m.
1 

~.5 !\. :1 8 (I(} <I . Jll, 3.9 " 1 M. 2.41 3.1 U2 N. 3 

" 600 p.UI. 8.0 .\'\\". 3 (j 00 p.m. 2.8 1.1 " 1 

27 6()/l a.m. l 7.i E. 2 600 /t , J/1, 3.9 " 1 I 210 a.m . 3.m " 3 
.. 6 ()(I p.t/1. 6.0 ~- 1 U IJO p.m. 2.6 1 .3 " 1 0 50 p .m. 2.50 3.2 1 .41 .E. 3 

2R 000 iLill . .:! S E. 1 6 1)1) a .m . M " 1 'l '2. ;) a.m. :l.75 " 2 

" 000 p.m. i .O ~- 2 G 00 p.m . ~.8 1:2 " 1 1 IJtj \) .111. 1.91 2.8 1.84 " a 
21) M. .:3 ~ IV . 1 s 00 n. m. +.3 " l ~ :,) Ul..l ll,l\\. 4.00 " 3 

" 12 00 p.m. 8.0 " 1 6 00 p.lll. 2.9 1 .4 " 1 

II ~ ~~ );::::: 
2.25 3.1 1.75 s. 3 

3u M. ~. 4 :>. 1 8 \10 n.m. <.2 " 1 3.91 " ~ 

" 12 00 p.m. i .\l f'W. 1 G 011 p.m . 2.8 1.4 " l ;) :t5 \l.l ll . 2..11 3.1 1.50 :'\W. 2 

31 'M. 8:2 XI\'. 1 i OU a.rn . -Ll " 1 -t UU a .l n. 3.66 " 2 

" 1'2. 00 p.rn. 7 .u ~ \\'. 1 6 \ 11.\1\, 2.7 1 .-t S.E. 1 :l. ~(J \l.lll. 2.H 3.0 1.25 ESE. 2 

NoY. J "'· .:! Si:: . 1 ti 0<) ; \..m , -1.0 NE. 1 I 4 45 a.111. 3.66 " 2 

" 1:2 00 ]l .m. 7.9 X. 1 II 6 0tl p.m. 2.7 1.3 SW. 1 I 4 15 JI.IH. 2.25 2.9 1 .• 11 " 2 

'2 900 a.m . .1 \I". 2 lj 6 00 a.m. 4.1 NK 2 I 5 10 a.m. 3.33 NW. 2 

" 12 00 p.m. 7.6 .\' II". 2 • G 00 p.m. 3.0 1.1 ·' 2 I ;; JO p. m . 2.25 2.7 1.08 " 3 

3 ~{. 7.7 " 2 I' G 00 a.n1.1 3.6 NW. ~ 7 50 a.m. 3.1 6 " 2 .. u oo p.m.j 7.5 X. 3 6 00 p.n1. 2.5 1.1 " 2 I 6 20 p.lll. 2Al 2.7 0.75 " 2 

~ M. 7.5 :O.'B. 1 1 " 00 a .m. 3.3 N. 1 

I 
7 40 a.m. 3.16 E. 2 

H 12 00 p.m. 7.3 S\r. 1 I 6 00 p.w. 2.4 0.9 S ~i. 1 7 00 p.m. 2.25 2.7 0.91 2 

5 GOO a.m. i.4 .. 1 11 G 00 a.m. 3.0 sw. 1 111. 2.66 N. 2 
,, G 00 p.lll. i .:! w. 2 (j 00 p.lll. 2.3 0.7 " 1 i 30 p.m. 2.50 2.5 0.16 " 2 

u 000 n.m. i.3 .\' . 3 1 ti 00 a.m . 3.6 ~r . ;l (0 00 a.m. 3.25 " 3 

!l 00 p.m . 'i .5 ,, 3 .J. 00 p.rn. 2.3 1 .3 " 3 H 00 p.m. 3.50 " 3 

7 600 ll.lll. i.G E. ~ uoo a.nJ. 3.5 NB. 3 i 8 30 a.m . 2.58 3.0 0.92 NE. 3 
,, ll 00 p.m. j .i S ll". 1 ~~ U 00 p.m . 2.9 O.G " 3 8 00 p.lll, 3.33 " 3 

8 6 O<l a .m . i.!J K 2 ... Jo:. 1 1 u oo a.m. 2.1.0 2.7 1.18 " 3 
,, 600 p.m . i .7 I 

,, 1 ~~ 6 00 p.m . 
3.8 SK 1 110 1? p.lll. 3.41 " 2 

n 6 (10 . 0 .. 1 9" 1.1 " 1 2.25 2.8 1.16 ESE. 2 a .m. )f. "'' II 8 J o a .m. 

" 5 30 p .m . 7. H. 2 6 00 p.m. 3.5 ,, 1 10 00 p.lll . 3.66 " 2 

10 ti30 a.m . .2 SE. 1 I 6 00 a. m. 3.8 " 1 I 8 15 a .m . 2.25 2.9 1.n " 2 

" 530 p.m. j j ) 

I 
.. 1 2 00 p.lll. 2.6 1.2 " 

]] U30 a .m . bA " 3 

I 
GOO ft.lll. 4.5 N E. 3 I 1 .w a.m. 4.08 " 3 

,, 9 00 p.m. .G E. 2 300 p.m. 3.1 1.3 SB. 1 

I 
... 2.58 3.3 ],50 " 3 

12 630 a .m. 9.0 S E. 2 M. " 3 3 UO a .m. 4.75 " 3 

" 5 30 p.m. u.s ti. 2 4 00 p.m. G.O " 3 2 OU p.m. 4.08 4.3 0.67 " 3 

13 030 n.m. 1 0 .~ I" 1 600 a.n 1. G.5 " 3 2 50 tl.lll. 5.33 " 3 

" 900 p.m. 9.9 .\'W. 2 I 2 00 p.ltl . J .S 1.7 " 3 8 00 p.ll l. l 4.33 4.8 1.00 " 3 

14 900 n.m. 10.4 '· .Jo GOO a.m . 5.5 NE. 3 8 30 :1. 11), 4.50 s. 3 

" 1:! 00 p.m. 9.0 ·w. 2 

I 
3 00 p.m. 4.3 1.2 " 3 II 6 00 p .m. 3.50 4.0 1 .00 N. 2 

15 630 a.m. 0 .~ :-.. ~ GOO H.tn. 4.6 " 3 
II 

5 00 n.m. 3.91 " 2 

" Ill. "·3 :-.w. 2 5 IK) p.m . 3.5 1.1 xw. 3 ~ 10 ]Ufl . 2.50 3.2 1.41 " 2 

10 ... !. .a X. 1 600 H.Jil • 4.5 " 3 ,, 3 :35 a.m, 3.83 " 2 

·' 12 00 p.m. ~:! I'll". 1 6 UO p.m. 2.9 1.6 " 1. 2 45 Jl.lll. 2.16 2.9 1.67 " 2 

J7 ... 8:2 X. I 1 600 ll.m . 4.0 NK 1 ,! 20 a.m . 3.41 " 2 

" 12 00 p.m. i.9 s. 1 (i U<l p.m. 2.9 1.1 " l 3 40 p. lll . 2.33 2.8 1.08 NE. 2 

18 630 lUll. i .9 '· J 1 U \lO a.m. 3 .9 " 1 4 50 l t.llt. 3.H " 2 

" M . .4 Xf; . 2 I 4 00 ,,. m, 2.8 1.1 " 1 J 00 ll.ll\, 2.75 3.0 0.66 E. 2 

19 630 f\. 111 . 8.3 E . 2 u 00 ll. lll. 4.0 " 1 8 15 a.m . 3.33 " 3 

" 12 00 p.Ul. ,r, "' 2 5 00 p.m . 3.1 0.9 " 1 10 ou p.m. 3.75 " 2 

20 630 tLlll. .i .. 1 15 (H) a.m . ~.1 xw. 1 8 00 /\.. Ill. 2.91 3.3 0.84 sw. 2 

2;' 1 
>1. . 0 xw. 2 1 ~ 00 p.m. 2.0 1.~ " 1 10 -W p.m . 3.33 N \\' . 2 

630 a.m. 7.7 " 2 II (; 00 I\.m. 3.8 " 2 18 30 11.111. 1.75 2.5 1.58 N. 3 

" 900 p.m . 7.2 " 2 3 00 p.lll. 2.6 1.2 " 2 10 00 p.m . 3.16 " 3 

2'2 6 30 a.m. iA F.. 2 6 00 H.ll\ . 3.5 " 2 8 -!6 H.tn. 1.75 2.4 1.41 " 2 

" 9 00 p.l ll. i .6 SE. 2 2 00 p.m. 2.4 1.1 " 1 jl O 30 p.m. 3.50 " 3 

23 630 H.lll. . 1 sw. 1 I 6 OU run. 3.3 SW 3 0 15 a.m . ].33 2.4 2.17 sw. 3 

" 5 ;m p.lil. 7.~ X. 1 3 W p.m. 2.3 1.0 NW'. 1 ll 10 p.m. 3.75 " 3 

2~ 9 ()<) R.n .. 8.2 .\'};, 3 II 6 00 a .m. 
3.2 " 3 110 00 u.m . 2.66 3.2 1.09 l~NE. 3 

,, 9 IKl p.m. i.9 ~\\'", 3 :l 00 p.m. 2.5 0.7 " 3 

25 6 30 a.m. . 0 ,, 3 6 00 u.m . 3.3 " 1 2 50 a.m. 4.25 N. 3 
,, 1'2 00 p.lH. 7.2 " 1 :2 00 p.m . 2.3 1.0 11 2 3U p.111. 1.60 2.9 2.59 NW. 2 

26 6 3!1 n.m. 7.2 SK 1 I 6 00 ll.UI. 3.4 " 1 2 00 a.m. 3.33 B. 2 

u 1:.? 00 p.m. j .5 .. 2 1 3 00 p.m. 2.1 1.3 SE. 1 M. 1.41 2.3 1.92 " 2 

27 630 U.lll. 7 .i " 2 ' GOO ll.lll ~.5 X .E. 1 1 1 00 a.m. 3.91 " 3 

" 12 uo p.Hl. . 3 E. 2 I 500 p.m. 3.5 1.0 K 1 r 30 a.m . 2.58 3.2 1 .33 SK 3 

28 900 n.m. b.6 .\'F:. 2 

I 
uoo a .m. 4.5 .'IE. 2 U 35 a.m. 3.83 " 2 

" 9 00 p.m. .3 X. 1 5 00 p.lll. 3.4 1.1 " 2 2 00 p.m. 2.41 3.1 H2 NE. 2 

29 030 a .. Ill. . 3 } j, 1 6 00 n.m . 4.4 " 2 i 3 00 >Ull . 3.83 " 2 
,, 530 p.m. h.6 :\W. 2 5 00 p.lll. 3.5 0.9 " 2 13 3~ p .m. 2.75 2.7 1.08 " 2 

30 630 lUll. .4 " 3 600 n.m. 3.9 1\'W. 2 
1 

2 4o a .m. 3.75 :RSE. 3 

'· o 30 p.m. i . " 1 5 00 p.m . 2.8 1.1 " 3 2 35 p.m. 1.83 2.7 1.92 N. 3 

Dec. 2'2 

I J 
I 9 30 a .m. 1.50 " 2 

;;, 1
10 40 p.m. 3.58 " 2 
1ll 20 a.m . 1 .66 2.6 1.9~ N }}. 3 



lxiv 

Date. Time. 

REPORT ON THE l\USS I SS IPPI RIVER. 

J ... ake Pontchnrtrain. 

Gauge 
(zero Itt 
bottom 

of canal). 

Wind. 

~:~~~- Force. 

Tidal Obse1·vations-Continued. 

Lnko Borgne. 

Gauge. 
Time. ---,---1 ;;~~i~~ 

lligh Low lntion. 
tide. tide. 

Wind . 

Direc­
tion . Force. I 

Bayou St. Ph ilip. 

Gauge. 
Dcnch nt fol't rea.ds6.0. Ti dnl 
------ -- oscil-

~~~~.' [;~:, ~~:~: lat ion. 

Wind. 

Direc­
tion. Force. 

--- - - -- ---- ---- - - - ---- - - -- ------- --- - --- --- --- --- ---- ---
1851. h . "'· 

Dec. U 
" 

25 

26 

27 
" 

28 
" 

29 
" 

30 
" 

3.1 
" 

1852. 
Jun. 1 

" 
2 

3 
" 
4 
" 
5 
" 
6 

7 
" 
8 
9 

10 

11 

12 

13 

H 

15 
" 

] 6 

" 
17 

18 

19 
" 

20 

21 

22 

23 

25 
26 

27 
" 

2~ 

29 
" 

30 
" 

31 
" 

.Filet. h. m. Feet. Feet. Feet. h. m .. 
lj 0 ~5 a.m. 
1 0 10 p.m. 

1

1 15 !l.m. 

0 50 p .lll. 
2 00 tl.Jll, 
1 30 p.l ll . 
3 00 lt. HI. 

1

1 30 p. m. 
2 20 a.m. 

1

1 00 p.m. 
a 40 a.m . 
1 30 p .tYI, 
~ 50 a .m. 
1 10 p.rn . 

lO 30 p.m. 
)11 00 n.m . 

1
10 20 p.m. 

M. 

Put. 
3.50 

3.25 

3.41 

3.16 

3.08 

3.41 

3.50 

3.50 

a.n 

10 10 p .n1. 3.08 
30 n.m. 

i 60 j) . \ll , 3.08 
8 ou 1\.tll, 

9 (j(j p.m. 3.00 
8 ()U !t.IH. 

8 ~0 p.1n. 3.25 
11 30 a.m. 
lO 30 p.m. 2.66 
8 20 u.m. 

1 l 35 p.m. 3.16 
10 00 lt.lll . 
ll 55 p.m. 3.25 
10 20 a .m. 
0 16 1\,1\\, 2.83 

11 00 il.lll. 

2 00 11.1n. 3.00 
>L 

3 :W H.m. 
1 00 )J.\11. 

t 1 M~Q U,ll l . 

1
3 35 a .m. 
3 20 p.m. 
2 00 1\ . lll. 
9 10 a.m. 

1

1 00 run. 
8 00 p.m . 

00 l\.lll. 

1

7 00 p . ll.l. 6 00 n.nt. 
7 00 p.m. 
9 00 1\.ITI. 
8 30 p. m. 
8 45 1\. 01 . 
!) 15 p.m. 
0 00 lU ll , 

10 00 p.m. 
8 :>0 lt.lll. 

10 30 p.m. 
0 15 H.lll. 
ll 20 p.m . 
10 00 n.m. 
ll 10 p.m. 
10 40 n .. m. 
'12 00 Jl .lll. 

3.00 

2.91 

3.33 

2.00 

1.83 

2.25 

2.66 

2.00 

3.00 

3.00 

2.58 

2.66 

2.1i8 

2.66 

2.66 

I

ll 20 n.m. 
0 15 n..m. 

11 50 a.m . 
1 00 n.m. 2.5 

M. 
9 00 n.m. 

I 
0 30 p.m. 
6 0() lUll. 
6 45 p.m . 
5 20 a.m. 
7 10 p.m. 
7 30 ... m. 
6 00 p ,m, 

2.33 

2.41 

2.01 

2.83 

Feet. 

1.41 

1.25 

1.41 

1.58 

1.66 

2.50 

2.58 

2.58 

2.n 

2.00 

1.58 

1.25 

1.16 

1.25 

1.26 

1.25 

1.16 

1.16 

1.66 

2.51 

1.75 

1.58 
1.33 

1.25 

1.16 

1.25 

1.25 

1.25 

1 .16 

1.41 

1.60 

1.50 

1.60 

1.75 

1.91 
1.66 

1.66 

1.33 

1.60 

Feet. 

2.~ 

2.2 

2.4 

2.3 

2.3 

2.9 

3.0 

3.0 

2.9 

2.5 

2.3 

2.1 

2.2 

1.0 

2.2 

20 

1.9 

2.0 

2.3 

2.7 

2.5 

1.7 

1.5 

1.6 

1.9 

2.0 

2.1 

2.0 

2.0 

2.0 

2.0 

2.1 

2.2 

2.2 

1.0 

1.8 

2.2 

Feel. 

2.09 

2.00 

2.00 

1.58 

1.42 

0.91 

0.02 

0.92 

1.00 

] .08 

1.50 

1.75 

2.09 

1.41 

1.91 

2.00 

1.67 

1.84 

1.34 

0.4.0 

1.68 

0.42 

0.5 

1.09 

1.41 

1.76 

1.75 

1.84 

1.17 

1.16 

1.08 

1.00 

0.91 

0.67 

0.67 

LOS 

1.H 

sw. 

s. 

N. 
" 

N:E. 
" sw. 
N. 
" 

K 
" 
NW. 
" w. 

NNE. 

" ] .. .. 
" 
N. 

" 
w. 
N K 
w. 
•' 

N. 

" 

B. 

N. 
" n. 
" 
N. 
" 

w w. 
" w. 
sw. 
s. 
" sw. 
E. 

2 
2 
2 
2 
2 
2 
2 
3 
2 
3 
2 
3 
3 
~ 
3 
3 
3 

2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
2 
2 
2 
2 
3 
3 
2 
2 
2 
3 
3 
3 
3 
n 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
2 
2 
2 
2 
2 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
2 
2 



.APPEND IX B.-DAILY G.A UGE REGISTERS. lxv 

No. 4.- TID.A.L OBSERV .A.TIONS WITH SELF-REGISTERING GAUGE. 

These observations are so numerous that a synopsis of the most impor tant r esults is prefixed. 
It was ascertained, by corresponding observations on a tide-staff in the gulf, that there is a rise 

at the telegraph station, due to the river flood. 'l'be surface at this station rose 0.5 of a foot, when 
the river at Carrollton rose from the gauge-mark of 3 feet to that of 10 feet. To correct the 
"mean of tide readings " in the next table for this oscillati-on , the followin g subtract ions must be 
made. By applying them the mean level of the gulf will be found to read 1. 0 foot on the telegraph­

station gauge :-

1859. Feel. 18GO. Feet. 
For :\l11y . . ... ..... .. . .... .......... ... . . .. .. .. .. ... .... .... 0. 7 For J :1num·y . . .......... .. ........... . .. .... .......... .. ... 0.4 

" J une .. ... .. .... . .... . ... ....... ... ....... .. .... .... .. . . 0. 7 " Februnry .... ........ ...... .. .. .. .. ................... 0. 6 
" J uly .. .. .... . .. .... .. .... ...... . .. .. .. .. . . . .. ..... ...... 0.4 " l\J nrch ......... . ...... . .. . ..... . ... . .. ...... . .... .. .... 0. G 
·• Au gust .... ......... .... .. ..................... .. .. .. .. 0.0 " April. .... . ... . ............. .. ... .... .. ........ ......... 0.4. 
" Sept mber .. .. .... .. .. . .... . .. . . ............... .. .. . .. 0.0 " Mny .. .. .. . . . . .. . ... . .. .. : . ..... ... .. . .. . ..... . . . .. .. ... 0.3 
" October .. ........ .. .. .. ....... .......... .. .... ......... 0.0 
" November ...... ................................ ... .... 0.0 
" December .. .. ..... .... .. ... .................... .. ..... 0.2 

The following table exhibits the mean results of the whole series of simultaneous observations at 
Carrollton and at the telegraph station at the mouth of the Southwest pass :-

1 

Telegraph station at mouth of Southwest r

1

n.;;s, Mi ssissippi r iver. ll----,---C•;-r-ro_ll_to-n,_I.,..A_. ---..,----

1 I I l l\Jean rise M en u r ise!] Menn r ise Mean riso Difl' of 

I 
Date. ~J ean ) lean low· Di ffer- otnd full nt and fall Mean M ean elo- nnd fall Itt nud fall t 'd 1 i· 

I 

I high-tide tide read- c ncc. or Mean or full a nd nt tho Mean gnn~o-- vntion of full and at tbo 
1 

a IIll O. 
readings ings for meHn Lid c-n·ad ~ n w moon's l t~ t tidnl os- rcnLiing n vor now moon's l st 

I 
for Junnr ! lunar rise nnd ingo: . moon, or nnd 2d cillntion. during l u~ abo~'o gn lf n100n , or nnd 2d 
mouth. month. fnlL g rcate:!t qrP~. , or J nation. d nn r~g lu~ greatL"s l qrs ., or 

I ___ I ___ ------~~- lrull! t dccL __ --- natiOn .. _ --d-ec!_. _ l_cas_ t_d_ec_l. ---

11 1 59. 
1 

Fut. I Feet . Feet. I Feet. j Fee!:. Feet. I Feet. Feet. Feet. Feet. Feet. h. m. 1 

Ju ne ] .. .. ........ . 1. 9 0.9 1. 0 1..4 l. i o .. J 
" 30..... .. .. .... 2.2 I 0. 9 1. 3 1. 5 ' 2. 0 0.3 I 

1 July 30 ........ .... 1. 9 0.7 1. 2 1.3 1 1. 1 0.9 

1 
AugnRt 2 .. .. .. . .. 1. i ' 0.·1 1.3 1. 1) 1. 8 1.3 d 

1 , eptcmbm· ~6 ..... 2.0 0.6 1.4 1. 3 I 1.7 0.4 I 
I October 26........ 1. 0. i 1.1 1 •> ] . 9 0. 2 
I November 24. .. .. 1. 0.2 1 6 1. 0 l 2.2 0.2 0. 8 0.7 1.9 5 20 

' ;~~:l:~;,;: ' ;; I ;; ;; ;; II' ;; ;; I ;; ,;; ,;; ;; ; ; ;;; 
~l a rch 22 ........ J 2.0 1.1 0. 9 1.5 1.4 0.4 12.6 11.9 0.4 0.2 5 40 
Apr il 21........... 1.7 0.9 0.8 1.3 1.6 0.6 0.3 9.5 9.1 6 01 
~l ny 20 ...... ...... 2.0 0. 1. 2 1. 4 I J.7 0.4 0.4 7.8 7.3 0. 5 0.3 5 .J 8 

! """ H i ''_ --;-;----;-;--1-.3-~~-~-~-----------~. 
The detailed ob ervations from which the above mean results are derived will be found in the 

following pages. 
I* 



XVI R E P ORT O N 'l' HE MI S SISS I PP I R I V E R. 

Tidal Observations- Continued . 

'rolcgrnph station at mouth of South west pass. 

II 
Carrollton, l.a . 

" " "' I Gauge. Wind. 

II 
Gnugo. " 'incl. cnco of 

Dato. Time. Differ- Ti me. Di ffer- tidnl 
tiluo. 

ence. 
I 

cnce. 
lligh Low Hi gh J.JO W Direction. :Force. 
tide. tide. Direction. Force. tide. tid e. 

------ --- -- ----
185!l. "· m. Ji'ee/. Ji'eet. Ji'eet. II h. m. Feet. Feet. Feet. "· 'ln . 

May l1 () 00 a .m l. i 

I 
•· 10 go p m 1.4 0 . ~ 

1:.l 8 30 a.m. 1.8 Calm. 0 

" -~ 00 p.m. 1.2 0 (j E. 1 
13 ii 00 a. m ].!) ENE. ] 

" 5 00 p.m. 1. 2 0. 7 " 3 
H 5 30 a.m. 2.0 8. 1 

" G 00 p.m. 0.8 ] .2 " l I 

15 () ilO a .m. 2. 1 " 1 

" 7 00 p.m 0. 7 ]. 4 w. ] 

1() i 00 a.m. 2. 1 " 1 

" 7 30 p.m. O.G 1. 5 " 1 
l i 00 a. m. 2. J " 1 

" 00 p. m. O. i 1.4 , SW. 1 
18 30 !\.. m. 2.2 " 1 

" 8 30 p.m. 0. 8 1.4 " 2 
l !l 8 llO a. m. 2.1 - " l 

" H 30 p .m. O.G 1. 5 N E. 1 I 

20 10 30 a .m. 2. 2 S. l 
" 10 30 p.m. 0. 8 1.4 " 1 

21 11 00 a.m . 2.0 " 1 I 
" 11 00 p.m. 0. 1. 2 , .. 1 

22 ~f. 1.8 w. 3 
" 11 30 p.m. 1. 0 0.8 NE. 1 

23 0 30 p .m. 1. 8 I E. 
1 I 

' " 12 00 p.m. 1. 0 

I 
0.8 NE. 1 I 

24 1 30 p.m. 1. 8 E. 1 
25 0 30 a.m. 1. 1 0.7 " l 
" 2 30 p .m. 1. 5 JmE. 1 

26 1 00 a .m. 1. 2 0.3 E. 2 I 
" 3 00 a.m. 1. 5 F.NE. l 

" 2 30 p.m. 1. 2 0.3 8. 1 
27 4 00 a.m. 1.7 I ' E. l 

" S 30 p.m. 1.1 O.G I SE. 1 
28 !i 00 a.m. 1.6 NE. 3 

" 5 00 p. m. 1.0 O.G " ] 

29 5 30 a .m. 2.0 " 1 

" 6 00 IJ .m. O. !l 1.1 E E. l 
30 (j 0 a. m. 2. 1 " 1 

" 7 00 p.m . O. G 1.5 " 1 
31 6 SO a .m. 2. 1. 1m. 1 
" 7 00 p. m. O. fi l. (i " 1 

June 1 7 30 a. m. 2.3 NE. l 

" 8 00 p.m. 0. 5 1. 8 ESE:. ] 

2 8 30 a .m. 2.3 ~E. 1 

" !) 00 p.m. 0. 5 1. 8 E. 1 
3 !l 00 a .m. 2.2 w~w. 1 
" 10 00 p.m. 0. 5 1.7 NW. 3 
4 10 00 a .m. 2.2 " 3 
"11 00 p.m . 0.6 U i N" K 1 

5( 00 a .m. 2.2 " 3 
" l'l 30 p.m . 0.7 1.5 " 1 
(j ]] ilO a.m. 2.0 " 1 
"12 OU p .m. 1.0 1. 0 " 1 
7 M. 1.8 ' E. 1 

I 8 0 30 a.m. 1. 5 0. 3 E. 3 

" 3 30 a. m. 1. 6 E. 1 

" 4 00 p .m. 1.4 0.2 E. 1 
!) 4 00 a .m. 1.8 alm . 

" 'I 30 p.m . 1. 3 0. 5 8 8. 1 
10 4 30 a. m. 2. 1 Calm. 0 
" -1· 45 p.m. 1.1 1. 0 E . 1 

] 1 5 00 n •. m . 2.2 Cairn. 0 
" 5 00 p.m. 0.8 1.4 E. 1 

12 5 30 a. m. 2 ' I I . E. 1 
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Tidal Observations-Co 11 tin ued. 

I 
Tclegmph station nt mouth of Southwest pasa. Carrollton, r~a. 

Onug<>. \ Yind. Oaugo. Wind. Diffor-
enco of 

Date. Time. Differ- Time. - Differ- tid al 
cnce. CllCC'. tim e. 

lligh l.JOw Direction. }'orce. Uigh IJOw :Direct ion. Force. 
tide. tide. t ide. tide. 

- - -- - ---- - - -- ----
185a. h. m. Feet . Feet. Feet. h. m. Feet. Feet. Feet. h. m. 
June 1:! .j 30 p.m . 0.\l 1. 3 .E. 3 

13 6 00 a. m. 2.5 SE . 3 .. 6 00 p.m . 0.7 1. 8 .. 3 
14 6 30 a.m. 2.3 " 3 
" 7 00 p .m. 0.7 1. 6 " 1 

15 i 30 1\.m. 2.4 " 1 .. 7 30 p.m. 0.7 1.7 NE. 1 
16 8 00 n.m . 2. 3 s. 1 

" 8 00 p.m . 0.6 1.7 " 1 
11 \l 00 a.m. 2.2 ssw. 3 .. 9 00 p.m . 0.8 1.4 sw. 3 I 
18 9 30 a.m. 2.0 " 3 I 
" 9 :30 p.m. 0.7 1. 3 s. l I 

Hl 10 00 a .m. 2 .0 " 1 ' 

" 10 30 p.m . 0.8 1.2 sw. 1 

I 
20 11 00 n.m. 1.8 w. 1 
" ll 00 p.m. 1.1 0.7 s 1 

21 11 30 a.m. 1.6 SW. 1 
•. ll 30 p.m. 1. 2 0.4 NW . 3 

22 0 30 p.m. 1. 6 w. 3 .. 1:! 00 p.m. ! 1.4 02 N. 1 
?~ 3 DO a. m. l l.i " 3 _ ... 
" 3 00 p.m. 1.5 0.2 " 1 

24 : 30 a.m. 2.0 NNE. 3 
" 4 00 p.m . 1. 5 0.5 NE. 3 

? - 4 00 a. m. 2.1 E. 3 - i:> 

" 5 00 p .m. 1.1 1.0 NE. 1 
26 4 30 a .m. 2.3 " (\ 

" 5 30 p.m. 1.1 1. 2 E. 3 
'r 5 30 1\.111. 2.5 " 3 _, 
" 6 30 p.m . 0. 8 l.i SE. 3 

28 6 30 n.m. 2.6 " 3 .. 7 30 p.m . 0.6 20 E. 3 
2(1 i 45 a .m. 2.6 ESE. 1 

" 3 p.m. 0.6 20 E . 1 
30 30 a .m. 2.6 " 0 
" \l :30 p.m. 0.6 2.0 SE. 1 

July l \l :30 a.m. 2.5 SSE. 1 ' 
" 9 30 p.m . 0.6 1.9 E . 1 I 2 10 30 a .m. 2.3 ssw. 1 
" 110 00 p. m. 0.6 1.7 s. ] 

I 
3 11 00 a .m. , 2.1 N. 1 
" 10 30 p.m. 0. 1. 3 ss w. 1 
4111 30 1\.111. 2. NW. 1 
" 11 00 p.m . 1.1 1.7 1 
5 M. l.i ESE. 2 ·rl 30 p.m . 1.3 0.4 ENE. 2 
6 2 00 a. m. 1.7 " 2 
" 3 00 p.m. 1.5 0.2 E . 1 il 3 00 a.m . 2.0 " 1 
•· 3 30 p.m. 1.1 0.\l SE. 1 
I 3 30 a. m. 2.0 w. 1 

" 4 ].) p.m. 1.0 1.0 SW. 1 
I 9 4 00 a.m. 2. 1 E. 2 

"I 4 30 p.m. 1.0 1.1 " 1 I 
10 4 .J5 a.m . 2.4 E. 1 
" 4 30 p.m. 0.8 1. 6 " 1 I 11 4 .J5 a.m. 2.4 sw . 3 
" 5 30 p .m. O.i 1.i E. 1 

1:2 5 30 a.m. 2.2 SE. 1 I '· 6 00 p.m. 0.5 1.7 R. 1 
13 6 00 a .m. 2.0 NW. 2 .. 6 .J O p.m. 1 0.6 u w . 1 

I 
],1 (l 1- a.m. :u Calm . 0 



lxviii RIEPOH. T ON TI:IE M I S S I SS IPPI RIVER. 

Tidal ObBe1·vations-Con tin ued. 

-
Telegraph stat ion at lllonth of Soutlrw~s t pass. CarroHtou, Lu . 

Gnngc. \l"inJ. I Gungo. \\riml. mncr-
I cnce of 

Da te. Time. Diffe r- Time. Ditrcr· - tidal 
once. cuco. time. 

High Low Direction. },orcc. I Tligh JJOW Direction. }.'orco. 
t ide. tide. tide . t.itlo. 

---- -- --- - -

185\:1. " m. Feet. Feet. Feet. h. m. Feet. Feet. Feet. !t. m. 
July 14 7 20 p.m. 0.6 1. 5 E. 1 

15 !) 20 a.m. 2. 1 " 1 
" 8 20 p .m. 0.7 1.4 SSE. 1 

16 10 20 1\.m. 1.8 1 
" 8 45 p.m . 0. 8 1. 0 ssw. 1 

17 10 20 n.m. 1.8 w. 1 
" 8 25 p.m. 0.8 1>.0 " 1 

18 !) •15 1\.m. 1.7 WNW. 1 
" \) 40 p.m. 0.8 o.n SW. 1 

19 J1 20 n.m. 1. 5 " 1 
" 'JO p.m. 1.0 0.5 ssw. 1 

20 5 --l •i 1\. m. 1.1 sw. 1 

" G 30 p.m. 1.0 0.1 WSW. 1 
21 5 00 1\ .m. 1.2 " 2 
" 4 10 p .m. 1. 0 0. 2 sw. 2 

22 2 10 n.m. 1.2 " 2 
" .11 00 a .m. O. G 0.6 " 2 

23 1 4oJ n.m . 1.2 " 2 
" 2 40 p.m. 0. 3 O.D " 2 

24 3 20 a .m. 1.4 WSW. 1 
" 2 15 p .m. -0.1 1.5 sw. 2 

25 3 15 n.m. 1A NW. 2 
" 2 4!) p.m. -0.1 1. 5 s II'. 2 

26 4 25 a m. 1.5 w. 2 
" 3 45 p.m. -0.2 1.7 RW. 1 

27 6 00 n.m. 1. 8 w. ~ 

" 4 30 p .m. -0.3 2.1 SW. 1 
28 6 45 a .m. 2.4 NW. 1 
" 5 50 p.m. 0.4. 2.0 SW. 1 

2!) 6 50 n. m. 2.5 NW. 1 
" 7 50 p.m. 0.2 2.3 w. 1 

30 5 30 a.m. 2.1 w. ] 

" 7 20 p.m. 0. 3 1. 8 s w. 1 
31 10 30 a.m. 1. 8 w. 1 
" 8 30 p .m . 0.5 1. 3 sw. 1 

Augu t 1 1 30 p.m . 1. 2 " 1 
" 6 lfi p.m . 1. 0 0.2 " 1 
2 1 30 n .. m. 1.2 sw. 1 
" 6 30 p m. 1.0 0.2 E. 1 
3 2 30 1\ .m. 1.1 " 1 
" 8 15 p.m. 0.7 0.4 s. 1 
4 1 41) a.m. 1.2 E. 1 
" 1 30 p m. 0. 5 0.7 SE. 1 
5 2 ,, -

i)•) a. m. ] . :3 " 1 
" 2 20 p.m. 0.2 1. 3 w. 1 
6 2 10 am. 1.5 NW. 1 

" 0 3;i p.m . 0.1 1.4 , W. 4 
7 2 50 a.n1. 2.0 NW. 1 

" 3 30 p .m. 0.2 ] .8 sw. 1 
8 4 50 a .m. 2. 0 w. 1 
" 3 43 p.m. 0.1 ] . 9 E. 1 
9 4 50 a.m. 2. 1 SE. 1 
" 5 21) p . m. 0.3 1. 8 FlE. 3 

10 6 00 a.m. 2.2 ESE. 2 
" 6 10 p .m. 0.5 1.i B. 2 

11 7 05 a.m. 2.3 ]~ . ]~ . 2 ,, 6 15 p.m . 0.5 1.8 NW. 1 
12 7 2!} a .m. 2.3 s. 2 
" 6 41) p.m. 0.6 1.7 SE. <) 

13 8 40 a.m. 2.2 " 1 
" 8 05 p .m. 0 .6 1. 6 E. 1 

14 !) 30 a.m. 1. 9 sw. 2 
" 6 ~0 p. m. O.G 1. 3 " l 

15· ll 00 rt.m. 1.7 w w. 1 
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'I'idal Observations-Continued. 

I 

i 1.\·legrapb station at mouth of Southwes t pass. Carrollton, La. 

Gauge. \ Vind. Gange. Wi nd . Diffe r-
once of Da te . 'l'ime. DiffC' r- Time. DiiTCI'• tidnl en co. once. tim e. lligh T.JO W Direct ion. Force. Iligh I A'J W Di1·cction. }-.orcc. tide. tide. tid e. lido. 

---- -- --- ---
1839. h. m. Feet. Feet . Feet. h. m. Feet. Feet. Feet. h. 'IlL 

August 15 10 00 p.m . 0.7 I 1.0 WSW. 1 
16 11 00 n.m. 1.2 " 2 

•• 10 :30 p.m. 0. 7 0.5 " 1 
17 ll 00 am. 1.2 N W. 2 .. 7 00 p.m . 1.0 0.2 NK 2 
18 11 4.3 a.m. 1.4 E~K 2 .. 3 00 p.m . 1.2 0.2 NE. 2 
1!) 0 :30 a.m. 1. 8 " 2 .. )[. 1. 0 0.8 " 2 
20 0 05 a.m. Ul N W. 1 .. 1 15 p.m. 0.6 1. 3 sw. l 
21 0 45 n.m. 2.0 NW. 1 
•· 0 4.3 p.m. 0.2 1.8 sr,. 1 

22 1 :'!() i\.n1. 2.0 xw. l .. 1 • 10 p.m. 0.2 1. 8 NE . 2 
23 3 :30 n.m. 2.5 WSW. 1 
" 2 4.) p.m. 0.4 2.1 N8. l 

24 4 15 a 1n. 2 6 ~w. 1 .. + 10 p.m . 0.+ 2.2 ~E . 1 
I) " 4n n.m. 2.6 " 1 _ ,) .. -1 -1 5 p .m. 0.1 2.5 E. 1 
26 6 ;so n.m. 2.3 .. 1 .. 15 00 p.m. 0.3 2.0 E 'E. 1 

I 
21 8 00 u.m. 2 3 NNE. 1 
'· i ] .) p.m. 0. 5 1. 8 1~. 1 

2,~ !l 1.) n.m. 2.0 sw. 1 
30 p.m. O. i 1.3 w. 1 ' I 2!) 10 :30 n.m . 1. ;) sw. l 

" 11 00 p.m. 0. i 0.8 W. 1 
30 .. 1 
" ~I. 1. 6 NNW. 1 

31 10 ;{0 a.m . 1.0 0.6 NNE. 1 
.. 11 30 p.m. 1.6 N. 1 

epl. 1 M. 0.5 1.1 NE. 1 
" 12 00 p.m . 1. 5 .. 1 
2 )I. 0.3 1.2 NNE. 1 .. 

" 1 
3 0 ] .) n..m. l.i Calm. 0 .. 1 :W p.m. 0.0 1.7 sw. 1 
4 1 30 a.m. l.i NW. 1 
" 2 20 p.m. - 0.1 1 8 sw. 1 
5 2 -1 .) n.m. 1. 6 w. 1 ' 
" :3 00 p m. 0.0 ] .6 NE. 1 
6 4 1.) a.m. 1. 6 NNE. 1 
" 3 ;l;j pm. 0.2 1.4 NE. 2 
i -1 30 fl.lll. 1. NN W. 1 
" 4 10 p.m. 0.3 1.5 N l•:. 1 
8 5 45 a.m. 2.0 I>NR 2 
" 4 1.) p m. 0.6 1.4 E. 3 !) 6 30 a. m. 2.0 .. 2 .. 6 00 p m. 0. 1.2 .. 3 

10 i ;so n.m. :.!.1 .. 2 
'· 6 ;30 p.m. 1.0 1.1 .. 3 

11 !30 a tn. 1. NE. 1 .. i 00 p.m. 1.0 0.8 " 1 
1:2 9 30 a.m. 1.7 NW. 1 
" .! ;o p .m . 1.4 0. 3 s. 1 

13 :11. 1.4 W. 1 
" " 1 

14 4 00 a .m. 1.2 0.2 NE. 1 
" ll 30 p.m. 2.1 " 2 

15 i 0 a .m. 1.5 0.6 N :E. 7 .. 7 -1.) p.m. 2.5 w. i 
16 10 0 a. m. 1.1 lA rw. 2 



lxx 

Date. 

l 8fi!J. 
Sept. 

Oct. 

I 

R E P 0 R '1' 0 N 'l' H E \-L I S ' I S S I P P l R l V E R. 

'£clcgra.ph station at 1nou 

-- ·-- -

Oange. 

'l'lmc. 

fli gh Lo w 
tide. tide. 

--- ---

ft . m. Feel. Feel. 
16 lO 00 p.m. 2.2 
17 10 30 a .m. OG 
" 10 30 p.m. 20 

18 11 00 a.m . 0.4 
19 1 00 a.m. 2.2 
" M 0.6 

20 0 30 a.m . 1.7 
" 1 30 p.m. -0. 1 

21 2 45 a.m. 2.0 
" R 00 p.m. 0.1 

22 5 00 11.m . 1.8 
" 4 01) p.m. 0.2 

23 I) 20 11.m. 1.8 
" 5 00 p .m 0.1 

I 
24 6 15 11.m. 1.8 
" 5 20 p.m. 0.5 

25 !J 15 n.m. 1. 5 

" (i 00 p .m. 0.8 
26 Clock 
" stopped. 

27 8 30 p.m . 1.7 
28 8 30 :t.m. 0.4 
" 8 15 p.m. 2.0 

2!) !J 30 :t.m. 0.3 
" \l 45 p.m. 1.8 

30 !) 30 n.m. 0.3 
" 10 1!i p.m. 2.0 
1 11 30 ll..m . 0.2 
"11 45 p.m. 1. 8 
2 0 30 p.m. 0.4 
" 
3 1 00 n.m . 1.0 ,, 1 20 p.m. 0.1) 

• 4 1 45 n.m. 2.0 
" 2 20 p.m. 0.5 
5 3 20 n.m. 2.0 
" 4 00 p.m. O.G 
6 3 30 o..m . 1.5 
" 3 30 p.m. 0.4 
7 6 00 n. m. 1.6 
" 4 15 p.m. 0.7 
8 8 30 n..m. 1.5 
" 4 80 p.m . 1.2 
0 10 30 a.m . 1.3 

" 2 30 p.m. 1.1 
10 0 1ii p .m. 1.2 
11 2 40 a.m. 1.0 

" 40 p.m . 1.2 
12 4 00 a.m . 0.6 

" 
" 10 00 p.m. 2.0 

1:1 6 20 a .m. 0.0 
" 7 4ii p .m. 2.2 

14 8 10 (l,ffi. 0.3 
" 9 ~ l) p.m. 2.1 

15 10 00 11.m. 0.3 
" 10 30 p.m. 2.3 

16 10 30 a.m. 0.6 
" 10 50 p .m. 2.6 

17 11 10 a.m. 

I 

07 
" 

18 0 15 a.m. 2.5 
"11 ~ 5 a.m . 0.4. 

T·idal Observatio'ns-Con tinued. 

th of 'outhwcst pass. 

Wind. 

II iffer-1) 

cuce. 
Di rection. , ~·orcc. II 

-
Feet. I 

w. 1 I 
1.6 sw. 1 

E. 1 
1. 6 " 1 

ssw. 2 
1.6 sw. :~ 

NW. :!. 
1.8 " 2 

I " 2 
1.(} " 2 

N. l I 
1.6 F.. 1 I 

NE. 1 

I 1.7 " J 

" 1 ! 1.3 " 1 
NN W. 1 I 

0.7 N l~. 1 
NNE. 1 

J 
NE. 1 

1. 3 " 1 I 

E. 1 

I 1.7 SE. 1 
NNE. 1 

1. 5 ENE. 1 
N 1~ . 1 

1.8 ENE. 2 
NW. 2 

I 
1.4 E. 2 

" 2 

" 2 
1.4 N. 2 I 

ENE. 2 I 
1. 5 r E. 1 

ENE. 1 I 

1.4 NE. 1 I 
" 1 

II 1.1 " 1 
ENE. 1 

O.!l " 1 
w. 1 I 

0.3 sw. 1 
NW. 1 

0.2 " 1 
NE. 1 I 0.2 " 1 
" 2 

O.G " I 3 
E. I 2 

I 
" 2 

1.1 ,, 3 

" 1 

I l. !J " 1 ,, 1 
l. E. 1 

1 
1 7 E E. 2 ,, 2 
]. !) E. 2 

" 2 
NE. 2 

2.1 " 2 

'l'ime. 

ft. m. 

Carrollton, La_. --..,.-------1 
Onugo. 

-
lli jrh Low 
tide. tide. 

--- ---

Feel. Feel . 

I 

niffcr­
encc. 

Feel. 

\ri nd. I Diffc l'· 
Cll CH Of 

_______ 

1 

tidnl 
time. 

J)irrct.ion. ~"orco. 

1---- -----

h. 111 • . 



I 

I 

A P I' E X D I X B. - D A I L Y G A U G E R E G I S 'I' E R S. 

11idal Obse1·vations-Continued. 

I 'felegrnph station at mout h of Soutllwest pass. 
I Carroll ton, IlrL 

I 
Gauge. 

Dnte. Time. Differ-
ence. 

High Low 
tid e. tide. 

--
185!l. I h. m . Feet. Feet. Feet. 
Oct. 19 0 45 a.m. 2.20 

" 1 00 p m. 0.50 1. 70 
20 2 30 a.m. 2.30 
" 2 30 p.m. 0.60 1.70 

21 5 0 am. 2.00 
" 1 40 p.m. 1.00 1.00 

22 7 30 a.m . 1.80 
" 

23 
1 40 p.m. 1.20 0.60 

" 
24 3 00 a.m. .. 7 00 p.m. 2.30 
25 5 30 a.m . 1.00 1. 30 
" 6 45 p.m. 2.30 

20 6 45 a. m. 0.70 1. 60 .. 7 40 p.m. 2.60 
27 6 4.0 a.m. 0.60 2.00 
" 7 45 p.m. 2.40 

28 8 45 a.m. 0.50 1. !)0 
2!) 10 -15 p.m 2.00 
30 11 30 a .m. , -0.10 2.10 
" 10 -1.5 p.m. 1.50 

31 10 -15 a.m. 0.20 1.30 
'· 11 50 p.m. 1.63 

Nov. 1 0 30 p.m. l 0. 10 1.53 
" 
2 0 10 1\,m. 1 58 
" 1 30 p.m. 0.30 1.28 
3 1 40 a .m. l 1.00 

" 1 1 00 pm. , 0.50 0.50 
4 1 -JO a.m. 1.16 
" 1 00 p.m . 0.83 0.33 
5 2 50 a.m. ] .42 
" 1 00 p.m. 

I 
1.16 0.26 

6 
" I 
7 5 50 a.m . .. , 7 43 p.m. 1. 3 

4 50 a.m. 0.91 0.92 
" i 7 00 p.m. 2.10 
!l 5 -10 n.m 0.67 1.43 
" 6 30 p m. " 'J" - · - ..> 

10 6 50 a.m. 0.23 2.00 
" 6 -10 p.m. 2.16 

11 6 40 a .m. 0.20 1. 96 
" 10 p.m. 2.91 

12 0 a.m. 0.07 2.24 
" 20 p.m. 2.G7 

1~ 1 10 a .m. -0.25 2.92 
4.3 p.m. 2.00 

14 9 30 a.m. -0.25 2.25 
•· 10 43 p.m . 

151 
" 
\~ , 1 10 a .m. 1.25 

?tl. 0.00 1.25 
17 
" 

1 
" 

1!l 
" 

20 
" 

Wi nd. 
I 
I 

I 
Force. I Direction . 

II 
I 

I 
NW. 2 
N. 2 
ENE. 2 

" ~ 
NE. 2 
" 2 
" 2 .. 2 
ENE. 2 
" 2 

NE. " " I 

" 2 
N. 3 

" 3 .. " " " 3 
NW. 3 
" 1 
" 1 
" 1 
" 1 

" 1 
" 1 
" 1 I 

NNW. 1 
" 1 I " 1 
" 1 

N. 1 
1m E. 2 
E. 2 
" 2 
NE. 2 I 
" 2 

" ] i 

" 1 I 
" 1 
E E. 1 
" 2 

" 2 
E. 1 
ESE. 1 

11 
SE. 1 
SSE. 1 

" 1 I 
" 1 II S E. 1 
sw. 1 
NW. 7 I " 7 
N. 3 
" 3 
NW. 3 
" 3 
ESE. 3 

" 3 
I E. 3 

ESE. 3 
W. 3 
" 3 
N. 1 
sw. 1 
SE. 1 
" 1 

2 

2 
1 

1 
3 
2 
3 

7 
7 

Time. 

m. 

00 p. m. 
M. 
00 p. m. 
00 p.m. 

30 a. m. 
10 p.m. 
15 a. m. 
00 p.m. 

00 a .m. 
00 p.m . 

I 

I Gauge. 

I 
Di ffer-
en co. 

High Low 
t ide. tidu. 

1----

Feet . F eet. F eet. 

I 

I 
I 

I 

2.60 
1.1 5 1.45 

2.70 
1.20 1. 50 

2. 75 
0. 20 2.55 

1.85 
0.50 1.35 

1. 85 
1.10 

Wind. 

I 
Direction. :Force. 

--

I 
I 

lxx i 

I 
Di ffer-
rnco of 

tid ll l 
t ime. 

--

h. m. 

5 20 
5 20 
3 50 
5 00 

5 10 
7 00 
5 30 
5 30 



lxxii 

Date. 

1850. 
Nov. 

Doc. 

REPORT O N THE :\fi S SIS . IPPI RI\ER. 

TidaL 0/.NservalioJts-Coulin ued. 

Tclegrn.ph stntion nt. mou th of Southwest pass. _I Carroll ton, J~n .. 

Gauge. 

Tim r. Differ-
cncc. 

Hi gh Low 
titft•. tide. 

----
lt . m. Feet. Feet. Feet. 

23 
" i 00 p.m. l.i5 

24 (i 40 n. m . -0.20 1. 9;) 

" 6 50 p.m. 2.25 
25 7 40 ft.IU. 0.00 2.25 

" 8 ~ 0 p.m. 2.25 
2G 8 20 a. m. 0. 1G 2.09 

" 8 50 p.m. :.!.25 
27 9 40 a. m. 0.20 2.05 

" 
28 
" 

29 
"10 50 p.m. 1. 83 

30 Ill 30 am . O.G7 l.lG 
"10 40 p .m . 1.58 
1 10 30 a. m. O.GO 0.98 
" 11 10 p.m. 1. 50 
2 11 10 a .m 1.00 0.50 

" 9 30 p m. 1. 50 
3 10 00 a.m. 1.10 0.40 

" 7 00 p.m. 1.58 
4 4 45 a.m. 0.91 0.67 

" (i 20 p.m. 1.67 

" 
5 5 10 a.m. 1.]0 0. 57 

" 4 40 p.m . 1. 91 
6 3 40 a.m. 0.58 1. 33 

" 5 :20 p.m . 2.33 
7 5 50 a.m . 0.20 2.13 

" 5 ~0 p.m . 1. 91 
8 5 20 n m. 0.10 1. 81 
" 7 00 p.m. 2.00 
9 n 30 a.m. -0.10 :! .1 0 

" 7 10 p.m. 1. 83 
10 (j 15 >l .m. -0.33 2.1 G ,, 50 p.m. 2. 1G 
11 7 10 a .m -0.10 2.26 
" () 15 p.m. 2.33 

12 9 15 a.m. 0.10 2.23 
' · 10 20 p.m. 2.10 

13 10 10 a .m. 0. 33 1. 77 
" 10 00 p.m. 1.9 1 

14 10 40 a .m. 0.42 1.4() 
•. ll. 40 p.m. 1.G7 

15 11 30 a .m. 0.83 0.84 

" 
1G 

" 
17 ,, 3 40 p.m. 1. 50 
18 3 50 a.m. 0.91 0.59 
" (l 15 p.m. 1.51 

19 3 :W a .m. 0.9 1 O.GO 
" 5 :20 p.m. 2.25 

20 5 10 fl..lll. 0.67 1. 5 
" 5 20 p.m. 1 91 

21 
" 5 20 a.m. 0.58 ]. 33 
'· 7 00 p. m. 2.10 

22 G 30 a.m. 0.50 1. 60 ., 7 20 p.m. 2. 16 
23 7 00 a.m. 0.50 1. 6G 
" 8 10 p.m. 2.00 

2-1 7 :W a.m . , 0. ~ 2 l.li8 

-
D irecti on. } \)! ·co. 

NE. 
ENE. 

E. 

SE. 
s. 

sw. 

S E. 
N IV. 
ES E. 

E. 

SE . 
NW. 
s. 
N. 

" 
NNE. 
S E. 
" s. 
:\' IV. 
NS W. 

N. 

NNW. 

WSW. 
sw. 
NN W. 

w. 
IV. 
N. 

1 
3 
3 
3 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
l 
2 
1 

1 
l 
l 
l 
3 
~ 
3 
3 
3 
1 
2 
l 
1 
1 
1 
] 

1 
1 
1 
1 
1 
1 
1 

2 
1 
1 
1 
] 

2 

2 
1 
3 
2 
3 
2 

Time. 

ft. m. 

2 15 a.m. 
3 00 p.m . 
3 20 n.m. 
8 30 p.m. 
4 05 a .m. 
3 45 p.m. 

11 30 a.m. 
l 80 a.m. 
2 00 p.m . 
0 15 am. 

10 Hi a.m . 
1:2 00 p.m. 
9 00 !1.111 

1

10 00 p.m . 
!l 30 a.m. 

10 30 p.m. 
jll 00 :..m. 
11 45 p. Ul . 

10 30 a.m. 

: 0 30 a.m. 
11 3U a.m. 

I 
3 00 o.m. 
3 00 p.m. 
4 00 li.m . 
3 00 p.m. 
4 30 a.m. 
3 30 p .m. 

11 00 p.m 
,10 00 a.m. 

1 1 0 a.m. 
10 30 a .m. 
11 ().) p.m. 
11 45 a .m . 

II ' a.m. 

Onugc. 

I Uilfcr-
cucc. 

ITigh ] JOW 
tid •. tide. 

----

Feet. 1 Fee t. Feel. 

2.40 
1.02 1. 38 

2.24 
1. 30 O.!l-1 

2.30 
1.58 0.72 

2.35 
2.15 0.30 

2.32 
2.08 0.24 

2.65 
') n • 
-. Dt) 0.30 

3.05 
2.10 0.65 

3.G.i 
2.65 l. OO 

3.53 
2.70 0. 85 

3.90 
3.00 0.00 

4. 80 
4.10 0.70 

5.00 
4. 55 0.45 

5.:25 
4.90 0.35 

I 

8.GO 
.20 0.40 

Q.OO 
.75 0.25 

9.:.!5 
.!lO 0.35 

' \"incl . Differ-
cuco of 

tida l 
t i ll !C. 

Direc tion. }'orco. 

--
ft . ?n. 

5 ][j 

5 15 

4 00 
4 00 
5 15 

5 40 
3 50 

5 50 
5 10 
5 10 
(i 05 
5 10 

5 30 
5 00 

5 -1 5 
5 40 
,, iiO 
(j 30 

5 40 
4 50 

7 40 
5 ·10 
4 05 
5 15 

6 40 



Date. 

1859. 
Dec. 

1860. 
Jan. 

AP PEK DJ X B.-D.AI LY GA. UGE RE G I S TE itS. Ls:xiii 

Tidal Obse1·vations-Con tin ued. 

'l'elegrnph station at mouth of Southwest pass. 

I 
Carrollton, f.;a. 

Gauge. 'Vinci. 

I 
Ua.ugo. 

Time. Difli.• r- rrimc. Dine r-
encc. eucc. 

lligh I Low Direction. }"'orcc. High l .JOW 

I ~~~<]~ t ide. title. 

--- I~ --
I 

Feet. I Feet. Feet. "· h. m. m. Feet. Feet. Feet. 
2~ () :!U p .m. 1. Ui E. · 1 
25 \J 00 a.m. 0.67 1.24 SE. 1 3 00 o. .rn. 0.92 
" 50 p .m. 1.83 SSK 1 2 30 p .m. 0.55 0.37 

2G 40 a .m. 0.75 1.08 " 1 4 00 o..m . 10.00 
" 10 UO p.m. 1. 01 .. 1 3 30 p.m. D. 75 0.25 

27 10 00 a. m. 0.83 1.0 " 1 4 30 a.m. 10.05 
' · l1 ~0 p.m. 1. 3 SE. 1 5 00 p.m. 0.70 0. 35 

2 11 30 a.m. 0.\J l 0. 0:2 s. 1 5 30 a .m. 0.95 
'· 10 30 p .m. E E . 1 D.65 0.30 

2!) 1 s. 1 

" " 1 

s.~ ~ NE. 1 
N. 3 · D.80 

31 s. 7 4 00 p .m. 0.58 0.22 
" " 7 
I 

] NW. 3 10 00 o..m. 0.20 

~ I 4 20 p.m . 1. 58 N. 3 
4 :.!0 a .m. 1.00 0.58 c-IN W. 3 2 30 p.m. 8.75 0.45 ,, 5 00 p.m. 1.42 N. 3 7 00 p .m. 8.80 

31 -± 30 a.m. 0.66 0.7!3 " 2 3 OJ p.m. 8.42 0.38 
" -± :20 p m. 1.-!3 " 2 11 00 p.m . 8.55 
-ol 5 00 a .m . 0 50 0.02 " 2 ll 30 a.m. 8.12 0.43 

" I 5 00 p.m. , 1.75 NE. 1 11 30 p.m. 8.40 
5 5 OU a .m. 0.50 1. 2.5 N. 1 7.75 0.65 

" I 7 ].) p .m. , :2. 16 " 1 8. 12 
o, 6 00 a.m . 0.67 1.4.0 I ENE. 1 7. 80 0.32 
" G ~ 5 p.m. :2.75 ESI·:. H 8.40 
7 G :W a .m. l 0. 3 1. 92 WSW. ] 7.70 0.70 

" i 30 p. m. :2.5 SE. l 
8 7 30 a .m . 0.67 1. 91 I NE. 1 1 00 a.m. 8. 10 
.. I 9 :.!0 p .m. :2.33 .B. J 7 00 p.m. 7.90 0.20 
9 9 :30 a.m. I 0.75 1.5 " J 3 00 o..m. , 8.28 .. !l 15 p.m. :2 .33 " 1 

10 \) ;.?.j a.m. 0. 75 ]. 5 ESE. 2 
" ]() 40 p.m. :2.33 " 1 3 30 p.m . 7.95 

11 10 :20 a .m. 0.91 1.42 E. 1 5 20 a.m . j 8.58 

" 
2.00 1 

" ] 3 30 p.m. 8.25 0.33 
12 1 01) a .m. ESE. l 7 oO a .m . 8. 70 
"11 :.!0 a.m . 1.25 0.75 sw. 1 .J. 30 p.m. 8.60 0.10 

13 0 30 a .m. 1.50 E. l 7 00 a.m. 8.95 
" 7 ~ .j a .m. 1.33 0. 17 s. 1 

I ,, 3 .J;j p.m. 1. 3 " 1 
14 6 40 u.m. 1.33 0.50 " l 
" 3 -! 5 p.m. 1. 5 w w. 2 

] .) 2 JO a.m. , 1.10 0.4.8 NNW. 1 7 00 a.m. 
" 4 00 p.m. ]. 3 N W. 1 10 30 p .m. 9. 35 

lG 3 50 u.m. 0. 3 1.00 N. 1 \l 00 a .m. 9.14 o.:n 
" 3 45 p.m . 1.\ll SE. 1 12 00 p .m. 9.65 

17 5 31) o..m. , 0.67 1.24 NNW. 2 10 00 o..m. 9.20 0.45 

" 6 45 p m. 2.00 N. J 
~ 8 . 5 40 a .m. O.Gi 1.33 :-I IV. 1 0 30 o..m. 9.70 

· .. \ G 00 p .m. 1. 91 WSW. 2 11 00 a.m. 9.30 0.41) 
,, 12 00 p .m. 9.75 

] !) 6 00 a .m. 0.33 1.58 NNW. 1 l1 30 a.m. 9.30 0'45 
'· 00 p.m . 1. 3 w. 1 

20 -; 00 a.m . 0.50 1. 33 NNE. 1 2 00 a.m. 9.95 

" 00 p.m . 2.00 " 1 0 45 p .m. 9.60 0.35 
21 G 30 n.m 0. 3 1.17 ~E. 1 3 00 o. .m. 10.30 .. 30 p.m . 2.00 " ] lJ 31) a .m. 10.10 0.20 
22 8 01! o..m. I 0.75 1. 25 " l 3 00 a .m. 10.85 

" 9 00 p .m. :!.10 " 1 2 00 p .m. 10.55 0.30 
23 9 10 a.m. I 0. 3 

I 1.27 " 1 ] l.40 

" () 30 p.m. 1 2.10 I " l 1 00 p.m. 11.10 0. 30 

K · 

Wind. 

Direction. l!'orce. 

- -

I 

I 
I 

! 
I 

I 
I 
I 

I 
I 

I 

. 

e 
Din·, .... 
nco of 
t ida l 
timr. 

h. 1U 

5 40 
5 :!0 
7 1:) 
(i !jl) 
l : ~ n 
7 (II) 

5[,() 

( 

() 40 
6 3 ) 
6 30 

5 3J 

5 40 

6 (:5 
6 ·10 
5 J \) 
6 :10 
4 !, ' ) 
G :l.l 

4 !iO 
) ;} .) r 
" o I ll 
8 1:, 
-J :1.) 

: 

I 
: 

) ·13 
5 :!II 
j (1 0 

[} ; ~ I) 

I 

I 

; 1)1) 

G .,:) 
7 I () 

5 uo 
j ao 
(j uu 

3 50 : 



lxxiv REPOR'l' O N TH E MISS I SSI PPI R I VER. 

Tidal Obser·vations- Continued. 

Telegraph 11 tntion u.t mouth of SouthwoBt pn~. Carrollton, Ln. 

Oaugo. Wind. Gange. Wind. l)ilff'l'-
Cll Cf' of 

Dntc. Tjmo. Dilft•r- Time. Dllfcr-: tidn l 

once. cncc. till lt,.\ . 

Hi gh J.ow 'Dircctiou. Force. ll igh T.ow Ui .. cction. Force. 
tide. lido. title. ti ll C. 

--------I 
---- - - ----

1860. h. m. Feet. Peel. Peel. h. m. Feet. Peel. Peet. h. m. 

Jan . 2-1 9 45 n.m. 1.10 1.00 E. 1 

I 
3 30 a.m. 11. 5 (i oo 

" 10 JO P m. 1.!)1 l 'NE. J 3 30 p.m. 11.45 0.40 5 45 

25 JO 00 a.m. 1.16 0. 75 NE. 1 6 30 a .m. 1 ].91) 8 20 

" " I )(. 11.7.i 0.15 

26 0 30 a.m. un E. 1 7 00 a.m. 12.30 6 30 

" M. 1. 50 0.41 J~NE. 1 0 30 p .m. 12.20 0.10 

27 NW. 4 (i 00 a.m 12. ()0 

" " 4 5 30 p.m. 12.40 0.20 

28 N. J 5 30 a.m . 1.2. 60 

" 3 00 p.m. 1.75 NW. l 0 30 p.m . 12.50 0.10 

" 5 45 p.m . 12.GO 

29 4 00 a.m 1.88 0.42 1 11 OU a.m. 12.'10 0.20 7 00 

" 4 45 p.m. 1.83 NNW. 1 

30 1 20 n.m. 1 42 0.41 F.NE. 1 

" 3 31) p.m. 2.10 K 1 ' 10 00 p .m. 13.00 (j 30 

31 1 10 n.m. . 1.42 0.()8 ,';E. 1 (i 30 n.m. 12.90 0. 10 5 20 

" 2 45 p.m. 2.33 SIV. 1 !) 30 p.m. 13.35 6 ·15 

Feb. 1 6 :W a.m . O.<Jl 1.'1-2 ~~w. ~ () 00 a.m. 1:!.65 0.70 

" 5 10 p .m. 2.00 " 
2 -1 30 tt. m. 0.01 1.00 ' NE. •) M. 7 30 

" 5 30 p.m. 2.25 N. 2 

B 5 00 n.m. 0. 83 1.42 " 2 

" 7 00 p.m . 2.38 NNE. 2 
4 5 15 !\.m . 0.91 1.42 1~ . 1 0 30 a.m . 13.] 2 5 30 

" 8 15 p.m. 3. 10 F.SE. 3 M. 12.75 0. 37 (i 45 

[j 6 30 n.m. 1. 33 l. 77 E. 3 l 45 n m. 13.53 5 30 

" 8 20 p .m. 2.91 SSE. 2 11 30 a.m. 12.!J.j 0.58 5 00 

(j 7 30 a.m . 1.42 1.4!) N. 3 13 00 n.m. / 13.G;i (i 40 

" 8 00 p.m. 3.00 " 2 3 00 p.m. 13.06 0. 50 7 30 

7 8 45 a .m. 1. 58 1.42 w. 2 

" w. 3 

8 NW. 3 

" sw. 1 
9 NW. 1 

" sw. l I 10 NW. J 

" E. 1 I 
11 10 50 n.m. 2. 10 WSW. 1 

" NW. 1 
12 0 30 a.m. 1.10 1. 00 NE. 2 9 llO p .m. 1:!.20 8 45 

" 0 45 p .m. 2.Hi Jo:NE. 2 00 a.m. ll. 75 OA 5 7 00 

13 1 00 n.m. 1.25 O.!J1 sw. 1 

' · 1 40 p.m. 2.;33 E. 1 

14 3 20 11. 111 . 1.10 1.23 " ] 

" 3 20 p.m. 2.16 s I 

15 4 00 a .m . 1.1 (j 1.00 sw. 1 I 

" 3 00 p .m. 2.3:1 " 1 

I' 16 5 00 a.m. 0. 3 UiO w. I 

I 
" 6 10 p .m. 2.33 R ] 

17 5 30 a.m. 1. 33 1. 00 SE. 1 I I " 6 00 p.m . 2.50 SSE. 1 
18 8 40 n.m. 1.25 1.25 NW. ;j 

" 6 "j() J .m. 2.50 , w. :l 
19 6 00 n.m . 1. 25 ] .25 N. 1 I 

I " (j LO p.m. 2.50 NNE. I I I 
20 7 45 a.m. 1.25 1.25 " 1 I 

" 10 15 p.m. 2.16 I ~~. :l I. 
~ 1 7 :30 n.m . . 1. ()7 0.4!J ssw. I 

I " 5 00 p.m. 2.7" SE. 1 
22 7 45 a.m. 1.50 1. 25 " 1 
, , 1.1 4!i p.m . 2. 10 s. w. 1 

23 4 20 a.m. 1.25 0. 85 N w. •) 

I " BNE. 1 
24 M. l. G7 NW. I 



APPE N DIX B.-DAILY GAUGE REGISTERS. lxxv 

Tided Observations-Continued. 

Telegraph station at mouth of Southwest pru~s . 

II 
Carrollton, Lil. 

Gauge. Wi ml. I Gnu go. Wind. Differ-

Date. 'l'imo. 
once of 

Differ- Time. Differ- tidrLI 
cnce. once. time. 

High Low Dir ct ion. .Force. Jligh Low Direction. li'orce. 
tide title. t ide. tide. 

-- - - -- --

1860. h. m. Feet. Feet. Feet. h. m. Feet. Feet. Feet . h. m. 
Feb. 24 10 20 p.m. 1.25 0.42 ENE. 1 

25 NE. 2 
" E E. 1 

26 0 30 p.m. 1. 50 E. 2 
" 10 00 p.m. l.lO 0.40 " 2 

27 1 .J ;} p.m. 1.75 " 2 
" 

,, 2 
28 0 10 a.m. 1.10 0.65 " 2 
" 1 45 p.m. 2.20 " 2 

20 2 30 a.m. 1.33 0.87 SE. 1 
" 1 20 p.m . 2.33 sw. 2 

March 1 3 30 a.m. j O.!l1 1.42 ~ NNE. 1 8 00 a.m. 4- 30 

" 2 30 p.m. 2. 33 1~. 1 9 00 p.m. 12.68 6 30 
2 4 10 :t.m. l 0.83 1.50 NNE. 1 ~ 30 :t.m. 12.20 0.48 5 20 

"I 4 20 p.m. , 2.42 E. 1 10 30 p.m. 12.80 (\ 10 
3 4 OU a.m. 1.10 1.32 SE. 1 0 30 p.m . 12.35 0.45 8 30 
•·I 5 30 p.m. 2. 25 E. 1 12 00 p.m. 12.82 6 30 
4 5 40 a.m. 0. 91 1.34 NE. 1 10 30 a.m . 12.30 0.52 4 50 

" ~ 3~ p.m. \ 2. 10 E. 1 12 00 p.m. 12.98 4 30 
5 b 1.:> a.m. 1.10 1.00 " 1 10 00 a.m. 12.65 0.33 4 45 

" 7 4.5 p.m. 2.33 SE. 1 
61 7 20 a. m. 1.25 1.08 " 1 1 30 a.m. 13.06 5 45 

"I 
9 ~.') p.m. C) ') " SSE. 1 0 15 p.m. 12. 78 0.28 4 55 

- ·- 0 
7 7 20 a.m 1.75 0.50 " 1 4 00 a.m. 13.10 6 15 

" 1. 60 " 1 ll!. 12.95 0.15 4 40 
8 1.60 0.00 " 1 
" 1.60 sw. 1 
9 1.60 0.00 2 
" NW. 2 

10 l\! . 2.00 " 1 
" 11 45 p.m. 1.10 0. 90 WSW. 1 5 30 p.m. 13.40 5 30 

11 0 30 p.m. 2.00 NE. 2 4 00 a.m. 12.75 0.05 4 15 

" 12 00 p.m. 1.1 6 0.84 " 1 5 30 p.m. 13,12 5 00 

12 11 30 a.m. 2.16 sw. 1 7 00 a.m. 12.85 0.27 7 00 

" " ] 7 00 p.m. 13.10 7 30 

13 0 45 a.m . 1.10 1.06 NNE. 2 6 30 a.m. 12.76 0.34 5 45 

" 2 00 p.m. 2.33 NE. 2 
H 2 30 a .m. 1.16 1.17 " 1 
" 3 on p.m. 2.33 " 1 0 30 p.m. 13.08 6 30 

1:> 3 30 a.m. 1.2;} 1.08 E. 1 9 30 a.m. 12.80 0.28 6 00 

" 5 0 p.m. 2.42 NE. 1 10 4!) p .m. 13.15 5 45 

16 4 30 a.m. 1.42 1.00 " 3 9 00 a.m. 12.85 0.30 4 30 

" 3 30 p.m. 2. 58 " 3 
17 3 3.j a.m. 1. 67 O.!ll NNW. 3 
" 5 31) p.m. -2.75 " 3 

18 G 40 a .m. 1.70 1.05 " 1 
" 6 45 p.m. 2.40 N. 1 

10 7 0 a.m. 1. 50 0.90 w. 1 1 00 a.m. 13.20 6 15 

" 50 p.m. 1.90 W. 1 1 00 p.m. 13.00 0.20 6 00 I 

20 6 0 a.m. 1. 50 0.40 NNE. 1 3 00 a.m. 13.08 6 10 

" 9 31) p.m. 2.10 NE. 2 9 45 a.m . 12.94 0.14 3 45 
21 5 10 a.m . 1. 83 0.27 E. 2 
" 12 00 p.m. 2.00 " 1 

22 SE. 1 

" 4 00 p.m. 1.50 0.50 " 1 
23 9 30 R.m. 2.0 SSE. 1 
" i 00 p.m. ! 1.50 0.58 sw. 1 5 30 p.m. 13.10 8 00 

2-1 9 1)1) a. m. ') ')~ w. 1 2 30 a .m . 12.85 0.25 7 30 
-·-.:> 

" 7 30 p.m. 1.50 0.76 N. 2 1 30 p.m. 13.10 3 40 

' 12 00 p.m. 12.82 0.28 4 30 

25 1 3 a.m. 2.25 NE. 1 

" 9 20 p.m. 1.50 0.75 E. 2 3 30 p.m. 13.10 5 00 
2() 9 50 n.m. l 2.33 E~ E. 1 4 00 a.m. 12. 76 0.34 6 40 

" 10 20 p.m. 1. 25 1.08 N. l , 4 00 p.m. 18.05 6 10 

2i 11 00 a .m. I 2.42 " 2 4 45 a .m. 12.63 0.42 6 25 



lxxvi REP 0 R T 0 N T HI~ MISS I SSIPPI RIVE R. 

Tidal Observations-Continued. 

Telegraph station nt mouth of Southwest pass. Carrollton, L,, 

Gauge. 

D1ttc. 'l' ime. 

Hi~h TA W 
t.ido. tide. 

-----:--------
J8GO. h. m. Feet. Feet. 

Mn1·ch 27 11 50 p.m. 
28 M. 

April 

29 1 15 a.m. 
" 1 00 p.m. 

30 l 45 a. m. 
" ' 3 00 p.m. 

31 2 30 ~t . m. 
" ·~ 45 p.m. 
1 3 45 a.m. 
" 4 05 p.m. 
2 4 30 a.m. 
" 7 25 p.m. 
3 4 40 a.m. 

4 

5 

G 8 00 a.m. 
" 8 45 p.m. 
7 () 45 a.m. 
"10 00 p .m. 
8 10 00 a.m. 
'' 10 15 p.m. 
0 10 10 a.m. 
" 11 40 p.m. 

10 ll :W a.m. 

11 1 00 a. m. 

2.50 

2.25 

2.10 

2.33 

2.10 

2.00 

1.50 

J .50 

UlO 

2.10 

2.00 

2. 16 

2.00 

" 0 45 p.m. 1. 83 
l ~ 1 45 a.m. 
" ' 1 15 p.m. 1.58 

13 2 00 a.m. 
" 3 15 p.m. 1. G7 

14 3 10 a.m. 
" 3 30 p.m. 1.42 

11) 2 4 5 a .m. 
" <1 15 p.m. 1. ·.1 2 

lfi 1 30 a.m. 

1i 

18 

10 0 30 a.m. 
" 5 20 p.m. 

20 7 20 a.m. 
•· 7 20 p.m. 

21 7 :w a.m. 
~ ' 7 45 p.m. 
~2 

23 8 20 a .m. 
" 7 10 p.m. 

2·.1 0 00 1\.m. 
•· 0 31) p.m. 
~5 10 00 a.m. 
" n 30 p.m . 

2G 11 30 a.m. 
"12 00 p.m. 

27 M. 

1.20 

] .20 

1.20 

1.50 

1.75 

1.9G 

2.25 

2.1G 

2.25 

2.16 

1.0 

1.25 

1.00 

1.1 () 

1.1 (] 

1.10 

1. 50 

1. 50 

1. 50 

0.00 

0.70 

0.70 

0.()7 

0.58 

0.58 

0.5 

1.00 

0.01 

1.00 

1. 20 

1.20 

0.01 

O.G7 

0.50 

0.50 

0.5 

0.50 

0.67 

Wind. 

Differ­
ence. 

I Onngo. Wind. Differ­
ence of 

Time. ----,---1 Differ- 1----,..--- titlnl 

D. , JTigh J.ow D' t l ''o•~c 
-~ - I once. t ime. 

-- _ " _"c-tio_n_. -~-·o-rc_~·- !1-----,~ ~ ---l-·- ' '_"c_o_n. _ ' __ " ~ --

Feet. 1 h. 111. I Feet. Feet. Feel. h. m. 
1.34 NNW. 1 5 00 p.m. l2.!J3 6 00 

NNE. 2 7 00 n.m. 12.4 5 0 ."0 7 10 
1 5 30 p.m. 12.80 5 30 

1.25 sw. 
" 

1.2.3 I NE. 
l~N E. 

0.94 SE. 

1.17 

1.00 

0.50 

0.00 

0.00 

1.00 

1.40 

1.30 

1.4-0 

1.42 

1.25 

1.00 

0.67 

0.51 

0.42 

sw. I 
WNW. 
N. 
s. 
ssw. 
s. 
ssw. 
SSE. 
w. 

SSE. 
~E. 
ENE. 
SSE. 

I ,, 

SE. 

" 
SW. 

N. 
NE. 

NE. 
N. 
R 
8SE. 

SE. · 

E. 

0.00 " 
. w. 

0.00 S. 
SE. 

0.00 

0.50 ESE. 

1.08 R 
ESE. 

1.46 

E. 
1. 02 " 

NNE. 
1. 07 " 

l. G6 NNW. 
NNE. 

1.5 " 

1 7 00 n.m. j 12.38 0.42 5 45 
1 7 00 p.m. l 12.50 G 00 
l 10 00 1\.m. 1UJ8 0.5~ 8 15 
1 17 45 p.m. ' 12.23 1

.1 45 
2 
~ l !) 43 p.m. 1 .. 2.10 5 00 

J 
1 

i I 

i I 
1 
1 
1 I 

] 
1 I 
1 :~ 
1 
1 

l I 2 
1 
2 
1 
1 
1 
1 
] 

1 
1 
1 
1 
1 
2 
1 
:1 
s 
l 

; II 

J I 
f I 

I 
1 
1 
1 
] 

1 
2 
:l 
:l 
2 
2 
1 

5 00 p.m. 
1 45 1\.m. l 
7 0 p.m. 
4 30 1\.m. 
G 00 p.m. 

c.:;o 

7.22 1 
7.8o I 

6.30 

6.9.3 

0.26 

0.27 

7 00 
4 15 
7 30 
4 30 
(j 00 
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Tidal Observations- Continued. 

I 
I 

'Telegraph station ut 111 outb of Southwest pass. 
I 

Carroll ton, La. 

--- --
Wind. 

I 
Dill'er-Gauge. Onnge. ) Vi ud. 

I 
CII CC Of Date. Time. ])ill'er- Time. Dill'cr- tidn l 

I 
ence. en co. ti lll O. 

ll i~h T.JO W Direction . }'orca. ITigh l .JOW Direction. l'orce. tide. tide. t ide. tide. 

-- ,---- ---- - -
1 60. I h. m. Feet. Feet. Peel. h. m. Feet . Feet. Feet. h. m. 

April 2 0 ~0 a.m. 0.58 1.58 NN W. ] 5 30 a.m. 7. 50 0. 30 5 00 
" 2 30 p.m. 2.00 " ~ 

29 2 00 a .m. 1. 30 0.70 ,_ 1 .. 1 30 p.m. ! 1.60 88 . 1 
30 3 3 a.m.! 1.00 0.60 SSE. l 

May ] .N. 4 
" NH. 1 
2 i -30 n.m . 1. 67 NNE. 1 1 00 p.m . 10.32 5 :10 .. 5 00 p.m. / 1.11) 0.57 l 

1 
10 00 p.m. 10.25 0.07 5 00 

3 6 -15 a.m. 1.75 NW. 1 

1

1 31\ p.m. 10.65 6 45 
" 5 15 J.ffi. 0.90 0.85 ssw. 1 IJO 4:) p .m. 10.47 0.1. 8 5 ilO 
4 () 1.5 a .m. 2.16 WNW. 1 0 3() p.lll . 10.0-~ 6 15 
" 7 15 p.m. 0.83 1.33 SE. l 1:2 00 J1.m. 10.43 0.50 4 -15 
5 7 45 a.m. 2.33 SE. ] 12 Hi p.m . 10.!)3 6 30 
" 8 00 p.m. O.i5 ] .58 E. ] 
G 8 00 a .m. ) 2.33 " 1 2 00 a .m. 10.45 0.48 6 00 .. !J 00 p.m. 0.7ii 1.58 ESE. 2 1 30 p.m. 10.9-1 5 30 7 H 1ii a .m. ' 2.42 SE. ] 1 2 l ii a.m. 10.42 0. 52 5 15 .. ]I) 1-) p.m. 0.83 1.ii9 " 2 3 30 p.m. 11 .00 6 15 8 !l 4-i a.m. 2.50 " 2 1 3 30 a.m. 10. 35 0.65 5 15 
"11 1-i p .m. 1 1.00 1.50 SSE. 2 4 00 p. m. 10.!JO 6 15 
9 !) 40 a .m . 2.-!:l N. 3 7 00 ll.llt. 10. 35 0.55 7 41i 
'" NW. 2 

1 
3 30 p .m. 10.55 5 45 

10 2 00 a.m. 1.00 1.42 .NXW. 1 7 00 a .m . 10.05 0.50 5 00 
" 11 30 n.m. 2.16 

. . w. 2 5 30 p .m. 10.33 6 00 
1,: I \

1
30 u. m. , 1.10 1.06 IV . 2 8 00 a.m. 9.75 0.58 6 30 

1. 91 SW. 2 5 00 p.m. 9.83 5 00 12 1 :JO n.m. l.J O 0.81 .·sw .. 1 M. 9. 30 O. li3 
" l 00 p.m . 1.5 8 8. 1 

13 ~ 00 u.m. l 1.16 0.42 " 1 .. l.liO " 1 
u l 1.50 0.00 " 1 
" 1.50 sw. 1 

15 1.50 0.00 ~w. 1 

"I sw. 1 

I I 
l(j 5 ~ .) a.m. U 2 w. 1 
" (l -l ii p.m. 0.75 0.67 SS E. 1 

17 i 00 a.m. 1.50 I S ~J. 1 I ·' 6 15 p.m. 0.5 0.!)2 s w. 1 
1 5 lj; a .m. 1.50 I ., 1 
" (j 01 p.m. 0.4 ~ 1. 08 s w. 2 

HI 6 30 1\. m. 1. 07 lw. 1 
" i ao p.m. 0. 33 1.34 NW. ] 

211 ; I) a. m. 1.1 0 s w . 1 
" 10 00 p.m. 0.33 0.77 " 1 

21 8 :30 a .m. 2. 0 s. 2 
I .. !J 15 p.m. 0.00 2.00 " 2 

22 ~0 a .m. :.. 33 ESE. 2 2 45 a.m. 5 30 
" 10 ]:) p.m . 0.25 2.08 SE. 1 1 4.) p.m. 4.53 5 25 2:1 ;30 a.m . 2.00 8 8. 1 3 30 st.m. 3.85 0.08 5 15 
" () 30 p.m. -0.16 2.111 " 1 3 00 p.m. 4. 38 0 30 24 10 00 a.m . 2.0 sw. 1 7 00 st .m. 3.65 0.7 3 !) 30 •. 10 -15 p.m . 0.1 6 l.':l~ " 1 3 30 p.m . 5 30 2ii 11 011 a.m. 1. 75 " 1 
' · 1ll 00 p.m . 0.20 1.55 " 1 5 30 p.m. 3.85 6 30 

~ll 11 00 a.m. 1.67 I " 2 7 00 a.m. 3. 20 O.G5 !) 00 ·• 10 4:i p.m.
1 

0.33 1. 3 -~ w. 2 7 01) p.m. 3.72 8 00 
~; )1. 1.25 " 2 i 00 a.m . 3.] 0 0.62 8 15 
" I ll :10 p.m . 0.5 .Gi " 2 ·I 31) p .m. 3.60 4 30 

· ) )1. 1. 0 " 2 0 no st. m. 3.20 0.40 7 30 .. !J 00 p.m . o.m 0.17 s. 2 4 30 p .m. 3.40 4 30 
:?!l fi 00 a.m. J.3.j ssw . 2 4 00 a.m. 3. 28 0.12 7 00 .. 5 00 p.m . 0.6u 0.69 s. 1 11 30 a .m. 3.00 5 30 .. 11 30 p.m . 3.30 0. 30 6 30 
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Tidal Observations-Continued. 

'£clogm ph ~tati on nt mouth of So 11 lhwcst paRs. Carrollton, Ln. 

Gnugo. Wind. Gauge. Wind. Di ffer~ 

once of 
Date. 'fime. Di ffer· Time. Differ- lidn l 

once. en co. till !C. 

JJigh !.JOw Direction. Forcf'. l! i ~h J.tC,w Di recti on. }.'orca. 
tide. tide. tide. tide. 

--- --- --- --- --- --- --
1800. "· m. Feet. Feel . Peel. I h. m. Feel. F'eel. Feet. h. m. 

i\Iay 30 G 30 a .m. 1.30 s. 1 M. 3. 70 5 30 

" 4 30 p.m. 0.1() 1.14 N.E. 1 110 30 p.m. 3.25 0.45 () 00 
31 4 15 a.m. 1. 55 WSW. 1 M. 3.70 7 '15 

" 5 00 p.m. 0.00 1. 55 s. 1 8 00 p.m . 3.20 0. 50 
June 1 5 40 a .m. 1.83 M. 3. 40 

" 5 00 p.m. 0 .00 ] .83 
2 6 ] 5 a .m. 2.00 

1 
1 00 p.m. 4. 30 

" () 45 p.m. -0.08 2.08 12 00 p .m. 3.60 
3 (j 30 a. m. 2.00 1 00 p.m. 4.40 

" 6 45 p .m. -0.08 2.08 
4 7 45 a .m. 2.16 
" 8 00 p .m. 0.00 2.Hi 2 00 p.m. 4.50 
[j D 00 a .m. 2.00 2 00 o. .m. 3.80 .. :2 00 p.m. 4.50 
6 
" 
7 2 00 p.m . 4.50 

" 
8 II 3 

00 n.m . 3.DO 
" d 3 00 p.m. 4.50 
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APPENDIX C . 

CROSS- ECTIOriS OF THE MISSISSIPPI AND OF ITS BRANCHES. 

No. 1.-SOUNDINGS* IN TilE MISSISSIPPI RIVER. 

cction X o. 1. I Section No. 2. Section Xo. 3. I Sect ion No. 4. Section No. 5. 

Distance I Depth \Distance I Depth Distance Depth Distance Dcplh Distil nco Ocpth 
from at fron1 nt from at from Ht from at 

baJoCc-\i ne h igh Hcmur ks. base-line high Hcm arks. bn~c-l ino hi !'h Remarks. base-line hi g-11 Hem~rks. bnse-l in o hig h Rcmnrks. 
on left wnter. on left wn.t l• r. on left wntf'T . on left wntor. on ri g-h t wntor. 
bnuk . 1858. bank. 1 58. bunk . 1858. bnnk. 1858. bank. Dato? 

--- --- --- -- --
Feet. Feet. .Put. Fe.Pt. Feet . Fu t. Feet. Feet. Feet. Feet. 

16 -0.5 0 -0.5 0 -0.6 0 0 0 3 
33 13 12 -0.5 12 --0,6 10 0 40 28 
68 :!2 

I 
18 8 27 13 12 5 53 33 

76 2'2 ~ 6 19 2i J.') 2·1 10 60 35 Clay. 
ll2 JJ 58 20 45 15 26 12 93 38 
l:!.t ~3 !>3 30 .f.1 20 33 17 127 li6 
l,ilO J6 ) 52 58 90 4:3 40 JS 133 o2 
146 bl )1)7 50 J (;O 53 52 30 l f>5 1).1 
171) 57 I 1'5 f)\} 209 co so JO 177 64 
) ~ 59 2<>:\ 5R 2RO 72 88 43 223 H 
198 o9 2!\ll (:,j 343 82 9~ 4r, 2.!'l1 78 
2"..!0 65 2G3 Gl 441 9l JOS 46 27!"1 83 
"!7:~ jj lllue clay. 

I 
3•l2 62 5().l 8\l 110 4ft ~3-l 89 

3:11 79 :lt).! 6~ t;t)!; 98 Gnwcl. 137 4!i 360 00 
3tif> 9 326 7';' 70~ 08 HO 46 4Xl 8ii aoo 97 I 3.15 82 756 96 17~ r):\ 600 93 
~JO bi 368 84 RU . fl5 2:\::! 62 910 9-l 
6J~ 09 

I 
376 85 9:!0 91 2;)2 65 1000 88 

().'j.j 92 309 b3 9~() 91 2R6 71 1010 91 
Gu7 09 419 87 98(j 89 313 

·~ 
1109 89 

'i45 95 449 89 101a 86 Yellow clay. 3.31 77 1223 78 
~; .; 91 472 90 Jl06 81 380 so 1372 72 
906 1>9 51~ 91 119-! 8-! ao5 Sil 1605 66 
9.JO 

I 
90 57 92 1:!.';1 so 4.37 Si 1616 54 

061 94 59~ 92 1381 78 4Gl 88 1721 51 
11 59 .j, 1)2:3 92 1!;06 77 509 91. 1803 48 
11 ~(j 93 Gf~} 9'' 1f, f>o'3 74 i\58 92 1871 37 
1100 7 7:}.) V3 J .>nl 76 000 92 1907 2·1 
1 C~~ 81 'j{ fj 94 1777 70 1).15 gj 1940 17 
l :l~ti 77 7 0~ 04 l 05 68 719 fi2 2540 ] 6 
] :JVz I '-:! S5i 04 1900 66 7115 fl2 283:·! 1~ 
HW 78 917 94 1926 63 8:!{) 92 3~0 H 
153:! I 

· ~ 946 9.\ 2030 61 So7 g~ ~HO 11 

I 
I 

1595 74 997 94 2048 55 956 g.j, 41 90 10 
] ()59 7~ 1008 I 9:.? 2105 51 988 04 5~·10 0 
1775 69 1101 5 2150 45 ] 010 ~~ 5080 4 
1 ~'-6 

I 
64 J:!f}.l 84 2220 2-1 10r>3 92 6700 11 

1~07 6:2 12.J.1 ~ 22~0 R I 1124 01 6883 -1 
1044 6!1 1313 R 2258 2 11i:3 n 
~J.Il 4 n;u I "' 2-100 4 I ) 24.1 00 
20i0 .JO 

I 
H !\ll I ~6 2320 0 1276 00 

21!l0 2-l , :, to 2 J3G9 00 
2t0' I F>16 I 

so 142a Ro 2:.?11[. 4 11'06 j 9 H 0 0 RO :!'..![)() 3 I 1tll l 78 I J f,()8 R5 
2260 0 ]li.)!) 711 ] ()()(i 80 

Ii ilO H I 1711 Rl 
lil :l j :l I 1 29 72 
li.H 7~ 18r.5 M 
177 il 

I: ]044 fo7 l :n {)j 
2099 52 

J~!l6 6 2225 41 

II 
1'1i3 GU ms ~7 
lq., ~ 

I 
0 1 2'250 2() 

1 [).! 63 2'275 20 

I 
1013 59 nqa 16 
100.'; 6~ 2284 12 

I 
19!)3 

I 
56 2'298 4 

2098 55 
2008 53 

I 
20"2"2 51 
2026 50 

I 
2HH I 51 
201\.1 47 I 
2075 I 41 
2tl~ 45 I 
2t45 :n 

I 2lf>5 30 
I Zli5 J4 

?~lj IU I ?:!12 1t 
2".!"21 

I 
7 

I I 
2'241 3 

'--

* Full information r e pecti ng the locali l ies, dat es of sound ing, computed high-waler and low-water ar ea s, widths, etc. 

of these sections, a nd the names of the assis tan ts or engineers by wh om th ey were mensured, will be fou nd in No. 3 of 

tlt is Appendix . 
( lxxix) 
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Sqttndings m tlze 1Jfiss1:ssippi 1·ive1·-Cont inued. 

___ s
7

o_c_ti_o_n-;-N-'o_._a_. --- 1~--So-c-ti_o_n_l\_·o_._i_. __ IJ, ___ s~o_c_n_on-cN-·o_. ____ 1: I ~cction Xo. 0. 

DiHlancc l Depth Dtstltncc Depth I D1~tn nee oe,~th Dis11 nee OC' pth 
from n.t 1 fr01 n nt fro w I nt I from :u 

ba~w- li no high Jtcmarks. )base-line lli j.:;h Rcmarkt~ . lm ~e-linc lli .c;h Jlc111n rks. h:tsl·~l ln e 1 ltig-l1 
on ri g- li t wntcr. o n ri ~;h t woltl· r. .o n ri g: llt \\ Ht~·r . ou ngh t wntl·r . 

IJ;u dc Date? llauk. Date? I bank. Uif,S . tJ l~a nk. 1 1 ,j') , 

Feet. 
0 

10 
l OG6 
1075 
1U00 
]J 10 
11~/J 
l liS 
J~IJS 
) 21}\) 

H IO 
1H5i 
18(1{) 
2<J6-I­
t'21iS 
2:1G5 
2-lil 
2:Jij:! 
261H 
>!7~7 
27·HJ 
278·1 
28f>0 
2!)[>[> 

3050 
~248 
a-1 
3712 
4012 
4262 
4605 
4G5S 
4813 
40-10 
5000 
501:! 
5-t 6~ 
55G:! 
5UU:l 
fiH12 
Q:W2 
llS l 2 
(j!)12 
7012 
7062 
707\J 
71 12 
7157 

Feet. 
2 
5 
l 
1 

18 
23 
23 
43 
50 
70 
76 
87 
83 
7:.1 
64 
66 
46 
30 
3 1 
32 
36 
30 
28 
31 
31 
31 
33 
32 
33 
38 
j(j 

3a 
3U 
u 
21 
18 
13 
ll 
16 
15 
JS 
12 
li 
15 
1 
18 
10 
1 

Sn nd. 
" 

Foe/. 
0 

160 
17 1 
Ht5 
253 
2'JG 
a~o 
41 7 
509 
002 
83 1 

103ti 
1217 
HiO 
l G'li 

1001 
lVOti 
19fl4 
2(}~(j 

2 li :J 
2134 
2242 
2300 
2:\54 
2~ 60 
2;)14. 
2:i26 
2;)35 
25H7 
2W 
:!H5:2 
2001 
2Gdli 

2fo06 
27 10 
27~0 
27-W 
2752 
278"1 

I 2800 

. F'ect. 
-:.! 
~{) 

2'2 
15 
27 
~J 
31 
34 
37 
42 
-1!) 
50 
56 
Gl 
63 

U8 
70 
7l 
73 
70 
78 

2 
92 
!!5 

105 
n z 
109 
11 6 
117 
11 7 
l Oti 
l u8 

97 

83 
75 
65 
~ 8 
21 
23 
0 

Ligllt c1ny 
nm\ sand. 

Fino light 
c!;'Y· 

57i 
5!0 
H 8 
i ll:\ 

() l 

10-1\1 
l:.!l fi 
l:llk~ 
1a:;s 
J7JG 
J 8R~ 
J !!o3 
2028 
21 50 
~:l03 
24(5 
~001) 

2710 
iSilf> 
3101 
3'1&5 
;).l•N 
3;;11 

II 3%0 
3h3l 

I
I ::: 

~OUtl 
~01 9 
~051 
4UH-I 

J.1t t . 
'l..F, 

J :J 
2-1 
31 
45 
47 
b"l 
56 
n 
71 
il 

- ---i 

llluo clay. 

. Feet. 
0 

I' 
Bltlfl clay 
and Sllnd. 

Jll u clny 
un<.l saud . 

I 

2239 
2:?(H. 
·>Tl5 

I ;3~,_ 
Zl05 
2~06 
:?,).J ~ 

:!HI!J 
1 2u'3 

J•t<t . 
0 
3 
6 
3 
8 

45 
5G 
60 
tl-J 
62 
(iti 
83 
8;J 
Su 
8ii 

62 
84 
8H 
58 

61 
GO 
71. 
til 
6U 
foO 
6 l 
01 
61 

62 
69 
(>9 
61 
6:J 
(iii 

50 
r;s 
52 
41> 
37 
au 
20 
10 

4 
1 

J{otJlrtrks. 

_fi'i no whito 
gravel. 

\\'bile gr11vol 

Fiuo hlack 
I:)(Ulll. 

YcJJow and 
wllitcgra.vcJ. 

Yell w 
gra. ,•c l. 

Soctiou No. 10. 

Distn nco l)('p t h 
fn.)Ht j lit 

bllSO· IillO fd g lt .ll CIIl RI'kS. 
on ri~h t wutt·r. 

uauk. 1851. 

Feet. 
0 
5 

100 
157 
:.?05 
:J5S 
493 
776 

1:\U5 
1 f>OO 
1 S:l~ 
2044 
z:nG 
27:12 
2R-13 
3082 
3-169 
3tiU5 
3645 

Feet . 
- I 

a 
;J 

54 
77 
79 
77 
77 
62 
67 
5-i. 
{)(j 

~0 
23 
24 
18 
21 
16 

0 

• 
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Soundings in the Mississippi 1·iver-Continued. 

..., c tion Xo. 11. Sect ion So. 12. I Section So. 13. Section No. l .J. . I Section No. 15. 
I 

Dietnnco j Depth Distnnce 1 Doptb I jDis tnnco I Depth Dis ta nce I Depth !Di stance /Depth 
from at I from I Itt frout I a t from nt from at 

base- line high Remarks. hnac-li no high / n cmarks. base-li ne ldgla Hcmnrks. 11Jasc-li no h igh Ucn1arks. !base--li ne h igh Remarks. 
on right wutt) r. on ri ~h L water. on r ight water. on ri~h t water. on righ t wntcr. 

bunk. 1 58. lla nk. B JS. 1 bank . 1 58. bank . 1858. ba nk . 1858. 

Feet . Feel. I Fed. I H el. Feet . Jil!et. l"ccl.. Feet . Feet. .Feet. 
0 - 1 I o - 1 0 - 1 0 - 1 0 -1 

20 6 fl() 5 2b 7 6 - 1 6 - 1 
;,:l 15 I St; 5 3-15 1 25 6 25 7 
'j :l :2.1 1 0~ 5 35:3 4 33-1 2 3-15 1 

1115 -IG l:!li 57 Clay . asa 4 353 11 3-17 4 
156 'i 6 193 57 llllack mud. -1 21 31 3i3 18 353 4 
] !17 M :!07 55 4-tS 42 Mud. 303 23 365 4 
:l2-l '7 :?JO 50 " bl O 5~ " 4.08 25 425 43 
2j0 '>i 20~ 61 Sand. 559 53 425 38 Ye!,lo w clay. 4-17 -13 
:?<JO 6 3'>0 C2 I 599 55 3-1 5 48 4i0 50 
3f>1 'l-1 3~:, 62 80·1 55 470 62 San d. 504 M 
-l'!.J '6 .,,ti 61 878 57 475 58 552 5-1 
H I 5;) .,. 65 l OGS 53 558 f>-" 59f, 55 
5-Hl 77 :;10 63 1 Vii 58 !>84 58 658 58 
HOG i'2 5i4 il 1:!7 8 G-1 67:! 57 73-l 59 
6-11 R3:! ~.) 15·18 70 C90 55 878 6:! 
li!I:J j:! 1026 3 1773 76 799 5-t 102:! 61 
i :!J 75 1-#!4 ] 115 2099 84 808 55 1102 00 

ii" e.g 1()6.j 13:1 2189 so 928 M 1227 63 
!!4 2 G9 1 ~:!9 1.1 :? 211 8 Ill! o:l.1 [>5 J5b5 68 
!)ljb 6-1 1 tlS 123 2.)7:! !)5 1016 58 167 2 73 

ll)(Jl t):, 2tl1 5 115 '!7118 g·> JlJJ li2 1923 79 
ll t~l f>ij 2 11\3 1:?-.! Dlr,'.e cJtLy. 2~1)1 5 1 1 107 67 19:!2 76 
H• >~ 67 2\i :> 59 :!:>68 38 J :lil6 G7 2096 80 
J 5l>l 68 :t!l)t.) 'j \) Bock . 29:!'2 27 lj 1384 70 2346 86 
] j t)ti 75 :z;\,)j 3') ~)-t:! 18 H 29 72 2J 93 \1-1 
l Uil 65 23% 18 2~J9'l H 

I 
1527 71 2629 9:1 

:! 17:! 5S 24-lti 0 3056 I 1{)72 79 Yellow cl ay. 2UIJ:l 9G 
:l:!l-l 51 11n 77 &m el. 273'l 75 m?.e cl ay . 
:t.!'i .j;j 216.'\ 78 " 2820 44 
2~ .) :! JJ 2'l-IS 78 2 79 27 
:!:J.j I 4-1 2-IUJ 85 Y • !)ow clay . 2909 20 
:! ' '0 45 24:!4 9:! 29:!0 16 
2Su•; .j j 2-190 92 29-14 14 
:!850 -10 25S:3 100 Hock and 209-l 5 
2·~ '> 9 .j;J bl,~le clay. 3109 0 
:.!'J ll -1 0 2635 100 
300~ 36 

li 
26-13 100 

303~ 35 270i 87 
3000 3:? 2i-n 78 
;!]:j() 30 2766 67 
3:?0 :.? :.b 27/l.! 68 Rock . 
~t~7 U "!1 2!>89 27 
;l:l~'U :?f) 2900 21 
a.t:J(j 2.j 2930 12 
3 100 2-1 2060 6 
357.) :?'.! 2900 5 
3.hU li 3020 3 
31xl0 15 3050 2 
3ti:.Ul 
37:!0 2 
3i 3.5 2 

Section :\o. 16. ,- Section No. 17 . II Section Xo. 18. I Section No. 19. Section No. 20. 

Leftl>'nk Left b'nk Leftb'nk 
1 ~1 . , 

0 -1 u 2 0 - 2 0 - 2 0 
:.1) 7 30 10 20 2 5 2 50 49 

:J;J~ 1 -1 :? 20 llh:." clay . 30 12 H 3 2 120 04 
:.13-1 3 71 2.) 50 26 Sllnu and 153 12 018 97 
3!>3 ll j J :?j clay . 183 31 Clay. 787 69 
4:!-l -1 9 ll luo mud. 1:!9 -16 83 35 Sand . :l01 3.3 116-1 00 
.J..l-1 5J 1:13 -1 6 108 37 207 32 Dl ~1,o clay. 1492 6~ 

::. ~ •s 56 H ~ Cl11 y . 1:!0 4 298 51 1861 51 
5u3 57 aml. 2:>5 h3 lll ~,o clay. 1·19 05 3:!0 59 21-1.2 ~5 
llll.t 55 :hl 73 220 79 Bll,t,o c1n.y. 325 57 2650 34 
70 1 5 1 :!'JO 8 1 200 88 375 77 Clay . 3066 33 

15 57 35-1 73 339 70 ct~~r· J 05 70 Blue clay. 3-132 30 
91:! 57 -#)() sa 4-13 75 433 77 Clny. 3712 13 

l i> IU 61 •:n i S ct'!t· 618 430 77 lllnc cla y. 4300 3 
] :!Oti 67 63~ 675 63 [)-13 73 ct~r · 
1~ti3 68 5>1 OS lllt,~o clny. 823 83 562 72 
1:!3ti 70 Yellow clay. 655 5 923 83 691 72 
1558 u ' and. 4 00 Clny. 93 1 7l 727 72 
1575 73 I 9 tl 9-1. '· 1053 73 1050 65 
] 'ttl~ 74 Jl-10 68 1468 63 Snnd nnd 1111 67 
1UU5 i S 11 62 c l~y. 12 2 C2 Sand and 
2145 91 ltiiH 6-1 1 72 62 cl~y. 
Z'2tii 9-1. Y How clay . 16-14 61 \Sand a nd 207 8 62 1780 59 
240~ Hti c l~y . 2169 65 2006 62 
253. !I'J Rock and 21119 58 2:!21 6:3 22t;8 58 

blue clay. '!1 ~~ 56 " :l3j G G:! 2~9-1. 5fl 
2ti91 "' Blue Cltly. 2<15 53 lll ue m ud. 2500 55 2()0.1 56 
:!i b j~ :!5VI 3(j " ~JGl fi :l 277-l J7 
:.hltH 51 Yellow clay. :!•il O ]j 2.)\)9 b2 2 z.; 4') 
2.-i:."J :!ti :!Hl\ 13 2llb0 30 2il5J J2 
:h iU ~;J :!l i:..\J 27 -1 2 u 2H60 :l 
2~7 0 17 ~~ ~ :lj 45 3 ;,!. 70 2 
~'I ~~ 9 2 40 - :! Z/02 3 2ob5 - 2 
:!'J3U 3 2770 - 1 
2\11)9 3 

II 
200\) 1 
:Jo:l·l 0 I 

- --- -
L 
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Soundings in the Mississippi 1·ive1·- Continued. 

Section No. 21. Section No. 22. 

I 
I 

Section No. 25. Section :'<o. 23. Sect ion No. 2-l . 

Dist.nnco Doptl1 Distnncc Depth Distance Depth Dishtuco De pth 
1
o .s tnncc Depth 

from nt frO HI Itt from nt from nt from "' busc-lino l li gh Remarks. baso-l ino h ip;h Remarks. bnsC'--Ii nC' }Jigh Jtemru·ks. base-line high Jtemarks . UtL'tc-li no h ig h Remarks. 
on ri ght water. on left wntcr. on left water. on righl wut er. on right wn Lcr. 

l>u nk . 1868. bunk . 1858. bnnk. 1 '5 . ba nk . 1851. ba nk . 1851. 

--- - - ----- --- -- ----- -----
. J?eet. Feet . Feet. Feel. Feet. Fed. Feet. Feet. Feet. Feet. 

0 - 2 0 -~ 0 - 1 0 - 1 0 -1 
30 7 5 - 1 5 0 62 16 6 5 

11~0 4 120 1 lJ O 2 lJ O 28 50 7 
1158 13 285 3 200 1 195 38 70 24 
11 92 29 ~1 5 3 290 1 300 55 Jl 5 30 
1223 48 385 Sl 3f>8 13 300 5 125 H 
1258 50 cl~r 410 36 41 5 31 550 63 220 59 
1340 56 465 58 -153 41 700 69 I 260 71 
1:!82 73 620 6G 463 45 950 67 I 205 61 
1H3 104 530 68 4il 45 1170 76 345 73 
1ii80 I ll Gra, •cl . GOO 68 537 46 12"25 78 Sand. 400 79 
llii O 102 630 81 551 4 Mud. 1340 8-l " 500 81 
1840 92 665 82 Clny. 614. 76 c•~~r 1400 1 " 535 83 
21198 79 765 83 62'2 84. 1440 70 " 645 86 
2~03 ll9 77 0 91 727 99 J 61i0 70 n nrd snnd. 730 03 
2829 f>tl 795 107 7:! 100 1680 81 Sa nd. 755 93 
31100 ;)'.! 845 108 " 732 107 1720 79 " 795 95 
3:!:\.1 ~\) 9:\0 95 " i -ll 112 " 19 0 7 U nrd sau d. 10 9~ 

3:17-l .w l(rl fi 113 796 116 2040 79 Sand . 875 101 
35:lG 'l6 San d . 1 04.~ 111 " 83-l 107 " 22~0 H " 960 109 
3700 -1-1 Ch<y. 1060 11 0 65 102 2~20 72 " 1125 l OS 
30-12 30 1065 118 900 109 2-liiO " U l l Of> 
41 08 35 1090 J] 6 Rand. 921 106 " 2640 61 " 1425 101 
,1:!"23 33 11 25 ]] 9 Clny. 064 103 2S10 +! Soft Sl\nd . 16% 128 
4102 3& Jli7 109 98 81 " 2890 37 1.705 121 
4301 32 1400 92 1010 06 3010 30 1860 119 
4407 37 H 5 7+ 1050 )09 3 100 23 1015 JIO 
4012 32 16"i0 M 1054 11 8 3180 14 2335 11 
4671 31 1005 M 1121 116 3380 5 2525 48 
47 31 26 1920 47 1164 11 8 3525 10 2505 47 
47 62 2! 2005 J 5 ) :l<J5 100 3515 3 20-1 5 42 
J 805 16 2128 .l{) ) ;305 97 -1070 1 3061i 38 
4847 1.5 2"205 55 1325 99 4076 - 1 3280 20 
4872 H 2280 49 1352 00 3290 2-1 
4897 15 2465 47 1393 69 3-180 12 
-1022 l7 2650 45 H 55 61 35!H) 0 
.1001 19 2690 4.3 HiOS 69 3U~5 8 
5017 20 2740 43 lliti3 66 371 5 0 
50:25 20 2'J65 4l 1720 46 
5078 18 2\180 -1:3 ] j~Q 43 
5406 13 3U70 H 1829 3!} 
5439 -1 3200 H I SiS J 3 
5516 0 3:.190 39 19·10 31 
55:!6 - 1 341 5 38 JHf>5 46 

3WO 37 2015 46 I 

:3Ut.5 39 ~ 1 ~0 56 
3800 37 :!150 J5 
3!.115 3 1 :.!l ;jQ 46 
40\JO 36 :!'1~0 47 
J 150 33 25 1.) 46 
43:10 29 :W,jO 4.-l 
·13·15 30 2>00 43 
4430 :!1 3120 40 
·1510 23 33:!8 37 
.1 500 29 3408 35 .wuo 1 5 37{);') 35 
47 15 16 40 :.t! 
4800 13 4020 31 

I 
4 ~ 1 5 13 4:l05 2 
4R30 12 ·13);5 :!~ 

I ~ sso 4 .J.l.lll 10 
-JU:\5 1 -~.;,or. 15 
5035 4 .j [,45 13 
5050 -3 4()[10 13 

.llj!)Q 10 I 
Ji·lU 2 I ·li!J5 2 

I 
·1'>00 4 

I 4~90 -:! 

I 



APPENDIX C. -CROSS-SECT I ONS OF THE MISS I SS IP P I. lxxxiii 

Soundings in the Mississippi ?·iver-Continued. 

Section Xo. 20. 'I Section :\'o. 27. I Section No. 28. Section Xo. 29. Section No. 30. 

Distance I Depth Distance Depth Distance Dopth Distance Depth Distance I Depth 
from nt from at from nt from at f i"OIIl llt 

base· lin e , high R emarks. base-li ne high Romnrks. base-line high Remarks. base-line h igh Rolnarks. bnsc-lino high Remarks. 
on right water. on right WfitCI'. on right water. on right water. on right water. 

bank. 1 51. bnnk. 1 51. bnnk. 1851. bank. 1851. bank. 1851. 

--- --- --- -- --- - -- --
I Feet. Fe!!t. F e<t. Fut. Feet. .&el. Feet. Feel. Feel. Feet. 

0 - 1 0 4 0 4 0 -1 0 - 1 
5 5 25 ~ 40 4 5 3 6 3 

80 7 50 26 no 27 208 3 208 3 
n o 23 125 51 160 49 335 ~ 366 41 
160 42 1 5 66 230 75 415 63 460 71 
200 61 335 9 l 340 95 535 10l 578 99 
2-15 74 575 106 450 106 725 102 753 113 
360 93 1030 100 785 10~ 942 96 005 101 
380 88 1505 83 1300 86 1105 so 1125 84 
51i0 90 1 45 79 1570 79 1345 77 1322 72 
590 89 2020 62 1710 76 1545 69 1522 72 
640 05 2090 41 19~0 69 1790 66 1780 66 
750 102 2'l 0 4 2075 63 1995 62 1995 63 
910 103 2'230 60 2078 60 2060 62 
9:!5 102 2315 43 2U7 59 2H 5 59 
950 106 2430 4 23'25 59 1.3"2:2 59 

1155 llO 2525 59 2515 59 
ll75 110 2ti15 59 259-l 69 
1420 113 2670 60 2653 60 
1550 1:?".? 2790 53 2765 57 
1575 121 

,j 
2825 39 2850 35 

Ji90 86 3166 0 aloo 0 
1 70 93 
2ll0 64 
2120 75 I 
23~0 51 

" 2i>05 -13 

! 2600 41 

l 2~~0 33 
29\i5 29 
305:> '25 

I ' 3210 :lO 
33% H 
3440 15 
3570 j 

3595 7 
3700 0 I 

Section X o. 31. 

I 
Section :\'o. 32. I Sec tion No. 33. 

---

I 
Section No. 34. 

I 
Soct.ion No. 35. 

Leftb'nk Left L'nk J..eft b'nk 1858. Leftb'nk Leftb'nk 
v 0 0 0 0 -l 0 -1 0 -1 

~00 53 2:!0 39 ~ 2 5 3 10 3 
500 59 320 56 ~ -! 20 4 83 4 
7~5 00 ~ 1 5 62 72 13 125 41 2)0 •14 

10'J 63 5G~ 102 17 208 63 2 i5 64 
Jl!lO 6f>l 71 Hl 29 : 2% 1 315 74 
l~i O 66 '; !)1) 70 196 39 380 10~ 4}5 122 
lfo65 i O 92.5 I 72 227 53 [580 11 3 

I 
6li\ 119 

1003 75 1072 74 258 68 Dluo clay. 795 107 8l0 113 
21 1 ~ 75 

II 
1197 H 299 73 1095 104 I 112.l 107 

2365 134,\ 76 3% 59 1332 105 13i5 104 
2;jjj 86 1500 0 445 7l 1{)52 89 1615 95 
2 05 93 16f:>O so 47l 70 1835 90 181)5 85 
29~3 107 1 15 84 583 07 1920 84 2020 3 
30"'5 10i 

I 
1 ol3 92 698 66 2055 41 21l5 39 

3:t-!6 56 2130 l01 710 07 2'215 3 22>0 4 
3320 38 235,; 1 914 71 2266 3 23 3 
3035 0 I 259. 10 10·19 79 2'170 -1 2365 -1 

:!740 6 1053 74. 
200 37 ]1 :10 84 
3030 0 1.200 90 Clay. 

H !!O 02 
1486 95 
1514 9 1· 
1745 91 

! 
1789 92 

II 1 20 9~ 
1050 87 

I 2031 85 
:!050 1 
2'l20 84 
2'l31 ~ Bl~~o clay. 
Z36 l 63 

i 
2366 66 

' 
2386 43 

! 2H O 2 i 
I 

2-1:13 2l 
2458 14 ' 
2-168 12 
USL 11 

I 
2486 4. 
2496 1 
2533 1 

I 
2541 - 2 I 
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Smmdings in the .Mississippi 1·iver-Continued. 

r--------·-:-:--- -----,--------;-:----------- - . -
Secti on No. 36. Section No. a1. Section X o. 38. ~ec t ion No. 39. Section No . .J O. 

1-----,-----.,--- -11---,------, ---- 1-------·- 1---:---:----- \----,-- -.,..---·-
Distnnco Depth 

from at 
bnse-l inc high 
ou r i ~h t water. 

ba nk. 1858. 

ll e nHtrli: s. 

Distanco De pth 
from at 

1Jnsc-lino high 
on left w atPr. 
u"nk. 1851. 

Herna rks. 

Dis tnncc Dept h 
from at 

bnsr-linc hi~h 
on lPft wnter. 
bu nk . 1851. 

UiRtnncc Df'pt h Dist.nnco Depth 
from at fl'(lm nt 

ll cmniks. l emnrke. lmt!e- line hi~h ]{ c murl<~. 
on l t.fL WHIC1'. 

Lu. uk . 1 51. bnuk. .I B58. 

I

Uilsr-lino lliglt 
on left wnH•r. 

--- - - -----11--- - - --- - - -- ___ ,___ _ _ 1-----1 --- -- ----

Feet. Pert. 
0 0 

10 3 
38 3 
7:\ 7 

102 H 
Ja.:l 18 
l-17 .1 0 
20 -10 
263 73 
275 75 
303 78 
330 78 
340 80 
.:tii OS 
:.lG.:l 0~ 
400 Jl 2 
458 HrO 
.J OS H O 

537 111 
6Jl J GO 

652 15-1 
698 JHO 
785 1 jl 
82:! 160 
92-1 1-1-1 
OG2 176 

11 26 135 
]]82 180 
1288 JU 
1330 W i 
1302 lli 
1-1::>6 11:! 

Clay. 

Yollow clay. 

llluc rt nd 
yollow clny.

1 

Dlue d tty. 
lllno aurJ 
yellow clfly. 

I 

Feet. 
0 

270 
3!10 
4~ 5 
~ i5 
&50 
610 
7i0 
780 
820 

11l50 
1219 
12~0 
1270 
1430 
HiOO 
16&5 
1990 
2005 
2~50 
2-1~0 
2U:l0 
2895 
:111!5 
:'\·:to a 
3200 
3350 

Ji'eet. 
0 
-1 

[)1 

f>ti 
(i2 
(i(i 

il 
S3 
80 

-! 
R9 
80 
bi 
00 
OG 

116 
121 
12:? 
Il R 

88 
72 
73 
75 
6 
GS 
47 
! 

Soft mud. 

" 
" 

.Fine sn nd. 
" 
" 

Clay. 

l!'ino snnd. 
" 

Peel. 
0 

1~0 
IGO 
300 
395 
-1-10 
515 
5-15 
570 
590 
770 
90[) 

1030 
1hi 0 
13'20 
l GOO 
JfJJ5 

' )8:35 

I. ~1gg 
Conrse Sll nd . :!:.no 

Soft mud. 

" 

:!:no 
2o-1o 
312[) 

31RO 
3230 

1-I U 1W I 1581. 89 
liH 56 
17-1 5 18 
! SOli 18 I 
18-18 13 
1878 8 

JvOS 8 'i_'l 1931 0 
1956 - 1 

P~t- 1 
13 l llnrd clay. 6 u 

76 " 
79 " 
82 
85 . oft clay. 
85 lf~trd clay. 
~3 ,, 
bi u 

b7 H 

so " 
n3 " 
m " 

110 
11 
)1 3 Rn nd. 
i3 " 
66 u 

01 II 

[) 4- II 

40 " 
32 'Mnd nnd 

20 I ~~!' d. 

, I 

Peel. 
0 

11!0 
239 
~00 

5~5 
GIO 

10 
;;o 

030 
9SO 

11 85 
12'2b 
H O 
H 35 
1550 
JilO 
JH:?5 
JU;J5 
210:> 
Z'255 
2:380 
2liUf> 
2l>-IO 
;JO-JO 

J<rt. 
0 

42 
70 
70 

81 
6 

1.7 
H1 
87 
H4 
!Jl 
01 
H-\ 
06 
07 

104 
8 
8-1 
50 
bO 
-1 5 
3:; 
28 
21 

11 n,~·d cia y . 

ll nrd clny 
nnd ~he ll s . 

ll t~~·d clny. 

" 
" 
" 
" 
" 
" 

'Fino snntl. 

" 
" 
" 
" 
" 

J. ~et. 
0 
;! 

-17 
70 
f)[) 

1:!5 
1-13 
1oo 
107 
:ttl[! 
20-1 
327 
4.10 
0\)5 
6~7 
no 
86 

0~7 
0:32 

1142 
1:!07 I 1 :u;~ 

1 mt 
I 220-l 

,,:;41 

I 2i h9 
298·1 
:!IJV7 
3010 
3uoo 
3HO 
3-ISU 

Feet. 
- 1 

1 
3 
0 

13 
'!.'!. 
20 
40 
4U 
G7 
71 
75 
76 
86 
82 
110 
so 
8-1. 
ou 
!J:! 
!13 
!Jl 
!10 
81! 
IJ~ 
.J 3 
3-1 
19 
18 

ti 
6 
l 

- :l 

lllnoclay. 

" 
" 
" 
" 

" 
" 
" 

lH ~~o clny . 

Yl·~,low c\ny . 

Ill no c lny . 
~u nd. 
Blue clrty. 
:-o:n nd. 

'· 
" 
" 
" 
" 

----- ====-::;===- ..,..=·~===: 

I ------S~c-ct_i_on __ N~' o_._.J_1_. _____ 1,' _______ . 7cc_t_io_n~N-o_. 4_2_. _____ l-------~-ec_t_io_n __ ~_o_._~3 __ · _______ , ________ ~~t-io_n_~~-o-. --l-l_. _____ ,, ______ sc_c_t_i o--n N~'o_._·_l 5_. ____ _ 

Jlard sand.! 

Left h'nk 
0 

400 
510 
6 10 
760 
782 
080 

1200 
1355 
1610 
1700 
2000 
2005 
22<JO 
2-1 00 
24-10 
2-1 0 
2620 
2755 
2860 
2070 
3000 
3200 
32-10 
3380 

1851. 
- 1 

49 
57 
j4. 
77 
70 
81 
7-1 
75 
80 
so 
Ofi 
55 
4!; 
42 
37 
31 
3l 
26 
22 
20 
20 
16 
l-1 
1 

" 

" 
" "Fino sand. 

" 
" w 

" 
" 
" 
" 
" 
" 

i 

0 
15 

ll !l 
JM) 
20-t 
:l-19 
32 t 
3.'\0 
-1 38 
f>.'l.3 
5-1 5 
i01 

11 UR 
'12!12 
1806 
1800 
2012 
20-12 
:l11 5 
21 4 
2'2-1 9 
220:3 
Zl:U 
2:Jii7 
2380 
:J.I (J6 
25-17 
2687 
3128 

332 
~600 
3800 
4200 
4-100 
·t820 
4828 

1S58. 
- 1 

4 
6 

17 
27 
47 
60 

" 
" 

llluo clay. 

68 
78 
75 
77 
77 
i9 
0 
~ J sa~~d. 
-13 
+I 
45 
39 
37 
37 
3-1 
30 
20 
2.1 
16 
0 
G 

1 
1 
1 
2 
2 
1 

- 1 ' 

Willow hair 
ture. 

" 
" 
" 
" 
" 

0 
190 
300 
33[) 
-11 0 
500 
630 
810 

10-10 
J.t-15 
1il0 
1S45 
:!030 
2'280 
2360 
:l-150 
2590 
2730 
2830 
2950 
:lfJ85 
31-15 

- 1 
17 
5:.:! 
67 
75 
70 
74 
H 
75 
75 
69 
61 
.JO 
-10 
37 
32 
27 
23 
20 
19 
15 

1 

H 

" 
" 
" 
" 
" 
" 

Ha rd snnd . 

" 
" 
" 
" 
" 
" 

0 
f)() 

260 
~tan 

530 
:>f)() 
6&1 
775 

lOHO 
1 1()0 
1 1<;() 
1200 
1-lllO 
1[.;i5 
17-10 
1770 
1V15 
2flli0 

I 
22 10 
:!:1<,() 
2-100 
:!S·W 
2725 
2:!0 
2960 
3000 
3215 

- 1 
-1 

-10 
51 
77 
iS 
80 
77 
70 
7f> 
7:3 
77 
Hl 
j!) 

iO 
G7 
5H 
at 
41 
33 
31 
28 
~ 
10 
15 
14 
1 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

Liard sa ud . 

" 
" 
" 
" 
" 
" 
" 
" 
" 

0 
:J.IO 
200 
380 
·tSO 
770 
0.:10 
080 

11 50 
1.'UJO 
1:\:10 
1Mt1 
l tiU5 
1770 
:1010 
21>15 
2'230 
2aus 
2-W5 
2.)95 
2705 
2750 
2950 

1851. 
- 1 

74 
76 
80 
79 
88 
82 
~3 
R2 
f> l 
70 
75 
1~1 
I >I 
tt5 
f}l) 

-17 
r)s 
67 
.JO 
28 
30 
1 

" 
" 
" 
" 
" 

lfnrd sn ntl . 
ll ~~·d clny . 

" 
" 

" 
" 
" 
" 
" 
" 
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Soundings in the Mississippi 1·ive?·- Continued. 

S('ctiou X o. -\13. I '"' ction No. 47. Section No . .18. Section No . .19 . Section No. 50. 

Di•tnnce Depth Distance I Depth .Distnnco Depth Distance Depth DiHt lln C(' Depth 
fr (J ill I nt I frvm at front at from at fi'OIIl at 

baHC'· linc high Hemnrks. ba5c· lino hig:h Remnrlrs . bnsc- lino hig h nornarks. base-line high Uornarks. bnso- linc high UcmarkB. 
on h:ft wawr. on left water. on left wntcr. on lrft water. on loft w;ttcr. 
bunk. l b51. bank. ] 5 1. Lank. 1851. bank. 1851. bank, 1851. 

--- -- --- --I -- -- ----- --- -- ----- --- --
_}(.,t. FtCt. FePt. F.el. l'~el. Feet. F~t. Feet. Jihet. Feet. 

0 -1 0 - 1 0 0 0 0 0 0 
2fi H 3 4 2~0 10 400 67 380 34 Mud. 
4fi -l2 30 15 4~0 45 615 96 305 39 " n5 57 10 :!~ ovo 105 748 OJ 566 04 

130 G6 138 28 700 85 855 114 770 117 
li3 1 17 5 .J5 790 1 ~1 995 JH 872 11 8 
2:!5 lli 2'.?4 i2 800 122 Jl50 l OS 1021 1~3 liard mud. 
318 138 3U I 93 9~0 ll5 1~8 102 1040 123 " 408 138 -t-52 88 gg;; 11 3 1352 94 1050 125 
524 129 

II 56 l 91 11152 11 5 H62 90 1065 121 
6'>0 J2l 6h~ 7 lli5 \)i 1556 88 1H5 lll 
852 1ll 

;, 
811 85 1:lU5 96 1695 84 1170 11~ 

10'!0 96 934 84 141.5 99 1808 81 J.4:Jo 106 
11 68 7 lJ I).j 90 l [,:~j 92 1920 78 U45 10.! 
1349 7:2 1:.?46 10~ 17 10 S3 2U50 ;.1 HS~ lUO 
1577 I 55 ] ;)5.( 107 1i:l5 80 21 38 75 1682 80 
1716 4~ 143J J1i 1SH5 73 :?:272 67 1852 71 
l 00 3i 1495 lli 2()10 66 ~00 130 1983 7:1 
2073 31 ]' 3 1 ~2 21 5:3 7'2 2592 66 2136 69 
21w l4 1677 ll7 :!:!f.H. 72 200 64 217 5 70 
2'250 -1 ] 26 93 

II 
2:llO 7l 292f> 60 2578 62 

19H &S 2440 70 2965 45 2658 62 
19~0 CoG 2i>40 66 B040 0 2855 50 
~0 36 25\)5 68 '286fi 53 Mud. ·.m2 -1 2690 64 2%5 4'/. " I 2718 63 3025 17 " 

II 
2~12 62 ~100 0 
29~ 59 
3005 18 
3028 6 

I' 3040 0 

-

" ction ~o. 51. II Secti on No. 52. Section No. 53. 

I 
Section ~o. 54. Section No. 55. 

0 
I 

0 :I 0 0 0 0 0 0 0 0 
3fl0 :l5 Hard mud . 310 57 Hard clay. 190 24 410 139 20 7 Unrd Bnnrl. 
453 51 " I 350 73 275 36 5.J.7 ]58 flO 13 Soft mud. 
5~5 93 " 

:I 

375 71 Uard blue 358 70 755 136 Hard sand. 100 54 Hard sa nd . 
675 In " clay. 4~8 00 762 130 172 122 lia rd mud. 
71 5 123 " 395 7 Soft clay. 405 106 955 130 Dluo clay. 322 101 " 735 136 " 512 121 ~a nd nnd 58::l 120 965 JZ7 Hnrd su nd. 368 153 Hnrd aa ml. 
815 13::! " clay. 702 ] ~ 1000 127 " 380 168 liard mud. 
830 I 130 " 627 144 Yellow clay. 7~0 J:}.J. 1165 110 Hard clay. 6-17 166 " 000 1:l'l " I 9RO 135 05 1~ 1:2"22 108 I furd sn.nd. 753 143 liard sand. 

J :llJO 11 3 Hard and . 10~2 133 Fine sand. 1000 123 1282 104 Blue clay. 765 H 5 " 1:?70 103 " 1~ 117 " 1142 115 H S2 94 }'inc sa nd. 097 127 " 1412 97 '· 14:)5 ] 05 " 1260 114 1783 00 Coarse sand. I ll25 120 " Hi3;; 9:! " 15 5 93 " 1425 103 1900 55 " 1'235 109 " 1'-00 80 " li 5.l 86 " 1597 91 2036 53 " I HG5 75 
1018 I " :?".!-47 72 Coarse snnd. 17~0 &2 2"2.12 52 " II 

] [)[)2 so " 10~5 79 ' U 33 67 ·' 1900 70 U~b 67 Dlne clay. 1775 51 " 2020 77 " 27i.5 00 " 20fl5 57 2545 37 " 1 00 50 " 2140 7.! ·' 3005 55 ~ ~ft mud. 2"227 57 2055 0 19·15 51 " 2-21 Gi .. 3155 .(9 oft clay . :1328 00 2120 47 
2:!35 Sancl. 32tl7 15 2~00 57 2240 JS Soft mud. 2.'\bO 62 )I nd. 33jj 0 2720 52 2'290 31 " 2392 63 Sand. 2900 33 2360 47 " 2520 60 ~ ~·,•d. 3130 0 U70 19 
2060 57 nd. II 2608 0 
2720 60 I, 

2S13 53 Hard mud. 
40 55 '· 

,; 
3005 13 :Uud. 

II 30.J3 7 " 3143 0 
I I I I I I II 
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Soundings in the ],[is issippi 1·iver- Continued. 
----

Section No. 56. Section No. 57. 

II 
ction ~o. 58. I Section ':\ro. 59. &.'C tlon No. 60. 

IDistnnce I Depth 
I 

Di~t.nnco Depth Dis tnncc Depth 1Distnncc Depth Distn nco Depth 
from nt from nt I from at from at from at 

bmm-lino hi g h Homn.rlts. baso-lino lligh Rcmn_rks. ba .. •;jc.Jine hi~h Rcmnrka. base-line high Rcm nrka. bll80·liiiO high Romnrks. 
on left w:\tcr. on left W H.t£' 1'. on loft Witter . on left wat r. on 1£·ft wntor. 
bauk. 1851. bunk. 1851. b1ok. 1851. bank. l 85 l. bnnk. 1851. 

----- ----- --- -- -- --
F eel. Fe"t. Feet. Feet. Fe<t. J'~et . .Feet. .Peel . Feet. J'~et. 

() 0 0 0 0 0 0 0 0 0 
65 f>l 1H 59 n ard mud. 95 ~0 120 31 225 12 1 Jlut·d c lay. 

105 83 210 ) ~ " uo 52 130 35 485 liti SauU nnd 
182 1 2-~ 200 137 " 168 93 150 ~ ·l sh ells. 
290 1i;;l 31)5 l ti3 " 187 100 185 on 5~0 186 
4~0 105 4[)5 .1 65 " 2.;G J:lll :?:!:2 80 595 If> I !s1tnd. 
550 156 5:!0 153 " 320 J G~ 262 JH 707 l Oll 

645 l 5G 5:J'J 154 IInrd sand. 395 168 I ~00 H 9 8(>2 158 
7:JO 153 678 151 " 4i2 168 -1~ 0 ] 52 973 151 Conrso sand . 
815 1H 800 1~ ti H!lrd nl\ld. 575 162 538 15(> 1000 1~ " 
890 1 :~~ 8~6 l !):J Unrd sand. 672 159 

I 
u27 l ab 1268 J ;IU " 

1000 l !l'l 805 H~ " 800 150 HO 1!; HnO J •)·) l 'ino t~nnd. 

JHO lll '82 ] ;I[ " 905 1~ ~ :!5 l{d 1083 82 

12[13 \)9 1038 1 ~8 " l O:lO 133 I 03(\ Hl 1900 M !SI\IlC\ 11nd 
1390 82 107 8 J25 " 11H 129 

! 
10:!5 13-1 mnd . 

1570 70 1292 107 " 1238 11 3 J 115 12<J 2175 ~6 " 
] (ij() 5'2 Ho> Ul " 1 383 105 1:?"10 l Z'J 2272 27 " 
1 8~2 4 17\15 ()l " 1505 93 13:!0 107 2900 0 

1905 40 1883 55 " 1 620 79 H :lb 99 

2075 45 19i2 4l Soft mud . 17:\!i M 1500 w 
2 178 30 20~0 :!0 " 17 3 51 1 5~5 ] 01 

2260 2 1 2075 1n " 201G 40 1 C>87 93 

2008 0 2~ 60 0 " 210:i 25 1775 86 
2-160 0 1850 74 I 1018 31 

II 
1982 29 

I 2-160 0 

Sect ion No. 61. Section No. 62. Section No. 63. Section No. 6-1. Section No. 65. 

0 0 0 0 0 0 0 0 0 0 
235 38 4-10 l OS llluecl ~ty . 2% 30 160 -t :! )lud nod 11 5 66 
255 58 500 113 Soft clay. ~00 84 B:lnd. 190 97 
'Zi5 65 uno 1~ Hard chty. li50 93 2:,0 100 " 205 11 8 
:10.j u 71 2 130 GSO 112 32.) 112 Mud. 4:15 1:10 
345 101 930 1~ Cln.y. 815 _12'2 520 127 5H5 138 
:tso 12:2 1082 130 1005 ;l;l t>'lO 1+1 Jlluo c l ~ty. 713 150 
510 J:H lli5 126 Coarse sand. 1145 121 685 l~H 35 151 
Ga7 H 3 1270 1:/'l 1200 ] 'l•) 00'' 139 9~2 130 
815 1 5~ 1303 117 .. HOO l H 11i5 l:?'l Con.rso sand . 11-l f• 11 8 
Oi O 152 H OO 103 1515 10.'i Jl OO 121 .. ·1 ~ 1 8 99 

1083 149 lli05 102 J(j;JO 102 1235 11 5 H 50 86 
] 210 HO )ilOO 02 l'ino snnd. 1750 10 H OO ] 6 ~""ino Rand. 1508 76 
1335 130 1742 87 .. 1865 78 HiO 95 !Cur l snnd . 17:!0 73 
J.l50 11 9 1760 87 106R 78 1iR5 71 18 18 70 
15Hfi 11 :1 1815 80 .. 2065 75 1035 60 .. 1972 60 
1635 110 HJ\ 5 73 .. 2170 54 2().1·• 50 .. 211 5 5·~ 

1700 102 1925 68 .. 2'.!30 39 2050 52 .. 2 142 43 
1008 96 2"150 J9 2'105 ~ 2175 39 .. 216.'i 33 
2008 89 2'275 H 2300 6 2"2..15 34 li'ino sand. 2205 27 
:20i0 80 2352 27 .. 29-10 0 2338 lU 22-W 20 
~] 50 1l 2'J-10 0 2765 0 2765 0 
22:35 56 
ZlOO H 
23-15 20 
2950 0 I 
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Soundings in the Mississippi ?'ive?·-Continued. 

Section :'\o. 66. I 
Section X a. 67. I 'ection No. 68. II ~ection Ko. 60. Section No. 70. 

---
Distn nco I Depth Di• tn nco I Depth ' Distance Depth I Distnncc Depth Distance Depth 

from nt from nt I from nt I from Itt from nt 
bn.:n_\..1 i ll f:" high Hcmnrks. U:t.o~c-Hne high Remarks. buse-line high Remarks. 

1 

bnse· line hi~h Rom arl\8. ha~m-li n o high Remarks. 
on left wate r. on left wa te r. I on left water. on left water. 0 11 left wntor. 
hank. 1% 1. bank. 1S51. bnnk. 1851. uauk. 1851. bank. 1851. 
--- -- --- --- -- --- -----

Feet. Fa t . F ,et. F u t . FCP t. F eet. Feet. F eet. Peel. }i•et. 
0 0 0 0 0 - 1 0 0 0 - 1 

60 J ,j 1:JO 64 Cllly. 5 -l llo 28 5 -1 
16 8 220 93 Sand nn<l 10 3 135 35 10 3 
~l3S 103 clay. 80 3 155 48 30 3 
490 159 275 100 90 12 183 513 40 12 
1\32 159 385 133 C I~t· 120 35 202 74 72 35 U~tr<l sa nd. 
782 H1 475 162 142 43 ZJ5 05 155 57 " 92:3 127 bli2 164 Ji2 5:1 297 ! OJ 170 57 " 1075 117 730 151 Sand and 210 80 3138 123 210 75 " llH 106 I shells. 235 85 445 H 9 230 87 " 1 30~ 97 7~5 H9 " 27 8 97 505 149 310 97 Soft mud. 

H 33 4 85a 133 Sam!. 325 103 5i 5 H 7 362 109 " 15'28 72 94S 122 " 380 110 65fl H6 450 158 " 11):)i\ 64 114:) 104 " 480 156 714 H 3 538 155 " 1715 ();! 1235 102 5:25 157 705 143 604 Hi " 1 ~ 1 3 60 1365 93 Sand. 585 154 832 137 6:32 1·10 " 1010 57 H 9J 8 " 6.:l5 154 1020 126 813 l :J.J. Uard sand. 
1983 fd 15:30 79 ii5 134 1038 1113 837 134 " :?173 45 1 U92 ·~ 8RO 129 1] 35 108 905 1:213 " Z2-J.5 27 I 169:, 59 905 125 1288 102 9[>7 121 " :m.> 21 I 1895 51 1065 112 1442 \)~ 1108 110 " 277 0 0 ~'IHO 3S :-:.nn11 and 11 u:, 102 1 515 w) 11 2.8 108 " 

mud . ) ~~; 96 lf>85 86 ]26(; ~)2 " 2G67 0 ]·2 () 92 

! 
171 5 j ~ Ui 5 92 " 

li 
H2:i 72 1750 7'l 1:,% ii\ " 

I 
1505 G7 l S.to 65 1!\li (j;' " 
Hl7 5 58 1955 [)9 1 fJ 5:~ 1>2 " 
1m a 57 2Cii\5 5 l ] 6!l5 57 " Hi·l :i 52 

I 
2152 39 171 2 4. " I Ji37 47 2'143 29 1722 50 " 17 ;);) .!1) 2'280 26 1820 42 " 

I 1885 40 2325 20 1835 42 " 1012 38 23.qj H 1940 36 " 2003 36 2440 5 

I 
1952 37 " I 2080 33 2497 2 2015 27 " 2 142 29 2582 1 2985 30 " I 

II 21 0 20 2115 29 " :!"2 t :2 2-1 2193 25 " 

II 
2"2 5 18 22-15 20 " 2.34.0 J.t 2285 19 " 2.'lS5 12 2.360 12 " 

II 2IJi5 8 !?54:3 s " 
2580 -1 2548 -1 " 

-======== 
, oction Xo. 71. 

I 
Sec tion ~io. 72. Section No. 73. Section No. 74. Section No. 75. 

0 0 0 -l 0 0 0 -l 0 0 
j !) 28 I 5 -l 75 2(; 5 -1 70 25 

3fi 

,! 
10 3 9 1 35 8 3 90 40 

100 45 50 3 100 3:; 4 3 HO Gl 
1 ~5 5 1 60 12 ] ;2;) 53 6.3 12 200 9 1 
] f)~ 56 I 11 0 47 Uard sand. 178 02 105 32 }' inc hnrd 292 10:1 
200 78 135 ~:; " ~!!5 05 sand. ~95 l:!H 

• 

~13 95 lii 'jj 29j 104 1:1.'1 44 " 4i5 1:30 
all 

I 
} O;l 2:10 91 3i5 137 J7. 71 " 585 142 

:>h:! 13-1 :!46 !·G ITanl .and . 4'25 H 9 2:\0 87 '· 605 139 
·Hlii 15:! 

II 
3:3:! 130 18oft mud. 505 H9 2'.l0 100 8~8 127 

[l\5 

I 
14 350 1:l'.l '· u4S Hi I 395 1:l9 Soft mud. 005 121 

(;;j< ) H~ 41 ~ 1'>6 " ti lO 1H 415 139 " 990 110 
i40 1:14 -li 5 1:15 '· ti!')5 144 I f>58 H O " 11 20 103 
5b 1:.!" ;)7'2 ].15 " Iii~ H() 01 1 1:12 " 1205 94 

O.JS 121 ()I~) 1,',0 '· 7ii0 HO f.;)3 129 " 1;J20 R5 
1o:,o n ; ;a.J 13 1 " o:t> 129 I 72-t 1:!8 " 1420 82 
l llO~ 107 

II 
~l ;127 " 06:! 11 0 032 117 liard snnd. 1510 76 

117 .~> 0~ 0:!.5 124 " l Ut\5 JlO f) f,;j 11 0 " 1670 73 
1:1;)a oa 9[)5 121 " 11 8 ]I)[ 1008 100 " 1070 70 
1 :~JO g 

' 111 5 100 flnnl snnd. 1'275 98 11 05 107 " 1750 67 I 144 ~ 8 1l:J.:i 104 " 1:108 80 ] 25'2 94 " l 40 Ill I 1:>:.!5 ti l :!IH 97 " HI~ 4. 1:3:!~ 88 " 2000 50 
1000 79 1317 86 " 15 13 so . 1372 83 " 2122 31 
1l).l2 i O 1!330 87 " 1625 78 HIO 76 " 2'200 26 
1730 it) I 1·170 67 " 1703 H ].152 75 " 2340 H 
Ji07 U5 J.H6 (>9 " 1800 G8 1513 67 " Z:l50 13 
1"0;! 61 1 ~ 2 5S " 1 85 65 1567 62 " 

I 
2:355 7 

1945 53 l l),'l.) 53 " 211·12 56 1ti1 5 58 " :.!:370 5 
:!011) 40 1700 48 " 211 46 

' 1657 54 " 24:l{J 2 
2120 3 1775 44 " 2'115 35 I 1730 48 " 2530 1 
:?".!S5 29 1S25 42 " 2:112 27 

I 
1740 46 " :l:t!;l 20 I ] ~ 2 39 " 2a30 14 1835 42 " :!:lW H ' ]!)()5 37 " 233[> 7 1S78 39 " :!:l\0 b I 10 1-1 3.\ " 2:3.)5 6 l h90 3R " :l-loO 5 2015 32 " 2415 2 :!000 33 " ~.uo 3 c~rlll 33 " 2530 1 21)()5 2 " :Wao 1 I ~1 !lti ~i " 2UO 2i " 21'>3 

I 
24 " 2193 23 " I 2-1"!".! 21 " 2205 23 " I 2'2'17 ] 6 " 2'155 20 " 

2"- " 

I 
H " .,.,... 

17 " ' 
__ , i) 

I 
~ H .. 

I 
2370 12 " :!.)1 3 " 2-,95 3 " :.?.\!11 ) - 1 .. 2i)20 -1 " - -
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Soundings ~n the Mississippi 1·iver-Continued. 

Section ~o. 76. I Section No. 77. 

Dis tance Dcrth ])istanco Depth 
from nt fr0 111 nt 

base· line high Hemarks. btu:~c· lino hi gh Remnrke. 
on le ft wu tcr. 0 11 le ft wat er. 
ba nk. 1858. bnuk. 1851. 

:Feet. 
0 

18 
1-1:1 
153 
205 
2'21 
2·17 
258 
2'Ju 
3l:H 
390 
47 8 
5il8 
G29 
74 8 
768 
859 
8!13 

] 0:1!> 
] 2[}0 
13fll 
H27 
15:\\l 
1iJ3 I 
]i-15 
17U7 
2().15 
2 11 7 
923:1 
2:?58 
22!-J7 
23G9 
2-lilu 
25:!4 
2575 
:l705 
2il0 

F eet. 
-1.9 

il 
3 
5 

lO 
29 
39 
JO 
51 
9~ 
~l 

100 
11 3 
1:13 
1 18 
1'2.3 
] •)•) 

117 
1:)() 
102 
90 
\)8 
87 
G7 
tn 
r.g 
52 
44 
31 
:H 
24 
17 
18 

9 
5 
2 

-1 

I 

rl 

Dlue clay. ~~ 
Y c;;ow clny ·I 
mue clay. I 
Ycl\ow clny. 
1\iue clay. ij 
\' c llow c lay. 
llluc cl11y. · ' 
\~cHow cltLy. 
Sand. 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

" 
" 
" 
" 

Section No. 1.. 

0 
00 
so 

105 
150 
215 
300 
41J8 
50!\ 
5~0 
GUO 
820 
OW 

1o:.o 
ll iU 
1:272 
1:l10 
J.no 
1530 
) 605 
11\iiO 
17·10 
1 :m 
1UI 2 
2000 
2150 
:t-!'28 
2285 
2"2fl5 
2305 
2;120 
2330 
2~JRO 
25{0 

1S5l . 
0 

20 
39 
51 
77 

W I 
107 
107 
107 
] 117 
120 
Ill 
110 
lt:l 
Hl2 
~Hi 
!l3 
bl 
7l 
tiU 
08 
uo 
132 
M 
fiO 
32 
29 
20 
14 
12 
8 
0 
3 
2 

0 
r,;; 
75 
85 

11 2 
1-17 
175 
2:1 
290 
370 
.j..j Q 

540 
058 
770 
855 
972 

11 2"~ 
1:!52 
1:lH2 

!1

1·100 
]( \()() 

1740 
1870 
105:.1 
2065 
2155 
2'!"25 
2"."70 
2330 
23-1 5 
2352 
!!:\SO 
2·1'l0 
2500 

Feet. 
- I 
- 1 

3 
3 

12 
32 
50 
53 
89 
!J7 

105 
107 
103 
110 
](17 

105 
110 
102 
103 

09 
99 
\)9 
1)8 
&9 
87 
77 
6 
68 
5i 
55 
46 
47 
37 
35 
:n 
ciV 
27 
24 
2:) 
18 
15 
12 
~ _, 

Tlnrd sa nd. 

" 
" 
" 
" 

Soft mud .. 

H ard sand. 

" 
" 
" 
" 
" 

" 
" 
" 
" 

" 
" 
" 
" 

Section X o. 82. 

0 
29 
2\) 

35 
50 
02 
83 
9 

1o:l 
105 
] (10 

10·1 
107 
11.\ 
JI S 
112 
l o:> 
m 
70 
73 
ca 
(jQ 

52 
5:.! 
-1:.! 
31 
2·1 
20 
1·1 
11 
0 
[J 

3 
~ 

~ ---!'e.,-c_t_io_n_:-..,.·_o._i_8_. __ ,, ____ •c_•_io_n_l\
7

'_o._7_o_. __ , ---P-ec_t_io_n_l'l_'o_._s_o_. __ 

Dislnnce Depth 
frOlll at 

base-tine h i~h Hemnrks. 
on left wtucr. 
bank . 1851. 

Dista nce Doptl1 
from at 

b:lSt'-lin C' hi gh Jl cmnrks. 

Di l'l ta Hco Doplli 
fr01 11 Il L 

base-line lligh H..cnHwks. 
on ll•ft Witter. 
bun k. I H5 1. 

I on lt• ft water. 
j bank. 1858. 

-------- ---- ---- ----1----

1 

F~~~· ~t ! 
90 .\9 ;! ~8 I 

l 148 •n 
210 100 
2SO HIS 
355 109 
450 109 
580 111 
720 WJ 
810 112 
945 l\ 5 

1\17\) 10 
11 62 l OS 
1250 Oi 
1340 B.J 
l~ Oi 70 
] [,85 fi9 
l71 il 67 
) 8\1 64. 
1955 55 I 
21)45 .\3 
2 \ i:l :l'l 
2:!\10 1:1 
2:100 13 
2:no 

I. ~:~35 
I 

2:lH5 
2:>30 

' 5 
2 
1 

I 

II 

I 
I 
I 
I 

0 
100 
105 
240 

!l35 
4c'7 
4:\5 
515 
·oo 

752 
'15 

Oil;) 
1U1 5 
)1C~) 

1:1\17 
](ill) 

Sect ion No. 83. 

0 
30 
H 

105 

150 
155 
Hl6 
H~ 
145 
14:) 
1:14 
hi:! 
1n1 

!)4 

I 
Sand. ,, 
.Mnd and 

I 81~!1 d. 

" 

I
Snnd. 

" 
" 
" 
" 

llnrd sand. .. 
~7 I 

I 
1W2 I 75 
lf,cl() ti~ 

1 ~20 59 
Sand . 
)! ud nnd 

Rn nd. 
li nn} sand. l Oi,O I 52 

2ooo 4n 
2010 40 
21 lO 42 
2120 H 
2100 ~ 
2"!70 
21300 0 

" 
" 
" 

Snnd. 
" 

:Uud . 

Feet. 
0 

26 
1:1 1 
1Ml 
246 
349 
379 
408 
519 
UiO 
ti l!) 
7c\l 
78{> 
8()0 
8:!0 
8:!7 
s;o 
8-IU 
980 
989 

l Oll 
]::![)1 
] :]\);\ 

H-17 

I JG'!C• 
17 ~i7 
1o1X\ 
l'>:!-1 
1!!71 
~U+l. 
2:'.?.:\3 
:!'21)0 
23tH 

I 2-t.H 
:!-1113 
234ll 
'.!tit}() 
2Uil 

0 
100 
1:35 
1U7 
2115 
346 
·l'l7 
5!10 
()k() 

7i7 
811~ 
H7:.! 

11 15 
1 ~10 
1 ~ll7 
] .i lO 
11~:! 
Jj ;i~ 

l"~;) 
}')'' 
c~~.)(l 

2112 
:!:.!00 
~GOo 

F;et. 
- U 

J 
3 
5 

50 
83 
U3 
OS 
95 

103 
lll2 
102 
10 
1(\;) 
103 
10.\ 
103 
1D:l 
I U2 
102 
102 

U9 
\lO 
~If) 

75 

I 
ill 
\)() 

f>S 
[)() 

.\.\ 
33 
:S2 
1n 

I 
j ~ 
2 

- l 

I 

J?e.et. 
0 
5 

JO 
50 
60 

Vell o1v clay.

1 
),l_l uo clay. 

1 ~and. 
:: I 

7:.! 
l OR 
12-1 
184 
216 
200 
308 
380 
4Qj 

623 

" 
\!'a nd . .. 

" 

" 
" 
" 
" 
" 
" 

" 
" 
" 

630 
714 
7M 
Sill 
fJ.ia 
9!lS 

J] jj!j 

1 l i ·l 
12H.I 
13:12 
].\ ()~ 

) .t )l 
lj 1524 

1l\3:l 
1055 
1752 
1805 
1 81)3 
1025 
1985 
'103[) 
21] :) 
2 1 :1~ 
2"211 
2·~..J2 
2"..!75 
2:m. 
2:>~S 
2;)-l i) 

ocLion Xo. -1 . 

1 j ]. 

0 
2:.1 
54 
7 

117 

0 
130 
] 75 
:! 0 
:.~}5 

42:! 
·IHO 
51 
050 

j f>iO 

Pert. 
- 1 
- 1 

3 
3 

12 
il3 
H 
50 
so 
85 
a; 
06 

101 
102 
lll~ 
106 
lOL 
1110 
1 0~ 
W2 
105 
08 
n~ 

I 00 
02 

I !10 

I
n 
C>1 
co 
51 
46 
41. 
37 
33 
31 
2S 
27 
2:1 
20 
17 
12 

3 
- I 

Sand. 

" 
" 
" 

c~r~r· 

I ~oft cloy. 

IJTnrd •a mi. 
" 
" 
" 

" 
" 
" 
" 
" " 
" 
" 
" 
" 
" 
" 
" 

Section No. 5. 

0 
3 1 
85 

Mnd. 
Cl11y. 
Mud . 

J ~toty. 
Huud. 

" 
" 
" 
" 
" 

152 
H~ 
137 
12'.1 
1:!3 
11 0 
U3 
!1.1 
77 
71 
1)3 
1)3 

uo 
4~ 
au 
:UJ 
"27 
:!.1 
0 

I 
815 
no;) 

I n a;, I 1210 

II 
H1 2 
J r~J7 

I ~~~~ 

12:! 
122 
1 5 1 
!57 
158 
1:liJ 
tan 
11 !) 
11 7 

1)2 

~ 
711 
77 
l\0 
57 
49 
40 
4:1 
a9 

" 
" 
" 
" 
" 

1
1 !)~7 
21:10 
21\lO 

I 
22:l0 
2650 

Muu. 
0 

• 



.APPENDIX C.-CROS S -SECTIONS OF 'l'HE MISS I SSIPPI. lxxxix 

Soundings in the Mississippi 1·iver-Con tinued. 

~cclion X o. 86. Section Xo. Si . I Section No. 88. Se<:t i ou No. sn. Se<: ti on No. no. 

I 
.Di :, fa.nc Depth Di• tnnce Depth I Distance / Depth Distance Depth Dist.a.nc'} Depth 

frO Ill lit from at from at fl'O IIl n.t from Ill. 
basC'-linc high n cmarks. base-line high Remarks . base-line . l1iglJ Hcmnrks. base-lin e high Remarks. bn se-lino lJigh Rcmarlcs. 
on left w;n er. on left wal er. on left water. on ll\ft wn.ter. on left water . 
bank. 1 1S5l. 1 

ba nk . 1 18o l. ~--------- bank. 1851. IJaok. 1851. bn.nk. 1851. 

------ --
Feet. Fegt· l 

II 

Feet. Feet. ~Feet. Feet. l!'eet. Feet. Feel. Jut. 
0 0 0 0 1 0 1 0 0 

125 3Q 

I 
:.?-95 3'3 Snn d. 27 19 Saud. 75 38 4.75 72 Hard clay. 

18~ i~ ~15 8~ " 83 ·10 u~~·d clay. li 5 88 Cla.y. 505 84 " 2:1~ 10:! 4.55 96 Clay. no 81 195 Si Cluy and 615 lOG Con.rsc sa nd 
a:!5 131 II 510 104 Sand . 202 103 sand. and shells. 
+.!8 1G:2 005 100 Clay . ~40 101 200 93 7G!1 10-1 
5:!q 156 61J 92 3G5 104 Clay and 257 l Ot Clay and 837 lOJ 
GlO H4 ,, 7:?0 115 I Ha.';d sand. sand. sa.nd. 959 103 Sand and 
700 1 :J~ 800 11:3 405 110 Sand. 30!; 112 " mull. 
SSI) 11 ~ L Si·J 111 '· !;60 112 31i5 11 6 !)69 lM Fine sand. 

] 0:3~ ] II~ 1051 toa " 61 ~ 110 JO.S 112 Saud. llO.J 101 
ll >l~ !hl 11:17 I ll~ (11ld. 82~ 101 507 lll 11 3+ 97 
1305 b:} l"!'j"2 n; " nt:; 91 552 111 "' 12+9 92 
1390 78 1 :\1}<) Si " ) 1)611 88 630 107 131~ 87 
1~->·l il l f\ 10 102 ):Jlii 7G 705 m H~ 82 
li I·! G5 ]j '\) i ll ].)'j:l 7:! 842 ns H iN 77 
1 H~tl 5U l i H5 ' ,, ll:wd sand. ]()'j :} f1(j 100~ 91 1589 H 
l!JS-+ 5:3 c~ l-1 0 ;)~J i ':tml. lj.);~ 60 lll:J 86 1:\9-1. 79 liard sa.nfl. 
:.!1.0:) 4:! :!"!J:!. 51 " 1Hiii 61 n .~o 82 17-19 iO 
:!l!JO .)[ :?:l45 5:! " i 0-1:! [, t 1:lU:l i 9 18~0 GS '[!'ine sand. 
2'2f.t.:) :N 21lo:J 4:3 " 20ill 51 ) Iii){) GS 2030 6,; Uatxl sand. 
2:t!5 27 26:~1 -1 :! ' )fud. :!J-lJ 3 1 lOtiO ' 0:3 

\\ 

2070 62 I 
2a5.5 :t.l :?13ii 27 II 2J:Ji .J 3 I SSO 6:J 22H 58 .. Fine snnd. 
2U50 0 3!65 0 2:375 24 20.)5 i\-1. 2320 49 Hllr!l snnd. 

31 75 0 27!JO 3 2070 50 2:3S9 52 Fino sand. 
:?700 0 2200 44 2500 59 

,) 2~ 0.) 42 

II 
2i00 50 

'I 2485 35 3010 0 
2t125 31 

II 
2750 3 
2760 0 

-
ti n :\o. 91. •I &>ction X o. 9'2. I Section No. 93. 

I 

!Sticky. 

l 85q. lRGS. 1858 . 
0 0 0 0 0 1 899 150 Bl~1,e cby. 1920 91 

2.1:) 9 :-!oft mull . 270 2~ 70 -l nn 149 20H 89 
:!'; 5 15 I 3 \U 3:> I .. 133 u 948 151 205-1 86 
~0 60 Fine sand 345 38 " Uti 24 1000 1-1;) 2050 86 

nud clay. 4 ,) 50 " 22:~ .. UJ 1Ul 9 Hn 2l H 86 
615 t;q 1-i'ine~n, l. 6.15 (l.l 11!l.nl ~and . 257 5U 1060 1:1o 2182 83 
835 'jt) oarse "~utd. 700 67 Fi no sn.nrl. 2% 58 116:] 1::!7 2199 s~ 
b~;, b:.! li ard MOll. 79~ 60 j Coal'~e ~-'<~nd 33G H 11 97 U 3 2251 8:2 
9U5 77 Fine :,and. ,I iLIHl shclld. 397 87 1a20 122 2259 88 

103(; 76 Hard fino ' 975 il C'onrso sand. .no 87 ] :320 } ·N 2:]29 80 
8.'\llf.l. 10~5 78 l!nnl sand. 423 91 13U.l, lO l ZJS ~ 69 Murl. 

1::!.)5 80 C(larsc ·<md. 1115 7 ' liard fm o 586 112 Dark snnd . lllii 101 2-W 47 
J:.?'\5 Fint; saud . sand. [)90 ] 2.! Dark clay. lti28 102 Snnd ancl 2-120 .J7 
1540 8i I ]:30.') 96 GO-I. 1:2.j clay. 2-1 0:2 19 
1595 0:! 141.1 10 [ 630 120 I Ulue clay. 165.5 100 2-ISS i 
174.) 95 }.)()0 1(/.) iOO 131 I Si S 99 249,1 2 
171;Q 10:.? lt',05 121 707 133 1898 01 
1875 l O'J ]j:,!.) 1;\4 
1osa Jl q li iO I :Jo 
1 U5 11 1 ~0 1:!9 
205.) 12'! 2u75 1:\4 I 
2095 1:ll 2l1 5 H2 

I 2l75 1&\ :.!L:!(.) 131l 
Z"U,fi 133 2170 135 

I 2:Ji5 103 ~:.ro li~~·d clay. 

I 
:!.'.00 6 !Clay. Zl5;; 36 
:!.)10 m 2505 0 I 2.'lao 96 

IUa(:d clay. 
2515 0 

25.>5 52 I. 
II 

2505 H 
27SO 0 

M 



XC REPORT O N THE MISSISSIPPI RIVER. 

No. 2.-SOUNDJNGS* IN TRIBUTARIES AND BAYOUS. 

---Se~c-ti_o_n~N-' o_. _1_. ___ ,,. ___ sTo-ct_i_on~N-o_._2. _ ___ ,, ___ Se~c-t i-on~~-·o_. _3_. ___ ,~1--~,-c-t_io_n,N-'o_._4_. ___ 
1

:1 ___ s
7

·c_c_ti_o_n,N_o_._5_. ____ 

Uistrm o 'Depth Distance Drpth Di stnnco Depth Dif•,.t
0
n
11
n
1
ce

1
De

11
J•trh 1D'r·",.',·,·>

11
•
1
l CC Df'

11
P,th 

from at from at 1 from ut. 
bnsc- lino high Remark s. bnsc- line hi gh Rcm.nrks. bnsc-tine hi p:h n cmnrks. ~ht..'-li llO • h i~h R emarks. bll:-3('-liJ'W hi~h n cnunks. 
on left wlltcr. on left wnte r. on left wuter. on ri~ht. wntt•r. on l'i j!;ht. wut~ r. 

_b_"_" _k·._ 1858. _b_"_"_k _. -1-8-58_._, _____ 
1 

bank. _n_a_t_•_' :'-----/;l_b'_"_'k_·. -~-·-os_._, _____ ,l bank. _1_8_"_·-/-----l 

Feet. 
0 

25 
125 
400 
570 
632 
715 
778 
858 
0.% 
0-12 

1017 
1050 
1002 
11 02 
11 25 
1268 
13M) 
1 ~C>O 
1410 
1565 
1605 
1657 
1722 
1778 
] 802 
2039 
2057 
2.11 0 
2 1 0~ 
2105 
228!i 
2.~1 5 
zr,, 3 
2025 
2i~:l 
280 
2{l12 
2072 
801 ~ 

Feet. 
4 
7 

27 
31 
37 
39 
4-l 
46 
61 
5.1 
50 
66 
00 
58 
0.'1 
1}1. 
7l 
07 
72 
7l 
H 
79 
77 
79 
so 
Sl 
88 
89 
92 
75 
72 
j2 
7l 
6:3 
6 l 
6:l 
4-1 
:l2 

8 
-1 

~' in e gravel. 
Mud. 
Om vel. 

Feet. 
0 

20 
] !)5 
57!l 
635 
642 
6 0 
7!\3 
700 
828 
876 
95-1· 

1042 
10fJO 
J lii 
1100 
1 ~ii3 
1373 
] .1!)5 
) 1\f)j 
1fi75 
17 25 
1792 
1 ~50 
100!\ 
20~3 
20~2 
20n~ 
22!1.1 
2'2flR 
24l fi 
24(17 
21\-12 
2Ml 
2(\f\() 
2H O 
'2777 
2SOO 
2Rii7 
2870 
3002 

Fe£1. 
0 
8 

28 
37 
30 
38 
40 
42 
4-l 
47 
50 
62 
M 
58 
62 
();J 

69 
(jfJ 

71 
69 
76 
78 
n 
s;, 
8+ 
8~ 
88 
00 
89 
R:J 
77 
70 
f'1 
f>~ 
64 
57 
48 
:JO 
23 
28 

-2 
II 

Feet. 
0 

34 
58 
Ol 
96 

11 3 
11 8 
131 
140 
154 
178 
180 
194 
207 
2"2+ 
23.1 
249 
2oG 
2()7 
27 7 
2S7 
304 
387 

Feet. 
0 
0 

10 
1.9 
2'2 
2() 

30 
37 
3~ 
39 
30 
38 
30 
41 
40 
30 
38 
32 
2.) 
2.1 
10 
12 

2 

Cl~y. 

" 
" 

lllu o clny. 

I 

II 

Fetl . 
0 

13 
83 
93 

127 
139 
15'.! 
162 
1 6 
1 0~ 
201 
209 
2"28 
21).') 
2fl6 
308 
3.'i0 
~!)-1 

441l 
4M 
517 
527 
.158 
608 
651 
G95 
7 3~ 
7 f~ 
7il 
7&7 
797 
813 
3~ 

000 

Het . 
- 1 

2 
2 
-1 

20 
so 
34 
37 
4, 
5l 
51 
53 
60 
{J;j 
1):1 
I): I 
u:l 
Mi 
bi 
57 
on 
55 
5-I 
5:3 
51 
-19 
-IS 
·15 
:19 
:J~ 
31 
26 
15 
~ 

Fttl. 
0 

l7 
17 
52 
08 
82 

105 
117 
155 
104 
190 
203 
2:15 
:!li7 
3.17 
.'15:! 
3A5 
420 
5:!5 
53, 
600 
6~5 
();1() 
678 
707 
732 
777 
805 
800 

Jllet. 
4 
4 
]~ 
3 l 
:lO 
31 
32 
:13 
37 
ao 
:m 
40 
40 
47 
66 
fi7 
57 
57 
fJ7 
r,o 
47 
48 
-IS 
·17 
:17 
34 
26 
21 
9 

:Uud. 

*Full information rcspc lin g the locnliti es, d•>les of ounding, omput ed hi gh-waf er nnd low-wafer ar ctLs, width s, clc. 
of these sections, and the no.mes of lhe nss.istanls or ngincers by wh om lh y wc.re metLsm·ed, will be found in No. 4 of thi s 
Appendix. 



.APPEN DI X C.-CR O SS -SEC TIO NS OF B R A N CHE S. XCI 

Soundings in t1·ibutaries and baymtS- Continued. 

----,..e-ct-io_n_
7

.x_o._u._. ___ l __ - S:-ec-t-io_n-,-X_o_. -_~. ____ J ___ S
7

'e-ct_i_o'-'.,.N_o_. _ 8. _ ___ 1/ ___ s~e-ct-io_n--,..N_o_. 9-·---II---S,--ec_t_io_n_N
7

o_._1_o_, - -

Depth 'mstance iDepth tDista nce iDrpth ~~ Di stance Depth ~ Di s tance Depth 
Di.s tnucc nL j frorn nt J fro1n nt from at from r~.t 

base-line warer. on right water. on rig ht water. on left wntcr. on left wator. 
Remarks. from high Remnrka. base- line high Uemn.rks. bascwlinc h i~;h Remarks. / b~tsc- lin c high Rl\ma.rk.s. base-li ne high 

1858. J bank. 1858. bank. 1858. ban k. 1858. ban k. 1858. 

~~ ~- ----:t~- ----: -~- - ----- ---- ! ~- ~- ---~ 

1
,11 l'Pe~ ~f· Feet. Fret. 

0 i 
15 9 
] 5 u 
20 ]!) 
2:! Z".! 
32 20 
45 33 
4i 3-1 
75 00 
7i 5-l 

l 0 66 
]50 68 
150 68 
] 03 5~ 
2:17 b6 
297 46 
3•H 3~ 

3-14 41 
3;;8 35 
405 3 
408 37 
430 36 
450 3~. 
4{)8 33 
4 ~·! 3:1 
49:l :l3 
507 36 
oli 2s 
5:.?:! 2t. 
560 9 

Section Xo. H . 

Lcfi b'uk l 
0 

] 50 
:?0:! 
2~0 
:?l'\0 
:!.) 

320 
::;.w 
360 
31>0 
an; 
420 
JJO 
458 
J SO 
560 
[>2() 
MO 
598 
700 

l31uo clay. 
, c1~r 

!! 

20 i 
75 5 

8 
7 
3 
3 
8 
9 
9 
9 
g 
g 
9 

12.) 
17.) 
27:> 
3if> 
+19 
-!tHo 
4 1 
49o 
507 
51)6 

580 
610 
6-12 
072 
71i 
760 

1)0 

8~9 
909 
970 
9~~ 

1o:n 
lUi 

10 
17 
20 
2-! 
Zi 
31 
35 
44 
5"2 
53 
57 
69 Yellow rnud 

and gravel. 

Section :Vo. 12. 

LeftL'u k 
(J 

20 
-t:l 
57 
79 

1 0~ 
11 
130 
1:,. 
}j .~ 

~~=) 
21' 
~·.!9 

0 
9 

I S 
~:1 
31 
au 
41 
.n 
5:3 

I ;,; o7 
1 12 

'0 

I
I ~~ 

86 
6 

R7 
S7 
86 
j .~ 

596 63 
6-16 55 
676 52 
704 JO 
'; :!6 3i 

Sand. 
" 
" 

hlud . .. 
" 
" 
" Yellow 1\ lld 

blu e clay. 

';'47 3:3 

~~~ I ~ I 
~2 20 

Feel . 
-l 

7 
5 
8 
7 
3 
3 
8 
8 
9 
9 
8 
9 

10 
ll 
14 
16 
20 
28 
28 
31 
3ii 
J~ 
J S 
52 
57 
6·1 I Yell ow clay. 
63 
60 " 
38 " 
20 Yellow mud. 
15 

7 
3 
2 
3 

Sectio n No. 13. 

Leftb"nk 
0 

40 
60 
so 

100 
190 
250 
270 
280 
~~0 
~uo 
JOO 
41 
4!\0 
480 
560 

4 
19 
2.1 
41 
42 
J 5 
J-1 
n 
37 
31 
22 
22 
21 
18 
li 

1 

Blue clay. 

Sand. 

Fed.. 
0 

60 
90 

120 
150 
180 
210 
240 
270 
300 
320 
3ii0 

0 
45 
50 
77 
85 

100 
11 5 
l fl.j 
185 
205 
255 
275 
340 
373 
J 20 
450 
51.0 
540 
590 
615 
630 
635 

Feet. 
-1 
H 
27 
25 
u 
25 
2~ 
25 
24 
23 
H 

-1 

lllne sand. 

Sand. 

" 
" 
" 
" 
" 
" 

Section No. 14. 

3 
1t 
25 
32 
33 
H 
46 
43 
5:) 
51 
62 
58 
61 
63 
49 
M 
30 
27 
20 
7 
0 

-3 

Yollowc lny. 

Saud. 

lllue clny. 

l'l!ct. 
0 

15 
25 
55 
85 

115 
145 

175 
1!)5 
225 
255 
265 
355 

0 
JO 
10 
JG 
28 
60 

101 
] ;;! 
162 
168 
174 
210 
:t20 
27t 
384 
456 
J 9:l 
53i 
568 
588 
608 

625 
(\3·1 
653 
668 
697 
715 
751\ 
71){) 
780 
800 

Feet. 
2 

3G 
4.0 
49 
51 
55 
54 

54 
53 
50 
41 
35 
4 

Sand . 
" 

Sand aud 
g ravel. 

Sand. 
" 
" 
" 
" 
" 

Section No. 15. 

1850. I 
3 
3 
8 

12 
19 
3l 
35 
49 
57 
57 
58 
6~ 
62 
C>3 
63 
56 
51 
40 
37 
M 
31 

25 
25 
27 
28 
2:, 
2:l 
2:3 
21 
1S 
21 

Willow 
bntture. 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

, __ ! __ 

i:i l i2 I 
l'i Stl~ ~l 

--------~1_"~' -l-g~-----·~'l __ ~·--~----~--~·--1~---~~--·~--------~ 



XCll R E P 0 R '1' 0 N '1' IJ E M I S S I S T P r I R IV E R. 

Smtndings in t1·ibutm·ies and bayous-Continued. 
.----------

Section No. JG. \ ~cction No. l7. Section No. 18. Secti (Jn No. l D. Srctl ou 1\o. 20. 

l)iHI:illCc jncpth I I Di•tanco 1 Depth 
frtnH :1t. from j rtt 

IJO 'it'- liun hi c:h n cmnrks. lm:if'· hnc III J,!: h n c: rnnrks. n cnwrks. 

Qi: .. t:) ncel Drpt h 
f l'<.l lll I IlL 

ltm;(•-l ine h igh n crnnrks. 
Co li kfL ' 'af\.'r. 
1J11nk. l h .• , J. 

. lJiRt fl n Ct' OC)1th 
I from ut 

bank. J ~& l. 

I I I Distnncc Dt•p lh 
ft OII l I IlL 

IJRSC· Iine hi ~h Jt cm~rks. 
Oil kft WIIH'I'. 

lm nlc J S58. j lwnk. J S;)•). 
ou rig-l•t wnlc· .

1 

I on left lw,ncr. 

.l''fel. Fa t. ----~- Feel. I Hr~. ----

I lJu nk. l lb51. I 
-- ---- I

Ln,.;c- linc h ip;h 
o n loft w r•ll' r . 

1--------1 ----1--------

0 -,l 0 u 

2-J 1 :}6 o) 

7D (i :JG D 
uo 17 fd Hi 

11 5 2!} 77 ;;.! 
1-1:; 37 1U9 ,j_l 
Jb:i 42 l: rd nnd 1-1 5 G+ 

19
R .j !} ul,~c c lay. ~~~ ~g 

2fJII 5:! H cO clay. :11 S 59 
~l:\3 4 !l 31l2 GO 
34U 4\) 4Gti fl\) 
300 48 W I I)() 
-Wt ·H l)l·l 58 
4M •It 7(11 -l~ 
466 .j.j, 71:/ 40 
Ml 3U 7·18 31 
5!10 .w 71i11 2i 
G:lO 3~ 71• i 21 
070 !.>!} 7U8 1!l 
ns u s1n 11 
7·18 21 h~O 9 
773 l'l 820 •.L 
788 G 
7M -1 

];c,t. 
u 

10 
.~;} 

i-O 
(..(II 

1 () 
2CO 
:1~0 
-l ho 
f}U;) 
U1i'l 
71.:.fl 
7"25 

I ~70 

I ft i 5 

I ~ ~~~ 
] ~55 
l ~l;,l) 

] :)35 
1.11:0 
l.J ;}\) 

·"" , ;,"lfl 
15-W 
1Ull.l 
H )i 5 
17ca 
t · ~:;. 

F,~ t· l 
'2i 
: ~ ',! 

:){) 

37 
.j(l 

-1 3 
.J!) 
fJfl 
;;;) 
(,1) 

l>1 
no 
5~ 
[J(i 

M 
(d 
b:.! 
4~ 
-l:l 
~7 
a;, 
~7 
·.:(j 
:!1' 
~1 
2 1 
:l.) 
~.) 

Fut. :F:1t. J·i-et. Fu t. 
u I) (I 0 

3;") '.!:l 3i'l 2·1 
ra ·1s.; sa :n 

1'5 ~ ;, 173 fl-1 
:..au -lt i ::)(J:l 5ti 
;J~O -1 9 ~.,u m 
3-10 5-l -J ~fj [>!) 
.fj .) {,t i 575 5. 
f,;J;J Ul Gh5 on 
1)1;) t/1 7Go on 
7:)5 r)l'i 
771..1 :17 
H05 !"J7 
rn5 ur 

\}\}() fl7 
] 'l\ ll 57 
]:!'j5 fi5 
J-lu5 61 

]l1:iU U-l 
JIIS5 6:!. 
n v& ;;o 

H OO ·lfl 
15V5 ·13 
171;5 a:J 

1 ~:\0 4!1 1!>10 :n 
n20 H ~005 41 
1:Ji>5 41 :lll-l U :tfl 
1 ti[) a:~ 21 . a :.t ! 
1 4~15 ~ \ :! 1 ~1 [) :}l 
J a-lO ~7 2~~1) 2!1 
1:,~ to '2 1 1~35 '17 
](il5 :!;) 
ltiYO ~ll 
li55 '£j 
li'j ~l) 
l e-lu 2~ 

:=:::::&::c:ti:on::N:o:.:21~._-_-=:_=~~"-~~~~· ~~-~-·.,.e~c~t-io~n~N~.::o_.:2'~2~.:~:~::,.:~~~- Scc_t_i"_"_N~o.=~=,3=. ~~·~-=-:...,l-l-==8'-'c"""c"'ti'-or"', -N~-r~~o~~ 
l.e l't b'nk 185 1. 1Rfll. Bt.lmnk 1 ~;, , . l!t. hank Ht. l;n nk 

0 0 0 10 0 -1.5 0 0 0 
0 13 3fl :J:J :lfi S 2fl 1D :111 

75 13 6!i o:! iS 1.\ 55 ~n 5n 
0.) 13 SO :12 1110 ~'0 UJ 2~ QO 

llO 13 145 il 12S 2'l 1!15 :lfl 1 15 
1S5 28 Jfl5 7"2 Jt.O ~5 3oo ao 2:.:0 
~. o .Ja ~70 <·I 11,1 31 390 40 275 
·1"25 53 310 es :?:t:? a:) -1 :!0 "':? aao 
4 ~~5 62 37!; Rl 20-1 -10 -~ ~5 ·Hi II ·HI5 
5:!5 f>3 400 !IS :JOH ·l.i 5:!5 51 475 
60V 63 610 fiS 3-'7 -l fi 6 .i 51 5:15 
or.o r.3 r.r.o na :177 ao au.; 5~ I on<• 
6 .. l 62 bW) 0'' .J 5~ 53 700 [;2 , 7h0 
700 60 fili:l S-.1 5lkJ 51 8fl5 U:! ~S5 
7SO 62 700 SO 51;[> 4!l 95 flO 9r,5 
865 Gl 77 6 70 ()3(1 44 1015 -1 0 JO IO 
800 78 7SO 76 702 44 l lliO 3\1 11 ~0 
940 73 8(>() 50 7oS -12 1c'OO a~ 11 7.\ 

1o·r5 A::! 900 26 sur. 4:.! J2-t5 37 1:?35 
1040 79 n~o 3:3 SJ-l 4~ 12!l0 as 13-15 
ILl 02 1010 ~3 860 40 J:l 0 -1 0 H f>O 
l175 -1 2 J o:lO 17 ~9 41 J.IZ,i 40 15·10 
1:!:l() 50 1 ORO 1 U 9~:1 3~ 1 G:lO 40 10~5 
13.10 21 l 11 5 l fJ 1152 34 1f.OO 4 1 1iW 
13W 1-1, Jl ii5 17 9i i 3.1 11~15 4:1 1 <30 
H :iO H 1000 31 JiW 43 Hi f> 
1555 2-1 102.1 ao 1S1a 4 ~ l \1411 
1500 z:; 1062 ~s 1\' illow 1!125 4:1 l U!:O 
1055 c'9 ba tture. 1 !~J5 -11 211:10 
l ti70 29 l iY.JO 27 " :!11 15 :JS 21105 
1700 25 11 1)11 2ri ~'\l i;; 3fi 2110 
] 8(15 21 111 8 2-l 21> () 2:l 2'.!'20 
1soo 10 1120 u 2175 2'! 2'l'a 

1149 ,,.. 2:1:1.1 10 2·11 5 
1 li:l 2:! 2r.:U> 0 2Ul fl 
l :.'fl l :!:! 2~75 -:! 2G35 
1 ~2ti '!"! 
12 19 2'! 

61 
51 
+7 
an 
41 
3~ 
3S 
40 
43 
H 
4 i! 
.f.l 
H 
36 
40 
:10 
3q 
~0 
2R 
2~ 
10 

0 
-2 

1 ~1:1 :!:1 ,1 
129J 23 

L---~--~------~---~--~-------~----~--~------:-----~---------~----~---- ------~ 



A PPE X DIX C.-ORO S S-SE C TIO N S OF BRANCHES. XClll 

Soundings in tTib~daries and bayous-Continued. 

--------
~ ' ., ;,, , ,, $ . I . t ' N ? " Section ~o. 28. 

I\ 
Sect ion No. 29 . _ , __ sectio:_ No. 30. ...,cc IOU . 0 . -1 . 

nee D pth I ])i stancc I Depth Di>tanco I Depth DiHnncc Depth Distance DoJ,!h 
fJ Olll at I from nt frolllt I :tt I front at I from at 

l.Jnse- line high Remnrks. ba::.t... ... Jine . high n cmarks. base-line hi~;h n cuJarks. base-li ne lii ~h R e marks. lm ~c-tine lti ::!;h Rom a rks. 
on r ight water. , J"n rig ltt wate r. on right water. on ri• ~' ht wa !I •J', on l'i ~ht wu tc· r. 

bank. JS:H. bank. 1 iil. banlc. 1851. 

\""'' 
1H.)l. bauk. 1851. 

--- - - - ----- ---- ----- - --- -- ----· 
l''t.el. Fc1L I PCPl. Peel . Peel. FeP.t. Peel. Pert. Feet. Pert. 

0 0 0 (j 0 0 0 0 0 0 
:!U 10 I 00 18 flO 2;) ]2j 22 no 2(j Uar<l . 
tiO :U 1:!0 :!~ 1HO :1'2 1!,0 :l7 170 40 

l 'l;l 2<J 205 30 a'2n •i>4 :H5 (}~ 320 H ::; ticky. 
14 .) :!~ 29,j 47 ~~s 5:2 .lfi() G:! 4'25 GS JJnrd . 
:!55 3:! a9o 45 r.oo 47 ~75 5a GOO 59 " ~40 3i 4:>.) 44 9G5 39 Gl 5 51 700 413 
300 39 1305 4:3 11 1,; 33 

I 
775 42 850 3fi 

.l~;) H 700 40 J :lOO 31 ~0 38 1020 29 
bl j 43 82.) :1~ 14 ·~ :, 30 1010 3·1 11 &0 39 
Uti;J 41 915 3li 1 G~O 31 11 :!0 30 1340 3:> St\~li:y. 7:!0 o:~ 1100 :55 1880 35 J ~::o 28 H G5 3(i 
E-;;.; 5'.! ll~ 34 2110 38 I 13·10 :l9 '1590 3~ Hard. 

j,) fi'' 1:!!10 35 2:t~:) 43 1395 31 18l0 34 Sti~ky. 
{¥J.) 5U 1:ln5 3U 2.185 49 1435 3 1 2005 ~(i 

11 2" 4[ J.il 5 35 27:!5 44 

!I 
J:iZO 34 21:m : ~7 

1 ~80 40 16i5 40 2H.J 5 Zi 1fi05 .1tJ 2:JfJ5 J1 
13:!0 40 181!5 4-1 2020 13 H;ao 30 :2555 45 
1415 4:! 1940 . r, 1710 .17 ~i:!5 -l:i 
]-I Ii.) JJ ,j l U!JO -~-~ l7S5 37 2825 ;J~ Soft. 
1505 4:3 2ft!):) 52 1895 36 2H35 33 " 1U15 45 

II 
2185 55 1 9~0 37 3015 16 

1705 47 "l:!r~. [)3 2Hi0 38 
1135 47 23:"30 4'' 2:.?85 40 
] RaG -I Ii 24:!5 2~ 2:~75 ..sr, I 18'0 45 II 2005 18 :!5:\0 .Jj 

il 1\lilO 4:! 
It 2H~ f> 45 

2U~0 3'J 2HO 40 •' :!\)55 37 il 2810 33 I 21:,o :!\l 

1! 

2860 31 
21130 ~7 

II 2-.!j:) 19 I 
I 

2--~li) 16 

j ;I 
2;'),)0 }0 ,. 
26;)0 0 

II 2600 -2 
tl 

~ tiun Xo. 31. ect ion :So. 32. Section :So. 33. II Section No. 3-1. Section No. 35. 

0 0 0 0 0 0 0 0 0 0 
105 an !St icky. 110 :lo lia rd. 70 21 11 5 28 30 12 
11!0 513 .. ):3.; 37 " 235 51 180 H 115 17 
311) 0 Son mud. ~115 4 335 64 ~;) 5·1 200 21 
405 74 I 

305 u 4HO 70 3R:i 7l 320 26 
~lO 1)4 ti~ky. 50.) 7 GOO no 51~:) 73 4~0 29 
liH5 4:, ,,, 57 t\R5 55 GSO ().) f>80 28 
81,) 2 H a rd. :lO 30 7!15 46 850 ., .. 705 29 
940 :!.l 9~0 30 0-10 35 nao 34 Oi 5 30 

1000 ~'i 1100 29 10SO 32 1015 :u 1:!00 46 
1l fl0 "' 1:!75 :;o ll K5 31 11 S.) :>6 1370 -1,:3 
1::45 38 H:!O 36 1:1;,o :u 1:J.lt) ~~u 15(i5 40 
J .l!)i) 37 11ol5 :l9 H S5 au lliO ·ll l li55 ~0 
lfi70 37 1'>00 :n li :!O 40 li ~ii 4'2 J Rf>O 41 
] ~1)5 :JO ~·)flO !ll) 1!100 ;~~ 1005 41 1950 tl3 
Ho!IO :l.'i :!1fl5 37 2t)ij() ~Oti5 39 2 110 ·15 
20GO :lii 2:J. ... ) 39 2'240 3ll :?'2'15 •10 z:mo 46 
:.?"1·&0 ~ ~4.} 40 :!375 39 :!410 40 :!430 47 
2.31>0 41 :!f)'J,) 45 z;,o5 39 25:!0 41 2G90 :J6 
2fl.IO 44 :l'J<)() 41 :213;')0 :!9 :ti:!O 41 2920 ·I,! 
'.wna 4!; 30\!0 37 Soft mnd. 2735 42 2855 41 3170 46 
~55 30ti5 33 2!).10 43 30:lo 43 3:335 46 
2945 29 S ti~ky . 3 155 :!.> lla rd. 29HO 43 3220 40 3·190 4-1. 
29h0 l :1015 +I 

II 
33~10 ao amo 39 

3 100 ..J2 3400 2"2 3740 27 
3:!:l5 30 
32 10 34 
3:105 :10 I 
3405 :u I 



XCIV REPORT ON THE MISSISS IP PI RIVER. 

Soundings in t1·ibuta'ries and bayous-Continued. 

II II 
I 

Section No. 36. Section No. 37 . Section X o. 38. Section 1\ o. 39. Rcct ion No. 40. 

II 
IDi•tancc i DP pt h Distance Depth ,, Dista nce Depth Di~lnnce Depth Di•t a nco I Depth 

frO Ill 1\t from nt frO Ill a t from nt frorn nt 
ba~c- l in o h igh llcmarlts. ba:-:r-l ino hi gh nemnl'ks. hasc-line hi gil R mnrks. bnsc-lin h i~h Hcmnrka. 1Jlt 8(1- lin o hiJ!h UcmnrlcF!, 
0 11 rigllt wntcr. 11 0 11 left wut<>l', on lt> ft water·. on l€.'ft watPr. 0 0 f'i ~hL WiliL' I' . 

IJuuk . 1!>51. Unnk. 1b51. bank. l t~:d. 1~ 1s;l . bunk. 1851. 

----- ' -- ----- --- -- --- -- -----
Feel. Feet. 

---11---;;:: 
Feel. Ji<Pt. Fert. Fell . Frrt . Peel. Feet. 

0 0 I f) 

0 0 0 I I) U 0 - I 
60 11 50 14 325 57 I 55 1.j 3fi ·I 
70 10 ti5 17 5~);) 91 I s;, 13 ():.! 1 ~ 

l ~,j 1ti 11 0 ~0 6f,5 i 100 10 JSO 2S 
l u.'i ! 8 I 210 3K 7ar> oi liO ~ 21G ;J ,~ 

:l15 ~3 2:>5 ~5 Sill i7 I 10'> ~ 2:\li 4R 
270 2'J 295 47 05[, H I 2:1[1 ~5 2Ril 5a 
2S5 30 ~5 61 1035 i1 

I 
390 ~0 350 f>l 

:l-lo 37 500 59 1150 (;9 405 4·~ 41 8 iO 
~30 ~7 500 57 J34 j 70 ~R;, bli 4H-I 78 
505 ~7 1)5;, fd 1-11 5 b6 I o:lJ !)•J (j!)Q 80 

555 ~~ 805 f:d 

II 
] !'>05 05 610 ou 70fj 0·1 

58:1 ~ S\!5 -l·a 1670 92 7 0 ! Od 840 09 

670 ~0 1090 58 l nlO 79 815 10:1 0~-1 0/J 

iiO :JO 11 ~0 55 19:,; i S 980 \JQ 1000 80 

815 :li 130J 60 2005 H 1\l50 0~ lli\fi H:l 

805 37 ] :i05 Ui 2100 7:! 11 25 OIJ l ~R(\ i H 

1040 -10 I 1 5~:; (i8 2:!70 72 I 

l 1165 &5 13% 75 
11 0j 36 Jf,30 OS 24 16 63 12SG i7 15 s 70 

1 ~10 J~ 1000 67 I 2-175 JO ];l(I(J 75 17:\8 Gil 
1280 4[i 2040 00 2.)4 :) :31 1,j Ill b2 10\)l} 53 
l :JO;) 3!) ',I 22l [J 70 2580 23 l ll.j.) M 2150 -12 
) 5:\0 ~ :l 2305 r.7 2!\iO 14 J.!HJ iR 2:~.i ~ 3:\ 
lf>~O •15 I 2420 [>:l 208& 0 ] i,j() iS 

I 
:w:w t.t 

1050 51 2565 H :l(JiJ i 1 2~00 21 
li!i5 50 26'10 -13 21 . 0 (j(j 303~ 21 
] 005 51 2815 aT II 2:)05 ()3 I 3J70 J ~ 

2000 51 2925 31 
I' ~ 

2410 liZ 30::10 lU 
20fi:\ [,:! 3010 :lti 

I 
:tr>:m 57 I 

:t:!Z.J r.4 2-'>-15 54 I 
233!i 5-l I' I 

~'ti~'V 39 I 

2~{;() 55 26;5 34 ! 
2-190 6~ 

I 
27 00 2:! 

21>15 60 II II 27 0 0 
2780 ii2 

I 
2S:?5 5:1 I 

I 
I 

l1 
2l!85 51 I 
3000 t;:l I 3:!i!j o.; I 

II I 
3-lfi5 ():! I I 35JO 5~ 
30:30 130 

II 
II 

I 
armo 55 I I 
3780 2S 
3 · ~o 2'.! I I II 

- - - -- --- - -I Soclion No. 45. Section 'o. 4l. Sectio n No. ~ 2. Section Xo. 43. Section Xo. ~-

Ht. bn nl' Lcftb'nk 
0 1 0 0 0 - 1 0 -1 0 - 1 

-10 ·I 5 4 5 0 5 0 fJ 0 
10-l l:l 7R 17 50 0 3b 4 25 0 
] !'lO 28 101 26 55 ·L 70 l:l 60 5 
171 ~0 15!'1 ao 99 H 1(15 17 1:!5 _:,! 

2:16 ~0 170 40 12R JR 11:.5 ~~ ] 55 JQ 
274 tiO t-10 fWl 1:15 lR 2\)i .1<) 175 33 
380 87 

I' 
237 [f.! lf>H :!1 2~7 41 180 a7 

410 \15 3n:l ·17 l!l:l 2 275 33 ~1 0 4:1 
5JO Oil 4-18 .fS ~:lO J;j 2~S ~0 21S ·13 
lllifi ] 1/J 51& H 245 ~i 3.'>1 42 2til) 4:! 
i S~ no fl40 47 I 2i\!) 41i 

I 
31!7 ~ I :1~5 50 

9~-1 !ll 5S:1 41 I 3:!j -13 :l' ~ 45 3-10 1~1, 

107ti f-7 020 -10 :.l:lO 41 410 45 3.i7 5:1 
1:!.10 82 (H:, ;\4 

I 
3i0 40 4:lQ ·17 ~00 M 

J;H16 74 6MI :33 3i7 ~s I 4.'lii 4/i 415 -18 
] 510 t>l ;::o :.n .f.l j 47 4u~ 41i ·l:ltl 47 
Jfl98 5~ 770 11 455 4 ~ 515 -18 ~R7 4. 
liiO 40 Sll5 J 4&5 51 52q 4D 5Hl 50 
1010 ;Jl ·17 0 40S 51 55~ -~~ [):l:? 00 
20-10 27 

I 
0:~:! ·I ()ti'o"t Jfj 50 1 42 

2270 23 5-15 50 505 -1 5 010 :~~ 

2-170 10 571} ~ 01;7 1 G;l3 29 
2800 10 637 46 ;J:l ~ 700 5 

6111 :17 'j jQ 4 800 0 
fiR~ 33 i~O 7 

!I 

7:l0 14 800 0 
760 3 
800 2 
830 - 1 II 



APPEN DJ X C.-CROSS- SEC TIONS 0 F BRANCHES. xcv 

Scnmdings ~n t1·ibutaries and bayottS-Con tin ued. 

Section ::\ o. ,16, Section No. 47. Section No . .t • Section No. 49. Section Xo. 50. 

Distnnccl DeJ>th lnista nee \Dopth Dis ta nco I Depth Dist:mcc Depth Distance Dep th 
from at from at from at from a t from at 

base- lin€' high Remarks. bnse- lino h i~h n cmr.rk s. base- line high Remarks. base-l ine high n omarks. base- lin e hi gh Remarks. 
on left wnrer . 0 11 left 1 wntcr. on left water. on left Wi\ ter. on ld t water. 
bclllk. Io;s. bank . 1851. ba nk. 1b5I. Lnuk. 1858. Uank. 1851. 

--- -- -----
Ftel. Feel. Feet. Feet. Feet . Feet. Feet . F.-t . Feet. l 'cet . .o -.l 0 - 1 0 -:l 0 -2 0 -~ 

4 - 1 10 0 5 4 17 2 5 
53 - 1 55 0 30 4 54 4 43 ]) 
76 10 75 5 46 18 58 6 4() :22 
n~l 10 Re~! clay. 175 ~s 55 li GS 11 c 1~r 50 ;l'2 

11 8 H 215 33 ();J ~2 70 14 55 :!4 
H 5 li 200 50 76 ~~ 83 In 57 24 
1U6 20 2'>0 56 83 ~5 92 25 66 Z5 
200 23 310 48 no ~7 04 :n GS ~6 
:.?:21 35 3:12 34 107 28 ) OJ :2-l Blne clay. 75 26 
251 35 3~0 40 109 28 12"2 23 c1':r 85 26 
303 52 Re<l clay 4'20 -!6 125 ~0 1 ~6 24 87 26 

and .hells. H 5 46 145 :n 15;) 20 ~s 2j 
3.'\.~ 59 R~ clay. 472 -!9 165 31 16:3 '28 1 0~ ~'9 
~ IH 479 50 l (li :l() 173 '28 1'27 30 
3.17 (\l 601 5:l 1R9 28 ,2()-l '27 142 31 
&>5 G:! 550 ~0 ~ ~=l ~'9 210 ~7 148 28 
466 fj.! 565 45 l Oii 2(1 218 '23 Sand . 11l9 30 
5:?9 53 lJiuo clay !YiS 42 2:!7 ~~ :?60 21 li·l 2(1 

and sand. 61.'l 30 232 2·1 2i4 2~ Ji9 28 
612 51 6.15 27 230 21 277 :?'"2 182 ~0 
61\3 Jl Jl c~ clny. GS4 19 20!1 ~0 290 20 CJ.oy. 103 28 
705 28 70;) -l 305 2 312 16 Saud. 205 25 
7 ~6 17 700 0 318 J.l 208 25 
i .Jti 13 332 10 2:25 '2J 
7t)7 i 338 6 227 22 
&17 2 :mz H 2~0 21 
00 1 367 u 230 19 
\)\) 6 381 - 2.4 262 12 

910 0 307 2 

" 
ect iou Xo. 51. ~cction No. 52. 

II Section )lo. 53. Section No. 54. Section No. 55. 

1858 . nt. bank 
0 -:2.5 0 - l 0 ---3.2 0 - 2 0 -1 

1l I 5 2 12 l 7 2 ii 4 
35 2 28 3 38 4 25 2 10 6 
Ji 0 

II 

30 13 63 6 33 6 18 11 
47 2 ~ 20 7l 15 c1~r- 52 11 f:lrmd. 37 17 
61 10 Sand. 50 24 7:'1 18 64 16 Clay ~tnd 42 19 
f\.1 11 7 ~ 2~ 70 17 ~n ud. 46 '21 
76 16 31 SR :!2 64 16 Cll~r· ~ 1 ~2 

5 2':! 32 0~ 22 Ul~t,o Cll\y. l 'l 18 6\ 26 
05 :!:l 1 2 ~2 11 0 25 11 3 23 70 28 

103 24 

II 
12'1 31 11 R ~6 117 23 72 20 

111 ~a c1~r 137 3.3 120 2 12(1 2~ 70 31 
116 25 lJ[) ~1 12S 30 H O '25 2 31 
121 2d 1:>1l 30 ].'17 2(1 ] fd 27 86 :29 
1:12 2t} I 1 ;,~ ~'9 1J 2 :29 182 20 97 30 
135 :!i Ji-l ~.0 1 1\~ 31) 19;; 29 Sctnd an d 101 29 
149 ?i 1 26 170 27 Clay. cl~y. 11 2 ~0 
165 2\l() ':2() 2n.t ~i) m'.'," clay. 206 27 120 28 
176 ~'7 ~·l -n 21 ~ 2l) 21f. 'J7 123 28 
1\3 2t) ~ :!J 2:14 21 236 27 lllt~,o clay. 1;19 2·1 
1 0 ~ 21) 2.5 2;;.q 2'2 Sand. 2~7 27 1-11 22 
190 29 21 ~ 2-l 211:! 21 2:lq 27 151 20 
217 28 230 10 267 10 263 26 }(;() 18 
~~ 2J :I<JO 2 2(11 9 273 20 Sand. 177 12 
25.1. 26 301 6 282 23 " 183 8 
2tl7 21 " 313 2 302 13 186 7 
2 7 15 iSn?,d. 327 1 323 6 210 5 
2S9 15 338 ---3 3~8 1 ' 212 - 1 
20~ 10 428 1. 
305 6 438 -~ 
3o5 2 
335 

.I ~0 -2.5 

-----



xcvi R E P 0 1~ T 0 N T II E M I S T S S I P P I R I V E R. 

Soundings in t1·ibuta1·ies and bayous-Continued. 

Section No. 56. II cction No. 5i . Section Xo. 5 . 

'I 
Flection No. 59. I' f' cc lion No. 60. 

Di stnnco Dopth IDi :! tlli\CO Depth Oi •tnnceJ Depth I 01ota nce Depth I Oistnnco Depth 
fro m nt fi'OIII a~ frO Ill ll.t from tlt from ll.t 

bnso-li no h ig h Romn rka. Unso--lino hig h Remarks. ! ba.~ -line high Romnrks. I b a,o-line llig h n omnrks. bnso-liHo h igh ll om n.rks . 

on rig-ht w:ltcr. on rigl1t watl'r. on right watl·r. on 1· i ~h t W l~ it- 1' . on l'i j:,'h t water. 

l.muk. l b58. bank. 1S:,l. U.mk. l 5 •. bauk . 1 51. bllllk . 1858. 

--- -- --- -- ----- --- -- ----- --- -- --- --

Fert. 1;1rt. :Peel . F.,.t. FC£! . F~~et. Feet. r i:Pt. lieet. Feet. 
0 - 1 0 -l 0 - 1 0 - 1 0 -l 

10 7 5 5 3 1 5 3 u 
20 10 25 5 3:l 1 ~2 5 ~ 0 0 

30 1l 36 7 36 7 55 1l ~ u 7 

:ls 18 48 12 50 H ij8 H 57 H Clny nntl 

n 27 U1 21. 5~ lV Qu!.cksnnd. 7l 20 sand. 

63 27 65 2:] 71) 2~ 5 :!-1- (\1) 19 

89 29 7:> 23 ~ 20 91 2:} 78 2;l 

9:\ :lO nlue clay. " :.m 11 ~ 2 Snnd. 10:1 25 87 2S Q11icksnnd. 

108 29 ~a.nd. 87 'l:;""l 1:!5 28 11-l ~u Ul 20 Snnd. 

lll 30 " 100 '.Yi 1a1l 28 J IG ~s ] :J.I, ~8 

128 :!6 Clny. no ~~ 160 23 ]~ 29 J flO 2U 

l :~) 22 JSl\nd. 114 2~ 170 10 l 3.l 29 J OJ l7 .m';~o clny. 
] 53 18 121 ~8 185 21 137 c'!l 189 l S 

]1;:1 H 1 ~4 20 ] 93 H 

!, 
H2 20 207 H 

1f.O u 131 2R 205 10 H fl :,!!} 215 11 

191) 7 ]:)5 2S 215 l llS '2:5 2:\l 1 

21U 1 1H :.?n 22.) 2 170 '..!3 2:a l 

21 5 n 145 2~ 2:,!;) 1 

1: 

19·~ 1 ~ 2:l6 0 
15:, 20 238 -1 1U 1 ~ :l;iU - l 
1 GS 21 208 ]j 

17:> ~>() 

i! 
2 1 ~ lt 

1 R~ 10 2:!2 v 
187 18 ~0 7 
2·10 14 2j~ 5 
'21. :3 n 1\ 

2JO - 1 
2W (i 

:!:! ~ 5 I 
22S -1 I I. -- ----- -------·----- - --------- ------- II Sect ion No. 6l. Secti on Xo. 62. !"ection ::> o. 63. I 

Section ~o. IH. Section No. 65. 

Left!J' nl< 1 r>l. ·o 1Rr,s . 1851. I j 1s ;,s . I 0 -1 - ·1.5 0 -1 0 - 1 0 -0.5 

5 (\ 2 0 5 0 10 .j, 4 u 
25 7 10 0 45 16 2~ 7 20 12 

45 12 2:2 6 80 21 30 0 45 10 

65 16 49 ll 102 2"2 3~ 1 ~ ~n nd . ti5 2-~ 

85 20 n2 16 ] '.1) u -h) 13 sr, 2 1 

10!\ 2-1 G7 20 150 ;.!:] 60 19 ] 1)5 2-1 

125 2·1 78 21 Qn},cksanc1. 1R5 1i 67 2\\ l 'l:(l 2·~ 

H 5 2:] 104 30 1or. 15 10a '!U 1·15 17 

] ()5 20 112 :1:! 2:!5 10 lOi; 2.~. Bh,'," clay. 11;5 H 

185 15 11 :1 32 2:12 0 107 :!j 100 7 

205 10 1H 29 :!:l7 -1 1 0~ c'7 2:10 3 

2'!5 6 l.IU 30 Clay nnd ] I)() 2q 230 -0.5 

24 5 ·~ su nd. Hl 2:) ~and. 

2~~5 0 l C>O 27 ·' 140 ;.!.+ .. 
255 -1 J G7 23 155 ~-~ .. 

19:\ 12 1s.g 25 Sn nd a.ud 
200 Jl c lny. 
223 6 2"23 9 
:t~l -1 ~28 4 

~1 -2 



.APPENDIX C.-ORO SS - SE CTI 0 N S OF BRANCHES. xcvii 

Soundings in t?·ibuta?·ies ancl bayo·us-Continued. 

Section Xo. 66. I Section No. 67. Section ~ o. 68. Section No. 69. Section No. 70. 

Dista nco ; Depth I Distanco ~ Depth Distance Depth Distance Depth DiRtancc Depth 
from al from at fro111 at from at fnm1 nt 

bnsL ... Jint' high llcmark.'! . basr-line high Remarks. baso- lino high ll emarks. basc-lino h i~h Hcmarks. base- line hi~h Remnrlcs. 
on right water. on rigl1 t water. on ri J.{ht water. Otl l'i~ h t water. on right water. 

bank. 1 oL bank . 1858. ba nk. 1851. bank. 1851. blluk. 1S5l.. 

-- ------ -- --- -- ----- ---
Fret. Fr~t. F.et. Feet. .Fl!et. Feet. Feet. Fert. Feet. Fret. 

0 -2 0 0.5 0 0 0 - 6 0 -0 
10 5 I 3 4 20 6 10 -6 10 -6 
:i5 i 

I 
11 4 41 13 15 0 15 0 

55 8 2-2 11 Sand nnd 80 17 102 8 52 l1 
65 10 clay. lH 16 142 19 68 10 
00 H 38 17 Sand. 162 I S 101 20 114 20 

105 19 I 48 20 Clay . II 180 18 3;!6 -16 152 40 
120 2"2 51 20 Sand and 205 19 509 98 lt\8 43 
HO 21 I cl~y. us 19 528 1M ~06 47 
100 :!"l H 26 285 19 67l 11.9 266 49 
1 ~0 19 I 76 :20 " 324 10 786 125 308 5:J 
200 H 89 2J " 3• o 19 887 127 -100 M 
205 H 1M 21 Clay. 372 18 l Oll n o 406 60 
2'.15 7 120 25 4-12 10 109 1. 11 2 518 01 
23:! 0 H1 23 " 550 15 12"21 101 688 66 
237 --.'> 

II 
151 19 " 570 6 Jzm ] U3 66U 08 
100 17 Sand. 620 3 I 15~6 31 724 !iU 
li-1 13 " (ill) 0 1572 4 858 7~ 
1&3 11 " l 1i35 0 805 72 
20i 7 " 1H5 - 6 975 72 2.j6 6 " 101 70 
200 4 1U3·1 75 

'I 
)lt>\ 78 
1"l·~2 80 
13\0 77 
HlO 60 

I 
1518 54 
157-l 00 
1GG2 .[0 
1694 :l7 

I 1700 26 
1710 20 I 17:38 40 

I 
1150 40 
17 2 0 
1780 -6 

Section No. j 1. Sccciou No. 72. 

1 28. I 1828 . 1828. 1828. 1828. 
0 1 

I 
355 55 Yellow cl:ty. 031 57 1460 68 0 l 

15 1 3~ 56 990 63 n~4 70 60 38 
40 10 419 57 1025 6-1 15- 62 225 liS 
6 17 507 58 1004. 61 1615 M 430 68 
63 20 0:~2 57 1096 6-1 1673 43 570 56 
95 a.; 600 57 11 5-1 65 1687 30 Clay. 800 62 

109 37 670 5 12:ll 66 1730 11 1000 02 
1·~ 4j lllu gra•·ol. l 6 I 59 12.11) 6(l 1740 9 1220 62 
] 96 50 " 7.)1j 61) 1282 68 lllue nnd li60 "7 1425 56 
202 bl ~no 65 

II 
blnck clay. ,, l ifJO 4 J IHO 50 

2i 55 i6 60 1368 69 1820 0 11i~O 20 
285 55 lll nck clny. S9 63 1413 69 1733 4 

N 

, 



XCVlll R E P 0 R T 0 N T HE M I S S I S S I P P I R IV E :&. 

No. 3.-UOMPUTED DlMENSlONS OF CROSS-SEU'l'IO LJS OF 'J.'Jl.E MISSJSSIPP.I RIVER. 

Mcnsurclncnts. High ·wntt'r d imens i on ~. Low-wnt ·r dimensions. 

Arcn. Wid th . Peri-Loca lity. 

Dnte . Year. ";~~~~· Ycnr. Area. \\' id th 111;~~·~~- . Pnrty of-
Betwr cn lletwccn Bet ween lJPt wrcn twee n 

bank :1 . levees. l>nnks. 1 VCC"'i. levee!:! . 
---------------1-------

1 Columbus, K y . ( foot of Dab ney st.) r,ient. Abbot. Dec. 1RGi. 185 
2 " " " ' · ~ l r . FiJJc brown. Oct. 1 ·o ~ . 
3 " " 200 feet bcJow DH J.>.. 

Sq. j u t. 
l'JL:?-tS 
l a.J,:!92 

n ey s ir·ce t .. .. ............... . .... .. ..... !,ir ni.. Abbot. Dec. 18J7. 
Th e snm o as :::-\o. 3 .. ....... . .. . ... . ..... . J\lt.Fill ehm wn. Oct. J ~r, s. 

~ ~cw )lad rid, Mo. (Y, 1nilc nb0\10) ... Li eut. AbUot )t ar. lb,::s. 
ORct·ola., Ark. (2 nHll' tt nb lWl~)... . . . . . ' ' " 

7 Hnndolph , 'l'enu. (.!~ mi\c bc\ow) .. . 
S llL· lr na .. .t\ rk ... .... ... ... ... . . .. ..... ..... . 

l IH,303 
)7 5,2'2[) 

])ate ! l %,S~~ 
l )nte 11 1R-l,7 17 
Date! 11i5,1>-19 
}g()S 2C'tr,,S-.1 6 

IJ ~ll{)O IL'() n. Arlc . . . . .... . ... .. ... . .... . . .. . Li rnt. 'Pn tn rtm. Dec. 
10 Ln_ko Pro vldcncc, f j11 . . . ..... . .. . . .. . .. . . Prof. lforRhcy. Sept. l SGl. 1 51 
l l ' · t . ( Wtlilh ingtou st .) Cicut. Abbot . F'cb. 1858. 1 68 
1:! T'icksburg, l\J isa . (uwuth of Gloss 

httyou) .... .... . .... ... ...... .. .... .. . . ... . Mr. Pnttison. Dec. 
13 Vicks buq:(, Miss. (~0 foot nbovo 

foot of 'r n.wford sL.) ...... ...... .. ... l~ i CTtt . . -\ bbot . 
14 'J'l 1o a:un o 1\S No. 13 ............ .. ....... 1\Jr . T'nttison. 
11) Vick sburg, Miss. (foot Crnwford st .) l .. icnt. Ahhot. 
16 " " " " hlr. l )a tl.ison . 
17 
18 

Feu. 
~opt. 
Feb. 
~C ) It . 
Dec. 

t 1l,ljf4 
l73,1i-'30 
:.tu1,739 

207,-l .)b 

li 6,R90 
liH,GH:\ 
1-; a.i a :.! 
1SI!,l ol 
17l ,U:3'! " (Fen y l nn d inp;) .. . . 

" (X IHilo below Fer-
ry lnn din jt) ......... . ... . ... ... .... ... . . 

19 Vic l<sbur~. ~ ii ss ( l mile below f er-
ry huHi ing) .. .. ........ ............. ... . 

20 New Car thage, J,ll ... . .. .. .... ........... Prof. F m·•hey. ~ept. 1Rf>1. 
:ll " " 1

• Lieut. Abbot . Feb. 1 &8. 

17"; ,1G3 

: 1 r.~ ,] ~j 
1 R~~ ~U:l,I 100 
1 ~\> ~H+,G5:.! 

:l2 Nntchc?,, Miss. (250 feet above 
hrenk\\' :tter ) . ... ................ .. .. . .. . J nu . 

23 :\:\tchez, ~li Ms. (50 feet above bre;\1{-
\\':tt.e r ) ... .. . .... .. . . .. . .. .. . . . . ...... . . .. . 

24 Routh's point, near Hcd-rh·t!r ln!H.l-
iug .. .. . ... . ... .. .. . .. .. ... . ... .. .... . ... ... ~! r .O . C. Sm ith . Mar . 1 51. 1 51 

25 Hc(l-rivcr lanU ing (io fron t of pOi3 t.-
otll ce) ...... .. . . .. ... .. .. .. ..•. .... .. . ..... 

2(} !l ed-rive r lauding (iu front of pm;t- " 
otlice) . ... .. .. . .. .. ... .. .. ...... .. ... ... .. . 

27 Rnecourci cu t-on· (nppt' l" c·ml) .. ... . . 
2 " " (500 feet below 

No. 27) ... .. .. ... .. .. .. ..... ... . .. .. ...... . 
29 Ba ton Hongo, l~n . (a l>ove b:m ·uck•) Prof. Forsh ey. Oct. 
30 Baton Houge, Ln. (:.!00 fuc t hcluw 

No. 29) ... ..... ..... .. ... ... ... . .... . .... . . 
31 llaton Hougt•, l .. o . (from No. ~J to 

Ferry lnnding ) ... .... .. ... . .... .... . . . 
32 D~tton Houge, La. (from Ferry lnlH.l· 

ing to Con vt· n tion s treet ) ... . ... ... . 
33 Dnton H on ~C', I.a . (WO fcot below 

. tllte-h ou•c) ..... ..... .. .......... .. ... . Lieut. ALbot. Feb. 58. 1858 
3-1 ]);uon lton~r ~ Ln. (l mil e below ' 

Sta te-h U&') ... ... .. . .. .. . .. . . . . . .. . . . . Prof. ~'o rshcy. Oct. J 51. 1851 
35 Ba LO n Houge, Ln. (~00 fee t below 

36 22 ~~i c~ 6~j ~;~,·, 'j i~~ ; ~. ·; c; ~ ·~~(: ~~l-;t·l:~ j ; Licnt. '.~ hhot. .T nn. 1 R;) '). 1 fk~ 
~~ Bo t,~ ne t c~ :-rc,J~; ~{:~ =~~~,~ ~~: ~~ Mr.a.s.:-:1nith. Jt~ ~1e , 1 'i l. 1 '51 

ao Upper cntl of UOillll' t CnrrU ere~ 
Va.ti :iC, ] Joof>O ••• •• ••••••••••••• . •• •. . ••• ••• 

40 U ppcr end of Bon net CArrO ere~ 
vas~r, 1 ~50 . .. ... .. ... .. . .. .. . .. ... .. .... )fr. Po tti ~on . 1<'£lh . 1 ~59. l S.l ~ 

41 Bonnut Cn rr6, ti50 foo t nbove !'\o. 42J:Ur .O. C. mith. J u ue, 1 51. 1 51 
-!2 Lower <' JHI of Jlonn et Carr 6 en~ 

' '""""' J 60 .... ......... . ..... .. . . ... .. .. Mr . P ntllson. F b. 1859. 1 ~ · 
43 Lower end of D nnct Cnrr6 cr~ 

v e, 1850 ............. .... ....... ...... . Mr.O.C. Smith .• Juno, l 51. 1 51 
4-l llonnet a_rr6,300 foctbclow No. 43 " •' ' ' 
45 llonnet Citrr6,1000 fcctbelow No. 4-! 
4tl At SiulYO crc,·n&so (17 miles nbovo 

l' ew Orl ' """) ... . ...... ..... .. .. .... . .. . Prof. Forshey. Oct. 
47 Below Fortior crevnsso (15 miles 

nbo,•o ::\'cw Orlenna) .. .. ..... ..... . .. . 
Carrollton, La. (1R,400 foot above 

llnl·r~ w ri u.~cnna1lock s) .... . ... .... .. . 1t r .O.C. Sm itll . Juno, 
49 Cur rollton, La . (1 ,400 fee t abo,•o 

Burata r ia.-cunn.l lock s) ..... ..... .. .. Prof. Forsh ey . Nov. 

::!31,fl73 

20::;,5.)0 

1270,208 

:1h0,7R-l 

I JX6,510 

] <:::!,()(){) 
190,U30 

101 ,3!)() 

I 1 0,01(}* 

182, 90* 

1

1 0,250 

186,000 

1 0~300 
20:l,o51 
:.W1,700 

I 
:!35,400 

207 1u4o 

207,4!)() 
11)(j(JOIJ 

I 151:244 

lf>3,fJ.t6 
]6•) ·•~l 

11ig:biio 
1i4,400 

l 1,200 

206,6-lO 

206,700 

S'J. f ret. 
l 1d,-l1 9 
] 1>-1 ,350 

11l l,50 
Jj .· •. :~ r, 

i'J~ lt' Y C' C!! . 
21-1,r,ai 

No l e v ee ~ . 

" 
213,-4/}2 
175. 100 
:!IJJ.POG 

207,1hJ2 

l i .~,H-I Q 
17 >- Af>O 
1 7 7.~92 
1 ~1.Rt~l 
Ji:!,4j] 

177 ,311 

1Cd.i 20 
2 10 r,oo 
2-20,1-17 

23~,~11 

203,!l00 

270,500 

261 ,300 
~o levees. 

106,040 

107 ,69~ 

5,500* · 

8,293* 

0,300 

100,-130 

100,'1:":0 
!!02,191 
2fh'1})()() 
2.1i ,UOO 

20 ,100 

2f\7, ~2 
lllS,OIJO 

154,0 

1G.1,500 
Hi:.!,il )i) 
1 2,000 

174,700 

1 1,500 

215,043 

210,806 

2110 
.n)() 
4300 

.l(i()() 

44 5 

3$~0 

35-l6 

~.) 6 
22:,0 

2 100 
2"i00 

:?~00 

~oo· 

2190 

2190 
] 9()0 
300 
3100 

30 5 

3050 
33.'>0 

3200 

3W> 
3170 
~'!!50 

2'200 

3020 

3020 

* Corrected for obliquit y of scclion-li ne. 

J>•,t. Feel . 
~~{;() 230~ 1 855 
2:!1 )() 2:2!>.) " 

2~'lW 
2.1::!0 

~o le v('e~ . 
7Hl7 

No l<' \.C('8. 

3GIJO 
.1i:.?.i 
3735 

23i0 
2:\50 
09'2~ 
7179 
~876 
41 ~-1 
:!i -10 
37GO 
:!815 

1~? (!) 

18-10(1) 
] ~,; ~ 

!S.i l 
JSJ l 

2 145 2510 1855 

:W>6 3072 
3050 :lOSO 
3tl-l\l :lO-ll) 
3o:H 31>ti9 
2~40 :!'.)()2 

r.oo 28-IO 

2R 0 2919 
5:>1)() a~w 1852 
5~d6 a·o" 

5050 5086 1853 

4R90 4~~a 

-107 5 -1087 1851 

3700 ~i-1 5 

~700 3732 
~ o levees. 2::!00 

:!-13~ 
3100 :n o 

3150 3175 

Z790• 2S06• 

2f>-tl 2507 " 

2'2'20 2~5 

2:\2 2350 
HIJ (I 2120 
3:;no :lf> IO 
3b00 3530 

3·180 3510 

:w 0 31)04 
4~00 4 18 

4R~ I 50 

4. 'JI) 4 53 
41->00 4 24 
4600 4021 

2'250 2'296 

2'230 • 2'280 

3036 3075 

3036 3060 

Sq . .fert. 
6-l ,:!i ·l 
05,[) 6 

r» ,286 
7•> tl -1 
R~ ::mo 
l'l-.!,()00 
7:~ ,o;,o 

2:3!1·1--1· 
R:!:i oO 
i l,fllO 
;).l,i 30 

160,100 

f>5,~09 
5f),800 
M>,Otl3 
f>\\,865 
50,610 

·17 ,869 

3-1,507 
5~ ,200 
87,700 

-1-1,270 

-13,000 

77,700 

139,920 

1 ~0. ~ 1 0 
101,080 

90,100 
107,070 

JO ,880 

103,290• 

JP.et . 
HI05 
1955 

2020 
20"25 
18-10 
:!::.00 
z:no 
20~ 1) 
:!!1 0 
2WO 
2'JSO 

2200 

2500 

2450 
2"2HO 
2600 

1450 

Jl35 

2050 

2830 

2-156 
2000 

2170 
2600 

2580 

Feet . 
1 9~0 
196[) 

~liO 
2272 
2Ull 

1470 

11 80 

2G55 

2800 

241\G 
2013 

21 0 
:M I7 

2507 

110,020* 2350• 2304* 

107,000 

125,180 

129,820 
167,RRO 
20U~O 
l i7 ,7.30 

"150,010 

151,n;,o 
1:3:!,770 

00,000 

1 0S ,~90 
107,800 
1:.![1,830 

139,000 

147 ,0~0 

17::!,330 

172,403 

2~50 

1000 

~010 
1650 
31X>0 
3000 

20·10 

2470 

21070 
2020 
~700 

2130 

2070 

2740 

2J.JO 

20 15 

20~h 
1 ~ 1 8 
:.:o20 
ao15 

2083 
21 \~ii 
2780 

2108 

2102 

2775 

27 00 



APPENDIX C.-CROSS -S ECT IO NS OF THE MISSISSIPPI. XC~"X 

Computed dimensions of m·oss-sections of the Mississippi-Continued . 

Meas urements. lligh-wnter dimensions. lJOw-wa.tcr dim ensions. 

" .!2 
;:; Locality. Arcn.. Width . l?cri-fli 
~ Party of- Da te. Yen r. meter Year. A rea. Width 

l>ori-0 

be- lliOt OJ'. 0 Between n etwccu notwcc!n Be tween tWPC !l z 
b11 nks. lcvues. bunks. levees. lovecs. -- -- --- ---- --- ---- -- -- --- - - --

·"'l· fePt. Sq.feel.. Feet. Feet. Feet. Sq . .feel.. Feet. Feet. (j() Carroll ton (18,050 feetabo\'o locks) . ~Jr G.C.Smith. .Ju,!1c, 18,~ 1. 1851 21ti,G10 22G,08~ au;,5 31GO :ns5 1851 ~11,11 3 2830 2865 ;;1 " li.!>50 1
' " " ,, 

:2:2o,:""l70 2c'D,DSO aotiO 3140 3 170 " 185,614 28:?5 2845 &:! " 1tl,550 " " " " " Section- lin o not per pen dicul nr to th o banks. 53 " 16.550 " " Prof. Forsh ey . Nov. " " 2~1 ,870 231 255 2975 3'130 3155 1S5.t 186,067 2805 2015 54 '· 15,600 " " Mr.O.C.Smith. Jt!~e, " " 226,330 2~5:1 so 2860 2!J50 2DS5 " 102,767 2705 2730 55 " H ,G50 " " ,, " 2·.n,630 2arJ,.~5o 2485 ~605 2085 " l 07,837 2H O 2485 5ti " 14,G50 " " Prof. FQrslu•y. Nov. " " 218A 50 22l\2ti7 2·l85 2605 261;5 " 188,805 2360 2-.150 57 " 14,250 " " Mr.O .C. ~mill1. .Jnn e, " " 212,000 219,381 23.i0 2460 2520 " 1.8·~ .7 31 2160 2220 [> " 14,2JO " " Prof . .l~?rBbcy. ~rOL " " 220.080 22i,-lM3 2~50 2460 :25 10 " 192,808 2160 2210 50 " 13,:!;0 " " " " " 216,210 2:?2,504 2'220 2-160 2505 " 180,144 2ti00 2035 611 " 12.~50 " " )J r.G.C'.Smith. .Tunc, " ~ccti on ~ lin o uot pc rpen dicnlar to th o ba nks. ij ] " 12,300 " " Prof. 1-'orRhry. Oct. " " 2-12.1 00 25o,v:~u :242[, Z9.J 5 2985 1851 212,155 2225 2200 1)2 " 11,600 " " M•·.O .C.Smi th. .Juno, " " :!0!),600 218,39;] 2510 2030 2960 " 1i 8,!JSO 2:325 2~·1 0 0:1 " ll,fJOO " " Prof. Vorshoy . ,xov. " " 227 ,2RO 2:3ti,Ofl0 2510 zo:lo 2000 " 190,050 2325 2:l40 
l\~ " 10.5'>0 " " :>h·.G .C'.Smilh. .I nne, " " 1 ~9.860 20R,Hl ':!:l75 2700 2790 " 170,0+1. 2320 23·15 ti!> " 10,:\. " " Prof. ~;~rahey . Xov. " " 21:\,iOO :2:2:2,00!\ 2575 2760 2800 " J~:v;n 2355 :nuo 
(jl\ " 9,700 " " " " " 2115,600 2t:>.nsr. 2520 2ifif> 2~05 " 175,'>11 2325 23;}0 
Gi " 9/100 " " 1lr. .C. Sm ith . . Jt!!lo, " " 2~·2.no 21l•,Sn9 2-\.7:) 2f\60 2700 " J73,:\4ij 2:~5 2;)60 
(;>; " 8.~00 " " " " 1~·2,:150 1'J<\,1lRO 2:}75 2:l7 5 2020 " 1 G4,U:~O 2'l-l;) 2285 
6G " 8, f)() " " Prof. Forshf'y. Oct. " " 20l ,fJ'20 2()~,·2-l l '2:\75 2f,j() ~f\15 " li'l,n-n 2~a5 z:1o5 
70 " 8,1:.00 " " )Jr.G.C. ~mill l. Fclo . " " 1 8~,ROO JOO,ii~S 2375 2550 2(;00 " 1 5~,990 2'275 2315 n " ,rro " " Prof. F'orsh(ly. i'e pt. " " ~~~~.R80 ~n.o~o 2:{'; {) 2f)fl0 2!\00 " 1i:;,:\05 2c'BO z:;zo 
7'2 " 8, 100 " " .\J r.G.C'. Smil lo . Fe~. " " 1 S3,i~O 101 ,:!20 2:\~0 25~0 :!.)Rfi " 15ti, no 22-10 n~.5 (:J " b,~oo " " Prof. ]1'orshry. Sept. ·' " ~03,.3JO 210,0:l7 i:\30 2fi:30 2ii85 " 1i0,012 22GO ~;!1 5 H " ,:?00 ,, 

" )l r.G.C'. ,Omit h. 1•'cb. " " 177,7-10 JS5,:nz 2J35 2625 2:1():) " l~H,: U,l 2:C23 2355 j[J " ,:?t)() " " Prof. Forslt <'y . ;.;ppt. " " 10:1,870 2{)1,4-liJ 2335 2;)~5 2o(i0 " 165,~95 2'238 2270 iO " ~.:!00 " " :'\Jr. Pntti•um. }'t•b. 1Sii9. Js.;s J S~,900 Jsr.,:1Js 2-125 2705 27~0 " J:jo,o:w z:?r:o :2'200 i7 " s,noo " " ~l r. G.C. f-!mith. " 18.51. l 8Jl 10.1.600 li1,27S 2340 25:10 2:)fi.j " ] :15.~27 2210 2UO i~ ·' 8,1))1) " " Prof. For~lwy. Sept. " " 181/>·10 n9, Jzq 2340 z,;3o 2,;70 " ] 5:l,T77 2"259 2~95 79 " ,000 " " M r. "P:uti ~on . }leb. 18:o9. 18.iS 172.G10 l7:l,01~ 2.100 2G70 2700 " 138,200 2:l20 2244 
0 " 7. \JO " " )!r.G .C. Sm ith. " 18;,], ] ~51 1 n1;~8o 170,096 2-'3.50 2.i40 2{)75 " J.S.i ,OOO 2230 2::!65 

81 " i.f>OO " " Prof. ~orshey . ~Ppt. " " 178,710 1 86. ~3:1 23.i0 2ii~O 2.175 " 150,:\20 2235 2:?70 
8~ " 7 ,1)00 " " Oct. " " 1G9.990 Ji i,fif>f) 2:140 25!l5 2ii90 " Jn .4HS :t2i0 2:305 
83 " ;,n:)() " " \l r.G.C . .. mith. Jnne, " " 1 8~,%0 1 92,7~0 2375 2HOO 2(H !) " l !io,m3 2::'05 2:J35 
!>I " 7,050 " " Prof. For~hry. Dec. " " 1i7 ,290 JRh,OQ:? 2:37.5 20()0 :?fH5 " 1~.~. :1~~ 2~00 23·10 ' ,;; " 6.2:>') ·' " Mr.fl . . ~mith . Jun o, " " 1 96.1\~0 20-t ,f"i?i 2-100 21iii0 2fi9:"'J " 1Ui ,1r..! 2:W5 ~:l90 qt) " s.~JO " " Prof. }-.orshr.v. n rc. " " 19GAOO 2().1,~1~ 2400 2(i50 2f.OO " 1(i(l, ,q q5 23-15 2385 
~7 " 5.:!\\0 " " )!r.O .C.Smith . .)1~:1e, " " 19:l,!l!l0 20-\4:?7 27.10 3WO 3195 " l til,Rf:!l 26J.:) ~t;sO 
8 " 4.:!01) " " " " " 17;),~00 1R-t, .17-l 2fi00 29~:) znr.o " J-l 5,i0Q 2500 25:l5 S!) " 3.~ .. ) " " " " " " 1,0.420 1 8~\:.?llq 2().10 20ii0 2!JSO " 1~'l,010 2595 26:!5 

00 " 2.<,1)1) " " " " 
,, 

" 176,-j.!)Q 1 .~ii. ~OO 2600 3000 3(J:Jo " 1~3,077 ~535 25GO 
91 " (at Mnal locks) .. ........... .. " " " " 211,q1o 210,2-Hl 25S5 27SO 28~0 " l SO,OOO 2~60 2505 
92 " (at canal lo>ck•) ... .... ... .. ... " " " " 19-1,-130 202,228 ~150 2000 2(i.JO " 10-1,11 5 t3fl5 2390 93 For t i't. Philip (50 fc'<lt below boat-

s hed) ...... .... .. .............. ... ..... ... . Lieut. Abbot. .Jrm. 1$bq. 18,;8 231,300 231,300 2300 2-104 2576 " 212,500 ~335 2387 



c REP OR T O N T HE M I S S I S S I P P I R I VE R. 

No. 4.-COMPUTED DIMENSIONS OF CROSS-SECTION OF TRIBUTARIES AND BAYOUS. 

JA w-water dimensions. Mensurcmonts. H igh-water dimcnaions. 

--,--------,--------:---1--.....,-----,---,....__:·_ ~,~t'~7.? 
W id 1 h. 1 Peri· ndopt· 

Party of- Date. Year. 
A rcn . 

Bciw~<>n 1 
l\Nwcen 

banks. l e\·~s. 

ml~~· r Year. Artm. 'V idth 11~-.f.~;~ ~-. 11~~~~ 
lk'tw~c n llrtwcen twe<'n wuter. 
bank~ . levees. levees. 

--1--------1-----1--- -- --- --- -------- - - - - -- ----

1 Oh io r il'er, nt Cairo, JIJ. .. . .. Lieut. Abbot.. Dec. 1857. 1 58 
2 U 4; ( , H H H U 

3 Untchce rl ver,nt cross i ~·g·~·f 
]1'nlton ruafl ... ....... . .. .... . Mar. 1858. Date? 

4 St . . Fmucis river, 0 .7 of a 
mite 1\hove month ..... . ... . li e b . 1 5 

" ' ldto t·[vcr, Ys of n. mite 
l'c kt\\' cnt-orr. .: ............ .. . .Jn.n. 

0 Cut-off hctwcc u A rknnnas 
11nJ Whiw ri ,·crs ... ...... . . " ,trkhnsus rivt:: r, in frout 
of ) llll·in o lwspi w J.. ... .... Liellt. J:>utruun. Dec. 1 57. 

'' ,, '' '' 8 
9 l1o~n lh tlnyn, at Hltll nm's 

ferry ....... ....... ...... ...... .. Mr. 'Pnttison. 
10 Sunfiow('r river, nt Dongh-

t.·rty's ferry .......... . ... ... . . 
ll Vit'l.oo ri ver,nt Bcck's fony, 

" 1 58. 

Nov. 

near Greenwood .... ...... .. 
12 Y:w.oo ri v<' r, 500 f(!ct below 

Steelo• brtyou ......... .. .... Lieu t . Abbot. Feb. 
13 llayou 'l'eni'J:-ts, H.t )fand t..'-

vil!c"• ferry .. .. .. .. ....... .. . Mr . Pattison. Jan. 1859. 
14 \ Vrt.'! h itn. l'i v ·r, f~JTY lund-

ing, Tl nrris~mhu rg . .. . .... 
15 Dln.ck river, l OUO tOot above 

mout h ... .. .... ....... ........ . Lieut. Abbot. Fob. 1 58 . .t ~f>O 
1G Hcd ri vl' r, at 1\. lcxn ndrio. .. . '' l S~q 
17 f( ('d ri vC' r, !;!' tllilo be low 

u1outh Blac k r iver ...... ... 1850 
Red ri vr r, 700 f<·t.' t nbovo 

moul h ..... ... ...... ........... Mr .G.C.Smith . ) !nr. 1 51. 1851 
l !l Red river, n.i mouth.......... u u " 
20 ,, " " 
~1 Mouth of Oltl river, nbuve 

Hrrl-rivcr landing ....... .. 
22 Mouth of t) ld rirrr, -4 7& fuct 

north of :So. '21 ...... .. .... . 
23 ~tou th of Old ri n•t\ nhout 

:J mil s above Hod-ri \'C I' 

lnnding ........ ............. .. . T.ieu t. Abbot. 
2-l Ol1l river, ahont -l w il rs 

nbovo !leu-river lnndl ng. Mr.G . C.Smlth. 
25 Old river·, 000 fooL N IV . of 

No. :2..1 . .. .... ... ...... ....... .. .. 
20 Oltl rivrl', 1200 feet ~ \\' . of 

No.:l+ ... ..... . ..... . . . ...... . . . 
27 Old river, 62'!5 f,,ct frt•m 

mouth Hod river to tho 
eno;t. .... .. ..... ......... ... ... .. . 

28 Old rirrr, '1-4 ~5 foot wer:Jt of 
No. :li ......................... . 

~0 Old ri ver, 00 [! et west of 
No.'2t, ... . .... .... .. ..... . ..... . 

30 Ol~~:i~ ~: .. ~ .. ~~c l .. ~ve.~t .. ~f 
31 Old rh•or, 550 feet west of 

No. :lO .......... .. ........ .... . 
3:! Old river, 300 tOot wes t o f 

:\'o.:n .. ... .............. ..... . . 
33 Old river, 500 foot west of 

No.~2 ....... .... ... . .. ...... .. . 
3-l Ol rl ri vor·, 550 foot west of 

No. 33 ......... ............... .. 
35 Old ri ver, 1030 feet wca t of 

No. 3-1 ... ....... .. .... ... ...... . 
36 Old. ri~'~ r , 450 feet west of 

Jlio. 3o .... ............. .. .. .. .. . 
37 Oltlrivc·r, jur;t bolowmo11th 

of Red rh•or to tho 
\VOB t ..... . . .. .... . .............. . 

38 01<1 ri ver, !lOO foot west of 
No.:!7 .... ........... ... .. .. ... . 

30 Old ri ver, I ~'00 feet west of 
No.3 .. ...................... .. 

l'cb. 1858. 1858 

1851. 1 51 

:llnr. 

·'Vf.f--t. 
168,1.10 
160,010 

8,157 

3i ,053 

36,343 

3-1,000 
33,100 

7,365 

17,270 

4 , 50 

15,600 

20,2"20 

3~ .~:,o 
27,347 

• 'V(. ftd. 
No Jm,ecs. 

" 

I 37,'loo 

No l: : ees.

1 
3i,()()/) I 35,200 

Xo lovees. 

27,-150 

40,400 I X o !eve<>•. 

7!l,700 ,, 
82,005 " 

Sect ion- l ine too 

. F<rl. 
2HO:! 
2920 

353 

805 

00 

560 

JOM 
10:10 

!\.15 

355 

700 

930 

560 

635 

700 
715 

H e I. 
Xo lf vecs. 

000 

No levees. 

H 50 
H OO 

No levees. 

7 0-~ 

:So ler<"Cs . 

F eel. 
801~ 
29 17 

1 58 
" 

3i 0 Date? 

1859 

920 1 [) 

607 

350 

395 

712 

959 

580 1850 

673 

835 
s·).> 1sua 

30 1850 

174:> 1 1i!l:l 
1 '40 ]',!ll) 

1851 

obliljUO for corrcc tiou. 

78,GOO :.lo ll•vccs. 11 r.0 No !Ol•c s. 1 10 

70,000 

42,200 

91,!)70 

0~ ,7 70 

96,025 

100,!l l5* 

1 1~ ,9 2'1< 

114 ,[>76* 1 

11 5,:2'2 1*1 

11 2 010* 

12"2:430* 1 

Section- line too 

Section- Ill ne too 

11 65 

l1 50 

2015 

2650 

2505 

2 00* 

2865* 

2ROO* 

oblique 

118r. 1S5R 

2:H5 185T 

2632 

2600 

253~ 

'Ui91* 

Z7 0>41 1 

2847*1 ," 

2'i31* 

~ ~I 
for correc tion. 

o!Jiiquo for· corroo tion. 

149,500* No lcvoos. ZiOa• No lovoos. 2830* 

1s1, 7<J41 2685• z;os• 

1 I [)• Zi l <>- 2737* 

* Corrected for obliqu ity of seorion-line. 

S7. f eel. Fret . 
5-1,001) 2110 
L·l ,300 20:!5 

700 ]J5 

8,200 595 

4,300 •100 

4,100 250 

6,700 ·100 
5,900 ·110 

2,300 200 

3,-1-10 2-15 

2,330 240 

18,-130 580 

100 130 

4,100 375 

4,noo 405 
1,33 280 

7,50 010 

11 ,300 10-15 
ll ,tiOO 11~0 

10,300 075 

26,100 7 0 

3,300 15 

3,000 740 

3,500 6-l.O 

3,700 017 

3,100 S.IO 

3,:!00* 700* 

4,600* 070* 

8,900• 710• 

10,1!00* 600• 

,100* 540* 

10,200• 510* 

10,800• 22 0* 

72,000* 2200* 

.Fu.l . .Fl>-'!1 • 
~l :IG ~ 2 
2().10 4:1 

602 41 

<t o ~ n 
205 4\ 

406 4.1 
H 5 4\ 

297 15 

253 36 

2-15 37 

002 40 

131 43 

3 0 43 

409 46 
21>2 44 

618 40 

1 0~8 ~ 
1 1·13 -14 

905 ·1-1· 

810 <14 

O.J7 40 

743 44 

(J.l3 44 

020 44 

SH -14 

701* .J-1 

072* 44 

M:!* .J-1 

512* 44 

2284* 44 

2"216* 1 4-t 

2 1 ~0· ·1-1 
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Computed dimensions of cross-sections of tributa1·ies and bayous-Continued. 

Mcn..-;urernent){. H igh-water dimensions. Low-water dimensions. 

- - ------;----- ----:--------- -------,--,- - ---,-----,..---,---- J ~~~~~~: 
Locality. 

Party of- Date. 
Area. Wid th. Peri ­

Yca.r . l----:-----1--------1 11~!~ ' · Year. 
Retween Between Between Between 
ba,n ks. levees. banks. levees. 

tween 
levees. 

adopt-

Area. Wid th Peri - ~d 
meter. ,!~f~: .. 

--------J-- ---1-- - -- --- - -- ------ - - -- ------ - ---
SJ.fe<l. 

40 Old river, at mouth of nnU 
abo,·o bayou Atchafnlayn 1Ir.G. C. mith. Mar. 1851. 1851 1 3,000 

-11 Old ri\·cr, a t mouth of and 
belo w bayou .\ tcba rulayn 

.J 2 JJayou A tc b afa l a ya, nt 
ntouth .. ... . . . .. . . . ... ... ... . . 

~3 Bayou Atcha falaya, 300 ft. 
Uelow ~o . 42. .... ............ . 

~ Bayou Atchafa\aya, 300 ft . 
bt.'low Xo. -1-:J . ... . .. . .. .. .. •.• 

~5 Bayou Atchnfalnya, 300 ft. 
lx· low Xo. ~ ... ... ... ...... . . 

150,500 

29,500 

26,590 

2i,050 

25,~0 
~ 6 Bayou A!chafnlnya, l 0 ft. 

below .\ 'o. ~ ,; ......... .. ...... Lieut. Abbot. ~'c b. 1858. 1858 28,700 
47 Bayou AlchatiJ inya, 000 ft . 

l!elow So. ~5 .. .. .... ... ... .. . .\Ir.G.C. Smith . )Jnr. 1851. 1851 23,050 
+8 JJa.ron PliHJuemine, cenrro 

of Gn·nud St..... .. ......... . AprH, u 

~9 Th o s1m e "" Xo. 48 ... ....... llr . Pattis n. .Jan. 1859. 1858 
50 Unvou Pl tlqurmine, 200 ft. 

below :S o. 4\1... .. ... ..... .. . . ~l r.O .C . . mith. Apri\,1851. 1 51 
[ll Thu ~:\me as ~o. &L .. .. ... . . )lr . Pa.ttlsvn. 'Jan. 1859. 1858 
5:! jBnyuu Plaqm•mine, -"00 ft. 

~low Xo. 49 .... .. .. .. ..... . . ~rr .G.C . Rmith . April ,l %1. 18ol 
5.3 I The snme "-' Xo. 5~ ..... ... ... lli. Patti• u . .Tan. 185~. 1858 
5-l ll·1you Plnqurmine, 600 ft. 

II atkwe ba you J ncob .. ..... .. , " 
55 H..'\you La 'vonrche, uppe r 

I nh.m th , l f)OU feet bt~ Iuw 
drawbridge ... ..... .... .. . ... ~Jr.G.C.S mith . t\ pri1 ,1R51. l 85t 

56 'l'hr same a.:~ ~\> .. 55 .... .. ... .. . \lr . Pattison. Jan. 1859. 1858 
57 Bayou L.'\ Fourche: UPI>"r 

I moulh. l :!')tl feet below 
J r.l whridl(e ... ... .. ... .. .. .. . )[r.G . C. mith . Apri l,1851. 1851 

OS HayOli La Fourche. umwr 

I mout h. l l;)q ft.:c l bduw 
d r,1 wu rid~<' ... ... ... ..... ... )fr. Pat ti 'IOn. Jnn. 1859.

1 

59 Rayou L;_\ Fourchfl, npp•~ r 

I ~:.:,~~~~iJ~: ' .. f~~t . . b.~ l~": \fr .G.C. ~ mit h. April,l 51. 
60 'l'h ~~ :).. lll \1' ~ .:\ o. ,) J .... . . .. ... ~lr. Patl i:!On. .Jnn. 1&59. 

1858 

l % 1 
1ti58 

61 Ba.vou L3. E'uurche 1 Pain 
Conrt. .... ........ .. ... ... .... .. 

1
Prof. Forshey. Deo. 1%1. JS51 

6:2 Tho ~mv• fui ~ · 1. (H .. .. .. .... . . \lr. Patti ~o n. Jan. 1S59 . 1858 
G3 D.l)'•Hl La Fourche, Thibo-

1 deanx f. ·r r., ·hmdin >; ... ... Prof. For>hey. Dec. JS.il . 1S5l 
6-J The ~-\ m t• n . .:\ o. t.>:L . .. ..... ~l r . Patti iOtL .J an. 18c;J9, 1 58 
W Bt\yon La Fourt' ht:, Fi ehJ.' :-~ 

mill,., A.~ s t&uner-lanrli nt:: ~f r. \Yillia1na. lxov. l S.iS. 
OOt Bayvu 1.. .. 1. Fourr h£.' , Field's 

mill<. IH n.~llotk< ... ... . l'rcf. F01·•hcy. D c. 1 ~5 1. 1>!51 
Git Thr ~ - lmP \ o. lit1 .. ...• . ... . 31 r. Patt i un. Jan. 1859. 1<3;)8 

6,3~0 
6,22;) 

6,050 
5,850 

5,860 
5,900 

6,030* 

3,880 

3,970 

3,830 
~,090 

3,505 
3,9ill 

3,555 

3,500 
~.uJ ;; 

~ tlltyou Uec uf, at Pt! n f:~n n · .., I ferr)' .. .... ...... .. . ..... .. . .. .. Prof. For•bcy . . l ug. 18" 1. 1828 12,5i o 
69 ll L• rw i ck ·~ b<H', at Dr . llt .t 

stu·.\r·., hllu· ... • . .. ... .... . .. . . . 13\ ,i :lO 

Sq. f eet. 

No levees. 

29,800 

26,900 

24,300 

26,000 

28,700 

2-1,400 

6,450 
6,375 

61 20 
v:n l2 

5,950 
5,931 

6,100* 

4,180 
3,872 

3,010 

3,990 

3,880 
-t,o9o 

3,530 
4,080 

3,5~5 
a,~;o 

3,555 

3,500 
-1,0 15 

:io levees. 

132,~80 
70 

1 

B£.'rwick' -; ),: w. l lJOo fl••- t 
- heluw ~o. h~i .. ..... .. . . ..... . 110,-151) No levees. 

71 1 D··rwk k'-i Lay, a t s teaJn •• r-
lnnding ...... .. .. . .. ...... .. .. . L iont. A1Jbot. ,Jan. 1<;;5<L 

7~ ) 'flw '"'" ili :. u. 71.. ...... ... )l r . ll.lyl t y . 185:!. 

*Corrected for obliq uity of sect ion-line. 

o~.~-10 
o~,:!:W 

Feet. 

3600 

2775 

84.7 

760 

760 

750 

830 

730 

300 
305 

280 
Z75 

300 
295 

287• 

210 
210 

198 

198 

210 
209 

2~0 
210 

228 
230 

236 

250 
200 

680 

1560 

liS 

li50 
17"25 

Feel. Feel. 

No levees. 3630 

2805 

920 940' 

830 857 

820 8~ 

880 910 

910 938 

8~ 8~ 

370 382 
375 388 

a.w 353 
335 351 

~0 354 
335 ~9 

4ll5* U S* 

212 2.38 
210 226 

225 243 

231 250 

2-15 261 
255 272 

2-10 257 
2:.'!0 238 

228 240 
230 ~43 

236 256 

250 265 
200 2i6 

No tovees. 685 

lHO l i 6 

No \cvocs. 1817 

1i88 
1763 

1851 

1858 

1851 

1858 
" 

Sq. f eel. 

50,000 

57,000 

1,860 

1,400 

550 

2,300 

5,300 

1,500 

0 
0 

0 
0 

0 
0 

0 

190 
180 

110 

150 

100 
150 

200 
500 

580 
600 

650 

650 
6SO 

5,850 

115,000 

91,030 

79,100 
79,280 

Feel. 

1910 

1550 

380 

410 

220 

314 

400 

280 

0 
0 

0 
0 

0 
0 

0 

73 
82 

58 

72 

54' 
73 

80 
87 

120 
112 

105 

115 
121 

53~ 

1490 

1710 

1690 
1720 

Feet. 

1930 

1570 

385 

414 

223 

322 

407 

289 

0 
0 

0 
0 

0 
0 

75 
84 

59 

56 
H 

81 
91 

122 
115 

108 

118 
124 

539 

1535 

1740 

1713 
1740 

Feel. 

4-l. 

4-l. 

4-l. 

44 

4-l. 

4-l. 

40 

44 

31 
31 

~1 
31 

31 
31 

31 

26 
26 

26 

26 

26 
26 

20 
23 

10 
. 19 

17 

15 
17 

11 

11 

11 

11 
ll 

t These sections c tend from lock to lock, nnd nre, consequently, n littl e oblique. No. 65 exhibits the true area for 
di charge. 

t The notes of this meusuremenl were kindly furnished by i\[r . lll\yley. Til e wnter sloocl n.boul 8 feet below tbe hi gb­
wnter level of l ' ~ , nod 13, 00. quat:e feet hn.ve necordingly been ndded to the area as sounded. 



APPENDIX D. 
CURRENT-MEASUREMENTS UPON 'r HE M:I SISSIPPI AND ITS 

BRANCHE ' 

No. 1.-CURRENT-;\'J:EASUREME~TS AT CARROLLTO N, BY P ARTY OF PROF. C. G. FORSHEY. 

St.ntion. 

Prime bf\se . ,, ·' 

P rPHtou base. 
·' " 

P r il no h nRc. 
Jl r•·HIOu hnso. 

u " 

Pri mo b:1se. 

" 

l' n .. .ron base. 
Lnc k .~ lm.o.~e . 

H HCL•-cou rso base. 
l' l'imo IJnso. 

Lucks bn~e. 
Prin1o bal'4<.'. 
B act•-cour~e btUJr. 
Pri1110 l.Hl.BC. 

" '· 

Pl'f'Hton bn~o . 
H1tCfH.'ou rso bMc. 
f.n(' k -1 ha . .,('. 
l' ri m o bllac . 

·' ,, 

( cii ) 

~ \\ 'ind. ~·~;~~ I JJ I ! 
Yt·locHy in diYisions numbcrcU-

Date. 

1 51. 
}'cb. 15 

17 
l H 
'.l\1 
) ) 

0 J 
1 

lJ J. ) Y. 

--- --- --- -- -- --
l"tt L. .F i!i'l. Pol. Ff'tl. F:rt. 

5A Dow n 2 7 2.50 2.!).) J.JJ J··H 
n.:'\ Uow n "1. 9 2."-tl \ 3.no J.c;;K) j J.So 
7 .t) Up :! 16 3.20 ~.70 ·1.\~l 4.1') 
O. l 1 UI> 3 1:! ~.57 ~ .1\\l ~.~R 4.h<l 

l O. l ( Dow n '.! 13 4.00 4.RO 4.~ 4.R~ I 
2 1· 11.S 1 Down ~ 21 4.00 5.50 5.ti0 j o.:,o 
25 12.1 1111 :! :?0 3.77 -'- '~ iU·"~~ .l .i l I 

22 11.0 1u" 1 29 4.oo 

1
4 .~~ r,.n r. :1•i 

2H 1:!.5 l ' p 2 :!7 -1.70 5.50 5.71 :).:lH 
l'tl lll'Ch 1 . J 3.:1 Down :1 17 4 . .-.o 5.fo0 ti.~<l (' 10 

~ 13.1i o "'" 2 ~.t 4.35 1 u.no li.~j 1::c'O I 
+ l:UI o '27 4 0R c.nr. f.A5 n.<.i 
5 ] 3.0 0 26 -1 ::~5 ' !i : ~<.c;: fi.:l .) fi,:!.} 
6 ] .t .:l Up ; ~ J.J {),IJO 16.:!.1 fi.~.i 11.0li 
8 14 .1 ' J)u wn ~ 31 4.R8 r •. ~~ fiA:. I C. .IIG 

JO 1+.3 0 ~>f> 4 .~5 i\.R 0 15 11.43 

~ 1 ~ 1:;~ I Down ~ ~3 ~:'B ~:·~~ ~:~~ ; g:~ ;-; I 
13 1 l+A Down I ~1 .1,:,,; li.~:\ l i.!~ l r..~.-, 
1·11 l.t.li Up :! '27 -t.rt.) 1 ~.:!.i fi.li'i ti.l i7 
11 ~,' 14. ~ Lp ~ 111 ..:. tt5 f)A;t li ."ll (l.'YJ 1 

11. ., Down :.. :!R -t .l.i.'ol (}Ji'i ti.l iT li.l i7 
JU H .O I 0 -4:! h.:!fi fi .I)J ti.( ,j ti.t li 
:!O 1-t.O U ;;:.! ft.l)t) !l,f,j ti.HU li.H() 

11 15. 1

1 

· t: p a :.n n .• , ·.~_.~~,',· j n.:!r, li."O 1 lt7o 
:!2 1;i.:! (I :!O fl .:?.) 6.67 (q.) 
:,l.J 1G. I Do wn a 1:! 5.7 1 li. ;lO 6.70 6.)0 
'2.) lf•.:! Up I ·I J [l.i 'H.I n.'.!!'t HA!"t fi.!'lO 
:!,; 1<•A o :n 5.r.o 11.~;, 11. 1[, ll. ·lj 
:ll I ii.3 0 :! I 4}•S 1\.~;, II. I;() 1i ;,o 

April 2 H•.3 0 ~0 J .i•~ 11.10 li.l~l 6.1)0 
a 15.2 o 1 o 4.76 o.~5 11.1 :1 o.r.o 

Mny 

.Juno 

,g ~ ~ ·~ ~ ~!,: ~ ,g 4 20 s.oo I f> .l\) 6.1o 
·•· I;-; : · 4.o2 "·I·.~~~. '.·,' 4.'•71.J. 'o 11 H>.O l:: l> :3 1 ~ ·1.00 ·· · 1. ~< 1 .J.70 

12 1fi. l U p ~ 10 -L I~ !J}';S 0.:!5 fl.:?!l 
~.~ 1 .1 .~ t;p :l o 4.0+ r •. ao f>. ltl 5.10 

:_ •. _, 11 ~·X o11 , s1• 1 .?1~ r •. n, ~·~~ I q.·~j 
"· ' " ·' ·> I ll."( 1<.1" hJ•I 

5 1:1.7 Down ~ .j<; [).( HI f> .il !)J,o f),;,u 
7 1 :~ . :( llp :l ::n -t .:!O r1. 1l 5.511 ;; .r,o 
n 1:1.1) t ' p :! 1:! 4 .so rl.lo r,.:~n a. ' n 

, ., 1:!.:1 l ' p :! 1:! :t"'!J 4.:.!:, -1 .1'10 4·00 
1 ~ 1 ~. 1 /up 1 1~ 2.65 :1.:1~ ·1.14 1.: 1~ 
'I r, 11.3 0 1 ~ 4 .02 5.01 4·? ' I 4.\1 1 
111 11.~ o H ::.~s ·1. "~ ro.<HJ +.'•U 
17 11.0 1' 1 I 4:1 :1 .1>0 4.71\ ·I.'XI 

1 
4.'•1) 

21> 1o.o 'l ' p 1 ~~ 2.00 ~.'o :u-. :too 
~1 111.·1 t. p ~ r.~ :

1
: .. 5~~sl 4 .~1) 4.1~ 1 4.:.o 

2:1 10. 1 I u 1~ +. 1'> 1.:17 4.20 
~tl H. t:p ~ ·1·, J.17 +.zo 4.1i 4AO 
Zi 9.8 llJp l !HI ;.so 1 4 .00 4.2fJ 4.10 
~' 9.9 u 1;, 1. , 1 4.w + .. w 1 4 .~ 
2u 1o.1 o oil 1·>o 4.oo .;.so 4~o 

:! 1o.n u ti:! 2..64 :t:!s :\.~;, :t.i i 
'
1 

11.0 lTp •I [t ~ ] .)2 ! 4-fi'l I -I .MI 4·4? 
" 11.1 

1
U1> '.! m 2.17 2.</> ~.:l-1 J.so 

5 n . t Up 1 :u ;; !)O I ... r~1 ·l.• ifJ 4.t .cJ 
u 11 .1 l ' p a Hi 1.21 4.r.; 4 .r,s 4.6o 
7 1 IJ) l'• ~wn a Ii i 1 :.; 4. , 7 I 4.6s .CJ )lJ 

!) 11 .:! Uo\\ II l I U l Mo 4 so 4 Ko 4·70 
10 t 1.:! I 0 fjO : .... ~~~ I I. ~ I ~r. · .-oil 

11.~ '' 141 I J.s-o /;i; I . .t., : .So ~ ~ 11 A D01111 1 1m +·OO 4 7o ~.~ ~ .<)0 
1:! 11 .0 /])ow n ~ 1 ~~ 
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Cw·nnt-measu?·ements at CaJTollton-Continued. 
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II.""' ();,wn:? 41) 1.2~ u,;J 1.~2 1.9ti 1.72 1.'-9 1 .<+ 1.52 1 .2<) 1.1 11 0 .88 0.70 I Z51J,!l.14 J.li909 " .. ' "I II.U l'p ., 41) 1.:!.1 1 .9~ 2.tlf..\ :!. 15 2.1:! l .11 I :1.\1:! LSJ ·u:; 1.2'{ 1.0 -t o.S J 2~3,-196 1.!!314 " " Et tl • .) ~)\\'1):.! 40 I.+' 2.10 ' 2.1M) :!.110 1 .Gtl 1.'>9 1.i :) 1. 52 1.50 1 .:\!) 1.1 1 0.89 :!7.), 1: :1) U23G ·' ,, 
:! t 1.0 0 3u 1.67 ::!.:30 I :!.20 :!.::w 2.10 2.00 1.'-2 l .i() 1.ti0 '-50 T. J7 I.J O 302,184 l .9~8!i .. ,, 
~l l 1." Down 31 -10 

:;: I 2 . ~5 1 2.:18 2.+1 2..!7 ,,.).') 1.92 1.&9 l.G9 1.5-1 1.'2.1 0-99 a30,US7 ~ .HJ5 .. , -·-- , 1 , __ 

1.:\2 :!07 ,991 2.0208 " " J n. G O.!l ' Dnwu 2 4\) 2AO 2.~0 2.c'O 2.10 2.00 I.R7 u a 1.6i 1.2 1 0-97 " " 11 -1.~ l' p ::! 3i •) . :3.51 3.!H :uH ~,r,o 3.:J9 3.23 :!.78 2.ti7 2.~1 2.0G 1.65 51 ,971 3.24(13 - .~.) 
" .. 

:H ;, ,o Down 21 40 :!.:.!7 3M :l.:lQ 3.2() ;uo 3.00 2.91) ~ .70 2.ll3 :2.:!2 1.79 1.4 ) 48:l,:JH2 2.\lDH " " 2' ~.7 0 40 u a :!.8:! :LiS 2.11:1 2.46 l.\10 2.17 2.0.~ "1.70 1.1 1) "1 .00 0.50 3oU,IH9 2:li86 " .. .Feb. ~') 
1.0 'Up 2 

41) 1.50 2.:.W 2.1 0 :?.00 1.90 u o 1.0 1 L7·1 1.!)2 1.47 J. l 8 0-94 2811,305 1.~8 1 ~ " " 1.1 3.tJ 0 9 :1.17 I 2.i0 3.03 :!.~ . 2.6i 2.56 2.44 '2. .1.7 2.08 t.SJ '-.17 1.1 8 +• l0,288 2.!l5-ll " ·' I > (; ,4 01 40 :?.67 I 3.33 3.70 a .57 3.5 l 3.28 3.13 2.9-l 2.82 2.03 1..0 1. 1.6j 52-1,861 3.2389 



No. 2.- CURRENT-MEASUREMENTS AT TEMPORARY STATIONS. 

Localit~·. Date. 

Stllgo 
below 
high 

water. 
1851. 

Wind. 
No. of I Depth of I Discharge 
floats. lloats. 1 

1 1 1 1 1 
per second. 

I I I 1 I I 1 llfean I I I YC) Q+ 

XVT.I xvn l Approx.l Co:;;j~ct- City. 

Velocity observed in divisions numbered-

v. I n. I vn. l vm. l IX. I x. 1 XI. I xn. IXIll. l XIV. I xv. I. u . ill. IV. 

Observations 
by party of-

-----------------------1---•----•-------•---•--------·-- ·--·--·----·---•--•--•---t---1---1---1--1---1--t--t--1---1-----1---1---1 1 
1851. r Ut, 

Rontb's Point) near Red-river 
landi ng ....... ...... . ... .. .... ...... .J Feb. · 25 9.0 IUp 

Routh's Point, near Red-river 
laudiJJg .. ................ . .......... . IMar. 12 3.5 IUp 

Red-river landing ... ...... . ... ..... " 16 2.5 Down2 

Bed-river landing ..... ............ " 19 2.0 0 

Racoourcl cu t-otf .. ........ .. ....... " " 2.0 0 

!laton Honge • .............. .. ...... April 1 0.0 0 

Baton Houge ....•................... " 26 1.8 Down 2 

!laton Rong•-···· .. ........... .... . " 28 2.0 0 

!laton Rouge ....... .. .. . ............ I " znl 2.1 I 0 I 

Baton Houge_ .. .. .................. loct. 28 1 28.7 lup 2 I 

Abo,·e Bonnet Car-'6 crevasso..,May 201 

Below Bonnet Carr6 crem.sse .. April 28 

6.2 rp 

1.5 :·"I 

Fut iFeet !Fa t l Fed. 
Fed j Feet' Feet ' F~~ Feet , Feet,Futl Fed! Feet I Fed I ~~ Futl Fea iOu.:eet_. I Ctt.fed. l.Tht~ 
9.60 .8.7o I no 16.18 6.oo p q 4-40 1-55 2.8o 12.13 1 1.2.0. lo.so I IJ,OL,350I 1,009,600 la.936a 22 Surface. 1-so 15.77 17.91 110.11 Mr.G.C.Smitb. 

8 (See I note Ia.) 1,149,40016.0489 

32 " 1.87 3.39 4.05 5.20 5.i1 5.88 6.06 5.88 5.71 5.88 j5.56 j5.56j5.56:j4.88 jMS j3.08 /z.5o j 1,225,95S I 1,182,~ 1 4.9088 

7 " (Sec uot6 b.) 1,204,200IM650 

2l " 1.00 5.54 7.15 7.80 8.44 7.92 7.06 6.00 5.90 MS 5.10 4·09 1,189,382 I,li 1,300 l 6.aa6~ 

33 " 1·5' 4-55 5-00 5Al 5.56 5.41 6.45 8.00 8.33 8.70 8.33 6.90 4.35 l-45 1,172,819 1,160,10015.8793 

39 " 1·17 3.9~ 4.65 5.12 5.40 5.40 0.06 6.45 7.41 8.00 8.00 7.69 6.07 4.26 1,109,H5 1,071,800 ,5.57-h! IT'rof. Forsh ey. 

45 All depths. 1-oS roo 4.35 4.76 ;;.13 5.26 5.56 6.06 10.67 7.09 8.09 7.69 6.06 4.26 1,056,108 1,056,108 5.5086 

97 I " 13.33 4.~ 4.44 4.76 5.13 5.26 ,5.il 6.45 7.41 7.69 8.00 7.14 15.00 3.64 I ,053,400 ll ,053,460 15.50~ 

40 I " h-41 1. .00 2.15 2.25 2.67 2.53 2.50 2A7 2.53 2.60 2.67 2.10 2.90 lz.JJ I I I I 272,8381 272,838 1 ~.3316 

29 ~ Surface. ,2.50 3.li 
I 

728,121 728,121 3.8792 1 Lieut. " "ar ren. l·B 3.51 1-85 U6 4.2.6 4.26 4.17 4.1 7 Hi. '1..08 4.08 1.Jl 2.82 2.22 

7·6<J 7-4 ' 7· ' 4 6.90 6.'}0 16.90 6.00 6.45 15.71 !3.70 2.11 1.59 1.27 1,0"2"~ ,117 1,02"2,117 6A759 ~r.G.C.Smith . ! as· 1 All depth.o. 4.00 
1
5.00 7.69 

a. Mean of fl oats (all in divisions u, m, rv, v) is 8.505 feet. lllean in same places on February 25 is 8.3-1.7 feet. 

b. l\Ican of floats (all in divisions I , IV, VI, VH, XI) is 2.-!::!6 feet. Mean in same places (corrected for wind) on ~!arch l (l is 2.398 feet. 

s:=. 
< 

~ 
i:.:::j 
1-j 

0 
~ 
1-3 

0 
z 
1-3 
~ 
i:.:::j 

~ 
H 

U1 
U1 
H 

U1 
U1 
H 

"0 
"0 
H 

~ 
H 

<i 
i:.:::j 

~ 



I 
I 

I 
I 

I 

.-\PPEXJ)IX D. - CURRENT - .llf EASURE M.EN TS ON MISSISS I PP I. cv 

No. 3.-CURRENT-MEASURE:\lENTS A'l' COLUMBUS, BY P ARTyx· OF MR. H. C. FlLLEBRO\VN. 

I 

·nate. to \ri nd . :\'o. of 

" 
fl oats. 

0 J. 

---- -- ---
1Sj7. Feet. P eel . 

Deccmbl· r 11 . . . ... . . ... . ~0. 1 . 0 10 3-+5 
12 .. . ..... .. .. :!3.1 u 2-l. 0.7tJ 
14.. . ... ..... . 27.G 0 3-! .. L(j:) 

15 ... .... ..... 29.0 0 i[, +A-l 
16 .... .... .... ;JO.O 0 58 5.26 

1 85~ . 
.January ]:? ...• ... . . •. . 2-U> 0 51 2.86 

1:1 .. .......... ~:.!. li ])(lW il 3 45 3.:tl 
1-L. ... ....... :!1.5 Down 1 55 2 .9~ 

16 ..•.. . .. ... . :!-J.li Down \! bS 2.RU 
18 .. ... . ...... :!l:! Down 1 (;.~ :\,O:l 
1 ~ ....... . .... ~1.9 Cp l 70 3.17 
'2\l. . .. ....... :t2.a 0 8-l :l.li 
•2.1 .•....•.••.• 21.0 (;p 3 8:! 2.n'l 
:!G .. . ........ 1U Up .1 8+ :?,t ;:~ 

c'7 .•.••••.. ... 1'-'J l"p 1 57 :!, ;i:J 
:~'tl ..• .... ..... li.:\ Down 2 46 2.(17 
31! .•. . li.i Down 1 4:] "-+> 

Fcbnmry 3 ............ 1i.:l /)0\lfl :! (jj :!.:lS 
->.. ...... .... li.U t:p J '~ JJ)') 
tl. .......... 11;,6 Up 4 :lll Z.IJ 
..... ....... ~ ~ :~ Up 1 53 2. 17 

11 ... ... ..... . 0 70 2.IJ 
18 ........ ... . lti.IJ 0 :!\) 2:21 
:~IJ... .. . ...... 1t;.:l 0 f),j 2 .. 1-) 
~:L .......... J-1.9 Oow n 2 7R '-99 
~L .. ... ····· H.3 

I 
\'p l 7fl '-99 

-.!;) ..•..•.•. ••• ] :l .0 Down l :)5 'l.lJ 

"2U ..• .. •.. . - ~· }:).ti l:p ., 77 Lg6 
~ !arch L .... ...... 1i _lj 0 !\4 2 .7-1: 

5 ......... I l'>.' Dvw n :l ~~ J.CS 
n ........ .. .. 1~.:~ 0 G7 "1 .'.)9 

l ll ............ l ·'' l ' p 1 ()._~ 2.64-
11.. ..... ... . 

l '·" 
Down 2 5:1 ~!JS 

] :~ .. ' .... . ... ]"\ . ~ 

I 
0 7l 2.\ :l 

lH . ..... ..... 10.7 [p 3 :)~ 2/Y:!. 

] ~ ........ .... 211.3 0 s~ :Ut4 
:!".! ..... .. . ... . :!':l .l Down l !\i ~.55 
:,!:1 •.•. .. ..•. •. 31UJ Dow n 1 :,o 5!10 
"1-1- . ..... . ... . . 3"1:! 

I 
Down 1 70 4.S~ 

:!;) .• . ••....... :.;:):! 0 40 5.:!1) 
:!ti . . ... . .. .... :~J. I) [p 1 !\•) -l. I ~ 
:.>fl .. ......... ;;.t; Down 2 H : •• 1)1) 

April L .......... :~l.:J Down -l [):l -~ -~~ ., a~.u Duwn ~ 55 ~.OS 
3 ... .. . .. . ... :ltU J l "p 3 51 -~! 1~ 
5 ........ ... :?t;,o rp 4 67 ~. li 
{), , .... ...... ~:] .) I Dow n 3 il ~.119 
j .. .. ........ :?l.t) II t}:? ::! .flO 
9 .... .. .. . ... ]•!_:; 

I l'p 2 Il-l 2.GO 
H ...... ..... . j :.!:L! Uown 3 Il-l :l.l 7 

1L:::::::J ;!;) _;) l ' p ~ lit a .:\9 
:n.~ 

I 
l "p 4 l)() 4.17 

~1:::::::::::: 1 
:S:?.\ l "p 2 05 -till 
:l-1.1 I l'p .j w 4.118 

:!1: ..... ..... . :~t i . 7 T>tiWH ;J (j;J !Ul 
:?i ....... . .... :37 -=~ t:p 1 ro -l. li5 
311 . ........... ;)li .l l "p 4 53 :J.02 

May t::::::J ~:-1.9 l "p l 6-1 -! .OS 
:!H.5 L'p ~ +9 :J . Il~ 
~~-0 I 0 ;)R :;.17 

0 ........ . ... 2n. I nown 3 3:~ :l)j l 
7 .. ... .... ... -2G.:l l 'p 1 i ll 3.13 
8 ..... . ...... :?G. l t •p ., H :l.~S 

11 ............ ~!1.-t l'p ~ f>7 3.71J 
1:? ........ .. ... :n _,, Up 1 65 3.85 
]:) .. .......... :l1.6 0 r.l ·1.17 
14.. .. ... .... . 3:?.:! l ' p 3 59 -k2d 
17 ....... .. ... , :~l.O Up 3 -19 -~ .:l5 
1L ... . ... . .. :\.~ .0 Down ~ ·17 -H-1 
10 ... ....... .. 3~.9 Up 2 G2 4.01) 

*-: :·:.::::.:! 
:~:!.7 n \)wn 1 70 4.00 
:1 1.:! l ' p -l Iii) 4.0S 
:};) . l t;p 1 7~ 4.:35 
:ti:l I l'p 1 f.O I -1.55 

:_)(J ..... . ...... :ll)_:l 

I 
l "p ., 

I 
G9 

I 
-1.00 

.Juno 1... ..... . . , :;ii.4 I> own ~ (j~ ;;.oo .. ;Jij,4 u ~>n -l.H 

Vel ocity 5 fee t be low s urface in di visions mnnbcrcd-

JJ. UJ. lV. v. YL nr. nn. JX. X. 

-- -- -- - -- --- --- - - --- ---
Feet. Fe< t. F a t . Feet. F et l. Net. F nt. Ji'at. Ji'etl. 
-!. .05 5.Rl-l G.UO 7.40 7-40 6.80 5.So .po J-+O 
5.50 7 . G~ l s .:;:l ti .ilG U.t:JU (U)U I)Jj5 fl.41 4- 11 
6.116 7. fi!J 8.:l:; 8 .3:\ 8 .3:; S.70 •;.m1 G.UG 4·76 
0.()7 8 .~:; 8. 70 8.70 s.:Ja N .:J~ 7.(i9 7.H li .( \7 
7..!1 8.70 8.70 8.7<l 8.7\J 8.70 8.33 7.GO 7.14 

+.26 5.5G O.t ii' l j .!)V O.G7 G.OG 5.2/l 4.17 J.l 7 -1- .:)5 r) ./1 tU)I) G.Gn fl.!Jt) u.ou 5.:!U 4:16 J. I6 
:t;>7 5.1:\ ti.~:. , ; ,.~-;) GA:l 5.;1 J.iG 3.~5 :J .:! ~\ 
J.U~ ;>.13 li.UU l i ."l:) 1) ,2;) 5.il 4.71i 3.i7 3.13 
~.00 r):t:~ (i ,'1!\ H.:!.) ti .:!.") IJ .I)Ij 5:2(-) 4.-1-+ 3.ti~ 
-L b.i ;J:.!G U.\;H H:.!:"l ti.:!.) 5.:-R 5.'.lti ·LUll :\.i O 
-l.:bi 5.-11 ti.:!:) <'Ao OA."l t.L-l fl 5.H 4.5fl 3 .111 
.;) .70 ,1.10 :),,jl) 1;,:,!;') .).~1'1 5.f,R -Lf'S ~ .(IR :u:, 
:J.:i l -V IS ;j ,l :.} f· .51i ;) _,jt; :; .-11 +.76 ;;_jj 3 .1 3 
:ta!J 4.:\.j 6.1:J r,_7 1 .) .. j(j 5J:\ .f.ft;) :(71 a.ns 
:~.: ,!) .t.f;;} !) .. jli !1 .71 [),,jli n. :w ~A-I 3.!1:2 3.:!:\ 
0.-Ll 4.1 ;,; b.i] 5 .• ~s 5.5U io .+l {,(lj -I.IJS :lJi1 
:J .. Jr, -1-.Gi• [) _.!] 6.7 J 5 . .")(j b.:W .J.(;;) .J,t)O :~. 17 
2.!)\) :t!l2 +.~s [) .41 ;/,:.!•i 5:13 4.++ :].;")7 :;.os 
:l.J:l :tn~ -!J fl .->.:lli b.:W !\.00 +.17 :;y, 2.l) 
0.11 -Lilll +. ~>5 5.51) f> .:.W 5.00 -LilS :;,.Jf) :1.!)!} 
:l.]:\ M R J.HS 5 . ~u &.1 :~ 4.(:;) .J.li ·:t77 ~.l: : l 
:l.:\:j 3.h'• +. t;;, .:,.no [) ,1\0 +.' R -l . i),) 0.H:? ;J,li 
:q:, ~. 17 +.u5 [) .00 ~.tiU U ti ~.OS : ~_'j"j :?Yli 
'l .'JH 3.0:! 5.\J) 5.1l0 ,Li G U[J -L:?B 3.h5 2.1i'i 
'l.Htl 3.57 -l.:J5 .J .H5 J.H -Ui 3.85 :J.-15 :!.l.iU 
:u:l ~~ .R 5 4.!'5 ~ . t i5 -!.5.) ~:26 :1.R5 3A5 '2.5U 
~.sc. :-\,:)1 +.::5 -+. fl.) -+.55 ·I.I·S 3.70 3 . 0~) '2.C7 
=-~-7 7 -Lli!\· 5.Gti 5.71 5.-ll 5.1:1 ~.7G ~.i lb 3.1:3 
-Ln~ :l .:21 i U.UG (i,lt(i (i ,(J(j :·) ,:)1:) 5 ,!11) -i- ,;3 [, 3.7 0 
~ .118 -L';' (l 5./ifo ;,_.)fj fl .5G :u:~ -L55 :UI:l :! .bU 
:1 .t i-~ .. L(,) 5.:-lli .).1] :)))1) 0:2\i -LJ5 3.S5 :!.tiD 
3.U:l -t.7n 5.71 !l .'i l fl .7l G.i"IG ·L"'S -1- .:.!G :us 
4.17 4.1i8 f> .• jli 5.1 1 .J.il 5.H -J.76 :tH2 :l.0;l 
::.n2 4.1i5 5.-11 li.\1\.i ti .Ou 5Al U5 4.li :; .:\D 
-1 .00 [1,00 5.6\) \iA!i ti .Uti ll :l:) !•.13 +.:l5 ;-\.[) j 
fi.H ll .h7 8.:);) U.fl:! 8 .:~l 8.1JU lUlU tiA5 5.71 
U.:25 Hl U.IJJ D.tJn 8.70 8.\l<l 7.-n li.OU 5.88 
ti . ~,j i .H 

I 
8.7tl \l.5:! ti .iO 8.3=l s.uo 7.14 O,:l[l 

G. (j 7.14 8.7 0 U.llU !J.u9 s.:Ja i .G9 G.\lu n.uo 
{i,'2 5 i .titl ~),I I~ 8.7n 8 .i~) 8.00 7 .Gn fJ.li7 6.45 
ll.Ull 7.t>9 H.7tl 8.7U H.7tl s.uu '1.59 7.1-l 5 . ~8 
fi ,!)j s.:la 8.70 8.7•) 8.7 0 8.00 7 .t;O 6. :?~ 5.00 
:) _j l l\.90 8.33 s.aa H.33 s.a3 o.uo 6.:?5 4.88 
5.71 ~1 .4 5 7.W 8.UU i .on 7A1 7.H 5.7l 4.-1-l 
4 .. -)5 il .f1G l\Afi 'j .14 i .Jl U.-!5 o.ss .J.7G :J.iO 
~.:; ;; 5.-11 0. 15 iAl 7.H ll.!JU (1.25 us ~ . 77 
:5.77 -L++ 5.5ti ti.:!5 G.UU U.Ui b.5t.i -Ll 7 3.03 
3.-15 4.:!0 5.:W {J .71 G.uu 6.71 4.8S ;J,:jj 2.56 
uu 5.:!1 \ CA:i 7.1+ 7. 14 l.i .l ij 5.88 4.1i5 :3.45 
·I.:!H [) .:!li 7.l·l H.\JO g_IJil 7.1 -~ n.nu 4.~8 4.liU 
5.-ll tU)O 8.:\~ 8.7u 8.:J:3 SJ IO 7.-11 U.Oti 4.7 6 
H.IJl) 7.H u.un ~ .7 0 H.:\:J R.oo 7.-ll GA5 5.+1 
ll .Oti 7.1-1. 8.70 \).U!J 8.3:\ 8.110 7.+1 U.G7 fJ.:?ti 
H,tii !/ .. ):! ] <).1)1) !l.fJ:? 0.5:! 9.fd 8.:13 7.+1 6.90 
6.1ii s.:J3 !).5:! u.ou LI,IH) 8.3=3 7.0U 7,41 6.90 
f>.il 6.-lii ~ .70 ~ .70 8.70 H.UU 6.9tl 6.Ui ii .OO 
5,50 G.!JU 8.33 u.on 8.3-3 7 ,(i!J 7.14 6.0G 4.+4 
-t.7 U 5.S8 ti,lli 7.1 -1 G.OO Li.-15 5.7l 4.71l 2.82 
-~ . -!+ u.:!.:. 7 .1 ·~ 7.-!1 7.1+ G.li7 5.88 ~ - 8~ ~ .33 
4 ,[);) tS.Oti 0.!10 8.00 7.09 7.41 5.88 5.1 3 3.57 
+.35 !\.71 5.45 7.09 s.ou 7.1-1 U.Oti -IJ i;j ~ -3~ 
·1.50 f> .·ll 7.H 7.f'D 7.-ll O.!JU 5.88 5.00 3.39 
5.00 6.-15 7.00 ~ .00 8.00 7A1 5.0U ·L88 3.07 
5.41 0.+5 8.00 8.7tl 8.70 7.G9 fi.l i7 5.56 4.17 
5.il (J.-15 7.09 s .:l3 8.i0 8.110 U1 5 .~~ +.A-~ 
5.-n 6.90 8.00 8.70 8.70 i .69 0.00 5.'il +.17 
H.06 7.-ll 8.00 8.33 8.00 7.-11 fo .!lO 5.71 -1.08 
6.+5 7.41 8.:13 ~.a:l 8.00 7.69 Ul 5.SS ·I.H 
5.&8 7.H 8.00 8.33 8.33 7.69 6.!)() 5.88 4.17 
5.51; 7,14 8.70 8.00 8.00 7.G9 6.00 6.25 4.16 
5.26 6.li7 8.00 8.70 S.iO 8.00 7.G9 G.::!f> -t..n5 
5.71 7Al 8.3.3 \1,(1!) 9.52 S.3.3 7,()9 G.07 .J.I 5 
5.FS ti .th) 8.70 0.5:? !l . .i:? 8.3'l 7.41 6.90 5.00 
5.H8 ti.90 8.70 0 .:):! n.o2 8.70 7.-11 o.no 4.05 
ti.l5 ' .00 !1.0!1 \l ,0\1 8.70 s.:J3 7 .liO 7.1-l 5.71 
il.OG 7.1 -1 9.5:l 0.52 0.09 8.33 U I 7.14 4.55 

--
XL 

- -
Pl!et. 
2 .2 0 

l-9 1 
j.j6 
4-87 
G.OG 

'-97 
).g6 
2.0J 

1.9) 
2-H 
1; ,\)1 1 

2.40 

2-2 5 
2.17 
q 8 
'-9l 
z.z r 
t.S7 
qS 
1.05 
1.1><) 
:!Al 
1.87 
1. )6 

L J7 
l .2 J 
1.26 

L J7 
l.SJ 
2-+0 
L 56 
1.69 
2.:):~ 

2.0J 
2 -19 
2.5li 
+.17 
4. :15 
4.2G 
3.92 
4.rl5 
4.08 
.J.08 
4.00 
3.17 
3.11S 
2.1-i7 
:!A-I 
2.1:3 
1.90 
:!.113 
3.57 
4.110 
:1.ii 
;l.(j .j 

3.85 
2.82 
2.fi0 
2.ll 
2.~7 
2..1 7 
2.:!0 
2.22 
2.30 
2.57 
2.35 
2.60 
2.50 
2.S2 
2.fi3 
2.56 
2.R2 
~.78 
2.78 
2.00 
2}Hi 
2.G7 

lJ ist: l1 11 rgc per SCCO!I cl . 

API 

Oulri cfe-t. 
\89:3 
9,Htl 
u,037 

(j!)! 

82' 
OF 

1,071 
1,14 

-~· };j 

s:o~4 

os · o,6!)2 
,:liG 

),127 
2,4~4: 

US-I 
6:!1 
CIJ" 
(31 
C+l 
()( ~~ 

50' 

,0011 
+H 
~5~-\: 

2;u10 
iY27 ,ccu 

,1 !)() 

558 
;j 1j 
5'25 

(.t!J5 M 
5:![ ~,::: ! !) 4,, . -,-•)1 

J,0.'-1!) 
l,:!.S..J. 
S,:!:~5 

-llj ( 

-1~1 
J (, 
40 ~'~~! -~ l i' -,: /;)j 

+ H,~07 
2,7+1 -1 \r 

-Il l -~~ ~H:. 
:JQ• J AS-2 

) ;)•)•) 53• 
6:2~9 f>\) 

0-11 I,CJ07 
1,331 
l,~l:!~ 

5~ 
5{1\ 
{15~ ',n~ ... ) 

i,5:Ju 
l,IJ70 
),135 
s,:.n5 
s u3·> 
o;1-18 

57: 
H) . 
nm 

] ,O'i 
1,ll 
l ,ll 
1 ,1 ~ 1,05\l 

1,772 l , J ~. 
110· 
1:01. 

5 U-lti 
n:1 o~ 
0,715 !)3 

/[JI - ·>10 
):550 

1,0]!) 
1,5:J:J 
l ,S~li 
1,~0 1 

5,H 5 
7,426 
2,308 . 
3 330 
7;!)1}4 
5,7J7 
l,+ O;J 
0,9+7 

7-lt 
li3 
51': 
il 
7D: 

j :g~ 
1,0!)' 
1 30' 
J::?:J 
1 OR· 
1'05 
'78 
7H. '> 033 

2:Gs-l 
S,G!iO 
,208 

81· 
77-
781 
SO· 5,ni1 

1,012 
0,090 
7.f>28 
3,758 
7,307 

95f 
98 
98 
!)g• 

J ,O~ 
O!l 1 .. ,:!29 

~,0!'13 
0,710 
5,20G 
~.6n 
1,3!\8 
1,101 

::!,GUl 

1,oo· 
1.o:, 
1,11 • 

1'17' \n; 
1:1G 

OuUicff'et . 
GDl ,l':lu 
811l,ll0 
965,380 

1,061 ,480 
1,137,600 

676, 110 
IJ5t'i,(l00 
(i01i.l 10 
583,180 
f>16,73tl 
639,li-l0 
GG0,-~80 
(;02.(i80 
5:~7 ,700 
51 5 1 :~:~o 
50(i,7(i0 
f);~IJ , (l(-iO 

[J0fi,7.'!0 
+-'1 .1i:!O 
+H;l :iO 
· 1 7~,;;r:o 
4UII,ii(l 
4H0,5F5 
-~ 5fl,1 80 
4:!H.560 
400,800 
30!1,230 
3~1 1\flOO 
52fJ,:tw 
5(18,8ti0 
53:~,M10 
f/.!n,-l_10 
53\l ,OSO 
5&-.?,nso 
583,800 
60G,fi(i0 
981,070 

I ,ll58,880 
1,1l08,400 

I ] .105,0\JO 
1,129,800 
1 104,900 
] 

1 115~,670 
. 'H8!),F:50 

0-111,780 
77i ,G-W 
709,060 
62:1,070 
5fi7,810 
682,150 
799,5+0 

1 03ll,770 

rm:~~g 
J '236,1i00 
l 'U 3,390 
] '050,000 

'803,2+0 
7SU,550 
778,1182 
77 6,fi50 
786,570 
889,32+ 
O!i5,320 
9i0,080 

1,UO·I,Ii40 
1,010,900 
1,007.700 
1,1105,000 

082.:3+0 
1,077 .GOO 
1.11 ·1,000 
1,1;"1,300 
1 ,l:l9,880 
1 , 1 -l:l,~00 
] ,150,720 

J\l cnn ve­
locity 

of river. 

Feet. 
5.Hl:J 
5 . -~-~:!8 
7M57 
7.5766 
7.9938 

5.2380 
5 . ~11o1 
'.!-. ~ !)!)!-) 

J.79Ul 
5 .01:!~ 
f) .1 3-l9 
5::-H)8 
4.901iS 
J.4li71 
4A:i8-l 
-1.-1:<1 8 
.JJi95ti 
,lA-:!1 5 
.J.:?:?t;o 
J. l!l!O 
J. 2+iu 
J..1 3fJ7 
•UJ!lO 
J.i l-!70 
3.!)1 53 
3.7 U5U 
3.72U1 
3.71C8 
-! .5582 
4-b~H 
-1- J, j()l. 
-!-. 55\17 
·U i-l ;:>O 
-l.Li84() 
4. ~7 3:2 
5.0Uni 
U.!lll17 
7.338+ 
7AH40 
7 .-10.! 5 
7.47 ·10 
7 .~356 
7 .077:J 
6 . 8~29 
6.0324 
5.S:'42 
5.5Hl 
5! ·0l U 
4.7H4 
5.a5-ts 
6.0:180 
7.111 ~ 
7 .:m G 
7 .a675 
8.0:!38 
7.8030 
7.J.J55 
n.s5.j5 
5.G8~8 
5.6907 
[ )_j5(i6 
5.787:1 
5.85:.!\) 
6.3082 
G.G11l8 
6.n517 
6.S27 l 
6.80-W 
G.i t.i05 
6. 7 58~ 
P_l 51'5 
7.l ilF ! 
7 .~:2 Hi 
7.:!\140 
7 -~~1-1 ·7 
7.:li)Gl 
7 .: ~;i3S 

* The mea~ urcmeuts in December, 180i, were made by party of Liel!lcnnnt H . L. Abbot, Corps 'l'opogrn pbical Engineers . 

0 



CVl 

Date. 
.; •• 
~ 
-

1858. .rr rt. 
Juno 3 .. . .. . . .. ... ;!( i.li 

7 ...... . ... .. ;jj .v 
8 ............ :l'> .I 
9 .. .. ...... .. '~' '.I 

1L ...... .... 3U .1 
lL ... ....... :IU .s 
15 ....... . .... ~ I 1. 1 
Hi...... ...... ~ I 1.~1 
17 ....... .. ... ~ ~~ .. ) 
18 ......... .. . ·10 .7 
1\l... ......... -IU .7 
22 .. ........ .. -10 .9 
2,; ...••....••• ·1•1 :1 
~6 ............ 3\l .8 
2S ......... . .. 38 .0 
i'J . . .... ...... 3U .i 
30.. .... .. .... :~ ,) .0 

July !.. ... .. . .... :~! .a 

Aug us t 

2 .. . .......•. 311 
3 . .. .••... ..• 2S 
5 ... ..... .... :?U 
ll .... .... .... 2-1 
7 ...... .. .. .. 2:.3 
8 ... ...... ... 2:.! 
9 ............ 2~ 

12 ........... . "2.1) 
13 . ........ .. 20 
1-~ ... ... .... .. 'lO 
15 ... ... ...... 21) 

16. . ... . ...... 19 
li .. .... .. ... . l U 
19 . ..•.... .... 10 
20 . .... .. .. . .• 20 
2l. .. .•...... . 22 
22 .....•. ..... 2:3 

.8 

.s 

. u 

.8 

.i 

.9 

.2 

.0 
A 
.-I 
·• 
.9 
,6 
.9 
.7 
.3 
.7 
-~ 
.9 

:.!4 ... . .• •••.•. 2-1 
26 ... •.•... ... 2.5 
27 ..•...• ..••• 2U .:l 
28 ...... ...... 2U .2 
29 .. . ........ . 25 .!) 
30 .. . ......... 25 .·1 
3l. ..........• 21 .3 

2 ............ 2~ .·1 
3 ........... . 21 .8 
4 ........ .... 21. .2 
5 ........... . .7 20 

20 
20 
20 
21 
20 
20 
20 
19 
1 
18 
18 
17 
17 
16 

6 . .•.... ..... 
7 ..•....... .. 
9 .........•.. 

10 ....••. ..... 
11 ........... . 
12 . .......... . 
13 ..... . ..... . 
1L .. ....... . 
16 ...• ........ 
17 .....•....•. 

1 ············ 19 . .... . ..... . 
20 .....•...... 
21.. ......... . 
23 ..... . ... ... 15 
2-l.... .. .... .. 15 
25 ..•.. . ... ... 1-1 

.5 

.3 

.9 

.1 

.9 

.7 
•) 

:~ 
.9 
.0 
.3 
.9 
.5 
.9 
.9 
.3 
.7 

26 ....••...•. 13 
27 ... .. . .•... 1:1 
30 .... .•.. ... . 1:1 

.9 

.7 

.0 
September 2.. .. ........ 12 

4 .. ..... . .. .. 11 
.7 

October 

6 ..•. .•.. ..•• JU 
7 ... •.•...••. JO 
8... .... ..... 9 
9.. .......... 0 

10.. .. .... .... u 
11 ............ 9 
13 . ... ........ 9 
H ..... . ...... 10 
15.: ......... . 
16 .. .... ..... . 
17 .......... . . 
18 ..•.•....... 
20 ... . .. . . .. . . 
21. ...... .... . 
:!:.! ...••• ..•••• 
2:1 .....• ... .. • 
2-1.. .... ...•. . 
27 ... ... . . ... . 
29 . . . ..... .. . . 
30 ...... ... . . . 

] ......... .. . 
:! .......... .. 
4 .. .. .. .. .. . . 

11 
11 
1l 
ll 
10 
10 

9 
0 
8 

,() 

.9 
A 
.0 
.5 
.2 
.0 
.1 
.4 
A 
.5 
.5 
.:! 
.7 
.:J 
.9 
..1 
.~ 
.:1 
.R 
.5 
.1 
.I 
.7 

REPORT O N THE MISSISSIPPI RIVER. 

Current-meastwements at Columbus-Continued. 

Velocity 5 feet bC'low surface in di\'isions nu1n1Jcrcd-

Wlml. No. of 
fl oats. 

I. n. iii. n •. ~~~~~ ~ vn. YTIL 1X. X . XL 

---- - - -- -- ---
Pu t. .fil tt. li'etl. l·~·t. J<'o·t. Pert. ~ett. rfrt. Peel. Feet. Feet . 

Up ·I 43 -1.00 5.bS 7.-1 1 U. ;)~ u.uu S.7U 8.00 i.-11 0.-15 5.1)() 2.7q 
Up 2 01 4.:)[) 5. s 7.-11 u .. J.! !J.,j :.! u.ou h.iU 8.00 i. l-1 u.:w i.5H 
l ' p 1 [)I) -1. ·1~ li.-15 ~ .00 !J.U!J !1.5:! !J.f~j .70 8.01) 7.11 [1,·11 2.0-1 
Up 3 [d -1.17 0.67 7.09 9.1~) 10.00 !).5:? s 70 j , ij!) 6.91} r).no 2.7S 
nown 3 ;j,) -1.-1-1 7.1-1 CJ.f1'l 1 0.1~} l ll.OO 11l.t)() 9.UH s.:s:s 7.-11 s.sr :1.2 1 
Down 2 uv us 6.(;7 7.1;9 U.G2 111.5:1 11J.IIU CJ.f>:! 8.3:1 h.IIU O.HU 3.77 
Up 3 7:1 -1.-1-1 G.25 7.41 9.09 11 .11 l tJ.5:} n . .l:! 8.70 7.(jU 5.5(\ 3.03 
Up 2 7l +.SS li ,!)U s . :~J liJ.I)(} 10.5:l lll.!i:l 9.5~ 8.70 7 .!)!) ti.U7 2.7 0 
Up 1 70 5.011 G.!hJ H.IJO IU.IIU IO.ii:J l O.G:s 10.1)() !J.tP.J S.a:; o.n7 3.08 
Up l Stl -1 .70 ti.9J 8.33 10. ,\3 10.53 1o . .1:-1 lO.t~J 0.09 7. ti0 U.-15 2.11:3 
Up 1 83 5.0U 6.!)0 8.00 ltJ .5:\ 10 .. \3 10.53 LO.t}(l 9.09 7.UU 0.-1 5 ~.iO 
Up 1 42 5.00 0.90 8.70 10.53 10.53 10.00 9.09 8.33 i .GCJ 0.2.:> 3.:tl 
Up 2 :13 ·1.26 7.1-1 9.09 9.tlQ 9.00 9.00 R.iU S.IJIJ 6.90 O.Ou :2.8::! 
Up 2 lj'j 4.55 i.-11 ~.52 9.0\J '>.it) 8.io b.70 i.09 O.t\7 5. 11 ~. ·li 
Oown 1 1.1-1 :1.9~ fi .90 8.70 ti.l~l 8.i0 .iO .:l3 i.U e.m a:.w "2.70 
Oown 2 70 -l.53 ():15 8.i0 9.tl9 R.<~J . :~] .1)0 7 .1·1 6:25 -L5r, ·2.8!1 
Up 3 U3 3.113 5.2() 7.H dJO 7J)~ .tll) 7.H 6.67 5:!ti 3.9:! "2.11(1 

(l 2 GO 2.-1 7 ~ .00 5.511 6.H7 7.6!1 7.-11 O.!JIJ lj,Oti 5.00 a.:tt 1.31 
Up ~ G~ :?.O:l 3.~ ·I.SS 0.·15 u.w U.-45 g:~ 5.2G ~.17 :3.0:.! L :!:l 
Up 2 31 2.60 3.6-1 -1 .:]5 b. J.'J 7.1~ 0.25 5.13 U7 2.70 l ,:J;J 

Down .. 55 2.3/l 3fl.l 5.71 O. l,j 6.+5 5. il 5. 26 4.05 3.ii 2.70 1.:!:1 
I)O \VJl 2 G,j 2.08 3.28 5.00 5.71 0.!10 u.o7 5.7 1 4.-1-1 3.39 2.11!) 1.56 
Up :) 57 U ti :\.33 :J.Rb -~ -~~ OAo 0.45 5.n 4.35 3.03 2.2:") 1.0 5 
Down 1 1.1-1 ).59 2 .07 4.3;; 5.:2{} 6.1\0 5.~s 5.00 4.55 3.1.1-1 ~.:J\l \.25 
Up 2 li(l 1.63 2.56 3.f)j 4 .6f) 5.71. 5.f>H 5.1lll -l:.!t) :!.90 'l:l'l o.m 
Down ~ 75 1.05 ~.ti7 4.35 5Al f> .i \ 5.2tl 5.00 H \5 :1.1:] 2.1:] O.U 1 
lip 3 70 ).72 :l.ll7 3.\1-1 ~ .2(\ 5.'L4j 5.00 4 .5~) 3.ti2 :\.()~ 2.17 0.\1 1 
Up 3 50 u s 2.-l7 3.:~3 -1.·1-1 5.26 5Al 4.35 ·I.IK) :J.O~ '2 .1i 0.87 
Up 2 H 1.68 :!.56 :l.:J3 -1.211 [),{)(.) o:.w -1..)5 +.oS :!.i.t 'l.'2[) 1.11 
Up 1 [,f) u :J 2. 15 3.·15 -I. tiS 5.13 5.1! -1 .<6 ~.V'2 :J.IIK '2.0'2 (I .Si 
Up 1 5o 1.:w :!.:!:! 3.13 a .. '>u :5.:-W 5.1:] -1.:15 :tu~ 1 :! .Hi ~. 1 5 0.\15 
Down 2 .S-1 l AS ~.Hi 3.-15 -I .:J:i 5. 7"1 5.:!1i -4 •• ).3 U 7 :1.:.!:J :! .:!0 0.~5 
Up ~ s:l 

i:~~ :!.50 3 .. ) 1 ·L5d ti.:!.) ti.U1i J .l 3 4.3.i 3.17 :.!:20 1.1 2 
Up 2 5..1 2.Ui J.26 6.00 6.i1 <i.Uti ;) .:!fj ·1.55 3. 13 2.20 1.:.?:! 
Up 2 50 ],j!) 3.2q ~ -~~ u.~ jjJ}.) ti.:!J ; . .;u ..t .55 3.-15 :!A-I 1.1 0 
IJown 3 6.3 2.50 4.'JJ ti.:?J i.l4 7.1·1 fi.:!j 5Al -1.65 3.17 2.50 1.:12 
Up 1 5R :2.-17 :!.5 1 5.00 fi .-13 7.-11 tLti7 0.06 5.1:J 3.~ 2.70 1.50 
Up 2 57 "2.-?i 3.70 -l.i !J 6.:.!5 7.-11 ii.-45 5.il 5.13 3.~ 2.-17 1.~~ 
Up 2 6-1 :!.:?:? 3.70 -1.8' GA"I 7.1 ·1 6.25 5.sq 5,l:j ~.70 2.33 1.17 
Up 2 60 :!.1 5 3.~5 5. 13 fi.:!J • 7.11 GAJ 5 . ~~ 5.tXJ 3.39 2.3S 1.1 8 

p 2 50 z.u~ 3.39 -lA I 6.50 H.Ot} ti.-15 .\AI 4 .6.~ 3.:t! 2.3S 1.05 
Up l 57 2.0-1 3.3U -l.IJS G.:!.·, ti.li7 li.:!.J [1 .-41 3.'ib 3.113 :!.:?:? 1.11;\ 
Up 2 Gl 1.7-1 3.23 -1.00 ~- 70 0.0() 0. :?5 5.13 ~. :35 :!.90 2.06 O.i -1 
Up 2 5~ 1.59 2.78 -1. (}(} 5. 13 5.il [1 ,[10 fUkl -1.20 3.17 2. 11 O.U:.! 
Up 2 61 1.56 2. u ~ .1\.1 J.5,j 6.il 5.,$ -1.7 0 ~.3,; 2.82 1.9U 0.82 
Up 2 61 l.-h1 2.50 :uo ~:~~ 5. ~~ 5.1 3 -1 .65 4.118 :!.t/9 :!.02 1.~ 
l)p 1 62 l.UO :! .50 ~ . .j l 5.7 1 5.50 -1 .88 ~.35 :l.hO ~. 1 L 0.66 
Down 1 58 1..(1 2.90 :l.7i -t .t){) ti.Oti 5.513 -1 . 8 -t.35 3.0R 2.15 0.90 
Uown 1 53 1.67 2.99 :3.H2 -1. ,8 0.00 G.:?.J 5.00 -1 .20 2.S6 2.\lO 0.75 

0 70 1.65 2.90 -1 .00 ·1.88 6.06 5.50 -1.88 .).:15 ~ :g~ 1.82 0.89 
Up 1 55 1.57 2.50 3.8~ 5.00 5.""! 5.S~ ·1.76 ~ .17 2. 15 O.u7 
Down 2 5-I 1 .69 2.67 a.n us U.Od 5.50 t~ 

.J.:l5 :l.OS 2. 17 J.lU 
l)own 2 51 1.57 2.00 3.i0 -1.35 5.7 I U.:!5 -1:20 3. 13 2,0 1 1 .16 
Down 1 5R 1.6 1 1.74 3.77 -1.17 li.il 5.il -1.55 ·1.35 3.i i ~-~1 O.S-1 
Down 2 GO 1.61 2.60 3.8~ -t.Hi 5.26 -1.~ -1.55 .J.oS 3.0S 1.79 o.o;, 
Down 1 ·~ 1.90 t~~ 3.4 5 -1 .~6 5. 13 -1.7 0 ~ . 35 -1 .00 ~.78 1.50 0.81 
Up 2 05 1.35 3.28 3.% 4.-1-1 4.55 -1.26 3.70 2.-17 l.-1 5 0.77 
Down 2 55 1.2a 2.13 3.6 1 ~A-I 5.20 4.76 ~ .26 3."7 t~~ lAO 0.78 
U1> 1 55 1.50 2.13 ~.23 3.77 4.-1-1 -I .+I 4.~~ 3.77 1.82 0.70 

p 2 73 1.~8 2.20 2.9 1 3.85 ~ .55 +.20 4.0 3.70 2.3/l 1.-12 0.50 
Down 2 58 U li 2.25 3.08 3.85 4.tl5 5.00 ~.0 3.51 2.b2 1.57 0.90 
Down 2 58 1.1 3 1.90 2.!')3 3.~ -1.3J 4 .60 -I .(J() 3.51 2. 6 2.00 om 
Oown 2 02 l.H 1.87 2.U-1 3.85 -1.3;\ -1 .17 3.85 3.33 2.82 1.83 0.70 
Up ~ 25 0.83 1.55 ~A7 3.08 3.-1 5 1·55 1·45 J.l5 ~-55 ' ·55 o.ss 
Up 3 65 1.30 1.80 2 .:!~ 2.GO 3.-15 ~.70 3.3~ 3. 1:l 2.50 1.67 0 . ~3 
Down 2 58 1.18 1.7i 2.3~ 2.'>2 3.3:\ 3.-15 3.:JO 3.1i 2.i0 1.-1-1 0.67 
ll p 3 72 1.07 1.5 1 2.33 :.:. :l 3. 2~ 3.39 3.23 3. 17 ~.50 u o o.os 
Up 2 00 O.OD l.-12 1.\JO Vii ~.uu ~:~~ 3. 1i 2.UU :!.GO 1.50 O.S3 

p 2 5-I 1.10 JA3 2.08 2. -17 3.oa 3.03 2.7-1 1.77 0.78 0.51 
Up 2 as 1.14 Ul 2.02 2.60 2.7-l :L '-i:! :?.9-J :!.10 ~ .:!b l .o7 0 .-15 
Up 3 56 1.01 Ui 2.(}(} 2.-17 2.00 2.86 2$2 2 . .Jt3 2.(!2 0.98 0.5-1 
Up 3 M O.i:J 1.25 2.0-1 2.-17 2.74 2.82 2.h:l 2.0:3 1.1).1 1.02 0.-18 

0 53 0.92 1.53 1.!J.I 2.00 3.17 3. 13 2.90 :!.7-l 2.00 1.20 0.36 
J)own 2 50 1.113 1.2:> 2.06 2.35 2.99 2.90 2.90 2.70 2.:~1 uo O.:l-1 
Down 2 0 1 0 . 7 1.33 1.00 2.3.1 2.iH 3.2S 2.~2 2.50 2.17 1.21 0.39 
])own 2 06 1 .02 1.31 2.00 2.7-t 3.39 

~:H 
3.39 3.0 2.1l3 1.01 0.71 

U1> 2 01 o.9,; 1.3~ 2.00 2.70 g:~ri 3.13 2.94 2.-ll 1.-1-1 0.7 5 
0 +I 1.05 1.31 2.5') 3.23 3.5 1 3 .:!8 3.13 ~-II 1.] 8 0.2.0 

Down 2 57 g:~~ q~ 2.33 1 
2.90 3.57 3})7 3.33 3.11'> 2.33 l.l 'l 0.3-1 

Jl I 5~ 2.38 2.90 3.17 3.45 3.1:J 2.W 2.20 1.20 0.211 
p 1 ~0 0. 7 1.-11 2.~1 2.78 3.17 3.51 3.13 ~.so 2.15 1.u:J 0.50 

Down 1 65 1 .01 l ; L2 2.11 ~:~ I 3.0~ 3.:10 3.23 2.!l<J 2.33 1.55 0.5~ 
I)OW II 3 62 1.04 uu 2.a(l 3.17 1 3.3.1 3.33 t?~ 2 . :?'~ 1.1 0 0.58 
Up ., &8 1.1~ 1.41 2.00 2.3~ 2.i>tl 3.113 :U~J 2.\1-1 1.08 0 .4~ 
Up 3 fil 0.9 1 1.-12 1,80 2. 1-1 ., ·o 2.'-0 2}~:2 2. rxl 2.00 o.so Q.[d 

3 &7 0 •. , 1 .05 1 .US 2.:Al 2:~, I :!. :,o 2.5:1 2.33 1. 0 0.73 0.39 p ·'-
p 3 56 0.78 

u~ 
1.59 2.17 2. 17 ~.bfi ~:~ 2.30 1.75 (1.77 0.:15 

Up 3 5-t 0. 3 1.77 2.0:? :?:.!'-) ~AI 2.13 1.71 0.02 0.-12 
Oown 2 [l:l 0.79 u:l 1. 5 :.!:!".! :?.!ll) :!.i l) :.!.1\0 2.50 2.00 0,02 (1 .51 

p 2 r,:J 0.7:! 1.\11 l.i>O I 1.9~ I 2 .• , I 2.11 z:n ~.11 i. ,j5 O. i O 0$1 
Up :l 6:3 O.f.1 1.09 1.63 2.13 :!.:!'.! 2.1a 2.27 2 .0~ I.-I ll M l 0 .1 0 

Disclt fH ·go per second . 

-
Appro X. 

CuMc.f< 
1;1:s'2, 11 
I 1 1 U9,S~ 
l ,:t:!:l,J 
1,:.!:!1, 1 
l ,:t~fl,f 
1,:H8,7: 
l ,:t~..;:;.!t 
·l ,J77,-H 
1 ,o.~oa ,.::. 

25 1,-10 1,:1· 
l ,..Jt)0,7-lb 

:H 
ll) 

1,3S-I ,l ' 
1,:!71),:3\ 
1,:!-H),I)r: uS 

9'1 
I(} 

1,\ 80,9 
l ,lHJ,!Jt 

9So,: · l:J7 
7 

Btl 
l7 
" 1 
5 

835,-1 
7-n,:J, 
fJUH,2t 
1.1-11 ,01 
I):!.J , 11 

''l U57,8t 
o-n ,:21 
~ n;) .m 

{\UH,a' 
45:>,1" 
4f)7 ,H 
·lMl,o: 
·11 5,:!1 
.i:.m,r), ~3 

l7 
-1 
7 

j j 

-i t1-I,U 
-lh~,~J7 
5 1li,!ll 
[l!Jl ,6t 
66H,7 99 

21 
87 

OHG,7· 
OGO,~ ' 
G59,77 0 

2:! 
\5 

00 
51) 

tib7,0' 
ll0S,9( 
60o,i 
627,!) 
W9,S7 3 

oa 
.25 

-I SS,S. 
-17ti,2• 
-1 1, 
·IO:l,U 

(}(}-1 
lO 
l2 
0 

508,7 ~ 
503,81 
407,( IUS 
407,51 .2 
~7,U 
-1 ~1 ,3 
450,8 
4:tl,1 " 

85 

-1 0 
2-1 
15 
10 
22 
80 
17 
22 

388,5 
417 ,0 
aS5, l 
306, 1 
379,0-
35-1,1• 
3-10 7 
wo;-1 
2bi,81 
282,1 
:l73,:.. 

~~·~ , 
22U,H' 
2W,5: 
21-1 ,4 
:t.l ,5 
22'2,0. 
2 1 ~,5 
260,7 
25·1,1 
271 ,7 
2un,a. 
:.!55,8 
261,._. 
2-1 7,: 
249,31 
:!'.l1,t 
200,:] 
1RO,Hl 
177 ,( 
170,1 
1 8~ . 5. 
1\i<J,O 
105,7f 

Corrected. 

CttMcfeet . 
l , l UO,U7U 
1,2tJ0, .170 
1,:?2 l,OSO 
1,2.J1 ,.220 
1,:!SO,UOO 
1,:J1R,:JOO 
l ,~l-tH , -I Cib 
1 , : 1~7 ,8~0 
1,-t O:!/J:!O 
l ,-10:1,-100 
J,:109,UOU 
1 ,~83,080 
1,28B,1:20 
1 ,258,&~10 
1 ,156,'.:H\O 
1,090,010 

007 ,2fi0 
8~1 , 220 
7~ 0, -1 20 
671,260 
018,7-1 0 
601,810 
5fiR,500 
[>:1:3,:3:!0 
·IDO,i 30 
477 ,3-10 
·lll-1 ,400 
<165.810 
4fi0,130 
-1-13,060 
·l".!-i,6:30 
+1 5,1~0 
-t02,i20 
520, ~0 
690,350 
639 010 
6~'ooo 
665:·130 
GG~1 ,3 1 0 
601,5;!0 
61:1,580 
5~~,5SO 
531,500 
513,7:\0 
·10:.!,500 
4ifl,830 
479,270 
·ISO,llO 
4!15,810 
·105,70 
<105,~20 
47g,740 
~ 68,000 
~ 6'7,500 
432,~30 
410,5;J() 
391 ,310 
385,3 0 
3 3,260 
368,990 
363,560 
339,670 
332,620 
300 ·>·>o 
w .1::iso 
267 ,700 
270,740 
:257,n o 
235,0~0 
2"28,200 
220,9$0 
210,330 
22:2,-tOO 
211 ,500 
210,500 
:2-17 ,3\tO 
:!55,0:10 
21l6,2:JO 
:2flr, ,fi70 
25a,730 
240,2-tO 
2:18,150 
23.1,140 
0)•)•) ()1)() 

21.t:1oo 
J H-I ,HO 
1 Rl ,Of~l 
17·1,070 
l iH,R..fl) 
1U l ,7RO 
150,360 

i\Jcnn vo-­
locity 

of rive r. 

Feet. 
7.:l!JSO 
7 .5~7! 
7.G:25 l 
7.11!H7 
"L.HN:!G 
8.0:3[13 
8 .1 \J15 
8A01fi 
8.·11i78 
8 .'1-I!JO 
8.4278 
8.:3054 
7.7\JOO 
i .1)708 
j ."2·2{12 
O .O;lli~ 
6.5112-1 
6.1;1:1o 
6.l :J!J4 
·I.Hf!IJ:l 
-I.();J.IJ 
·I.MI78 
~.-1 2-1 8 
·1.211i 4 
:l.!JOO\l 
3.11207 
3.8282 
3.H3\JS 
3.8000 
:u;HI\O 
:\.~502 
3.7031 
4.0~00 
-L1 525 
~-li~ lti 
4.SRU 
4.98~0 
~ .9ti7:l 
4.!1fi00 
·1.!1028 
~.611 ·1 
4.53-10 
4.2208 
~.1 :n<t 
4.00~3 
3.93-1 ~ 
3.0-137 
3.071 8 
4.0508 
4.0.158 
4. 1-10 1 
3.9:335 
3. n~ 
~.8955 
3.0029 
3.7~07 
3.35"15 
3.:l:25-t 
3.3310 
3.2 1-1 
3.2605 
3.0790 
3.0fi05 
2.7975 
2.75·10 
2.5-160 
2.6703 
2.49-18 
2.a2R2 
2.2N5l 
2.23!)0 
2.2384 
2.28·15 
2.1 26 
2. 1080 
2.47 00 
~ .5 1 38 
2.60-15 
2.51~)2 
2.4079 
2.4703 
2.3802 
1.:1(>2R 
2.2766 
2.~ 1 !)4 

1.07!)0 
1.001 b 
l. ROS1 
1.0:\77 
1.71>08 
1.7705 



APPE N DIX D.-C U RRE N T- MEA S UREME N TS ON MI SSISS I PPI. cvn 

Cu?Tent-measu?·ements at Columbus-Continued. 

Velocity 5 feet below surface in divisiouB numbered- Discharge per second. 
0 

Wind . No. of Mean ve-
Date. !:!' -- Jocity 

" 
flouts. 

of river. 0 I . II. Ill. IV. v. YI. YII. vm. IX. X . XI. Approx. Corrected. 

---- - - -- - - - -- --- - -- -- -- - - -- --- -- - --- ---- ----
1858. Feet. li'eet. Fed. Fed. Feet. F'eet. Feet. FeP.t. Feet. Feet . Feet. Feet. Oubic f eet. Cubic f eet. Feet. 

October 6 .. .. ... . .... 5.3 Up 2 55 0.6:3 1.05 u .u 1.H :1.00 2.08 2.17 1.~~ lAS U.i7 0.39 H R,:JO:.! HO,U70 1.6718 
8 .. .... . ..... 4.8 Up 2 59 0.50 0.09 1.53 1.83 2.08 :1.04 2 .0~ 1.89 1.41 0.91 0.40 14-5,Li7n H f\,430 1.661 5 
9 . ..... ...... 4.7 Down 1 58 0.83 1.07 1.53 l.U4 2.17 2.:33 2.17 1.87 U 9 0.86 0.56 1. 5'2,!)97 145,930 1.6598 

11 ......... ... ~ ·) 0 59 0.83 1.23 1.54 1.80 2.00 2.17 2.11 1.75 1.36 0.86 o.o3 14~,i llj 1.40,820 1 .6200 
1::? .. .... ...... 4.0 Up 1 60 0.84 1.03 1.49 1.90 2.08 2.30 2.25 1.77 1.~0 0.80 0.48 1-16,208 1-1-1,;170 1.6697 
13 ......... .. . 3.9 Up 2 62 0.66 0.83 1.30 1.67 1.92 2.00 1.92 1.80 1..13 0.89 0.38 133,788 13-1,-170 1.55!)1 
H .. ... . ...... 3.8 Down 1 57 0.85 1.08 l.-11 1.9~ 2.0-1 2.11 :!.ll 1.96 1.35 0.76 0.57 1-1 3.:351 1:!6,7+0 1.5892 
15 . . ... ....... 3.6 Up 2 50 0.69 0.94 1.38 1.61 1.83 2.06 2.1 3 1.94 1.18 0.54 0.33 131,959 132,630 1.5490 
16 ...... . ..... 3.5 Up 3 44 0.78 1.03 1.31 1.60 1 .7-l i:~~ I 1. 2 1.67 1.43 0.7 1 . 0 .10 125,il2 128,670 1.5063 
18 . .. ... ...... 3.3 Up 3 46 0.65 o.n 1.33 1.5G 1.72 1.90 1 .90 1.49 0.67 0.36 127,017 13o,uoo 1.5014 
19 ... .. . .. : ... 3.2 Down 2 25 0.82 1.11 1.52 2.00 2.08 2.13 1. .11. 1.9 1 l.l8 o.66 0 . 10 142,268 133,710 1.5769 
20 •. .• •. .••••• 1 3.1 Down 2 60 0.88 1.18 1.48 1.85 2.06 2.11 2.22 L V± 1.30 1.00 0.59 1 14~,-18 1 135,500 1.5991 
21.. .......... 3.1 Up 1 50 0.89 1.12 1.3~ 1.47 1.80 2.02 2.27 1.96 1.25 O.H 

0.51 I ]3i,505 130,930 1.5-1-18 
22 .. .. ... . .... 3.2 Down 2 47 0.90 1.14 1.-19 1.96 1.08 2.06 2.17 1.85 U-1 0.89 0.52 143,H 9 13-1,250 1.5&33 
Zl .. ... .. .. .. 3 "' Down 2 58 0.86 1.17 1.42 1 .83 2.00 2.11 2.15 1.98 1.31 0.81 0.51 141,232 132,-160 1.5(il8 
25 ........ .... 3.4 Up 2 ·l9 0.81 1.06 l .H 1.55 1.85 2.02 2.00 1 .94 1 1.22 0.58 0.36 131,586 132,260 1 .5522 
26 .. .. .... ... • 3.5 Up 2 .u 0.80 1 .02 1.35 l.79 1.83 2.11 2.06 1.87 1 .11 O.H 0.35 133,914 13-1,600 1.5759 
28 . ...... . .... 3.7 Up 2 50 0.73 1.05 1 .. n 1 .68 1.87 1 .96 2.15 2.1:\ 1 .67 0.!0 0.38 139,618 uo,:~:1o 1.6350 
29 ........ •... 3.9 Up 2 58 0 .(\.5 1.08 U 5 1.82 1.90 2.04 2.04 1.9(i 1.3:~ 0.72 o.:l l 1.38,817 139.580 1 .6177 
30 . .. ....... .. 3.9 Up "2 54 0.74 l.Oti 1.5-1 1.83 2.0-l 2.11 2.13 2.00 1.25 0.70 0.43 142,975 H 3,7l0 1.6662 

~ovomber 3 ..... . .. .... 0 Down 2 51 0.78 1.29 2.13 2.70 3.17 3 .~5 3.39 3.2:\ 2.80 .1.61 0.73 248,547 2;15 ,800 2.4869 
4.. ... . .. .... 9.3 Up 2 59 1.16 1.8~ 2.7-1 3.[]1 3.tH 3.92 3.70 3.-lil 2.7-l 1.-14 0.59 28:3 ,11 ~ 285,280 2.92~0 
5 . . ..... . . .. . ll.S Down 1 5~ 1..3 1 2.30 3.17 M 8 -1 .26 4.2G 4.08 3.(J.l. 3 .08 1.57 0.65 365,0!7 354,490 3 .-1467 
8 .... ... ... .. 1D.O Down 3 41 1.1)5 3 .. 11 4 .. '\5 4.88 5.26 G. 13 5.00 J.-14 3.70 2. 11 1.02 460,081 -141,000 3.0627 
9 .. ....... .. . 1fi.9 0 50 1.01 2.06 3.17 4.88 5.13 5.00 5.00 4.55 3. 77 2.63 1..13 -140,773 -12:1, 760 3.8801 

10 ..... . ...... 15.6 Up 2 53 1.29 2.1! :n:l -1 .08 -1 .05 5.00 4.76 4.35 :l. 77 ~. 74 1.33 41 7,041 · ~20, 2:10 3.7873 
ll.. .... ...... 15.-1 Down 2 58 1.65 2.67 4.:!6 -1- .55 as -1 .88 J.i6 -l.l i 3.-15 2.25 u o 435,1.+7 417,270 3.7758 
1'1 ......... ... 1;;.o Up 2 60 1.60 2.50 2.-1 5 -l .IJS 4.55 .J..I-1 4.55 3.00 3.51 2.04 1.14 3!)6,8:>.5 309,860 3.11-157 
16 .... ...... .. 13.0 Down 2 5± 2.28 3.1 3 3.51 4.08 4.26 4.17 .J.OO 3.64 3.39 2.13 1.05 373,500 358,250 3.3fJ03 
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Date. bll " 'ind. 

" "' Cl 

-- ---
1858 Feet. 

[gg .June l 47 .ti 2 
2 47.6 2 
3 47.6 Up 1 
4 47.7 Up 2 
5 H.7 Up 2 
7 47.8 , Up 2 
8 47.8 Up 2 
9 47.9 Up 3 

10 47.9 Up 3 
1"2 ~8 .1 Up 2 
H 48.1 0 
15 48.1 0 
lO 48.1 Down l 
17 48.1 Down 1 
18 .J-8.1 0 
10 .J-8.1 0 
21 48.0 Up 3 
22 48.2 1Up 2 
23 -18 .2 0 
2-1 4~.2 Up 2 
25 4S:2 Up 2 
26 48 .:1 Up J 
28 ~ 8.2 Up 2 
29 · 1 ~:2 Up I 
30 48 .1 01• 4 

.Jul y l 4R.l Up 1 
2 4R.1 Up 2 
~ ·18.0 Up 2 
6 ·IS.O Up 2 
7 48.0 Down J 
s 48.0 Down 1 
9 48.0 Up 1 

10 48.0 Up 2 
1 2 48.1 n ownl 
l ~ 48.1 nown 2 
H 48.1 n own 1 
15 4 .] Down 1 
16 4R.l nown l 
17 48 .1 Up J 
20 ·17.9 0 
21 47.8 Up 2 
22 -li .7 Up 3 
_:l -17 .0 Up 3 
11 47.4 0 
26 47.0 n own 1 
27 41l.O Down 1 
28 ·l ll.R Up 2 
20 40.7 Up J 
30 ·10.5 Up 1 
31 46A Up l 

Angnst 2 +fi.O l i p l 
3 41\.R lgf 1 
4 4o.6 p 1 
6 44 .9 0 
7 -'~I. a 0 
0 4~ .!\ 0 

l1 4:!.2 Up 3 
1 2 ·11 .8 0 
1 '' ·11.2 Down 2 
16 39.7 0 

n 39.1 0 
38.6 0 

10 38.1 0 
20 37.1 0 
21 :~6.5 Down 2 
~~ 3!\.5 0 
24 :1.1.5 0 
25 3.1.2 0 
26 33.4 0 
2R 31.1 0 
31 Z7 .fi n own 2 

Sept mbor 1 2M Up 4 
2 20.fi 0 
3 24.7 0 
4 23.0 U ll 2 
6 2~.0 Up 1 
9 21 .8 Up 2 

10 21.3 Down·3 
n 20.6 Down 3 

I 1 ~ 19.~ n own 3 
14 18.7 'Dowu 3 
15 1R.1 n 
] 0 17 .7 0 
17 17.:! 0 
18 16.0 0 
20 17 .·1 0 
21 17.0 0 
2~ 1 ~.4 0 
23 18.5 0 
24 18.6 0 
2[, l S.r, 0 

REP O R T ON THE MISSISSIPPI RIVER. 

CmTent-mectSurements at Viclcslnwg-Continued. 

Velocity 5 feet below surface in diYi sioM uumberod-

No. of 
fl oa ts. 

I. II. III. IV. v. VI. VII. VIII. IX. X. XI. XII. Xlii. 

-- -- - -- -- -- -- -- -- -- -- -- -- -- --
Fl>et. Feel . Feel. Feet. Fret. FPrl . F'eet . Feel.. Feel. Ful. Feel. Feel. Fl•el. 

61 ·Li6 5.~8 6.67 6.90 6.90 7,1;tl 7.69 8.3:3 0.33 8.1.)() 6.90 5..11 3.5 1 
57 5 .1 :~ u.ou 7.14 7.41 7Al 7AI 7Al .33 8.00 .00 7.14 u.ou ~.67 
67 '1.65 6.1i7 7.H 7A1 7.H 7Al 8.00 8.00 8.:33 7Al 7.14 0.06 2.R2 
5!) ·1.44 6.67 0.90 7.H ().90 7.tiU 8.00 .00 .33 7.69 6.\lO 6.06 3.1 3 
29 4. ·1-l 6.90 ().(jj 6 .90 7Al 7..11 7.b9 8.00 .33 8.00 6 .00 5.8~ 4.90 
73 -l.35 6.06 6.90 6.90 7 .69 7Al .33 .3:3 8.33 i .G9 7.14 5.:W 3.03 
70 3.92 6 .01i 6.-l5 "6.4 5 7.14 7 ..11 8 .00 8.70 s.a3 .90 7.H 5.56 3 .2:1 
83 4.\18 5.50 6.25 6.67 7.14 7.H 8.110 .70 8.00 7.69 6.fi7 5.71 2.70 
84 4:26 5.56 6.25 6..15 6.90 7.G9 .00 .00 .33 7.6g 7.1 ·1 5.71 3.03 
83 4.35 5.56 6A5 6..1 5 6.00 iAI 7.69 8.00 8.3.3 8.33 7.H 6.06 3.5i 
86 -1 .00 5.5ti 6.·15 0.90 7.-11 7.69 8.00 8.3.3 .70 .00 6.00 o.il 3 .51 

0 4.17 5.13 6..1 5 7.H 7.H 7.09 .00 8.33 8.70 8.00 7.14 5.RS 3.13 
67 3.Sr. 5 .71 ll.ll7 7.14 7.H 7..11 .on 8.33 8.33 8.00 7.41 5.7t 3.17 
8:1 ·1.08 0.~5 6.67 7.41 7.41 7 .tJ9 8.00 8.3.1 8.70 8 .00 i .1-' 5 . .Jl 3.'.!8 
so 4.26 0.25 ll.·lo 6.00 iAl 1.-ll .33 8 .33 8.70 7 .69 i.H 5:26 3.51 
81 4.26 6.01l 6.67 6.90 7.H i.n 7.69 8.33 8 .70 .00 7.H 5 .26 3.51 
71 4.+1 6 .06 6 .110 6.00 7.H 7 .G9 7 .. n .33 8.33 7.09 6.67 6.-11 3.08 
78 4.7 6 fl .il 6.'li 7.14 7.14 7.69 7 .ti!l 8 .00 R.70 .00 i.H 5.41 3.08 
H 5A1 6A!\ 6.90 7 .1 ·1 7.69 7.60 8.00 8.00 .00 7.69 i.l.J 5.71 3.03 

s o ·L:i5 5.88 0.67 7. 1-1 7.41 8.00 8.00 s .. 'J3 8.33 8.00 6.07 5.71 2.82 
l S 4·9" 6.so 6.90 7.14 7.41 7Al 7.69 7·8o 8.oo 7·9" 7 . .Jl 5.50 · J.o6 
96 6.00 11. 2.1 6.117 7.14 7.14 7.41 i.69 8.00 .:33 7 .ti9 7 .J.l b. 8 3 .1 3 

58 6.71 U.U7 6.90 ti.90 6.00 7.14 7A l 7.69 R.llO .00 6 .67 5.00 3.17 
64 5.20 0.06 6.(;7 IJ.90 O.U7 0.00 i .4 1 7 .tl\l 8.33 7 ,(it) 7.H 6.011 3.08 
33 4·46 ~:~~ 6.25 1),07 0.·13 i. ll 7 .1·1 .00 8.1JO .1\0 7.1 0 4 .7li ~.~6 

96 ..J.i fi 6.25 6.-r.> 6.1l7 6.110 i.41 8.00 .3:1 .3:l 7.H 6.00 :l:l R 
70 -l-.7U fi. Ofl 6.'15 U.-15 6.110 G.90 7 .!ill ~.110 .:t5 s.:l:l 0 .110 5 . ~~ ;l.J:I 
67 ·1.88 6.0fl 6.21\ G.-1 5 6.·15 6.\lll 7.14 7 ,(i{) 8.110 .a3 s.oo 6.'25 :l.03 
93 5.20 i\.88 5. s 6.25 6.67 6.110 7.14 7.69 1M S.tJO ~ .00 6.-15 a.:lfl 
72 5.26 5.~" 0 .-15 6.67 ().110 i.U 7..11 7J)9 8.33 8.33 s.oo 6.0!) ; .5 1 
J9 5.00 5.7 1 6.06 6 .(\ j 6.90 j .J .[ 7..11 7.69 .(J() .:13 8.:13 6.07 ·1.26 
81 5.13 u~ 6..15 6.67 6.67 7.14 7.41 7 .H!J 7.69 .()\) 7.60 ii.90 3.39 
89 a.oo 6.25 o .. &o 6.67 0.90 7.14 7.69 7.69 8.00 .00 6.67 ·l .o.s 
70 4.7 6 5.88 0.'2.5 6..1 5 6 .00 7.H 7.6!J 7.69 '\.()() 8.00 · . :~:3 6.67 ·1.17 
81 5 .20 6.0(1 6.25 0..15 7.14 7. 1~ 7.41 7 .09 8.33 c .33 7.69 6.00 4.26 
71 4.6a 5J~8 6..15 0.67 7.14 7.14 i.69 8.o0 8.00 8.33 7.G9 6.07 a .77 
f>3 4.6s G,2.l 6..15 6 ..15 6 .110 7.41 7.69 .00 7.69 8.00 8.110 0.~ 5 4.35 
H 4.ao 6.06 6.·1:> ().45 6.90 7.14 7.H j.fi9 .:13 8.00 8.1)(\ 6.00 -'.55 
65 5.00 G.Oil 6.06 G.G7 6.90 7.H 7.69 7.69 7.69 8.00 s.oo 6. ~5 4 .. ~1 
55 4.88 O.:?fi GA.> O.Gi ().110 7.H i-41 j.6U .00 ~ .00 7..11 6.00 3 ..15 
58 4.~8 5.RR 6.06 · .·15 6.67 i.l -1 7.nu 7.G9 7.69 .33 7.f>O 6 ''5 3.77 
47 4 .. 1-\ U.OiJ u..l o 6.·15 6Ji7 7.1-1 7 . .Jl s.oo 8.00 s.m 7.41 a:s~ J .JS 
l):l ·1.4+ 5.71 6.06 6 ..15 6.00 7 .H 7 .·il 7 .on 7.G9 7.09 7.(19 G.OO 4 .17 
30 ·1.7 6 5.8~ o.ou (L-~5 0.25 7.41 .00 8.00 .:33 .00 7.14 6.07 3.57 
75 4.(;.) ll.06 (),45 6.67 7.H 7A l U1 7Ji9 8.00 7.69 6.00 6.25 4.00 
ll7 4.88 6.116 6.00 6A5 ll.OO 7 .J.I U 1 .IJO .00 7.41 7.1·1 o .(l(i 3.77 
6.1 4.70 5.88 6.:!5 6.67 0.07 6.90 7 . .J1 7.1l9 7.69 7 . .Jl 0.!)7 5.8~ :3.77 
6.1 4 .35 n.:.?r. 5.iiii 0.'25 6.45 6.90 Ul 7.69 7 .()9 8.00 7A1 5.511 3.17 
6-1 4 .35 5.71 G.2:l 0..15 6.fl7 6.00 i .H 7..11 S.<JO 8.110 7.H !\.~8 ~ A5 

06 ·1.70 f>.RS 6.00 fl ..l !i 6.117 0.00 i.H 7.09 .00 7.09 7.11 5.&11 ·1.00 
01 ·1.08 5.71 6.15 0.~5 6.07 7.H 7 .II 7 ,!j\) 7.41 .00 7A1 5.71 ~.9·1 

no -1,44 5.71 0.25 6.00 0.90 7.14 7. 11 Hl 7.41 .110 7.J.I 4..1·1 ~ .no 

66 4,7 6 5 . 8~ 6.15 ti.25 GA5 0.67 7.J.I Hl i .H9 7.14 7.J.I 5.71 2.n4 

so 4.55 5.71 6.06 6.25 O..IJ 0.67 ll.90 7. 11 7.69 7.09 7.H 5.71 3.33 
C.3 ·UW 5.7 1 5.71 6.06 6.25 6.00 6.00 7.H TAl 7.69 7·.J.I 5.71 :3 .57 
65 -1 .17 5.71 5. s 5.88 6.25 6.45 6.45 6.00 6.00 Ul 7 .J.I 6.06 a.a9 
81 3.i7 5 .~0 5..1l 5 ..11 g:~ g:~~ n.m o.oo 6.00 7.14 6.90 5.20 3.:23 
68 ·1.00 5,41 ~.56 5.56 llA:. 0.()7 7 .H 0.90 7.1 ·1 5.71· 3.45 
6-1 3 .02 5.13 6.20 5.71 6.06 0.25 6...15 6.00 0.00 7.1~ 7.H 5.1:1 :us 
3~ ·1.65 5.21l 5.71 5.71 

n~ 6.71 6.25 6. 15 6.67 7..11 6.{)1) 5.71 m 0~ ·1.00 5.00 6.13 6.5f\ 6.2."i 6 .4 5 6.67 6 .90 6.90 6.07 5.H 
79 3 .• 5 5.1 ~ 5..11 5.50 5. 8 6.06 6..15 6. 15 0.90 6.1l7 6.ll7 5.1 :l 2:94 

63 4.110 5,13 4. 8 5.56 5.88 6.06 6.15 6..15 6.00 6.!JI1 O.!l7 5.13 3.23 

68 ·J.2G ·1.7 0 5..11 5.H 5.88 6.06 6.06 OA!; 0.00 0.00 0.4 5 5.41 !41 
49 4.20 -'.ti!J [) .20 5.1 3 5.7] 5.71 ~:~~ 

6.2.> 0.9') 7A1 6.25 5.00 ] .00 

i2 3.;~ ·l .f() 4.76 5.00 5.2() 5.71 6.06 0.4!\ 6.67 ~:~ 6.511 :1.17 
-1·1 ·l .n, ·I.R~ 5 . 1 ~ 5.1 3 5.20 5.Sq 6.06 6.:!5 6.:!5 0.45 4.05 •.6s 

24 :3.77 4.~~ ~.1 '5 5.1 ~ 5.26 6.71 5.il 5.'{~ 6.25 6.JS 6.1s • . 6s :.6 s 

·16 :l.!l7 ·1.0 ·lA~ 4.:.5 5.20 5.71 g:~~ 
1).71 ti.llfi 0. ~5 6.4 5 4. s 2.08 

41 ~. 17 4.17 H lO 4.55 5.Jl0 5.!)6 a.7 1 0.06 0.06 5.71 ·1.35 2.30 
GO 2.~2 4.26 ·!.OS 4.44 4 .~~ 5 .1 ~ ~ .~~ 5..11 0.56 5 . R~ o .. n 3.77 3. 1 ~ 

uS 2.:18 3.Rii 3 .92 4.00 4.20 4.7 0 5.00 5.~0 5.2fl 5.-11 ·1..11 3.17 1 .39 

46 ~·i~ 
4.0q 4 ·00 v~ 4. ~ -!.05 5.56 5.513 5.13 5.2R 4 . s 3.23 1.6 j 

51 •.I ·1.44 ·1.17 g~ 4 .44 4.76 5.20 5.1\6 5.56 [) ,!)0 4 .65 3.~9 1.8o 

52 1 ,7'1 :l.02 3.77 4.35 1 :~ 4 . 8 5.41 5.H 5.71 4. 8 3.6·1 1 .~ 
l O 2.1)3 4.00 3.77 4.00 4.08 s.oo s.Jo 5.40 s .6o SOD J.4D !.So 
58 2.30 3.n 3.57 3.77 4.00 4 .35 4 8 5.00 4 ... ~ 1 5.00 4.44 1.78 1.1 8 

49 1.38 :1.70 a.r,r ~.9~ 4.08 4.55 4.7 6 5.00 5. 1 ~ 5 .41 4.76 2.94 1. 5 
62 2.20 3.70 3.6-1 3.70 4.00 4.55 4.7 0 5.20 6.41 5.00 ·!. 5[1 3.:13 1.49 
60 2.82 3. 1!\ 3.23 3.77 4.26 ~ .6.~ -1 .76 5.00 5 .1.~ 5.00 M5 2.7-1 I. SO 
4fi 2.[>() 3.2R 3.:23 3.57 4. 8 ~.14 4 .65 4. ~ 5.00 5.00 4.65 ~ .0~ 2.86 
47 2.17 3.13 3.08 3 . ~7 3.94 l it: -1· .5~ ~ . 5 [).1 3 4.6b 4 .35 2.50 ::&: 33 2.20 3.0S 2.99 3 ·)·j 3. 5 4 .. {)[) 6.00 t~ ·l .f>f, 4.20 2.82 
50 2.:t~ 3.02 2.00 ~:~ 3.02 4.00 +. 14 -t ill 1:~ ~:~ 2.!>1 1.70 
5~ ~. 11 3 .0~ :l . 1~1 3.2:1 3.R.'i 4.26 4 .44 4.65 5.13 3.:23 • .oo 
51 l.i 2 3.1~ 3.08 3.33 3.70 4.35 4.3~ 4.76 6.20 ~.00 4.36 2.70 1.50 

.to 2 11 3.17 3.03 3.:33 3.70 ·1.35 4- .6~ .J. ' 5.13 ~ .00 4.:11\ 3.0:l J.8o 

50 2.:l0 3.2.3 3.17 3.30 3.77 3.92 ~ .35 ~:~~ 5.20 r,_oo 4. 11 3.~R 1. 10 

61 2.50 3.2S 3.13 3 .4 5 3. 2 4.:\5 4.65 6 .~1l fl.:?d 4.:16 3.17 '!.00 

01 2.-ri 3.2q ;J.Z-1 3.45 3.77 4.26 4 .{)() 4.711 5.1:1 5.110 .t .:!t) 3.3:l '2. 10 

61 ?.1-1· 3..15 3.2.1 3.-l .) :3.ii .t .·~r, 1..11 -1 .55 4.7 0 ·1. R 4 .:15 2.67 LSD 

' 

Uischnrgo per second 

Approx . 

----
Cubic f ert. 
1,2:?3,012 
1,~:11 ,926 
I ,2:l4,084 
l,'l:\2,"201 
1 ·•·•cl l 72 
1:~w:z~s 
1 ,~1 8, 1.77 
1 ,1!)5,:?5.1 
1,:!01,050 
1,2'20,:lti7 
J ,:!30,f)4--~ 
1,2:ll,4(l.l 
1;2!\.1,9\)8 
1,2-11 ,410 
1 ,2!\.1 ,427 
1,230,053 
1,2 11 ,6SO 
1,2:?9,-WB 
1 ,2·16,030 
1 ,~;1?,7 r~~ 
1,_.l:\,Oh.> 
1 ,23a,1:lfl 
1 ;100,~1 50 
1,'2.09,1()1 
I 11i7 ,ti5t\ 
l ,'.!l R, ll O 
l ,t iU ,~fi(i 
1 .~10 .:!:1~ 
I , 2t):l,[l09 
1 ,'2:~5 ,07-1. 
1,24·1,10·1 
1 ,~:!6 ,:11\3 
1,2 17,:33:3 
1 ,:!4:~,M~2 
1,:252,-1-.'> 2 
1.2·1:'>,978 
1 ,2·13,770 
1 r'·l-1 29'> 
1;2:n;313 
1,2:30,!>10 
1,207,:!40 
1,JOS,lil9 
1,10l ,Oiil 
1. ,2()1 ,201 
1 , 1 92, 1 ~;! 
~ ,177 ,r-•n 
I,I ·IO,Oni 
1,1 5li,07fi 
1,150,-105 
l , IJ9,1:1R 
l . 1:l7.8J.I 
1 ,118,91\l 
1 ,106,496 
1,1)97,9:1-1 
J,078,1HO 
1 ,0~7 .2~0 
077. l fi·~ 
975,110 
!lf>O,S47 
03-l ,!llH 
oJ :1,ll50 
80~,7 00 
884,!)~ 
81"1 ,5117 
R4:,,H O 
81fl,51~) 
77R,f>l8 
75!J, l :l:l 
7:!3,520 
li80,R03 
596,72:1 
528,304 
54 ~,11 0 
5~7 ,321i 
li l A, 00 
U08,2·1fl 
·151,077 
463,80(\ 
456,470 
431,921 
42-1 ,587 
305,7:\:! 
;)00,300 
3- 9,~04 
387,867 
39l ,Sf>O 
403,065 
414,441 
·1~1 ,378 
·114,951 
.uJO, r,u:l 

Monn vo­
- locily of 

river. Corrcctcll 

Cubic ./Pe 
1,231,700 

t. Pert. 
7.111 82 
7.11002 
7 .11246 
7 .u5H8 
7.0li(i3 
7 .0~19 
o.uooz 
U.SS~5 
U.I)~IU 

6 .9·1n7 
G.b734 
6.8!1,1 5 
6.8511 
6.RS67 
0.9 11 0 
O.H '00 
6.!)708 
U.UU09 
6.96M 
7.0267 
7 .ll l1 ·1 
6.!13\17 
ti.82S8 
li.S151 
6.b2H 
tU~7HU 
U.f,(Ji\8 
U.!JOU 
6.$0:!0 
6.SII I,I 
6.!1110 
li.!J:JZ·I· 
li .!J-125 
U.S988 
6.8880 
U.!Hlfi 
U.8U\)7 
6.90~8 
U.!)505 
O. UHH 
I\.U07Z 
O.U:!ti[) 
0.0!150 
u.7u:~J 
0.7250 
U.t35·10 
O,l jj!J!) 
0.1)712 
l.i.Uf1-'2 
H.tif•7-l 
11 .1\:114 
u.r. -1 ~5 
6..1 '07 
o.1 r.as 
6.:1778 
0.2:~1 8 
(I.Jf>i:\ 
0.1 :102 
5.nu:u; 
r. .k7W 
f1 .HO I -I 
5.1>117 R 
5.7!+\18 
u.S IHl 
5.1i!l·ll 
5..1!170 
fL·IaO:t 
5.:32\ll 
fi. l 5·~·1 
6.94R!I 
4.6448 
4.-t UMI 
H R16 
·1.52l!7 
4 .5408 
4..1\ll4 
4.1 :151 
4 .0010 
4.0042 
3.fi03R 
3.91>31 
3.SOa8 
3.~·1 R6 
a.no:t! 
3.0 175 
3.!!1)!,9 
3.0078 
-1 .11:137 
4.0V11 
4.U1!K) 
3.hH86 

1,2-l0,1J50 
1,2:t2 ,HOI) 
1,2-tu,nuu 
1 , :!-ll ,~IUO 

l ,:!JH,OUO 
1 ,z-2o,~uo 
1,:n -1 ,-IOO 
J ,~:!O,JOU 
1,2"28,700 
1,215,500 
1,210,'200 
1;211 ,noo 
l,Zii,SOO 
1 ., .,., 100 
1:211;soo 
1,2:11,000 
1,238,150 
1,233;000 
1 ,2-~, 500 
1,24 1,Kil0 
l ,2:lO,\)()\) 
1,211\),-150 
l ,'l01,0fl0 
1,206,:{0() 
1,2l 5,U50 
-1,2H,,-Hl0 
1,'218,\JUO 
1 ·•]·• !IX) 
1:21i:t;oo 
I ,2'10,-100 
1,:?:!4,:!00 
1,:?"25,900 
1,:.?:!0,000 
1,2-18,200 
1,222,:250 
t ·>->o·>oo 
J ;2~>0:7oo 
1 ·>·•o 100 
] :~; ~<200 
l ,:!l rl ,!JOU 
1,2-r7 ,51}t) 
I '1111 ''1)() 
., :; 8~: i)fJ0 
l ,l G!\500 
1,1 55,-WO 
1,15R,100 
1 , 1 r.~ ,fmO 
l ,H 'l,:\00 
1 ,147 ,100 
l , l ;IH,~(~) 
l ,117 ,000 
I,J04 ,M10 

· l ,tJSII,4(~) 
1 0611 ~!JO 
1:010:400 

ro2,1:1o 
Oh:!,t)()() 
950,760 
oon,:no 
903,070 
882,000 
8 7 ~,3-1 0 
8 1 ~ 1 , 1 r.tl 
8:12,150 
791.19'1 
711S ,-II IO 
74 0,11!0 
714,0ii0 
07 1 ,~1.0 
57 fl, :U.:O 
5411,0:10 
5:l:I,S~O 
528,240 
520,-lfiO 
[>0.j ,700 
452,450 
4-12,740 
4:15,740 
412,300 
40f>,C'90 
3R7,:JOO 
3R2,l <l0 
3R2,700 
381,310 
3S5,200 
395,0~0 
·107,440 
4H,2:•o 
41>7 ,0~0 
3\J:l ,HO 



APPENDIX D.-C URREN T-MEASUREMENTS ON MI S SISSIPPI. CXl 

CwTent-mea.sunments at Viclcsbu1·g-Continued. 

Velocity 5 feet below surface in divisions numbered- DiscluH"go per second. 
ci Xo. of Meanve-Date. "" Wind . - locityof " f1 out.s. 

river. 0 I. II. III. IV. v. VI. VII. VIII. IX. X. XL x n. X III. Approx. Corrected. 
- --- -- -- - -- -- - -- - -- -- -- --- -- -- -- --- --- - - -- ---- ---

18&8. F'eu. Feet. Feet. FeJJt. Fi!.lt. Feet. Pu t. l<'eet. Feet. Feet. Fu t. Feet . Feu. liEet. Cubic .feet. Cub,:c feet. P eel. Scptumbcr 27 18.0 0 59 2.33 3.0:! 3.2:1 :J.5 l 3.92 4.08 4 .26 ~.5a :;.oo 5.00 4.17 2.82 1.00 393,7U1 385,4GO 3.8530 3U 16.U Up 1 5:l 2.1:3 2.99 2.9-1 3.17 3.39 4.00 4 .li 4.H 4.88 4.88 4.2ti 2.50 1. ]0 36-1,598 360,780 3.73 -18 October 1 16.1 Up 1 -13 :?.35 2.78 2.H 2.01 3.57 3.85 -1.08 4.-14 4.65 4.55 3.85 2.86 1.70 351,836 3-18,160 3.6503 4 14.4 0 ,13 2.20 2.56 :2.56 2.82 3.28 3.6,! MO 4.35 4.88 4.76 3.92 2.50 I. JO 330,050 323,090 3.5420 5 1-1.0 Up 1 58 1.85 2.56 2.63 2.78 3 .2.3 3.70 3.02 -l.li U5 4.55 •. 00 2.67 r.so 323,988 320,500 3.5528 6 13.7 Up 2 51 2.ll I 2.38 2.H 2.67 3.23 3.51 3.85 MO 4.55 U5 3.77 2.38 1.20 307,97& 308,080 3A422 
7 13.2 Up 3 60 2.08 i .50 2.5'3 2.78 3.08 3.51 3.77 -1.00 4.H -1.35 3.17 2 .35 1.20 293,8,16 297,200 3.3666 8 E9 0 5-1 2.08 2.50 2-17 2.78 3.08 3.70 ·!.00 4 .26 4.H -1.35 3.70 2.:l2 0-40 296,559 290,300 3.3157 9 1:!.5 Up 2 50 1.80 2.00 2.38 2.60 3.t:l 3.57 3.70 3 . 9~ 4.25 4.26 3.6-1 2.56 T. j O 289,200 289,300 3.3H4 12 11.7 Up 2 H 2.<J6 2.22 2.15 2.53 3.17 3.51 .:3.5 1 3.6-1 3.02 4.08 3.51 2.27 1.10 260,886 260,980 3.1807 13 11 .4 0 37 2.11 2.47 2.27 2.i0 3.23 3.57 3.85 4.17 4.35 3.77 3.13 2.13 1.00 272,063 266,320 3.1738 H 11.1 Down1 35 2.13 2.20 2.08 :J .60 2.99 3 .-15 3.6 1 3.85 4.17 4.08 2.94 2.50 I. JO 265,137 256,810 3.0871 15 10.~ Down"2 39 2.00 2.04 2.00 2.38 3.08 3.39 3.64 3.85 4.00 4.08 3.61 J.IO 1.<)0 27 4,736 263 330 3.1935 

16 10.5 0 2-l 1.70 1.% l.S'l 2 .33 2 .86 3.:39 3 .64 3.6,! 4.08 4.1 0 J-70 2-50 I.JO 262,179 25o:ooo 3.1400 
2,) .7 0 .Ji 1.57 1.6"1 1.53 1.92 2.-~1 3.28 3.-l5 3 .45 4.00 4.17 ~.ti4 :J.H 1.20 238,358 23.3,320 3.0160 
26 .6 0 51 1.63 1.6-1 1.5:! 2.W 2.50 3 .08 3.-15 3.57 4.08 ·1.08 3.45 2 .82 1.00 2 -10,890 235,810 3.0577 

November 5 9.7 0 10 r.So 2.00 1.9J 

:~ ! li1 1 
j.20 ) .50 J.So 4-00 4-00 J -40 2.j0 1.1 0 2-18,318 243,0SO 3.0-IM 

~ 
11.~ 0 11 2.00 ~.a2 2.11 4.00 4-00 4.00 4 .'!0 4.20 J.OO z.so I. JO 283,729 277,740 3.3291 
15.3 0 28 2.00 3.17 2.56 3.28 3.85 4.17 4.-1-1 4.76 5 .13 5.00 o.77 2.00 1.40 361,458 353,830 3.787 6 

9 17.7 0 37 2.86 o.64 3. 3~ 3.85 4.26 4.65 5.13 5.26 5.41 5.00 3.92 Z.jO 0.70 411,525 40~1,570 4.0H5 

~~ I 19A 0 -l-2 3.57 J.OS 3.92 4.0 4.41 5.00 5.71 5.88 5.71 5.56 4.1!5 .j.OO 1.40 482,:300 474,150 4.5820 
~u 0 -lll 3.23 4.26 4.17 4. ~5 &.00 5.41 5.50 6.06 5.71 5.71 4.76 ~.45 q6 525,683 5!6,800 4.7663 

13 :!-ti 0 3l 3.70 -1.88 4.55 .I.G5 5.00 5.56 5.71 5.88 6.00 6.ro 5-50 l·9" 2.JO 601,700 503,830 5.0021 
16 '25A- Down2 -18 3.9~ 5.00 4.88 5.i)() o: .. m 5.41 5.56 5.71 5.71 5.88 5.00 4.00 2.50 004,+04 585,030 4.9474 
17 25.1 Dnwn'l 50 -1 .00 4.t)5 +.05 Hi5 5.0() 5.13 5 26 5.56 5.71 6.06 us 3.57 2.00 576,-!07 555,780 4.7250 
19 ·lU nown'l 5~ J.s6 4 .76 HI 4.55 -1 .()5 5.00 5.-ll 5.56 5.88 5.56 4.88 3.13 1.50 547,749 528,150 4.5879 I 20 ·2:1.6 Up ., 5) 3.5 l -1.65 -l.A-1 H-l 4.5fl 4.:\5 5.00 5.13 5.26 5.26 4.-11 3.6-l 2.00 518,910 520,500 4.5711 23 :Jl.6 g -~~ J.OO -1.17 -! .')8 4.'2() U-1 -155 U6 5.13 5.41 5.56 4.88 3.33 1.70 -191,871 483,'>60 H 395 2-1 2l.l -lO 3.45 4.-1-1 -1.08 -1.00 4 .08 ·U>5 5.00 5.26 '5.00 4.76 4.35 3 .13 1.50 46-1,908 457,100 4.2-1-18 25 21).2 Down 2 40 2.33 -1.17 3.92 -1 .00 -l.l7 4 .-1-1 -1 .. 55 5.13 5.26 5.26 -1.88 2.99 2.38 463,118 4-!6,540 -U342 20 10.S 0 49 2.<)0 3.70 4 .08 4.08 U7 4 .35 -1.65 -1.88 4.88 ·1.7 6 4.17 2.70 r. so 429,418 422,160 4.0.109 Z'i 19.:! 0 50 3.13 3.77 3.77 3.77 4.08 4 .26 4.55 -1 . [6 -L88 4.88 4:26 2.D9 1.80 4:2.\,2:.!1 417,060 4 .0.\96 3J 17.-l Down a -19 2.90 3.1iJ 3.70 3.92 -1.08 4 .35 4.55 5.00 5.13 5 .00 -l.-1-1 3 .::1!3 1 .10 -118,573 307,020 +.0282 

December 1 17.1 Down 2 50 2.99 3 .23 3.51 3.64 3.77 -1.17 4.44 -1.65 4.65 4.65 4 .00 2.80 1.00 383,150 3ti7,230 3.7 454 2 16.6 Down:? 48 2.67 3.17 3.28 3.51 3.77 4.17 4.35 U6 4.88 -1.65 4.00 2.78 1.00 377,692 362,000. 3.7-173 3 16.0 0 50 2.70 3.13 3.2S 3.57 3. i0 -1.08 4.26 4.55 4.65 4.65 3 .64 2 .33 1.1 0 355,622 348,120 3.6586 J 15.5 0 4S 2.63 2.S6 3.28 3.39 3.64 3.92 4.~6 4 .26 4.35 4 .35 3.85 2 .86 2.33 349,866 342,490 3.6471 
6 H.i Down 1 -13 2.7-1 2.90 2.99 3.2:3 3.6,! 3.92 -1 .35 4.35 4.35 4.44 3.77 2.00 1.40 337,861 327,~60 3.5591 I 
8 15.:? Down 3 49 2.50 3.28 3.23 -l57 :l.77 3.92 4.35 4.:j5 4.65 -1.76 3 .77 2.74 35G,OSO 3:J~,5YO 3.1\:3-12 1. 50 
9 1 5.~ Dow~:31 50 2.!J-l 3.33 3.70 3.77 3.92 -1.17 4.55 U6 -1.76 •l.8R 3.6-~ 2.40 1.20 36U, IOG 350,3~0 3.702-1 

] 0 1f. .9 Down 2 4i 2.9·1 3.39 3.3) 3))7 4.00 4.26 4.-1-1 4.76 5.00 5.1:1 ·l.H 4.\10 2.00 4 1 -1,7(;~ 39\9'.:!0 4.10S7 . 
1:l :?:?.1 

~I 
5i 3.S5 5.00 4Jl5 -J .. ).j -1.8q 5.1:3 5.26 5.-!1 5.7l 5.71 4. 5Z> 3.'\l ···9" 53!) ,1.i -l 5li ,f120 4.7318 1 · 1 :?H.3 J i 4. 5 . 5.7 1 5.-!1 5.:!6 5.·11 5.5G &.71 5.71 5.88 6.06 5.56 u~ 2.<)0 G50,50'2 G ~5,.no 5.:3507 ,, 
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] !)7. 
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J8f>8. 
J nnuary 1 . .. ........ .. . 
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M nrch 

May 

.I uno 

Jnly 
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1i ... ... ... .... . 
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20 ............. . 
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1·1 .......... .. . 
l !l .... .. ... .•... 
l ti ... ...... .. .. . 
17 ............. . 
JR ............ .. 
~1 .... .. ... .... . 
20 . ... ... .. .... . 
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Feet. 
38.0 

36.0 
31.9 
3U 
3!\.3 
35 .0 
3-1.8 
3H 
:t!.!J 
:!:1.7 
.1:1.5 
:J:!.n 
:;:1.1 
3:1.5 
27 .:! 
2H.S 
'1~ .4: 
27.8 
2 .3 
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~1.~ 
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() 
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0 
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() 

0 
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(I 

0 
0 
() 

0 

n 

20 
10 
JO 
10 
Hl 
lCI 
111 
111 
] () 

111 
10 
JO 
10 
1il 
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10 
10 
10 
]() 

Ttl 
10 
10 
] 0 
]() 

10 
10 
1tl 
10 
10 
10 
111 
](I 
1(1 

10 
10 
]I) 
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10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
Hl 
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10 
10 
10 
10 
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10 
10 
10 
10 
10 
10 
10 
10 
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10 
111 
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10 
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Fret. 
l.1 U 

1.25 
1.1 1 

1 .1.8 
1.28 

1. )9 
1.1.8 
l. 'l) 
1.08 

I .:Z. l 

LI S 

1. ' 7 
1.1 7 

l. 'lJ 

1.28 
l. )J 
I. JC 

1.!7 
I. J9 
I. Jl 
I. J? 
q J 
I. J•) 
I. JC) 
1.45 
l .. p 
1.18 

1.1 1. 
1.1 0 

2 .• p 
1.1!<} 
1. .27 
2.50 

2.~ 7 
2.50 

2.56 
1.67 
2.56 
'1.50 
2 . .f7 
2.J5 
: .so 
2.s6 
2.]4 
1..67 
2.fl] 
2.50 
1.56 
1.66 
2.S6 
1.86 
2.82 
J.OS 
J.OJ 
2.86 
2.86 
J.OJ 
J.OJ 
2.86 
2.82 
2.86 
2.7.f 
'!.1)'-) 

2.7-f 
2.00 
1.50 

2. q 
2. 
1.(") 
1.00 

J.il 
l..jO 
l .li\) 
1 .1>1 
l.i ·l 
1.W 
l. f>·l 
l.l.f 
].5 :1 
1.4 R 
J..I S 
u s 
1.5 ~ 
1A:l 
1.4 ~ 
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1 ,1~1\ 
l .fl7 
l .r.; 
1.1)7 
Lm 
1 .117 
1_4 1; 
l .jl 
l.i' 
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1.7 1 
1.!,1\ 
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1.~'2 
1.77 
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2J~n 
:1.1 7 

2.»3 
:! .00 
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~. 1 5 
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1.n~ 
1.~~) 

-~ . II 
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:.! .: ~~) 
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:!.1-t 
:!.hi 
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:.!.70 
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:UJ.1 
:!.:!:> 
:!.hO 
l .H\ 
~ .:li> 
:l .2~ 
4.:lfi 
a.~J :.! 
a. i ll 
4.:!1) 

~ .IH) I 
a .n~ 
4.1 1~ 
4.00 
3.H:! 
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~.OS 
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:l.l i 
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3.4 5 
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4.G5 
~ . ' 4.or. 
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3.\1~ 
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Net. 
3.:lv 

a.:;a 
a.:l;l 
:l .·lil 
:\.\i 
:\:!.:~ 
:\:l:\ 
:l:l:\ 
:u:, 
:u·~ 
:u:, 
:u:. 
:;.:,r 
-H i:l 

:1.3~ 
:!.iS 
:t-1.;. 
:L:!S 
:L#•7 
:1.:(:; 
::.:!:t 
a.: l!) 
:l.l i 
;J.Il' 
:u.s 
: \ :!:~ 

:'.''" 
:t ·!:) 

I ~ .OIJ 

: •. 1:\ 
::.n-., 
:t ... i 
::.'-1 .~, 

::.-...;) 
:u.:.> 
-I. I/ 
4.11 
4.~ti 
4.11 
..J .:I.j 
-l.:!li 

:L:!:; 
:L:!R I 

:t .77 

4.1~) 
:t ,) 
·1.00 
·1.17 -1, .. 1{ 

1.11 4 . '~ 
4.iH 1 f1.1a 

I ~-~~ I ·1.'\ I 
~ - "17 ;,,co 

;::~; I ~ :~~ 

;,, J:3 
b.la 
fl.l:l 
;, , J:l 
6.:!H 
;,,:,!1) 
[J.:!!i 
;'),'.!11 

!"1,:!1) 

li.T:l 
5.1 1 
[1.13 
u, 

.lJ}.j 
·l ,[,.", 
Lid 
4.0, 
:1.:1!1 I 
a.:l:l I 

:1.2' I 
:\.13 
(UH) 
-cl;1 

-L';'H I 
~. n;, 

Uli 
~.ra 
~ .1 0 
4 .76 
~ 1'5 
-l.fib 
4 .70 
4AI 
4.65 
~ -05 
4,1.~ 

" -"~ I li.IH) 
~ . il l 

·Li t> 
;,.13 1 
:"1.1:1 
f~.-11 
[, .. n 
;,,f)() 

fr . l :l 
;,_.t t 
5.H ;,_ n 
r •. n I 
6.f,H 
[, ...11 
6:.!ti 
5.~() 
5 .• )11 
[l.:!ll 
;,,13 
/l.:!IJ 
r •. t :l 

~·'" -t ,:;:; 
4.ns 
3.tl:! 

}<l >rl. ,}'rl'l. 
z.us 1 25 

J.R·l 
1.1>7 
2 .00 
uf> 
1:. 15 
2 .00 

1. 9~ 
~.00 

J. t)O 
U-15 
t.H5 
1w 
t.~S 
1.CJ4. 

t.H7 
1.8s I 
'l. l\ 

'l.JO 
'l.;o 
'l.~o 

'!.SO 

2.67 

I 
2.)6 1 

1.0<) 
\.00 
1. '2. 1 
I. I S 
1. '2.9 
1.20 
1.1 6 

1. 20 

1.1 4-
1.11 

1.11 

1 . 16 

\.11 

1.1 6 

1.1 '2. 

1 . 11 

1.27 
LJ8 
1.]8 
1.]8 
t. SO 
1.00 

1.5~ 
1.60 

1. ) 4 
I. H 
1. 7 1 

1.7 1 
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1.8! 
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~. -l :~au 
:!.-1. ,.1 ~ 

:! .. J·I:J,j 
:!.: .. U,)~ 

:!. 1177 

:!.:hi;.)) 
:.!..-..:t.t,j 
~.aro~ 18 
'.!,'.!\1:,1\ 
'L.:~\J'.! l 

'.!.: l h J7 
'.!.:Jl".hU 
:.:: .ti:.!,') l 
:!.h'i':.!ti 
:.!.~[i~li 
:uw~ l 
:!.'i' iJ5-L 
~.!JbtJ.a 

:!.h:!:W 
:l.hU[Ij 
:!.bt.:t7 
:l.7!J:!ti 
;l,tiiJfJ.t 

. a. l f1:!U 
a.~:su 

:IJ/j't U 
;J. I f,!itl 
:;. 1-4-HJ 
~ .. ;;;;,} 
:!A:)iJU 
:t.:~tJ~i) 

:z.,...,4:,o 
:J. J:oa l 
:1.'iM'iU 
:.u .:,ii 
:S.7 1Ui 
:.i .ii IU 
:i .7fl{)j 
:J .7h011 
:t~IIHH 
:J.tJbi7 
~.i;h(,g 

a.5tJU7 
~.ihi;) 

:u" l i 5 
a.,...,7-w 
::.\14 10 
:J.!!IILS 
:t7~nti 
:J.h2~8 
·I. 'Liitl 
-1..151H 
·1.40-11 
-1.-luUX 
·I.MlU~ 
.1, ;s:s;s.1 
.f.:f,'fll 
·1.4 :1\JI 
·I.·I'Jfoi 
~ .:n :n 
4.35:\:! 
~ .a~r.u 
~ .:Ja :s~ 
~ .2105 
4.-l /flCJ 
. f. 21~JS 
·1.1 17ti:l 
:1.\JI I :i 
;l ,jj,"\:2 
:J.i I h i 
::. J;,j(j 
:1 .1'4 70 
:.!.~brJ:..l 



APPEND IX D.-CURREN'l'-:M:EASURE:M:E N TS ON BRANCHES. CXlll 

Cu?-rent-measu?·ements upon the Adcansas nve1· at Napoleon-Continued. 

Velocity ncar surface in divisions nurnbcrcd- Disch arge per second. 
No. of l\:Jcon ve. Date. Gauge. Wind. floats. - locity 

I . II. III. IV. v. VI. VII. VIII. Approx. Corrected. of river. 

---- -- --- --- --- --- --- -- - --- --- - --- ---- ---
185Q. Fed. &et. &<t. Feet. F eet . Feet. Fcrt. . Feet. Feet . Oabicf<et. Cub,:c f eet. Feet. .Ju ly 27 ···· ······ ··· · 3 .l 0 10 1.5) 1.9 1 i .IJ3 a.2:3 3.02 4.26 2.)6 1.54 69,6i3 73,786 2.8654 

August 1.. ..... .... ... 37.8 UJl 10 I.J9 1.74 2.3[1 2.90 3.f>l 4.17 2 . 50 1. 50 6(},56-i- 72,316 2.808-l 2 . . . ... .. . ..... 37.:) Up 10 l. J:Z. 1.64 2.08 2.00 3.0:) 3.G.J, 2.. 17 l. j l 55,170 50,937 2.402-l 3 ........ ... ... :)5.9 Up 10 l.2J 1.5-1 2.00 2.41 2.90 3A5 2.o6 I. ZJ 50,798 55,188 2.2842 
5 .. ............ 3U Up 10 1.1 7 1.46 l.i7 2.08 2 . .J,4 2.99 1.79 1.07 4:!,127 4f~854 2.00:36 
8 ....... ..... .. ;.1:!.2 Up 10 o.68 o.8 5 1.2£ l .{d 2.06 2.7-l: 1.64 0 .99 30,876 33,5-!-1 1.5875 0 ... ........ ... 31. 0 lO o.8o 1.14 1.43 1.98 2.60 1.56 0 ·94 31,5-14 33,430 1.5821 11.. .... .. ...... 30.8 0 10 0 ·74 Lo6 1.32 1.80 2.38 L4J 0 .86 27,669 29,312 1.4367 

1L .... ........ 28.8 Down 10 0.7 l 1.0 2 1.27 1.7-l 2.22 L lJ o.So 2.1.653 25,772 1.3575 
16 .......... .... 27.6 Up 10 O.?J L OS l .J1 1.80 2.:!0 J.j2 0-79 2-I,O.J,4 26,121 1.4278 
]'j ··· · ········· · 

27 .1 Up 10 0.7 1 1.0 2 1.27 1.77 2.17 I.Jl 0.78 22,725 24,1388 1.4014 
18 ...... . .. .... . . 26.8 Up 10 0.70 1.00 1.25 1.75 2.17 J.jl 0.78 22,5±9 24,-W7 1.3906 
20 ........ ...... , 26.1 0 10 0.76 1 .09 1.38 1.60 2 .0 1.25 0-75 21,703 23,096 1.3626 
21.. ..... .... ... z,;.6 0 8 0 .76 1.08 1.3i 1.61 1.82 1.09 o.66 20,1!)5 21,402 1.2626 
2:! ...... . ..... .. 25.1 Up 8 o.6o 0.85 0.99 1.20 1 .47 o.SS 0 -5! 15,178 16.489 1.0079 
29 .............. 21.6 Down 5 o.J5 OA;; O.IH. 0.8~ o.so 7.925 8,28~ 0.5749 
30 .. .. .. .. .. .... 20.8 DO\""n 5 O.Jl OAl 0.61 0.78 0.49 7.,'233 7,561 0.5478 
31... .... ....... 19.7 Down 5 O. J2 OAO 0.58 0.73 0 -44 (},527 6,823 0.5164 

September 2 ............. . 18.J Up 5 O. Jl 0.39 0.57 0.71 o.~J 5,815 6,317 0.5236 
L ..... ...... . 17.9 Up 5 O. JI 0.39 0.5U 0.70 0.42 5,7n 6,23'{ 0.5171 
5 ...... ........ 17. Up 5 O. J I 0.38 0.5il 0.70 0.42 5,718 6,212 0.51~0 
0 ...... ...... .. 17.7 Up 5 O.J I 0.38 0.55 0.69 0.42 b,670 6,160 0.5106 - 7 .............. 1i:2 Up 5 O.J O 0.38 0.55 0.6!) O . .jl 0,363 5,820 0.5062 

10 ..... .. .. ..... 15.6 Up 5 o.JO 0.37 0.53 o.o7 0.4 0 4,D78 5,408 0.'1932 
1L .. ... ... .. .. 15.1 Up 5 O.J O 0.37 0.53 0.66 0.40 4,716 5,123 0.4010 
12 .. .... .. .... .. 14.6 Up 5 0.29 0.37 0 .53 0.66 0.]9 4,fi75 5,07 8 0.4S b1 
1:!.. ............ U.l Up 6 0 .29 0.36 0 .52 0.65 0.39 4,382 4,761 OAS01 
15 .. ... .... .. ... 1 0.~ Down 5 0.29 0.36 0.5'l 0.66 0.39 4,178 4,:367 0.-16-!1 
16 . .. . .. .... .... 13.2 Down 6 0.29 0.36 0.52 0 .66 0 .)9 4,17 8 4,367 M 6H 
1L .... .... .... 13.1 0 5 0 .'29 0.36 0.52 0.65 0.)9 4,159 4,307 0.4577 
18 .. .... ........ 13.5 0 5 0.29 0.36 0.52 0.65 0.]9 4,382 4,64~ 0.4684 
19 .. .. .. .. ...... 14.1 0 6 0 .29 0.36 0.52 0.64 0. ) 8 4,M3 4,602 O.~GU 
20 ...... .. ...... 1+.6 0 5 0 .28 0.35 0 .51 0.63 O.j8 4,487 4,75-i 0.4557 
21.. ..... .... ... 15.1 0 5 0.28 0.35 0.50 0.63 O.JS 4,4ti6 4,732 0.4534 
2-2 .....•........ 15.6 0 5 0 .28 0.35 0.50 0 .62 O.J7 4,649 4,927 0.'1492 
23 .. .. ... . ...... 16.2 0 5 0 .28 0.35 0.50 0 .62 0.)7 4,649 4,927 O.H92 

~: : : : ::: ::: : :::1 
16.7 0 5 0.28 0.34 0 .90 0 .62 O.J7 4,857 5,147 0.4472 
16.6 0 6 0.27 0.34 0 .49 0.62 O.J 7 4,811 5,098 0.4430 

26 ......... ..... 10.1 Up 5 0 .28 0.35 0.00 0 .6.3 O.j8 4,603 5~098 0.4649 
27 ........ ... ... 15.6 Up 5 I 0.29 o.ao I 0.51 0.64 O.JS 4,781 5,1.03 0.4736 
28 ........ .. .... 15.1 u 6 0.29 0.36 0.53 0.67 0 .)6 .1,612 4,887 0.-!683 

October 1.. ..... .. ..... 12.5 Up 5 0.29 0.3G 0.52 0.65 O.J5 4,08·~ 4,436 0.4715 
2 .... .. . .. .. ... 1 ~. 1 Up 5 0.28 0.35 O.ii1 0.63 0 .)8 3,834 4,1M ' 0.4671 
3 .. ..... ..... .. lLi Up 5 0 .28 0.35 0.51 0.63 O.JS 4,n5 5,133 0.5758 
4.. ............ 11.3 Up 5 0 .28 o.:;4 O.bO 0.63 0 -37 3 ,576 3,88-! 0.4606 
5 ...... .. .. .... lLO 0 5 0 .27 0.34 0.50 0.63 O. J7 3,559 3,771 0.<1472 
6 ... ........... 10.5 0 5 0.34 OA9 0.61 O.j6 3,795 4,021 0..1769 
7 .. . ... ........ IO. l 0 5 0.33 0.49 o.r;o 0.)6 3,M4 3,755 0.!1716 

14.. . .. ......... 8.5 Down !) 0.33 0.47 0.59 O.J5 3,:265 3,412 0.4547 
15 .............. .3 Down 5 0.:32 0..16 0.58 O. J5 3,016 3,153 o.,a69 
16 .. .. .... .... .. 8 .1 Jl 5 0.32 ·0.46 0.58 O.J5 3,016 3.276 0.4644 
17 .. .. .. ...... .. 7.9 Up 5 0.32 OA5 0.57 O.J+ 2,063 :\219 0.4562 
1 ~ .............. i .7 Up 5 0.32 0..15 0.57 0.]4 2,963 3,219 OAM2 
19 .. ..... .. .... . 7 .5 0 5 0.32 0..15 0.56 O.J] 2,928 3,102 0.4398 
20 ....... .. , .... 7.3 Up 5 0.31 O.H 0.55 O.J J 2,701 2,933 O . .J,427 
21.. ........... . 7.1 Up 5 0.31 0.# 0.55 O.Jl 2,701 2,033 OA427 
2"2 ... .......... . 7.0 Up 5 0.31 0.# 0.54 O.lJ 2,684 2,915 0..1400 
24 ... ...... .... . 6.i Down 5 0.31 0.45 0.54 0.)2 2,U84 2,805 0.4233 
2.1.. ....... .. ... 6.5 Down 5 0 .30 0.4~ 0.5-1 0. )2 2,634 2,753 0.4155 
28 ... ....... .... 5.0 0 5 0.30 O . .J,3 0.5:3 O. j2 2,452 2 598 0.4180 
29 ..... . .. ...... 5.7 Down 5 0.30 0.42 o.m O.J2 2,436 2:046 0.4103 
30 .. .. .......... 5.5 Dow n 5 0.30 0.42 0.51 O.J 2 2,40!; 2,514 0.4050 
31. .. .. .. ....... 5.3 Down 5 o.:JO 0.-!2 0.52 0 .)1 2,247 2,348 MODO 

November 1.. ............ 5.2 Down 5 0.30 OA2 0,52 6. JY 2,247 2,3-18 0.4050 
•) 

~. [ Down 5 0.30 0.4 2 0.51 O.JI 2,232 9 333 0.402-l 3:::::::::::::: 2;333 0.402-l 5.0 Down 5 0.30 0.42 0.51 0.] 1 2,232 
0.3098 4.. ...... .... .. -!.6 Down 5 0 .29 0.42 0.51 O. Jl 2,218 2,318 
0.4129 5 ... .... ....... 5.1 Dow n 5 0.30 0.43 0.53 o. p 2,200 2,39.1 

0 .... ........ .. 6.1 Dow n 5 0.31 O.H O.M 0 .]2 2,654 2,774 0.4469 
11 .. ...... .. .... 12.1 u,, 5 0.76 0.98 1.33 o.So 7,988 8,678 0.9734 
12.. .. .......... 13.4 Up 5 0.82 1.09 1.43 o .S6 9,1-16 9,ll35 1.0560 
13 .. ..... .... . .. 1-U Up 5 0.88 1.20 1.52 0 .()1 12,029 1~,040 1.4167 
1-L. ............ 14.5 Up 5 0.93 1.26 1 .56 0.9+ 11 ,352 12,333 1.1821 
19 ......... .... . 14.8 Down 5 0.98 1.33 1.07 1.00 12,020 12 565 1.2M3 
20 ...... .. ...... U.3 Down 5 0.95 1.30 1.63 0 .98 l1 ,1H ll:ti50 '1 .1750 
2L .. .. ........ 13.5 Down !; O.nt 1.23 1 .5-1 OJ) I 10,530 11,007 . 1.1102 
2'.! .. ..... ..... .. 12.3 Down 5 0.87 l.l 8 1..15 0.87 9,040 9,450 1.0600 
23 .......... .... ll.t Dow n 5 I 0.83 1 .11 1.36 o.82 8,002 8,428 0.9994 

~ - -· · ·· · ·· ····· 0 .7 0 5 O.ii 1.03 1.23 o.u 6,992 7,409 0.9305 
25.. ............ 1 .3 Up 5 0.71 0.94 1.H o.69 6,14~ 6,fl72 0.9451 
2H ... ... ....... . 1 7.5 Up 5 0 .65 0.85 1.03 o.62· 5,560 6,040 0.8555 

::!i · · ·· ··· ······· 6.1 (} 5 0.60 0.74 0.87 0.52 4,236 4,489 0 .7~33 
~~ ....... ...... . 5.6 Down 5 0.5.1 0.67 0 .77 0.46 3,786 3,'.)58 0.6377 
20 .............. 5.1 Do,,n 5 0.52 0.65 0.73 O . .j,4 3,:392 3,545 0.6115 
30 .. .... ........ 5. 1 Down 5 0.51 0.57 0.72 0.4) 3,232 3,379 0.5828 

p 



CXlV REPORT O N TilE MIS S I SS IPPJ R [ VE R. 

No. 7.-CURRE:NT-11!EASUREMENT UPON VARlOUS TRIBUTARY STREAM AlrD BAYOU . 

~tanrl ofwnter 
~ i1rla cc. 

I I YC'Iocity ll <':l l' surface in divhrion~ nund)Cred- Dischnrg-o per ~ ' "'' '' 
" " 1 1 second. ... 

JA>Col ity. Dolo. 

Oh io ri \'cr, at Cairo ....... . . Dec. 3, 185i 

II<· low 
h. w. 
of:.... 

1858 

.. ... .... Dec. 7, 1857 1858 
Hntclu•c ri,·rr, above forks 

11t 1/lOII!IJ .. ....... .. .. .. .. ... Ma r. 3, I SbS (1) 
St . . F rtliiCifi ri\'cr·. lw lf n 

111il t: nboYc~ tHHng .. . ... Feb. 27, l 8b8 1858 
St. t 'nwciH rivrr. hnlf n. 

m i\e nhovc ~H·r1iT1g- .. .. .. t\ pr. :;;, 1858 1 G 
" 'hi\ o river, jn~t tx~low 

ArknmmB C\\t ·ofr. .. .. .... . lan. 1, 1858 1 8~8 
Yrn·,oo l'ivt·r, jnst lJclow 

St ech~'H hayou .... ..... .. .. . ~'tb. 19, l SUS 185 
Ywwo rinr, ju ~t bt low 

:O: tt:(• lc's f,: ,pm ............. May .,, 1858 I 58 
Ya1.00 ri vrr·, jus t 1Jc low 

~lt·l· l o'~~" ,,,.J'OTr ... ...... .... )ln.y 12', 1858 JS.>S 
Y fl7.00 ril'(' l', julit bt'lo w 

StH·lo's hnyou ... ...... .. .. ,J uuc JJ,1 Sfi8 JRT18 
Yn1. u0 river, j ust bPlow 

~ l l'l·l e'• bayou ............. ,July 8,1 858 1 :;s 
YH:t.OO rh••·r, just below 

Steele's bnyou .. .. ...... ... July 24, 1858 1 58 

ll erl river, nt .Alexa ndria .. "Feb . 1, 185& 185 

~'eb . 2, 1858 1858 
Red rivrr, just below 

lll nck riYor .. ... ... .... ..... Feb . 4, 1858 (?) 
lJlncl\ rivrr, just :lbo\'C 

IIIOIIIh . .. . .. •... .. •.... .. . ··· Feb. 4. 1858 1850 
llrrl river, nL 1lTouth (pro-

p<·r ) ......• ... ..•.• .. .• .. ...... )l nr. 
Red rh•t .. r, nt month (JH'o-

rwr) •.... .. .. .. ... ...... ... ... . Mnr. 
A lchufnlnyn ri\'cr, fi L up-

per month .... ... . ....... ... Jl nr. 
At hnfa lnyn. ri ,•r t·, nt 11 p· 

2, 1 [J ] I 
o, 1851 

8, 1851! 

1 51 

1S51 

1851 

f'C'I' mouth ........ .. ... ... .. , ~.! Jfu·. 9, HW1 1 8.~1 
A lf·hnlitlll ,)' ll ri wr, at up-

pr r mn11rh ....... .. ... .... .. Feb. 11 , 1 58 1858 
Old ri n•r, n l'!l!' Red-river 

I 1Wfli n~ .............. ... .... .. }"c U. 25, 1851 1f;5 1 
Oltl l'i \'f· r, nen r n cd-r iVPI' j 

lnnrl ing ...... .. .. .. .. ...... . . . , Jirh. 20, 1851 1 51 
Old rivPr, nPn r Hcd-ri\'t r· 

lnntling ... ... ........... ... ... \)lnr. 0, 1 51 1851 
Old ri n·r, nenr Hcd-ri,•cr 

lnmli11 g •....... .. .. .. ......... ) lnr. 18, 1851 1851 
Old rinr, ncnr Hed-river 
Iundin~ ........ ...... ..... .... ~ f ur . 20, Hl5 1 1 51 

Old rh•t· t·, a.5 mil r~ nOO vt• 
l< l'd-1 iwr l rlllfling ........ f \ •b. 12, 1 ~58 IR58 

B11 y011 Plaq tH'Htirw, IH'IIr 
upp<' r nwu lh ..... .. .. ....... -\pr. 10,1 01 1Afl1 

llflyo u PIHCJIH'nlinc, nea r 
l iP fW I' mouth ... .. .......... Apr. 11, 18[11 1R5l 

na)'OII I' I!Hflll' lllill t' 1 ll t': IJ' 
nppC'r month .......... .. .. . ,.Jan. JO, 1850 ] 5 

llnyou l.a Fourche, ucnr 
H!J pl' r mo111h ....... ........ t\ pr. 18, HUll 51 

Dn.)'O ll f.n .Fourche, ll t'l\1' 1 
npf)('l' n oulh .... .. ....... .. Apr . 19, 1 51 

llnyon l.u Fourche, t JC1lr • ! 
11 J) JH' r n10uth ...... ......... .ln11 . 23, l SaO I 58 

Ult ~' j J U 1.11 Fourcll(·, nt. Thi· 
hojJ ea Hx .................... ~ .fnn. 2 , 1859 1 5 

n u.vou J.n Fuurclw, at I 
Field's mill s .... .... . ... .... 1.J nn . 27, ] , 50 185 

llc rwlck"o bny .......... •... .. 
1 
J nn. 20, 18681 1 2 

_I I 

51 

'n ul ~ro . of \ otd\.1 
"t:locity OUsc n •ntinns g 1 • floor a.

1

.t rea . . . ___ _ _ of by pnrly of:-

J -----------_:_ " ~):J~-1_:_1.: ::1_:_1__::_ _:_ = '"''"' '";~~· -s-tr_c_n_lll_ .• I------

Fef.l. !Bitjet Feet F11l J.'ut
1

net F<•' IIFeet iFcrt ~et 1 Feet FCPt /•'crt Pert. C'u.ft•et. jCu.frel. Fert. 

36.8 0 23 

1

65,310 1.25 1.57 ~11 2H 330 3.45 3.51 3.70 1 3.~9 ~.:\~ 1.63 tOO 172,01 8 1 8:1,~60 :.1.871 l.lent. ,\l.Jbot. 

3:1.8 Down 1 53 

1
7 2,2~0 1.3 12.25

1
3.39 3.85 3 77 3.85 U7 ~.08 3.70 2.78 2.00 ~00 ~31 ,324 2J1,830 3.3H 

10.5 o 10 2.03:! ("o .2.38 2.50 2AJ 1.!0 I :m 6,218 0,590 2.2n 

2fi.l Down1 2·1 

1
li, 00 ( 45 11.09 1.2 J.:JO J..l3 1.30 0.69 100 l0,!J.'l2 20,523 1.1 53 

s .o Up 1 0 30,727 (3o jo.n 1.1 0 1.10 ju.<3 ;0.56 ,1 o.J7 o.16 1110 20,i 81 2:.!,576 o .7 36 

\l.{ o ;);, l2z,n7c. I 2.0 ( ·03 2.70 ~.un J.:l9 n.o1 100 4o,on 47 ,767 zm\l 

14.7 . Up 3 20 35,71 t\.50 !0.'11 J..\3 1.85 1.10 (·2;, <l.W 100 40.1 5R 43,6·!~ 1.221 

0.0 t ' p 2 40 46,070 1.2;, 1.~5 ·2.00 2.1 7 HIO 
1
1.92 /1.72 100 S4,Ut-3 !IZ,:!Z<i 2.004 Mr. Pntt.ison. 

0.8 Up 2 ·13 JG;IGO 1.2~ 11.02 12.27 2.2i 2.08 2.27 1.02 1<10 H2,:i7G IC0,3GO ~. liJ 
() .J Up :! 32 J 6,5J1 1 00 1.o5 1·>Q.I ·>OJ Z.i 2.63 200 Il l(/ HIO,OI O 1J O,JOO 

0.3 .Down 2 41 JG,5JI 1 :0~ 12.04 
1 ~:;).1 ;.57 1:1 J3

1
2.i 8 ll:32 100 127,588 1.13,380 

0.8 Down 2 45 46,156 2.08
1
3.8:; J.17 3.bi 278 227 1.47 100 133,150 130,210 

c.6 Down 3 21 22,1l!'5 2. 2 3.85 4. 5 {2C 3.&:; 2.82 1.87 100 78,166 81,715 

(\.3 0 20 122,000 3.39 us ( +I iJ.17 J.6J 3.13 2.JJ 100 4,992 00,075 

9.0 Down :l 10 

1

33,333
1
2.03 3.57

1
3.70 "3. a ~ 35 4.55 4.17 J.JJ 100 125,623 131,330 

S..l \Down 2 15 24,3-15 (OG 2.7 , 3.03 2.38 1. 2
1
1.12 1 100 b~,1 1 ~ 55,526 

u·> Down 2 12• 1 6~,947 .0.70 1.00 1.25 q o 1.:.9 l 1.oo 1.51 1.3:1 1.00 200 88,120 92,11 0 

4.2 12* 74,357 I I '.i I 2\JO 100,550 11 2,030 

u 0 23 22,510 J.5o (o 4 . ~6 J 35 J J5 p o 105 !11,810 98,350 

4.2 25 22,11 5 3.77 ·1.55 ' J .f.5 4.7o 1•·65 4. 50 110 0~,870 10·1,550 

7.0 17 2~,4 2 11.52 2.~2 1 3.~5 ~ 4. 55 4.35 3.4 5 2.70 100 72, i13 7i ,OO L 

0.1 Up 2 0 0 0 0 0 0 

R.5 Up 2 

0 

2.2 Down 3 

l.U 

~.1 

o.u 

0 

0 

0 

o.u Down 2 

1 '' Up 

1.2 

7.0 

4.4 

4.~ Pp 

0.7 

0 

0 

0 

2 

7.6 I Down 1 

0 0 0 0 0 0 

0 0 0 ()" 0 0 0 0 1 0 

6* Oi,5:JO o.1o o.So , 20 1.52

1

1 ~0 
1
1.00 Lg:> IH3

1

J.7o 

o• o7,!l1l6 I 1. 1 1.01 

17 31,0001.33 2.78 317 13.39 3.23 :274 2.00 11.21 10.04 

15 5,875 5·?" 6.50 Jo G6 \o.as \6A2 5. s 5.56 5.05 4.34 J .oo 

o 5.SI5 6 •o 6.70 lo.oo 6.81 

1

o.5o 6.2"~ : •. s2 15.Jo l, .oo J.So 

27 4,100 I· 00 ; 2.04 4.35 :Hi H.5 4.36 3AO 
1

3.bi 3.08 12.35 

20 a,r.~o 2. 58 2.ns 3.2o 
1
3.10 2.00 z.<; ~ 2.31 z.oo 

18 

15 

I 
a,c,'lO 2.4o 2.!14 ~.:!7 ~ .10 a.1:1 2.75 ~ .:5 1.00 

2,•1i fl 1.11 11. 0 :! 3:l :2.3 2,{1!) I 

2,o<J2 1.0 ' 1.+1 l.f3 J.Go J.JO om 

2,1~:1 1.2-1 1. ;; J.Sa 1.00 UAI j 
I 

20 ~ 8-I,~I G 
1
uo

1

2.00 
1
2.0. t1-1 1 2.2"~ 1 2.2"~ 11.85 (28 

1
o.or 

* Obscrvnfion s tnk cn wirlr n ~ !r ip' log, th e banks being ov rfl owcd. 
i" Fl onts 10 feel below ~ ltl· fncc. 

128 

12 

JOO 

25 

25 

25 

25 

35 

200 

0 

0 

05,080 

0 

0 

0,030 

06,550 102.320 

71, 17 

33,430 

34,750 

15,000 

1 0, 2· 1 ~ 

10,4:19 

4, 53 

4,0~!1 

3,730 

151,ll6 

76,11 2 

:!2,000 

:l3,300 

16,861 

10,200 

5,143 

4,2 1 

·1,073 

157,9 0 

2.51J5 

2.806 

3.010 

3.002 J~i cut. .A bbot. 

3.933 

3.93\) 

2.280 

1.336 Mr.O .• Sm it!J. 

1 .610 

4.361) 

-1.720 

:3 .4 27 Lieut. Abbot .. 

0 Mr.O.C . . ml th . 

0 

1..181 

1.500 

2.4 55 Lieut. ,\ bbot. 

5.660 .ll r.O.C. mith. 

b. 81 

·1.02-1- Mr. PnttiRon. 

2 . 8~1 Mr.O.C. Srnith . 

2.809 

2.()7 7 Hr. r nttlson. 

1.4:ll 

J.3i6 

I. 76 Lieut. Abbot. 



A PPENDIX E . 
DAILY DISCHARGE AT VELOCITY STATIONS. 

No. 1.-D.A.ILY DIS H.A.RGE PER SECOND, IN CUBIC FEE'l', OF 'l'IIE MISSISSIPPI RIVER .A.'I.' 
CARROLLTON. 

Dny of f ebruary, Mfirch, 
lllOO(h. 1 ul. 1851. 

April , 
1851. 

)ff\y, 
1851. 

.Tnn(' , 
1~5 1. 

,Jnly, August , SrptPtn- October, NovC'm- Decem- ,Jnnuflry, February, 
183t. 1~;,1. bor, 1851. 1851. bor, 1851. bor, 1851. 1852. 1852. 

---

1 I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

H 

15 

16 

17 

18 

10 

2 

21 

22 

23 

24 

25 

26 

27 

28 

20 

30 

31 

--- 1----1---- -----------------------------1---

1,012,.368 I , ns ,ooo 98 5,ooo 74o,ooo 79o,ooo 8 so,ooo IG-18,738 2 55 ,ooo 28 5, ooo 255 ,ooo 325,ooo 

1,o2o,ooo 1, ll7,77-1!985,ooo 738,3-12 805,444 858,\lG7 j5J5,ooo 2-1G,-l 851 275 ,ooo 256,554 325,ooo 

l ,Olll,06u 1,107,3-1Af7 5•ooo i 30,51-1 80(),510 865 ,ooo 5:21, 4:.>8 z4o,ooo lz6s ,ooo zso,ooo 3zo,ooo 

1,0-1.2 ,127 I,I os,oool9 6o,ooo 7:lO,r;OD Srs ,ooo l86s,ooo
1
szo,ooo 2-l .:i,58.j 2.:i8,830 i2so,ooo 315,ooo 

1, 030,3 8 I , IO) ,OOO 032,-U :l 71 !),8!):} 818, ,17 868,6 10:5 18,Q(ifl 245 ,ooo l2) 5,ooo
1

2) 5,ooo 3Io,ooo 

1 ,0~8,000 I , I o~,ooo 92:,oo~ 71 ~,~.:() 8 3 s,ooo l 8~ s ,o~o l s o ~,ooo ~45- ~oo 26~, ooo . z6s ,ooo 307, 091 

1,o6o,ooo j1, IO) ,ooo 00 J,60 - 70- ,D- D 8so,ooo ,83+,1lu8 49). ooo 25 l ,D62121h, GfJ3 1z75. ooo J i o,ooo 

1,06 , 4 64 , I , I O~ , ooo l 8 9o,ooo i ~I :,oo. : 86o,ooo
1
8zo,o:o i480, 13G 2~5 ,000 25$ ,000

1

285 ,000 315,000 

I ,o: ~,ooo l, Oilo,~H 883,1l96 / ~ 2 1,2~1 8 ~~,ooo 80-!, GuO 48o,ooo 2D4,608 ,z6o, : oo 29o,ooo 335,ooo 

1,0u,41G

1

1,0G3, r01 875 ,ooo(20,5 JU 8-)6,H8 79o,ooo ±8 1,430 z7o,oooi :2 G!l,r21 2\l3, 49G 35o,ooo 

1,097,901 l ,0±7, 5D3 86o,ooo ,7-1D,!)73 S6o,ooo 7GO,(H8 ~88 , 637 281,:W7127o,ooo 295 ,000 38o,ooo 

1, 078,270(048,313 841), ~ ~8 ~~ ~,1 00 86) ,000 ~40,000 -1G7,5 ll 270,000 28) ,000 29),000 440,000 

1,004,ci G:l l. I ,O) S,ooo
1

83D, 'JJl l l l D,G2:l S6s ,ooo rl !l,2-U 44o. ooo 254,147 z85, ooo l295, ooo 475 ,ooo 

1,11 !3,1) 4 r ,o6o,ooo 8Is ,ooo 785,ooo 86s ,ooo 695,ooo 425,ooo 2.33,011 z85 ,ooo 295 ,ooo 5 18,1lil 

50!3,62!:! 1 1,134 ,n.;5
1 I ,o ~o,o~: : ~ ~6,: :l\J : ~9o,oo~ ~~o,o~o Gull,388 41o,ooo 153,1JOJ :275,6:l<'T9o,ooo 53o ,ooo 

SI' ooo 1, 1+5 ·oool 1,0t 1, 'll l ' r·l, u -1 18:2, flu !:S.) .J., ·bl 6ss,ooo 41 o,ooo 25 5,ooo 265, ooo 29o,ooo 535,ooo 

53: : 777 11, J .j:2 .. )0 1 \ l ,o~ s ,ooo , 7G8, 71 8 I 76 1,7 0'J 8~~,o~: 64o,ooo -101 ,:()8 :!51,030

1

255 .ooo ;285, ooo 53o, ooo 

5 3,71 5 I , I )O,ooo, t ,UuG,2CG 750,000 no,ooo 8-Jil,(Jil/ 62s,ooo 38:.!, t ll :2 260,000 :l+l , 1'J'J ,z8o,ooo 515,000 

6Jo,ooo l ,13G,G 8 I ,o+o,ooo 735 ,ooo 78s,ooo l86o,ooo)G l u,OOO :n t ,808 275,ooo 245 ,ooo ' :l iii, 130 49o,ooo 

61l0,76\l 1,1-11l,3\l : ~ .o+o,ooo 71 ' ,\J il ll i 9 1, 0GD I86s,oooi() :W,4 00 355,ooo :2 : 3,217 :.lH,l 8D 27o,ooo 48o, ooo 

i G6,,1()7 1, 13(J,G 7 I ,OJO,OOo
1
701J,5 l:l795,000 87o,ooo 61o,ooo J)O,OOO :2u6, 4:2:2 240,000 275,000-182,392 

819,5 3 l,12:2, li411,0:lG,320 69o,ooo 79o,ooo)87 5,ooo G06,1 58 /3-11, 521J/z6o,ooo 235, ooo 285,ooo 465 ,ooo 

87o,ooo I , I JO,ooo I,OJO,ooo /G 2,00277 5,ooo 88o,ooo 6os, ooo 325,ooo :WD, 71 3 235,ooo 295,ooo 455,ooo 

04,4 ()1 1, 1:2 ,393 1,o::. 5,ooo l675•ooo 763, :208 88o,ooo 6oo,ooo 301,371 275 ,ooo 22o,ooo 302,18+ 435, ooo 
I 

900,900 !,Oil , OJ 1,o2s,ooo 665 ,ooo 7.3 1,508 87 5,ooo 572,388

1

29), ooo 275,86() 225, ooo 31 o,ooo 4 15,ooo 

93 ,5:36 I , Ioo,ooo I ,ozs,oo)u60,1 88 767,1 :2 7 jSG8,8-'i4 575,ooo 29o,ooo 28o,ooo 2:.8,0,1:2 JI5, ooo 4oo,ooo 

9 5 5,000 I , I IO,OOOI I 10 1 ).000 ,63 :2,3:.>.) 773,3 10 86o,ooo 57!3 ,08() (80,000 27 ),000 240,000 J25 1000 J80,000 

995,000 1,1J3,13:31 I ,O I5,000:673,il i 8 775,000 ,8)0,000 570,ooo
1

27),000\270,000 250,000 JJO,ooo 356,0.J.9 

295·000 

28o,ooo 

27 s .ooo 

286, 305 

3001000 

335,000 

J60,000 

JJO,OOO 

400,288 

455 ,000 

524, 80 1 

1, 11 o,ooo 1,o 1o,ooo G7U,l2 1 ns.ooo18-11 ,2 15 .:iu \,238 27o,ooo 275,ooo l255·ooo 335,ooo 33 5,ooo 

11, 11 0,000 995,000 ]00,000 790,000 845.000 565,000 :!u~)J.I 280,000 255 ,000I 335•0001J25,000 

l l.ll:2.7Gti 73o,ooi _ _l s4s.ooo;sss,ooo \ :28 5.ooo: 13:30,U87i3r o,ooo 

-----· 
( cxv) 



CXVI REPORT ON THE MISSI SS IPPI RIVER. 

No. 2.-DAILY DISCHARGE PER SECOND, I~ CUBIC FEET, OF THE MISSISSIPPI RIVER .AT 

Doyof 
month . 

1 

2 

3 

4 

5 

6 

7 

8 

0 

10 

1l 

12 

13 

14 

15 

16 

17 

18 

10 

20 

21 

22 

23 

24 

25 

26 

'27 

'28 

20 

30 

31 

DcC<'mher, 
1857 . 

250,000 

235·000 

220,000 

235,ooo 

250,000 

270,000 

jOO,OOO 

350,000 

400,000 

soo,ooo 

601,630 

810,110 

895 ,ooo 

065,380 

1,001,480 

1,1 37,600 

Jnnnary, 
1 58. 

61 o,ooo 

640,000 

68o, ooo 

7 zs,ooo 

7 6o,ooo 

81o,ooo 

835,ooo 

SJO,OOO 

8oo,ooo 

745,000 

720,000 

0 

6 

(l 

5 

70, 110 

60,000 

06,110 

90,000 

83,1 80 

1, 170,000 5 90,000 

1, 190,000 16,730 

1,190,000 '39,640 

(j 

(j 

(j 

6 

6 

1, 18o,ooc:> (j0,480 

I , J6o,ooo 6o,ooo 

1 1 1 201000 35·000 

1,075 1000 (l 02,1i 0 

1,oo5,ooo 5 8o,ooo 

910,000 5 6o,ooo 

81o,ooo 5 37,700 

720.000 5 15,330 

65o,ooo 5 03,000 

6oo,ooo 5 Ou,iGO 

58 o, ooo 5 ~O, GGO 

580,000 5 35,ooo 

:Fcbnt-
ury, 1858. 

5J01 000 

520,000 

i)OG,i 30 

493,000 

-181,620 

·17-1 ,150 

475 ,000 

478, 560 

475,ooo 

470,000 

-160,776 

450,000 

438,ooo 

425,ooo 

420,000 

430,000 

450,000 

·100,5 5 

460, 000 

-165, 180 

450,000 

438 ,ooo 

-128,500 

400,800 

il99,230 

300,500 

400,000 

41 s,ooo 

. COL MBUS. 

Mnrch, April , Mny, June, July, Angnst, ' C'pt(' ll"'- October, NoYembcr, 
1858. l ha . 1S5S. 1858. 1&5 . 11'158. bor, 1 58. 1858. 1858. 

---- - -- - - - --- ----

435,ooo 1,058,670 1,030,000 l , l -1 3,300 i 8~1.220 56o,ooo z8o,ooo l7fi, 840 190,000 

465,ooo 080,850 980,000 1, 150, 7'2017 40,420 63 1,660 270,7,10 1 (i 1 ,780 215 ,ooo 

495 ,000 9-16,780 890,~00 1,1 00,()701671,260 51H, 730 270,000 1 6o,ooo 235,800 

525, 3:?0 8 ss,ooo 03, 2-10 1, 175,ooo( 4o,ooo ~ 92,500 257, 1) 0 J 50,300 285,280 

668,8GO 777,G-1 0 "'·""'! '· ,,,,000 61 8,740 
-!i(),830 246,ooo 155,ooo 354,400 

565,000 i O!l, GGO 77 ,0 '2 1,195,ooo 601,810 -170,-70 235,030 14 0,070 420,000 

565,000 ()2:3,070 77G, 550 1,206,170 .368,500 -1 0,110 228,2GO 147,000 440,000 

sso,ooo 5s 5,ooo 7 6,570 1,221,080 .>33,320 490,000 220,!)80 1-1 0,-130 4-IJ ,9()0 

533,500 5G7,810 8oo,ooo 1,241,220 4()(), 730 •IO.i, 810 21(),:l30 1~5,030 433,760 

529, ,110 s65,000 8zo,ooo j 1,zss, oool49o,ooo -~95 , 700 222 , ~ 00 143,000 420,230 

530,080 570,000 88(),32-1 1 I ' 270, 000 48 s,ooo -105,220 211,550 140,820 417,370 

54), 000 59),000 05-:>,320 1,280, 000 -177, 340 ~70,740 2 10,000 1<1 ,1,370 399,800 

552,030 6zs ,ooo 970,080, 1,3001 000 -! 0,1,400 -108,000 21 0,5!l0 13-1,470 390,000 

56s,ooo 682, 150 1,00-1, 6-JO 1,31 ,300 -!G.:i,810 -167,500 247, 300 136,740 380,000 

575·ooo i !l!l,5~0 1 ,o 3o,ooo:1 ,3-10, -IGO -1 00, 130 450,000 255,030 132,630 370,000 

58:3,800 860,000 I 1030,000 ) ,387 ,8-10 4~ 3,060 ~ 3 :2,-1 30 206,230 128,070 358,250 

590,000 900,000 1,010,90+, -1 02,520 424, 530 ·110,530 :!55,570 I JO , OOO 345,000 

OOG, G60 950,000 1,007,70011,4 03, -100 425, 000 :30 1,310 253,730 130,000 330,000 

65o,ooo 1,ooo,ooo 1,0 5,000 ,1,3!l!l,090 -145,230 a8:i,380 250,000 133, 710 325 ,000 

740,000 1,030, iiO 99o,ooo 1, 398,ooo -192,720 3 3,260 :!-19,2-10 135,500 J20,000 

870,000 1,0 3,6-0 

' '·"'\' · "'·~ 520,8-10 36 ,!l!JO 238, 150 130,930 3 1o,ooo 

981,070 1 ,120,100 98s,ooo 1,3 3,0 0 .)!)0, 350 365 ,ooo 233, 1-10 13-1,250 300, 000 

1,058, 0 I ,21 o,ooo 1,01o,ooo 1,36o,ooo 62o,ooo 3u:\5GO '222,590 132,4 GO 28 5,ooo 

1, 008.400 1 ,2(j0, !J_O I1,o45,ooo f 1, 3 3o,ooo 6:~9,010 :l3!l,G70 21-1,100 132,000 275,000 

1,10:i,!lOO j1'265,ooo 1,0ii,50011.:281i, l :10 66o,ooo :332,020 205,000 132,200 26o,ooo 

1,120,800 1,26o,ooo 1,1 1-1, 000

1

1,2.8,5-10 G0-1,900 300,2:!0 194,000 1 84, GOO 245,000 

r,qo, ooo J ,23G,GOO 1,133,3!l0 j1, 2zo,ooo Gu5,430 20-1,380 18-l,i-10 135,000 230,000 

' , n o,ooo , ,, o,oool >, ' ,,ooo
1
1, 156,960 0Gl ,310 28 5,000 183,000 J.l0,330 225, 000 

1,10-l ,!JOO 1, q o,ooo 1,1 3!l, 0 1,0. 0,010 G0 1, 530 27 51000 181,0GO 139,530 215.ooo 

•,o9o,ooo l, 11 3,3!>0

1 

u4o,~ 007,260 6J',5 0 2C7, 700 171 ,070 143,710 zoo,ooo 

1,075,000 1, 142,000 5 8,5 0 278,ooo 170,000 



I 

I 

.APPENDIX E.-DISCHARGE .AT VELOCITY STATIONS. cxvn 

No. 3.-DAILY DISCHARGE PER SECOND, IN CUBIC FEET, OF THE MISSISSIPPI RIVER AT 
VICKSBURG·* OR NATCHEZ. 

Day of .Tnn unry, r obrn- l\farch, April, Mny, ,Jnno, July, Au~;us t. Scptem- October, Novom- Decem-
month. 1bi>S. ary, 1 58. 18()8. 18i>S. 1858. 1858. 1858. 1858. ber, 1858. 1858. be•·, 1858. ber, 1858. 

-- --- --- ---- ---- ---- ------ ---- ----
1 &9.3,Mi0 705 ,ooo 1,128,800 1, 15!J,OOO 1,231 ,700 1,215,950 1 1 140,000 540,020 348,1GO 234,000 367, 230 

2 89),000 705,000 1,130,700 1, t6x,ooo 1,240,650 1,219,4.50 1,136,800 533,830 340,000 235 ,000 362,000 

3 870,000 89o,ooo 700,000 1,139,000 i,1G2,450 1,232,800 1,218, 900 1,117,000 528,240 330,000 236,ooo 348,120 

4 ' 86s ,ooo 880,650 G93,080 I , 1421000 1,164,!JOO 1,240,900 r,z r8,ooo 1,104, 500 520,4GO 323,090 237, 000 342,490 

5 86o,ooo 86J,OOO 683,200 1,144,300 1,167,200 1,241,900 1,21$,000 1,o98,ooo 51 2,000 320,590 243,080 330,000 

6 8 5 s,ooo l841,560 670,550 1,148,800 1,178,000 z,24o,ooo 1,212,100 1, 086,400 504,700 308,080 277, 740 327, 260 

7 8 50,000 &JJ,OOO 68o,ooo 1,139,800 1,174,000 1,238,000 1,211,600 1,066,800 490,000 297,200 31 0,000 330,000 

8 844, 800 826,210 713,090 1,140,900 1,181,150 1,226,800 1,220,400 r, oso,ooo 470,000 290,300 353,830 338,500 

9 1836,360 i8o!l,HO 726,300 1,142,800 1,190,000 1,214,400 1,224,200 1,026,400 452,450 28!),300 404,570 350, 380 

10 828,ooo 802,750 748,200 1,130,100 1,190,800 1,220,300 1,225,900 .I ,O I O , OOO 442,740 28o,ooo 474, 150 3!Hl,920 

11 825,990 193,380 763,610 1,145,000 1,208,800 1 ,225,000 I 1 22J,OOO 992,730 435,740 27 s,ooo 516,800 fJO,OOO 

12 839,790 792,000 770,810 1,152,450 1,200,250 1,228, 700 1,220;000 982,000 425,000 269,980 565,000 470,000 

13 8701701794, 880 787,500 1,154,000 1,210,050 1 ,222,000 1, 218,200 950,760 412,300 266,320 593,830 517,620 , I 
H 900 000 792,000 8oo,ooo 1,154,100 1,203,800 1,215,500 1,222,250 935,000 405,290 25G,810 6oo,ooo s8s,ooo , I 

808,400 1,146,800 1,217,650 1,219,200 1,220,200 '920,000 387,300 263,330 645,410 15 9"0 000 78J,OOO 595,000 , ' I 

16 9J2,000 771,090 82s,ooo 1,137,600 1,220,000 1, 211, 600 1,220, 700 909,310 382,1 30 256,060 585,630 

17 928 coo 763 ,4 90 8H,190 1,128,800 1,222,800 1,217,800 1,229,100 903,970 382, 7!)0 2$2,000 555,780 

18 91.3:130:753, 60 849,070 11 11 0 1000 1,224,000 1,222, 100 1,225 ,000 882,090 381,310 250,000 540,000 

]() 908 000 i53,6ll0 839,780 1,105,000 1,230,000 1,217,800 1 ,220,000 873,340 JSO,OOO 248,ooo 528,150 , I 
841,570 1,103,4.00 1,224,600 1,226,ooo I ,218,200 860,150 385,260 520,500 20 DOO,i90 740,560 24$,000 

21 I&88,Gi0 87o,ooo 1,099,400 1,222,500 1,231,000 1,215,900 832, 150 3\JG,ll30 243,000 sos,ooo 

22 1877,1 30 91 0, 000 1,110, \JOO 1,232,250 1,238,150 1,217,500 812,ooo 407,440 240,000 49s,ooo 

23 86 ,GiO 9H,460 1, 123,100 1,2J4,000 1,233,000 1,210,200 791,190 414,2ii0 238,ooo 483,560 

24 869,000 734,330 960,800 1,130,000 1,235,20011,244, 500 1,188,600 768,400 -107,940 235-000 457,100 

25 Sn,ooo 731,300 990,090 1 , 140,000 1, 234,600 1,241,800 r, I 8o,ooo 749, 190 393, 740 233,320 <146,540 

26 879,000 729, 0 1,017,480 1,14.3,500 1.227,200 1,230,!)00 1,1 69,500 714,060 390,000 235,810 · 422,160 

27 879,000 71 6,860 1,042,100 1,14.5,600 1,227,200 , ,22o,ooo 1,1M,400 700,000 385,400 23s,ooo 417,060 

7 •o,oot ,o)o,ooo 1,140,800 28 875,230 1,230,450

1

1, 209,450 1,158,100 671,880 JSO,OOO 235,000 41 0,000 

29 870,9-!0 1, 090,800 1,140,800 1,232,70011,207,0501,154 800 64o,ooo 370,000 234,000 400,000 

30 8i -1,000 1,109, 430 1,142,600 1,2Jo,ooo

1

1,200,300 1,148,300 61o,ooo 360,780 2J4,000 397,020 

,1,1 21, 500 575,380 31 88 s,ooo 1,2 Jo,ooo
1 

1,147,100 2JJ ,OOO 

I 

I 

I 
I 

* Prior to February 21 these measurements wer e made at Natchez. Subsequent,Jy to that d>1te they were made at 

Vick sburg. 



CXVlll R E PORT O N Til E M I SSISS I P PI R I VE R. 

No. 4.-DAILY DI CHARGE PER SECOND, I r CUl3IC FEET, OF THE ARK.Ar SAS RIVER A'l' 
NAPOLEON. 

Dn.v of December, .Ja nun.ry, 
month . 1857. 1858. 

1 

2 

3 

4 

5 

6 

7 

8 

!) 

-
5 8,G37 

5 

4 

4 

4 

4 

4 

4 

4 

3,000 

8,ooo 

6.ooo 

5,000 

5,221 

s, ooo 

6,ooo 

6,ooo 

10 JJ 1000 4 7,000 

11 36,ooo 4 8,ooo 

12 39,000 4 9,000 

13 

14 

15 

16 

17 

18 

l !l 

20 

21 

22 

23 

2-1 

25 

26 

27 

28 

2!) 

30 

31 

43 ,000 x, ooo 

46,ooo 4, 000 

48 ,ooo 5 6,017 

50,000 5 7, 342 

53·000 5 0,'17 

55 ,000 5 0,070 

4,1388 57,000 5· 

59,000 5'1 _,7i1 

6o, ooo 5 1 ,'121 

62,000 50 

63 ,000 49 

64,000 49 

65 ,ooo 40 

65 ,ooo 51 

66,ooo 51 

66,ooo 52 

65,193 52 

62,000 53 

,208 

.coo 

,coo 

,571 

,027 

,0~2 

,coo 

,ooo 

,coo 

,coo 

}'cbrnnry, )J nrch, .-\pril , 
1So8. 1858. 1~58. 

------ ---

52,000 39,000 77,000 

52,000 38, ooo 78,ooo 

5I,OOO 38,ooo 79,000 

5I, OOO 38,ooo 79,000 

so 000 38,ooo 8o,ooo 

49,000 38,8'.)8 8o coo 

48,ooo 4 1,000 So,ooo 

4S, ooo 44,000 8o,ooo 

47,000 48, 030 79,000 

46,ooo 54,537 78,ooo 

45,ooo s6,ooo 77,000 

44.000 57, 000 76,ooo 

4J ,OOO 58 ,ooo 74,000 

4J. OOO 58,1!)!) 7J,OOO 

42,000 sS.ooo 71, 07-1 

4 I ,OOO 58,ooo 67,2~ 9 

41,000 sS,ooo 65,200 

40,000 58,515 64, 000 

40,000 59,000 64,000 

40 000 6o,ooo 6J ,OOO 

4 0, 000 2,32 6J.OOO 

41 ,000 64,000 64,000 

42,000 66,ooo 64,000 

4~,ooo 67,000 6s. ooo 

-1:!, 13!) 69,000 66, ooo 

~1 ,3~0 70,000 OG,OOO 

40,000 71,000 013,0 0 

39,000 72,000 66,ooo 

74,000 6s, ooo 

7s,ooo 64.000 I 
76,ooo I 
--- --

l\Jn.y, .Jnnr, .Jul y, Angu9t, ~cptem- October, Novcm- Decem-
] 85 •. 1858. 185 . ] 5 . bcr, .1 858. 185 . bcr, 1858. bor, 1858. 

--------- ------ ---- --- ----

63,0 0 G5, 000 67,000 7:!,31 0 6. 5oo 4,-!30 2,348 4,000 

03,000 70,000 68, ooo 50,!)37 6,317 4, 164 2,333 4,000 

63 .000 60,000 69,000 5.3, 188 6,ooo 5,1 33 2,333 5, 000 

64, 000 73,000 70,000 p, ooo 0,238 3, 88·l 2,318 6,ooo 

64,000 78,000 71 ,000 46,8.3 [ 6,2 12 3,771 2, 3!)4 S,ooo 

65,000 71,00 72, 000 42,000 G, 160 <~.,o::n 2,7H 9, 000 

67,000 72,000 74,000 36, ooo 5 
' 

26 3,755 4,000 

66,000 73,000 76,000 33,54-1 5·500 3,5 oo 5, 000 

67,000 75,000 78,ooo 33, 431) 5-500 3· 500 6,ooo 

08,000 75,000 79,000 32,000 5,408 3,soo 7,000 

63,000 7),000 So,ooo 20,3 12 5, 123 3·500 8,678 

68,000 74.000 8o,ooo 28,ooo 5,078 J,soo 0,035 

00,000 7 J,OOO 8 1,000 2 7 ,000 4,761 3·500 1-1,0-lO 

6J ,OOO 72, 000 77,000 :!;j, 77:!. 4,5oo 3,412 12,333 

66,ooo 72,000 6,000 26,ooo 4, 307 3,1 53 I J ,OOO 

67,000 73,000 80,0 0 ~0, 1 2 1 4,367 3,270 I4,000 

68,000 74,000 8:! ,0 0 :.!-J,088 4,307 3,21 \) I 4,000 

69,000 74,000 81,000 2-1,4 07 4,0-1-l :1 ,210 I 3,000 

70,000 74, 000 8 I, OOO 24,000 4,002 3,102 12,565 

7 I,OOO 73,000 8 1,ooo :.!3 ,0 \)Q .J , 75-1 2,033 11,050 

71,000 71 , 00 8 1,2 0 21,402 4,7 32 2,033 11, 07 

72,000 70,000 So, coo 11i,-l \) 4,027 _,!)15 Q, -150 

72,000 69.000 79,000 14,000 4, 027 3, 000 8, -128 

72,000 68, ooo 77,000 13,000 5.1 -17 2,805 7, -100 

73-000 68,ooo 7 5,000 12,000 -,008 2,753 (i,ll72 

73,000 67.000 7-1 2!)7 I 11 000 5,0\J 2,500 0,040 

73,000 !'' ,ooo 
i3,i 0 10 ,000 5, 1 ()3 z ,soo 4, -18!) 

72,000 67,000 74,000 9,000 ~ . 7 2,508 3, ()58 

08,000 I 67,000 74, 000 •> I 4.5oo 2,5<16 3,5-15 ·-
"·""' I l;i,!Ul<l 

7J,OOO 7, ,j(i I 4-500 2,:i l4 a,a1n 
I 

66,ooo {i, ., ., 2,:3 1R 73·000 _., 

--------



APPENDIX E.-DISC H.A.RG E .A. T VEL 0 CITY S'l' .A. TION S. CXIX 

o. 5.-DAILY DISCHARGE PER SECOND, I t CUBIC FEET, OF THE YAZOO RIVER AT MOUTH. 

Day of December, 1 57 . Januttry, JSOS. February, 1858. Mn reb, 1858. April, 1858. May, 1858. ,Jnno, 1858. Jnty, 1858. mon th. 

1 32,000 44, 000 49,000 41.,ooo 64,000 88,ooo I 14,000 131,ooo 

2 32.000 4$,000 4 8,ooo 42,000 6s,ooo 90,000 II 5,000 I 3 1,ooo 

3 32,000 45 ·000 48 ,ooo 4'2,000 66,ooo g t ,ooo JJ s.ooo 1 JZ,ooo 

4 32, 000 46,ooo 48,ooo 42,000 67,000 02,326 116,ooo I J2,000 

5 3 2 ,000 46, ooo 48,ooo 42, 000 68,ooo 94,000 JI 7,000 1 32,000 

6 )2,000 47,000 48,ooo 42,000 6g,ooo gs, ooo I 17,000 IJ3 ,000 

i J2,000 47,000 47,000 42 000 6g ,ooo 96,ooo n 8,ooo 13 J ,OOO 

8 33,000 47,000 47,000 43,000 70,000 97, 000 n 8,ooo 133,380 

9 JJ.OOO 48,ooo 47 ,000 4 3,000 70,000 98,ooo I 19,000 1J4,000 

10 3),000 48 .ooo 47,000 43,000 7 t ,ooo 99,ooo I 1g,ooo J 34,000 

11 34,000 48,ooo 46,ooo 43,000 71,000 1 00,000 ]10,400 IJs ,ooo 

12 34,000 49· 000 46,ooo 43 ,000 7 1 , 000 100, 360 120,000 135,ooo 

13 35·000 49,000 46,ooo 44,000 72,000 IOJ,ooo 121,000 IJs,ooo 

J4 35,ooo 49,000 4 5,000 44,000 72,000 1 02,000 ) 22,000 136,ooo 

15 36,ooo 49,000 45, 000 44,000 7J,OOO IOJ,OOO 1 22, 000 q6,ooo 

16 36,ooo 49,000 45 ,000 44,000 73,000 10 3, 000 1 2J,OOO I J71 000 

17 37,000 49,000 44,000 45,000 74,000 104,000 I ZJ,OOO I 37,000 

18 J],OOO so,ooo 44,000 4$,000 75,ooo ros,ooo I 24,000 I J71000 

10 38 ,ooo so,ooo 43,028 4$,000 7$,000 t o6, ooo 125,000 q8 ,ooo 

20 jS ,ooo so,ooo 43,000 46,ooo 76,ooo 1o6, ooo 12$, 000 I 38,ooo 

21 39,ooo so,ooo 43,000 46, ooo n,ooo 107,000 I 26,ooo I 38,ooo 

22 39,000 so,ooo 43 1000 47,000 78,ooo 1o8,ooo 126,ooo I 39,000 

23 40,000 so, ooo 4J ,OOO 48,ooo 79·000 Io8,ooo 127,000 qg,ooo 

24 4 0,000 so,ooo 4J ,OOO 49,000 8o,ooo I09,000 I 27,000 130,210 

25 41,000 so,ooo 43, 000 so,ooo 8 r ,ooo 1 zo,ooo 128,ooo 

26 4 1 ,000 so,ooo 43 ,000 52,000 82,00 0 1 Io,ooo n8 ,ooo 

27 42,000 so,ooo 4J 1 000 54, 000 8J ,OOO 111 1000 129,00Q 

2 42,000 49,000 43 ,000 s6,ooo 84,000 I 1 2 1000 129,ooo 

2D 4J ,OOO 49,000 sS,ooo 86,ooo 1 1 2 , 000 I JO,OOO 

30 43 ,000 49, 000 6o,ooo 87,000 II J, OOO 1 JO, ooo 

I 
31 44,000 49,000 62, 000 II J, OOO 



PPE DIX F . 
SECTIONS OF MI SISSIPPI SWAMP LANDS. 

No. l.-, EOTIONS OF 'l'. FRAN IS BOT'l'OM LANDS. 

Cairo tHid Fulton ra il road. 
I 

McmtJhis nnd _Li ttle .Hock rnilrond. ) fil itnry mad, )femphia to t. Francis rh1cr. __ II 
I F' lood of 1649. l Flood of 182 • ,I F lood of -

Dis t n nee Ground I Distance Oround Dis tnnco OroHnd 
r,ocality. fmm rh o b elow D tl Locn lity . ft'OIII rho) bt~ J ow Depth ' Locality. fl'om tho h~)\~~.(;~V· fJC\lth ~li as i s· h. w . lcv · et} 1 

~1 iAA is- h . w. lcv- of 1\liRsis-
sippi H. , ('\ .nl tho O~t' r- sippi n. el .nt tho 0 \'Cr- I sippi H. el nt t.h o of 

MI-.. H. , II ~h• . ll. II ~ I iss . H. over-
(32~ feeL ow. ('.tl l ~ ,., ow. I (221 f-'ot fl ow. 
llb g ulf. ) ab. gulf.) ab. gulf.) 

--- - -- -- --- -- 1- --- --
Ret. Peel. A •11t . '"''''· Ji-...rl. F e Pl. Htt. f?e, l. F>PI. 

Opposite Cniro ..... .. .. .... 0 2.0 :!.1) Opposito ) Jem ph ls .. .... 0 IJ.O 0.0 Oppos ite ~fompllis ........ 0 6.0 6.0 
5,000 3.0 a.o I 2.0 2.0 lj :i,()()() 7.0 2.0 

10,000 5.0 5.0 ~ 5.1) lj,Q JV,OIXI 8.0 a.o 
15,000 0.0 0.0 3 0.0 I), I) 15,000 8.0 0.0 
20,000 2.0 2.0 i>-milo b •you .. ............. 4 0.0 0.0 -1-mil.o bayou ... ...... .... ... 18,000 
25,000 2.0 :!.0 u 0.0 0.1) l..c1H'O bank of Missis-:.w,uuo 2.0 2.0 I) 0.1) 0.0 s ippi ........... .. . ...... ... 20,000 2.0 0.0 
35,000 3.0 3.0 7 o.u o.u 2J,UOO 3.0 1.0 
4 ll,UI~J 6.0 5.0 R 0.0 1),0 30,1100 4.5 2.0 
.t f> ,OOO 2.0 2.0 9 o.o 11.0 :351000 4.1i 2.0 
50,000 -3.0 0.0 10 0.0 0.0 411,000 3.0 0.0 
55,000 -3.0 0.0 11 0.0 0.0 .JfJ,OOO 7.0 3.5 

Mr\tthcw's prni riu ......... GU,OOO -t.O 0.0 12 0.0 il.O J ()..mi le bayou ...... .. ....... 4 ~,000 
05,000 -3.0 0.0 13 u.o u.o [,0,000 5.0 0.0 
70,UIXJ -2.0 0.0 H 0.1) 0.0 6[},000 9.0 J.O 
76,000 l .O 0.0 1o 0.0 u.o tiU,I)OO R.O 0.0 
hU,OIJO 10.0 :!.0 Leave bnnk or old lake l fl u.o 0.0 ti5,t>OO 0.0 J.O 
85,000 J.I.O Hl 17 5.0 1.5 7li,UOO J:l.o 3.0 
tm,oou JI.O 4.(1 18 8.5 4.0 75,000 13.0 3.0 
95,000 13.0 3.0 19 10.5 4.5 80,000 20.0 10.0 

100,1~10 14.0 :!.0 20 11.0 5.0 l i>-111ilo bnyou ............. .. R1,1100 
Lnk o St.JoJm•s ..... ....... 10[1,000 1!1.0 ·1.0 ~t 13.0 6.0 8(l,UOO 13.0 ~.0 

1 10,(~)0 -8.0 0.0 2'.! J:t5 4.0 9U,IIIl0 13.5 3.6 
Dig prnirio ........... .. .. ... !1 5,000 -U.O 0.0 ~i 1 ;1,0 3.0 05,000 11.5 2.6 

1:!0,000 M.O ll.ll 2·1: J:l.O 1.6 100,000 16.0 6.0 
1:!.),000 no 0.0 !Jinckfish lnko ............ :![, H .U 2.0 105,000 16.0 ·.o 
130,000 14.0 0.0 :!ti 11.0 0.0 110,000 17.6 7.5 
1:15,000 lil.O 1.0 '.!7 H .O :!.0 ll l\000 18.5 8.6 
HO,OOO 16.0 1.0 !!8 17.0 6.0 120,000 10.1i 0 .5 

'Vh ito-wnter river ...... .. . H 5,il00 10.0 2.0 Shcll-lnko bayou .. .... . .. :29 11.0 :!.6 Lost·swnmp bn.you ...... .. 1:l6,t)00 :Cl.O 13.0 
150,000 16.0 2.0 30 13.5 2.5 1:10,000 l ll.O 0.0 
16f'I,OOO 11;.0 ~.0 31 l:l.5 2.5 13n,OOO 16.0 6.0 

Castor river ... . ......... .... 11;(),000 16.0 2.0 Dovin'e·lnko bnyou ...... 32 ]~.5 2.0 1·10,000 16.0 6.6 
J6b,OOO H.O o.u :l3 11.0 1.0 1-15,1XIO ] [).0 6.6 
1711,000 !4.0 0.0 :J.l, 1:.:!.0 3.0 160,000 16.0 5.0 
175,000 17.0 0.0 30 10.5 ~.0 llla kfiBh bnyou .. ... . .... .. lM,,ooo 1[> ,0 6.0 
1RO,OOO 10.0 0.0 36 u.o 1.5 1oo,mo 17.6 7.0 
185,1)00 HI.O 0.0 

1 

t. Franclo rive r ......... 37 ,0 0.0 1W) ,0<}0 20.0 10.0 
1\Xt,I)(X) 17.0 0.0 3 .0 0.0 170,(~ 10 20.5 10.5 
JU5,0UO l h.O o.u 3 12.0 4.0 175,000 20.0 l fJ.5 
~>lHI,IKX) 1!1.0 (1.0 

root of 
row loy ridge 39.5 o.o 0.0 1!.0,1Xl0 21.5 11 .0 

~Jft,OOO ~11.0 o.u IR5,1XXl 10.6 0.0 
:.! 10,000 21.0 o.o 1911,000 20.0 9.6 
:!1 !'),000 20.0 o.o l fi.>, riOO 17.0 7.0 
:r.!n,ooo 2 1.0 0.0 ~nnko pond ...... .. . . ....... 10S,OOO 
z:,!;,,ooo :!:!.0 0.0 ~l()(l,f)()() 10.5 0.0 
:130,IXXI 20.0 0.0 ~t. Frnnr is rivr r ........... 203,71)() 1.1.5 1.0 
~a.'l,tXJo 21.0 0.0 Foot of Crowley 's ridgo. 200,000 0.0 0.0 
240,000 l :!.fl 0.0 I 
2 15,000 0.0 0.0 

·I 
2!)0,000 -2X.O ll.ll 
25!),000 --10.0 0.0 

Dloomftc1d r idgo . .. ....... :100,000 -60.0 0.0 
205,000 ~10.0 0.0 
:270,0!Xl -32.0 0.0 
21r),ooo -20.0 0.0 
:1 O,IXX) - 1i..O 0.1) I 
2'-'l f,,OOO -1 ~.0 (1.1) 
~~Xi ,OOO -4.0 0.0 

St .. }'rnncio river .. ......... 
2!l5,1XIO -:!.() 2.11 
:lliO,OOO 0.0 0.0 
~05,(~)() -2.0 :!:2 

II il 
310,000 0.0 :1.0 
31 5,000 2.0 ! 

( CXX) 



.A.PPE ND IX F.-SE 0 TI 0 N S 0 F MIS SIS SIPPI SW .A.MP L.A.ND S. CXXl 

No. 2.-SBCTION OF YAZOO BOTTOM LANDS. 

Section ncroas Yo zoo bottom surveyed by party of this Survey in charge of Air. II. A. Pattison. 

Flood or 1858. F lood of 1858. 

Distance from Ground be· Di stance from Ground be-
Locality. the Miss iss ippi low h. w. Locali ty. the Mississippi low h. w. at l .. rcntiss. ]OI'el a t Depth of at Prentiss. level n.t Depth of the ~1 iss is- the !\J iss i s~ 

sippi ri\•er. overflow. 
s ippi river. overflow. 

(162 feet (162 feet 
ab. gul f.) nb. gulf.) 

- --- ----
Feel. Feet. Feet. Feet. Feet. Feet. 

Prentiss ....... .. ... .. ........ ... .. ... .......... 0 2.6 2.6 220,000 20.2 2.o 
5,000 4.8 4.8 225,000 21.5 3.0 

10,000 4.0 4.0 230,000 22.2 3.0 
15,000 4.0 4.0 235,000 22.1 2.0 
20,000 4.5 4.5 240,000 23.5 2.0 
25,000 4.5 4.5 2~ 5,000 25.5 3.2 
30,000 4.5 4.0 250,000 2M 2.0 

Me\ rose lauding, Mississ ippi river . .. 3"2:,000 255,000 z;;.o 8.0 
35,000 6.5 3.5 200,000 25.7 3.0 
40,000 0.5 6.1; 265,000 27 .0 4.0 
46,000 11 .0 8.0 2i0,000 28.5 5.0 
50,000 12.1 9.1 275,000 20.1 5.0 
55,000 13.0 10.0 2RO,OOO 20.0 5.0 
00,000 H.O 11.3 285,000 28.4 3.6 65,000 17.4 1.0 200,000 20.5 4.5 Clear creek ...... .. ........................... 70,000 20.0 4.5 l'hompson'• bayon ......................... '!91.500 
75,0QO 10.0 3.0 295,000 28.7 4.0 80,000 18.3 3.0 300,000 26.8 2.5 85,000 20.0 4.0 305,000 21.5 0.0 90,000 21.0 5.8 310,000 19.2 0.0 

Aogue Falaya._ .................. .. .......... 94,500 315,000 18.0 0.0 95,000 18.0 3.0 320,000 20.7 0.0 100,000 21.5 6.0 325,000 19.0 0.0 
105,000 23.9 7.0 330,000 21.0 1 .0 
llU,OOO 22.5 7.0 3~5,000 18.9 0.0 11 5,000 23.0 8.2 ~0,000 19.0 0.0 120,000 21.0 6.0 3--15,000 18.6 1.0 125,000 18.0 3.0 350.000 17 .8 0.0 
13U,OOO 18.0 3.5 355,000 16.3 0.0 
13J,OOO 17.5 2.0 360,000 17 .8 0.0 
HO,OOO 16.5 2.0 365,000 19.3 0.0 
H 5,000 22.6 8.0 370,000 13.3 3.5 
150,000 23.2 8.0 375,000 1 .5 0.0 
155,000 14.3 1.0 380,000 19.0 0.0 
160,000 23.5 8.0 Yazoo ri.Ter ......... . ........ .......... ... ... 385,000 22.8 0.0 
165,000 18.5 6.0 390,000 20.5 0.0 
170,000 15.6 2.0 39[>,000 19.7 0.0 
li5,000 17.7 3.6 400,000 25.6 2.0 
180,000 17.5 3.6 405,000 24.5 2.5 
185,000 13.9 0.0 410,000 23.5 2.0 

Horse-shoe bayou .... . ..... .... .. ....... .... 190,000 16.5 2.0 415,000 27.3 5.0 
105,000 14.5 0.0 420,000 20 .5 0.0 
200,000 18.2 3.0 425,000 21.0 0.0 

unflo"'er river ......... .. ....... ... .... .. . . 201,600 430,000 16.5 0.0 
205,000 14.5 0.0 435,000 8.0 0.0 
210,000 16.5 0.0 440,000 0.0 0.0 
215,000 18.0 1.0 

Q 



CXX!l REPORT ON T HE MI S SI SS I PP I R I VE R. 

No. 3.-SECTIO S OF TE SAS BOTTOM LANDS. 

Gaines' lnnding a nd Fulton railroad. 
Along Arknnsn.s nnd l ,ouisiaua bou ndary, su r­

Yeyed by Prof. Forshey. 
Lako Providence nnd Ful ton rn.ilrol\<.1. 

Locali ty. 

Gaiucs' lauding ............ 

Doggy bayou .. . .. .. .. ..... . 

Dttyou i\Ja9on ...... ......... 
I 

lli i\Ck-powder bayou .. ... 

Jlig bayou ....... .. ..... ... . .. 

Dayou Bartholomew ...... 

Wostorn boundary of 
8 \VR. rnp ...... .. . ...... . . . . .. 

~' l ood of I 858. 

Distance -----,--­
fro na the Orouud 
Miss. at be low 
Gninea' h. w. Jov­
Inn ding. cl at tho 

D epth 
of 

over­
flow. 

Loca lity. 

F lood of 185 

Distnnco Ground 
fro~n ~bo below 
~ ~~~ts- h. w. lcv- Dcp~.h 
Blppl R. cl ~t tho o~!r-

MI"s.Jt. flow 
(127 feet · 
ab. gulf.) 

Locali ty. 

Flood of -

Distnncc Grou nd 
fro~,, ~ho below 
~11 B~ t ~- h. w. lov- Dopth 

81PI11 Jl. cl n l lh o of 
Miss. n. OVOI'­

(121 fee t fl ow. 
nb.gulf.) 

lUis•. H. 
(H 9 feet 
1\b.gulf.) 

--- --- --111--------1--- --- -- 1--------1--- --- --

Mississ!Jlpl river ........ . 

Dayou ll.fnQon .. .. .. ..... .. 

Western boundllry of 
8\vnmp .. .. ... ...... . . ... . . 

}l;et . Feu. Fed. Feet. Feet. F\!ft . 

0 0.0 0.0 C.• k o l)roviclonco .... ... ... . 0 0.0 0.0 

1,000 0.0 0.0 3,000 8.0 4.0 

2,000 0.0 0.0 6,000 8.0 4.0 

3,000 2.0 . 2.0 9,000 8.0 2.0 

4,000 3.5 3.5 Dayou Tensna ........... .... 12,000 8.0 1.0 

f>,()OO {>,f> M 15,000 8.0 

6,000 6.0 !l.O 18,000 15.0 

7,000 6.0 6.0 21,000 16.0 

8,000 5.5 5.5 2-1,000 1 ~.0 

9,000 6.0 6.0 27,000 1U.O 0.0 

10,000 6.5 6.5 : l Bayou Baxter .... .. .. . .. .. .. .30,000 10.0 0.0 

ll,OOO 7.5 7.5 33,000 13.0 0.0 
12,000 7.5 7.5 30,000 15.0 0.0 

13,000 7.5 7.5 30,000 20.0 5.0 
IA,OOO 7.5 7.5 Jl.fn~on swam p ....... ....... 42,000 10.0 ·1.0 

16,000 7.5 7.5 U Cl ~5,000 19.0 ~.0 

16,000 7.5 7.5 48,000 22.0 7.0 

17,000 i .O 7.0 51,000 24.0 8.0 

18,000 5.0 5.0 M,OOO 2~.0 8.0 

l ,.wo 3.5 3.5 57,000 23.0 7.0 

19,000 5.0 5.0 60,000 23.0 7.e 

20,000 3.0 ~. 0 63,000 22.0 6.0 

21,000 M 4.5 66,000 19.0 2.0 

2"2,000 6.0 6.0 Bayou i\JaQOn ....... .. ...... 69,000 18.0 0.0 
72,000 0.0 0.0 

22,800 0.0 o.o 76,000 3.0 
78,000 4.0 

1,000 ~ .0 
84,000 17.0 3.0 
87,000 20.0 5.0 
00,000 :2'2.0 7.0 
93,000 20.0 5.0 
00,000 21.0 7.0 
00,000 25.0 10.0 

! 0:1,000 ~0.0 5.0 
105,000 1ii.O 0.0 

lll\you Don no Jd6e .. ... ... JOR,OOO 1~.0 0.0 
]11 ,000 1·1.0 0.0 
] 14,000 ll.O 0.0 
[17,000 14.0 0.0 
120,000 15.0 0.0 
123,000 16.0 0.0 
126,000 20.0 0.0 
129,000 22.0 0.0 
132,000 2!"1,0 2.0 
135,000 21.0 0.0 

FW. F<et. Peel. 
0 2.0 2.0 

6,000 6.0 ~.5 

10,000 7.5 0.5 
11,000 
15,000 0.0 8.0 
20,000 10.0 7.2 
25,000 9.0 6.0 
27,000 
30,000 4.0 0.0 
35000 2.0 0.0 
-~.o:ooo 7.5 2.5 
4.5,000 0.0 1.6 
50,000 6.0 1.0 
65,000 6.5 1.0 
60,000 6.5 2.0 
63,500 
65,000 5.5 0.0 
70,000 0.0 0.0 
75,000 0.0 0.0 
80,000 4.5 0.0 
85,000 5.5 1.0 
90,000 0.0 0.0 
95,000 2.5 0.0 

100,000 7.0 l .O 
105,000 4.5 1.0 

108,000 0.0 0.0 

13 ,000 ] 0.0 0.0 
141 ,000 17.0 0.0 
144,000 17.0 0.0 
147,000 20.0 0.0 
150,000 21.0 0.0 
153,000 Zl.O 0.0 
150,000 20.0 0.0 

ll118trop hills .... .. .. .. ..... 150,000 0.0 0.0 
" u 1 2,000 -30.0 0.0 

1(\i ,000 -25.0 0.0 
168,000 -10.0 0.0 
171 ,000 -lfi.O 0.0 
174,000 -40.0 0.0 
177,000 -3-1.0 0.0 
180,000 -30.0 0.0 
183,000 -3D.O 0.0 
1 0,000 ~.0 0.0 
1 9,000 -40.0 0.0 



A. P PEN D I X F.- S E C T I 0 N S 0 F M I S S I S SIP P I S W A. M P LAND S cxxm 

Sections of Tensas bottom lands-Continued. 

Lnko .Providence and Fulton raUroad~ntinucd. Vicksburg n.nd Shreveport railroad. Vidal in. and Harrisonbtlrg road, surveyed by 
party in charge of Mr. Pattison. 

Flood of- ~' l oocl of 1850. Floocl of 1850. 

Distance Distance Djstanco 
from the Ground from the Ground from th o Ground Locality. Missis- below Depth Locality. Miss. R. below Depth Locality. Miss. R. below Depth h.w. Iov- ntV icks· h.w. lcv- atVid!L- h.w. lev-sippi IL el at tho of 

bm·g. el at tho of 
l ia . el nt the of 

Miss.R. over-
W ss. R. over-

Miss.R over-
(121 feet tlow. 

(100 feet flow. 
(66 feet flow. 

ab.gulf.) nb.gulf.) ab.gulf.) --- ----- --- --- --
Fed. Feet. Feet. Jfiles. Feet. Feet. Feet. F eet. Feet. Black bayou .... ............ 192,000 20.0 2.0 Opposite Vicksburg ..... 0 0.0 0.0 Vidalia .......... . .. .......... 0 ~:g. 2.0 195,000 19.0 0.0 1 12.0 11.0 Bank of lake Concordia 5,000 2.0 198,000 20.0 0.0 Walnut bayou ......... : .. 12 1 .0 0.0 " " 10,000 0.0 0.0 201,000 18.0 0.0 13 14.0 11.0 " " 15,000 0.0 0.0 204,000 19.0 0.0 H 14.0 11.0 " " 20,000 0.0 0.0 207,000 20.0 0.0 15 14.0 10.5 " " 25,000 0.0 0.0 210,000 23.0 0.0 16 14.0 10.5 " " 30,000 0.0 0.0 213,000 31.0 10.0 Grassy lake .... .. ......... 17 14.0 10.5 " " 35,000 0 .0 0.0 216,000 20.0 0.0 18 7.0 8.0 " " 40,000 0.0 0.0 219,000 20.0 0.0 19 13.0 9.0 " " 45,000 0.0 0.0 2'22,000 22.0 0.0 20 10.0 5.0 " " 50,000 0.0 0.0 2"25,000 25.0 0.0 Roundaway bayou ...... 21 6.5 1.0 55,000 8.0 6.0 2'28,000 33.0 8.0 22 16.0 10.0 60,000 10.0 7.6 231,000 25.0 0.0 23 1M 7.0 65,000 9.0 6.6 Bayou Breuf.. ...... .... ..... 2.3..1,000 2.3.0 0.0 24 11.5 4.0 70,000 9.0 6.5 237,000 25.0 0.0 25 21.0 13.0 75,000 0.0 6.0 2-10,000 26.0 0.0 26 11.0 2.0 80,000 12.0 8.3 243,000 2-l.O Q.O .27 13.5 4.0 85,000 10.0 7.0 Bayou Siard ................. 246,000 22.0 0.0 28 18.0 7.5 90,000 5.0 2.0 249,000 24.0 0.0 29 15.5 4.5 95,000 6.0 3.5 252,000 2-l.O 0.6 30 13.5 1.5 100,000 6.0 2.7 255,000 25.0 0.0 Tensas river ....... ... ..... 31 11.0 0.0 105,000 6.0 3,0 258,000 24.0 0.0 32 22.0 10.5 110,000 7.0 3.8 261,000 25.0 0.0 J oe's bayou ·- ........ .. ... 33 11.0 0.0 115,000 11.0 8.0 Wasl1lta r iver ............... 264,000 23.0 0.0 34 16.5 3.5 Bayou Tensas .............. 117,000 

35 10.0 6.0 120,000 5.0 2.8 
36 22.0 8.0 125,000 11.0 8.0 
37 23.0 0.5 130,000 16.0 14.0 

Bayou Ma~on .... ......... . 38 15.5 1.5 Ben's bayou .......... ...... 133,000 
39 19.0 5.0 135,000 16.0 14.0 
40 18.5 4.5 140,000 15.0 12.5 
41 17.5 3.5 145,000 13.0 11.0 . 42 16.5 2.5 150,000 11.0 9.0 
43 16.0 2.0 155,000 9•0 6.5 
44 15.0 1.0 160,000 8.0 5.0 
45 14.0 0.0 Washita river .... .. .... .. .. 161,000 
40 16.5 2.5 Harrisonburg ........ .. .. .. 162,000 
47 13.0 0.0 
48 18.0 4.0 -40 17.5 3.5 
50 17.0 2.5 
51 17.0 2.7 
52 15.5 1.0 
53 13.5 0 .0 
M 12.0 0.0 
55 10.5 0.0 
56 8.5 0.0 
57 22.0 
58 22.0 
59 21.5 
60 21.0 
61 24.0 
62 24.0 
63 3l.O 

Bayou La Fourche .. .... G4 37 .5 
65 37.5 
66 35.0 
67 32.0 
68 29.0 
69 26.0 
70 23.5 
71 20.5 
72 17.5 
73 15.0 

W!U!blta river ........ ..... 74 12.0 
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No. 4.-SEOTIONS OF THE DELTA. OF THE MISSISSIPPI. 

Mor gan ZI1 to Wnshi ngton. New Orleans nnd Opelousas rnilroacl. New Orleans nnd Opelousl\8 rallron.d-continucd. 

Flood of 1850. I Flood of 1858. Flood of 1858. 

Dis tance Distnnco 
Distance 

from tho Ground from the 
from tho Ground Miss. R . 

Oronnd 
Locali ty. .Missis- below Depth Locality. Miss .. l.L I below 

Depth Locality. opposite 
below Depth 

s ippi a.t h.w. 1ev- oppos1to h w lev- h . w. lcv-
Mor- ol nt the of New Or- cl at tho of New Or- ol a t the of 

ganza. Mi sB. lt . over. leans. Miss. H. 0 \'Cr- leans. Miss. R. over-

~ feet 
flow. (14 foot flow. (14 feet now. 

a .gulf.) nb.gul f. ) nb.gulf.) 

--- -- --- ----- --- --
llliles . Ji )>et. FeeL. Put. Jil•et. Feet. Feet. 

Morganm ..... ... . . ... .. ... . 0 5.0 Opposite New Orlea ns. 0 0.0 0.0 345,000 14 .5 
Grossing old OpelonsllB 5,000 8.5 ·1.5 Bayou Tigor .... ... .. . ... .. . 350,000 12.0 

J'OJid .. . ... .. . . 12.~5 11.0 10,000 11.5 7.5 355,000 11.0 
Dank of Courtn.blelln,op- 15,000 9.0 5.0 360,000 13.5 

posito \\"a hington . ... 31.25 6.0 20,000 8.0 4.0 365,000 10.5 
25,000 8.0 4.0 3i O,OOO J.I .O 
00,000 .0 4.0 375,000 14.0 
35,000 8.5 ·L5 380,000 J.I .O 
40,000 13.5 9.5 ll:tyou lloouf .. ... .. .... . .. .. 385,000 7.0 
45,000 15.0 ll .O :!90,000 14.0 
50,000 15.0 11.0 395,000 13.0 
05,000 1-LO 10.0 400,000 10.0 
60,000 10.0 6.0 405,MO 8.0 
65,000 6.5 2.5 ~1 0,000 0.5 
70,000 0.5 5.5 415,000 9.5 

Dl\ton R ouge to 1'ort llar6. 
75,000 0.0 5.0 420,000 7.5 
80,000 13.0 9.0 JJerwick's bay ..... ... ..... . 42'2, 00 7.0 

I 

85,000 13.5 9.5 " 90,000 13.5 9.5 
Flood of 1850. 95,000 13.0 9.0 

100,1>00 12.0 8.0 
Distance 105,000 13.0 9.0 
from: the Ground 110,000 1~.5 8.5 

Locality. M i s.~ i s- below Lol\ve vicin ity of Mis· 
sippi at h.w.l ev- slssippi. .... ..... .••.. ... 11 5,000 9.0 5.0 
naton el l\t the l:lO,OOO 10.5 6.5 

n ougo. i\liss. R. 1 ~5, 000 10.5 6.6 
~~feet 130,000 10.0 6.0 

Section down bayou AtohafiLinyn. a .gulf.) 135,000 J:.?.6 8.5 
--- -- 1~0,000 1~.5 8.5 

l-15,000 H.5 10.5 
ltfilos . Fell. 150,000 14.0 10.0 ~'l ood of 1850. 

Opposl to Dnton Rouge .. 0 0.0 155,000 16.5 12.5 
1 14.0 100,000 13.0 9 .0 Distance 
2 11.0 Dnyou Des Allemands l lli>,OOO 13.0 9.0 from tho Ground 
3 15.0 liO,llOO 1~.5 8.5 upper below h. 
4 17.0 1 i :i,O<JO 14.5 10.5 T,ocnlity. month w. level 
5 16.0 1hU,OOO H .5 10.5 of tho nt nppN' 
6 17.0 185,000 J.l.O 10.0 Atchu,. mth . of 
7 18.0 190,000 H .O 10.0 fnl aya. Atch l\f. 
8 19.0 195,000 14.0 10.0 ~O ft10t 
9 19.0 200,000 H .O 10.0 n .gulf.) 

10 21.0 205,000 10.0 6.0 --- --
11 18.0 

I 
210,000 11.0 7.0 

12 22.0 215,000 13.0 9.0 Af i lu. ]i!,el . 
13 20.0 2'.10,000 '12.5 . 5 Tread of bl\you •.. ... ..... . 0 0.0 
14 20.0 2:!5,000 11.0 7.0 Sim msport .. ... . . .. ......... 3.25 2.0 
15 17.0 230,000 8.0 4.0 lll\you Hou~o ........ .•.. . . 2() 13.0 

Dnyou Grosso TGte .. . ..•. 16 10.0 235,000 13.0 9.5 Crossing old Opelousas 
Dnyon Al abama ... .... .. .. 26.5 17.0 240,000 H.O 10.0 ron.d .... .......... .. ... .. ... 30 17.0 
Mouth bayou Cour t!.,. :2-15,000 I H.O 10.0 Cow. head bayou ..... ..... 32 18.0 

blcnu .... ..... .... ..... .... 31 17.0 25~000 10.0 6.0 :\loulh bayou Alnbnm(\. 40 20.0 
P ort Dar6 ....... ....••••. ••• 50.5 7.0 25 ,000 10.0 6.0 Mon lh bayou Courttlo-

260,000 5.0 1 .0 blr nu ......... .. .... .. ..... 62 3.1.0 
21li>,l~l0 5.0 1.0 Q l'illld r l VC I' •••••••••••••• •• 80 42.0 
2i0,000 2.5 0.0 Llead of rand lake .. ... 94 47.0 

Dayou La Fourch e ... •.. 2il ,OOO 0.0 0.0 
:.?75,000 7 .o 2.0 
2'1(1,000 6.5 1.5 
2'>5,000 0.0 l. 

Terro Don ne .. ....... . ...• 200,()1)() 0.0 0.0 
29&,000 7.0 
301.1,000 10.0 

. 305,000 11.5 
310,000 H.O 
31[>,0()() H .O 
320,000 10. 
325,000 11.0 
330,000 11.0 
335,000 12.0 
3-10,000 H .O 

-



APPENDIX G. ' 

CURRE~T-MEASUREMENTS AT THE SOUTHWEST PASS. 

No. 1.-0BSERV.A.TIONS I N 1851 BY TilE P ARTY OF P ROFE::lSOR C. G. FORSHEY. 

P ROFESSOR FoRSHEY employed the velocity apparatus, full y described in Chapter IV, where a 
detailed account is given of the method adopted for gaugin g the Miss iss ippi. His first observations 
were made at low and at high t iLie (oscill ation 1.33 feet) at the bar of the So uthwes t pass on August 8- 9, 
the r iver being at its " flood" stage. H e fo und the water both at surface and bottom flowing outward. 
At t he surface and at 8 feet below, it was fr esh; at the bot tom it was brackish. His second observa­
t ions were made on December 19, at mid-tide (ri sing), at the same locality, the river being at its 
"low-water " stage. He found the water a t the surface fl owing outward, and at the bottom at rest. 
It was brackish at surface and mid-depth, and salt at the bot tom. The following extracts from his 
r epor t fu rn ish the detai ls of these two se ts of obser vations :-

August -9.- " The tide had a range, independent of winds, of 1.33 feet, and reached its highest 
point at 4 A.:U. , and continued to fall f1·om about 6! A.M. till 3 P.M., then was stationary for an hour 
or two. * * * * * * * * * * 

" I next repaired to the bar itself for velocity observa tions. A pilot-schooner was anchored at 
tho bar , j ust in ide, and, for my accommodation, the pilots placed their vessel in the narrowest and 
la t difficul t point of the bar. I found 15 fee t large as the depth at this time, low-tide, 6! P.M., 

A ugust th, 1 "51. I measured 50 feet on the deck of the schooner, established ranges, and cast out 

our floa.t-kegs. T he resul t gave a mean of-

" urfacc ................... .. ........ . ........ . ..... . .. .. .. .... .. ....... ........ ................. 2.56 feet per second. 
15 feet deep ......... ...... .............................. ..... ...... ...... ..... .. ............. 2.13 " " 

' ' I then r igged the hydrodynameter, with the s teel rods screwed together, and measured four 
t im es at 7 feet four t im s at 12 feet, nnd throe at 15 feet, with the results differing a little from the 
above; thus, 3.3 feet, 2 feet, an d 1.31 fee t per second. I prefer the results given by the kegs, as 
the fric tion of the machine, and some doubts as to its real value, must be recollected in using the 
meter. 

" T hen we have a velocity at tlte bottom on the bar, full 2 miles outside of the land, of 2 feet 
per second . 

" I then took up parcels of water from th e surf aee, 8 and 15 feet deep; the former two were 
fr esh, the !a t brackish although running out. I t was turbid like the others. 

"In order to test tho e currents under circumstances the most fa.vo rable to an upward current, 

Ire olvod 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 

(cxxv) 
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kegs. I cast out surface and 16 feet floats, allowing one foot for rise of tide since the evening 
experiments. 'rhus:-

"At surface . ........... .. ................. .. ... .. .. .. .......... . ................................ 2.56 feet per second. 
At 16 feet ........... . ..... . .. .. .. . .... ...... ... .. ..... .... ................ .... .... . . ... ... .. ... 1 .85 " " 

"I again obtained water from surface, mid-depth, and 16 feet, and found the former fresl1, and 
the last brackish as before, but still as turbid to the eye as the oth ers." 

" I n December, 1851, I made a second survey about the mouth of the river. * * The gauge 
at Carroll ton ranged from. 0 to 1 foot, the lowest water ever known. * * * * "' 

" The pilots' boat lay anchored upon the bar where the channel depth was 16 feet at mean tide, 
havin g 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 channel, past the anchored boat. 

Vl!LOCJTJ'ES ON DAR. 

"Set l-Surface ................ . ................... .. ......... .... . .. ................. . ...... l.92 feet per second. 
7 feet ......... ... . .. .. .... . . ................ . ... ............... . .. .. ...... .. ..... . . ... ] .51 '' 

14 feet ................. ... .. ... ............... .. .... ...... ............................. touched bott om nndlJUn g. 

"Set 2-Surface ..... .. .......... ... .. .. .................... .. ...................... ... ... ... . 1. 72 fee t per s cond . 
7 feet. . ....... . ..... . . . .. .......... . ...... . ................... . ... .... . ......... . . .. .. 1.30 '' 

14 feet . .............. ...... ..... ......... .. .......................................... .. 0.41 " " 

Tide rising at 0.6 of a foot above low t ide when velocities were measured. 

"Second series, at 300 feet east of pil ot-boat, same base of 50 feet on deck, chann el 17 feet 
deep. 

"Set 1-Sm·face ... .. ......................... .. ............ .. ..... ............... ... ... ...... 1.39 feet per second. 
7 feet .. ...... . .............. . .......... . .................. ... . .. .. ............. ....... 0. 91 " " 

15 feet ........... .... ..... .. ...... . ... . .... .... ..................... ...... ............ . stood sti ll, 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. 

"Surfn.ce .. .. .......... .... .. ... ............. ... ... . . .. ........... .. ........... . .... .. ............ 2.38 feel per second. 
6~ feet. ....... .. .. . . .. .. . .. . .. .... .. . .. ... .................. ...... . .......... . . .. ........ .. ..... 0.40 " " 

{ 

Slood n.minule, and in tivcmin-
12 feet...... ..... .... .. .. ................. .. ............ ..... .. . . .. ... ..... . ... . .. .. . ... ..... ulcs dr ifted 50 feet across 

channel eastward. " 
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r o. 2.-0BSERV .A.TIONS IN 1859-60 BY THE P .A.R'l'Y OF MR. C. A. FULLER. 

Prior to his elaborated measurements, Mr. Fuller made a set of amateur observations, respecting 
which be states:-

"The observations were .made on the 13th, 14th, 15th, and 16th January, 1859. The stage of 
water in the river being at New Orleans about 3t feet below high-water mark [Carrollton gauge 
11.5 feet]. The tide during the four days, as above, ranging a.bout 2 feet between 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 hope 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 (made 
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. 

Tide. I Depth. Velocity. 

Ancborngo. 

1 or float. 

Wator. 
~ Elevation I Oscill n.- Janm\TY .Tanun.ry Jnnunry Jrmn11.ry nbovu low 1 Totnl. 

tide. tion. 1:3. H . 1&. 10. 

------------------------
Inches. Inches. Feot. Feel.. Feet. F!zt . Ji~et. ~et. 

Ou taidoof bar. Duttom slightly sandy. 0 (flood) 2-1. -!2 Surface. 3.33 3.57 3.12 3.33 Fresh. 
6 ll rncklsh. 

20 2.00 2.0~ 2.00 1.96 Salt. 
llottom. 2.50 2.38 2M 2.44 " 

------------------------
Out• ido of bar. Bottom sligh tly sandy. 3 (fl ood) 2-! 30 Surface. 3.33 3.45 3.70 3.33 I?rcsh. 

6 Brackish. 
12 " 
15 2.00 2.08 1.96 2.08 

Bottom. 2.86 3.03 2.70 2.04 Salt. 

- ------ - -- - - --- ---------
I mmodlately outs ide of ba r . llottom 0 2-! 20 Surfnce. 3.12 3.12 3.03 3.1 2 ll'rceh. 

blu mud; litt le gri t. 6 " 
12 2.22 2.17 2.22 2.27 Brack ish. 
18 2.50 2.50 2.38 2.*1 

I 
llottom. Salt. 

------------ ---------
Samo ns lnst. 1 (flood) 2-! 20 5 Fresh . 

6 Slightly brneklsh . 
n llrnckish . 

12 " 
18 Clear snlt. 

------------------
Crest f bar. llottom sandy. 1 (flood) :u 14 SUI· face. 2.13 2.08 2.13 2.17 Fresh . 

G " 
7 2.17 2.17 2.13 2.17 

12 " 
llottom . 2.27 2.22 2.2i 2.27 llrackish . 

--------- --- - - - ---
Abovu bar. ttom muu nd nd. 21 (flood) 2-! 20 Surface. 3.03 3.23 2.86 2.94 F resh . 

6 " 
10 2.86 2.9·1 2.70 2.78 
12 " 
18 2.22 2.22 2.08 2.2i 

llottom. 2.08 2.00 1.96 2.13 Slightly brackish. 
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It was directed that all Mr. Fuller's elaborated sub-surface velocity observations should be 
made with tin sub-floats 6 inches in dinmeter, and from 9 to 12 in ches long, connected by a :fine wire 
with surface floats 6 inches in diameter and from 1 to 2 inches deep. 1'he experiments 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, whose urfaccs, like those of the tin floats, were to each 
other as 5 to 1. They were, howeve.r, connected by a line nearly 1

3 of an inch in diameter. The 
experiments in August, and all subsequent to that date, were made with tin fl oats, connected by a 
:fine wire. At the beginning or end of each experim ent the sub-float was suspend ed ncar the bottom, 
the wire being held in the hand. This hand experiment wa directecl to be made from the fir st, but 
from some misapprehension it was for a time omitted. The experiments subsequent to October 
were made by suspending a tin float 6 inches in diameter and 12 inches deep by a fine twine. 

When the current observations at the bar of the So uthwest pass, made in May, 1859, arc examined, 
the tides of the gulf, and the direction of the wind s and wave, should be consiuercd; and it should also 
be borne in mind that in an experiment made by Mr. Full er in Augu t, when tho exposed surface of 
the surface float was one-fifth that of the ub-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 observations during the flood stage how that 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 
per second. Sometime , 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 per second. It is stated in the notes of the 
observer that these sub-cur~ents 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 in that condition the 
bar was always covered with sal_t-water, sometimes' till anu sometimes jn motion up the river; tho 
up-stream motion apparently depending upon the wind, and not upon an eddy, for its ex istence and 
strength. This up-stream current was sometime jut perceptible; at others it wa s from } to ![ f a 
mile per hour. It was stronger on the outer edge of the bltl' than at the inn er edge, wbich coulu not 
have been the case, if it had been an eduy cuncnt . When there was a down· stre:tm wind (northerly), 
the sub-surface refluent current was not perceptible either at the inner ere t of the bar or on the bar 
(the water at the bottom, in the absence of tide, being till); while at the outer crest of the bar the 
up-stream current was just barely pcrceptibl . .After an easterly and south a t rly wind of some 
days' duration, this up- trcam current was found to be quite strong at tho outer and inner crest. 
In September and ctober, the river being tb n a! o at it 'low-water" stag , an l the tide risi ng 
(range about 1.5 feet), salt-water moved in at the bottom on the outer lope of the bar, the thickness 
of the stratum and its velocity increasing as tho title ros . When the tide fell, th salt-water moved 
outward. 

'I.'ho observations subsequent to October confirm the conclusions based upon those made previous 
to that time; nam ely, that tho sa lt-water CUlT nts sometimes found on or in advance of the bar are 
chiefly due to changes in the level of the gulf, cau crl by wind or title. 1'hc cd ly cutT nt, although, 
theoretically, it must ex ist, was rarely tlctectcu, being u ually hidden by th action of other and 
more powerful agencies. 

It is a fact well esta.blished by the ob erv:ttion of pil ot and other reliable p rson , that in the 
low stage of the riv r, t.hc surf<tee water is u ually bra ki -h to th head of the pa s, anu somctim s 
as far up as Fort t. I hilip, and that it has been known to extend to ow Orlean . Mr. Ful ler 
reports that in October an l ovcmber, 1 59, th urface water wa brackish a,t Fort St. Philip; aml 
that during the extraordinary gale of Augu t, ptcmbcr, and October, 1 GO, the gulf ' atcr fill d 
the channels of the passes with an up-stream CUlT nt. 
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The following tables exhibit a complete record of the elaborated observations made by Mr. 
Fuller's p:trty :-

Anchorage. llour. 
nigh 

wn.tcr. 

Tide. 

TA W 
water . 

Oscil­
lation. 

Wind. 

Depth. 

Total. Of 
fl oat. 

Velo­
city. Water. Remarks. 

---------------------------1------1-------
II. m. h. 1n. h. m. Tnches. Feet. 

Outside of bar. Outer buoy 9 30 a.m. 3 30 a.m. 4 00 p.m. 7 SE. light . .12&43 
N K ~00 feet. Bottom clay 
and fin e sand. 

11 00 a.m. 

Outside of bnr. 500 feet E. ll 30 a.m. 3 30 a.m. 4 00 p.m. 
by ~~ . from outer buoy, 
nnd 500 feet~ - SO" E. !'rom 
outer cnn l'uoy. Bottom 
fin c

1 
hard sand and clay 

mixed. 

On bnr , near east edge of 2 00 p .m. 3 30 a.m. 4 00 p.m. 
chnnnel. Outer can buoy 
S II'. Light-hOllie X. 10" 
E. Bottom tine sand. 2 30" p.m. 

Midway on bnr, and in cha n~ 4 15 p.m. 3 30 a.m. 4 00 p.m. 
ncl. Buoy chnnnrl to 'Y. 
200 feet. Bottom fin e sand 
with blue clay. 

Upper crest of bar. 250 feet 5 15 p.m. 3 30 a .m. 4 00 p.m. 
above red upper can buoy, 
which has been moved or! 
dmgged dow n some dis-
tance. 

7 S J;. by E. 
light. 

7 

7 

E. byN. 
very light. 

1':. by N. 
light. 

NE. by K 
vorylight. 

30 

17 
~ 

13.5 

18 

Fee;t. 
5 

10 
15 
20 
25 
30 
35 
40 

5 
10 
15 
20 
25 

5 
10 
15 

5 
10 
15 

5 
10 

5 
10 

5 
10 
15 
5 

Out.<ide of lower buoy. !<a me 7 00 a.m. 5 30 a.m. 6 00 p.m 
n.s .Hay 1:1 nnd ouu;ide bar. 

a E. light. -l2&-l3 5 

Bell buoy ~ - i ll" t;. St.tke 
is land N. :25° E. Lightr 
how~c ~T . 17° E . Bottom 
clay and Bilnd. 

Jn west part of channel, 1000 9 30 a.m. 5 30 a.m. 6 00 p.m. 
f-.: t nbo\'e outer can buoy,, 
which ben 1-s ~- 3tJO W. 
Bell-buoy II. 6;,'<> E. Bot-
tom h ard. fino sand and 
lay. 10 00 a .m . 

On bar ncnr we,t ed~:e of 11 00 a.m. 5 30 n.m. 6 00 p .m. 1-l 
ch an nel. :!..)0() ft•ct nbon· 
out er CAn buoy. Rutturu 
n nrl y nil fln o rlny nnd 
Hand with ftl .me mud. 

12 00 a .m. 

- - --
Inside of b11r. 00 reet from 10 30 n.m . 7 00 n.m. 7 30 p.lll. 17.5 

upp<• r can buoy, which 
tx>nrs . 5° E. Stake i>l· 
nnd S. 75° W. Bottom fino 
quicksand, gritty when 
dry. Very li t tle clny. 

Nea r upper edge of bar. ~50 11 00 a.m. 7 00 n.m. 7 30 p.m. 17.5 
f""t a bon upp<:r can buoy. 
llottom flnr' •nd with me 
clay . Very gritty. 

11 15 a.m. 

ll. by s. 
light. 

E. by S. 
very gen­
tle. 

W. byN. 
ligllt. 

W. byN. 
very gen-
tie. 

R 

30, 32 

21 

18 

10 
15 
20 
25 
30 
35 
-10 

5 
10 
15 
20 
25 
5 

10 
15 
20 
25 

5 
10 
12 
5 

10 
12 

5 
10 
12 

5 
10 
15 
IS 
5 

10 
15 
18 

5 
10 
15 
5 

10 
15 

J?eet. 
2.86 Fresh . May 12, 1859. Oontlo swells. 
1.67 Brackish. J"'vcl of gulf bigh. lligh-
1.11 Salt. water reading 22 inches. 
1.11 " 1.05 " 1.14 " 1.19 " 
1.22 " 
3.57 Fr Rh. Very gentle swells. 
2.22 llraclt ish. 
1.56 )1:; hmck. and salt. 
1.67 Sal t. 
1.15 " 

4.00 
3.85 

Water sm·faco quiet . 

2.86 Fresh . 
4.17 " 3.70 " 3.33 " 
3.85 " Water snrfaco smooth. 
3.23 " 
3.70 " 
3.33 " 
3.85 " Water surface smooth. 
3.70 " 3.03 " 3.85 " 

2.63 Brackish nnd fresh 1lfay 14, 1859. SK and E. 
2.. 27 llrack ish . swells, forcing sca-wntor 
~ - 00 J3rnckish and salt. lnto lower part of bur 
1.72 Salt. chnnno!. 
1.25 " 
1.25 " 
1.28 " 
1.18 " 

2. 6 
2.:?-2 
2.00 
1.35 
1.20 
3.03 
2.17 
~.OS 
1.5-l 
1.27 

Fresh. 
Brackish. 
Brackish and salt. 
" " 
" " 

2.78 Frosh. 
2.04. " 
1.92 " 
2. G " 
~.18 " 
2.00 " 
2.22 
2. 0 
2.00 

3.70 
3.70 
3A5 
3.33 
3.58 
3.70 
3.58 
3.33 

3.58 
3.33 
3.03 
3.45 
3.33 
3.16 

" 
" 
" 

Fresh. 

" 
" 

" 

Long swolls from K by S. 
u.nd S N., less than nt 7 
a.m. 250 foot to tho K , 
soundings only 17 foot. 
Strong salt-water at botr 
tom. 

Water surfnco smooth. 

Afay 16, 1859. 
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flour. 

Observations tn 1859-60-Continued. 

Jligh 
wntcr. 

Tide. 

J..ow 
water. 

Oscil­
lution. 

Wind . 

Depth. 

1---,..---\ Yel<>­

Total. or 
ft nt. 

ci ty . Wnter . 

1--------- ---- ---- ---- ----- -- --
h. '1)1,, h.m. h. '1n . Inch a. Fu l. F u t. Fli t. 

Xcn.r midrllc of bar. Snmo 11 30 a .m. 7 00 o.m. 7 30 p.m. 17.5 W . by X . H 5 :us Frcah . 
• • ~l ay 12at + 15 p.m . Hot · very light. 10 ~.9~ " 
tom sticky cln.y nntl 6no 5 :!.:!3 
S.'lnd. 10 2.04 

5 :ua 
10 ~.8() 

Samo anclwrago •• May 12 12 30 p.m. 7 00 n.m. 7 30 p.m. 17 ..') Calm. 17 A:1 8 5 3.70 
nt 2 p.m. On bnr in rnst 10 :t57 
part ol' channeL Outer ] [> 3.18 

bnoy s. -t oo w. Stllke 5 :3. 5 
island nnd li gllt-houso N. 10 3.85 

10° K Bottom hnrd annd 15 :1.1 
and blue cla)'-lllOBily 5 3.C.5 

sand. 10 3.57 
] b 3.23 

OniHirlo of brtr. Sn mo r1s 9 30 2 30 p.m. 7 00 a.m. 7 30 p.m. ] 7 ..5 N. by W . 42 .1: 43 5 3.23 

n.m. J\] IIJ 12, titer Ctln ligh t. 10 2.7 8 

buoy ~B. -100 ~ et. Bot- 15 •l, 6 

tom clay witb some 1\ne ~>o 3.03 

sand. 25 3,'\:l 
30 3:l;l 
35 ~.50 
~0 ~.:!:? 

3 00 p.m . W. ligbt. 5 3.:1.1 Fresh. 
10 :!.i S }'rot)!h fi !Hl brackisl1 
) 5 :?.i8 .lll·11ckish . 
20 3.1S S11l t. 
2b 3.18 " 
30 2.86 
35 ~-27 
+0 2.:!".! 

Ontsido of bnr. Sam a "" 4 00 p.m. 7 00 8 .!ll. 7 30 p.m. Ji.5 W. light. 30 5 3.3:1 }' res h. 
ll 30 n.m . Mny 12. Outer 10 ~.~,u " 
buoy s. 80° w. 500 feet. 15 2.:?2 J.'resh find brackisl1 
lloUom fin e sa nd and clnJ. 20 l .Hi ll rnck lsh. 

2b 1.70 Sult. 
5 3.;):! 

10 Z.iO 
15 :? .. 'l!) 
20 1.7:! 
25 l.b~ 

-----
Inside of bnr. Upper red 7 00 n.m. 8 00 n.m. 8 00 p.m. 16.5 W. byN. 18 5 :! . . J Fr,~sh nnd n~,nddy. 

bnoy .'. 25° W. 1800 feet. very light. 10 ~.86 

l.ight- l10n8C N. 1[;0 w. 15 1.!.~ 

Mud lump 100 r. ct to cast, 5 2. tl 
nnd so nndingH 13, 13.5, 1-1 , 10 2.03 
and 15 t ct . Do tLom Mod 15 1.72 

·nnd clay. 5 2.78 
10 2. 0 
15 1.15 

Imrido of bnr. Sarno • • 10 30 7 30 a.m. 8 00 o.m. 8 00 1'·"'- 10.5 " '·by N. 21 5 3.13 
R.m. May 16. Uppt-r can very light. 10 2. 0 
buoy S. 5o f; , 1000 foot. ] 5 2.'.2'1 

tllke islnm1 .7 5° w. Slwal 20 2.18 
wntcr nnd mnd lumps to 5 2.80 

cnst nnd southeas t. Jlot- 10 2.70 

tom btud, !\no aand. 15 2.:!3 
:IJJ 1.0~ 
5 2.04 

10 2.ill 
15 '2.:!i 

Calm. :!0 :Ui 

On tho bar. 100 feet west or 8 45 R.lll. 8 00 n.m. 00 p.m. 16.5 Calm. 10.5 5 2.!\-1 
nppcr cnn bnoy. Bell b noy 10 :?.jS 

R. :l:\0 E. Lower end dnm 15 2.511 
N. 550 _E. llouom gritty, 5 2.j~ 

ftno onnd. 10 ~ .~() 

l5 2.ll3 
9 00 u.m. 6 3.03 

10 2.70 
15 2.:18 
5 2.0.1 

10 2.H.'l 
9 15 n.m. 15 ~.3~ 

On bnr nnd fn chntrn{'l ncar 10 00 a.m . 00 n.m . 8 00 p.lll. 10.5 Cairn . 5 3.2:1 Frf.'llh . 
W('S t Odp;£>

1 ncn r midwl\y I ll :.!.\11 " 
b tween npflCr nntl lower l il 3.:!3 
can b noys- u en r t~ r the 5 3.:!3 
IO?t'Or. llOtlOUl hnlf l>ru·d, 10 2.'-ll 
f!and and clay. 1."• ~.2:1 

;, 

5 3.2:1 
11) :!.tl4 
15 2.70 

Remarks. 

16, 1850-ccm tinued. 11 fcry 
Wnt r sm·faco smoot II . 

Swr\1s considernb\o nnf\ in-
crN\Si ng, n·otn ·w·. IUH\ 
f\ W. Open sea t o N\\' ., 
W.,S. nndJo:. 

\V. nncl 8\V. swe1is. Water 
il urfuco somcwhnt rong h. 

Afav 17, 1859. 

Cun·ont bears SEJ . 

Current setti ng to cnlrtwnrd . 
Scntl('rcd mud lu mptt nnd 
•h I wrll or to f;. and W. 

Ocntlo ~o~wcll s from . " r., in· 
Cf RA ing HO 11 8 lO Slo p (J J.r 
HC rvn t. lons. ~cu t terril mud 
bu nk s nu tl shoo l Wllli1 r to 
1\ W. nnd . ~;. At 12 m. 
r.mnd w ater Rnlt nt hot-
1om ( 18 t<'l'l ) nnfl bmckiRh 
nt 15 ft'e t, 2500 feet nbovo 
ont.or buoy. 



APPENDIX G.-CURREN1' - MEASUREMEN'rS A T S. W. PASS. cxxxi 

Observations in 1859-60-Continued. 

Tide. Depth. 

-----
Anchorage. IIour. Wind. Vel<>- Water. Rem~trks. 

Tligh Low ')sci I· otal. or ci ty. 

water. water. at iot1 fl oat. 

- - --- ---- ---- -- --------
h. ')')t, h . m .. h.m. lncl1es. Fert. Feet. Feet. 

Inside of bor. Upper cnn 6 00 n.m. 10 30 IL.Ill . 10 30 p.m. li.5 Calm. 19 0 2.86 Fresh . May 20, 1 R59. Smooth nnd 
buoy . ] 50 w. 1~00 feet. 5 2.9~ " ven water aurf1tce. 
Bottom hard sand. 10 2.9.l " 

15 2.!1"= " 
0 2.9~ " 
5 2.9~ " 

10 2. 9~ " 
15 2.78 " 

0 3.03 " 
5 3.03 " 

10 2.86 " 
6 45 a.m. 15 2.9~ " 

l nsido of bar, near upper 7 00 a.m . 10 30 a.m. 10 30 p.m. 17.5 Calm. 18.5 0 2.86 " Calm 1\nd •moolh FT"um 

crc.~ t. Upper cn n buoy S. 5 2.78 " up\)cr can buoy to outer 
250 w. 'IJO feet. Bottom 10 2. 18 " crtn buoy is 2 miles, or 
bard nod snndy. 15 2,t;;3 " 10,560 fc~t. 

0 2.70 " 
5 2. i 8 " 

10 2.33 " 
15 2.5U " 

0 2.133 " 
5 2.78 " 

10 2.38 " 
15 2.l7 " 

0 2.6:3 " 
5 2.•13 " 

10 2.33 " 
15 2.'22 " 

In channel, on upper pnrt of 7 45 a.m. 10 30 a.m. 10 30 p.m. 17.5 Cnlm. 19 0 2.70 " W~tter surfl\ce omool4. 
bnr, 100 feet W. of upper 5 2.50 
c.1n buoy, ncar a nchorage 10 2.2:2 
of 8 45 n.m. )Jay 17. Bot- 15 1.85 
tom hard nnd sandy; very 0 2.63 
little clay. 5 2.56 

10 2.22 
15 2.:l2 
0 2.~ 
5 2.56 

10 2.3.3 
15 2.00 

0 2.63 
5 2.50 

10 2.33 
15 2.li " 

On bnr, in channel and in 9 00 a.m. 10 :30 a .m. 10 30 p.m. 17.5 Calm. 18 0 2.56 " Very !;"ntlo and even SW. 

lino betwee n upper a nd 5 2.63 " swells. 

outer can buoys. 1600 feet 10 2.0~ 

below upper. Bottom hard 15 2.08 " 
sand. 0 2.50 " 

5 2.63 " 
10 2.33 " 
15 2.27 " 

0 2.56 " 
5 2.56 " 

10 2.:38 " 
15 ~.17 " 

MidwBy on bar, in chnunel. 9 :30 a.m. 10 30 a.m. '10 30 p.m. 17.5 Calm. 19.5 0 2.50 " Very gentle Md evon swells, 

• take is1nml a nd light· 5 2.63 " called by pilot~" current 

houliO :\.liP E. Xt'a r nn- JO 2.00 " swells." Urcnkora \ V. by 

cborago of 10 a.m. llBy li, 15 2.00 " S. nnd S E. on mud bnnks 

11 :30 a.m . . \lay 16, n od ~ 1;; 0 2.60 " and Jumps. 

p .m. Mny 12. Uotlom fine 5 2.38 " Velocities R.vornged sh ow 

sand wi th very little cl y. 10 2.33 " current a iJout 1.7 ruileil 

16 2.13 " per hour 
0 2.63 " 
5 2.1)3 " 

10 2.3 " 
15 2.33 " 

On bar, nellr middle of chan- 11 00 a.m. 10 :30 a.m. 10 30 p.m. 17.6 Calm. 21 0 3.33 LoJnl( and even swells from 

not · lGOO foot al>o\'e lower I 5 3.57 sw. Mud·bMk brcnkers 

can' buoy. DottOut h rd 10 2.38 " to right nnd left. 

fino sa nd. 15 2.63 Snit. 
20 2.13 " 
0 3.45 
5 3.45 

10 2.50 
15 2.38 
20 1.96 
0 3.57 
5 3.70 

10 2.33 Fresh. 
15 2.27 Salt. 
20 1.96 Strong salt. 
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Anchorage. 

REPORT O N THE M I S SISSIPPI RIVER. 

llour. 

Obse1·vations in 1859-60-Continued. 

. JJi gh 
wntcr. 

Tide. 

Oscil­
lation. 

Wind. 

DepU1. 

Total. fl~t. 
Vclcr 
city . Water. Remarks. 

1-------- ---------------- --------- 1--------
lt . m.. h1 m. /1. m. In clle& 

On bnr, nenr midd le of ebnn- 2 15 p.m. 10 30 n.m. 10 30 p.m. 17.5 Cnlm. 
nel , 1000 feet nbove lower 
cnn buoy. Dottom h nrd 
sand. 

In cJ111 nne} to wost of centre, 
800 feet nbovo outer CIW 
buoy. Dottom mb:ed clay 
nnd snnd ; sticky. 

3 30 p.nJ . 10 30 tun. 10 30 p.m. 

4 10 p.m. 

Outside ofbnr, 400 feet south- 4 15 pJn . 10 30 n.m. 10 30 p.m. 
w f'st of ou ter Cflll buoy. 
8om o us nt 0 30 t1.1n . l\l ny 
12,n nd 7 n .m. M uy1~ . Jlol;. 
tom hnl'd1 fi no snnd nnd 
blue d ny. 

5 00 p.m. 

5 30 p.m. 

17.5 Ca lm. 

17.5 Calm. 

Near upper cres t of bnr , in 6 30 n.m. 11 00 u u. 11 00 p.m. l4 Calm. 
eMt pnrt of chnnn r l. Up-
per cn n buoy S. 000 W. 500 
foot. Dottom aund. 

Feet. 
21 

30 

42 
and 
43 

nod 
45 

--
17 

Feu. 
0 
5 

10 
15 
20 
0 
5 

10 
15 
0 
5 

10 
15 

0 
5 

10 
15 

0 
5 

10 
15 
20 
25 
0 
5 

10 
15 
20 
25 
0 
5 

10 
15 
20 
25 

0 
5 

10 
15 
20 
25 
30 
35 
J O 

0 
5 

10 
15 
20 
25 
30 
35 
4 
0 
5 

10 
15 
20 
25 
30 
35 
40 

--
0 
5 

10 
15 
0 
5 

10 
15 
0 
5 

10 
15 
0 
5 

10 
15 

Feet. 
3.70 
~.00 
-1.00 
3J);J 

3. 5 
~ -00 
~.00 
~.0:1 
-1.00 
4.17 
3.03 
3.57 
4.00 
4 .1 7 
3.33 
3.57 

4.00 
:1.70 
2.78 
3.70 
2.27 
~. 17 
4.1 7 
3. 5 
2.8\l 
2.\l-l 
2.63 
·L.0-1, 
-1.35 
3.57 
~.78 
3.23 
2.70 
2.27 

4.17 
3..1 5 
2. 5 
2.63 
2.33 
l.S5 
1.00 
2.17 
:!.00 
-1 .:15 
3.70 
3.63 
2.60 
2..1-1 
1 ·) 
2.63 
2.~2 
L O 
-1.35 
3.57 
3.13 
2.63 
2..14 
1.~5 
~.03 

1.82 
1.75 

3.3..1 
3.:!3 
2.7 
3.13 
3.:t1 
2. 6 
3.13 
~-63 
3.23 
3.13 
2.9-1 
2. 6 
3.2:3 
3.13 
3.63 
2.78 

llfay 20, 185\l--<:ontinued. 
F~esh. l .ong llnd even swells. 

Jlrnckish. 
Brackish nnd salt. 

F resh. 
" 

.Jlmckisll . 
I 8< .. ,1t. 

" 

FreBh . 
Jlrncklsh . 
'ni t . .. 
" 
" 
" 
" 

Frrah. 
Jlracklsb. 

nit. 
" 
" 
" 
" 
" 
" 

l' r sh . ,, 
,, 
,, ,, 
" ,, 
,, 
,, 
,, ,, 
" " 
" 
" " 

r~o n g nnd even swells. 
1 trong Halt -water nt bot;.. 
tom. 

I .ong nnd even swells. 
loscd observntlons nt 5 30 

-

p.m. Sw~ II H becoming 
llen"Y· urfnco current 
strong, nnd h1\rd to row 
ngnin8t. 

- ------
Mtf'y 21, 1R50. 

and \\rater R11rfb.co 0\ '0D 
smooth . 



APPE .r DIX G.-CURRENT -MEASUREMENT S A'L' S. W. PASS. CXXXlll 

Obse1·vations in 1859-60-Continued. 

'l,ide. Depth . 

Anchorage. Hour. Wind. 
----- Yolo- Water. Remarks. 

High Low O•cil- or city. 
wntor. water. lation. Totnl. fl oa t. 

--- - ---- ---- -- ---- ------
h. 711. h. 1)}., h. nt . Inches. Feet. .Feet. J- ect. 

On bnr, in east part of chan- 7 00 a.m. 11 00 a.m. 11 00 p.m. 14 Calm. 13 0 2.94 Fresh . jJ/ay 21, 1859-continued. 
nel. about 400 feet below I 5 2.86 " Water surface smooth . 
upper buoy , and -100 or 500 10 2.17 " feet to east of line between 0 2.86 " upper nnd lower cnn buoys. 5 2.86 " 
Boltom hnrd sand; very 10 2.08 " 
little clay. 0 2.94 " 5 2.86 " 

10 ~.38 " 
0 2.94 " 
5 2.63 " 10 2.17 " 

On bar, cast of channel cen- 8 00 a.m. 11 00 a .m. 11 00 p.m. 14 Calm. 15 0 2.70 " Even water surface. 
trc, i OO feet below Jn.s t an- 5 2.70 " c l1 o ra gc. Sta.ko is land 10 2.27 " 
(stnff-p<>!t) JS. 36° 11". Bot- 0 2.56 " 
tom bard, fino SlUld . 5 :2.56 " 10 ~.22 " 0 2.63 " 5 2.50 " 

10 2.27 " 0 2.70 " 
5 2.56 " 30 a .m. 10 :t22 " 

On bar, enst of lin e of buoys 8 45 a.m. 11 00 a .m. 11 00 p.m. 14 Calm. 15 0 :?.70 " Quiet Bnrf.'lce. Sc:1ttol·ed 
-100 or 500 feet, 1800 feet be- 5 2.78 " mnd lu1nps ttnd shottl 
l ow upper cn n buoy . ....take 10 2.-1-l " mud banks to SK ami 
island sig nal-post :\. SO W. 0 2.70 " NW. 
Dell buov S. 38° E. Dot- 5 :2.78 " tom hard, fine sand and 10 :2.50 " 
clay. 0 2.70 " 

5 2.70 " 10 2.38 " 
On bar, eas t of channel cen- 10 10 a.m . 11 00 a .m. 11 00 p.m. 14 Calm. 13 0 2.70 " tr , midway between upper 5 2.70 " 

and lower ra n buoya. Bot· 10 2.2i " tom equal parts fin o sand SE. light. 0 :2.50 " 
a nd clay. 5 ~--~-~ " 10 :l:22 " 

I n ea• t part of chnnnel. i O 11 00 a.m. 11 00 a.m. 11 00 p.m. 14 SE. l ight. 24 0 3.23 Swells from S. and SE. East 
fc t c.:'\St of cnst spar buoy . 5 3.-15 Fresh. spnr or breaker buOy is 
Lower c:m huoy S. (j()O 'r. 10 ~.70 ll rackish. ncar cast edge of channel, 
about 2.)1)0 feet llottom 15 2.50 Salt. 2500 feet nea rly NE. from 
mixed clay nnd fine sand. 20 2.00 " outor can IJ uoy. 

0 3.33 
5 3.45 

10 2.38 
15 2.27 
20 1.96 
0 3.-15 
5 3.23 

10 2.38 
15 2.33 

I :lu l.i5 
5 3.23 

20 1.72 

Same nnchornge as lllS t, near 2 00 p.m. 11 00 a .m. 11 00 p.m. u Calm. 24 0 3.13 Very ~entle, oasy swells 
enst •pa r buoy. ll'oO<J feet 5 3.57 from E. Mud lumps a n <I 
nbo,·c ou ter can buoy . Bot· 10 .63 mnd-bnnk breakers 1500 
tom clay an d sa nd. 15 2.86 to 1800 feet to F:. 

20 1.92 
0 3.70 
5 3.45 

10 2.56 
15 2.50 
20 1.06 
0 3.70 
5 3.5i },res h. 

10 2.70 llrnckish. 
15 2.50 Sal t. 
20 2.22 " 

Outside of har, Mst of chan- 2 45 p.m. 11 00 a.m . 11 00 p.m. 14 Calm. 30 0 3.57 Long, dead swells from SE. 
ncl mouth, lO feet XI-:. by 5 3.03 }'res h . Open se" to ri ~ht and loft. 
K from outer cno buoy., 10 2.04 Salt. Current and tide meeting 
Dottom fi ne, bard and . 15 2.08 " cause some irregularities 

20 1.79 " in deep floats. 
25 lA7 " 

3 00 p.m. 0 3.57 
5 2.94 

10 2.04 
15 2.17 
20 1.72 
25 1.33 

3 15 p.m. 0 3.70 
5 2.9-l 

10 1.75 
15 2.17 
20 1.59 

3 30 p.m. 25 1.32 



CXXXIV REPOR'r ON TH E MI SS I SS IPPI RIVER. 

Obse1·vations in 1859-60-Continued. 
-

Tide. Depth. 

Anchorage. Uour. 
----- Vol<>- Water . Rcmnrlcs. Wind. clry. Jligh Low Oscil- Of 

wn.tcr. wnter. lntion. Total. noat. 

----- ---- ------ ---- ------
h. 7)1,, h. '»t. h.m. Tncliu. Prrt. Fu t. Fut. 

Ou tside of b11r. Outer can 3 ~0 p.m. 1l 00 fl.m. l1 00 p.m. ~~ Calm. ~ 5,· ; u 0 3.o7 Jlf ay 21, 1859 -continued. 
buoy N\\'. IJy "~ . 00 feet. 5 2.94 Jlmckish. R1rong E. swells ; be-
not tom fin e sand with some 10 2.17 'alt. comi u ~,; by 4 30 p.m. too 
cl tty. 15 2.2'2 " Htronp; for furt.l1 cr trln l• 

20 1.67 " outside. OIJ~n·ntions nt 
I 25 1.45 " 35 foot not rc linblo; rc-

30 1.47 " j oe ted . 
40 1A3 " 
0 3.57 Fresh . 
5 2.70 Brackish. 

10 ~.17 wtllt. 
15 2.2"1 " 
20 l.i9 " 
25 ] .69 " 
30 1.47 " 

4. 30 p.m. ~0 lAO " 

Inside bnr, nca r- u pper crest, 6 ~ 5 a.m. 1 30 p.m. 0 30 ll.lt\. 9 Calm. li 0 3.23 ~·res h . },fay 24,1859. F.ycn wntcr 

800 feet nbovc upper Cll ll (Mily 25.) 0 ~ .33 " surfilCC. }'lrHt four obscr-
buoy. JJottom Jiuo Blllld 0 :1.23 " vations to.k n with Sax-
wit) I somo clay. 0 3.:33 " ton 's meter. 

7· 00 n.m. 0 3.23 " 
5 3.03 " 10 2.70 " 

15 2.7 " 
R l ighl. 0 3.13 " 

5 2 .9·~ " 
10 2.50 " 
15 2.44 " 

0 3,03 " 
5 2.78 " 

10 2.44 " 7 45 a .m. 15 2.50 " 
100 feet west of upper crm 8 00 a.m . 1 30 p.m. 0 30 a.m . 9 Calm. 16 0 3.03 " 

buoy. Bottom blue clay, (1tl ny 25.) 

I 
5 2.56 " 

sa nd nnd mnd. lO 2.50 " 
15 2.3S " 

8 15 a.m. E. light. 0 2.7 " I 5 2.H " 

I 
10 

I 
2.1 7 " 

15 1.06 " 
0 :!.63 " 
5 2.63 " 10 2.17 " 

15 I 2.0.1 " 
0 :?.iS I " 0 ~.6.1 " } Veloci ties mcnsm ed with 
0 

I 
:?.fifi " Saxton's motor. 

9 00 n.m . 0 2,66 " 
On bnr In west part of chnn- 10 30 n.m. 1 30 p.m 0 30 n.m. 9 E. by 17 5 2.56 " ll ipply surfnco. 

n •I, 2f>00 foot below upper (11ay 25.) gent! . 10 ~.70 " 
ca n buoy. Bottonl cloy (160 fe<lt 15 2.38 " nnd fino snnd . in 30 oec. 

by meter.) 
250 foot to CM t of lnst nnchora 10 40 n.m. 1 80 p.m. 0 30 n.m. 9 B. by s. 17 b 2.7S " Jllpply surfnco. 

ngo. Bottom clay nod Sllod. ()J ny 25.) gentlo. 10 2.~6 " 
(160 feet 15 2.56 ,, 
in 30 sec.) 5 2.04. .. 

10 2.f)fi " 11 00 n.m. 15 ~.63 " 
100 feet caot of cast. breaker 11 15 n.m. 1 30 p .m. 0 30 a.m . 9 Rby 33 5 2.7R Very lumpy bottom, with 

Flpar lHI y; llClll']y Pill Ill (' tli (ll.l ny 25.) 10 :!.fH} .. soundings nt nnd nrou nd 
11 00 n.m. ~.lny 21. Jlot.tom 15 :!.li Brackish. buoy from 1·1 to 3.1 fcot. 
fiuo snnd. t O 1.10 ~nit. Open sea to WNW., nnct 

? • 1.11:\ " - J round S. to lower mud 
5 ~.6.1 lumps to .K Hough rlvor . 

E. by S. 10 :2.bH 
fre h. 15 2.'2'1 

20 2.3'1 
2.1 1.1).1 
20 1.::2 

lit'. 25 1.01 

In east sido f clwnnol. 600 2 16 p.m. 1 30 p .m. 0 30 n.m. 9 K by N. 15 5 :!.78 }'resh. Wnt r rough. 
feet nhov ·Hat spn.1· buoy. (1tl ny 25.) light . 10 2.7 " 
lloth'm sandy. 

At cast brenkcr buoy. 8nmo 2 30 p.m . 1 30 p.m. 0 30 a.m. 9 E. by N. 33 ~ 2.38 Wntor rough . 
M 11 l o n.m. Bell buoy (Mny 25.) 10 2.0·1 .. 
boors . 61i0 J;l, uter mnd 15 :!.00 Brackish. 
lum p s. 00 E. Dolt om 20 1.?7 alt. 
fino su nd. E. hyN. 6 2.~ SF:. •w llo, increasing with 

10 1.:! wind . 
15 1.i2 
20 1.03 

E. by . . 6 2.44 Wind hy mowr 400 foot in 
fn>ib. 10 2.04 Fresh . 30 seconds. 

15 1.M llmckisb. 
3 30 p.m. 20 1.33 it. 
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Observations ~n 1859-60-Continued. 

I Tide. I Depth . 

Anchorage. IIour. I Oscil-
Wind. Vr lo- Water. Jlomnrks. 

lllgh Low 
Total. or city. 

water. water. lation. fl oat. 

---- ---- -- ----------
/i . 1U.. h. 1)1. , h.nt. Inche1.. Fu t. Feet. FcPt. 

X car outer cnn buoy, outside ~ 15 p.m. 1 30 p.m . 0 30 a.m. 9 E. by N. 35 5 2.17 Fresh . JJfcty 2--t-, 1859- continued. 
of uar. )lottom fine sa nd (illay 25.) 10 ].69 llmckisb. Long ami even SE. swells. 
and clay . 15 ].72 Salt. 

20 1.47 " 
25 1.25 " 

K fresh . 5 2.38 Wind and swell s too strong 
10 1.82 for tt·inl outs ide tho buoy . 
15 J.79 
20 1.49 

I 
25 I 1.30 

In rinr, 1000 feet nb<n•e up- 6 15 a.m. 3 00 a.m. 2 30 p.m. 4.5 E. llgh t. 17 0 . 2.9-! Ji'resh. JJTay 26, 1859. 
per ca n buoy. J..ower end 5 2.78 " 
pilo-<lam bea rs '1. 7:JO K 10 2.~ " 
J, Jght-I JO UoO '/. 1 ~ "> 15 2~ " 
f'tnko i; land post, S. 1ff' ". 0 2.86 " 
Dot tom llard, fine sand. 5 2.70 " 

10 2M " 
15 2.50 " 

0 2.70 " 
0 2.70 " } Velocities measured wi th 
0 2.78 " Saxton's meter. 

7 00 a.m. 0 2.78 " 
300 feet northwe t of upper 7 15 a.m. 3 00 a.m. 2 30 p.m. 4.5 R light. 17& 18 0 2.9-! " 

CU ll buoy. Dottom clea u, 6 ~.70 " 
fine sand. 10 2.86 " 

15 2.78 " 
5 2.04 " 

' 10 3.03 " 
15 2.63 " 

0 2.86 " 
0 2.86 " } Velocities measured with 
0, 2.i8 " Saxton's meter. 
0 2.i 8 " 

On bar, in channel, 800 feet 7 -!5 a.m. 3 00 a .m. 2 30 p.m . 4.5 E. ligh t. 17& 18 5 3.1 3 " Current meter works well 
1 

below upper can buoy. 10 3. 13 " when it ca n be used 01~ 
Dotwm hard, fine sand. 15 3.23 " bold iu its place. 

6 3.33 " 
10 3.13 " 
16 2.94 " 

00 a.m . 0 3.45 " 
0 3.23 " } Velocities measured wi th 
0 3.&1 " ScLXton's meter. 
0 3.23 " 

On bar, in channel, 2000 feet 15 a.m. 3 00 a.m. 2 30 p.m. 4.5 E. light, 18 6 3.57 " 
below UI Jper C..'ln buoy. incr.:asing 10 3A5 " 
Bottom fino sand, '\itb to fresh. 15 3.57 " 
very little clay. 5 3.57 " 

10 3.33 " 
15 3.70 " 

5 3.57 " 
10 3.03 " 
15 3A5 " 

0 3A5 " 
0 3.33 " } Velocities measured with 
0 3.70 " Saxton's meter. 

On bnr nnd in chan nel,~ 0 00 n.m. 3 00 a.m. 2 30 p.m. 4.5 .E. fresh. 17 5 3.70 " 'Vind 600 feet to one min~ 

feet below UJJJ>er cn. n bnoy. 10 3.57 " ute. Smootlt wotor. 
llott-om han.l, fino nd, 15 3.57 " 
with oomo clay. 6 3.70 

10 3.J5 
15 3.57 " 

0 3.70 
0 3 70 } Velocities meas ured with 
0 3.70 Sa..xton's meter. 

9 30 a.m. 0 3.70 

On bnr nnd in channel, near 9 46 a.m. 3 00 a.m. 2 30 p.m. 4.5 K fresh. 18 5 3.70 .. Water Bnl'fnco s li g htl y 
midway between upper 10 3.57 rough . Breeze 600 feet 
and outer buoys. Dot tom 15 3.85 to one mi nute. 
clean, fin o s~l nd . 5 3.85 

10 3.70 
] 5 4.00 

0 -!.00 
0 4.00 } Velocit.ies mensnred with 
0 4.00 Saxton's meter. 
0 4.00 
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Obsm·vations ·m 1859-60-Continued. 

Tide. Depth. 

IIour. 

I 
Wind. 

High Low Ol!Cil-
water. Wfi.l OI'. lntiou. 'f ata l. 

.Anch or:tgo. 

------------
II. 'ln. 

---~--
h. 1n. I h. 1n.. Inches. Put. 

On bar, in channel, ncar bas· 10 30 a.m. 
ke t buoy. Jluttom ban i 

3 00 tun _ ~ 30 p.m. 4.5 £ . fresh. 19 

and fino sa nd. 

11 00 a.m. 

Ou b nr, in west part of chan- 3 00 p.m. 3 00 n.m _ 2 30 p.m, 
nel, \ 200 foct 1\bO\'O ent er 
crm Luoy. Btlt\.om fine, 
h ard l)t\H(\ 1 with slimy clRy 
nud mud. 

3 30 p.m. 

Ontsirlo of b1\r at montl1 of 3 4.1\ p.m. 3 00 n.m . 2 30 p.m . 
chnnn l, -lOO feet nortlnvcr;t 
of Uuoy . Bottom Uno sand, 
with som~ cln.y . 

4 00 p .m . 

·-· 

At nC' w bush buoy, in west 7 00 a.m . 4 ()() 8 .111. 3 30 p.m. 
part of chnnm·l, ncnr 1200 
for t nbovo ( :-1 . 5° E. from) 
Cru! t brea ker buoy. !lot-
torn ltnrd sand, with so 111 e 
clay. 

4.5 1 s~-:. by .E. 
light. 

4.6 Calm. 

---
8 Calm. 

I 
I 

I 

Outside of bnr, 400 foot south- 7 45 a.m. 4 00 n.m. 3 30 p.m. 8 :-i .by W. 
light. W C8L of outer can buoy. 

Stuno as ~ l ay 12 nnd 1-1. 
Bottom fino sand n.nd clay. 

8 30 1\, lll . 

Outs ide of btu·, west of cha n- 8 ~5 a.m. ·I 00 a.m . 3 30 p.m. 
net molllh . Outer buoy 
•. 15° " · 700 feet. n ttom 
hn rd, ft no snnd, with vury 
litllo clay. 

9 30 l\..11\, 

200 fcet per 

~~~~~. by l 
I 

:\ . by W. 
genllo. 

30 

l &19 

·15 

32 

Velo- Water. 
or city. 

ft at. 

Fett . Feet. l 

1
g tn 

1 
F~csh. 

15 :JA5 " 
5 .1.33 

10 J.iO 
15 3.57 
0 :U5 
0 3. 5 
0 3.70 
0 3.i0 

b 
10 
15 
5 

3A5 " 
2.78 Brackish . 
~. lla Strong M i t. 
3.57 

10 
15 
0 
0 
0 
0 

2.9~ 
~ .50 
3.85 
3.85 
3.% 
3.70 

25 

3.2:1 
:?.iO 

) 5 :?.3:~ 
20 I 2.00 

1.39 

5 
JO 

5 
10 
15 
~o I 
25 

30 1 

5 
10 
15 

5 
10 
15 
0 
0 
0 
0 

0 
10 
15 
20 
25 
5 

10 
11> 
20 
25 
31\ 
0 
0 
0 
0 

5 
10 
15 
20 
2J 
5 

] 0 
15 
20 
25 
5 

30 
0 
ll 
0 
0 

3.13 
2.33 
2:!"2 
1.67 
1.33 
u o 

3.33 
3.l:J 
2.f>3 
3. 15 
2.9-l 
2.~ti 
3.33 
:1.2:1 
3 .:~1 
3.33 

2.70 
2.0.1 
1.7:, 
1.43 
1.39 
2.78 
2.08 
1.85 
1.117 
1.31\ 
2.25 
3.13 
:J.~ 
:1.45 
3.57 

:!.56 
2.().1 
1.7U 
!.HI 
U2 
:?JO 
2.00 
l.ib 
1.32 
1.:!7 
::!.' 
1.23 
:1.3.1 
:~A !:'I 
:1.33 
3.33 

Strong brackish. 
Sn it. 
Strong salt. 
" '· 
" " 

l'rcoh. ,, 

" 
" 
" 
" 
" 
" 
" 
" 

lJrnckish. 
Sll lt. 
" 
" 
" 

Fresh. 
" 
" 
" 

Brackis h. 
Pnlt. 

" 
" 

Fresh . 
" 
" 
" 

Hcmarks. 

May 20, 1R59-continuerl. 
Ui pply B\11'1'1\CO, but no 
swells. 

} 
Velocities mensurcd with 

axton's meter. 

jsK swe lls, o'•on. Uottfl nl 
Ju mpy, gi,•ing sound iu gt~ 

1 15, 17, 20, 2b, nncl 30 fcf' t. 
Now spar bul'rcl buoy 
p1uced bore. 

} 
Velocities m~asured with 

Sa.xton's mut r. 

1·: \'C n Rf: . swc11 8, incrca~ing. 
1\>0 r·o uj:;h he low out ·r 
buoy fur fl oats. 

.Afay 27, 1 5fl. Rmooth sur· 
fnco. Old basltot buoy t' 
llbout nlillwny lx'tween 
this lower l.ml'lh bHoy nntl 
tho cast. breaker Luoy. 

} 
Vr locltl rs mrn•nrcd with 

Sru: LOD18 motor. 

Smoolh water. 

} 
Velociti es mrMnred with 

Saxton's motcr. 

Smooth wntor. 

} 

V~ J oc iti l'H ll 10RiHlT£'d w[IJ1 
81\.Xton'tt rnotcr. 
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Obse1-vations in 1859-60-· Continued. 

Tido. Depth. 

Anchorage. Hour. Wind. Yclo-
Water. Ucmnrlu~. Ili gh J.~ow Oscil-

'l'otnl. Of city. 
water. wutcr. lalion . fl oat. 

----- ---- ---- -- ---- -- --
h. m. h.""· ll.m. In ches. Fert . Fu t. Fu t. 

Out• ide of bnr , 1200 feet east 0 45 a.m. 4 00 n.m. 3 30 p.m. 8 Cn lm. 35 5 2.70 llrnckish. llfay 27, 1850 -continued. from outer Clln buoy. Bot. 10 1.89 Salt. J{n.pid surface current. 
tom h ard nnd finu sand, 15 1.79 " with some clay. 20 1.59 " 

25 1.27 " 
5 2.78 llrncldsb. 

10 2.00 Salt. . 15 1.89 " 
20 1.49 " 
25 1.20 " 10 15 a.m. 5 2.78 Brnckisb. 
30 1.32 Snit. 
0 3.45 l''r esh. 
0 3.70 " } Velocities measured with 
0 3.70 " StLx tou's mote1-. 
0 3.85 " 

On bttr nt eMt breaker buoy 11 00 n.m. 4 00 a .m. 3 30 p.m. 8 Calm. 15 5 3 .13· Fresh. Sounding 19 feet nt lower 
~cnBt •pnr lmoy). · mens 10 2..14 Jlrackish .. bont. 15 feet float touellCCl 

1 a.m . .\l ny 25. Dot tom 15 Salt. bottom. At. this enst spar 
Jumpy and soft. 5 2.78 l ) \\0 )' there wns a mud 

10 2.33 lump, said to ha;vo d is-
H l.i5 ap']lcnrcd soon n.ft or grcnt 

0 2.6.1 
gnle of August, 1856. 

0 2.78 } Velocit ies mcnsnrod with 
1>! . 0 2.70 Saxton' s meter. 

Xertr lower bush buoy; in 4 30 p.m. 4 00 a.m. 3 30 p .m. 8 Cn.lrn. 18 5 4.00 }'res b. Smoot11 water. west prtrt of chnnnel. Bot- 10 3.85 " tom sand and clay. 15 3.85 " 5 4.00 " 

rn centre of channel, 4IJO fccj 4 45 p.m. 

10 3. 5 " 15 3.70 " 
4 00 a.m. 3 30 p.m. 8 Calm. 18 5 3.70 " Smooth water. 

oouth of basket buoy. Bot- )0 3A5 " 
tom ba.nl sand. 15 3.23 ., 

5 3.70 " 10 3.57 " 15 3.33 " 

I t is shown by an experiment made on the 17th August, that when the exposed surface of the 

surface floa,t was one-fifth that of the sub-surface float, and the surface current was 2 fee t per second, 

and the sub-surface float was in still water, the latter was dragged by the former about 0.4 of a foot 

per second . 

I 
Tide. D pth. 

------ Velcr Anchorage. llonr. Wind. Wnter. · n emnrlcs. 
lligh T..ow Osci l- Of city. 

1- water. water. lntion. Total. fl oat. 

---
h . .... IL m. h. m. Jncli e..•. Fut. Feet. Feet. 

At upper cnn buoy. 10 00 n.m. 30 n.m. 8 30 p.m. 19.5 S.andl,, 10 0 2.20 ]'res h. Augn.•t 13, 1859. Wind from 
5 JJrnckisb. S. nnd E. during this 

10 Snit. n nd several previous dnys. 
14 0.00 " lligh tide nt 8 30 n.m. 

Bottom. -0.80 " rends 26.5 inches. Up-
stream cu rrent beginni ng 
at 15 feet n.nd incrcaf.l ing 
to bottom, fl oa.t being sus· 
pendccl by twino h eld in 
band. 

s 



CXXXVlll REPOR '£ ON 'J'HE MISSISSIPPI RIVER. 

Observations ~n 1859-60-Continued. 

Tide. Depth. 

Ancborago. llour. I Osci l-
Wind. Ycl<>- Water. Romnrks. 

IJigh JA W Of city . 

water . water. Jat ion. 'fotnl. float. 

- ---- - ---·-- --- -- ---- --
h. ')Jt. h. 'Pn.. h.m. Inchu. Fu t. l<Ut. Feet. 

At lower hush buoy; on outer 11 00 a.m. 8 30 a.m. 8 30 p.m. 19.6 S.nnd K • 20.0 0 Jlrnckisb . .AttgU&t 13, 185!)-contin nod. 
crest of bar . 6 Salt. Up·Stroum current nt Ul 

12 0.00 .. foot, increasing to bottom ; 
Dottom. -1.00 " rather stroog:CI' th a n at 

Cilll buoy. Depth und ve-
locity of salt-wnte r 111 0 \ '-
ing up strcnn1 nre grentC'r 
h ero than n.t inner end of 
bnr, yet VC'lOCil y of upper 
stratum of frc81H\'t\lor is 
much ){'SSj in f t\ Ct it is 
nnar l y a ll chocked n.nd 
di ~pe r·sccl. If the rc ilucnL 
sub-S tll'lilCC c urrent wc ro 
duo to uu eddy forco gene-
rated by Uw rh•OJ·-w11 tcr, 
t.h o rcvcrso would bo t.h o 
case. It is p•·obnblo that 
n mass uf snit - wntm·, 
forced up for eovorn\ days, 
i s ponring on t.; nnd it is 
posslblo thnt at this posi-
tion , on ontcr crest of 
bru·, pnrt of tho up-stronm 
cu rrent nt bottom is nn 
eddy CUI'rcnt, OCCI:\aioncd 
by tho snlt-\\'lltC. r vouring 
out ovor tho bar ant( o m-
ing in contac t with tho 
s till wa ter of the gul f. 

Ncar upper cnu buoy. H . 8 30 a.m. 8 30 p.m. j 19.5 S.nnd E. 19.0 5 Dracklsh. Up-etrcn.m cu r-ren t a t 16 foo t, 
I 10 Salt. Jncrcasing to bottom. 

I 
16 " 

I 
Jlottom. " 

. -

I 
At upper can IJuoy. 11 00 a.m. 11 00 n.m. 10 30 p.m. 8.0 ssw. 1 .6 0 2.37 ~· reob. .A!Iglt•t 16, 1859. n low 15 

fresh. 5 2 .2~ " fect ; wntor n enr1y atn.ti u-
10 1.90 Liltlo brackish. n.ry ; sligh t 11 p-strcnn1 mo-
12.6 1.00 Salt . tion, which cou ld not bo 
15 " merum rod. No eddy, b ut 

Dottom. " nctunl outp nring of sa lt-
wali!r. It mn.y be that 
tho water Is otil\, below 

I 
15 feet, because l o tido 
Is just cen.•l ng to run up. 

On board pilot-schooner, on 3 00 p.m. 11 00 a.m . 10 30 p.m. 8.0 s w. 16.0 0 2.37 }'resll . Below 15 feet, sli gh t up-

bar. reru· uppc.r ca.n b uoy. 5 1.74 " stream cnneut. Ontpour-
10 0. 6 Salt. ing of snlt-wate.r evldcntly 
16 0.48 " not frona \'O rtlcnl eddy, for 

llottom. " thoro Is no corrcHponding 
Inward movo rn out to 
mnlntnl n tho supply. 

-- --· 

Ncnr upper cau buoy. 7 30 a.m. ll 00 a.m. -! 00 p.m. 1.0 W . light. 19.0 0 3.17 l' reoh. .Augurt 17, 1 59. No r otlu-
5 2.71 " ent sub-snrfnco cm·rcnt . 

10 1.73 Drnckish. Sal t-wnter evidently cnr-
16 1.:27 Salt. rlod Ho awnrd by fresh-
18 0.7 6 " water. Very \itt! lido. 

lllottom. " llgh t osclllntion• In level 
of gulf. 
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Obse1·vations in 1859-60-Continued. 

Tide. Depth. 

Anchorage. Hour. Water. ncmo.rks. 
High Low Osci l- Of city. 

I 
Wind. Vela-

I--------------------ll------- water. ~ lat ion. ______ Total. Ooats. ---- --------------·l--------------------
1!. m. /1. m. h. m. Inches. Feet. 

On outer crest of bar. 9 00 a.m. 11 00 a.m. 4 00 p.m. 1 Calm. 16.5 

I 
On outer crest of bar. 2 00 p.m. 1 00 p.m. 18 NNE. 16 

and E. 

3 00 p.m. 

Same anchorage. 4 00 p.m. 1 00 p.m. 18 ESE. 16.5 

I 
I 

I Snmo anchorage. 5 00 p.m. 1 00 p.m. 18 17 

I I --
Outer crest of bnr;•westerly 7 30 a.m. 030 n.m 

cdgo of channel. 
2 00 p .m. 21 S. light. 16.5 

I Same anchorage_ 9 00 a.m 0 30 a.m. 2 00 p.m. 21. S.light. 16 

Feet. Fed. 
0 2.11 
5 1.27 

10 0.53 
13 0.18 

Bottom. 

0 
5 

10 
15 

0 
5 

10 
15 

0 
5 

10 
15 

0 
5 

10 
1i\ 
17 

0 2.00 
5 1.54 

10 0.86 
15 
l U 0.71 

0 2.31 
5 1.58 

10 0.86 
15 
16 0.81 

Fresh . 
" 

Brackish. 
Salt. 
" 

Fresh. 
Brackish. 
Sal t. 
" 

Fresh . 
Bracklsh. 
Salt. 
" 

Fresh. 
Salt. 
" 
" 

l'resh. 
Salt. 

" 
" 
" 

}'res h . 
Brncklsh. 
Salt. 
" 

Fresh. 
Brackish. 
Salt. 
" 

I 

.August 17, 1859-continued. 
}'loat at 13 feet stopped 
Bcvcral tim es for 4 or 0 
seconds. Jn subsequent 
hnnrl-cx pcriment, no cur­
r ent nt ] 2 fee t. Retluont 
cmTont incrcHsing th ence 
to bottom. '!'hat is, 11 

stratum of salt-water 2 
feet thick (from 8 to 10 
feet depth) moves ont­
wnrd with a mean velo­
city of 0.3 of " foot per 
second, nnd 11 strntum o 
salt-wa tL'r 4 feet thick at 
bottom should m ove in to 
Slip ply it nt n. mean velo­
city of 0.15 of " foot per 
second, bnt it is evid ent 
frorn the rcnmrks of 1ho 
oUservcr thnt the V('\ocity 
was ~ l' l'llter lhan this am\ 
it appears l11 at. rnnch 1

1

HOro 
s;tlt -watc r wn.s pass ing in 
thnn out. nut if there is 
a. vertica l eddy, that vor~ 
t ion of velocity nt the 
Lot torn dnc to it conld not 
l1a ve exceeded 0.3 of a foot 
per second, and we hn ve a. 
surface velocity of ~ fc1~t 
per second, g i,·ing- th e firs t 
pnrticles of st iJl a:dt-warm· 
with which it is in con­
tac t, n. velocity of 0.6 of a. 
foot per second, crenting 
nn eddy, the ~ren tcs t ,·elo­
c ity of which, nlong th o 
Lottoril, could not ha,·o 
exceeded 0.3 of lt. foot per 
second . 

September 2, 18;'">9 . No re­
flucnt sub-surfnce currt>n t 
perceptible at any depth. 

'Slight reflnent snb·snrfacc 
1 current from 15 to lGYz 

feet; effect of wind all!l 
tide. 

llcfl ucnt sub-s11rfrtee current 
from 12 to 17 feet. J n­
crenscs in strongt.h ns t11 c 
t ide docs. 

SeplcmiJr r 3, 185!l. No pcr­
C(' fltibl c reflu i' nt sub-snr­
fn co current nt llll)' depth. 
At snrfhcc1 cur rent set~ to 
SS W.; ut 10 teet, to sou th­
want. 

No perceptible reflu ent •ull­
BUI'fu cc current, yet if the 
('ddy theory were correct., 
it would h rwo bocn found. 
Tho snlt·watc r n:wving sea­
ward is evidently th o 
pou ring hack by fall of 
tide, of whnt the river r e­
ceived from ri ~e of tide. 
Now her o is evidently nn 
outward current on tho 
bottom ~:renter than that 
of any rcfluent .s uU·surfilco 
Clll'I'Cilt yet lli ('R8 Ul'e d, nt 
the very t ime when , by 
tho eddy theory, tb e edclyl 
current should be found 
to the upper enrl of th o 
unr. 
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Ob m·vations in 1859-GO-Continucd. 

Tide. I Depth. 

Anchorngo. !I our. 
- - ---- - ----- Vclo· Wind. city. Water. llcmn.rk s. 

ITigh f.JOW Oscil- Total. Of 
water . wntcr. lation. j ___ fl oat. 

--- - -· 
h. m .. 11 . '»1.. 11.m. Inc/iu.l ..Htt . Peet. Htt. 

Outside of bar. 10 00 1\.1 1\. 2 00 n.m. 3 30 p.m. 20 ~W. Iigh t. 2-1 0 ~. 1 0 fresh. &plnnbn· 5, 1 S50. No por-
5 2.:!1 ~alt. ct·ptibl c r·cnuont li llb·1m r-

10 1.2'2 " face current. 
15 1.11 " 
20 " 
22 0.02 " 2-! " 

Outside of bar (same itS la.•t). 2 45 p.m. 2 00 it.tn . 3 30 p.m . 20 :\~}~. 24 0 3.33 }' res h . No perceptible rcfl uont Bub-
fresh . 5 uo llrn.ckish. surfitco currcut. 1 f such 

10 1.20 Salt. current bo tho ciTcct of 
15 1.0:! " w ind nnd tid e, we onght 
20 " not to expect one mulor 
2:2 0.00 " th nbovu c ir mnsttLncos. 
2-1 " J ftho eiTro l of nn oddy, i t 

ought to l:ULVO boon found. 

On on tel' CI'OB t of bar. 1 35 ll.IH . 3 30 a .m. 4 30 p.m. 20 ~.E . fresh . 16.5 0 Frc.~h . &plembtr G, 1S59 . No per-
6 Uracklsh . cept ihl rc.nucmt current 

10 nit. n.t nn y deplh . Watt' r too 
15 " roug h for velocity ex peri· 

mcut~:~. 

---·-------- ---------=-=--

I 
·- --

I I r= -1 I I I I l&ptembc>· 7, , •m•l 0, 1859. 
Northcal!tcrly storm. 

- ---·--

l 
- - --

I 
On outrr crest of bar in e.''\St 10 00 ~.m. 7 30 a.m. 7 00 p.m. 15 E~ l·:. 1 0 F"rcsiJ. &ptembtr 10, 1 59. 

edge of cha nnel. fresh . 5 llrnckisb. 

I 
I 10 Snlt. 

16 " 
I 18 " 

On crest of bar, in east edge >! . 7 30 !t.m . 7 00 p.m. 15 E~E. 16 0 2.69 }' res h. No pcrceptlblo rcfl ncnt cnr-
of chnnnc1. fresh . b 1.60 llrncklsh. rent Rt nny tlcpt.h. At 

10 0.57 I Rn lt. surfnce, current sets . \V.; 
12 " nt 10 foot, to eastwa rd . 
15 0.63 " 
16 " 

On November 10, 1859, Mr. Full er writes : " I can only say th at I have r epeatedly made the 
experim ent (between the 1 ·t Jun o and th e pr ent time) with the large ub-float, suspend d by a fine 
twin e, the end held in the band; but that, until the 13th A ugu t, I was un :1ble to detect a decided 
reflu ent sub-current, which current I am satisfied increases as the r iver falls." 

Observations of December 15, 1 59, at half fl ood.. Ti tl e inches. Wind northerly and light . 
Gauge at Carrollton 5.6 feet . A great t ide two or three <.l ays before. 

At upper can buoy ; depth 1 fe t. Water fresh from surface to bottom. Current at bottom 
not nearly as strong as at the surface ; about the same difference as in previous xperiments, viz .: 
from 0.5 of a foot to 1 foo t per second. 

A t upper bush buoy ; d ptb 18.5 feet. Water fresh from surface to bottom. 
Outside of bat· ; depth 20 feet. Wat r fr sh from surfac to 5 feet; brackish' at 10 £ t; alt 

from 15 feet to bottom. 
No refl.uent sub-surface current at any place. trong sur face curren t running out. 
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Observations of January 5, 1860, at half flood; the sub-surface current being sought fo r as 
usual by means of a tin sub-surface float suspended fr~m the hand by a small twine. Tide 22 inches . 
Northerly breeze. Gauge at Carrollton 8.0 feet. 

Outside of bar; depth 30 feet. Water at surface fresh; brackish at 4 feet; salt from 5 feet to 
bottom. o refluent sub-surface current. 

Outside of bar; depth 20 feet. Water fresh at surface; brackish at 5 feet; salt from 10 feet 
to bottom. No current at bottom; at 5 feet above, slightly outward. 

On 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 18 feet. Water fresh from surface to 10 feet ; brackish from 15 feet to 
bottom. No refluent sub-. urface current. Current at bottom not nearly as strong as at the 
surface ; about the same difference 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 ~nches. Wind north erly and 
fresh. Gauge at Carrollton 12.7 feet. 

Inside of bar; depth 18 feet . Water fr esh from surface to bottom. No r efluent sub-surface 
current. low current running out at and near bottom. 

On bar, at middle bush buoy; depth 17 feet. Obserntions 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 r efluent sub-surface current. 

Obse1·vations of February 4, 1860, at high tide. Tide 26 inches. Wind east, light. Gauge 

at Carrollton, 12.8 feet. 
In ide of bar; depth 18 feet. Water fr esh from surface to bottom. No refluent sub-surface 

current. low cunent running out at and near bottom. 
On bar, at middle bush buoy; depth 17.5 feet. Observations same as above. 
On bar, at outer edge; depth 16 feet. Observations same as above. 
Outside of bar; depth 30 feet. Water brackish at 5 feet ; salt from 7 feet to bottom. Slow 

r efluent sub- urface current. 

Observations of February 6, 1860, at half flood. Tide 19 inches. Wind northerly and fr esh. 

Gauge at arrollton 13.4 feet . 
Inside of bar; depth 1 feet. Water fr esh from surface to bottom. No r efl.uent sub-surface 

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. 
Out ide of bar; depth 31 feet. Water brackish at 4 feet ; salt from 7 feet to bottom. V cry 

sli (J'ht refluent sub-surface current. 
b 

Observations of F ebruary 8, 1860, at half flood. Tide not recorded, as the gauge W HS out of 

order. Being a neap tide, it was smnll. Wind westerly and light. 
At outer edge of bar; depth H feet. No salt-water. No r efluent sub-surface current. 
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Obsert•ations of February 9, 1 60, at low tide. Tide not recorded, as the gauge was out of 
order. Being a neap tide, it was small. Wind westerly and light. Gauge at Carrollton 12.8 
feet. 

Inside of bar; depth 18 feet. No salt-water. No refluent sub-surface current. 
On bar, at middle bush buoy; depth 16.5 feet. Obs rvations same as above. 
On bar, at outer edge; depth 15 fee t. Observations same as above. 
Outside of bar; depth 30 feet. Water brackish at 4 feet; salt from 6 feet to bottom. No 

refiuent sub-surface current perceptible. 

Observations of February 10, 1860, at high tide. Tide not recorded, as th 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. No salt-water. No refiuent sub- urfacc current. 
Outside of bar; depth 30 feet. Water bracki h at 4 fee t; salt from 5 feet to bottom. Sl ight 

refluent sub-surface current. 

Observations of March 3, 1860, at three-fourths flood-tide . Tide 14 inches. Wind easterly 
and light. Gauge at Carrollton 12.5 feet. 

On crest of bar; depth 14. 5 feet. No salt-water. No refluent sub-surface current. Surface 
current 4.03 feet per second. 

Observations of March 5,. 18 60, at half flood-tide. Tide 15 inches. Win<l southeast, light. 
Gauge at Carrollton 12.7 feet. 

On outer crest of bar; depth 14 feet. No salt-water. No reflu nt sub-surface current. Sur­
face velocity 3.99 feet per second. 

Outside of bar; depth 20 feet. Water fro h from surface to 15 feet; sa1t at 18 feet. No 
refluent sub-surface current perceptible. 

Outside of bar; depth 30 fee t. Water fre h at urface ; brackish at 7 feet; salt from 10 feet 
to bottom. Slight refluent sub-surface current. 

Observations of March 8, 1860. No perceptible tile. Wind southerly and light. Gauge at 
Carroll ton 13.1 feet. 

Inside of bar; depth 18 feet. No salt-water. No reflucnt sub-surface cuncnt. 
On outer crest of bar; depth 15 feet. No :tlt-water. No reflu nt sub-surface CUlT nt. 
Outside of bar; depth 20 feet. W a.ter fre h from surface to 12 feet; brackish at 14 feet; salt 

from 16 feet to bottom. Refiuent sub-surface current ju t perceptible. 
Outside of bar; depth 30 fee t. Water fr sh from surface to 10 feet; bracki h at 12 feet; salt 

from 15 feet to bottom. Slight reflucnt ub- urface current. 
In all ca,ses, the current near the bottom, wh n not refluent, was luggish; more so, how ver, 

on the bar and out irlc than in. ide, although in th latter case it was invariably much slower than 
at the surfacr. 

Obse1·vations of 1\Jat·ch 18, 1 GO, at half fl ood-tide. Tide inches. 
at Carrollton 13.2 fe t. 

o well or wind. Gauge 

Outside of bar; depth 20 feet. Wat r frc h from surfa e to 5 f t; bracki h at 7 feet; alt 
from 10 feet to bottom. o curr nt at bottom ither way. 
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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. 

Wi thin and near outer edge of bar; depth 17 feet. Water fresh from surface to 10 feet; 
brackish at 12 feet ; salt from 13 fee t to bottom. Very slow outward current at bottom. Surface 
current 3. 08 feet per econd. 

Inside of bar, at upper can buoy; depth 18 feet. Water fresh, with outward current, from 
surface to bottom. 

Observations of March 24, 1860, at half fl ood-tide. Tide 9 inches. Wind 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 refiuent current at bottom. 

Outside of bar; depth 30 feet. Water fresh from surface to 4 feet; brackish at f) feet; salt 
fr om 6 feet to bottom. Very slow refluent current at bottom. 

Outer edge of bar; depth 16.5 fee t. Water fr esh from surface to 10 feet; brackish at 11 feet; 
salt from 13 feet to bottom. No current either way at bot tom. 

I nside of bar, at upper can buoy ; depth 18 fee t. Water fresh, with outward current, from 
surface to bottom. 

Observations of March 26, 1 60, at three-fourths flood-tide. Tide 10 inches. Wind north­
easterl y and li ght. Gauge at Carrollton 12.8 fee t. 

Outside of bar; depth 22 feet. Water salt from 6 feet to bottom. Slow refiuent current at 

bottom. 
Outside of bar ; depth 30 feet. Water salt from 4 feet to bottom. Slow refluent current at 

bottom. 

Observations of March. 29, 1860, at three-fourths flood-tide . Tide 12 inches. Wind westerly 
and light. Gauge at Carrollton 12.3 feet. 

Out irie of bar ; depth 20 feet. ' Water fresh from surface to 6 feet; brackish at 7 feet; salt 
from fc t to bottom. Slow rcfluont current at bottom. 

Out icle of bar; depth 30 feet. Water brackish at 4 feet ; salt from 5 feet to bottom. Strong 
reflucnt sub- urface current. 

On bar; depth 16.5 feet. Water fresh from surface to 10 feet; brackish at 12 feet ; salt from 
H feet to bottom. o current either way at bottom. 

I nside of bar, at upper can buoy ; depth 18 fee t. Water fresh, with outward current from 
surface to · bottom. Current a t bottom about half that at the surface, say 1.47 feet per second. 

Observations of April 6, 1860, at one-fourth ebb- t ide. Tide 12 inches. Wind northeasterly 
and light. Gauge at arrollton 9.8 feet. 

On outer ere t of bar ; depth 15 feet. Water fr esh from surface to 10 feet; brackish at 12 
feet ; salt from 14 feet to bottom. No current at bottom. 

Obser·vations of pril 7, 1860, at one·four th ebb-tide. Tide 17 inches. Wind SSE., light. 
auge at ar rollton 9.6 feet. 

n outer ere t of bar; depth 15 fee t. Water fro h from surfn,cc to 10 feet; brackish at 12 
feet; alt from 14 feet to bottom. o urrent at bottom. 
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Observations of April 12, 1 60, at one-half ebb-tide. Tile 12 in ches. Wind nor therly and light. 
Outside of bar; depth 20 feet. Water fr esh at urface; brackish at 7 feet ; salt from 12 fee t 

to bottom. S light reflucnt current at bottom . 
Outside of bar; depth 30 feet. Water fro h at surface; brackish at 3 feet; salt from 8 feet to 

bottom. Slight refluent sub-surface current. 
On outer crest of bar; depth 16 feet. \Yater fre h at surfa ce; brackish at 5 feet; salt from 

10 feet to bottom. Slight rcfluent sub-surface current. 
Inside of bar, at upper can buoy; tl epth 18 feet. Water fresh from surface to bottom. No 

refluent sub-surface current. 

Observations of April 18, 1860. No perceptible tide. Wind 'fresh from southeast. H eavy 
swell outside of bar. Gauge at Carroll ton 5. feet . 

On outer crest of bar; depth 16 feet. Water fr esh :\t surface; brackish at 6 feet; salt from 8 
feet to bottom. Strong ref1u ent sub-surface current. 

Obse?·vations of April 19, 1860, at one-half ebb-tide. Tide 7 inches. Wind fresh from south­
east. H eavy swell outside of bar. Gauge at arrollton 5.5 fee t. 

On outer crest of bar; depth 16 feet. Water fresh from surface to 10 feet; bra.ckish a.t 11 feet ; 
salt from 13 feet to bottom. Very slight roflu ont current at bottom, ca.rcely perceptible. 

Inside of bar, at upper can buoy; depth 18 feet. Water fro h from surface to 16 feet; brack­
ish from 17 feet to bottom. Slight outw:trd current at bottom. 

Observations of April 21, 1860, at throe-fourths ebb-tide. Tide 18 inches. Wind fresh from 
southeast. Heavy sea outside of bar. Gauge at Carrollton 5.4 feet. 

On outer crest of bar; depth 16 feet . Water fresh from ·urfacc to 8 foot; brackish at 10 feet; 
salt from 11 feet to bottom. Slight outward current a.t bottom, increasi ng to surface. 

Inside of bar, at upper ca.n buoy; depth 1 feet. W a. tor fresh frolll surface to 17 feet; slightly 
brackish thence to bottom. Slow outward current at bottom. 

Obse?-vations of April 23, 1 60; begun at one-fourth ebb-tide, concluded at one-half ebb. Tide 
23 inch es. Ca lm. Gauge at arroll ton 5. feet. 

Inside of bar, near upper can buoy; depth 19 f et. Water fresh from surface to 10 feet; 
brackish at 15 feet ; salt at bottom. urfu.ce current 1. 93 f ct per second ; slow outward current at 
15 feet; slow roflu ent current from 1 feet to botto'm. 

Three-fourths of a milo above outer edge of bar, a li ttle west of channel; depth 15 feet. Watc1· 
fresh from surfllCC to 10 fc t; 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 ba.r, ca t of channel; d pth 17 feet. W n.tcr fresh from sur-
face to 10 feet; brackish at 11 feet; alt from 12 f ct to bottom. light r eHu nt current nt bottom. 
Surface cunent 1.92 feet per second . 

Near outer cr t of bar; depth 16 feet. Water fre. h from urfaco to 9 feet; bracki hat 10 
feet; salt from 11 feet to bottom. Slight rcflucnt cuncnt at bottom. urfac curren t 1. 77 feet per 
second. 

Outside of bar; depth 20 feet. Water fre h fr m urfac to 5 foot; bmcki. h at 6 feet; salt 
from 7 feet to bottom. low r fluent CUlT nt at bottom. 

Outside of bar; d pth 30 feet . Water fre h from sur face to 5 feet; brackish at 6 feet; salt at 
7 feet. Very slow refluent current at bottom. 
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Observations of April 27, 1860, at one-half ebb-tide. Tide 19 inches. Wind northeasterly 
and light. Gauge at Carrollton 7.0 feet. 

Near outer crest of bar; depth 16 feet. Water fresh at surface; brackish at 5 feet; salt from 
7 feet to bottom. Slight refluent current at bottom. 

Observations of April 28, 1860, at three-fourths ebb-tide. Tide 8 inches. Wind light from 
NNW. Gauge at Carrollton 7.5 feet. 

Near outer cres t of bar, a little to the eastward of the channel; depth 15 feet. Water fresh at 
surface ; brackish at 4 feet; salt from 7 feet to bottom. Slight refl.uent current at 10 feet; strong 
at 15 feet. 

Observations of April 30, 1860, at one-half ebb-tide. Tide 6 inches. Wind southeasterly and 
light. Gauge at Carrollton 8.8 fee t. 

Near outer c1·est of bar; depth 16 feet. Water fresh from surface to 5 feet; brackish at 7 
feet; sal t from 10 feet to bottom. Slight refluent current at bottom. 

Obse1'Vations of May 1, 1860, at one-half ebb-tide. Tide 6 inches. Wind northerly; stiff breeze. 
Gauge at Carroll ton 9.4 fee t. 

Near outer cres t of bar ; depth 16 feet. Water fresh from surface to 5 feet; brackish at 9 feet; 
salt from 11 feet to bottom; slight refl.uent current at bottom. 

Observations of May 4, 1860, at three-fourths ebb-tide. 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 16.5feet. Water fresh from surface to 10 feet; brackish at 11 
feet; salt from 12 feet to bottom. Strong outward current at bottom. 

Observations of May 16, 1860, at one-half ebb-tide. Tide 8 inches. Wind southerly, light. 
Gauge at Carroll ton 7.1 feet. 

On outer crest of bar; depth 16.5 feet. Water fresh at surface; brackish at 7 feet; salt at 10 
feet. Ou tward current to 14 feet; thence to bottom slight refluent current. 

Obse1·vations of Iay 18, 1860, at one-half ebb-tide. Tide 13 inches. Wind light from SSW. 
Gauge at Carroll ton 5.6 feet. 

On outer crest of bar; depth 16.5 feet. Water fresh at surface; brackish at 8 feet; salt at LO 
feet. Outward current from surface to bottom. 

Obse?'Vations of May 23, 1860, at one-fourth ebb-tide. Tide 26 inches. Wind south, light. 
Gauge at Carrollton 3. 9 feet. 

On outer ere t of bar; depth 16.5 feet. Water fresh at surface; brackish at 5 feet; salt at 7 
feet. Outward current from surface to 14 feet; slight refl.uent current at bottom. 

Observations of May 25, 1860, at young ebb-tide. Tide 19 inches. Wind fresh from south­
west. Gauge at Carroll ton 3.5 fee t. 

n outer crest of bar ; depth 17 feet. Water fresh at surface; brackish at 5 feet; salt from 8 
feet to bottom. Slow refluent current at bottom. 

' [' 



cxlvi REP 0 R 1' 0 N 'r HE M I S S I S S I P PI RIVE R. 

Observations of May 31, 1860, at low tide. Tide 19 inches. Light breeze from WSW. Gauge 
at Carrollton 3.6 feet. 

On outer crest of bar; depth 16 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 3.4 feet. 

On outer crest of bar; depth 16 feet. Water fresh at surface; brackish at 5 feet; salt from 6 
feet to bottom. Under cw·rent commences running in slowly at 9 feet, and increases to strong 
refluent current at bottom. 

Obse1·vations 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 16 feet. 
feet to bottom. Refluent current begins at 

Water fresh at surface; brackish at 3 feet; salt from 5 
feet, and increases in velocity to bottom. 
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PLATE III. 
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Capt.AA.1Iumphreys and "Lieut.H.L.Abbot 
Corps of To-pl.E~grs.U.S.A . 
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US: MIS S. DELTA S URVEY. PLATE IV 

U.S. 1\ITSS. DELTA SURVlc--y 

PLATE N. 

SECTI O NS OF THE MISSISSIPPI SWAMP LANDS. 
---· - - -

Pre}Jared to accompany 

the Report of 

Ca:pt.AAHum.pb:reys and lieut.H.LAbbot, 

Corps of Top1.Eng'rs., U.S.A. 
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the Report of 
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OSCII.I.ATIOYS. OF THE RIVER AT NATCHEZ, 

Prepared to accompany 
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CaplAA.Humphreys and Lieut.RL.Abbot 
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U.S.MISS.DELTA SURVEY. 
PLA:J'EX. 

---------------·------------------
CROSS SECTIONS OF TIIE :MIS SIS SIPPI 

" AND OF ITS :BRANCHES 

Prepared tO acco-mpany 
the Repm1, of 

Capt.AA.Hwnphreys and Lieut.JLLAbbot 
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.... .. 

to the ' 
BURB4JJ OF .ToPL . . ENGRs. 

WAR DEPT. 

1861. 

Hari:zuntal Soak tuu:hAo 1000 fi, . 
VcrticrAZ Soak l-inCh-to 200ft. 
Pislortwn S tinw6> . 

.Nr,mUJcr.v dr-Ji~ Stctimt4 us ma.rkttd 
fn N?J am:llV.0 I; Apf'wu/;;.x; C. . 

P . S .Dmnll&Son I.rth .Ytnlada. . 



PLATE XI. 
US. MISS, DELTA SURVEY ---------------

'P. 5.Du.val & 5on. Lith Pbi1 . 
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